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Abstract 

 

Cancer is a disease which still needs better therapeutic intervention in spite of the 

advances in the treatment modalities currently available, as some of the cancers are 

hard to cure and may cancers develop resistance against the currently used drugs. 

Plants are a repository of molecules with anticancer activities. To explore the 

anticancer activity of molecules in the plant extracts, we screened plant extracts and 

identified extracts with potential anticancer compounds and purified enriched 

fractions with anticancer molecules. 

In this study 426 extracts from 65 plants were screened for their cytotoxic effects on 

cancer cell lines. Among the 10 cancer cell lines tested many extracts showed high 

toxicity against many of the cell lines tested with minimum toxicity to normal cell 

line HaCaT. Notably, 28 extracts showed over 50% mortality in HT29 cells with 

minimal toxicity to HaCaT cells, demonstrating differential cytotoxicity. Similar 

results were obtained for other cancer lines, with 18 extracts selective for HCT116, 

24 for A431, 21 for A498. This is the first report of anticancer activity in plants, 

such as Pancratium triflorum and Anamirta cocculus, Chassalia curviflora, 

Antigonon leptopus, Otacanthus caeruleus, Hewittia malabarica and Melia dubia.  

The chloroform extract of Hewittia malabarica aerial parts exhibited notable 

cytotoxicity against the human colorectal carcinoma cell line HT29, with an IC50 of 

31.97±3.07 µg/mL. GC-MS analysis revealed 17 compounds, with tritetracontane 

and neodene being the most abundant. Pancratium triflorum extracts also displayed 

selective cytotoxicity with chloroform extract showing 92.36±0.81% mortality in 

HeLa cells. Conyza canadensis petroleum ether extract exhibited nearly complete 

mortality against PANC1 and HT29 cancer cell lines. Anamirta cocculus extract was 

most potent on the PA1 ovarian cancer cell line, achieving 98.64±0.40% mortality. 

Melia dubia extracts also demonstrated selective cytotoxicity with petroleum ether 

extract showed 97.48±1.77% mortality in PANC1 cancer cell lines. GC-MS analysis 

identified a variety of bioactive compounds, including tetratetracontane, (E)-Phytol, 

and 3-eicosene, which could contribute to their anticancer properties. 

The ethyl acetate extract of Anamirta cocculus exhibited the potent anticancer 

activity, showing high cytotoxicity against ovarian cancer (PA1) and colorectal 

adenocarcinoma (HT29) cell lines, with IC50 values of 8.30±0.38 µg/mL and 



 
 

17.97±0.63 µg/mL, respectively. The ethyl acetate extract further inhibited colony 

formation in HT29 and PA1 cells, induced apoptosis, which was confirmed by 

characteristic markers such as membrane blebbing, chromatin condensation, and 

DNA fragmentation.  

The chloroform extract of Melia dubia leaves was subjected to fractionation through 

silica gel column chromatography to enrich fractions with anticancer activity. The 

crude extract showed an IC50 of 61.26±2.55 µg/mL, while the more purified 

fractions SC1-F8, SC2-F8, SC3-F8, and TLC-B3 exhibited IC50 values of 

31.07±4.46, 17.86±1.29, 10.27±0.79, and 7.87±1.32 µg/mL, respectively. The 

fraction, TLC-B3, was subjected to GC-MS analysis, revealing ten compounds that 

are likely responsible for its potent anticancer effects.  

The cytotoxicity analysis of Melia dubia purified extracts revealed significant 

mortality in HT29, MCF7, PA1, and UM-SCC-83B cancer cell lines. The purified 

fraction, SC3-F8, effectively inhibited colony formation and cell migration and 

apoptosis in these lines. The purified fraction SC3-F8 demonstrated reduction in 

mitochondrial membrane potential (ΔΨM) after 48 hours. Annexin-V/propidium 

iodide co-staining showed an increase in apoptotic cells in a dose-dependent 

manner. DNA damage was evident as longer comet tail lengths were observed in all 

treated cancer cell lines. Additionally, SC3-F8 induced G1 phase cell cycle arrest 

and triggered the up regulation of pro-apoptotic genes while down regulating anti-

apoptotic genes. The fraction also inhibited cancer cell migration and suppressed 

components of the epithelial-mesenchymal transition (EMT) pathway, potentially 

disrupting angiogenesis.  

SC1-F8 when incorporated into liposome resulted in decrease in IC50 from 

31.07±4.46 µg/mL to 16.73±0.77 µg/mL indicating its usefulness for the delivery of 

anticancer molecules enriched from M. dubia. In silico molecular docking studies on 

the ligands identified by GC-MS from the TLC-B3 fraction of M.dubia on key 

apoptotic proteins, including caspase-3, caspase-9, and P53,resulted in identification 

of Petroselinic acid and  9-Octadecenoic acid as probable modulators of apoptosis in 

M.dubia. It is worth investigating the potential of these compounds as anticancer 

agents.  

  



 
 

സം�ഹം 
 
 
നിലവിൽ ലഭ�മായ ചികി�ാരീതികളിൽ �േരാഗമന��ായി�ം െമ�െ�� 

ചികി�ാ ഇടെപട�കൾ ആവശ�മായ ഒ� േരാഗമാണ് അർ�ദം/കാൻസർ. 
എ�െകാെ��ാൽ  ,ചില അർ�ദ�ൾ േഭദമാകാൻ �യാസമാണ്  .മാ�മ� ,
അർ�ദ�ൾ നിലവിൽ ഉപേയാഗി�� മ��കേളാട് �തിേരാധം വളർ�ിേയ�ാം  .

അർ�ദവി��േശഷി /ആ�ികാൻസർ േശഷി�� തൻമാ�ക�െട ഒ� േശഖരമാണ് 
സസ��ൾ   .സസ�സ�ക�െട അർ�ദവി��േശഷി ഗേവഷണം െച� ◌ാൻ ഞ�ൾ 
വിവിധ സസ�സ�കൾ/�ാ�് എ��ാ�കൾ പരിേശാധി�   .ആ�ികാൻസർ 

സം����� സ�ക�ം ��ീകരി� ആ�ികാൻസർ ത�ാ�ക�െട സ��മായ 
�ാ��ക�ം ഞ�ൾ കെ��ി  .  

ഈ പഠന�ിൽ 65 സസ��ളിൽ നി�മായി 426 സ�കൾ ഉപേയാഗി�് 
കാൻസർ െസൽൈല�കളിൽ അവ�െട േകാശനശീകരണേശഷി പരിേശാധി�  .

പരീ�ി� പ� കാൻസർ െസൽൈല�കളി�ം ,അർ�ദരഹിത സാധാരണ 

െസൽൈലനായ  HaCaT േകാശ�ളി�� ഏ��ം �റ� വിഷാംശ�ിൽ പല 
സസ�സ�ക�ം ഉയർ� േകാശനശീകരണേശഷി �കടി�ി�   .�േ�യമായി 28 

സ�കൾ HaCaT േകാശ�ളിൽ ഏ��ം �റ� വിഷാംശനിര�ിൽ 

�കടമാ�ിെ�ാ�് ,HT29 അർ�ദ േകാശ�ളിൽ 50% മരണനിര�് കാണി�   .മ� 

അർ�ദേകാശ�ളി�ം സമാനമായ ഫലമാണ് കി�ിയത്  . HCT 116 േകാശ�ളിൽ 18 
എ��ാ�ക�ം  A431 േകാശ�ളിൽ 24 എ��ാ�ക�ം A498 േകാശ�ളിൽ 21 

എ��ാ�ക�ം ഉയർന്ന േകാശനശീകരണേശഷി �കടമാ�ി  .പാൻേ�ഷ�ം 
ൈ�േ�ാറം  ,അനാമിർ� േകാക�ലസ് ,ചസാലിയ കർവിേ�ാറ ,ആ�ി�ൺ 

െല�േ�ാപസ് ,ഒ�ാകാ�സ് െസ�ലിയസ് ,െഹവി�ിയ മലബാറി� ,മീലിയ �ബിയ 
�ട�ിയ സസ���െട അർ�ദവി��േശഷി�െട ആദ� പഠനമാണിത്    .െഹവി�ിയ 
മലബാറി��െട ഭൗേമാപരിതല ഭാഗ��െട േ�ാേറാേഫാം എ��ാ�് മ�ഷ� വൻ�ടൽ 

അർ�ദേകാശമായ HT29 ന് എതിെര 31.97+3.07 µg/ml IC50 �ല�േ�ാ��ടി 
�േ�യമായ േകാശനശീകരണേശഷി �ദർശി�ി�  .GC-MS വിശകലനം 17 
സം����െട സാ�ിധ�ം എ��ാ�ിൽ െവളിെ���ി.   അതിൽ 
ൈ�െട�ാേകാെ��ം നിേയാസി�ം സ��മായി കാണെ��.  പാൻേ�ഷ�ം ൈ�േ�ാറം  
എ��ാ�കൾ സില�ീവ് ൈസേ�ാേടാ�ിസി�ി കാണി�  .HeLa േകാശ�ളിൽ 
പാൻേ�ഷ�ം ൈ�േ�ാറം േ�ാേറാേഫാം എ��ാ�് 92.36+0.81% മരണനിര�് 
കാണി�  .PANC1, HT29 അർ�ദ േകാശ�ൾെ�തിെര െകാൈനസ കാനഡൻസിസ്  
െപേ�ാളിയം ഈഥർ എ��ാ�് ഏതാ�് സ�ർ� മരണനിര�ാണ് �കടി�ി�ത്  .
PAI അ�ാശയാർ�ദേകാശ�ളിൽ വളെര വീര�മാണ് അനാമിർ� േകാക�ലസ് 
ഈൈഥൽ അസേ��് എ��ാ�് കാണി�ത് )മരണനിര�് =  64.00 +0.40%(. മീലിയ 
�ബിയ�െട െപേ�ാളിയം ഈഥർ എ��ാ�ിനാൽ PANC1 അർ�ദേകാശ�ളിൽ 
97.48+01.77% മരണനിരേ�ാ��ടി െസല�ീവ് ൈസേ�ാേടാ�ിസി�ി �കടമാ�ി  .GC-
MS വിശകലന�ിൽ െട�ാെടേ�ാേകാൺെഡയ്ൻ) ,E)-ൈഫേ�ാൾ  ,3-ഇേ�ാസീൻ 
എ�ിവ�ൾെ��� ബേയാ ആ�ീവായ അർ�ദേകാശനശീകരണ �ണ�ൾ�് 
കാരണമാ�� സം���െള തിരി�റി�  . 



 
 

PAI അ�ാശയാർ�ദേകാശ�ളി�ം വൻ�ടൽ അർ�ദേകാശ�ളി�ം 
അനാമിർ� േകാക�ലസിെ� ഈൈഥൽ അസേ��് എ��ാ�ിെ� �വർ�നം 
�ശംസനീയമായി��   .ര� അർ�ദേകാശ�ളി�ം ഉയർ� ൈസേ�ാേടാ�ിസി�ി  , IC50 

�ല�ം യഥാ�മം 8.30+0.38 µg/ml ഉം 17.97+0.63 µg/ml ഉം ആയി��ഈൈഥൽ   .
അസേ��് എ��ാ�് HT29 േകാശ�ളി�ം PA1 േകാശ�ളി�ം േകാളനി �പീകരണം 

തട�ക�ം േകാശമരണ�ിേല�് നയി�ക�ം െച�   .േകാശ�ളിൽ ��ള �പീകരണം 
െ�ാമാ�ിൻ ക�ൻേസഷൻ ,ഡി .എൻ .എ നശീകരണം എ�ീ സവിേശഷതകളാൽ 

േകാശമരണം സഥിരീകരി�  .  

മീലിയ �ബിയ ഇലക�െട േ�ാേറാേഫാം എ��ാ�് സിലി�ാെജൽ േകാളം 
െ�ാമേ�ാ�ാഫി�് വിേധയമാ�ി   ,ആ�ികാൻസർ േശഷി�� �ാ�ൻ  കെ��ി  .

��ീകരി�ാ� �ഡ് എ��ാ�ിെ� IC50 �ല�ം 61.26+  2.56  µg/ml ആയി��  .
അേത സമയം ��തൽ ��ീകരി�  �ാ��കളായ SC1-F8, SC2-F8, SC3-F8, TLC-

B3 എ�ിവ IC50 �ല��ൾ യഥാ�മം 31.07+4.46,  

17.86+1.29, 10.27+0.7 9 ,  7.87+1.32 µg/ml എ� രീതിയിൽ �ദർശി�ി�  .TLC-B3 
�ാ�ൻ GC-MS വിശകലന�ി� വിേധയമാ�ി   .അതിൽ അതിശ�മായ 
ആ�ികാൻസർ േശഷി�് കാരണമാേയ�ാ�� പ� സം���ൾ തിരി�റി�.  

മീലിയ �ബിയ�െട ��ീകരി� എ��ാ�ിെ� ൈസെ�ാേടാ�ിസി�ി 
വിശകലന�ി�െട HT29, MCF7, PA1, UM-SCC-83B േകാശ�ളിെല കാര�മായ 
മരണ നിര�് കെ��ി   .��ീകരി�െ�� SC3-F8 �ാ�ൻ ഈ േകാശ�ളിൽ 
േകാളനി �പീകരണ�ം  ,െസൽ ൈമേ�ഷ�ം േകാശമരണ�ം )അെപാേ�ാസിസ് (
ഫല�ദമായ◌ി �തിേരാധി�   .ൈമേ�ാേകാൺ�ിയൽ െമേ�യ്ൻ െപാ�ൻഷ�ൽ 48 

മണി�റി� േശഷം �റ� കാണി�  .അന�ിൻ -V/െ�ാപിഡിയം അെയാൈഡഡ് 
െ�യിനിംഗ് അെപാ�േ�ാ�ിക് േകാശ��െട എ�ം വർ�ി��തായി കാണി�  .
പരീ�ി� അർ�ദേകാശ�ളിൽ എ�ാം നീളം �ടിയ വാ�കേളാ��ടിയ �മേക��ൾ 
കാണെ��     .ഇതിൽ നി�ം ഡി .എൻ .എ�് േക�പാ�കൾ സംഭവി�ിരി��ത് 

�കടമായി  .�ടാെത  SC3-F8, േകാശച��ിെല G1 ഘ�െ� �തിേരാധി�ക�ം 
േകാശമരണെ� നിയ�ി�� ജീ�കെള നിയ�ി�ക�ം േകാശമരണ�ിേല�് 
നയി�� ജീ�കെള ഉേ�ജി�ി�ക�ം െച��തായി ക�   .ഈ �ാ�ൻ 

അർ�ദേകാശ��െട ൈമേ�ഷ�ം ,എപിതീലിയൽ മീസൻൈകമൽ �ാൻസിഷൻ 
)EMT  (പാതയിെല ഘടക�ളായ മാംസ���െട �പീകരണ�ം നിയ�ി��താ�ം 

കാണാൻ കഴി�  .�ടാെത അർ�ദ�ിെ� മെ�ാ� സവിേശഷതയായ �തിയ 
ര��ഴ�ക�െട �പീകരണ )ആ�ിജിേയാ  െജനസിസ് (െ� ഈ �ാ�ൻ 

നിയ�ി��താ�ം വ��മായി.  

SC1-F8 എ� �ാ�ൻ ലിേപാേസാ�കളിൽ സംേയാജി�ി�േ�ാൾ ഇതിെ� IC50 
�ല�ം �റ�ക�ം  ,ത�ാ�ക�െട വിതരണെ� പരിേപാഷി�ി�ക�ം െച�  .

ഇൻസിലിേ�ാ പഠന�ി�െട TLC-B3 െല െപെ�ാെസലിനിക് ആസി�ം 9-
ഒ�ാെഡ�േനായിക് ആസി�ം കാ�േപസ് -3 ,കാ�േപസ് -9 , P53 എ�ീ 
അെപാേ�ാടിക് മാംസ���മാ�� സ�ർ�ം േകാശമരണ�ിേല�് നയിേ��ാം 
എ� തിരി�റി�   .ഈ സം����െട ആ�ികാൻസർ സാധ�തകൾ 

അേന�ഷി��ത് �ല�വ�ാണ്  .  
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Introduction 

 

0.1.1. Cancer 

Cancer is a highly complex and multifactorial condition characterized by the 

unregulated proliferation of cells. It arises due to multiple genetic mutations that 

disrupt the regulatory mechanisms controlling cell growth, division, and death. 

These aberrant cells form tumours that can invade neighbouring tissues and 

metastasize to distant organs, significantly impacting the body's normal functions 

(Cooper, 2000). If untreated, cancer can lead to severe morbidity and mortality. 

Cancers are classified based on the origin of the affected tissue and cell type. The 

major categories include carcinomas, which originate from epithelial cells; 

sarcomas, from mesenchymal cells; leukaemia, lymphomas, and myelomas, from 

hematopoietic cells; and cancers of the brain and spinal cord, from cells of the 

central nervous system (Wani and Malik, 2021). The development of cancer, or 

carcinogenesis, is a multifactorial process involving both genetic predispositions and 

environmental exposures (Parsa, 2012). 

Understanding cancer involves studying its biology, risk factors, progression, and 

the complex interplay between genes and the environment. This knowledge is 

crucial for developing effective diagnostic tools, treatments, and preventive 

strategies. Despite significant advancements in cancer research and treatment, 

challenges remain in managing this disease due to its heterogeneity and the potential 

for resistance to therapies. Consequently, ongoing research and innovation are 

essential to improve patient outcomes and reduce the global burden of cancer.  

0.1.2. Global cancer statistics 

Cancer remains one of the leading causes of death globally. In 2022 alone, there 

were approximately 20 million new cases and 9.7 million deaths worldwide. By 

2050, these figures are expected to surge to 35 million new cases and 15.3 million 

deaths annually (Figure 0.1.1). Typically, cancer rates are highest in countries with 

high life expectancy, education levels, and living standards. However, for certain 
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cancers like cervical cancer, the highest incidence rates are found in countries with 

lower rankings in these areas. 

 

Figure 0.1.1. Estimated number of new cancer cases and cancer mortality in million by 
World region, 2022 (Source: GLOBOCAN 2022-gco.iarc.fr/today). 

The most prevalent cancers, in descending order of estimated new cases, include 

lung cancer (24,80,675) breast cancer (22,96,840), colorectal cancer (19,26,425), 

prostate cancer (14,67,854), stomach cancer (9,68,784), liver cancer (8,66,136), 

thyroid cancer (8,21,214), cervix uteri cancer (6,62,301), bladder cancer (6,14,298), 

non-Hodgkin lymphoma (5,53,389), oesophagus cancer (5,11,054),  pancreatic 

cancer (5,10,992), leukemia (4,87,294), kidney and renal pelvis cancer (4,34,840), 

and corpus uteri cancer (4,20,368) (Figure 0.1.2 A). Lung, prostate, and colorectal 

cancers are projected to make up 48% of all cancer diagnoses in men (Figure 0.1.2 

B), while breast, lung, and colorectal cancers are expected to account for 51% of 

diagnoses in women (Figure 0.1.2 C). 
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Figure 0.1.2.  Global cancer site ranking in 2022 (A) Incidence – Number of new cases in both sexes in all age groups (in million), (B) Incidence – Number of 
deaths in both sexes in all age groups (in million), (C) Incidence –Number of new cases with absolute numbers in females and males separately. (Source: Cancer 
TODAY | IARC - https://gco.iarc.who.int Data version: Globocan 2022 (version 1.1) - 08.02.2024) 
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Worldwide, the incidence of cancer stands at 213 cases per 100,000 men and 186 

cases per 100,000 women, with significant regional variation ranging from 4 to 5 

times different (Figure 0.1.3). This disparity is primarily due to variations in 

significant cancer risk factors and the accessibility of screening and diagnostic 

services. In males, Eastern Europe has the highest mortality rate at 160 per 100,000, 

with lung and colorectal cancers being the most common. For females, the highest 

rates are observed in Melanesia, with an incidence rate of 116 per 100,000 and 

Southern Africa, at 108 per 100,000, experience a substantial burden of breast and 

cervical cancers. In the US, the cancer incidence rate is 440.5 per 100,000 annually 

(based on 2017-2021 data), with a mortality rate of 146.0 per 100,000 per year 

(based on 2018–2022 data). Among racial and ethnic groups, non-Hispanic Black 

men have the highest mortality rate at 208.3 per 100,000, while non-Hispanic 

Asian/Pacific Islander women have the lowest at 82.6 per 100,000 (GLOBOCAN, 

2022). 

Social factors such as human development indices (HDI), age, and sex also 

influence cancer incidence. Cancer was the primary cause of premature death 

(before the age of 70) in 57 out of 183 countries in 2019, primarily those with very 

high HDI, and the second-leading cause in 55 countries, mostly high HDI. In 71 

countries with medium or low HDI, cancer ranked lower due to higher deaths from 

infectious diseases like malaria, HIV/AIDS, and tuberculosis. However, cancer is 

becoming an increasing concern due to longer life expectancy, population growth, 

and the adoption of unhealthy Western lifestyles. In 2022, 47% of new cancer cases 

were in very high-HDI countries, which house only 21% of the global population. 

Cancer deaths are less common in very high-HDI countries (37%), indicating better 

survival rates. The largest rise in cancer cases is anticipated in low-Human 

Development Index (HDI) countries, where the incidence is expected to double by 

2050. These nations are the least prepared to manage the growing cancer burden due 

to limited healthcare infrastructure and resources. Cancer rates rise with HDI for 

incidence but not for mortality, particularly among women, due to variations in 

cancer distribution, detection rates, and treatment access. Disparities are most 

pronounced among women in low-HDI countries, where cancer is less common but 

mortality rates are highest (ACS, 5th edition). 
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As of January 2022, the US had an estimated 18.1 million cancer survivors, and this 

number is expected to rise to 22.5 million by 2032. Approximately 40.5% of people 

will be diagnosed with cancer at some point in their lives, according to 2017–2019 

data. In 2024, about 14,910 children and adolescents (ages 0 to 19) are expected to 

be diagnosed with cancer, with 1,590 expected deaths (Gallicchio et al., 2022). 

 

Figure 0.1.3. Global cancer incidence and mortality rates by sex for 20 world regions, 2022 in 
millions. (A) Incidence and mortality rates in males in million. (B) Incidence and mortality in females 
in millions. Source: GLOBOCAN 2022 (gco.iarc.fr/today/). 

Global cancer statistics provide essential insights that inform research, diagnosis, 

treatment, and outcomes. Ongoing surveillance, research, and adherence to 

screening guidelines are critical in the global fight against cancer. International 

collaborations and data sharing are vital for advancing our understanding of cancer 

and developing effective strategies to reduce its impact on individuals and 

healthcare systems worldwide. 
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0.1.3. Cancer in India 

Cancer poses a major public health challenge in India, with numerous studies 

highlighting its prevalence, management, and impact on the healthcare system. 

These studies emphasize the complex nature of cancer care and the need for a 

comprehensive strategy to address this growing issue. 

In India, cancer types vary across regions and demographic groups. According to the 

American Cancer Society, there were 1,413,316 new cancer cases in India in 2022, 

with an incidence rate of 98.5 per 100,000. Cancer-related deaths are also 

significant, with 916,827 fatalities and a mortality rate of 64.4 per 100,000. The top 

three cancers in terms of both incidence and mortality are breast cancer, lip and oral 

cavity cancers, and cervical cancer. Among women, breast, cervical, and ovarian 

cancers are the most common, while in men, lip and oral cavity cancers, lung cancer, 

and esophageal cancer are leading causes of death (Figure 0.1.4). Breast cancer, in 

particular, is a growing concern in India, mirroring global trends, with a steady 

increase in cases reported (GLOBOCAN, 2022). 

 

Figure 0.1.4. Incidence and mortality of cancer in India in 2022. (A) Age standardised rate (world) 
per 100000, incidence and mortality in both sexes in millions. (B) Age standardised rate (world) per 
100000, incidence and mortality in males and females in millions. Source: GLOBOCAN 2022 
(gco.iarc.fr/today/). 
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The impact of the COVID-19 pandemic on cancer care worldwide, including in 

India, has been profound (Ranganathan et al., 2021). Singh et al. and Mitra et al. 

studied the pandemic's impact on cancer treatment in India. Singh et al., assessed the 

preparedness of cancer hospitals and the changes in oncosurgical practices, while 

Mitra et al., examined the challenges faced by cancer patients in accessing 

healthcare during the crisis. These studies highlighted the need for robust healthcare 

systems and adaptive strategies to ensure continuity of cancer care during global 

health emergencies (Singh et al., 2021; Mitra et al., 2022). 

The body of research on cancer in India encompasses a wide range of topics, 

including cancer types, cervical cancer screening, radiotherapy advancements, 

cancer incidence and distribution, biomarkers for ovarian cancer, oral cancer 

diagnosis, the impact of COVID-19 on cancer care, and awareness of cervical cancer 

prevention among healthcare professionals (Prinja et al., 2023). These studies 

collectively provide valuable insights into the current status of cancer management 

in India, highlighting both the challenges and opportunities for improving cancer 

care. Continued research and innovation are essential to address the complex and 

evolving landscape of cancer treatment and prevention in the country. 

0.1.4. Plants as traditional medicine 

For thousands of years, nature has been an invaluable source of medicinal products. 

According to the World Health Organization (WHO) defines traditional medicine as 

encompassing the full spectrum of skills, knowledge, and practices derived from the 

beliefs, and theories of different cultures. These are used to maintain health, prevent, 

diagnose, improve, or treat physical and mental illnesses. In ancient medicinal 

systems like those in India, China, and Africa, natural products have always been 

central. The WHO reports that approximately 80% of the world's population, mainly 

in developing countries, relies on plant-based traditional medicines for their primary 

healthcare needs (WHO, 2023). 

Traditional medicine systems like Ayurveda, traditional Chinese medicine (TCM), 

and various African medicinal practices have utilized natural products extensively. 
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These systems have evolved over centuries, leveraging the medicinal properties of 

plants to treat a wide range of ailments. This reliance on nature's pharmacy is not 

just a relic of the past but continues to influence modern drug discovery and 

development processes (WHO, 2023). 

The ethnomedical approach, highlighted by Fiorenza et al., (1997), is a testament to 

the potential of traditional knowledge in discovering new drugs. This approach, 

which involves ethnobotany and traditional medicine, seeks to explore and validate 

the therapeutic uses of plants as practiced by indigenous cultures. It provides an 

alternative pathway to drug discovery, especially for diseases like non-insulin-

dependent diabetes mellitus (NIDDM) (Fiorenza et al., 1997). 

Fabricant and Farnsworth discuss various methods for selecting higher plants as 

candidates for drug development. They emphasize the role of ethnomedicine, which 

uses information from traditional medicine systems to identify plants with high 

potential for therapeutic success (Fabricant and Farnsworth, 2001). This method has 

been particularly effective in regions such as China and the Himalayan countries, 

where ethnobotanical studies have been instrumental in drug production and the 

development of new drugs. Sheng-Ji underscores the importance of conserving 

traditional medical knowledge and medicinal plant resources, which are critical for 

ongoing and future drug discovery efforts (Sheng-Ji, 2001). 

Natural products have been central to drug discovery, especially for agents targeting 

cancer and infectious diseases. For example, three plant materials endemic to Peru-

Cat's claw (Uncaria tomentosa), Maca (Lepidium meyenii), and Dragon's blood 

(Croton lechleri)-have been extensively studied for their wide range of therapeutic 

uses. Gonzales et al. present an evidence-based analysis of the chemistry, biological 

properties, and anti-tumour activities of these plants, showcasing their potential as 

specific anti-cancer agents derived from traditional usage (Gonzales et al., 2006). 

Despite the proven efficacy of many medicinal plants, drug discovery from these 

sources is often constrained by the availability of adequate plant material, the 

capacity to perform high-throughput screening bioassays, and the ability to produce 
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bioactive compounds in large volumes. Ramawat et al. reviewed the use of herbs in 

traditional systems and the bioactive therapeutic molecules responsible for their 

medicinal activities (Ramawat et al., 2009). 

The discovery of drugs based on natural products depends significantly on 

advancements in the fields of biology and chemistry. Chantarasriwong et al. 

summarize explorations of the caged Garcinia xanthones, a family of plant 

metabolites with unique chemical structures, potent bioactivities, and promising 

pharmacology for drug design and development (Chantarasriwong et al., 2010). 

Traditional medicine systems like Ayurveda, traditional Chinese medicine, and 

typically posit that the combined effects of all plant components enhance therapeutic 

efficacy to the greatest extent. Ulrich-Merzenich et al. provide examples of such 

synergistic effects among plant constituents (Ulrich-Merzenich et al., 2010). 

Saussurea lappa, known for its significant pharmacological activities, presents 

considerable potential for new drug discovery. Madhuri et al. explore the different 

phytoconstituents and pharmacological activities of Saussurea lappa, highlighting 

its promise as a source of new therapeutic agents (Madhuri et al., 2012). There is, 

however, ongoing controversy about the efficacy of traditional medicine in guiding 

drug discovery. Saslis-Lagoudakis et al. employ phylogenetic methods from 

community ecology to reveal significant clustering of 1,500 traditionally used 

species, demonstrating shared phylogenetic patterns across different medicinal floras 

and their therapeutic uses (Saslis-Lagoudakis et al., (2012).  

Shikov et al. aimed to summarize and critically appraise data concerning plants used 

in Russian medicine. This knowledge can inform future research on the safe, 

evidence-based application of traditional Russian medicinal plants in European and 

global phytopharmacotherapy, as well as aid in the discovery of new drug leads. In 

certain regions, people strongly believe in the positive impact of plants on 

respiratory disorders, and they have used medicinal plants for these conditions since 

ancient times (Shikov et al., 2014). Asadbeigi et al. highlight the importance of 
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herbal medicines and traditional medicine as resources for future drug discovery 

(Asadbeigi et al., 2014). 

Traditional medicine systems, including traditional Ayurveda, Chinese medicine, 

Unani, traditional Korean medicine, and Kampo, have developed into well-regulated 

medical practices. Yuan et al., review the literature on the relationship among 

natural products, traditional medicines, and modern medicine, exploring concepts 

and methodologies from traditional medicines to further develop drug discovery 

(Yuan et al., 2016). Indigenous cultures around the world have used herbal medicine 

to treat numerous ailments for centuries. Li and Weng provide an evolutionary and 

historical perspective on the significance of plants as medicines for humans (Li and 

Weng, 2017). 

India, with its rich flora of indigenous medicinal plants, has used these resources in 

traditional Indian medicine for centuries. Mohanraj et al. present IMPPAT, a 

comprehensive online database of 1,742 Indian medicinal plants, 9,596 

phytochemicals, and 1,124 therapeutic uses, facilitating computational approaches to 

natural-product-based drug discovery (Mohanraj et al., 2018). Recently, attention 

has increased on the pharmacognostical, phytochemical, and pharmacological 

studies of traditional medicinal plants. Süntar emphasizes ethnopharmacological 

aspects of herbal medicine and the plant-based drug discovery process, discussing 

key issues in their use as complementary medicine (Süntar, 2019).  

Other influential works in this field include contributions from Kinghorn et al., Cos 

et al., Pieters et al., and Itokawa et al. each of which has significantly advanced the 

understanding and potential of natural products in drug discovery (Kinghorn et al., 

1993; Cos et al., 2008; Pieters et al., 2005; Itokawa et al., 2008). 

The successful identification and development of new drugs from natural products 

depend on advanced biological and chemical research. As highlighted by Batova et 

al., Chantarasriwong et al., and Ulrich-Merzenich et al. understanding the chemical 

properties and synergistic effects of plant constituents is crucial. This 

comprehensive approach not only honours traditional knowledge but also applies 
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rigorous scientific methods to validate and expand upon it (Batova et al., 2010; 

Chantarasriwong et al., 2010; Ulrich-Merzenich et al., 2010). 

The on-going research and development efforts in this field, including those by 

Madhuri et al. and Saslis-Lagoudakis et al. continue to reveal the vast potential of 

natural products in modern medicine. By bridging the gap between traditional 

practices and contemporary scientific research, these studies contribute to the 

discovery of new, effective therapeutic agents that can address a wide range of 

health issues, from cancer and infectious diseases to respiratory and neurological 

disorders (Madhuri et al., 2011; Saslis-Lagoudakis et al., 2012). 

Ultimately, the integration of traditional knowledge with modern scientific 

techniques offers a promising pathway for future drug discovery and development. 

The collaborative efforts of researchers globally, as demonstrated by the works 

cited, underscore the importance of preserving traditional medical knowledge while 

advancing our understanding of natural products' therapeutic potential. This dual 

approach not only enriches the field of pharmacology but also enhances global 

health outcomes by providing new and effective treatments derived from nature. 

0.1.5. Importance of natural products in cancer treatment 

Natural products have long played a crucial role in cancer treatment, offering a 

wealth of bioactive compounds with unique mechanisms of action that can target 

various pathways involved in cancer development and progression. Historically, 

many cancer treatments have been derived from natural sources. For instance, the 

discovery of paclitaxel (Taxol) from the Pacific yew tree (Suffness, 1993) and the 

vinca alkaloids from the Madagascar periwinkle plant (Moudi et al., 2013) are 

landmark examples. These compounds have become cornerstone treatments for 

various cancers, demonstrating the profound potential of natural products in 

oncology. Natural products provide an unparalleled diversity of chemical structures 

that are often more complex than synthetic compounds. This diversity allows for the 

discovery of unique molecules that can interact with biological targets in ways that 

synthetic compounds may not. This complexity can lead to the development of 
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novel drugs with unique mechanisms of action, enhancing the arsenal of available 

cancer therapies. 

Many natural compounds exhibit multi-targeted actions, meaning they can 

simultaneously affect multiple pathways involved in cancer cell survival, 

proliferation, and metastasis. For example, curcumin, derived from turmeric, has 

been shown to influence several signaling pathways, including those related to 

inflammation, apoptosis, and cell cycle regulation (Liczbiński et al., 2020). This 

multi-targeted approach can be particularly beneficial in treating complex diseases 

like cancer, where multiple pathways are often dysregulated. Natural products often 

exhibit lower toxicity compared to conventional chemotherapeutic agents. This is 

particularly important in cancer treatment, where the therapeutic window is narrow, 

and minimizing adverse effects can significantly improve patient quality of life. 

Compounds like epigallocatechin gallate (EGCG) from green tea (Wang and 

Bachrach, 2002) and resveratrol from grapes (Rauf et al., 2018) have shown 

potential anti-cancer properties with minimal toxicity. They can enhance the 

efficacy of conventional cancer treatments and may act synergistically with 

chemotherapy and radiation, potentially allowing for lower doses of these drugs 

while maintaining or even improving therapeutic outcomes. For example, studies 

have shown that compounds like quercetin and genistein can enhance the sensitivity 

of cancer cells to chemotherapy (To and Cho, 2021). 

They often work through novel mechanisms that are distinct from those of 

traditional chemotherapeutic agents. For instance, certain natural compounds can 

modulate the immune system to enhance anti-tumour immunity or inhibit 

angiogenesis, the process by which tumours develop new blood vessels to sustain 

their growth (Wu et al., 2021). This can provide new avenues for treatment, 

particularly for cancers that are resistant to existing therapies. 

0.1.6. Present treatment modalities and their shortcomings 

Cancer treatment has witnessed significant progress in recent decades, offering a 

variety of options to combat different types and stages of the disease. These methods 
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encompass a range of approaches, including local treatments like surgery and 

radiation therapy, as well as systemic treatments such as chemotherapy, 

immunotherapy, targeted therapy, stem cell transplantation, and hormone therapy 

(Baykara, 2015). While these treatments have demonstrated effectiveness in many 

cases, they are not without limitations and drawbacks, prompting the ongoing search 

for improved therapeutic strategies. 

Surgery continues to be a fundamental approach in cancer treatment, especially for 

localized tumours that can be effectively removed through resection. The primary 

objective of surgery is to remove the tumour along with surrounding healthy tissue 

to ensure complete eradication of cancer cells. However, surgery has several 

limitations. It is invasive and carries inherent risks such as infection, bleeding, and 

damage to adjacent structures. Furthermore, surgery may not be feasible for 

metastatic cancers, and achieving complete tumour removal is not always possible, 

leading to the potential for recurrence (Tringale et al., 2018). 

Chemotherapy involves the use of drugs to target and destroy rapidly dividing 

cancer cells throughout the body. While chemotherapy is effective against various 

cancers, it lacks specificity and can also damage healthy cells that undergo rapid 

proliferation. Consequently, chemotherapy is associated with notable side effects, 

including fatigue, immunosuppression, hair loss, nausea and vomiting. Moreover, 

the toxic nature of chemotherapy limits the doses that can be administered, 

potentially compromising its efficacy. Additionally, cancer cells can develop 

resistance to chemotherapy over time, rendering treatment less effective (Zeimet et 

al., 2009). 

Radiation therapy utilizes high-energy particles or waves to target and damage 

cancer cells. It is particularly effective for localized tumours and is often used in 

conjunction with surgery or chemotherapy. However, radiation therapy can cause 

collateral damage to surrounding healthy tissues, leading to side effects such as skin 

burns, fatigue, and long-term organ damage. Furthermore, there is a risk of 

developing secondary cancers due to exposure to radiation, and the efficacy of 
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radiation therapy may be limited by tumour location and type (Jaffray and 

Gospodarowicz, 2015). 

Targeted therapy involves drugs or substances designed to specifically target cancer 

cells by interfering with specific molecules involved in cancer growth and 

progression. While targeted therapy is often more precise and less toxic than 

traditional chemotherapy, it is typically effective only against cancers with specific 

genetic mutations or markers. Moreover, cancer cells can develop resistance to 

targeted therapies, necessitating the development of alternative treatment strategies 

(Tsimberidou, 2015). 

Immunotherapy harnesses the body's immune system to fight cancer by enhancing 

the immune response against cancer cells. While immunotherapy has shown promise 

in treating certain types of cancer, it can cause immune-related side effects such as 

inflammation and autoimmune reactions. Additionally, the response to 

immunotherapy can vary widely among patients, with some experiencing significant 

benefits while others see limited or no improvement (Kennedy and Salama, 2020). 

Bone marrow or Stem cell transplantation involves the replacement of damaged or 

destroyed bone marrow with healthy stem cells, allowing normal blood cell 

production to be restored. Although this approach can be curative for some certain 

blood cancers, it carries substantial risks, such as, graft-versus-host disease, 

infection and organ damage. Furthermore, finding a compatible donor can be 

challenging, and patients must undergo intensive chemotherapy or radiation therapy 

before transplantation, which can have severe side effects (Pavletic and Armitage, 

1996). 

Hormone therapy is used to treat hormone-dependent cancers, like breast and 

prostate cancers, by either inhibiting the body's hormone production or interfering 

with the hormones’ effects on cancer cells. This therapy is primarily effective for 

hormone-sensitive cancers and can cause side effects including fatigue, hot flashes, 

and a higher risk of other health issues. Moreover, not all patients respond to 
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hormone therapy, and resistance can develop over time (Abraham and Staffurth, 

2016). 

Despite the advantages in cancer treatment, several shortcomings persist 

(Chakraborty and Rahman, 2012). A major concern is the severe side effects that 

accompany many therapies, often diminishing patients' quality of life and hindering 

adherence to treatment plans. Over time, cancer cells may develop resistance to 

these treatments, leading to disease progression and eventual failure of therapy. 

Furthermore, some treatments are limited in their efficacy, only working for specific 

cancer types or a stage, which leaves patients with advanced or metastatic conditions 

with fewer viable options. Additionally, many treatments cause toxicity not only to 

cancer cells but also to healthy cells, resulting in systemic harm and potential long-

term health issues. Even advanced therapies like targeted therapy and 

immunotherapy, while promising, are often prohibitively expensive, making them 

inaccessible to many patients. 

While current cancer treatments have significantly improved patient outcomes, they 

are not without limitations and drawbacks. Addressing these shortcomings will 

require continued research and innovation to develop more effective, targeted, and 

less toxic therapies. Additionally, efforts to improve treatment accessibility and 

affordability are essential to ensure that all patients have access to the care they 

need. By addressing these challenges, we can move closer to our goal of effectively 

managing and ultimately curing cancer. 

0.1.7. Need for alternative cancer treatments 

The need for alternative cancer treatments arises from the limitations and significant 

side effects associated with conventional therapies, alongside the potential benefits 

and promising efficacy of plant-derived compounds. Conventional cancer 

treatments, including chemotherapy, radiation therapy, and surgery, often come with 

a host of severe side effects and limitations. Chemotherapy, for example, targets 

rapidly dividing cells but lacks specificity, leading to the destruction of healthy cells, 

including those in the hair follicles, bone marrow, and gastrointestinal tract. This 
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results in side effects like nausea, vomiting, hair loss, and immunosuppression. 

Radiation therapy, while more localized, can still cause damage to surrounding 

healthy tissues, leading to skin burns, fatigue, and long-term damage to organs. 

Surgical interventions, though necessary in many cases, can be invasive and may not 

always guarantee the complete removal of cancerous cells, potentially leading to 

recurrence. 

Plant-derived compounds offer several potential benefits that address some of the 

shortcomings of conventional cancer treatments. These natural products often 

exhibit a range of biological activities that can target cancer cells more selectively, 

reducing harm to normal cells. Many plant compounds, such as curcumin from 

turmeric, have been shown to affect multiple cellular pathways, including those 

involved in inflammation, apoptosis (programmed cell death), and cell cycle 

regulation (Moon, 2024). This multi-targeted approach can be particularly beneficial 

in treating complex diseases like cancer, where multiple pathways are often 

dysregulated. 

They generally exhibit lower toxicity compared to traditional chemotherapeutic 

agents. This lower toxicity profile can lead to fewer side effects and better patient 

quality of life. For instance, resveratrol from grapes and epigallocatechin gallate 

(EGCG) from green tea have demonstrated anti-cancer properties with minimal 

adverse effects (Amin et al., 2021). Natural compounds can enhance the efficacy of 

conventional cancer therapies. They may act synergistically with chemotherapy and 

radiation, potentially allowing for lower doses of these treatments while maintaining 

or improving therapeutic outcomes. Studies have shown that compounds like 

quercetin and genistein can increase the sensitivity of cancer cells to chemotherapy. 

Natural products often work through novel mechanisms that are distinct from those 

of traditional chemotherapeutic agents. For instance, some natural compounds can 

modulate the immune system to enhance anti-tumour immunity or block 

angiogenesis, the process by which tumours form new blood vessels to support their 

growth. Several plant-based drugs have been developed and approved for use in 
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cancer treatment, highlighting the therapeutic potential of natural products (Nan et 

al., 2023). 

Derived from the Pacific yew tree (Taxus brevifolia), paclitaxel (Taxol) is a widely 

used chemotherapeutic agent that stabilizes microtubules and inhibits cell division, 

effectively treating various cancers, including ovarian, breast, and lung cancers 

(Weaver, 2014). Vinblastine and vincristine, obtained from the Madagascar 

periwinkle (Catharanthus roseus), are used to treat cancers, including Hodgkin's 

lymphoma, non-Hodgkin's lymphoma, and leukemia. They work by inhibiting 

microtubule formation, thus preventing cell division (Sharma et al., 2022). 

Camptothecin, originally derived from the Chinese tree Camptotheca acuminata, 

and its derivatives, such as irinotecan and topotecan, inhibit the enzyme 

topoisomerase I, which is essential for DNA replication (Martino et al., 2017; Basili 

and Moro, 2009). These drugs are used to treat colorectal and ovarian cancers. 

Etoposide, derived from the mayapple plant (Podophyllum peltatum) (Canel et al., 

2000), is used to treat lung cancer, testicular cancer, and lymphoma. It works by 

inhibiting topoisomerase II, leading to DNA damage and cell death (Hande, 1998). 

The need for alternative cancer treatments is driven by the desire to find more 

effective, less toxic therapies that can complement or replace conventional options. 

Plant-derived compounds offer significant promise in this regard, providing unique 

mechanisms of action, multi-targeted effects, and potential synergy with existing 

treatments. Continued research into these natural products is essential to fully realize 

their potential in cancer therapy and improve patient outcomes. 
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Objectives 

 
1. Screening of plant extracts to identify anticancer activity. 

2. Study of the differential cytotoxicity of selected extracts on cancer cell lines 

and analysis of its composition by GC-MS.  

3. Bioactivity guided enrichment of anticancer molecules from the leaf extract 

of Melia dubia Cav.; Characterisation and in silico studies. 

4. Study of anticancer activity of leaf extract from Anamirta cocculus and 

active fraction from Melia dubia. 

5. Liposome incorporation of active fraction from Melia dubia: 

Characterization and cytotoxicity analysis. 
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Review of Literature 

 

0.3.1. Overview of cancer and classification 

Cancer, a complex and multifaceted disease, represents a significant challenge to 

global health due to its diverse manifestations and profound impact on affected 

individual and society at large. The aberrant proliferating nature in cancer condition 

disrupts normal cellular functions, leading to the formation of tumours and 

compromising the function of vital organs.  

The understanding of cancer has evolved significantly over the years, driven by 

extensive research efforts aimed at unraveling its molecular underpinnings, 

elucidating its pathogenesis, and developing effective treatment modalities. Key 

studies, such as those by Lu et al., Koizumi et al. and Li et al. have shed light on 

various aspects of cancer biology, including the role of genetic predisposition, 

tumour microenvironment, and cancer stem cells in disease progression (Lu et al., 

2005; Koizumi et al., 2007; Li et al., 2015).  

Classification of cancer is crucial for effective diagnosis, prognosis, and treatment 

planning. Studies by Chen et al. and Bray et al. have provided valuable insights into 

the epidemiology and burden of cancer, highlighting the prevalence of specific 

cancer types and their associated mortality rates. Common cancer types such as lung 

cancer, stomach cancer, colorectal cancer, and breast cancer, continue to pose 

significant challenges to healthcare systems worldwide, understanding the 

importance of targeted interventions and preventive measures (Chen et al., 2012; 

Chen et al., 2017; Bray et al., 2018). 

Furthermore, advancements in cancer research, as exemplified by studies on cancer 

metastasis, cancer-associated thrombosis (Razak et al., 2018), and biomarker 

detection (Khanmohammadi et al., 2019), have paved the way for innovative 

diagnostic and therapeutic approaches. These developments hold promise for 
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improving patient outcomes and enhancing our ability to combat this formidable 

disease.  

Thus, cancer represents a complex interplay of genetic, environmental, and lifestyle 

factors, leading to heterogeneous manifestations and treatment responses. By 

integrating insights from diverse disciplines and leveraging cutting-edge 

technologies, researchers continue to unravel the mysteries of cancer, paving the 

way for more targeted, personalized, and effective approaches to prevention, 

diagnosis, and treatment.   

0.3.2. Cancer 

According to American Cancer Society (ACS), cancer is a collection of diseases 

marked by the uncontrolled growth and spread of abnormal cells. This definition 

encapsulates the fundamental essence of cancer pathology, emphasizing the 

dysregulated cellular proliferation and dissemination that underpin its malignant 

behavior. The ACS definition underscores the diverse and multifaceted nature of 

cancer, encompassing a broad spectrum of malignancies with varying histological 

origins and clinical presentations. 

0.3.2.1. Characteristics of cancer 

0.3.2.1.1. Cellular abnormality 

At the heart of cancer lies the aberrant behavior of cells, deviating from their normal 

physiological functions to proliferate uncontrollably. While cells are the 

fundamental units of life, facilitating essential processes such as tissue repair and 

growth, cancerous cells undergo malignant transformation, losing their specialized 

functions and proliferating indiscriminately. This loss of cellular identity and 

function underscores the pathological basis of cancer, wherein normal regulatory 

mechanisms governing cell growth and division are subverted, paving the way for 

tumour formation (Swanton et al., 2024). 
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0.3.2.1.2. Uncontrollable proliferation 

Fundamental to cancer progression is the uncontrolled proliferation of malignant 

cells, driven by dysregulated cell cycle progression. Unlike normal cells, which 

undergo regulated division to maintain tissue homeostasis, cancer cells circumvent 

growth control mechanisms, perpetuating their unbridled proliferation. This 

unchecked cellular replication results in the accumulation of abnormal cells, 

culminating in the formation of disorganized masses or tumours, a hallmark feature 

of cancer pathology (Tufail et al., 2024). 

0.3.2.1.3. Invasive behaviour 

A distinguishing feature of cancer is its invasive propensity, wherein malignant 

tumours infiltrate and destroy surrounding tissues, compromising organ function and 

integrity. Unlike benign growths, which remain localized and encapsulated, 

malignant tumours exhibit invasive behavior, penetrating adjacent tissues and 

facilitating metastatic spread to distant sites (Welch, D. R., and Hurst, 2019). This 

invasive capacity not only exacerbates tissue damage but also complicates treatment 

strategies, necessitating comprehensive approaches to mitigate disease progression 

and metastatic dissemination. 

0.3.2.2. Classification of cancer 

Cancer is a diverse group of diseases categorized by their cell type and primary site 

of origin. Histologically, cancers fall into six main categories (Visvader, 2011): 

Carcinoma: The most common type, comprising about 90% of human cancers, 

arises from epithelial tissues lining internal and external body surfaces. Subtypes 

include adenocarcinoma (from glandular tissues) and squamous cell carcinoma 

(from squamous epithelium), found in organs like the skin, lungs, and 

gastrointestinal tract. 

Sarcoma: These uncommon cancers arise from connective tissues such as fat, 

muscles and bones. Examples include chondrosarcoma, osteosarcoma and 

liposarcoma, each reflecting the characteristics of its tissue of origin. 
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Myeloma: Originates from plasma cells in the bone marrow, leading to abnormal 

cell proliferation, bone destruction, and immune dysfunction. Multiple myeloma is 

the most common form, disrupting normal hematopoiesis. 

Leukemia: Known as "liquid cancer," leukemia arises from the bone marrow, 

causing the overproduction of abnormal white blood cells. It is classified into 

subtypes like AML, CML, ALL, and CLL, each with distinct features. 

Lymphoma: Develops from lymphoid tissues and is divided into Hodgkin 

lymphoma, characterised by the presence of Reed-Sternberg cells, and non-Hodgkin 

lymphoma, which includes various malignancies with different prognoses. 

Mixed Types: These cancers exhibit mixed histological features from multiple cell 

lineages, such as adenosquamous carcinoma and carcinosarcoma, posing diagnostic 

and therapeutic challenges. 

Cancers are also classified by their primary site: 

Head and Neck Cancer: Begins in squamous cells in the mouth, throat, or less 

commonly, in salivary glands, sinuses, or nearby muscles. 

Skin Cancer: Includes squamous cell carcinoma, basal cell carcinoma and 

melanoma, with UV radiation serving as a primary cause, particularly for aggressive 

melanomas. 

Lung Cancer: Often detected late, leading to high mortality. 

Breast Cancer: Common in women over 50, with risks including family history and 

lifestyle factors. 

Prostate Cancer: Affects older men and shares symptoms with benign conditions. 

Colon and Rectal Cancer: Among the most common cancers, with symptoms like 

blood in the stool and changes in bowel habits. 

Uterine Cancer: The most common gynecologic cancer, mainly affecting older 

women, typically presents with abnormal bleeding. 
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Metastatic Cancer develops when cancer cells spreads from their initial site to 

other areas of the body, while still being referred to by the name of the the original 

cancer. Common metastatic sites include bones, liver, and lungs. Understanding 

metastasis is vital for effective treatment (https://training.seer.cancer 

.gov/disease/categories/site.html). 

0.3.2.3. Development of cancer and causes  

Cancer is characterized by the clonal origin of tumours, which develop from single 

cells that begin to proliferate abnormally. This concept has been illustrated by 

examining X chromosome inactivation (Wang et al., 2020). In female cells, one of 

the two X chromosomes is randomly silenced during embryonic development, 

resulting in different cells having different inactive X chromosomes. Consequently, 

normal tissues in heterozygous females express both alleles of an X chromosome 

gene. Tumour tissues, however, generally express only one allele, indicating that all 

tumour cells are derived from a single progenitor cell with a fixed X inactivation 

pattern. 

At the cellular level, cancer development involves mutations and the selection of 

cells with enhanced abilities for proliferation, survival, invasion, and metastasis 

(Cooper, 2000). The first step, tumour initiation, results from a genetic alteration 

that leads to the abnormal proliferation of a single cell. This proliferation results in a 

population of clonally derived tumour cells. Tumour progression advances as further 

mutations arise within this cell population (Nowell, 1976). Certain mutations may 

confer a selective advantage, such as faster growth, leading to clonal selection where 

the descendants of these mutated cells dominate the tumour population. This process 

of clonal selection continues throughout tumour development, resulting in tumours 

that grow more rapidly and become increasingly malignant. 

Carcinogens, substances that cause cancer, have been identified through research 

involving experimental animals and epidemiological studies analysing cancer 

prevalence in humans. For example, the high incidence of lung cancer among 

cigarette smokers highlights a clear link. The complexity of cancer development, 
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being a multistep process, means that many factors can affect the probability of 

developing cancer. It is overly simplistic to attribute most cancers to single causes. 

However, numerous agents, including chemicals, radiation and viruses, are known to 

induce cancer in both animals and humans. 

Radiation and many chemical carcinogens act by damaging DNA and inducing 

mutations. These carcinogens are often referred to as initiating agents, as the 

induction of mutations in key target genes is the initial event leading to cancer 

development. Examples include solar ultraviolet radiation, which is a leading cause 

of skin cancer, and carcinogenic chemicals present in tobacco smoke (Cooper, 

2000). Tobacco smoke contains compounds such as benzo(a)pyrene and 

dimethylnitrosamine, which are major factors that contribute to the development of 

cancer in humans (Hecht and Hatsukami, 2022). Smoking is the leading cause of 80 

to 90% of lung cancers and is also linked in cancers of the oral cavity, larynx, 

pharynx esophagus, and other sites (Cooper, 2000). Overall, smoking is estimated to 

be responsible for nearly one-third of all cancer deaths, highlighting its significant 

impact as a carcinogenic agent. 

Certain carcinogenic agents promote cancer progression by enhancing cell 

proliferation rather than directly inducing genetic mutations. These substances, 

known as tumour promoters, facilitate increased cell division, which is essential for 

expanding the cell population during the early stages of tumourigenesis. A notable 

example is phorbol esters, which activate protein kinase C to drive cell proliferation. 

This mechanism was elucidated in studies on chemically induced skin tumours in 

murine models, where tumour formation occurred only when a tumour promoter was 

used to stimulate the growth of pre-existing mutated cells (Evans and Farrar, 1998). 

Hormones, especially oestrogens, act as tumour promoters in some human cancers 

(Cooper, 2000, Henderson and Feigelson, 2000). Oestrogens stimulate the 

proliferation of uterine endometrial cells, and excess oestrogen exposure increases 

the likelihood of developing endometrial cancer (Yang, et al., 2019). Extended use 

of high-dose oestrogen alone for postmenopausal hormone replacement therapy 
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markedly elevates this risk. The risk is minimized by administering progesterone to 

counteract oestrogen’s stimulatory effect on proliferation of endometrial cells 

(Furness, et al., 2012). However, long-term therapy with oestrogen and progesterone 

combinations may increase the risk of breast cancer. 

In addition to chemicals and radiation, some viruses induce cancer in both 

experimental animals and humans. Human cancers caused by viruses include liver 

cancer and cervical carcinoma, which together account for 10 to 20% of worldwide 

cancer incidence. These viruses are significant not only as causes of cancer but also 

because studies of tumour viruses have been crucial in understanding the molecular 

events that lead to cancer induced by both viral and nonviral carcinogens 

(McLaughlin-Drubin and Munger, 2008). 

0.3.2.4. Mechanism of malignant transformation 

While significant strides have been made in elucidating the biological and molecular 

mechanisms underlying primary tumour formation, understanding the subsequent 

processes leading to invasion and metastasis has remained somewhat enigmatic until 

recent years. Over the past five years, various avenues of research have begun to 

outline the conceptual framework explaining the emergence of high-grade 

malignancies. These discussions often revolve around the widely acknowledged 

sequence termed the "invasion-metastasis cascade," which describes the sequential 

steps through which primary tumour cells invade adjacent tissues, enter the 

bloodstream, migrate to distant sites, and establish secondary tumours (Valastyan 

and Weinberg, 2011). 

Empirical observations are crucial for resolving debates regarding the timing of 

metastatic trait acquisition, particularly in the context of early versus late mutations. 

The complexity of the invasion-metastasis cascade parallels that of the initial steps 

leading to primary tumour formation, prompting questions about whether acquiring 

metastatic traits necessitates accumulating mutations comparable to those driving 

primary tumour initiation. 
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Mounting evidence suggests that metastatic dissemination may not depend on 

additional late-acquired genetic mutations beyond those present in primary tumours. 

Discussions center on "driver" mutations that confer selective advantages rather than 

"passenger" mutations representing background genetic noise (Bozic, et al., 2010). 

Evidence against the necessity of metastasis-specific mutations comes from diverse 

sources. 

Firstly, gene expression profiles of primary tumours can predict their propensity for 

metastatic relapse, reflecting the differentiation program of the normal cell of origin 

perturbed by subsequent mutations. For instance, gene expression arrays have 

enabled the prediction of metastatic potential in primary breast carcinomas, 

suggesting that many neoplastic cells within a tumour express genes influencing 

metastatic behaviour early in tumour progression (Weigelt, et al., 2003). 

Secondly, research involving the transformation of normal human cells into 

tumourigenic states has demonstrated that the differentiation program of the normal 

cell of origin strongly influences tumour behaviour. For instance, transformed 

mammary epithelial cells yielded tumours with distinct histopathological 

characteristics and metastatic tendencies depending on their culture conditions. 

Similarly, transformed melanocytes generated primary tumours with vastly different 

metastatic potentials, underscoring the role of the normal cell of origin in 

determining metastatic behaviour (Ince, et al., 2007). 

Thirdly, studies comparing the genomes of primary tumour cells with their derived 

metastases have generally found the same genetic lesions in both, suggesting that 

metastatic spread does not necessarily require late-acquired mutations. Together, 

these lines of evidence suggest that metastatic dissemination may occur as an 

inadvertent byproduct of primary tumour formation rather than as an actively 

selected trait (Yates, et al., 2017). 

The epithelial – mesenchymal transition (EMT) emerges as a key process in cancer 

pathogenesis, facilitating the acquisition of invasive and metastatic traits by 

carcinoma cells. EMT, which occurs in various embryonic developmental stages, 
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enables epithelial cells to acquire mesenchymal traits, promoting their motility and 

invasiveness. Transcription factors (TFs) regulate EMT transiently during 

embryogenesis in response to contextual signals from the surrounding 

microenvironment (Ribatti, et al., 2020). 

These TFs, including Slug, Snail, and Twist, are expressed in human tumour cells, 

correlating with aggressive traits like invasion and resistance to apoptosis (Yu, et al., 

2010). Their expression may be regulated by signals from neighbouring cells, 

mirroring the contextual regulation observed in embryogenesis. The relevance of 

EMT to cancer pathogenesis is underscored by the resemblance between aggressive 

carcinoma cells and embryonic cell phenotypes (Nakamura, et al., 2018). 

Metastatic dissemination in cancer appears to be influenced significantly by the 

differentiation program of the normal cell of origin and may not necessarily require 

additional late-acquired genetic mutations. EMT and its regulatory TFs play crucial 

roles in facilitating invasive and metastatic behaviours in carcinoma cells, drawing 

parallels with mechanisms observed in normal embryonic development (Lu and 

Kang, 2019). This understanding shifts the focus from late-acquired genetic 

mutations to the intrinsic properties of tumour cells shaped early in their 

development. 

Using an in vitro model of keratinocyte transformation, studies have shown that 

certain genetic modifications significantly increase the frequency of spontaneous 

transformation. For example, primary keratinocytes with specific genetic alterations 

display higher transformation rates than control genotypes, and the introduction of 

exogenous factors can suppress malignant transformation (Thépot, et al., 2011). 

Further investigations into the mechanisms of action of certain apoptotic pathways 

have found that they are independent of traditional regulatory proteins like bcl-2 and 

bax. These pathways are active only in malignant cells, not in normal or activated 

lymphocytes (Qian, et al., 2022). Additionally, studies on malignant hypertension 

have demonstrated that certain molecular changes, such as reduced ADAMTS-13 

levels and endothelial dysfunction, play critical roles in the disease's pathogenesis 
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(van den Born, et al., 2008). Superoxide anion, for instance, contributes to various 

forms of hypertension through mechanisms dependent on nitric oxide. 

Research has also explored the role of microRNAs in the malignant transformation 

of cells exposed to carcinogens like arsenic. Findings indicate that depletion of 

specific microRNAs is causally linked to malignant transformation and tumour 

formation following arsenic exposure (Nail, et al., 2023). This highlights the 

complex interplay of genetic and environmental factors in cancer development. 

Malignant multiple sclerosis (MS), a severe form of the disease, is defined by rapid 

progression to significant disability within a short time from symptom onset. Studies 

have examined the incidence and predictors of malignant MS, revealing insights into 

the demographic and clinical characteristics of affected patients (Gholipour, et al., 

2011). Other research has focused on the potential biases in epidemiological studies, 

such as the inverse association between smoking and melanoma, suggesting that 

smoking-related competing risks might skew the observed relationships (Thompson, 

et al., 2013). 

The mechanisms of DNA damage in cadmium-induced malignant transformation 

have been elucidated, showing that cadmium can cause significant genomic 

instability, leading to cancer. Similarly, research on malignant progression in certain 

tumour types has revealed that some tumours can evolve to higher grades, 

underscoring the need for long-term follow-up in patients with initially lower-grade 

tumours. 

The mechanisms of DNA damage in cadmium-induced malignant transformation 

have been elucidated, showing that cadmium can cause significant genomic 

instability, leading to cancer (Zhou, et al., 2014). Similarly, research on malignant 

progression in certain tumour types has revealed that some tumours can evolve to 

higher grades, underscoring the need for long-term follow-up in patients with 

initially lower-grade tumours. 
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Investigations into the therapeutic potential of compounds like apigenin have shown 

promising effects on malignant mesothelioma cell lines, suggesting possible new 

treatment avenues (Masuelli, et al., 2017). The carcinogenic mechanisms of 

malignant melanoma have been reviewed, considering factors such as ultraviolet 

radiation, mechanical stress, and trauma. 

In the context of gastric cancer, research has focused on the regulatory mechanisms 

underlying malignant transformation induced by specific nitrosamine compounds 

(Toh, et al., 2020). Models of gastric epithelial cell transformation have been 

established to study these processes. Additionally, studies on the biological 

characteristics and functions of circular RNAs (circRNAs) in paediatric malignant 

solid tumours have advanced our understanding of their roles in cancer development 

(Galardi, et al., 2022; Shen, et al., 2022). 

Recent research has explored the role of exosomes in gastric cancer progression, 

revealing that certain long non-coding RNAs (lncRNAs) from cancer cells can 

enhance malignant transformation of normal cells. This highlights the importance of 

intercellular communication in tumourigenesis (Hu, et al., 2021 and Sun, et al., 

2023). 

Endometriosis – associated ovarian cancer (EAOC) is another area of focus, with 

studies summarizing the latest advancements in understanding the biological 

characteristics and early diagnosis of malignant transformation in endometriosis 

(Kobayashi, et al., 2023 and Steinbuch, et al., 2024). This research aims to improve 

diagnostic strategies and patient outcomes. 

0.3.2.5. Cancer progression and metastasis 

The process of cancer progression and metastasis is a multifaceted journey marked 

by a series of interconnected events, each playing a crucial role in determining the 

fate of malignant cells. Metastasis, the dissemination of cancer cells from the 

primary tumour to distant locations in the body, represents a major challenge in 

cancer treatment and is a leading cause of cancer-related deaths (Arvelo, et al., 
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2016). Despite significant advancements in our understanding of cancer biology and 

treatment modalities, metastasis remains a formidable adversary, often leading to 

therapy failure and poor patient outcomes. 

Metastasis begins with the dissemination of cancer cells from the primary tumour 

(Figure 0.2.1), followed by their infiltration into nearby tissues and eventual entry 

into the bloodstream or lymphatic system (Lugassy and Escande, 1997). Once in 

circulation, these circulating tumour cells (CTCs) face numerous challenges, 

including immune surveillance and harsh environmental conditions, before 

successfully extravasating into secondary sites and establishing metastatic colonies. 

This intricate process, often referred to as the "invasion-metastasis cascade," 

involves several discrete steps, each presenting unique opportunities for therapeutic 

intervention (Martin, et al., 2013). 

 

Figure 0.2.1. Overview of the metastatic cascade: The five key steps of metastasis include invasion, 
intravasation, circulation, extravasation, and colonization (Fares et al., 2020). 



 
Review of Literature 

 

 33

Genetic and epigenetic alterations drive the acquisition of metastatic properties by 

cancer cells, leading to the selection and expansion of subpopulations with enhanced 

invasive and migratory capabilities (Jones and Laird, 1999; Sharma et al., 2010). 

Despite the vast number of cancer cells entering the bloodstream, only a minute 

fraction successfully survives and establishes metastatic colonies, highlighting the 

inefficiency of the metastatic process. However, this small subset of metastatic cells 

possesses remarkable plasticity and adaptability, allowing them to overcome the 

myriad challenges encountered during metastatic dissemination. 

Epithelial – mesenchymal transition (EMT) stands as a critical process in cancer 

progression and metastasis, enabling epithelial cells to acquire mesenchymal traits 

associated with increased motility and invasiveness. EMT is driven by complex 

signaling networks involving various growth factors, cytokines, and transcription 

factors, orchestrating the downregulation of epithelial markers and the upregulation 

of mesenchymal markers (Ribatti et al., 2020). This phenotypic switch not only 

enhances the migratory capacity of cancer cells but also promotes resistance to 

conventional therapies, posing significant challenges in clinical management. 

The tumour microenvironment (TME) plays a pivotal role in modulating cancer 

progression and metastasis, providing a supportive niche for the survival and growth 

of metastatic cells. Inflammatory mediators, immune cells, and stromal components 

within the TME create a pro-tumourigenic milieu, fostering immune evasion, 

angiogenesis, and tissue remodelling. Chronic inflammation fuels the production of 

cytokines and chemokines that promote tumour growth and metastasis, highlighting 

the intricate interplay between inflammation and cancer progression (Wang et al., 

2023). 

Angiogenesis, the process of new blood vessel formation, is essential for supplying 

nutrients and oxygen to growing tumours and facilitating metastatic spread. 

Angiogenic factors like vascular endothelial growth factor (VEGF) promote the 

formation of new blood vessels, while antiangiogenic factors help maintain vascular 

quiescence (Saman et al., 2020). Dysregulated angiogenesis contributes to tumour 
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progression and metastasis, underscoring the therapeutic potential of targeting 

angiogenic pathways in cancer treatment. 

The establishment of pre-metastatic niches, orchestrated by primary tumours, primes 

distant organs for subsequent metastatic colonization. Extracellular vesicles, 

secreted factors, and interactions between cancer cells and the stromal components 

contribute to the formation of these supportive niches, providing a fertile soil for 

incoming metastatic cells (Ghoroghi et al., 2021). Age-related changes in the 

extracellular matrix (ECM) and immune responses influence metastasis patterns, 

with older patients exhibiting altered ECM complexity and increased lymphatic 

permeability. 

Cancer cell plasticity, characterized by dynamic transitions between differentiated 

and stem-like states, facilitates therapy resistance and malignant progression. This 

phenotypic plasticity allows cancer cells to adapt to changing microenvironmental 

cues and evade therapeutic interventions, posing significant challenges in clinical 

management (Bhat et al., 2024). Targeting key regulators of cancer cell plasticity 

holds promise for disrupting metastatic progression and overcoming therapy 

resistance in cancer patients. 

Despite significant progress in our understanding of cancer progression and 

metastasis, numerous challenges remain in translating these insights into effective 

therapeutic strategies. The heterogeneity of cancer cells, dynamic nature of the 

tumour microenvironment, and complex interplay between metastatic cells and host 

tissues underscore the need for innovative approaches in cancer treatment. By 

unravelling the intricacies of cancer metastasis and developing targeted therapies 

that disrupt key molecular pathways, we can hope to improve patient outcomes and 

ultimately conquer this formidable foe. 

0.3.2.6. Biology of cancer 

0.3.2.6.1. Carcinogenesis 

Carcinogenesis is the process by which normal cells transform into cancerous cells, 

characterized by uncontrolled growth and the ability to invade tissues (Parodi and 
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Mancuso, 1996). This transformation is driven by genetic mutations, such as point 

mutations, chromosomal imbalances, and epigenetic modifications, like DNA 

methylation, which can silence tumour suppressor genes. While external factors like 

chemical damage can trigger these changes, most mutations arise during DNA 

replication and become heritable. The proliferation of mutated cells allows further 

genetic alterations, leading to the evasion of regulatory mechanisms. Key mutations 

occur in oncogenes, which drive cell proliferation, and tumour suppressor genes, 

which inhibit growth. As mutations accumulate, cancer cells gain the ability to grow 

autonomously and resist apoptosis, highlighting the genetic basis of cancer 

development. 

External agents like chemicals and radiation can cause DNA damage, leaving 

molecular signatures that indicate exposure to carcinogens. DNA replication errors, 

spontaneous damage (like depurination and cytidine deamination), and oxidative by-

products of metabolism are common sources of mutations. If these mutations persist 

due to improper DNA repair, they can lead to cancer. Additionally, ionizing 

radiation and UV light can directly damage DNA, causing breaks and thymine 

dimers, respectively, which distort normal base pairing and lead to mutations. 

0.3.2.6.2. Tumour microenvironment and metastasis   

Cancer begins with premalignant lesions caused by genetic alterations or 

environmental factors, such as viral infections. These changes eventually convert 

premalignant cells into malignant ones, resulting in primary tumours. The tumour 

microenvironment (TME), comprising the extracellular matrix (ECM), stromal cells, 

and a network of cytokines, chemokines, and growth factors, play a critical role in 

cancer development. These components facilitate communication between tumour 

and non-tumour cells, supporting tumour growth (Neophytou et al., 2021). 

Tumour angiogenesis, the formation of new blood vessels, is driven by hypoxia and 

nutrient deprivation in the TME. Inflammatory signals recruit vascular cells to form 

the tumour's blood vessel network, enabling tumour growth. As tumours acquire 

more mutations, cancer cells develop the ability to migrate, leading to metastasis. 
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This process relies on the creation of a pre-metastatic niche, allowing tumour 

survival at distant sites (Neophytou et al., 2021). 

0.3.2.6.3. Cancer progression 

Cancer is a progressive condition that initially manifests as a small, benign lesion 

restricted to its original tissue (Shomar et al., 2022). If detected early, it can be 

surgically removed, preventing patient death. However, if undetected, cancer can 

grow and spread within the organ, eventually invading nearby tissues and the 

lymphatic system. From there, cancer cells spread to distant organs, forming 

metastases in areas like bones, lungs, liver, or brain. This dissemination is often 

supported by angiogenesis, which supplies the tumour with oxygen and nutrients, 

promoting further growth (Gerstberger et al., 2023). 

0.3.2.6.4. DNA damage and repair in cancer  

DNA instability, caused by replication errors and environmental factors, is a major 

contributor to cancer. Cells with unrepaired DNA damage accumulate mutations, 

leading to uncontrolled cell proliferation. Environmental carcinogens, like radiation 

and chemical agents, also cause DNA damage, creating mutations that can trigger 

cancer. Ionizing radiation, for instance, causes DNA strand breaks, while UV light 

induces thymine dimers, both of which distort DNA and increase the risk of 

mutations (Turgeon et al., 2018). 

Cancer treatments, such as chemotherapy and radiation, often target cancer cells by 

inducing DNA damage. However, these therapies also raise the risk of secondary 

cancers, as they can damage healthy DNA. Alkylating agents and antibiotics like 

Doxorubicin are examples of treatments that increase cancer risk by altering DNA. 

This highlights the need for a delicate balance between effectively treating cancer 

and maintaining the integrity of healthy DNA (Turgeon et al., 2018).  

Carcinogenesis is a complex process driven by genetic mutations and environmental 

factors. The tumour microenvironment and angiogenesis play critical roles in 
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supporting tumour growth and metastasis. Early detection is crucial, as cancer is 

most treatable in its benign stages before spreading. Understanding the molecular 

mechanisms of cancer development is essential for developing effective therapies, 

and advances in genomic research and personalized medicine offer promising 

avenues for targeted treatments that disrupt the molecular drivers of cancer. By 

continuing to explore the biology of cancer, we can improve patient outcomes and 

develop more effective, less toxic therapies (Turgeon et al., 2018). 

0.3.2.6.5. Mechanisms of carcinogenesis 

Recent studies have outlined key steps in transforming normal cells into cancerous 

ones by violating three fundamental rules. The first rule mandates that cells divide 

only in response to appropriate signals. Cancer cells bypass this by permanently 

activating cell division pathways, usually triggered by hormones or growth factors. 

The second rule states that cells should undergo self-destruction under stressful or 

unsuitable conditions for DNA replication. In cancer cells, this pathway is evaded 

through mutations in the RB1 gene and the TP53 gene, which disable the P53 

protein’s ability to halt cell division under stress. The third rule restricts normal cells 

to a finite number of divisions, regulated by telomeres (Martin et al., 2013 and Sever 

and Brugge, 2015). Cancer cells bypass this limitation by activating telomerase, 

which maintains telomere length and enables indefinite cell division, effectively 

granting them "permanent cell youth." 

At the molecular level, these transformations disrupt normal cell functions and often 

lead to apoptosis, a process that eliminates abnormal cells. For cancer cells to thrive, 

they must simultaneously coordinate these changes, influenced by genetic 

predisposition and environmental factors. Genetic factors can enhance the likelihood 

of multiple simultaneous mutations, while environmental factors act as selective 

forces, allowing more fit abnormal cells to survive and proliferate. 
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Despite their diversity, cancer cells share common regulatory mechanisms in cell 

proliferation and death. Oncogenes and tumour suppressor genes are frequently 

altered across various cancers, forming a network of factors that control cell 

behaviour. This network, or "cancer box," includes three main signalling processes: 

two growth-promoting and one growth-suppressive (Baker, 2020). The growth-

promoting processes involve beta-catenin, which, when mutated, stimulates cell 

proliferation, and cell-surface receptors like EGFR, which activate intracellular 

signalling cascades. The anti-proliferative process is controlled by the TP53 gene, 

which encodes the P53 protein, a stress sensor that halts cell cycle progression, 

induces differentiation, or triggers apoptosis (He and Gan, 2023). 

A unique chromosomal locus at the end of chromosome 9's short arm contains the 

CDKN2a gene, which produces p16 and p14ARF proteins. P16 inhibits cyclin-

dependent kinases (CDKs), blocking cell proliferation, while p14ARF regulates P53 

activation (Wagner and Wagner, 2022). This locus integrates various components of 

the cancer box, making it a frequent target for alterations in cancer. Overall, the 

representation of cell life cycles—including division, differentiation, and 

programmed death—highlights the interconnected roles of these genes and their 

mutations, with p53 serving as a universal "brake" on cell division. 

0.3.2.7. The hallmarks of cancer 

Tumours are complex tissues composed not only of proliferating cancer cells but 

also of various recruited normal cells within the tumour-associated stroma. These 

normal cells actively participate in tumourigenesis, contributing significantly to the 

development and expression of hallmark capabilities. Over the past decade, 

advancements in cancer research have refined our understanding of these 

capabilities and prompted consideration of new additions to the existing roster, 

necessitating a broader perspective on tumour biology that includes the dynamic 

influence of the tumour microenvironment. 
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Figure 0.2.2. The Hallmarks of Cancer. This graphic outlines the six hallmark characteristics first 
introduced in our 2000 overview. Over the last ten years, significant advancements have been made 
in comprehending the underlying mechanisms associated with each hallmark. (Hanahan and 
Weinberg, 2011). 

Conceptually, the hallmarks of cancer—fundamental capabilities enabling tumour 

growth and metastasis—continue to provide a foundational framework. The main 

hallmarks (Figure 0.2.2) are: 

0.3.2.7.1. Sustaining proliferative signalling 

Cancer cells autonomously maintain continuous proliferation through various 

mechanisms, such as producing their own growth factors, influencing stromal cells 

to supply growth factors, enhancing receptor expression, or activating downstream 

signalling pathways independent of ligand-mediated activation. These strategies 

subvert normal growth controls and contribute to uncontrolled cell division 

characteristic of cancer (Hanahan and Weinberg, 2011).     

0.3.2.7.2. Evading growth suppressors 

Cancer cells evade stringent regulatory mechanisms, including those mediated by 

tumour suppressor genes like RB and TP53. Loss of these regulators allows 



 
Review of Literature 

 

 40

unchecked cell proliferation by disabling critical checkpoints that inhibit cell 

division in response to growth-inhibitory signals, and compromising contact 

inhibition mechanisms essential for tissue architecture maintenance (Hanahan and 

Weinberg, 2011). 

0.3.2.7.3. Resisting cell death 

Cancer cells evade programmed cell death, particularly apoptosis, through 

mechanisms such as inactivating TP53, overexpressing antiapoptotic proteins, or 

downregulating proapoptotic factors. Additionally, autophagy and necrosis play dual 

roles in cancer progression, either promoting survival under stress conditions or 

inadvertently supporting tumour growth through inflammatory responses (Hanahan 

and Weinberg, 2011). 

0.3.2.7.4. Enabling replicative immortality 

Cancer cells achieve unlimited replicative potential by overcoming senescence and 

crisis barriers through telomere maintenance mechanisms, notably activating 

telomerase to sustain telomere length and avoid cellular aging-associated growth 

arrest. The intricate regulation of telomeres and alternative mechanisms of telomere 

maintenance underscore their role in promoting cancer cell proliferation (Hanahan 

and Weinberg, 2011). 

0.3.2.7.5. Inducing angiogenesis 

Tumour growth and survival depend on inducing angiogenesis, the process of 

forming new blood vessels. Cancer cells sustain an "angiogenic switch" by 

upregulating proangiogenic factors like VEGF-A and FGFs, thereby ensuring 

adequate nutrient and oxygen supply for continued growth. Disrupted vascular 

structure and interactions with inhibitory factors like TSP-1 highlight the complexity 

of tumour angiogenesis regulation (Hanahan and Weinberg, 2011). 

0.3.2.7.6. Activating invasion and metastasis 

Cancer cells acquire invasive properties through processes like epithelial-

mesenchymal transition (EMT), allowing them to invade surrounding tissues and 
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metastasize to distant sites. Interactions with stromal cells further enhance invasive 

capabilities by promoting extracellular matrix degradation and altering cell adhesion 

properties, facilitating metastatic spread (Hanahan and Weinberg, 2011). 

The hallmarks of cancer not only define the fundamental capabilities of cancer cells 

but also reflect the intricate interactions between cancer cells and their 

microenvironment. Integrating these hallmarks with genomic insights continues to 

advance our understanding of cancer biology and informs the development of 

targeted therapies aimed at disrupting critical pathways driving tumour progression. 

This comprehensive approach holds promise for improving treatment outcomes and 

addressing the challenges posed by tumour heterogeneity and therapeutic resistance. 

0.3.2.8. Traditional treatments of cancer 

Cancer is a complex series of pathological conditions characterized by a gradual loss 

of regulatory control over growth. For many decades, the primary treatment options 

for cancer were limited to surgery, radiation therapy, and chemotherapy, either as 

standalone treatments or in combination. However, recent advancements have 

dramatically improved our understanding of the pathways involved in cancer 

progression, leading to the development of combinatorial strategies that involve 

multiple targeted therapies or traditional chemotherapeutics, such as taxanes and 

platinum compounds, which have shown synergistic effects (Mokhtari et al., 2017; 

Debela et al., 2021). New approaches, including drugs, biological molecules, and 

immune-mediated therapies, are being explored, even though they have not yet fully 

met the desired therapeutic levels to significantly reduce mortality rates and extend 

survival times for metastatic cancer patients. 

The development of new cancer therapies or the effectiveness of targeted drugs 

relies on the specific pathways and features of various tumour types. Chemotherapy 

continues to be one of the most effective and commonly utilized treatments for 

cancer, either as a standalone therapy or in conjugation with radiotherapy. 

Chemotherapy drugs primarily target tumour cells through genotoxicity, generates 

reactive oxygen species that destroy tumour cells. Hormonal treatments are also 

extensively used for specific types of cancer and are classified as cytostatic. They 

inhibit tumour progression by restricting the availability of hormonal growth factors 
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through the hypothalamic – pituitary – gonadal axis (HPGA), blocking hormone 

receptors, and reducing adrenal steroid production (Debela et al., 2021). 

0.3.2.9. Cancer treatment modalities 

Cancer treatment approaches can be categorized into conventional (traditional) and 

advanced (novel or modern) types. Worldwide, more than half of all active medical 

treatment trials are dedicated to cancer therapies. The choice of treatment is 

influenced by factors such as the type of cancer, its location, and severity guide the 

selection of treatment options and their progress. Traditional methods commonly 

used include surgery, radiotherapy, and chemotherapy. In contrast, modern 

treatments encompass hormone therapy, anti-angiogenic therapies, stem cell 

therapies, immunotherapy, and dendritic cell – based immunotherapy (Arruebo et 

al., 2011; Debela et al., 2021). 

0.3.2.9.1. Conventional cancer therapies 

The most commonly recommended conventional cancer treatments include surgical 

tumour removal, followed by radiotherapy using X-rays and/or chemotherapy. 

Surgery is most effective in the early stages of cancer. Radiation therapy, however, 

can also harm healthy cells, organs, and tissues. Although chemotherapy has 

significantly decreased morbidity and mortality, it often damages healthy, rapidly 

dividing cells. Drug resistance is a major challenge, occurring when initially 

responsive cancer cells become resistant to the treatment, largely due to decreased 

drug absorption and increased drug expulsion. Conventional chemotherapy faces 

several limitations, including difficulties in dosage selection, lack of specificity, 

rapid drug metabolism, and adverse side effects. 

Chemotherapy remains the most effective and widely used cancer treatment.it works 

mainly through genotoxicity, producing reactive oxygen species that destroy tumour 

cells (El-Hussein et al., 2021). Hormonal treatments are also prevalent, especially 

for cancers influenced by hormonal growth factors. These treatments work blocking 

hormone receptors or limiting hormone production, thus restricting cancer growth. 
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0.3.2.9.2. Advanced and innovative cancer therapies 

Modern cancer treatments include hormone therapy, stem cell therapy, anti-

angiogenic therapy, immunotherapy, and dendritic cell-based immunotherapy 

(Charmsaz et al., 2019). These therapies aim to address the limitations of traditional 

treatments, such as drug resistance and non-specific targeting of cancer cells. 

0.3.2.9.2.1. Stem cell therapy 

Stem cell therapy involves using undifferentiated cells from bone marrow or other 

sources to treat cancer (Debela et al., 2021). These therapies are still largely 

experimental but show promise in regenerating damaged tissues and targeting 

tumours. Different types of stem cells used in cancer treatment include: 

Pluripotent stem cells, thatvderived from embryos, these cells can become any cell 

type except placental cells. They are used to induce effector T cells and natural killer 

cells (Li et al., 2018), as well as for anti-tumour vaccine preparation (Ouyang et al., 

2019). 

Adult stem cells include mesenchymal stem cells (MSCs), hematopoietic stem cells 

(HSCs), and neural stem cells (NSCs). HSCs are utilised in FDA-approved 

treatments for leukemia and multiple myeloma (Trujillo-Alonso et al., 2019), while 

MSCs and NSCs are explored for their roles in tissue repair and regeneration in 

cancer therapy (Lin et al., 2019; Chu et al., 2020). 

Cancer stem cells (CSCs): These cells arise from normal stem cells through 

epigenetic mutations and are crucial for cancer growth, metastasis, and recurrence. 

Targeting CSCs could provide a promising approach for treating solid tumours 

(Chang, 2016).  

0.3.2.9.2.2. Targeted drug therapy  

Targeted cancer therapies interfere with specific molecules involved in cancer 

growth and progression. These therapies aim to be more effective and less harmful 

than conventional treatments by focusing on cellular mechanisms like cell cycle 

arrest, apoptosis induction, and metabolic interference (Valter et al., 2017). The 

types of targeted agents include monoclonal antibodies and small molecules 

inhibitors. 
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Monoclonal antibodies: Man – made immune proteins that attack specific targets 

on cancer cells. They can recruit host immune functions, block essential cancer cell 

processes, or deliver lethal payloads to target cells (Adams et al., 2005). 

Small molecules inhibitors: Small molecules inhibitors: These drugs interfere with 

intracellular signalling pathways, such as tyrosine kinases, to inhibit cancer cell 

growth and proliferation. Examples include gefitinib, erlotinib, lapatinib, and 

sorafenib (Yap et al., 2012; Debela et al., 2021). 

0.3.2.9.2.3. Ablation therapy 

Ablation therapies destroy tumours without removing them, often using extreme 

temperatures (Debela et al., 2021). Techniques such as radiofrequency ablation 

(RFA) that uses high-frequency electrical currents to generate heat and eliminate 

cancer cells, guided by imaging techniques like ultrasound or MRI, and cryoablation 

which utilizes extreme cold to freeze and destroy cancer cells. This technique has 

shown potential in eliciting immune responses that may aid in fighting cancer. 

0.3.2.9.2.4. Gene therapy 

Gene therapy involves introducing a functional copy of a defective gene into the 

genome to treat or cure certain genetic disorders. This approach is used to deliver 

proapoptotic genes, tumour suppressor genes, or genes that induce anti-tumour 

immune responses. Notable examples include the use of ONYX-015 for NSCLC and 

Gendicine for head and neck cancer (Ahrendt et al., 2003). 

0.3.2.9.2.5. RNA interference (RNAi) 

This technology targets gene silencing through mechanisms like small interfering 

RNAs (siRNAs). siRNAs can be designed to block specific genes involved in cancer 

proliferation and metastasis, providing a highly targeted treatment approach (Debela 

et al., 2021). 

0.3.2.9.2.6. Natural antioxidants 

Natural antioxidants, including polyphenols, vitamins and plant-derived compounds, 

are being researched for their anti-inflammatory and anti-cancer properties. 

Examples include curcumin, berberine, and quercetin, which have shown potential 
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in various cancer types (Chikara et al., 2018; Farooqi et al., 2019). However, their 

clinical application is limited by challenges related to bioavailability and toxicity. 

0.3.2.9.3. Current clinical trials 

Recent advancements in cancer treatment have led to numerous clinical trials 

focusing on innovative therapies. These trials aim to develop safe and effective 

cancer treatments, improving survival rates and quality of life for patients. Current 

research is particularly focused on stem cell therapy, targeted drug therapy, 

immunotherapy, and gene therapy (Debela et al., 2021). 

0.3.2.9.4. Key challenges in cancer treatment 

Cancer treatment faces several key challenges across different therapeutic strategies, 

each with its own set of advantages and limitations (Table 0.1). One of the most 

significant challenges is the recurrence of cancer after initial treatment. Despite 

advancements in medical science, preventing cancer from returning remains a 

critical hurdle. 

Traditional cancer treatments often focus on eradicating the tumour itself, 

potentially overlooking the underlying causes and risk factors. This can lead to a 

"one-size-fits-all" approach that may not address the unique conditions that 

contributed to the cancer or prevent future occurrences (Krzyszczyk et al., 2018). 

Additionally, these treatments can inadvertently weaken the immune system, the 

body's natural defence mechanism, which can hinder the ability to fight cancer 

effectively and increase susceptibility to infections and other health complications. 

While chemotherapy and radiation can be life-saving, they often come with severe 

side effects such as nausea, vomiting, fatigue, and long-term bone marrow 

depression, significantly impacting quality of life (Amjad et al., 2023). Furthermore, 

conventional treatments may not be equally effective against all types and stages of 

cancer, with some cancer cells developing resistance, rendering these therapies less 

effective. 

Stem cell therapy is considered a promising approach due to its safety and 

effectiveness. It can significantly reduce tumour volumes and extend patient 

survival, especially when combined with other treatment strategies. However, the 
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benefits of stem cell therapy are not durable, meaning the effects may not last long-

term. Additionally, there is a potential risk of tumourigenesis, where the stem cells 

themselves could contribute to the formation of new tumours, leading to recurrence. 

Targeted therapy stands out for its high specificity, targeting cancer cells more 

precisely than traditional treatments like chemotherapy, thereby reducing adverse 

reactions. Despite this, the long-term side effects of targeted therapies are still in 

question, and there is always the risk of cancer cells developing resistance to these 

treatments, leading to recurrence. As cancer cells mutate, they may find ways to 

bypass the mechanisms of targeted therapy, making it less effective over time 

(Targeted therapy for cancer, 2022). 

Ablation therapy offers precise treatment, often used to destroy tumours with 

minimal damage to surrounding tissues. It can be performed alongside MRI 

imaging, utilizing magnetic hyperthermia to increase effectiveness. However, its 

efficiency is mainly limited to localized areas, and it has low penetration power, 

which means it may not be effective for treating deeper or more widespread cancers 

(Debela et al., 2021). If any cancer cells remain post-treatment, there is a risk of 

recurrence, necessitating ongoing monitoring and potential repeat procedures. 

Additionally, the procedure requires a highly skilled operator, limiting its 

accessibility and increasing the risk of procedural errors that might leave residual 

cancer cells behind. 

Gene therapy holds great potential by enabling the activation of proapoptotic and 

chemosensitizing genes, wild-type tumour suppressor genes, and genes that can 

induce targeted anti-tumour immune responses (Debela et al., 2021). It also offers 

the possibility of targeted silencing of oncogenes using RNA interference (RNAi). 

Despite these benefits, gene therapy faces significant challenges, such as the risk of 

genome integration, which can lead to unintended genetic alterations. Its efficacy is 

often limited to specific subsets of patients, and there is a high chance of the therapy 

being counteracted by the immune system. Off-target effects and inflammation are 

additional concerns, particularly with RNAi-based approaches. Furthermore, 

effective delivery systems and controlled release mechanisms are required, 

necessitating extensive research and development. Even if initial treatments are 
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successful, there is a risk that not all cancerous cells are eradicated, leading to 

recurrence. 

Natural antioxidants are appealing due to their availability in large quantities and the 

potential to exploit their intrinsic anti-cancer properties. However, they suffer from 

limited bioavailability, meaning that their absorption and utilization in the body are 

not always efficient (Aqil et al., 2013). Moreover, there is a possibility of toxicity at 

higher doses, which can limit their therapeutic use (Debela et al., 2021). The 

inconsistent effectiveness of natural antioxidants means that while they might help 

in initial treatments, they may not be reliable in preventing recurrence. 

Chemotherapy and radiation therapy, while not mentioned in the initial points, are 

traditional mainstays of cancer treatment. These therapies are often effective in 

killing cancer cells but come with severe side effects, including damage to healthy 

cells, which can lead to complications such as immune suppression, hair loss, and 

gastrointestinal issues (Baskar et al., 2012). The development of resistance to 

chemotherapy is also a significant challenge, making it less effective over time. 

Cancer cells that survive initial treatments can adapt and regrow, leading to 

recurrence. 

Immunotherapy has emerged as a transformative strategy, leveraging the body's 

immune system to combat cancer. While it has shown remarkable results in some 

cases, it can also lead to severe immune-related side effects and is not effective for 

all types of cancer (Kciuk et al., 2023). The cost of immunotherapy is also a major 

barrier, making it inaccessible to many patients. There is also a risk that the immune 

system may not completely eradicate the cancer, leading to potential recurrence. 

Personalized medicine, an emerging field, customizes treatments based on the 

genetic profile of a patient's tumour (Krzyszczyk et al., 2018). This approach aims to 

enhance treatment effectiveness and reduce side effects, but it involves costly and 

time-consuming genetic testing. However, even personalized therapies cannot fully 

guarantee the prevention of cancer recurrence, as tumours may evolve and adapt 

unpredictably. 
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Table 0.1.  Advantages and disadvantages of conventional cancer treatment modalities. 

Sl. 
No. 

Treatment approach Advantage Disadvantage 

1 Stem cell therapy 
Safe and efficacious  The treatment provides onlytemporary effectiveness 
Can be integrated with other treatment strategies Possible induction of tumour formation 
Decreases tumour size and improves survival rates 

 
2 Targeted therapy 

High specificity 
Concerns about long-term side effects remain 

Decreased side effects 

3 Ablation therapy 

Precise treatment Primarily effective in localized regions. 
The potential to combine with magnetic resonance imaging 
(MRI) for magnetic hyperthermia therapy exists. 

Low penetration power 

 
Requires highly skilled operator 

4 Gene therapy 

Activation of pro-apototic and chemo-sensitizing genes. Genome integration 
Restoration of wild-type tumour suppressor gene expression. Limited effectiveness in certain patient subsets. 
Expression of genes that can elicit targeted anti-tumour 
immune responses.  

High chances of being neutralized by the immune 
system 

Targeted silencing of oncogenes and ensuring safety through 
RNA interference  (RNAi) 

Off-target effects and inflammation (RNAi) 

 
Need for ad hoc delivery systems (RNAi) 

 
Establishment of dosing regimens and apotimal 
conditions for controlled release (RNAi) 

5 Natural antioxidants 
Readily available in large quantities Limited bioavailability 
Utilizing their inherent properties potential toxicity 

Source: Debela et al., New approaches and procedures for cancer treatment: Current perspectives. SAGE Open Med. 2021 
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Cancer recurrence remains a significant challenge across all treatments. While each 

therapy has its strengths, they all face limitations in preventing the return of cancer. 

Continued research, technological advancements, and a deeper understanding of 

cancer biology are crucial to improving long-term outcomes for patients. 

0.3.2.10. Natural products in cancer research 

The exploration and utilization of natural products have profoundly influenced 

modern medicine, particularly through the use of plant and microbial secondary 

metabolites. These compounds have been pivotal in extending human life 

expectancy by mitigating pain, reducing suffering, and enabling advanced medical 

procedures such as organ transplantation. The diverse chemical structures of these 

metabolites are intricately tied to their biological and geographical origins, 

prompting a global effort in bioprospecting to discover novel pharmaceuticals. 

Traditionally, terrestrial environments have been the primary source for these 

bioactive compounds, contributing significantly to pharmaceutical success. 

However, the vast and largely unexplored marine ecosystem presents a new frontier 

rich in potential therapeutic agents. The recent focus on marine bioprospecting aims 

to tap into this underutilized resource, with innovative techniques being developed 

to cultivate previously unculturable microbes from both terrestrial and marine 

environments. These secondary metabolites often possess complex structures, and 

while some can be used directly, others require chemical or biological modifications 

to become effective medicines. The advent of combinatorial biosynthesis has 

revolutionized the field, enabling the creation of thousands of new derivatives 

through biological methods, complementing traditional combinatorial chemistry 

(Demain and Vaishnav, 2011).  

The evolution of secondary metabolism in nature is a testament to the sophisticated 

natural combinatorial chemistry that has been ongoing for billions of years. Bacteria, 

having inhabited the Earth for over three billion years, have evolved to produce 

secondary metabolites that offer survival advantages in their local environments. 

This evolutionary process has led to the retention and refinement of biosynthetic 
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genes that produce these useful metabolites. Nature’s version of combinatorial 

chemistry generates exotic molecular structures with rich stereochemistry, complex 

ring systems, and reactive functional groups. This natural diversity has been 

harnessed in drug discovery through high-throughput screening, genome mining to 

uncover cryptic pathways, and combinatorial biosynthesis to create novel secondary 

metabolites with pharmaceutical potential. The pharmaceutical industry depends 

significantly on a range of integrated technologies including natural product 

discovery, high-throughput screening, genomics, proteomics, metabolomics, and 

combinatorial biosynthesis to identify and develop new drugs (Demain and 

Vaishnav, 2011).  Currently, around one million natural products are known, with 

plants contributing between 500,000 to 600,000 of these (Mendelsohn and Balick, 

1995). By the late 1990s, 160,000 natural product structures had been elucidated, a 

number that continues to grow annually. Microbial secondary metabolites account 

for over 20,000 known compounds, with approximately 200,000 to 250,000 

biologically active products identified. These compounds have successfully 

translated into clinical trials, with many becoming integral to modern medicine. 

More than 60% of approved and pre-NDA drug candidates are natural products or 

their derivatives, excluding biological such as vaccines and monoclonal antibodies 

(Newman et al., 2003). In early 2008, 225 natural product-based drugs were 

undergoing various stages of clinical testing, underscoring their critical role in 

therapeutic development. Natural products are particularly significant in oncology, 

with three-quarters of anti-tumour agents derived from natural sources. Since, 1940, 

over 60% of the 140 approved anticancer agents have originated from natural 

products. This includes a broad array of structural alsses such as anthracyclines, 

enediynes, indolocarbazoles, isoprenoids, polyketide macrolides, and non-ribosomal 

peptides, which often exhibit potent anti-tumour activity through mechanisms such 

as apoptosis induction, enzyme inhibition, ant anti-angiogenesis. The continuous 

exploration and development of natural products remain essential for advancing 

medical science and therapeutic innovation (Demain and Vaishnav, 2011).  
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0.3.2.10.1. Microbial-anti-tumour products 

Microbial anti-tumour products have to be a significant source of anticancer 

compounds, particularly those produced by microorganisms like actinomycetes. 

These organisms are renowned for generating a diverse array of natural products 

with both antimicrobial and anti-tumour properties (Demain and Vaishnav, 2011). In 

the 1980s, a comprehensive screening of antibiotic compounds for their antagonistic 

effects on non-microbial organisms has been proposed, leading to the identification 

and repurposing of failed antibiotics for anti-tumour applications. This initiative 

resulted in the development of numerous in vitro laboratory tests, including enzyme 

inhibition screens, are used to identify, isolate, and purify potential compounds 

(Umezawa, 1982). Consequently, microbial metabolites began to be utilized for 

treating diseases traditionally managed by synthetic drugs, marking a significant 

advancement in medical treatment. This approach has been particularly successful in 

the field of anti-tumour agents, where microbial-derived compounds have shown 

considerable therapeutic efficacy.  

In their comprehensive review, Newman and Shapiro (2008) emphasized the pivotal 

role of microorganisms in identifying effective anti-tumour compounds (Newman 

and Shapiro, 2008). Many of the key drugs used in chemotherapy today are either 

microbial antibiotics or their derivatives. Historical examples include the application 

of actinomycin D in treating Wilm’s tumour in children, which has achieved a 90% 

survival rate for stages I and II of the disease (Jenkin et al., 1976).). The structural 

complexity and diversity of microbial anti-tumour agents, such as those depicted in 

Salas and Mendez, highlight their potential in cancer therapy (Salas and Mendez, 

1998). Another noteworthy microbial product used in anti-tumour therapy is the 

enzyme L-asparaginase, which further illustrates the therapeutic versatility of 

microbial metabolites (Alrumman et al., 2019). These findings underscore the 

invaluable contributions of microbial products to modern oncology, demonstrating 

their potential to yield novel and effective treatments for cancer. 



 
Review of Literature 

 

 52

Angiogenesis is essential for tumours to acquire oxygen and nutrients, a process 

stimulated by growth factors secreted by the tumours. Folkman proposed targeting 

angiogenesis to inhibit tumour growth, focusing on vascular endothelial growth 

factor (VEGF) as akey target (Folkman, 1971). Early anti-angiogenetic agents 

include fumagillin, produced by Aspergillus fumigatus, and its derivatives like 

TNP470, which inhibit essential endothelial cell progresses (Ingber et al., 1990). 

Avastin (bevacizumab), a monoclonal antibody that targets VEGF, is used to treat 

metastatic colorectal cancer (Ferrara et al., 2005 and Kazazi-Hyseni et al., 2010). 

Other FDA approved agents, such as Ranibizumab (Lucentis) and Pegaptanib 

(Mucagen), also inhibit VEGF (Nagpal et al., 2007). By 2008, ten anti-angiogenesis 

drugs had been approved, eight of which were for cancer and two for age-related 

macular degeneration.  This highlights the therapy’s importance in cancer treatment, 

making it one of the four major modalities in oncology (Demain and Vaishnav, 

2011). 

0.3.2.10.2. Marine anti-tumour products 

The ocean, a hub of biological diversity, houses 34 of the 37 known phyla of life, 

compared to only 17 on land. Despite this diversity, marine bioprospecting for 

biotechnological and drug discovery purposes is relatively recent. Marine 

microorganisms are an especially complex and diverse group, with only about 1% 

having been cultured or identified (Demain and Vaishnav 2011). Bioprospecting 

efforts often focus on coral reefs, mangroves, and seagrass beds due to their rich 

biodiversity and intense interspecies competition, which drives the production of 

bioactive compounds. Marine sponges, for example, are known for producing 

numerous compounds exhibiting promising pharmaceutical potential. Notably, 

cytarabine (Cytostar), a drug used to treat non-Hodgkin's lymphoma, was originally 

derived from a marine sponge (Jimenez et al., 2018). Many of these compounds are 

believed to be produced by bacterial symbionts rather than the sponges themselves, 

highlighting the potential of marine microorganisms. 
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Marine-derived compounds have made significant contributions to oncology. 

Compounds like cytarabine, pederin, theopederins, annamides, trabectedin 

(Yondelis), aplidine, and ecteinascidin 743 (ET743) exhibit potent anti-tumour 

activity. Approximately 68% of pharmaceutically useful marine natural products 

target cancer, with the remainder addressing inflammation, pain, asthma, and 

Alzheimer's disease (Demain and Vaishnav 2011). 

0.3.2.10.3. Plant derived anti-tumour products 

Plants have significantly contributed to the development of anticancer agents, 

providing a rich source of compounds that have approved for use in cancer therapy. 

Since 1961, the USA has approved nine anticancer drugs derived from plant sources, 

highlighting the longstanding importance of botanical sources in modern medicine 

(Demain and Vaishnav 2011). These include vincristine, paclitaxel (Taxol), 

etoposide, vinblastine, topotecan, teniposide, vinorelbine (Navelbine), 

Camptothecin, docetaxel (Taxotere), and irinotecan. The discovery of these 

compounds often involved extensive ethnobotanical studies and pharmacological 

screenings, leveraging traditional knowledge of medicinal plants. For instance, 

vinblastine and vincristine were isolated from the Madagascar periwinkle, a plant 

traditionally used in folk medicine for treating diabetes (Deorukhkar et al., 2007). 

The approval of these drugs underscored the potential of natural products in offering 

novel therapeutic options for cancer treatment. In addition to their efficacy, many of 

these plant-derived compounds provided a foundation for the development of 

synthetic analogues and derivatives, further expanding the arsenal of anticancer 

agents. The significant commercial success of these drugs, with combined sales 

reaching billions of dollars annually, reflects their critical role in oncology. 

Moreover, ongoing research into plant secondary metabolites continues to reveal 

new compounds with potential anticancer activity, emphasizing the enduring 

relevance of plants in drug discovery. 

0.3.2.10.3.1. Vinca alkaloids 

Vinblastine and vincristine, which originate from the Madagascar periwinkle 

(Catharanthus roseus), are critical in treating cancers such as Hodgkin’s lymphoma. 
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Despite their therapeutic importance, these alkaloids present challenges in synthesis 

due to their complex structures. Advances in metabolic engineering aim to optimize 

the biosynthesis of these alkaloids by manipulating pathway enzymes (Demain and 

Vaishnav 2011). Strictosidine synthase, an enzyme with a narrow substrate range, 

has been engineered to accept tryptamine analogues, leading to the production of 

novel β-carboline analogues with potential therapeutic applications (Bernhardt et al., 

2007). Additionally, the Madagascar periwinkle produces serpentines, compounds 

with anticancer potential (Almargo et al., 2015). However, due to their toxicity, 

clinical use has been limited. Researchers have expanded the range of drug 

candidates by producing halogenated alkaloids, offering new avenues for cancer 

treatment. 

0.3.2.10.3.2. Camptothecin and its derivatives 

Camptothecin, a modified monoterpene indole alkaloid synthesized by certain 

angiosperm species (Wall and Wani, 1996) and the endophytic fungus 

Entrophospora infrequens. This compound has gained recognition as a potent 

anticancer agent. Although its natural abundance in plant roots is minimal and 

chemical synthesis yields are inefficient, fungal fermentation has emerged as a 

promising alternative for large-scale production. Clinically, Camptothecin is 

formulated as Camptosar and Campto for the treatment of recurrent colorectal and 

has also demonstrated therapeutic efficacy in combating uterine, ovarian and lung 

cancers (Amna et al., 2006). It targets type I DNA topoisomerase, an enzyme 

essential for DNA replication (Lorence and Nessler, 2004). Combining 

camptothecin derivatives like irinotecan with monoclonal antibodies such as Erbitux 

(cetuximab) enhances its efficacy in treating metastatic colorectal cancer (Demain 

and Vaishnav, 2011). This combination impedes the infiltration of normal tissues by 

vasion of normal tissues by tumour cells and restricts the metastasis of tumours to 

new sites, offering significant therapeutic benefits. 

0.3.2.10.3.3. Taxanes 

Taxol (paclitaxel), a diterpene alkaloid initially isolated from the bark of the Taxus 

brevifolia (Pacific yew tree), has been a groundbreaking anti-tumour agent (Dejong 
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et al., 2006). Taxol is now produced using plant cell cultures or semisynthesis from 

taxoids generated by various Taxus species, which generate over 350 known taxoid 

compounds (Baloglu and Kingston, 1999). Advances in genetic engineering have 

optimized the biosynthesis of taxol, with engineered Saccharomyces cerevisiae 

strains producing significant quantities of taxadiene, a taxol precursor (Dejong et al., 

2006 and Demain and Vaishnav 2011). The industrial production of taxol involves 

cultivating cells of Taxus chinensis, with the addition of methyl jasmonate and 

temperature optimization significantly enhancing yield (Yukimune et al., 2000). 

Taxol, approved for treating breast and ovarian cancers, works by stabilizing 

microtubules and inhibiting the division of cancer cells (Manifredi and Horwitz, 

1984). The global market for taxanes and camptothecins was substantial, with taxol 

alone achieving sales of $1.6 billion in 2005 and its analogue, docetaxel (Taxotere), 

reaching $3 billion in sales by 2009 (Demain and Vaishnav 2011). 

0.3.2.10.3.4. Etoposide and Teniposide 

Etoposide and teniposide, semisynthetic derivatives of podophyllotoxin from the 

mayapple plant (Podophyllum peltatum), are critical in cancer treatment (Clark and 

Slevin, 1987; Deorukhkar et al., 2007). Etoposide, a topoisomerase II inhibitor 

(Baldwin et al., 2005), is approved for various cancers, including choriocarcinoma, 

lung cancer, lymphoma, ovarian and testicular cancer, and acute myeloid leukemia 

(Sinkule et al., 1984). Teniposide is used for tumours of the central nervous system, 

malignant lymphoma, and bladder cancer (Demain and Vaishnav 2011; Wang et al., 

2020). 

0.3.2.10.3.5. Other plant-derived compounds 

Other notable plant-derived compounds include shikonin, a naphthoquinone pigment 

from Lithospermum erythrorhizon, which has shown efficacy in inhibiting tumour 

growth in mice (Demain and Vaishnav 2011; Long et al., 2012; Zhao et al., 2018). 

Additionally, compounds like curcumin, genistein, epigallocatechin-3-gallate 

(EGCG), indole-3-carbinol (I3C), and lycopene and resveratrol have demonstrated 

potential in combating cancer by disrupting cellular signaling pathways and 
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inducing apoptosis in cancer cells without harming normal cells (Sarkar et al.,  

2009; Demain and Vaishnav 2011; Gano et al., 2023). These natural products, acting 

through various mechanisms, have expanded the scope of cancer therapy, 

underscoring the importance of plant-derived compounds in modern medicine. 

The impact of these plant-derived compounds on cancer treatment has been 

profound. For example, taxol promotes tubulin polymerization and inhibits rapidly 

dividing mammalian cancer cells, making it effective against a range of cancers 

(Schiff and Horwitz, 1981). Similarly, camptothecin and its derivatives have 

revolutionized the treatment of colon cancer (Krishnan et al., 2017; Li et al., 2022; 

Li et al., 2023), with commercial success reflected in their sales figures. The 

combination of metabolic engineering, genetic engineering, and biotechnological 

advancements has enabled the sustainable production of these compounds, ensuring 

their availability for clinical use. As research continues, the potential for discovering 

new plant-derived anti-cancer agents remains high, promising further advancements 

in cancer therapy. 

In summary, the discovery and development of plant-derived anti-cancer agents 

have played a crucial role in advancing cancer treatment. From alkaloids to taxanes 

and beyond, these natural products have provided effective therapies for various 

cancers, demonstrating the immense value of plants in pharmaceutical development. 

Continued research and innovation in this field hold the promise of even greater 

breakthroughs in the future. 
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REVIEW OF LITERATURE 

1.1.1. Inspiration from nature in scientific solutions 

Nature has long been a source of inspiration for scientific solutions to various 

problems, including cancer. The vast and complex interplay of natural processes has 

often guided scientific inquiry and innovation across disciplines. In the realm of 

cancer research, the influence of natural principles and the potential of nature-based 

interventions are increasingly being recognized. There has been a growing interest in 

utilizing nature-based interventions for cancer survivors, emphasizing the holistic 

benefits of integrating natural elements into cancer care (Timko et al., 2023). These 

interventions may include activities such as horticultural therapy, forest bathing, and 

exposure to natural environments, which have been shown to improve the well-

being and quality of life of cancer survivors.  

1.1.2. Turning to nature for solutions: The rich biodiversity of plants 

Plants produce a diverse range of secondary metabolites, referred to as 

phytochemicals, which have evolved to protect them against pests, diseases and 

environmental stresses. These phytochemicals include alkaloids, flavonoids, 

terpenoids, and polyphenols, each with distinct and potent biological activities. 

Many of these phytochemicals have shown promise in reducing tumour growth and 

minimizing adverse reactions associated with traditional cancer treatments 

(Rudzińska et al., 2023). By harnessing these natural compounds, researchers hope 

to develop new, more effective, and less toxic anticancer therapies.  

1.1.3. Phytochemicals: Nature’s anticancer compounds 

Plants produce a wide variety of secondary metabolites, known as phytochemicals, 

which have evolved to protect them against pests, diseases, and environmental 

stresses. These phytochemicals include alkaloids, flavonoids, terpenoids, and 

polyphenols, each with distinct and potent biological activities. Many of these 

phytochemicals have shown promise in reducing tumour growth and minimizing 

adverse reactions associated with traditional cancer treatments (Kumar et al., 2023). 
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By harnessing these natural compounds, researchers hope to develop new, more 

effective, and less toxic anticancer therapies.  

1.1.3.1. Screening and isolation of active compounds 

Developing anticancer treatments from phytochemicals typically involves a multi-

step process. Initially, the plant extracts are screened for biological activity using 

various in vitro assays. These assays help identify extracts with potential anticancer 

properties. Following this, bioassay-guided fractionation is used to isolate the active 

compounds from the extracts. This method involves separating the extract into 

different fractions and testing each fraction for biological activity. The fractions 

showing the highest activity are further purified to identify specific molecules 

responsible for the observed effects. 

1.1.3.2. Emerging technologies and natural solutions 

The intersection of nature and technology is also yielding innovative solutions for 

cancer detection and treatment. Next-generation liquid biopsy technologies targeting 

cell-free DNA fragments have shown promise in early cancer detection, offering a 

minimally invasive method to identify cancer at its earliest stages (Chen and Zhao, 

2019). These technologies leverage natural biological processes to provide critical 

insights into the presence and progression of cancer, potentially improving early 

diagnosis and treatment outcomes. 

Additionally, potential solutions for manufacturing chimeric antigen receptor T cells 

(CAR T cells) in cancer therapy have been explored, including the use of non-T 

immune effector cells like natural killer cells. This approach draws on the body’s 

natural immune mechanisms to enhance the efficacy and accessibility of CAR T cell 

therapies, which have shown remarkable success in treating certain types of cancer 

(Salmikangas et al., 2018).  

1.1.3.3. Advanced techniques and natural insights 

In the quest for improved accuracy in cancer tissue decomposition, deep learning 

techniques such as data augmentation have been employed. These advanced 
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computational methods mimic natural learning processes to enhance the precision of 

cancer diagnostics and research. By integrating natural patterns and structures into 

artificial intelligence algorithms, researches are making significant strides in 

understanding and combating cancer. 

Furthermore, advancements in therapeutic cancer vaccines have shown potential in 

targeting abnormal activation of suppressors involved in dampening natural immune 

responses. These vaccines aim to harness and amplify the body’s natural defences 

against cancer, providing a targeted and personalized approach to treatment. 

1.1.3.4. Drug development: Lessons from nature 

Natural products derived from plants, animals, and microorganisms are pivotal to 

the pharmaceutical and biotechnological industries due to their unique and 

structurally diverse chemical components. Plants, in particular, have been the most 

prolific source of these compounds, owing to their extensive chemical and structural 

variety (Mathur et al., 2017). Notable drugs like aspirin from willow bark 

(Desborough and Keeling, 2017), digoxin from Digitalis lanata (Mbaveng et al., 

2014), and morphine from opium (Norn et al., 2005) highlight the significance of 

plant-derived compounds. In industrialized nations, over 60% of pharmaceuticals 

are either natural products or derivatives thereof (Eddershaw et al., 2000). Despite 

new drug discovery methodologies, natural products continue to provide novel 

clinical candidates. Key examples include anti-infective agents such as azithromycin 

(Venditto et al., 2021), amphotericin B (Lemke et al., 2005), antiviral drugs like 

acyclovir (Gnann, 1983), and anticancer therapies including romidepsin (Frye et al., 

2012). These compounds have successfully advanced to clinical trials and 

commercialization. 

Technological advancements in drug discovery, such as high-throughput screening, 

automated separation methods, and combinatorial chemistry, have enhanced the 

exploration of natural products. Semi-synthetic therapeutic agents, which combine 

natural and synthetic sources, include the antibiotic penicillin and the anticancer 

agent paclitaxel from the Pacific yew tree, Taxus brevifolia (Fatima et al., 2017). 

Natural products introduce novel, chemically diverse entities serving as templates 

for synthetic modifications, addressing a wide spectrum of diseases. They tend to 
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exhibit better physiological and pharmacological effects within living cells 

compared to synthetic drugs, which often have adverse side effects due to their 

small, non-natural chemical building blocks. 

Despite the reduced focus on natural product research within the pharmaceutical 

industry due to advanced techniques like metagenomics and combinatorial 

chemistry, the complexity and high cost of synthesizing many natural products 

remain challenges. However, renewed interest driven by therapeutic needs for 

conditions like cancer, obesity, and multi-drug resistant infections is revitalizing the 

exploration of natural products. Plants, microorganisms, fungi, and bacteria continue 

to be crucial sources for drug development, with vast potential for discovering new 

therapeutic agents. 

1.1.4. Plant biodiversity in India  

India’s rich biodiversity and traditional medicinal systems position it as a major 

player in the global medicinal plant market. Despite covering only 2.4% of the 

world's land area, India houses 8% of global biodiversity, making it a significant 

potential exporter of medicinal plants. It is estimated that 90% of the country's 

medicinal plant diversity is found in its forests, with approximately one-fifth of all 

plant species in India used for medicinal purposes (Gowthami et al., 2021). 

The Western Ghats, a biodiversity hotspot, are particularly notable for their wealth 

of medicinal plants, hosting around 4,000 species of higher plants. Traditional 

medicinal practices among indigenous communities offer invaluable insights into 

the use and conservation of these plants. For instance, the folk medicinal knowledge 

in regions like North Tripura district is essential for understanding the diverse 

applications of medicinal plants (Debbarma et al., 2017). Preserving this knowledge 

is crucial for both cultural heritage and the development of new medicinal products. 

India’s diverse agro-climatic conditions and extensive plant biodiversity make it a 

treasure trove of botanical resources. Approximately 70% of India's medicinal plants 

are found in the tropical forests of the Western Ghats (Vijayan et al., 2017). The use 

of plant growth-promoting rhizobacteria (PGPR) in medicinal plants is gaining 

importance as an alternative to chemical fertilizers and pesticides, promoting 

sustainable agricultural practices (Egamberdieva et al., 2015). 
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Globally, the demand for herbal products is on the rise, with over 80% of the world's 

population relying on herbal medicines. This growing trend underscores the need for 

sustainable practices in the cultivation and harvesting of medicinal plants to meet 

global healthcare demands while preserving biodiversity. 

1.1.5. Plant as a source of anticancer compounds 

Plants and other natural sources have been recognized for their potential in 

producing anticancer compounds. Over 70% of anticancer compounds used in 

chemotherapy are either natural products or derivatives thereof, showcasing the 

significant role of natural substances in cancer treatment (Karikas, 2010). The vast 

structural diversity of these natural compounds provides a rich reservoir of lead 

compounds that can be modified for therapeutic improvement. However, despite 

these contributions, less than 15% of higher plants have been systematically studied 

for their anticancer properties, highlighting the need for further research and multi-

disciplinary collaboration in this field. 

Plants remain a crucial source of anticancer drugs, contributing significantly to the 

treatment of various cancers. Notable plant-derived compounds include taxol, vinca 

alkaloids, camptothecin, and podophyllotoxins. 

1.1.6. Chemoprevention and phytochemicals 

Plants represent an important source of agents that can prevent cancer. 

Chemoprevention is the strategy of using either natural or synthetic compounds to 

block, delay or reverse the development of cancer. Research has identified over 

1000 phytochemicals with such preventive capabilities. These compounds, including 

flavonoids, terpenoids, alkaloids and polyphenols, can interfere with the cellular 

pathways that cause genetic damage and stress (Akbari et al., 2022).  

1.1.6.1. Classification and Functions of Phytochemicals 

1.1.6.1.1. Primary and Secondary Metabolites 

Phytochemicals can be broadly classified into primary and secondary metabolites 

based on their roles and pathways in plants (Nwafor and Orabueze, 2018). Primary 

metabolites are essential for the basic life processes of plants. These include 
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carbohydrates, amino acids, and proteins, which are crucial for growth, 

development, and cellular functions. On the other hand, secondary metabolites are 

produced through secondary metabolic pathways and serve protective roles for the 

plant. These compounds, such as alkaloids, flavonoids, and terpenoids, are not 

directly involved in growth but provide defence against herbivores, pathogens, and 

environmental stresses. 

1.1.6.1.2. Types of secondary metabolites 

 

Figure 1.1.1. Classification of phytochemicals. 

Source: (https://www.sciencedirect.com/science/article/pii/B9780128118160000142) 

Secondary metabolites are further categorized into several types based on their 

chemical structure and biological functions (Figure 1.1.1): 

1.1.6.1.2.1. Flavonoids 

Flavonoids are a class of polyphenolic compounds produced by plants as bioactive 

secondary metabolites, playing key roles in imparting colour, flavour, and medicinal 

properties. These compounds are classified into six main types: isoflavanones, 

flavanols, flavones, and anthocyanidins, and they occur in various plant species. The 

primary sources of flavonoids in the human diet include fruits, vegetables, and 

beverages derived from plants, such as green tea, wine, and cocoa products. Studies 
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conducted by Korkina et al., Rodriguez-Garcia et al., Yahfoufi et al., Abotaleb et 

al., and Chirumbolo et al. have shown that flavonoids can neutralize free radicals, 

modulate cellular metabolism, and protect against diseases associated with oxidative 

stress (Korkina et al.,1997; Rodriguez-Garcia et al., 2019; Yahfoufi et al., 2018; 

Abotaleb et al., 2018; Chirumbolo et al., 2018) . Although substantial evidence 

indicates that many flavonoids have anticancer properties, the exact molecular 

pathways through which they exert these effects are not yet fully understood.  

1.1.6.1.2.2. Terpenoids 

Terpenoids, a vast group of secondary metabolites originating from plants, are 

constructed from multiple isoprene units. Their significant diversity has highlighted 

their potential for anticancer and pharmacological activities. Research has 

demonstrated that numerous terpenoids, such as menthol (Lin et al., 2005) and 

limonene (Guo et al., 2006), exhibit anticancer properties through various 

mechanisms of action. 

1.1.6.1.2.3. Alkaloids 

Alkaloids are organic compounds with naturally occurring nitrogen atoms. Typically 

derived from plants, these bases are characterized by their basic nature, inclusion of 

one or more nitrogen atoms (often within a heterocyclic ring), and significant 

physiological effects on humans and other animals (Verpoorte, 2005). Alkaloids 

constitute roughly 20% of the known secondary metabolites in plants (Kaur and 

Arora, 2015). Within plants, alkaloids serve protective functions against predators 

and play roles in growth regulation (Chik et al., 2013). Therapeutically, alkaloids are 

well known for their use as cardioprotective agents, anesthetics, and anti-

inflammatory agents. According to Kurek, prominent alkaloids utilized in clinical 

practice include morphine, strychnine, quinine, ephedrine, and nicotine (Kurek, 

2019). Notably, the discovery of vinblastine and vincristine from Vinca rosea 

(Catharanthus roseus, Apocynaceae) marked the advent of significant anticancer 

alkaloids, ushering in a new era of anticancer drug development. 
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1.1.6.1.2.4. Polyphenols 

Natural polyphenols, which are organic compounds derived from plants and 

characterized by the presence of multiple phenol units (Asensi, 2011), have been 

extensively studied for their potential health benefits. Research indicates that 

polyphenols offer protection against oxidative stress, diabetes, cardiovascular 

diseases, neurodegenerative disorders, and the effects of aging. These compounds 

exhibit anticancer properties through various mechanisms, including the modulation 

of signalling pathways, inhibition of cell cycle progression, induction of apoptosis, 

and regulation of enzymes involved in tumour cell proliferation (Abbas, 2017; 

Spatafora and Tringali, 2012). 

1.1.7. Plants with anticancer molecules 

To date, extensive research has explored the anticancer potential of numerous plants 

and plant-derived compounds. Certain plants and their constituents have 

demonstrated significant efficacy against various types of cancers. A comprehensive 

summary of key plants exhibiting anticancer properties, along with their respective 

compounds, is provided in the table 1.1.1 based on available data. Furthermore, 

these studies have elucidated the mechanisms underlying the anticancer activity of 

these plants and compounds, providing valuable insights into potential therapeutic 

targets. The identification of natural agents with anticancer properties holds promise 

for the development of novel treatments and preventive strategies against cancer. 

Additionally, ongoing research continues to explore the synergistic effects of 

combining plant-based compounds with conventional cancer therapies, aiming to 

enhance treatment efficacy and reduce adverse effects. 
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Table 1.1.1. Major plants exhibiting anticancer properties, along with their respective compounds. 

Sl. 
No. 

Plant Name  Parts Used Extact Used 
Cancer Cell Line Applied 

To 

1 Allium sativum Leaves Aqueous extracts Wehi-164 tumor cells 

2 Alpinia galangal Rhizomes 
Ethyl acetate 
extract 

Murine daltons lymphoma 
ascite (dla) and human lung 
cancer (a549) cells 

3 Alstonia scholaris Stem and bark Ethanol extract Hela cells lines 

4 
Andrographis 
paniculata 

Aerial parts Methanol extract 
Cancer cell lines sw620 and 
a498 

5 Angelica archangelica 
Root and 
rhizome 

Ethanol extract Mcf7 and 4t1 cell lines 

6 Aralia elata Leaves Ethanol extract Mcf-7 cells 

7 Artemisia annua 
Stem and 
leaves 

Ethanol extract 

leukemia, melanoma, lung 
cance,colon cancer, renal 
cancer, ovarian cancer, and 
tumors of the CNS 

8 Asclepia scurassavica Leaves 
Ethyl acetate and 
methanol extract 

Human colo 320 dm  

9 
Astragalus 
membranaceus 

-- -- Liver cancer 

10 Copaifera multijuga 
Trunk of the 
tree 

Oil resin B16f10 melanoma cells 

11 Coptidis rhizoma -- -- 
Human hepatic carcinoma 
cell lines HepG2 and 
mhcc97-l. 

12 Coptis chinensis -- -- Lung and blood cancer 

13 Curcuma longa -- -- 
Ht-29 colon cancer cells of 
human 

14 Elephantopus scaber -- 
Dimethyl 
sulfoxide extract 

Murine ehrlich ascites 
carcinoma (eac) 

15 Fagonia indica -- Aqueous extract 
MCF7, MDA - MB - 
468,Caco - 2 

16 
Fagonia 
schweinfurthii 

Whole plant Ethanolic extract HepG2 cell line 

17 Garcinia indica Fruits Ethanol extract 
HT29, HCT116, Hman 
leukemia cell line HL - 60 

18 Garcinia oblongifolia Branch Methanol extract HeLa - C3,MCF7 

19 Garcinia preussii 
Fruits and 
leaves 

Meohextract 
Du145, hela, ht-29, and a431 
cell lines 

20 Hedyotis diffusa  -- ethanol MCF7, Hela, Ct - 26 

21 Hedyotis spp. 
Aerial parts, 
stem and 
leaves 

Methanol extract Cem-ss cell line 

22 Kaempferia parviflora Rhizomes Ethanolic extract 
Ovarian cancer cell line, 

skov3 

23 Litchi chinensis Fruit  Ethanolic extract 
Human smmc-7721 
hepatocellular carcinoma cell 
line 

24 Loranthus parasiticus -- Aqueous extract 
ovary SKOV3, CAOV3, 
OVCAR - 3 
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25 Menyanthes trifoliata 
Aerial part 
and root 

Aqueous 
methanol extract 

Grade iv glioma cells 

26 Morus alba leaves, root 
N-hexane and 
methanolextracts. 

HL-60 (human leukemia) 
andCrl1579 (human 
melanoma) cell 
lines,Pulmonary carcinoma, 
Calu - 6, Colon carcinoma 
HCT 116 , MCF7, gastric 
carcinoma SNU - 601, HL-
60, HepG2, HCT-15 

27 Morus nigra Aerial parts 
dimethyl 
sulfoxide extract 

human prostate 
adenocarcinoma (PC-3) 

28 Nitraria retusa Leaves 
Chloroform 
extract 

B16-f10 cells lines 

29 Paeonia lactiflora Root Aqueous extract 
Human hepatoma cell lines 
(HepG2 and hep3b) 

30 Paris polyphylla Rhizomes 
Methanol 
Aqueous and 
etanol 

A549 cell lineHepG2 and 
SMMC-7721, LoVo, SW-
116, CaES-17, ECA109 

31 Perilla frutescens Leaves 
Meoh 
extractEthanolic 
extract 

Huh-7 hepatoma cell 
carcinomaHepG2, DLD1 

32 
Platycodon 
grandiflorus 

Root 
Platycodin d was 
dissolved in 

Human breast cancer cell 
line, mcf-7,HT80MCF7, 
SKOV3 

33 Pleurotus pulmonarius Edible part Aqueous extract Huh7 liver cancer cells 

34 Prunus armeniaca Fruit 
Methanolic 
extract 

HCT116, MCF7, HepG2 

35 Rabdosiae rubescens -- -- 
MDA - MB-231, MCF7, 
HepG2 

36 Rhodamnia rubescens -- -- 
Human breast (mcf-7 and 
mda-mb-231) cancer cells 

37 Scurrulus parasitica  -- Ethanol HL-60  

38 Scutellaria baicalensis Root Aqueous extract 

Human oral squamous cell 
carcinoma (oscc) cell line, 
BGC-823, MGC-803 gastric 
cancer cells 

39 Scutellaria barbata -- -- 
95-d cell line, MDA - MB-
231, MDA-MB-468, HepG2 

40 Tripterygium wilfordii -- -- 
Neuroblastoma cell lines (n2a 
and sknsh) 

41 Tussilago farfara Flower buds Methanol extract 
Ht-29 human colon cancer 
cells,HT29, HCT116, Hman 
leukemia cell line HL - 60 

42 Wedelia chinensis Leaves Essential oils 
B16f-10 melanoma 
metastatic cell line 

43 Zuojin wan -- Aqueous extract S180 tumor cells 

Source: Khan et al., (2019) Anticancer Plants: A Review of the Active Phytochemicals, Applications 
in Animal Models, and Regulatory Aspects. Biomolecules. 

  



Chapter 1 

 

 67

1.1.8. Research gap 

The research gap in screening plant extracts for their potential anticancer properties 

assumes paramount importance, particularly within the context of India's rich herbal 

diversity, which presents an expansive reservoir of untapped therapeutic potential in 

cancer treatment. India's biodiversity, synergized with modern genomic insights, 

stands as a cornerstone in shaping bioscience endeavours in the 21st century. 

However, the realization of this potential necessitates a profound comprehension of 

taxonomy, a skillset that demands substantial time and expertise to cultivate. 

The pharmaceutical and biotechnology sectors in India confront an urgent 

imperative for novel therapeutic interventions to combat clinical conditions that defy 

conventional therapeutic modalities. Addressing this challenge necessitates a critical 

exploration of the structure-activity relationships inherent in the active constituents 

sourced from India's diverse flora. 

India’s natural products, characterized by their diverse chemical structures, represent 

invaluable reservoirs of lead components for drug development endeavours. 

Moreover, Indian natural metabolites frequently exhibit superior biochemical and 

pharmacological activities compared to their secondary metabolite counterparts. 

Nevertheless, the current paradigm of drug discovery in India, predominantly 

centered on the screening, isolation, purification, and identification of novel drug 

candidates from natural resources, demands modernization to sustain 

competitiveness in the global pharmaceutical research landscape. 

To capitalize on India's herbal diversity in the realm of cancer treatment, there exists 

a pressing need to augment the efficiency of screening methodologies, 

encompassing computational methodologies alongside experimental processes such 

as isolation, robotic separation, and purification. By addressing these efficiency 

hurdles, Indian natural product research can catalyse innovation within the 

pharmaceutical sector and assert leadership in pioneering advanced drug discovery 

techniques tailored for cancer therapeutics. 
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The significance of screening a broader spectrum of plants for their potential 

anticancer properties cannot be overstated, particularly within the framework of 

India's abundant herbal diversity. In light of cancer's formidable global and national 

health burden, diversifying the range of plants screened facilitates the discovery of 

novel compounds harbouring distinctive mechanisms of action against malignant 

cells. 

Furthermore, India's varied flora harbours a wealth of bioactive compounds yet to be 

exhaustively probed for their anticancer efficacy. A systematic exploration of 

additional plant species holds the potential to unveil hidden therapeutic treasures, 

fostering the development of novel and efficacious anticancer agents. This strategic 

approach resonates with the principles of biodiversity conservation and the 

sustainable exploitation of natural resources. 

Moreover, as the pharmaceutical industry grapples with the challenges of drug 

resistance and the limitations inherent in existing therapeutic modalities, delving 

into plant-based compounds unveils novel avenues for drug discovery. These natural 

products, characterized by intricate chemical structures and diverse biological 

activities, emerge as promising candidates for therapeutic development. 

Embracing traditional knowledge systems and indigenous practices can further 

guide the selection of plants for screening, thereby ensuring a comprehensive 

approach to drug discovery endeavours. Overall, the methodical screening of a wide 

array of plants for their anticancer properties holds immense potential in unearthing 

novel therapeutic agents, thereby mitigating the escalating burden of cancer within 

India and globally. 
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MATERIALS AND METHODS 

1.2.1. Chemicals  

HPLC-grade solvents, including petroleum ether, chloroform, ethyl acetate, acetone, 

and methanol, were used for plant extract preparation. They were sourced from 

Merck, Germany. Cell lines were grown in different media like DMEM, MEM and 

MC Coy’s 5A, according to the cell type. DMEM (Dulbecco's Modified Eagle 

Medium) and McCoy’s 5A medium were obtained from Sigma-Aldrich (USA), 

while Trypsin, MEM medium, MTT (3-(4,5-dimethylthiazol-2-yl)-2-5-diphenyl 

tetrazolium bromide) and Dimethyl Sulfoxide (DMSO) were supplied by HiMedia 

Laboratories Pvt. Ltd., Mumbai, India. Fetal bovine serum (FBS) and the antibiotic-

antimycotic cocktail solution were procured from Gibco, USA. EDTA was also 

purchased from Sigma-Aldrich (USA). All chemicals used for maintaining and 

treating the cell lines were tested and verified for animal tissue culture applications, 

and other chemicals and reagents were of analytical grade. 

1.2.2. Collection of samples 

Different plant parts for the study were collected from various parts of Wayanad, 

Malappuram and Palakkad districts in Kerala, India during the monsoon season 

(May- August, 2018-2022) for the study and were identified by Prof.(Dr.) Pradeep, 

Department of Botany, University of Calicut, Kerala, India. The details of the plants 

are listed in the table 1.2.1. 

1.2.2.1. Plant extracts preparation 

The collected plant materials were washed under flowing water, dried in the shade, 

and then ground into a coarse powder using a mixer grinder. The powdered samples 

of each plant were then stored in airtight containers for later use. Crude extracts 

were obtained using the sequential maceration technique using different organic 

solvents of different polarity. 
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Table 1.2.1. List of plants collected from various parts of Kerala, for the anti-cancer potential analysis. 

Sl. No. Plant Family Plant parts used Collection Area 

1 Anamirta cocculus (L.) Wight and Arn. Menispermaceae  Leaves  Koottanad, Palakkad 

2 Acalypha fruiticosa Forssk. Euphorbiaceae Leaves  Thenhippalam, Malappuram 

3 Alangium salviifolium (L.f.) Wangerin Cornaceae Leaves Koottanad, Palakkad 

4 Antigonon leptopus Hook. and Arn. Polygonaceae Leaves Malappuram 

5 Argyreia pomacea Wall. Ex Choisy Convolvulaceae Leaves Attappadi, Palakkad 

6 Bauhinia phoenicea Wight and Arn. Leguminosae Leaves Attappadi, Palakkad 

7 Bridelia retusa (L.) A. Juss. Euphorbiaceae Leaves Koottanad, Palakkad 

8 Calopogonium mucunoides Desv. Fabaceae Seeds Thenhippalam, Malappuram 

9 Cassia javanica L. Fabaceae Leaves Thenhippalam, Malappuram 

10 Chassalia curviflora (Wall.) Thwaites Rubiaceae Leaves Koottanad, Palakkad 

11 Cheilocostus speciosus (J. Koenig) C. Specht Costaceae Leaves Koottanad, Palakkad 

12 Chrysophyllum cainito L. Sapotaceae Leaves Mannarkkad, Palakkad 

13 Cipadessa baccifera (Roth) Miq. Meliaceae Leaves, seeds Attappadi, Palakkad 

14 Cissus discolour Bl. Vitaceae Whole plant Attappadi, Palakkad 

15 Cochlospermum religiosum (L.) Alston Bixaceae Leaves Thenhippalam, Malappuram 

16 Combretum indicum (L.) Combretaceae Leaves, flower Thenhippalam, Malappuram 

17 Conyza canadensis (L.) Cronquist Asteraceae Leaves Attappadi, Palakkad 

18 Cyclea peltata Hook. F. and Thoms. Menispermaceae Leaves Thenhippalam, Malappuram 

19 Drypetes venusta (Wight) Pax and K.Hoffm. Putranjivaceae Leaves Attappadi, Palakkad 

20 Entada rheedii Spreng.  Fabaceae  Leaves Thenhippalam, Malappuram 

21 Euphorbia heterophylla L.  Euphorbiaceae Leaves Thenhippalam, Malappuram 

22 Euphorbia tithymaloides L. Euphorbiaceae Leaves Koottanad, Palakkad 

23 Gardenia jasminoides J. Ellis Rubiaceae Leaves Thenhippalam, Malappuram 

24 Getonia floribunda Roxb. Combretaceae Leaves Thenhippalam, Malappuram 
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25 Hamelia patens Jacq. Rubiaceae Leaves Koottanad, Palakkad 

26 Hewittia malabarica (L.) Suresh Convolvulaceae Aerial parts Thenhippalam, Malappuram 

27 Impatiens minor (DC.) Bennet Balsaminaceae Whole plant Thenhippalam, Malappuram 

28 Jasminum grandiflorum L. Oleaceae Leaves Koottanad, Palakkad 

29 Justicia nagpurensis V.A.W. Grah. Acanthaceae Whole plant Thenhippalam, Malappuram 

30 Justicia wynaadensis (Nees) Acanthaceae Aerial parts Thenhippalam, Malappuram 

31 Laggera alata Nanth. Asteraceae Aerial parts Attappadi, Palakkad 

32 Lannea coromandelica (Houtt.) Merr. Anacardiaceae Leaves Thenhippalam, Malappuram 

33 Leea indica (Burm.f.) Merr. Vitaceae Leaves Koottanad, Palakkad 

34 Lecanthus peduncularis (Royle) Wedd. Urticaceae Whole plant Attappadi, Palakkad 

35 Leucas aspera (Willd.) Lamiaceae Whole plant Thenhippalam, Malappuram 

36 Lobelia alsinoides Lam. Campanulaceae Aerial part Koottanad, Palakkad 

37 Lophopetalum wightianum Arn.  Celastraceae Leaves Attappadi, Palakkad 

38 Melia dubia Cav. Meliaceae Leaves Meenangadi, Wayanad 

39 Micrococca mercurialis (L.) Benth. Euphorbiaceae Whole plant Thenhippalam, Malappuram 

40 Murraya paniculata (L). Jack Rutaceae Leaves Thenhippalam, Malappuram 

41 Otacanthus caeruleus Lindl.  Plantaginaceae Leaves, flowers Thenhippalam, Malappuram 

42 Pancratium triflorum Roxb. Amaryllidaceae Leaves, bulb Thenhippalam, Malappuram 

43 Pereskia aculeate Mill. Cactaceae Leaves Attappadi, Palakkad 

44 Phyllanthus simplex Retz. Phyllanthaceae Whole plant Thenhippalam, Malappuram 

45 Pithecellobium dulce (Roxb.) Benth. Fabaceae Leaves Attappadi, Palakkad 

46 Pothos scandens L. Araceae Leaves Koottanad, Palakkad 

47 Rhaphidophora pertusa (Roxb.) Schott Araceae Leaves Thenhippalam, Malappuram 

48 Ricinus communis L. Euphorbiaceae Leaves Thenhippalam, Malappuram 

49 Rauvolfia tetraphylla L. Apocynaceae Leaves, seeds Thenhippalam, Malappuram 

50 Schleichera oleosa (Lour.) Oken Sapindaceae Leaves Attappadi, Palakkad 

51 Senna alata (L.) Roxb. Fabaceae Leaves Koottanad, Palakkad 
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52 Sauropus androgynus L. Merr Phyllanthaceae Leaves Koottanad, Palakkad 

53 Stachytarpheta indica (L.) Vahl Verbenaceae Leaves Koottanad, Palakkad 

54 Strobilanthes heyneanus Nees Acanthaceae Aerial part Attappadi, Palakkad 

55 Strychnos nux-vomicaL. Loganiaceae Leaves Koottanad, Palakkad 

56 Synedrella nodiflora (L.) Gaertn. Asteraceae Aerial part Thenhippalam, Malappuram 

57 Talinum portulacifolium (Forssk.) Asch. Ex Scweinf Talinaceae Leaves Koottanad, Palakkad 

58 Terminalia arjuna (Roxb. Ex DC) Wight and Arn. Combretaceae Leaves Thenhippalam, Malappuram 

59 Thevetia peruviana (Pers.) K. Schum. Apocynaceae Leaves Attappadi, Palakkad 

60 Thunbergia erecta (Benth) Acanthaceae Leaves Koottanad, Palakkad 

61 Thunbergia grandiflora (Roxb. ex Rottl.) Acanthaceae Leaves Thenhippalam, Malappuram 

62 Torenia bicolor Dalz. Scrophulariaceae Aerial part Koottanad, Palakkad 

63 Trema orientale (L.) Bl. Ulmaceae Leaves Thenhippalam, Malappuram 

64 Vitex altissima L.f. Lamiaceae Leaves Thenhippalam, Malappuram 

65 Wattakaka volubilis (L. fil) Stapf. Apocynaceae Leaves Thenhippalam, Malappuram 

 



Chapter 1 

 

 73

Figure 1.2.1. Schematic representation 
of plant extracts preparation by 
sequencial extraction using solvents in 
the increasing order of polarity. The 
residue of each step is used for 
extraction using the next solvent. 
 

1.2.2.1.1. Sequential maceration method 

Each plant powder was precisely weighed and 

extracted sequentially with six organic solvents 

in order of increasing polarity: petroleum ether, 

chloroform, ethyl acetate, acetone, methanol, 

and water. The powder, soaked in a solvent, 

was placed in a glass bottle and continuously 

stirred on a magnetic stirrer for 48 hours at 

room temperature. After this period, the 

mixture was filtered using Whatman filter 

paper No. 1, and the filtrate was dried using a 

rotary evaporator to obtain the crude extract, 

which was stored in glass bottles. The residue 

was then used for further extraction with the 

next solvent in sequence. Each extraction was 

repeated twice with the same solvent (Figure 

1.2.1). 

1.2.2.1.2. Plant extracts preparation for 

treatment 

Each solvent extract was dried, accurately weighed and then dissolved in DMSO for 

use in cytotoxicity assays at a final concentration of 100µg/mL, with the final 

DMSO concentration being 0.1%. 

1.2.3. Cell lines 

The cell lines used in the present study were human colorectal adenocarcinoma cell 

lines (HT29, HCT116), human epidermoid carcinoma cell line (A431), human renal 

carcinoma cell line (A498), human cervical cancer cell line (HeLa), human breast 

adenocarcinoma cell line (MCF7), human osteosarcoma cell line (MG63), human 

ovarian teratocarcinoma cell line (PA1), human pancreatic epithelioid carcinoma 

cell line (PANC1), human squamous cell carcinoma cell line (UM-SCC-83B) and 
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human keratinocyte cell line (HaCaT) (Figure 1.2.2) and were purchased either from 

National Centre for Cell Science (Pune), India or other sources. HT29 was 

maintained and propagated in McCoy’s 5A medium, while HCT116, HeLa, MCF7, 

PANC1 and UM-SCC-83B were cultured in DMEM and A431, A498, MG63, PA1 

were cultured in MEM medium. All media were supplemented with 10% (v/v) foetal 

bovine serum, streptomycin (100µg/mL) and penicillin (100U/mL) (Table 1.2.2). 

All the cultures were maintained at 37°C in a humidified atmosphere of 5% CO2. All 

assays were done after treating with the extracts for 48 hours except in experiments 

where it is mentioned otherwise. 

Table 1.2.2. List of the cancer cell lines and the normal cell line used in the screening of plant 
extracts for cytotoxicity, their origin, morphology and growth medium used. 

Sl. 
No. 

Cell Line Tissue Disease 
Morpholo

gy 
Growth 
Medium 

1 HT29 Colon 
colorectal 
adenocarcinoma 

Epithelial 
McCoy’s 5A  
+FBS 

2 HCT116 Colon 
colorectal 
adenocarcinoma 

Epithelial DMEM + FBS 

3 A431 Skin; Epidermis 
Epidermoid 
carcinoma 

Epithelial MEM + FBS 

4 A498 Kidney Renal carcinoma Epithelial MEM + FBS 

5 HeLa Uterus; Cervix Adenocarcinoma Epithelial DMEM + FBS 

6 MCF7 
Breast; Mammary 
gland 

Adenocarcinoma Epithelial DMEM + FBS 

7 MG63 Bone Osteosarcoma Fibroblast MEM + FBS 

8 PA1 Ovary Teratocarcinoma Epithelial MEM + FBS 

9 PANC1 Pancreas; Duct Epithelioid carcinoma Epithelial DMEM + FBS 

10 
UM-SCC-
83B 

Metastatic oral 
Squamous cell 
carcinoma 

Epithelial DMEM + FBS 

11 HaCaT Skin; Epidermis --- 
Keratinoc
yte 

DMEM + FBS 

 

1.2.4. Cell culture and maintenance 

The cell lines were received in a moderately confluent condition. The medium was 

removed, later washed with 1XPBS and added 3-5 mL fresh medium along with the 

earlier medium. The cultures were kept inside a CO2 incubator under 5% CO2 at 37°C 

for further expansion of the culture.  

1.2.4.1. Sub-culture 

Adherent cells are sub-cultured/passaged when they are in log phase, before they 

reach confluence to keep the cell at an optimal density for continued growth which 
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would stimulate further proliferation. The following steps were followed for sub-

culture: 

1. Discarded the spent medium and 

2. Washed the cells with 1XPBS. 

3. Added 1-2 mL trypsin solution and kept inside the incubator for 2-5 minutes. 

4. Then diluted the trypsin three times with medium as FBS inactivates trypsin. 

5. Transferred the content into a 15 mL falcon tube. 

6. It was centrifuged at 2000 rpm for 10 minutes. 

7. Later the supernatant was discarded and the cell pellet was re-suspended in 1 

mL fresh medium. 

8. It was added into new tissue culture flasks containing 5 mL fresh medium in 

order to get a desirable population in it. 

1.2.4.2. Storage 

The excess cells were cryopreserved for future use according to the following 

procedure: 

1. The spent medium was discarded. 

2. Washed the cells with 1XPBS. 

3. Added 1-2 mL trypsin solution and kept inside the incubator for 2-5 minutes. 

4. Then diluted the trypsin three times with medium so that FBS in the medium 

inactivates trypsin. 

5. Transferred the content into a 15 mL falcon tube. 

6. It was centrifuged at 2000 xg for 10 minutes. 

7. Later the supernatant was discarded and the cell pellet was re-suspended in 1 

mL fresh medium. 

8. The cells were counted on a hemocytometer, and the cell suspension was 

diluted in medium to achieve the desired cell count (5000-10000/mL). 

9. Pipetted corresponding volume into a storage vial and centrifuged at 2000 

rpm. 
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Figure 1.2.2. The cell lines used in the screening of plant extracts for anticancer activity. (a) Human 
colorectal adenocarcinoma cell line HT29, (b) Human colorectal adenocarcinoma cell line HCT116), 
(c) human epidermoid carcinoma cell line (A431), (d) human renal carcinoma cell line (A498), (e) 
human cervical cancer cell line (HeLa), (f)  breast adenocarcinoma cell line (MCF7), (g) human 
osteosarcoma cell line (MG63), (h) human ovarian teratocarcinoma cell line (PA1), (i) human 
pancreatic epithelioid carcinoma cell line (PANC1), (j) human squamous cell carcinoma cell line 
(UM-SCC-83B) and (k) human keratinocyte cell line (HaCaT)  
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10. Discarded the supernatant and re-suspended the cell pellet in 900 µL 

medium. 100 µL DMSO was added and mixed. 

11. Store at -80°C until further use. 

1.2.4.3. Cytotoxicity assay/ MTT assay 

The determination of cytotoxicity or anti-proliferative activity was based on the 

reduction of a water-soluble, yellow dye, MTT. In this assay (Mosmann, 1983) MTT 

was enzymatically reduced by mitochondrial dehydrogenases, leading to the 

formation of a purple-coloured formazan crystals. These crystals were subsequently 

solubilized in DMSO and subjected to spectrophotometric analysis.  

Cancer cells and normal cells were each seeded at a density of 5X103 cells/well in 

the 96-well tissue culture plates, followed by an overnight incubation. Subsequently, 

the cancer cells and normal cells were exposed to various concentrations of plant 

extracts, 100µg/mL at final, prepared from DMSO stock solution for 48 hours inside 

the incubator. Control cell populations received appropriate volumes of the vehicle 

control, DMSO. 

Following the treatment and incubation phases, MTT was introduced into each well 

of the 96-well plate, achieving a final concentration of 500µg/mL. This was 

followed by incubation at 37°C in a dark environment for duration of 3-4 hours. 

Later, the formazan crystals generated in response to MTT were dissolved using the 

lysis buffer, and the absorbance was quantified at 570nm using micro plate reader. 

For calculation of percentage mortality, the viability of cells grown in medium 

containing vehicle alone was considered as 100%. The disparity in absorbance 

between the treated and untreated control samples was employed to calculate cell 

mortality rate using the formula: 

 

1.2.4.3 Statistical analysis: The results were analysed using Microsoft excel and 

were expressed as mean±SEM (n=4). 
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RESULTS  

Plant derived compounds have emerged as a promising avenue in the quest for 

innovative cancer treatments. These compounds, found abundantly in nature, offer 

potential solutions to the limitations of conventional therapies. Their diverse range 

of bioactive molecules, such as polyphenols, alkaloids, terpenoids, and flavonoids, 

have demonstrated the ability to selectively target cancer cells, induce cell death, 

and inhibit tumour growth. This intersection of traditional herbal wisdom and 

modern science holds the promise of more effective and less toxic cancer treatments, 

making it a focal point of on-going research in the field of oncology. 

1.3.1. Screening of plant extracts for cytotoxicity against cell lines 

In this research study, a total of 65 plant species were subjected to screening to 

assess their anticancer properties against a range of cancer cell lines. Additionally, 

the study meticulously examined the differential mortality rates of these plant 

derived compounds on normal cell lines. This comprehensive investigation serves as 

a critical step in the pursuit of identifying potential novel cancer therapeutics from 

natural sources, while also ensuring their selectivity and safety profile for healthy 

cells. 

Plant parts, primarily leaves, were gathered from Palakkad, Malappuram and 

Wayanad districts of Kerala. Different solvent extracts derived from these plants 

displayed varying mortality rates when tested against multiple cancer cell lines and 

normal cell line.  

The various cell lines demonstrated differing levels of susceptibility to the plant 

extracts, which may be attributed to the specific characteristics of each cell line. 

Notably, among the extracts tested, chloroform extracts exhibited higher toxicity 

towards many cell lines compared to other types of extracts. This suggests that the 

cytotoxic effects of the plant extracts may vary depending on both the chemical 

properties of the extracts and the inherent vulnerabilities of the specific cell lines. 
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1.3.1.1. Screening of plant extracts for cytotoxicity against HT29 

When analysing the cytotoxicity of plant extracts against the colorectal carcinoma 

cell line (HT29), a total of 426 different extracts were examined. Of these, 59 

extracts exhibited more than 50.00% mortality, indicating a high potential for 

anticancer activity. Notably, 18 extracts showed exceptionally high percentage 

mortality, exceeding 90.00%, after 48 hours of treatment at a concentration of 100 

µg/mL. Among the most effective extracts, the methanol and acetone extracts of 

Alangium salviifolium demonstrated the highest percentage mortality of 

99.70±0.11% and 99.70±0.98%, respectively. Following closely were the 

chloroform extracts of Getonia floribunda (99.12±1.62%) and Strobilanthes 

heyneanus (99.02±0.45%). These findings underscore the significant cytotoxic 

potential of certain plant extracts, particularly those of Alangium salviifolium, 

Getonia floribunda, and Strobilanthes heyneanus, as promising sources of 

anticancer compounds (Table 1.3.1).The other extracts with above 90.00% mortality 

were Leucas aspera chloroform extract (99.54±1.05%), Chassalia curviflora 

methanol extract (98.09±1.56%), Phyllanthus simplex acetone extract 

(95.95±0.48%), Stachytarpheta indica acetne extract (95.23±1.02%), Melia dubia 

chloroform extract (94.23±0.35%), Strobilanthes heyneanus petroleum ether extract 

(92.95±0.75%), and Thevetia peruviana methanol extract (92.46±1.85%). Alangium 

salviifolium water extract, Chassalia curviflora acetone extract, chloroform and 

ethyl acetate extracts of Cipadessa baccifera leaf, Combretum indicum chloroform 

extract, Conyza canadensis chloroform extract, methanol and water extracts of 

Euphorbia tithymaloides, Getonia floribunda acetone extract, petroleum ether and 

chloroform extracts of Hewittia malabarica, ethyl acetate extract of Melia dubia, 

Micrococca mercurialis petroleum ether extract, Otacanthus caeruleus leaf 

chloroform extract, Pereskia aculeate ethyl acetate extract, Schleichera oleosa 

chloroform extract, petroleum ether and water extracts of Thevetia peruviana and 

chloroform extract of Cissus discolor also exhibited a mortality above 50.00%. At 

the same time, these plants were showing differential cytotoxicity with less than 

50.00% mortality on HaCaT cell line, indicating their anticancer potential. 
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Table 1.3.1. Percentage mortality of the plant extracts at 100 µg/mL on the colorectal cancer cell line, HT29 after 48 hours. 

Sl. No Plant Sample 
Percentage Mortality (48 hours) 

Petroleum ether Chloroform Ethyl acetate Acetone Methanol Water 

1 Acalypha fruiticosa  0.99±1.14 29.88±1.93 15.81±1.50 19.73±0.87 7.69±1.31 6.36±0.86 

2 Alangium salviifolium  9.42±1.06 98.58±0.67 56.25±1.35 99.70±0.98 99.70±0.11 55.33±1.58 

3 Anamirta cocculus 0.63±1.03 16.75±1.34 91.16±0.24 25.01±1.83 15.33±2.37 12.29±1.78 

4 Antigonon leptopus  3.95±1.26 14.81±2.14 1.14±1.08 15.97±1.10 5.49±0.83 20.38±2.44 

5 Argyreia pomacea  4.01±1.58 31.78±2.66 20.63±2.35 25.24±5.15 1.64±0.67 3.26±1.51 

6 Bauhinia phoenicea  6.86±1.62 20.05±1.53 10.22±0.52 2.18±0.76 2.43±0.80 1.93±0.55 

7 Bridelia retusa  15.03±1.51 10.92±1.54 11.84±1.86 10.10±1.37 9.22±1.35 10.99±1.10 

8 Calopogonium mucunoides  2.95±0.83 9.56±2.15 4.13±1.11 11.53±0.13 1.59±0.62 3.79±1.43 

9 Carl rheedii 31.34±0.67 32.51±2.37 38.37±4.82 23.51±2.57 30.87±0.92 35.93±1.21 

10 Cassia javanica  3.91±1.29 6.80±3.10 1.70±2.47 13.63±1.70 24.99±3.65 8.67±6.15 

11 Chassalia curviflora 21.90±2.65 36.46±1.34 23.49±3.96 75.65±2.78 98.09±1.56 37.20±3.78 

12 Cheilocostus speciosus  15.47±1.60 18.66±3.84 33.72±2.65 12.75±1.63 27.71±3.16 23.42±4.11 

13 Chrysophyllum cainito 4.19±0.34 9.00±0.96 10.87±1.73 14.83±1.95 7.48±0.64 10.08±0.92 

14 Cipadessa baccifera leaf 19.60±2.84 51.06±2.18 81.20±1.66 53.86±0.98 28.21±2.63 5.10±1.15 

15 Cipadessa baccifera  seed 97.42±0.13 34.16±1.76 0.85±1.18 16.44±2.41 15.50±4.41 30.69±2.42 

16 Cissus discolor 26.55±2.03 53.18±1.70 3.81±2.19 9.44±4.01 8.10±4.31 20.37±3.16 

17 Cochlospermum religiosum  5.34±1.09 6.02±2.18 7.54±0.55 1.90±0.64 5.05±0.67 2.95±0.72 

18 Combretum indicum  3.29±2.33 65.35±1.47 15.54±5.99 31.72±7.33 16.57±4.44 41.39±3.84 

19 Conyza canadensis  95.04±0.58 78.74±1.50 0.72±1.75 36.11±4.24 21.49±2.93 25.41±3.21 

20 Cyclea peltata  4.55±1.07 2.83±1.62 4.14±0.85 2.15±2.65 30.45±3.61 10.29±3.12 

21 Drypetes venusta  32.82±1.86 35.24±3.53 35.79±1.75 35.96±2.72 37.41±3.82 44.03±5.27 

22 Entada rheedii  10.06±1.74 5.32±1.43 12.75±1.55 18.00±1.77 15.66±1.93 13.19±1.38 

23 Euphorbia heterophylla  10.49±2.65 10.96±2.80 3.72±1.23 2.77±1.15 15.25±2.35 29.15±3.95 
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24 Euphorbia tithymaloides 34.63±1.54 28.01±4.84 9.19±2.03 46.15±7.01 65.06±6.23 84.33±4.09 

25 Gardenia jasminoides  8.28±2.16 34.25±3.89 8.80±2.62 9.95±0.75 6.72±0.51 14.60±1.45 

26 Getonia floribunda  71.54±2.36 99.12±1.62 32.50±1.05 71.70±1.58 15.56±1.48 14.54±1.90 

27 Globba schomburgkii 15.69±1.58 3.03±1.05 17.01±2.67 55.46±1.50 36.98±1.61 29.49±2.66 

28 Hamelia patens  24.94±2.39 38.64±2.40 18.96±0.72 24.62±1.75 31.10±2.26 11.83±0.56 

29 Hewittia malabarica  65.38±0.94 81.59±4.90 21.21±1.30 12.62±2.54 19.91±3.69 22.47±0.77 

30 Impatiens minor 30.01±2.04 28.67±1.84 26.05±1.35 49.41±0.58 37.57±0.27 19.18±4.04 

31 Jasminum grandiflorum  13.23±0.66 4.44±1.49 1.10±1.58 33.83±3.93 46.96±4.10 21.18±2.21 
32 Justicia nagpurensis  19.26±4.91 17.94±2.84 22.99±2.26 33.73±4.41 39.98±1.42 6.62±1.10 
33 Justicia wynaadensis 12.80±3.93 22.46±4.93 17.18±3.02 25.38±4.35 18.44±3.41 10.45±4.99 
34 Laggera alata 49.37±1.21 14.08±1.54 13.44±1.23 35.11±2.48 16.55±1.58 13.03±1.33 
35 Lannea coromandelica  18.68±2.99 22.64±3.36 13.82±3.41 14.07±4.09 12.01±2.74 3.29±2.08 
36 Leea indica  25.95±2.49 30.48±2.08 31.27±2.67 18.55±4.83 28.61±3.27 21.64±3.05 
37 Lecanthus peduncularis  12.64±2.26 5.57±2.24 8.44±2.14 20.90±4.62 28.62±2.27 22.26±3.86 
38 Leucas aspera  3.91±1.86 99.54±1.05 12.48±1.14 27.87±2.45 47.54±5.02 13.90±3.92 
39 Lobelia alsinoides  10.86±3.79 13.22±3.82 32.59±2.91 38.04±5.94 44.79±2.72 20.81±1.55 
40 Lophopetalum wightianum  18.62±1.46 6.48±0.73 1.22±0.84 23.10±3.25 6.51±2.85 6.61±2.10 
41 Melia dubia  47.06±1.80 94.23±0.35 50.25±5.46 4.84±1.53 4.53±1.09 5.91±3.07 
42 Micrococca mercurialis  86.82±1.50 39.08±2.68 21.58±1.69 39.97±2.48 38.01±1.93 23.86±1.85 
43 Murraya paniculata  11.69±1.71 11.40±1.42 12.51±1.52 28.39±1.98 46.37±3.89 42.84±1.16 
44 Otacanthus caeruleus flower 33.25±1.56 85.79±1.67 14.41±1.52 13.59±1.64 19.52±1.64 18.73±1.73 
45 Otacanthus caeruleus leaf 16.21±0.53 68.16±3.74 26.65±0.50 7.47±0.95 7.00±0.81 7.45±1.12 
46 Pancratium triflorum bulb 57.97±0.59 82.50±0.65 79.56±1.74 63.13±1.21 68.04±1.51 49.72±2.34 
47 Pancratium triflorum leaf 51.21±1.99 58.08±1.96 51.00±2.24 58.65±0.78 55.17±1.18 61.59±0.51 
48 Pereskia aculeate  26.82±1.88 15.10±6.65 51.58±1.69 20.84±8.65 18.01±3.66 28.86±1.85 

49 Phyllanthus simplex  8.66±2.44 7.81±2.44 44.50±2.27 95.95±0.48 40.73±1.98 3.70±1.96 

50 Pithecellobium dulce  11.63±3.79 2.20±1.94 5.71±3.01 2.50±0.59 7.27±1.57 8.66±4.07 
51 Pothos scandens  19.37±2.66 8.08±1.46 13.00±1.04 16.60±1.63 6.84±1.73 22.98±2.63 
52 Ricinus communis 8.59±2.78 9.62±3.38 28.51±3.36 35.68±4.40 20.78±1.51 23.44±1.64 
53 Rauvolfia tetraphylla leaf 31.67±1.11 40.48±0.77 20.78±4.48 26.95±3.08 28.51±2.81 27.12±1.82 
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54 Rauvolfia tetraphylla seed 1.66±0.99 10.32±1.21 2.78±2.38 8.64±2.05 29.33±2.35 18.60±2.15 
55 Rhaphidophora pertusa  19.61±2.52 20.57±7.83 18.97±6.50 12.27±3.64 8.09±1.51 2.03±0.98 
56 Schleichera oleosa  59.38±2.20 57.90±4.22 15.53±1.31 19.84±2.99 3.03±3.26 10.06±3.08 
57 Senna alata 24.83±2.89 19.17±4.02 14.08±3.88 22.35±1.83 36.62±3.37 28.43±1.37 
58 Sauropus androgynus  11.63±3.79 2.20±1.94 5.71±3.01 25.53±2.05 4.62±0.90 6.35±1.18 
59 Stachytarpheta indica  41.68±3.07 50.37±3.42 31.52±5.5 85.67±4.55 95.23±1.02 74.81±6.07 
60 Strobilanthes heyneanus  92.95±0.75 99.02±0.45 22.73±2.83 4.13±1.49 3.22±2.99 4.70±2.66 
61 Strychnos nux-vomica 37.38±0.83 7.70±1.33 10.17±1.27 20.38±2.25 14.40±1.59 50.57±5.25 
62 Synedrella nodiflora  25.67±4.37 26.31±2.92 18.58±2.79 7.92±2.40 6.74±0.78 21.62±1.78 
63 Talinum portulacifolium  10.01±1.28 14.78±1.53 29.14±1.40 15.01±0.73 11.09±2.34 15.00±2.12 
64 Terminalia arjuna  3.32±1.15 7.78±2.60 4.12±0.54 25.53±2.05 4.62±0.90 6.35±1.18 
65 Thevetia peruviana 56.91±2.69 97.67±0.50 92.62±0.34 95.59±0.38 92.46±1.85 53.49±2.56 
66 Thunbergia erecta  36.84±1.88 31.10±1.39 15.69±3.08 34.09±1.68 30.26±2.92 37.11±1.55 
67 Thunbergia grandiflora 13.25±2.67 19.95±4.87 6.75±1.16 8.98±0.36 2.41±0.87 34.74±1.12 
68 Torenia bicolor  0.79±0.91 74.54±1.35 3.49±1.70 12.47±1.75 7.16±5.97 16.47±3.65 
69 Trema orientale 5.39±1.18 6.71±1.74 10.59±2.87 17.00±1.21 6.85±0.81 6.02±1.55 
70 Vitex altissima  5.53±3.93 6.90±1.77 3.43±1.36 11.60±3.16 10.46±3.96 8.26±2.37 
71 Wattakaka volubilis 8.37±1.09 21.09±1.11 5.26±1.10 2.58±1.45 5.64±0.92 18.76±0.99 

The percentage mortality above 3.50% compared to control are significant with a p value <0.05. Difference in percentage mortality of the DMSO control 
compared to cell alone (without DMSO) is not significant (p>0.05).  Percentage mortalities above 90.00% are shown in bold. 

1.3.1.2. Screening of plant extracts for cytotoxicity against HCT116 

The colorectal carcinoma cell line HCT116 was treated with 426 different plant extracts at a concentration of 100 µg/mL for 48 hours, 

resulting in varying levels of cytotoxicity across the extracts. Of these, 34 extracts demonstrated a mortality percentage above 50.00%. 

The methanol extract of Chassalia curviflora exhibited the highest cytotoxicity with a mortality percentage of 99.48±0.53%, followed 

closely by the methanol extract of Alangium salviifolium at 99.04±0.13%. Notably, 7 extracts displayed exceptionally high mortality 

percentage, exceeding 90.00%, highlighting their strong potential as anticancer agents (Table 1.3.2).  
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Table 1.3.2. Percentage mortality of the plant extracts at 100 µg/mL on the colorectal cancer cell line, HCT116 after 48 hours. 

Sl. No. Plant Sample 
Percentage Mortality (48 hours) 

Petroleum ether Chloroform Ethyl acetate Acetone Methanol Water 

1 Acalypha fruiticosa  14.23±3.72 21.20±1.98 9.39±1.35 39.47±2.20 16.37±3.47 28.41±5.12 

2 Alangium salviifolium  59.13±0.65 98.29±0.28 79.27±1.26 90.76±0.38 99.04±0.13 66.98±1.50 

3 Anamirta cocculus 10.78±1.82 9.47±2.66 69.18±2.26 31.52±1.39 9.68±2.39 11.53±2.25 

4 Antigonon leptopus  29.80±1.99 45.51±3.11 31.95±2.28 61.11±1.71 6.56±2.03 5.06±1.35 

5 Argyreia pomacea  8.10±0.77 16.25±1.15 2.40±1.21 35.77±2.23 30.58±0.89 15.07±2.25 

6 Bauhinia phoenicea  37.31±1.56 48.32±2.33 34.33±3.01 29.37±3.20 30.29±5.12 7.67±3.47 

7 Bridelia retusa  12.56±1.62 27.36±2.03 42.85±3.78 39.53±1.45 12.08±2.05 22.78±3.11 

8 Calopogonium mucunoides  15.43±1.06 15.85±1.06 17.12±1.27 27.13±3.17 23.42±0.82 13.06±1.21 

9 Carl rheedii 23.56±2.16 39.47±4.12 21.61±5.06 44.14±0.34 17.94±3.38 8.60±3.11 

10 Cassia javanica  2.92±0.93 12.06±0.89 8.41±0.79 5.86±1.21 1.51±1.00 10.56±1.34 

11 Chassalia curviflora 13.22±6.89 22.35±4.43 51.72±3.90 66.07±2.59 99.48±0.53 28.31±7.83 

12 Cheilocostus speciosus  13.45±5.20 38.13±0.61 51.42±2.79 42.23±4.06 35.51±5.79 30.87±1.63 

13 Chrysophyllum cainito 39.30±3.00 13.54±4.12 17.46±5.05 20.24±7.13 9.57±2.06 22.77±6.72 

14 Cipadessa baccifera leaf 52.04±2.18 64.00±1.47 38.39±1.37 21.07±1.65 37.21±4.70 36.01±1.77 

15 Cipadessa baccifera  seed 49.10±1.69 23.29±0.96 7.88±3.42 22.48±1.17 10.35±0.72 13.78±5.26 

16 Cissus discolor 29.05±0.98 32.10±3.48 25.10±2.59 17.75±2.48 29.03±2.83 19.45±5.06 

17 Cochlospermum religiosum  10.47±3.29 11.05±1.24 14.62±1.63 30.08±3.09 11.57±3.87 24.13±0.88 

18 Combretum indicum  16.56±3.01 13.10±2.88 4.09±3.60 2.12±0.93 10.19±2.06 3.29±1.02 

19 Conyza canadensis  7.85±1.51 34.62±2.38 21.13±2.62 39.51±4.61 40.59±4.12 23.67±4.35 

20 Cyclea peltata  26.62±1.29 34.88±1.96 31.95±5.37 34.41±4.60 29.63±1.06 16.87±2.88 

21 Drypetes venusta  23.48±1.03 27.37±1.63 27.59±4.78 36.77±0.96 33.25±1.50 14.94±1.30 

22 Entada rheedii  4.12±2.09 10.47±1.81 10.45±1.78 7.17±2.07 1.05±2.06 3.17±0.97 

23 Euphorbia heterophylla  6.56±1.27 24.23±2.45 20.23±2.19 13.84±1.03 2.17±2.01 4.91±1.76 
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24 Euphorbia tithymaloides 11.25±2.66 6.77±3.13 18.52±5.52 25.36±1.53 46.73±4.05 17.21±2.01 

25 Gardenia jasminoides  10.93±1.44 5.23±3.03 15.55±1.73 14.28±3.35 4.46±1.04 9.02±3.49 

26 Getonia floribunda  4.90±4.02 68.56±1.01 6.76±2.30 63.36±1.16 4.84±1.54 7.70±2.29 

27 Globba schomburgkii 15.63±1.24 4.40±3.39 8.56±4.19 11.36±2.18 26.13±1.17 5.87±2.94 

28 Hamelia patens  34.12±5.71 33.24±1.78 39.55±2.22 23.88±3.13 35.65±4.51 17.72±2.69 

29 Hewittia malabarica  11.99±5.36 1.48±2.26 4.48±2.09 38.23±5.11 41.17±5.31 18.34±2.06 

30 Impatiens minor 26.81±2.90 27.53±4.27 9.14±2.58 8.28±2.02 26.70±4.12 38.97±3.77 

31 Jasminum grandiflorum  9.06±0.38 38.52±0.92 5.75±1.54 31.38±4.01 29.28±3.37 30.08±1.76 

32 Justicia nagpurensis  35.61±2.19 31.39±2.02 30.38±3.45 31.63±2.25 23.09±1.15 45.73±3.23 

33 Justicia wynaadensis 6.95±3.52 10.55±1.25 11.11±3.42 11.43±1.31 9.01±1.10 4.70±1.40 

34 Laggera alata 45.23±2.36 96.06±0.25 64.36±8.29 64.39±5.61 45.73±3.38 19.45±2.04 

35 Lannea coromandelica  15.68±2.64 24.38±1.52 21.42±1.78 22.03±2.31 19.90±1.72 21.46±2.16 

36 Leea indica  2.59±2.29 10.42±2.92 4.47±1.98 3.38±1.79 7.01±1.24 4.34±3.51 

37 Lecanthus peduncularis  4.98±2.47 10.29±2.21 3.08±1.38 8.15±2.36 14.01±3.07 24.26±2.06 

38 Leucas aspera  1.50±1.77 98.16±0.23 25.15±0.94 16.91±2.90 20.02±3.39 14.62±3.80 

39 Lobelia alsinoides  10.11±2.45 12.09±1.76 17.86±2.35 1.99±5.36 1.48±2.26 4.48±2.09 

40 Lophopetalum wightianum  5.09±0.93 2.02±1.10 1.00±1.23 13.62±1.16 5.34±0.85 0.12±0.45 

41 Melia dubia  17.16±0.31 29.63±0.99 13.94±1.59 19.09±1.35 13.08±1.00 8.97±2.00 

42 Micrococca mercurialis  1.63±8.47 15.66±4.85 4.91±5.69 1.75±3.05 2.09±0.33 1.74±7.33 

43 Murraya paniculata  5.33±0.91 14.87±0.71 13.21±1.21 68.25±2.85 6.99±1.20 11.31±1.62 

44 Otacanthus caeruleus flower 1.44±1.65 2.52±1.28 1.36±1.06 0.20±1.64 89.76±1.21 26.59±1.56 

45 Otacanthus caeruleus leaf 36.17±1.22 97.94±0.20 20.33±1.45 11.22±1.41 2.88±2.34 2.96±2.15 

46 Pancratium triflorum bulb 46.82±0.80 47.27±1.40 49.12±2.39 48.57±2.24 44.44±2.06 47.08±2.03 

47 Pancratium triflorum leaf 42.49±1.23 55.02±1.55 45.51±2.11 33.81±1.78 44.91±1.49 50.36±2.13 

48 Pereskia aculeate  11.45±1.53 11.53±0.90 13.4±1.05 12.45±2.20 11.37±1.40 24.67±0.62 

49 Phyllanthus simplex  34.87±2.03 15.61±2.82 28.33±1.83 32.71±2.50 37.29±5.77 36.15±2.35 

50 Pithecellobium dulce  4.56±1.03 0.18±2.89 2.10±0.78 10.36±1.75 2.88±2.77 1.44±0.70 
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51 Pothos scandens  5.86±1.00 6.76±1.28 10.46±2.82 9.27±1.39 10.75±2.19 20.76±1.60 

52 Ricinus communis 8.41±2.21 1.92±2.22 1.64±2.73 0.69±1.45 12.79±0.70 13.76±1.78 

53 Rauvolfia tetraphylla leaf 7.15±1.27 5.31±0.99 3.22±0.70 12.36±5.26 38.40±4.01 14.93±2.99 

54 Rauvolfia tetraphylla seed 8.01±0.54 4.75±1.31 8.16±1.02 15.23±3.37 41.60±4.94 35.88±2.34 

55 Rhaphidophora pertusa  11.25±4.01 15.00±3.14 27.28±3.66 44.35±6.11 32.26±5.91 13.12±3.61 

56 Schleichera oleosa  4.01±1.95 1.72±1.42 16.63±1.15 19.26±9.19 37.20±3.28 15.34±1.65 

57 Senna alata 9.52±1.60 27.84±1.37 24.86±1.28 8.79±1.39 11.48±1.21 10.94±0.67 

58 Sauropus androgynus  6.16±1.84 18.91±1.59 12.63±1.00 12.34±1.15 6.85±1.30 1.19±1.38 

59 Stachytarpheta indica  12.87±2.95 32.85±3.07 46.38±2.00 68.66±3.21 60.33±1.67 51.12±3.19 

60 Strobilanthes heyneanus  13.29±1.99 14.44±1.29 19.38±3.87 7.03±1.36 2.85±2.20 1.77±2.95 

61 Strychnos nux-vomica 7.18±1.61 13.29±1.09 5.49±0.53 41.44±0.85 5.62±0.92 2.94±0.73 

62 Synedrella nodiflora  11.98±2.99 1.45±3.87 0.69±1.78 1.32±2.35 49.67±1.61 45.34±4.09 

63 Talinum portulacifolium  7.36±2.99 22.98±1.06 16.21±0.88 35.05±4.22 48.20±0.82 44.12±3.02 

64 Terminalia arjuna  6.68±2.05 7.51±1.38 22.81±1.14 44.40±1.62 58.66±0.93 4.23±1.69 

65 Thevetia peruviana 51.10±0.94 69.86±0.88 62.27±0.95 65.09±0.38 30.12±3.15 25.12±3.12 

66 Thunbergia erecta  6.21±2.03 10.86±2.05 38.23±5.20 43.79±4.92 51.38±8.62 47.45±5.48 

67 Thunbergia grandiflora 6.90±1.82 5.51±1.35 0.19±1.71 34.27±3.33 25.30±4.56 7.98±6.31 

68 Torenia bicolor  20.77±3.31 66.83±2.30 22.56±3.41 12.56±5.06 19.86±7.83 23.91±1.65 

69 Trema orientale 16.67±3.49 5.04±1.42 5.78±1.94 5.21±1.20 4.69±2.07 16.95±2.39 

70 Vitex altissima  6.33±2.24 10.21±1.04 24.84±3.20 3.96±2.42 2.39±3.17 3.77±2.23 

71 Wattakaka volubilis 5.32±1.52 2.87±1.45 19.79±2.43 0.92±2.27 3.67±2.78 6.28±2.80 
The percentage mortality above 3.50% compared to control are significant with a p value <0.05. Difference in percentage mortality of the DMSO control 
compared to cell alone (without DMSO) is not significant (p>0.05).  Percentage mortalities above 90.00% are shown in bold. 

1.3.1.3. Screening of plant extracts for cytotoxicity against A431 

Out of the plant extracts tested, 48 extracts showed mortality above 50.00% in skin cancer cell line A431.  Among these, 9 extracts 

exhibited high toxicity with percentage mortality exceeding 90.00%. The chloroform extract of Otacanthus caeruleus flower caused the 
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highest percentage mortality (99.69±0.63%), followed by the chloroform extract (99.37±0.24%) and methanol extract (99.24±0.09%) of 

Alangium salviifolium (Table 1.3.3). 

Table 1.3.3. Percentage mortality of the plant extracts at 100 µg/mL on the skin cancer cell line, A431 after 48 hours. 

Sl. No. Plant Sample 
Percentage Mortality (48 hours) 

Petroleum ether Chloroform Ethyl acetate Acetone Methanol Water 

1 Acalypha fruiticosa  17.18±1.27 7.03±1.15 19.05±1.33 12.66±1.29 10.77±1.53 16.84±2.24 

2 Alangium salviifolium  20.43±1.64 99.37±0.24 79.56±1.53 95.73±0.92 99.24±0.09 53.08±1.56 

3 Anamirta cocculus 5.74±0.87 4.17±1.04 57.54±2.93 51.35±3.18 0.75±2.92 6.58±0.98 

4 Antigonon leptopus  24.20±3.94 67.84±1.96 18.22±4.26 73.80±1.83 11.14±4.79 9.49±3.10 

5 Argyreia pomacea  1.80±1.55 29.23±1.60 10.30±2.53 16.99±3.59 24.54±1.72 12.37±2.37 

6 Bauhinia phoenicea  4.65±1.46 2.14±0.54 1.78±1.01 13.15±3.92 26.65±2.24 9.65±1.53 

7 Bridelia retusa  1.83±2.80 12.36±2.33 2.82±1.58 7.33±1.75 13.58±1.29 1.31±1.69 

8 Calopogonium mucunoides  27.50±2.49 25.71±2.39 47.63±0.86 15.12±2.20 8.25±1.92 21.45±0.65 

9 Carl rheedii 19.08±2.36 89.42±0.80 36.00±2.28 21.69±2.72 21.52±2.71 16.92±2.23 

10 Cassia javanica  22.63±4.94 9.64±0.96 9.75±2.48 11.04±0.58 88.32±1.62 4.05±2.03 

11 Chassalia curviflora 6.47±0.91 17.31±5.59 39.00±3.15 43.70±1.04 78.65±1.70 20.83±3.91 

12 Cheilocostus speciosus  12.96±1.93 12.72±1.83 16.81±1.43 12.21±3.00 46.22±2.53 17.64±1.57 

13 Chrysophyllum cainito 18.33±1.98 22.45±6.39 9.82±2.12 20.52±2.51 22.33±1.23 38.10±0.91 

14 Cipadessa baccifera leaf 12.73±1.53 54.68±2.32 19.81±1.42 26.35±2.14 14.26±2.78 17.00±1.83 

15 Cipadessa baccifera  seed 13.34±2.37 12.44±2.10 3.29±1.92 6.31±0.62 12.11±1.41 18.38±3.90 

16 Cissus discolor 21.19±8.58 6.79±2.94 31.32±1.74 49.23±1.07 26.03±2.07 9.61±1.34 

17 Cochlospermum religiosum  4.22±1.52 88.09±0.67 47.51±2.46 8.44±1.30 5.23±1.07 5.51±1.32 

18 Combretum indicum  27.50±2.49 62.28±2.54 13.77±1.67 7.02±1.18 3.87±0.84 12.35±0.86 

19 Conyza canadensis  59.24±1.84 36.55±3.56 15.50±3.90 38.69±3.43 46.64±1.82 23.36±1.89 
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20 Cyclea peltata  0.30±0.42 0.34±0.34 63.93±0.72 44.83±1.34 0.49±0.40 0.26±0.44 

21 Drypetes venusta  29.63±1.71 1.50±2.31 51.40±1.89 54.37±1.34 14.99±1.47 11.01±1.73 

22 Entada rheedii  21.26±1.79 19.03±2.39 21.18±1.45 40.17±2.17 20.73±1.61 14.67±1.39 

23 Euphorbia heterophylla  16.35±2.33 26.67±2.15 31.54±1.97 20.33±2.78 11.31±1.80 23.26±1.89 

24 Euphorbia tithymaloides 18.86±3.52 2.21±1.69 12.00±0.90 1.91±5.86 2.08±3.04 12.38±0.83 

25 Gardenia jasminoides  15.82±5.01 17.29±2.00 14.43±2.11 16.67±2.09 8.62±2.39 5.05±2.21 

26 Getonia floribunda  88.95±1.38 97.40±0.19 53.76±0.75 90.7±0.89 24.76±2.66 18.49±3.20 

27 Globba schomburgkii 25.77±5.09 33.95±0.94 40.31±4.66 49.85±3.64 12.38±0.83 31.08±0.54 

28 Hamelia patens  3.15±2.18 22.56±2.54 17.61±3.98 29.92±2.53 31.70±2.82 8.29±1.65 

29 Hewittia malabarica  16.34±2.54 8.68±2.20 1.45±2.02 38.99±2.38 31.90±2.53 21.95±1.21 

30 Impatiens minor 3.01±3.17 0.13±1.87 9.78±1.92 3.64±0.83 5.62±0.75 18.43±0.92 

31 Jasminum grandiflorum  2.65±1.76 8.77±1.27 19.21±1.34 28.84±2.61 29.71±8.29 13.23±1.85 

32 Justicia nagpurensis  22.68±1.23 27.89±2.30 11.17±2.22 3.48±1.62 8.81±2.69 7.01±0.65 

33 Justicia wynaadensis 12.96±2.48 6.07±4.22 2.35±3.21 2.26±1.43 15.57±2.70 19.11±2.93 

34 Laggera alata 97.11±0.36 84.19±0.60 67.46±1.13 69.56±1.66 45.98±2.89 10.08±3.29 

35 Lannea coromandelica  37.36±1.65 32.85±3.56 25.23±2.96 9.65±2.96 18.16±1.70 26.95±1.96 

36 Leea indica  1.63±1.82 1.65±1.45 4.20±3.74 1.35±2.02 0.57±1.74 1.46±2.24 

37 Lecanthus peduncularis  41.79±0.87 35.45±2.36 27.84±1.78 13.47±1.58 16.18±2.57 18.19±1.02 

38 Leucas aspera  9.10±1.79 96.55±0.30 6.56±0.95 23.83±1.19 9.80±1.82 2.26±3.20 

39 Lobelia alsinoides  3.78±1.26 3.72±0.90 24.09±3.05 7.86±2.41 13.10±2.70 11.57±1.47 

40 Lophopetalum wightianum  8.08±1.70 12.35±1.70 8.03±1.90 19.33±1.82 5.73±0.90 3.69±2.58 

41 Melia dubia  39.80±2.74 58.93±2.10 35.08±2.61 5.84±1.57 5.24±1.58 1.46±0.49 

42 Micrococca mercurialis  4.54±2.21 14.28±2.13 27.34±2.47 1.11±1.77 3.92±1.95 36.47±1.07 

43 Murraya paniculata  6.46±1.94 12.27±1.36 6.85±1.06 19.95±1.82 3.30±0.80 12.63±1.03 

44 Otacanthus caeruleus flower 67.48±2.48 99.69±0.63 38.91±3.13 27.14±3.76 13.91±2.64 7.86±2.40 

45 Otacanthus caeruleus leaf 5.22±1.46 97.65±0.15 3.35±0.96 6.20±0.74 3.64±0.88 5.39±1.28 

46 Pancratium triflorum bulb 46.41±2.66 71.21±1.05 78.01±1.58 70.38±1.04 58.67±0.71 38.50±1.50 
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47 Pancratium triflorum leaf 27.51±2.75 66.94±1.31 76.87±1.36 58.82±2.09 39.39±1.23 57.53±1.62 

48 Pereskia aculeate  17.95±3.05 22.65±4.80 13.35±4.09 2.01±2.18 5.38±3.98 35.10±2.35 

49 Phyllanthus simplex  20.70±3.91 26.55±1.69 33.65±3.44 75.80±0.67 18.23±1.71 16.12±1.67 

50 Pithecellobium dulce  9.37±1.37 23.65±3.59 35.15±1.44 29.49±4.13 13.34±3.62 39.18±7.01 

51 Pothos scandens  10.40±2.36 6.13±2.53 1.16±1.13 1.71±0.49 3.07±1.58 5.06±1.24 

52 Ricinus communis 21.62±3.38 24.08±5.13 28.22±2.47 40.06±1.49 18.84±1.01 17.07±3.40 

53 Rauvolfia tetraphylla leaf 27.86±1.47 38.62±0.94 16.29±2.94 12.00±2.66 27.42±3.93 12.69±1.72 

54 Rauvolfia tetraphylla seed 30.03±4.11 48.39±2.50 20.34±1.98 10.67±1.30 10.04±1.72 20.36±1.85 

55 Rhaphidophora pertusa  31.06±2.05 22.34±1.85 16.50±3.82 24.03±1.05 31.59±1.70 39.59±4.00 

56 Schleichera oleosa  1.77±1.66 2.52±1.33 11.49±1.57 28.05±3.79 51.85±2.45 77.93±1.31 

57 Senna alata 22.53±2.13 45.05±1.02 29.19±1.72 35.14±2.69 29.06±1.64 6.49±1.17 

58 Sauropus androgynus  18.48±1.72 26.62±1.20 26.47±2.35 27.74±2.89 19.48±4.12 18.32±5.93 

59 Stachytarpheta indica  2.51±3.21 27.30±2.52 48.13±6.88 64.67±2.08 31.08±0.54 11.70±2.52 

60 Strobilanthes heyneanus  29.98±1.59 19.55±1.70 31.74±2.10 26.47±2.50 27.29±2.95 25.72±4.77 

61 Strychnos nux-vomica 4.67±1.09 2.04±0.94 3.85±1.02 36.26±1.13 4.18±0.57 0.68±0.93 

62 Synedrella nodiflora  0.54±0.55 4.11±1.33 15.46±2.06 14.57±1.56 4.08±1.86 9.49±1.09 

63 Talinum portulacifolium  24.79±2.27 1.17±2.73 16.11±2.34 14.20±2.30 11.09±2.23 13.45±3.11 

64 Terminalia arjuna  38.88±1.24 31.61±1.56 40.31±3.60 57.13±2.90 10.71±3.65 8.02±4.81 

65 Thevetia peruviana 4.29±1.38 74.16±1.40 62.91±1.67 71.56±1.33 2.08±0.83 2.94±1.32 

66 Thunbergia erecta  25.53±1.20 20.98±0.72 14.02±1.22 4.14±1.26 19.29±2.46 15.97±2.20 

67 Thunbergia grandiflora 0.34±1.86 0.81±1.09 1.29±2.22 19.71±1.56 13.49±1.95 12.69±1.72 

68 Torenia bicolor  4.76±2.66 17.68±2.04 4.57±1.91 26.35±1.91 33.29±2.64 29.08±2.51 

69 Trema orientale 0.72±0.23 4.25±0.76 1.15±0.56 13.08±1.40 11.04±1.70 6.44±0.82 

70 Vitex altissima  5.21±2.98 25.49±2.79 30.82±3.53 22.45±3.81 14.19±4.54 5.40±2.73 

71 Wattakaka volubilis 9.14±1.01 32.01±1.66 26.83±0.69 2.46±0.18 20.12±1.25 16.48±0.53 
The percentage mortality above 3.50% compared to control are significant with a p value <0.05. Difference in percentage mortality of the DMSO control 

compared to cell alone (without DMSO) is not significant (p>0.05).  Percentage mortalities above 90.00% are shown in bold. 
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1.3.1.4. Screening of plant extracts for cytotoxicity against A498 

Out of the 426 plant extracts screened, 35 exhibited a percentage mortality above 50.00% against the human kidney cancer cell line, 

A498. The highest percentage mortality was observed with the chloroform extract of Otacanthus caeruleus leaf (99.97±0.25%), 

followed by the methanol extract of Alangium salviifolium (99.64±0.37%) and the chloroform extract of Alangium salviifolium 

(96.57±0.91%). Notably, only four extracts demonstrated toxicity with a percentage mortality exceeding 90.00% (Table 1.3.4). 

Table 1.3.4. Percentage mortality of the plant extracts at 100 µg/mL on the renal cancer cell line, A498 after 48 hours. 

Sl. No. Plant Sample 
Percentage Mortality (48 hours) 

Petroleum ether Chloroform Ethyl acetate Acetone Methanol Water 

1 Acalypha fruiticosa  4.11±1.60 11.09±1.41 22.19±1.34 17.03±0.78 22.63±2.89 16.38±0.80 

2 Alangium salviifolium  24.11±3.97 96.57±0.91 88.22±1.46 86.00±1.56 99.64±0.37 59.87±1.05 

3 Anamirta cocculus 15.06±2.55 1.09±1.72 68.54±0.69 66.54±1.70 13.00±0.92 12.71±1.58 

4 Antigonon leptopus  36.37±2.68 23.25±4.23 29.66±1.98 58.32±2.48 19.26±2.74 8.65±2.06 

5 Argyreia pomacea  12.36±1.48 35.89±2.61 23.23±1.70 13.54±1.67 11.36±1.83 5.44±2.45 

6 Bauhinia phoenicea  6.35±4.23 16.67±2.85 21.54±1.97 20.33±1.78 21.31±0.80 13.26±2.89 

7 Bridelia retusa  31.97±2.23 26.05±1.44 16.73±2.65 38.46±3.71 27.68±3.63 17.69±1.24 

8 Calopogonium mucunoides  6.50±1.75 12.45±1.74 21.04±3.34 14.28±3.15 15.28±3.18 46.57±3.88 

9 Carl rheedii 23.59±2.68 28.64±2.98 11.45±1.65 28.85±1.24 21.89±2.34 35.13±2.65 

10 Cassia javanica  38.33±1.86 27.53±1.56 25.92±1.85 45.88±7.65 14.55±1.68 10.25±1.69 

11 Chassalia curviflora 20.70±6.29 15.56±3.71 17.53±3.23 16.89±4.20 66.47±3.74 22.63±2.98 

12 Cheilocostus speciosus  6.76±3.85 2.27±0.72 1.96±1.15 2.76±1.24 7.20±1.82 11.68±2.71 

13 Chrysophyllum cainito 19.68±3.90 35.42±1.04 20.96±6.42 23.86±2.17 34.54±3.76 38.77±1.23 

14 Cipadessa baccifera leaf 40.53±6.40 62.61±4.37 55.56±2.85 39.36±3.81 28.48±6.08 19.10±4.12 

15 Cipadessa baccifera  seed 11.84±2.35 8.07±4.25 28.97±4.50 9.05±2.63 8.90±1.37 12.81±3.95 
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16 Cissus discolor 8.33±3.70 31.05±2.58 35.92±1.37 25.45±4.90 23.63±5.21 6.82±0.49 

17 Cochlospermum religiosum  9.48±5.62 13.76±1.36 19.44±7.23 20.89±3.56 15.65±3.99 7.69±4.63 

18 Combretum indicum  0.97±1.48 19.09±2.29 25.29±1.79 28.69±2.37 24.50±1.29 24.05±2.86 

19 Conyza canadensis  27.17±7.99 87.23±1.74 41.84±6.91 14.75±2.62 43.43±3.37 22.30±1.94 

20 Cyclea peltata  1.04±1.94 2.82±1.90 49.80±0.88 26.09±1.78 1.92±1.75 0.64±2.10 

21 Drypetes venusta  16.48±3.57 33.33±4.09 21.35±2.99 47.13±2.33 35.17±6.21 10.49±0.70 

22 Entada rheedii  22.37±1.46 37.26±2.56 33.67±1.67 30.84±0.57 26.45±1.75 12.48±1.79 

23 Euphorbia heterophylla  23.16±2.68 24.65±1.01 28.86±0.67 9.11±1.64 15.33±0.36 23.15±5.54 

24 Euphorbia tithymaloides 12.75±1.53 25.86±5.13 37.55±2.98 26.55±1.46 19.56±1.96 26.26±1.63 

25 Gardenia jasminoides  15.98±1.65 41.63±3.00 39.13±3.62 28.45±2.76 9.63±1.96 49.15±2.36 

26 Getonia floribunda  22.98±3.27 6.14±2.22 6.12±4.32 27.19±4.99 18.75±4.80 12.21±4.09 

27 Globba schomburgkii 78.51±2.25 37.03±3.58 37.91±5.24 74.21±1.80 36.74±2.53 46.25±3.54 

28 Hamelia patens  24.04±3.08 8.07±2.74 16.22±3.88 6.54±1.21 18.60±1.65 21.19±1.23 

29 Hewittia malabarica  15.72±2.72 40.98±1.41 16.15±3.53 39.37±2.81 18.39±2.83 23.16±6.71 

30 Impatiens minor 2.81±0.96 1.29±0.86 7.51±0.57 0.68±3.01 5.15±1.31 1.52±3.68 

31 Jasminum grandiflorum  22.70±2.08 21.66±4.55 26.43±3.22 34.70±1.96 38.70±1.87 7.69±0.66 

32 Justicia nagpurensis  30.12±1.55 31.68±1.38 14.46±1.08 14.47±4.83 12.61±6.40 9.57±3.75 

33 Justicia wynaadensis 35.93±3.80 49.82±3.19 9.72±2.13 22.00±2.82 14.21±1.66 18.77±8.85 

34 Laggera alata 81.71±1.36 80.87±1.62 48.68±2.46 63.36±3.37 37.19±1.42 18.96±2.86 

35 Lannea coromandelica  4.21±0.73 2.80±0.37 7.35±2.66 12.98±3.60 17.12±2.98 61.14±1.85 

36 Leea indica  36.75±6.07 22.26±4.69 18.10±2.89 26.36±1.83 32.67±1.77 23.46±8.32 

37 Lecanthus peduncularis  8.08±2.85 21.62±3.79 22.29±2.08 21.73±4.22 26.91±3.25 6.26±4.28 

38 Leucas aspera  5.15±1.39 51.55±4.27 5.01±1.53 0.95±3.46 1.46±1.30 6.57±1.87 

39 Lobelia alsinoides  20.48±1.95 16.20±1.55 18.99±7.74 13.81±3.44 19.73±4.06 22.17±2.14 

40 Lophopetalum wightianum  20.11±0.89 19.31±2.00 7.69±0.56 42.68±1.44 20.63±0.83 1.68±0.49 

41 Melia dubia  7.68±1.25 12.06±1.43 3.55±0.86 9.14±1.53 10.12±1.35 9.25±1.50 

42 Micrococca mercurialis  28.37±3.99 38.13±3.95 31.57±1.65 37.56±1.83 24.90±2.86 12.98±6.12 
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43 Murraya paniculata  14.13±1.65 25.55±0.65 19.15±1.85 19.62±0.85 28.46±2.78 23.84±1.55 

44 Otacanthus caeruleus flower 49.18±4.33 90.52±0.59 33.48±3.78 20.12±2.69 27.67±3.63 7.58±2.45 

45 Otacanthus caeruleus leaf 40.10±1.75 99.97±0.25 34.03±1.01 17.92±1.42 20.23±0.82 16.63±0.76 

46 Pancratium triflorum bulb 33.17±2.22 75.73±0.99 57.29±1.24 56.70±1.98 43.25±1.41 33.79±2.27 

47 Pancratium triflorum leaf 34.61±3.08 44.71±0.95 64.21±1.68 54.51±1.15 33.98±1.59 57.61±1.14 

48 Pereskia aculeate  20.79±3.30 14.64±2.92 20.93±2.59 14.46±3.48 2.22±1.28 47.99±1.54 

49 Phyllanthus simplex  2.86±1.06 22.56±5.58 34.02±4.51 20.31±1.98 21.26±2.09 22.18±1.91 

50 Pithecellobium dulce  21.96±2.27 45.79±1.47 49.89±1.73 55.16±3.60 51.56±1.21 69.85±0.75 

51 Pothos scandens  78.52±2.26 42.03±3.03 10.96±3.09 17.69±1.18 13.98±2.69 1.85±2.08 

52 Ricinus communis 7.16±2.70 9.15±1.26 11.59±2.57 10.15±2.36 15.13±0.87 19.86±1.08 

53 Rauvolfia tetraphylla leaf 19.93±2.52 36.74±2.65 22.50±3.44 26.04±2.83 30.25±2.99 7.98±3.87 

54 Rauvolfia tetraphylla seed 8.41±4.27 14.60±4.75 4.62±4.03 24.92±4.46 23.17±3.59 28.94±4.44 

55 Rhaphidophora pertusa  9.80±3.13 12.36±2.82 41.97±5.27 1.07±0.36 15.89±1.08 2.62±0.66 

56 Schleichera oleosa  28.01±1.82 16.56±1.01 1.53±0.13 32.50±3.25 9.21±3.99 3.02±1.25 

57 Senna alata 10.54±2.23 28.55±0.88 32.65±1.67 8.93±1.06 13.15±2.05 16.16±1.39 

58 Sauropus androgynus  21.93±2.34 16.03±4.74 32.00±5.30 24.14±5.46 8.23±2.37 8.54±4.50 

59 Stachytarpheta indica  13.85±3.98 22.66±1.99 36.85±1.76 42.23±2.34 40.70±2.99 37.98±1.63 

60 Strobilanthes heyneanus  78.74±1.22 73.47±3.57 78.74±2.72 5.78±1.62 4.36±1.43 37.38±4.18 

61 Strychnos nux-vomica 30.60±4.05 2.82±1.18 6.91±4.42 33.90±7.42 4.23±1.11 6.38±4.37 

62 Synedrella nodiflora  3.81±1.13 4.75±2.41 6.94±1.12 3.53±1.39 2.99±1.58 6.10±1.18 

63 Talinum portulacifolium  0.93±2.78 9.12±2.43 11.70±0.78 17.43±2.68 7.77±0.93 12.96±1.42 

64 Terminalia arjuna  7.96±1.74 27.44±1.96 31.36±3.55 18.70±2.25 15.65±1.21 19.56±3.99 

65 Thevetia peruviana 0.64±0.16 79.20±0.47 77.63±1.05 80.33±0.44 1.54±0.86 3.84±0.87 

66 Thunbergia erecta  14.16±2.23 22.35±3.56 29.59±4.23 19.53±5.11 19.85±6.39 11.89±1.08 

67 Thunbergia grandiflora 9.70±1.46 21.39±0.49 6.49±1.18 0.35±2.82 5.99±3.02 4.33±2.63 

68 Torenia bicolor  16.89±0.25 23.11±3.56 25.63±4.24 9.37±1.82 13.05±2.90 17.57±5.63 

69 Trema orientale 0.72±0.23 4.25±0.76 1.15±0.56 13.08±1.40 11.04±1.70 6.44±0.82 
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70 Vitex altissima  2.32±3.82 22.01±1.58 22.49±3.21 17.99±2.73 31.47±2.08 10.32±1.33 

71 Wattakaka volubilis 4.86±1.76 21.27±2.41 29.62±4.99 31.89±1.13 24.95±0.64 16.96±3.03 
The percentage mortality above 3.50% compared to control are significant with a p value <0.05. Difference in percentage mortality of the DMSO control 
compared to cell alone (without DMSO) is not significant (p>0.05).  Percentage mortalities above 90.00% are shown in bold. 

1.3.1.5. Screening of plant extracts for cytotoxicity against HeLa 

In a study evaluating the cytotoxic effects of various plant extracts on the HeLa cell line, 38 extracts demonstrated over 50% cell death, 

with 10 extracts showing over 90% mortality. The most potent extract was the ethyl acetate extract of Pancratium triflorum bulb, which 

induced 99.34±0.28% cell death. This was closely followed by the ethyl acetate extract of Pancratium triflorum leaf, which exhibited 

99.26±0.50% mortality, and the methanol extract of Alangium salviifolium, with a mortality percentage of 99.21±0.39%. These findings 

highlight the potential of these extracts as strong anticancer agents (Table 1.3.5). 

Table 1.3.5. Percentage mortality of the plant extracts at 100 µg/mL on the cervical cancer cell line, HeLa after 48 hours. 

Sl. No. Plant Sample 
Percentage Mortality (48 hours) 

Petroleum ether Chloroform Ethyl acetate Acetone Methanol Water 

1 Acalypha fruiticosa  13.74±0.70 9.03±0.96 2.51±0.82 7.51±1.24 8.77±1.06 12.39±1.03 

2 Alangium salviifolium  51.63±2.32 99.10±0.35 75.36±1.36 98.91±0.48 99.21±0.39 68.96±0.88 

3 Anamirta cocculus 18.21±3.47 9.18±1.71 60.11±1.24 37.85±2.31 15.91±3.40 6.78±3.07 

4 Antigonon leptopus  13.07±0.90 26.26±3.47 14.50±2.15 46.92±0.37 9.71±3.03 4.59±1.98 

5 Argyreia pomacea  33.66±1.33 25.66±6.82 31.39±3.86 36.84±3.31 12.24±2.05 8.50±0.23 

6 Bauhinia phoenicea  12.83±1.84 22.34±1.32 16.62±3.55 14.96±2.42 19.45±1.03 17.13±1.06 

7 Bridelia retusa  29.89±3.68 26.58±2.12 48.06±1.83 27.93±2.41 40.44±2.63 31.15±2.65 

8 Calopogonium mucunoides  10.69±3.25 36.88±0.85 21.46±3.98 25.79±3.06 15.32±4.13 38.79±2.59 

9 Carl rheedii 29.38±2.72 6.59±2.52 20.62±2.66 5.40±1.32 2.73±1.30 2.08±0.72 
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10 Cassia javanica  16.97±1.70 2.56±1.05 5.30±1.03 4.04±1.29 1.42±0.61 0.54±0.61 

11 Chassalia curviflora 29.85±3.27 33.47±3.21 48.67±2.62 48.41±3.77 98.98±0.59 32.44±1.19 

12 Cheilocostus speciosus  14.81±1.01 17.22±0.64 23.63±1.60 16.06±1.95 36.10±0.84 52.17±1.33 

13 Chrysophyllum cainito 26.86±1.41 49.86±3.36 37.19±3.02 48.32±2.10 11.93±1.51 30.99±2.91 

14 Cipadessa baccifera leaf 42.17±2.38 33.08±2.81 19.31±2.49 17.31±2.41 29.10±2.03 20.11±3.12 

15 Cipadessa baccifera  seed 93.66±1.04 36.85±3.39 11.24±2.91 39.96±1.78 28.19±1.82 19.77±1.36 

16 Cissus discolor 30.57±4.86 17.44±0.57 34.01±1.39 40.94±1.74 36.86±0.06 25.05±4.86 

17 Cochlospermum religiosum  18.85±1.70 28.05±2.22 17.36±1.85 26.16±1.12 20.19±7.46 33.96±1.75 

18 Combretum indicum  8.73±0.96 14.45±1.72 8.42±0.74 44.03±0.84 39.56±1.70 19.34±0.62 

19 Conyza canadensis  22.82±2.07 79.61±2.37 17.73±1.73 35.61±3.55 45.84±2.23 17.21±1.45 

20 Cyclea peltata  33.36±1.88 30.56±1.66 29.75±1.99 17.54±5.99 32.64±1.33 33.49±1.99 

21 Drypetes venusta  46.87±2.40 16.55±2.00 16.69±0.66 14.29±1.19 4.75±2.19 11.82±2.11 

22 Entada rheedii  30.17±2.76 31.64±3.82 23.13±3.08 16.37±1.56 15.14±1.40 29.28±2.33 

23 Euphorbia heterophylla  13.27±0.97 20.27±2.79 21.88±3.05 17.25±0.92 13.15±1.21 12.01±2.33 

24 Euphorbia tithymaloides 23.42±1.70 18.96±1.99 9.85±1.03 24.63±2.21 10.71±0.56 8.15±1.91 

25 Gardenia jasminoides  20.43±3.27 46.38±2.03 38.14±3.95 21.34±2.81 28.94±2.35 3.05±2.15 

26 Getonia floribunda  37.38±0.60 91.69±1.82 47.20±1.93 68.57±1.91 27.36±2.16 19.83±2.63 

27 Globba schomburgkii 16.71±2.23 7.84±1.40 13.65±0.88 9.24±1.25 12.00±1.30 13.96±2.02 

28 Hamelia patens  22.70±1.88 35.24±1.87 33.55±0.96 21.56±2.35 14.32±3.42 21.63±1.24 

29 Hewittia malabarica  31.70±4.24 63.29±2.46 29.76±1.76 23.15±1.87 18.54±1.33 20.87±1.40 

30 Impatiens minor 19.65±2.56 44.15±1.25 31.54±2.02 18.06±1.74 27.37±2.92 30.08±1.56 

31 Jasminum grandiflorum  36.36±0.78 27.16±3.92 34.15±1.87 20.05±3.35 45.64±2.24 11.18±1.43 

32 Justicia nagpurensis  22.56±1.63 3.37±0.37 12.33±1.75 8.12±2.97 33.67±1.19 6.96±2.21 

33 Justicia wynaadensis 12.57±2.91 5.79±1.18 6.43±3.96 6.59±1.75 3.01±5.05 8.11±5.05 

34 Laggera alata 31.97±0.79 11.86±1.33 19.27±3.94 23.38±3.77 10.49±1.31 14.06±0.36 

35 Lannea coromandelica  6.86±1.22 18.90±1.84 21.43±1.70 33.39±2.77 18.62±1.22 24.10±1.29 

36 Leea indica  13.65±3.15 13.19±3.18 13.25±2.10 23.76±2.43 10.92±2.88 9.88±2.00 
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37 Lecanthus peduncularis  38.16±1.56 14.37±1.72 28.08±1.95 41.46±1.29 5.82±2.04 23.67±2.46 

38 Leucas aspera  15.47±2.58 77.47±1.08 37.91±1.18 40.77±1.13 50.31±0.51 4.75±1.58 

39 Lobelia alsinoides  9.65±1.54 16.56±1.35 8.44±0.67 27.18±3.41 36.60±1.24 44.56±3.99 

40 Lophopetalum wightianum  38.82±2.48 44.30±2.93 30.97±1.65 14.11±2.62 24.05±2.45 13.17±3.57 

41 Melia dubia  28.16±2.38 73.55±1.56 29.73±4.78 19.13±0.95 14.21±2.12 9.36±1.88 

42 Micrococca mercurialis  8.17±2.53 14.84±1.16 25.41±1.94 19.35±0.81 12.55±0.97 27.31±1.40 

43 Murraya paniculata  7.91±0.91 2.51±1.97 12.82±1.94 33.00±1.08 30.36±1.56 7.24±0.27 

44 Otacanthus caeruleus flower 38.82±2.48 44.30±2.93 30.97±1.65 14.11±2.62 24.05±2.45 13.17±3.57 

45 Otacanthus caeruleus leaf 0.80±2.56 2.84±1.12 0.99±3.69 0.35±2.27 15.90±3.22 1.65±1.38 

46 Pancratium triflorum bulb 76.32±1.30 92.36±0.81 99.34±0.28 97.59±0.52 81.22±1.07 70.27±1.08 

47 Pancratium triflorum leaf 55.30±3.68 81.93±0.96 99.26±0.50 89.89±0.57 60.13036 86.53±0.71 

48 Pereskia aculeate  18.88±7.70 23.24±7.18 35.07±3.85 5.91±6.34 0.31±6.46 0.47±5.80 

49 Phyllanthus simplex  15.52±1.49 57.03±1.29 55.89±0.47 19.25±1.56 10.96±1.64 9.21±2.17 

50 Pithecellobium dulce  5.23±1.05 26.72±2.93 27.97±1.23 13.24±1.51 11.19±1.40 18.16±2.76 

51 Pothos scandens  25.41±2.44 38.05±2.46 23.22±2.79 8.52±1.31 1.50±3.51 1.16±2.88 

52 Ricinus communis 7.28±2.19 2.63±1.69 2.33±2.97 15.02±5.84 20.94±5.27 1.87±1.96 

53 Rauvolfia tetraphylla leaf 34.65±1.83 39.76±2.61 42.97±1.32 8.26±2.11 19.08±2.38 33.46±0.93 

54 Rauvolfia tetraphylla seed 40.48±0.28 32.37±1.74 51.66±2.10 19.73±1.65 2.98±2.06 35.90±2.17 

55 Rhaphidophora pertusa  27.76±1.54 15.47±2.89 33.15±1.58 29.00±0.56 11.25±1.34 27.40±1.42 

56 Schleichera oleosa  1.91±2.80 0.84±1.47 1.59±2.06 0.59±2.12 0.34±3.68 0.99±2.08 

57 Senna alata 5.66±0.83 30.18±1.34 23.32±2.02 31.88±1.31 10.18±0.79 2.77±1.04 

58 Sauropus androgynus  28.36±1.79 57.04±3.54 49.79±2.28 41.56±0.80 59.71±3.15 42.39±2.87 

59 Stachytarpheta indica  31.63±2.30 21.04±1.08 16.98±1.87 27.22±2.55 48.15±1.67 17.48±4.23 

60 Strobilanthes heyneanus  18.93±2.47 30.15±2.03 12.72±1.54 37.82±1.58 35.20±1.03 31.28±1.75 

61 Strychnos nux-vomica 21.40±1.98 14.95±1.34 6.81±2.22 3.16±1.63 1.64±1.86 1.42±1.64 

62 Synedrella nodiflora  6.37±1.68 13.12±2.37 36.47±0.99 32.66±2.78 13.68±0.75 28.15±4.90 

63 Talinum portulacifolium  27.42±3.05 23.60±3.86 5.87±2.39 26.03±3.18 19.25±1.47 14.85±2.24 



Chapter 1 

 

 95

64 Terminalia arjuna  31.86±2.89 26.61±1.89 40.39±2.32 5.57±1.89 87.23±2.33 7.76±1.76 

65 Thevetia peruviana 3.25±1.71 81.86±0.55 64.46±1.50 75.66±0.83 19.00±1.92 30.14±1.73 

66 Thunbergia erecta  35.46±1.36 36.83±2.77 25.95±1.06 25.37±2.23 9.38±2.91 8.00±2.19 

67 Thunbergia grandiflora 22.37±1.77 21.33±1.30 42.31±3.01 33.40±0.45 8.83±0.33 32.68±0.27 

68 Torenia bicolor  33.01±0.59 6.47±1.52 39.89±1.70 5.66±1.55 7.70±1.67 14.12±1.79 

69 Trema orientale 2.05±0.68 6.63±3.88 33.27±3.16 30.19±2.75 35.25±2.00 3.92±1.45 

70 Vitex altissima  25.90±2.71 18.46±6.15 14.33±1.99 35.56±0.77 21.51±1.63 32.99±3.32 

71 Wattakaka volubilis 46.24±3.57 65.42±2.46 32.243±2.51 26.91±3.11 26.70±2.60 50.99±1.37 
The percentage mortality above 3.50% compared to control are significant with a p value <0.05. Difference in percentage mortality of the DMSO control 
compared to cell alone (without DMSO) is not significant (p>0.05).  Percentage mortalities above 90.00% are shown in bold. 

1.3.1.6. Screening of plant extracts for cytotoxicity against MCF7 

A total of 48 plant extracts demonstrated more than 50% cell mortality in the human breast cancer cell line MCF7, with four extracts 

inducing over 90% cell death. The methanol extract of Alangium salviifolium exhibited the highest mortality percentage at 

99.47±0.23%. The chloroform extract of Alangium salviifolium also showed significant cytotoxicity, with 97.69±0.22% cell death, 

while the methanol extract of Chassalia curviflora caused 96.52±3.97% cell death in MCF7 cells. These extracts show strong potential 

as anticancer agents against breast cancer (Table 1.3.6). 

Table 1.3.6. Percentage mortality of the plant extracts at 100 µg/mL on the breast cancer cell line, MCF7 after 48 hours. 

Sl. No. Plant Sample 
Percentage Mortality (48 hours) 

Petroleum ether Chloroform Ethyl acetate Acetone Methanol Water 

1 Acalypha fruiticosa  12.05±1.50 8.81±1.84 1.20±1.34 14.58±1.64 11.34±0.30 12.95±0.91 

2 Alangium salviifolium  65.60±1.69 97.69±0.22 78.24±1.10 85.21±0.76 99.47±0.23 72.03±0.48 

3 Anamirta cocculus 5.42±2.69 1.17±1.57 67.23±1.47 20.84±2.55 12.61±2.58 6.18±6.67 
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4 Antigonon leptopus  15.45±2.99 45.59±3.12 33.67±2.18 24.33±2.63 15.65±0.87 31.65±5.32 

5 Argyreia pomacea  5.69±0.87 12.34±1.41 15.88±1.68 10.55±2.21 5.34±8.00 6.37±1.16 

6 Bauhinia phoenicea  5.13±1.85 11.26±3.15 20.66±2.25 23.66±4.30 10.02±0.91 21.17±0.30 

7 Bridelia retusa  5.92±1.73 5.65±1.39 4.63±0.70 6.06±0.67 6.13±1.28 4.35±1.59 

8 Calopogonium mucunoides  20.18±1.19 27.43±1.14 19.37±0.42 21.07±1.31 53.13±1.08 29.53±1.05 

9 Carl rheedii 2.19±0.56 17.87±3.06 30.42±1.54 25.86±5.09 38.28±3.67 7.70±2.18 

10 Cassia javanica  22.18±1.65 16.09±1.46 33.36±0.39 28.58±1.63 34.22±1.85 5.39±1.16 

11 Chassalia curviflora 9.93±3.34 18.60±5.18 2.99±1.40 58.12±5.46 96.52±3.97 65.63±3.81 

12 Cheilocostus speciosus  9.79±1.19 29.37±6.91 20.92±5.48 33.79±1.84 12.82±1.74 21.58±4.31 

13 Chrysophyllum cainito 6.18±1.82 30.79±1.78 14.38±0.38 32.26±2.22 1.59±1.84 12.44±1.23 

14 Cipadessa baccifera leaf 18.18±1.64 19.06±1.90 41.50±0.43 42.54±1.49 22.89±2.04 18.71±1.22 

15 Cipadessa baccifera  seed 79.98±4.81 93.72±3.02 72.09±3.63 43.38±3.56 28.16±2.56 15.81±4.31 

16 Cissus discolor 3.91±2.48 13.63±2.67 20.83±1.56 18.52±1.31 30.41±2.76 14.77±1.49 

17 Cochlospermum religiosum  5.77±1.16 5.70±1.27 5.66±1.22 6.09±0.98 21.44±1.27 5.68±1.10 

18 Combretum indicum  81.34±4.56 73.97±2.97 66.66±1.55 6.68±2.96 35.15±1.95 8.87±0.62 

19 Conyza canadensis  32.12±5.26 73.53±2.35 46.46±3.37 39.93±5.92 3.97±2.97 29.91±3.81 

20 Cyclea peltata  0.53±2.33 19.37±2.63 8.64±1.93 1.67±0.83 4.35±0.90 13.09±0.60 

21 Drypetes venusta  3.96±1.19 6.46±0.96 46.59±2.33 4.30±0.94 5.93±1.06 4.83±0.71 

22 Entada rheedii  39.63±1.72 37.17±1.69 29.50±1.36 34.12±1.45 6.23±1.32 14.07±0.16 

23 Euphorbia heterophylla  0.97±1.57 21.71±1.73 2.46±1.39 13.17±1.46 1.28±1.24 10.21±0.17 

24 Euphorbia tithymaloides 13.63±1.66 22.67±1.68 33.50±1.64 29.49±1.51 22.68±1.42 0.96±0.17 

25 Gardenia jasminoides  2.65±3.88 0.81±1.34 0.95±1.87 3.53±2.49 1.89±1.70 5.93±2.42 

26 Getonia floribunda  27.83±2.34 68.35±4.44 30.16±2.02 67.11±2.14 24.41±2.62 9.73±3.98 

27 Globba schomburgkii 10.11±5.23 34.97±2.26 48.07±1.33 49.30±4.49 33.95±2.31 30.60±4.84 
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28 Hamelia patens  13.51±1.95 26.12±1.06 19.05±1.72 37.37±0.99 29.65±1.66 38.76±1.26 

29 Hewittia malabarica  35.56±2.59 15.69±1.14 33.08±1.80 28.63±1.77 41.70±0.74 30.38±1.17 

30 Impatiens minor 2.48±1.59 16.34±1.01 40.36±2.64 15.56±1.12 27.79±1.77 22.78±1.07 

31 Jasminum grandiflorum  21.55±6.73 25.01±0.94 29.04±1.00 41.53±0.96 29.11±4.76 49.38±0.99 

32 Justicia nagpurensis  9.63±1.17 13.61±1.49 28.85±1.22 33.10±1.30 20.81±0.90 3.31±0.17 

33 Justicia wynaadensis 8.10±2.70 8.81±2.69 2.69±1.23 7.27±1.42 4.64±1.35 24.09±2.35 

34 Laggera alata 11.63±3.96 28.84±1.18 5.40±1.12 48.71±0.70 44.10±0.85 2.87±0.79 

35 Lannea coromandelica  25.63±1.56 24.03±1.08 32.68±1.04 29.47±1.01 35.30±1.16 9.22±0.17 

36 Leea indica  13.59±1.48 10.76±1.59 25.34±1.25 14.72±1.31 24.57±1.23 24.39±0.17 

37 Lecanthus peduncularis  28.88±2.47 26.46±1.68 7.23±1.15 37.55±0.68 10.86±2.96 26.86±1.65 

38 Leucas aspera  3.51±0.67 37.12±1.10 3.98±1.27 16.52±1.88 24.67±1.76 11.69±1.48 

39 Lobelia alsinoides  24.68±1.58 25.65±1.12 30.84±1.79 26.22±1.78 31.68±1.72 34.11±1.17 

40 Lophopetalum wightianum  36.76±1.62 25.95±1.03 34.16±1.45 35.07±1.75 8.50±1.62 2.25±1.20 

41 Melia dubia  64.08±1.84 88.92±1.25 81.44±1.10 84.01±2.14 71.50±3.26 62.55±2.57 

42 Micrococca mercurialis  35.51±1.57 14.07±1.14 66.11±1.52 25.14±0.91 13.36±1.67 27.91±1.16 

43 Murraya paniculata  39.47±1.67 47.05±1.11 32.15±1.20 58.08±1.23 46.21±1.72 47.67±1.22 

44 Otacanthus caeruleus flower 37.21±1.34 57.24±1.99 10.19±1.99 16.84±1.70 5.53±1.45 15.31±2.98 

45 Otacanthus caeruleus leaf 8.85±2.39 11.76±1.85 14.10±2.50 17.60±1.47 9.01±2.54 18.02±1.87 

46 Pancratium triflorum bulb 45.65±2.99 67.93±1.64 76.98±0.77 73.80±0.84 60.21±1.11 44.42±0.82 

47 Pancratium triflorum leaf 81.75±2.52 48.78±4.83 81.44±3.23 69.58±0.50 40.80±1.16 65.23±0.66 

48 Pereskia aculeate  22.98±1.68 23.80±1.25 3.77±1.70 9.98±2.93 2.99±2.38 21.59±2.36 

49 Phyllanthus simplex  20.13±1.80 2.38±1.53 21.96±1.71 54.16±0.41 30.42±0.85 20.60±1.35 

50 Pithecellobium dulce  23.45±3.02 61.36±2.26 56.59±1.12 23.46±2.59 10.75±3.37 30.26±2.62 

51 Pothos scandens  13.69±2.83 9.46±1.77 10.30±2.14 7.18±1.15 23.33±1.98 2.18±1.94 
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52 Ricinus communis 0.88±1.57 2.44±1.36 12.67±2.97 8.72±2.17 5.18±1.19 0.28±1.81 

53 Rauvolfia tetraphylla leaf 5.43±1.79 22.74±1.28 34.21±1.79 19.67±1.64 23.712±1.77 34.12±1.05 

54 Rauvolfia tetraphylla seed 45.35±1.60 61.61±1.06 55.11±1.72 35.37±0.99 32.65±1.66 22.18±1.26 

55 Rhaphidophora pertusa  7.20±1.73 14.80±3.99 37.39±7.81 56.10±2.54 9.85±5.29 41.99±4.26 

56 Schleichera oleosa  9.21±1.86 13.18±2.04 7.16±1.60 6.21±1.09 3.70±1.80 1.77±2.19 

57 Senna alata 6.35±1.79 32.74±1.28 40.21±1.79 26.74±1.64 17.17±1.77 31.18±1.05 

58 Sauropus androgynus  12.35±1.59 26.63±1.01 31.04±1.64 25.56±1.12 29.79±1.77 1.08±1.07 

59 Stachytarpheta indica  12.87±2.79 33.94±1.58 27.66±3.34 89.23±3.48 43.17±5.14 19.02±3.85 

60 Strobilanthes heyneanus  13.65±2.28 10.64±3.39 13.04±3.45 15.04±3.23 20.63±3.05 10.13±1.37 

61 Strychnos nux-vomica 27.90±1.90 31.23±2.85 34.53±2.31 36.13±1.49 25.06±1.19 18.54±2.36 

62 Synedrella nodiflora  7.35±1.57 14.07±1.14 17.17±1.52 25.11±0.91 33.61±1.167 9.27±1.16 

63 Talinum portulacifolium  10.87±2.15 5.35±1.38 8.00±1.92 5.25±0.73 2.51±0.94 0.99±0.81 

64 Terminalia arjuna  3.08±1.15 15.33±0.80 38.12±2.31 30.71±1.12 46.97±2.48 32.13±3.22 

65 Thevetia peruviana 2.45±1.83 81.96±1.15 77.70±0.57 78.45±0.62 39.10±2.35 11.66±1.67 

66 Thunbergia erecta  20.52±1.26 33.60±1.25 12.11±1.32 11.68±1.18 30.93±1.07 41.01±0.68 

67 Thunbergia grandiflora 25.33±0.73 21.28±1.25 32.37±1.27 23.83±1.23 31.11±1.21 28.22±0.69 

68 Torenia bicolor  6.01±1.58 34.95±2.82 8.58±1.03 28.92±2.72 13.17±3.97 9.02±1.44 

69 Trema orientale 10.53±1.23 31.12±1.16 33.33±1.21 20.99±1.01 21.03±1.02 7.67±0.68 

70 Vitex altissima  11.27±1.25 23.56±1.18 32.13±1.17 7.36±0.93 6.51±1.30 2.13±1.44 

71 Wattakaka volubilis 0.52±1.17 1.38±1.31 1.28±1.31 1.28±1.16 1.43±1.21 1.31±0.75 

The percentage mortality above 3.50% compared to control are significant with a p value <0.05. Difference in percentage mortality of the DMSO control 
compared to cell alone (without DMSO) is not significant (p>0.05).  Percentage mortalities above 90.00% are shown in bold. 
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1.3.1.7. Screening of plant extracts for cytotoxicity against MG63 

Of the plant extracts tested, several plant extracts demonstrated anticancer properties against the osteoblast cell line, MG63, by inducing 

significant cytotoxicity and cell death. Out of 426 plant extracts screened, 51 exhibited anticancer potential with more than 50.00% 

mortality. Of these, 17 extracts caused exceptionally high mortality, exceeding 90.00%. The petroleum ether extract of Conyza 

canadensis resulted in the highest mortality at 99.59±0.50%, followed closely by the ethyl acetate extract of Hewittia malabarica with a 

mortality percentage of 99.58±1.08% (Table 1.3.7). 

Table 1.3.7. Percentage mortality of the plant extracts at 100 µg/mL on the osteoblast cancer cell line, MG63 after 48 hours. 

Sl. No. Plant Sample 
Percentage Mortality (48 hours) 

Petroleum ether Chloroform Ethyl acetate Acetone Methanol Water 

1 Acalypha fruiticosa  11.68±4.21 2.87±2.09 15.06±1.36 11.86±2.65 20.59±2.26 6.22±1.86 

2 Alangium salviifolium  22.44±1.37 76.25±0.84 69.45±0.90 75.79±2.47 98.27±0.16 67.17±1.97 

3 Anamirta cocculus 11.56±2.45 5.48±2.20 86.76±1.04 81.33±1.33 8.10±2.69 17.33±2.22 

4 Antigonon leptopus  59.37±1.59 96.43±0.41 43.28±1.80 65.62±1.34 42.43±1.90 44.29±1.21 

5 Argyreia pomacea  7.90±1.63 45.83±0.84 5.17±1.53 10.87±1.32 7.90±4.02 11.59±3.48 

6 Bauhinia phoenicea  7.45±2.34 19.35±1.89 13.65±4.61 32.66±2.07 13.64±1.86 5.25±2.26 

7 Bridelia retusa  29.85±1.99 44.67±2.08 12.70±2.44 18.11±4.45 36.01±4.46 9.41±2.48 

8 Calopogonium mucunoides  6.50±1.83 9.34±2.00 50.53±0.73 42.99±3.67 39.16±5.65 28.08±1.21 

9 Carl rheedii 23.76±4.72 18.63±2.51 36.56±1.50 22.19±3.00 16.12±2.35 7.55±5.33 

10 Cassia javanica  39.65±1.21 39.02±4.16 35.70±5.19 29.87±6.17 16.16±4.95 36.29±2.25 

11 Chassalia curviflora 29.36±1.50 15.57±1.34 9.32±1.37 4.12±2.86 99.02±2.33 16.43±1.07 

12 Cheilocostus speciosus  35.64±2.78 27.23±2.05 43.88±0.89 11.22±3.79 16.84±1.63 28.17±1.20 

13 Chrysophyllum cainito 35.98±2.47 17.60±1.01 32.99±3.41 16.51±1.30 20.31±2.66 28.65±3.95 
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14 Cipadessa baccifera leaf 22.42±1.90 30.51±1.28 31.58±1.51 28.99±2.38 34.90±2.53 21.80±1.21 

15 Cipadessa baccifera  seed 95.18±0.69 21.80±1.21 0.30±2.03 12.18±1.79 23.60±1.80 5.22±2.37 

16 Cissus discolor 15.95±0.95 19.49±2.76 44.81±3.85 12.91±5.41 25.67±0.94 41.05±3.71 

17 Cochlospermum religiosum  34.12±4.95 41.01±6.33 12.70±3.04 11.29±1.44 20.57±1.09 27.94±1.25 

18 Combretum indicum  22.27±7.44 49.41±3.26 27.04±1.38 18.11±7.94 5.67±1.45 22.09±2.48 

19 Conyza canadensis  99.59±0.50 98.57±0.40 24.16±1.24 37.29±1.75 33.60±3.21 40.48±0.95 

20 Cyclea peltata  0.72±2.47 17.86±1.65 62.46±2.12 52.22±1.09 13.61±1.55 6.75±2.95 

21 Drypetes venusta  22.38±2.49 20.31±5.92 46.14±4.50 21.87±3.30 12.46±6.00 46.97±3.31 

22 Entada rheedii  32.76±3.48 47.45±1.00 13.66±5.20 18.75±3.12 24.63±2.16 14.70±3.06 

23 Euphorbia heterophylla  35.59±6.33 31.47±2.31 11.93±6.86 17.48±2.63 14.38±6.22 17.19±0.61 

24 Euphorbia tithymaloides 37.55±3.56 45.25±2.00 16.56±1.97 47.66±1.19 31.44±5.99 34.80±6.07 

25 Gardenia jasminoides  25.50±5.61 20.31±3.10 41.37±4.69 24.77±2.19 38.01±3.62 18.73±6.85 

26 Getonia floribunda  13.34±2.63 34.75±1.71 26.36±2.53 26.63±1.30 31.44±5.04 44.47±4.89 

27 Globba schomburgkii 7.29±1.07 99.24±1.08 38.77±3.98 39.11±1.99 44.65±1.87 33.14±1.60 

28 Hamelia patens  5.69±0.89 8.05±2.23 1.98±1.13 3.94±0.98 6.92±0.82 3.98±1.38 

29 Hewittia malabarica  6.58±2.17 45.94±2.71 99.58±1.08 13.75±2.70 52.56±1.96 43.85±1.47 

30 Impatiens minor 3.05±1.30 6.05±1.35 11.33±1.60 9.15±3.10 3.49±1.80 2.47±3.05 

31 Jasminum grandiflorum  13.38±2.22 34.53±1.62 10.28±2.76 21.66±1.63 14.78±1.45 22.86±1.25 

32 Justicia nagpurensis  23.60±2.31 29.79±2.09 28.23±2.65 34.88±3.68 36.14±1.09 44.55±3.85 

33 Justicia wynaadensis 5.54±1.05 0.39±1.47 1.65±1.96 0.94±1.00 0.30±1.67 0.58±2.96 

34 Laggera alata 90.94±0.57 89.29±0.96 84.14±1.44 93.74±0.56 46.84±2.17 0.42±1.21 

35 Lannea coromandelica  19.19±3.47 16.94±2.23 9.57±1.44 39.40±4.57 30.40±4.74 19.76±2.39 

36 Leea indica  5.45±1.16 5.36±1.92 8.54±1.33 3.65±1.79 2.85±1.60 2.61±1.91 

37 Lecanthus peduncularis  5.64±1.38 38.15±1.71 11.61±1.35 9.50±1.68 19.80±1.13 10.19±1.82 

38 Leucas aspera  7.19±1.83 98.48±0.23 2.70±2.14 8.39±2.80 4.69±1.46 4.00±2.64 

39 Lobelia alsinoides  19.19±3.47 8.17±2.26 15.71±1.44 39.40±1.46 1.30±2.66 9.76±3.82 

40 Lophopetalum wightianum  5.27±1.13 8.05±1.65 11.55±2.28 20.09±2.07 4.65±1.11 11.03±2.43 
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41 Melia dubia  0.22±1.39 36.23±5.32 1.83±2.77 9.50±2.63 0.75±2.16 1.79±1.35 

42 Micrococca mercurialis  21.69±2.92 41.53±3.19 27.86±0.99 13.16±1.36 35.76±1.16 36.92±2.96 

43 Murraya paniculata  2.24±1.17 20.39±4.93 3.55±2.95 9.35±0.78 14.68±3.23 22.96±3.75 

44 Otacanthus caeruleus flower 96.73±0.81 99.24±0.08 20.39±2.44 23.91±1.60 13.45±2.98 17.58±1.72 

45 Otacanthus caeruleus leaf 68.84±1.42 99.03±0.33 15.49±1.31 12.06±1.20 6.88±1.90 6.80±0.98 

46 Pancratium triflorum bulb 52.14±1.22 65.69±1.92 58.95±1.96 58.94±0.93 57.47±0.87 49.23±1.38 

47 Pancratium triflorum leaf 39.05±2.43 55.38±1.42 62.79±1.22 59.31±0.85 43.56±1.01 58.48±0.95 

48 Pereskia aculeate  3.30±1.49 1.15±1.72 1.12±1.36 7.80±3.68 3.77±1.13 16.47±2.29 

49 Phyllanthus simplex  39.47±1.96 26.90±3.01 48.15±2.16 37.65±3.22 21.50±3.10 39.20±1.08 

50 Pithecellobium dulce  29.36±1.15 33.54±1.89 31.60±2.90 58.56±5.55 35.99±3.23 19.56±0.99 

51 Pothos scandens  13.23±1.97 7.61±2.04 3.66±1.22 4.34±2.27 9.53±0.98 1.28±1.48 

52 Ricinus communis 19.07±3.22 22.43±2.89 11.35±2.27 9.85±1.98 13.58±1.63 23.07±2.05 

53 Rauvolfia tetraphylla leaf 0.80±0.83 3.95±2.63 0.75±2.70 0.30±1.92 19.14±1.05 3.86±2.87 

54 Rauvolfia tetraphylla seed 18.97±1.76 70.33±1.83 62.65±1.90 0.25±5.02 5.55±2.76 3.47±2.30 

55 Rhaphidophora pertusa  14.62±4.97 48.01±2.00 27.59±3.51 33.21±3.45 8.31±3.74 21.30±2.11 

56 Schleichera oleosa  28.05±1.34 21.29±1.61 35.20±1.30 48.09±1.43 38.35±1.73 31.27±1.62 

57 Senna alata 33.47±1.14 28.63±2.34 39.77±1.33 35.49±2.75 24.32±1.41 20.48±4.95 

58 Sauropus androgynus  28.64±3.68 81.36±0.65 68.56±2.52 46.32±1.19 34.26±1.62 27.60±2.23 

59 Stachytarpheta indica  26.14±1.13 32.93±3.81 69.88±2.65 88.53±2.36 77.44±1.85 26.03±3.39 

60 Strobilanthes heyneanus  15.24±2.31 84.97±1.90 51.13±0.64 40.59±3.25 22.44±3.39 14.62±1.67 

61 Strychnos nux-vomica 38.16±1.09 45.89±3.74 36.46±1.06 24.76±2.40 14.89±2.34 8.56±1.23 

62 Synedrella nodiflora  1.44±2.09 3.92±2.97 34.13±2.99 39.22±1.46 0.83±0.21 9.16±2.29 

63 Talinum portulacifolium  22.81±1.87 9.42±0.99 8.23±1.19 7.90±0.94 17.05±0.98 16.98±1.82 

64 Terminalia arjuna  33.73±2.53 49.86±2.90 36.27±4.00 37.51±1.19 0.86±1.28 39.61±1.23 

65 Thevetia peruviana 59.39±1.65 90.09±0.78 98.17±0.62 91.52±0.74 14.57±0.78 35.61±4.16 

66 Thunbergia erecta  15.75±2.48 2.39±1.98 1.63±2.36 6.22±2.55 1.68±1.51 0.33±1.64 

67 Thunbergia grandiflora 20.14±1.56 15.45±1.40 21.37±1.70 8.53±3.24 27.44±1.80 7.26±1.34 
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68 Torenia bicolor  2.85±2.33 46.27±0.82 9.95±1.50 31.55±5.32 36.16±2.18 29.34±4.06 

69 Trema orientale 1.06±1.18 17.91±0.84 3.05±2.58 20.77±3.11 33.14±6.03 35.61±1.87 

70 Vitex altissima  36.88±2.58 14.42±3.25 30.48±3.99 4.92±1.76 5.67±0.84 10.44±2.41 

71 Wattakaka volubilis 15.88±3.38 28.94±0.94 17.50±1.09 45.90±2.96 17.46±1.43 5.54±2.82 
The percentage mortality above 3.50% compared to control are significant with a p value <0.05. Difference in percentage mortality of the DMSO control 

compared to cell alone (without DMSO) is not significant (p>0.05).  Percentage mortalities above 90.00% are shown in bold. 

1.3.1.8. Screening of plant extracts for cytotoxicity against PA1 

Table 1.3.8 presents the screening results of 426 extracts against the human ovarian cancer cell line, PA1. The study revealed that 86 

extracts caused mortality exceeding 50.00% on PA1 cell line, with 35 extracts resulting in mortality above 90.00%. The acetone extract 

of Alangium salviifolium exhibited the highest toxicity with a percentage mortality of 99.91±0.18%. This was followed by the ethyl 

acetate extracts of Pancratium triflorum leaf (99.81±0.18%) and bulb (99.74±0.14%), as well as the chloroform extracts of Otacanthus 

caeruleus leaf (99.67±0.60%) Leucas aspera (99.52±0.31%) and Alangium salviifolium (99.42±0.38%). 

Table 1.3.8. Percentage mortality of the plant extracts at 100 µg/mL on the ovarian cancer cell line, PA1 after 48 hours. 

Sl. No. Plant Sample 
Percentage Mortality (48 hours) 

Petroleum ether Chloroform Ethyl acetate Acetone Methanol Water 

1 Acalypha fruiticosa  17.66±2.73 23.56±3.55 40.66±1.41 38.42±3.54 36.51±2.48 25.85±3.20 

2 Alangium salviifolium  30.76±1.11 99.42±0.38 82.91±1.23 99.91±0.18 99.13±0.38 75.65±2.15 

3 Anamirta cocculus 4.77±2.81 7.19±0.84 98.64±0.40 92.71±0.58 4.06±1.43 28.69±2.21 

4 Antigonon leptopus  10.16±2.30 53.75±2.57 1.71±2.22 67.19±2.16 15.73±1.63 27.60±1.22 

5 Argyreia pomacea  24.36±2.98 22.07±3.20 45.79±1.49 43.56±2.63 38.41±3.66 25.99±2.35 
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6 Bauhinia phoenicea  96.74±0.54 99.28±0.16 10.35±2.72 37.64±3.15 14.36±3.20 10.80±2.48 

7 Bridelia retusa  33.39±4.86 55.91±0.55 43.23±4.00 41.91±3.66 32.73±4.70 18.48±1.57 

8 Calopogonium mucunoides  2.29±1.96 8.11±1.46 57.76±0.97 43.72±3.25 42.07±1.81 7.61±2.98 

9 Carl rheedii 7.33±4.86 35.59±0.98 24.32±1.64 34.19±1.57 27.39±5.26 18.48±3.16 

10 Cassia javanica  8.19±2.36 34.37±2.00 33.40±5.82 10.94±1.36 15.96±2.93 31.55±1.67 

11 Chassalia curviflora 6.23±2.23 2.94±1.00 15.65±0.52 23.40±1.51 98.92±0.35 24.56±1.36 

12 Cheilocostus speciosus  26.28±3.96 12.27±1.71 28.13±4.578 21.94±2.26 22.92±2.59 17.50±5.45 

13 Chrysophyllum cainito 28.35±3.08 22.74±1.71 26.56±2.11 46.00±5.16 22.92±2.59 17.50±4.47 

14 Cipadessa baccifera leaf 47.55±0.79 77.89±1.21 49.25±1.25 54.11±3.24 58.06±2.25 39.71±2.04 

15 Cipadessa baccifera  seed 39.85±0.79 25.45±1.08 8.65±1.21 51.72±2.51 56.36±0.79 32.65±3.57 

16 Cissus discolor 19.40±3.98 6.34±3.51 47.69±3.14 4.38±2.14 7.51±3.23 16.92±1.96 

17 Cochlospermum religiosum  22.74±2.65 38.21±2.37 14.04±3.13 12.10±2.29 41.56±4.21 33.88±0.98 

18 Combretum indicum  15.72±1.67 6.39±1.38 3.37±1.10 0.90±0.53 64.56±2.28 95.71±1.25 

19 Conyza canadensis  41.09±3.24 98.06±2.53 70.99±6.78 49.26±4.48 51.59±3.26 56.75±5.99 

20 Cyclea peltata  4.73±1.31 3.89±1.00 90.73±0.22 68.18±0.50 11.23±1.28 5.01±1.37 

21 Drypetes venusta  15.84±1.01 42.32±2.85 32.89±2.29 16.04±0.65 35.19±4.21 26.50±0.54 

22 Entada rheedii  94.46±1.02 99.36±0.17 92.50±0.75 93.10±0.55 13.10±1.78 31.19±0.75 

23 Euphorbia heterophylla  6.42±2.03 27.89±2.01 0.83±1.23 4.91±1.91 1.89±1.05 50.99±2.96 

24 Euphorbia tithymaloides 45.87±3.87 36.03±1.52 33.96±1.84 19.78±2.64 34.78±2.05 28.61±8.52 

25 Gardenia jasminoides  3.42±1.16 4.74±1.08 3.41±0.67 27.16±1.69 6.75±1.82 6.92±0.99 

26 Getonia floribunda  94.46±1.02 99.36±0.17 92.50±0.75 93.10±0.55 13.10±1.78 31.19±0.75 

27 Globba schomburgkii 25.52±2.29 12.70±3.10 29.18±3.92 17.67±4.26 29.30±2.90 28.80±1.29 

28 Hamelia patens  6.12±3.71 21.76±3.29 25.92±2.67 73.05±1.58 35.42±2.13 4.61±1.13 

29 Hewittia malabarica  26.60±3.04 62.42±3.01 97.23±0.82 28.98±3.57 73.21±4.67 5.01±2.92 
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30 Impatiens minor 5.69±3.18 1.11±4.30 2.18±3.74 16.05±2.23 33.17±4.25 25.25±2.81 

31 Jasminum grandiflorum  25.91±6.10 19.42±2.43 22.31±3.88 31.62±4.56 21.46±1.23 28.78±5.95 

32 Justicia nagpurensis  23.56±6.10 50.58±1.02 22.40±1.68 34.09±1.01 35.77±2.82 25.06±1.57 

33 Justicia wynaadensis 19.10±1.78 37.21±0.94 4.01±3.30 1.71±3.00 1.75±3.64 3.03±4.32 

34 Laggera alata 90.93±0.42 97.98±0.25 97.74±0.17 93.31±0.40 92.13±0.91 14.03±2.78 

35 Lannea coromandelica  34.49±7.42 25.97±2.71 50.81±3.47 40.27±1.44 35.01±3.85 20.99±1.42 

36 Leea indica  10.32±1.56 18.61±3.00 3.59±1.71 13.79±0.85 2.56±0.45 1.35±0.92 

37 Lecanthus peduncularis  18.51±2.11 24.40±1.31 5.90±2.35 23.89±1.12 27.01±1.09 32.15±1.90 

38 Leucas aspera  24.26±1.70 99.52±0.31 38.73±1.54 52.09±2.68 45.66±3.06 17.29±2.60 

39 Lobelia alsinoides  20.30±1.96 0.45±0.41 27.48±2.73 14.34±2.84 14.56±1.59 22.36±1.70 

40 Lophopetalum wightianum  26.46±3.46 32.67±2.93 1.63±3.66 45.71±0.86 4.88±3.63 2.93±2.23 

41 Melia dubia  17.70±2.19 92.51±0.88 7.33±1.76 39.93±1.84 14.26±1.17 3.48±1.71 

42 Micrococca mercurialis  10.96±2.93 8.69±3.07 7.69±3.73 3.59±2.82 7.39±2.89 52.57089 

43 Murraya paniculata  26.58±5.84 32.44±3.38 49.02±4.10 2.15±0.94 6.55±1.34 5.03±1.48 

44 Otacanthus caeruleus flower 75.83±0.70 97.53±0.58 33.83±0.90 33.59±1.39 25.37±4.17 20.77±1.02 

45 Otacanthus caeruleus leaf 90.09±1.03 99.67±0.60 68.48±2.81 52.54±3.05 1.87±2.02 15.30±2.06 

46 Pancratium triflorum bulb 48.25±2.19 82.56±2.69 99.74±0.14 99.41±0.52 54.31±3.44 50.41±4.24 

47 Pancratium triflorum leaf 57.09±3.16 55.94±2.79 99.81±0.18 50.02±4.53 53.47±3.90 60.10±2.49 

48 Pereskia aculeate  37.34±1.28 5.67±3.68 8.77±1.03 1.69±1.66 11.35±2.61 39.47±4.90 

49 Phyllanthus simplex  35.55±2.39 44.69±3.47 32.75±2.01 28.59±1.82 31.16±2.23 17.98±2.54 

50 Pithecellobium dulce  9.22±3.50 42.72±0.92 63.59±2.26 51.33±2.93 46.92±1.29 25.37±3.96 

51 Pothos scandens  72.36±1.52 43.26±3.56 16.69±2.17 14.50±3.33 18.98±4.64 11.38±2.99 

52 Ricinus communis 39.43±2.96 21.25±6.23 19.33±3.69 28.12±1.81 45.60±5.38 16.63±3.24 

53 Rauvolfia tetraphylla leaf 36.01±1.11 34.94±1.18 44.19±2.94 39.06±2.19 37.17±1.81 5.96±0.83 
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54 Rauvolfia tetraphylla seed 46.85±1.09 37.56±1.99 28.17±1.55 35.91±1.90 23.41±1.45 39.46±1.66 

55 Rhaphidophora pertusa  30.00±3.89 46.92±2.60 33.88±4.15 43.47±4.42 37.57±4.50 24.62±3.79 

56 Schleichera oleosa  9.56±2.94 17.93±2.29 14.23±1.78 88.78±0.79 4.67±2.14 21.68±2.28 

57 Senna alata 24.76±3.25 64.51±2.88 65.12±4.57 40.52±5.20 31.33±3.69 42.40±4.05 

58 Sauropus androgynus  21.54±3.16 42.72±1.91 63.59±2.02 51.33±2.93 45.12±1.29 25.37±2.40 

59 Stachytarpheta indica  29.07±2.81 74.18±1.11 70.70±4.97 61.39±6.95 44.99±2.50 55.65±3.56 

60 Strobilanthes heyneanus  22.89±1.28 56.67±2.71 50.81±2.54 40.27±3.59 35.01±6.39 20.99±1.42 

61 Strychnos nux-vomica 46.53±6.92 21.11±1.78 23.88±1.55 45.84±1.86 37.57±1.45 46.16±3.79 

62 Synedrella nodiflora  6.05±0.44 4.28±1.06 23.40±1.49 7.66±0.70 34.08±0.55 39.98±5.14 

63 Talinum portulacifolium  27.93±3.58 22.44±2.82 29.16±4.22 39.70±6.42 40.28±4.22 33.11±1.86 

64 Terminalia arjuna  1.20±0.35 23.51±0.86 44.32±2.56 53.65±1.80 5.88±1.85 5.09±2.14 

65 Thevetia peruviana 51.06±0.86 97.48±0.29 94.46±0.52 86.67±0.78 57.60±0.35 29.12±1.90 

66 Thunbergia erecta  23.51±5.36 40.64±1.28 35.97±1.98 40.05±2.04 37.40±1.74 11.56±1.39 

67 Thunbergia grandiflora 21.51±2.66 17.43±3.54 13.53±1.75 39.07±0.83 14.44±2.16 38.43±3.39 

68 Torenia bicolor  9.29±1.20 29.17±3.62 7.74±1.66 31.17±4.52 28.44±1.22 26.87±1.84 

69 Trema orientale 25.52±2.92 12.70±1.01 29.18±2.00 20.18±2.62 29.29±2.13 28.80±2.91 

70 Vitex altissima  5.49±1.73 0.72±2.49 19.97±2.57 49.84±1.98 16.74±2.10 5.16±1.07 

71 Wattakaka volubilis 15.22±2.64 24.16±3.18 10.34±4.01 19.15±3.60 34.89±1.07 16.20±1.39 

The percentage mortality above 3.50% compared to control are significant with a p value <0.05. Difference in percentage mortality of the DMSO control 
compared to cell alone (without DMSO) is not significant (p>0.05).  Percentage mortalities above 90.00% are shown in bold. 
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Screening of plant extracts for cytotoxicity against PANC1 

Of the plant extracts tested, thirty-six plant extracts exhibited percentage mortality above 50.00% on the pancreatic cancer cell line, 

PANC1. Of these, seven extracts caused more than 90.00% mortality. The highest percentage mortality was observed with the 

Otacanthus caeruleus flower extract (99.71±2.65%), followed by the methanol extract of Alangium salviifolium (98.06±0.29%) (Table 

1.3.9). 

Table 1.3.9. Percentage mortality of the plant extracts at 100 µg/mL on the pancreatic cancer cell line, PANC1 after 48 hours. 

Sl. No. Plant Sample 
Percentage Mortality (48 hours) 

Petroleum ether Chloroform Ethyl acetate Acetone Methanol Water 

1 Acalypha fruiticosa  5.34±2.67 27.88±6.18 11.36±4.36 16.15±1.49 7.14±5.44 10.46±2.09 

2 Alangium salviifolium  50.07±1.91 84.26±0.73 69.32±2.46 79.82±1.66 98.06±0.29 73.23±2.42 

3 Anamirta cocculus 24.73±2.31 24.35±1.08 79.16±1.32 33.46±1.75 28.13±3.91 26.79±1.65 

4 Antigonon leptopus  3.15±0.79 2.05±1.57 9.46±4.10 12.72±4.81 6.76±1.74 2.61±3.52 

5 Argyreia pomacea  26.59±3.67 29.33±4.66 36.16±3.87 9.65±0.77 13.77±1.33 13.70±1.38 

6 Bauhinia phoenicea  28.46±1.08 21.56±2.67 33.63±6.17 25.35±3.49 15.88±2.09 8.17±5.44 

7 Bridelia retusa  4.93±2.25 7.18±3.34 12.11±2.85 18.59±1.72 18.94±3.76 9.77±1.64 

8 Calopogonium mucunoides  9.36±1.60 12.49±2.69 23.85±2.48 13.37±1.86 22.65±3.96 26.49±3.10 

9 Carl rheedii 12.36±1.46 25.75±1.98 21.36±2.65 18.74±2.33 19.36±0.99 13.49±1.86 

10 Cassia javanica  13.99±3.08 24.56±2.46 30.16±1.00 24.50±4.02 26.11±1.99 34.62±2.30 

11 Chassalia curviflora 34.85±1.23 29.09±1.83 28.45±0.49 37.46±1.89 69.85±2.39 50.96±0.58 

12 Cheilocostus speciosus  26.98±1.85 40.68±0.76 37.95±1.69 31.57±0.67 26.67±5.58 21.58±1.86 

13 Chrysophyllum cainito 8.85±0.46 9.47±1.06 18.54±7.49 30.94±0.90 11.49±6.03 30.34±3.79 

14 Cipadessa baccifera leaf 4.27±1.01 6.24±2.76 14.45±2.00 19.28±2.96 5.41±0.69 13.32±1.69 
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15 Cipadessa baccifera  seed 34.37±2.68 24.62±3.12 7.47±2.58 18.74±1.44 13.74±2.30 21.04±3.84 

16 Cissus discolor 4.88±1.85 9.47±3.11 30.34±4.89 3.09±1.11 11.49±2.84 18.03±2.06 

17 Cochlospermum religiosum  7.02±4.79 9.34±3.25 29.04±3.36 34.31±2.99 13.92±3.65 19.92±2.93 

18 Combretum indicum  1.67±1.84 8.74±3.20 7.69±2.09 3.65±1.40 21.17±2.96 39.40±2.26 

19 Conyza canadensis  25.57±3.21 38.67±2.04 21.67±3.08 21.50±3.36 32.11±1.42 8.71±3.05 

20 Cyclea peltata  20.32±1.48 2.32±1.21 25.44±1.46 32.14±1.66 28.23±1.00 13.85±3.05 

21 Drypetes venusta  31.57±2.09 5.06±2.34 31.06±2.67 44.14±2.96 32.57±2.03 21.56±2.48 

22 Entada rheedii  23.79±1.67 46.13±5.61 48.53±1.22 30.95±1.76 24.87±1.23 25.65±3.69 

23 Euphorbia heterophylla  9.08±1.20 0.97±0.95 1.85±2.17 30.94±1.11 3.88±0.86 8.19±0.77 

24 Euphorbia tithymaloides 12.19±0.61 26.78±1.33 18.27±3.96 26.99±0.96 13.14±0.54 11.45±0.50 

25 Gardenia jasminoides  4.27±1.01 6.24±2.76 14.45±2.00 19.28±2.96 27.32±0.69 13.32±1.69 

26 Getonia floribunda  88.63±0.79 93.10±0.59 31.23±1.97 71.34±1.30 10.18±3.01 4.01±1.80 

27 Globba schomburgkii 25.80±3.53 20.13±1.35 37.51±2.85 33.11±1.11 14.24±0.99 32.09±2.00 

28 Hamelia patens  18.89±0.86 23.15±2.69 33.46±1.32 22.85±2.65 9.15±2.34 22.80±2.36 

29 Hewittia malabarica  6.32±1.92 6.77±1.48 11.72±1.46 16.23±1.23 10.51±1.76 5.07±0.90 

30 Impatiens minor 15.26±6.32 16.88±4.14 8.32±2.35 21.26±4.21 24.64±1.10 20.47±1.12 

31 Jasminum grandiflorum  25.07±3.56 31.69±3.61 34.14±2.86 6.30±0.71 3.91±1.13 13.97±1.91 

32 Justicia nagpurensis  16.56±1.97 20.34±3.77 18.79±1.53 32.87±2.46 8.32±2.14 15.85±2.09 

33 Justicia wynaadensis 9.46±2.22 1.45±2.37 0.56±1.85 16.94±3.84 19.47±2.36 15.51±3.40 

34 Laggera alata 64.81±1.24 56.86±2.57 35.81±3.03 56.52±1.40 28.44±2.13 12.17±3.07 

35 Lannea coromandelica  6.86±2.22 5.58±2.63 20.79±2.61 23.13±2.15 10.16±2.80 10.75±4.19 

36 Leea indica  14.78±1.90 15.99±0.82 20.16±1.59 42.57±2.84 38.90±1.33 33.45±1.86 

37 Lecanthus peduncularis  2.49±2.27 29.55±0.77 4.05±1.16 19.05±3.59 8.74±2.02 28.04±3.06 

38 Leucas aspera  28.88±1.56 86.27±0.46 58.17±2.10 37.15±1.30 25.49±1.96 31.26±1.86 

39 Lobelia alsinoides  6.69±1.78 16.45±2.71 30.65±2.16 21.50±2.34 15.53±1.42 9.87±3.05 

40 Lophopetalum wightianum  5.75±2.03 4.15±2.56 6.35±1.70 25.84±1.80 4.01±1.38 2.63±1.62 

41 Melia dubia  97.48±1.77 48.85±3.02 24.17±3.48 26.87±3.69 42.59±3.54 22.51±2.25 
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42 Micrococca mercurialis  1.83±2.58 5.10±1.22 1.03±2.60 2.96±2.57 3.29±1.09 3.58±0.59 

43 Murraya paniculata  19.65±1.89 12.37±2.79 34.63±0.98 1.20±2.55 4.15±3.00 1.69±2.84 

44 Otacanthus caeruleus flower 57.35±2.90 99.71±2.65 5.20±1.20 3.91±1.23 4.98±1.05 6.07±0.73 

45 Otacanthus caeruleus leaf 61.62±2.20 86.77±1.86 12.56±2.34 11.26±1.42 4.40±1.82 7.33±2.89 

46 Pancratium triflorum bulb 63.33±0.95 82.96±1.10 89.27±1.59 82.55±2.16 68.57±2.68 61.05±2.27 

47 Pancratium triflorum leaf 43.02±2.56 60.66±3.09 88.13±1.27 81.32±2.63 42.92±2.05 81.41±2.78 

48 Pereskia aculeate  21.39±3.42 9.92±2.16 43.20±3.24 8.30±4.36 3.50±2.38 6.43±1.86 

49 Phyllanthus simplex  19.05±1.34 4.27±1.98 28.04±3.06 5.20±2.19 31.82±1.56 26.41±2.94 

50 Pithecellobium dulce  16.51±1.33 2.26±2.11 18.57±2.13 5.90±1.10 20.06±1.22 20.76±1.95 

51 Pothos scandens  1.92±2.92 46.14±3.48 46.47±2.57 0.97±3.00 3.59±3.07 3.57±3.40 

52 Ricinus communis 26.12±1.40 16.56±3.11 27.93±1.88 12.39±3.58 22.89±2.15 29.28±3.98 

53 Rauvolfia tetraphylla leaf 20.72±1.41 17.97±3.39 30.18±3.51 21.93±1.33 35.34±5.60 27.73±3.27 

54 Rauvolfia tetraphylla seed 77.35±1.79 35.80±3.67 20.20±4.36 23.90±6.74 17.23±4.88 1.90±1.86 

55 Rhaphidophora pertusa  17.56±0.54 22.15±2.65 13.77±3.16 20.56±5.60 23.99±4.99 24.99±0.51 

56 Schleichera oleosa  4.03±1.19 5.45±1.08 3.41±0.78 9.81±3.57 14.82±5.15 8.24±3.07 

57 Senna alata 8.75±2.76 18.83±1.55 30.28±4.48 28.52±5.73 35.45±1.02 28.04±3.48 

58 Sauropus androgynus  18.81±3.56 16.95±2.05 46.79±2.75 37.47±3.33 35.28±2.61 30.83±2.13 

59 Stachytarpheta indica  29.35±1.07 20.37±2.33 39.42±1.99 48.87±1.00 24.36±1.86 18.88±1.31 

60 Strobilanthes heyneanus  12.69±2.24 16.56±3.12 18.07±2.73 10.55±3.46 1.57±0.74 28.84±3.00 

61 Strychnos nux-vomica 36.39±3.50 18.65±4.09 35.54±2.03 14.43±0.81 13.69±1.84 21.36±2.33 

62 Synedrella nodiflora  17.79±6.36 40.04±2.17 20.20±3.21 5.90±2.96 14.45±3.55 40.95±1.19 

63 Talinum portulacifolium  15.92±1.21 13.15±1.91 38.92±1.23 17.97±2.70 17.98±1.44 12.02±1.52 

64 Terminalia arjuna  17.47±3.25 20.48±2.89 21.64±3.97 19.85±3.65 3.14±2.22 0.31±2.61 

65 Thevetia peruviana 0.74±1.52 95.39±0.41 95.37±0.26 92.81±0.36 72.05±2.11 23.40±0.84 

66 Thunbergia erecta  7.19±2.16 27.81±1.31 18.53±2.10 12.88±5.51 28.69±1.60 22.11±1.26 

67 Thunbergia grandiflora 3.25±2.49 14.58±1.77 10.90±1.45 22.06±1.17 5.48±1.27 8.07±1.04 

68 Torenia bicolor  12.82±3.98 46.17±3.37 6.11±2.20 5.80±1.03 5.66±1.02 8.18±2.89 
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69 Trema orientale 0.14±2.02 0.55±1.82 17.04±2.80 1.35±1.42 55.49±1.62 1.81±1.88 

70 Vitex altissima  39.61±3.13 33.78±3.89 29.66±3.28 15.15±4.73 10.71±2.89 1.93±2.28 

71 Wattakaka volubilis 16.66±2.66 9.35±1.60 22.83±2.80 13.91±1.01 17.09±1.40 9.37±1.22 
The percentage mortality above 3.50% compared to control are significant with a p value <0.05. Difference in percentage mortality of the DMSO control 
compared to cell alone (without DMSO) is not significant (p>0.05).  Percentage mortalities above 90.00% are shown in bold. 

1.3.1.10. Screening of plant extracts for cytotoxicity against UM-SCC-83B 

More than 50.00% mortality was shown by 48 extracts, when tested on UM-SCC-83B.  Among these, six extracts caused a percentage 

mortality exceeding 90.00%. The chloroform extracts of Alangium salviifolium and Leucas aspera showed the highest percentage 

mortality, both at 99.37±0.86% and 99.37±1.13%, respectively. Additionally, the ethyl acetate extract of Pancratium triflorum bulb 

exhibited a percentage mortality of 92.07±0.44% (Table 1.3.10). 

Table 1.3.10. Percentage mortality of the plant extracts at 100 µg/mL on the oral cancer cell line, UM-SCC-83B after 48 hours. 

Sl. No. Plant Sample 
Percentage Mortality (48 hours) 

Petroleum ether Chloroform Ethyl acetate Acetone Methanol Water 

1 Acalypha fruiticosa  0.48±2.09 5.75±1.53 0.41±2.02 6.37±3.59 0.54±1.94 13.05±1.00 

2 Alangium salviifolium  12.00±2.75 99.37±0.86 65.63±1.90 91.26±0.51 91.23±0.62 62.93±1.75 

3 Anamirta cocculus 7.51±2.61 1.61±1.60 62.44±1.07 61.59±0.77 43.93±0.10 24.42±3.29 

4 Antigonon leptopus  3.55±1.75 13.17±4.49 11.56±1.42 48.15±1.29 16.02±2.78 19.01±2.81 

5 Argyreia pomacea  6.57±2.44 6.25±2.22 5.14±3.17 16.54±2.23 21.34±1.94 9.64±1.45 

6 Bauhinia phoenicea  3.50±3.72 4.65±4.48 20.50±2.49 11.57±0.50 7.08±3.11 3.52±3.24 

7 Bridelia retusa  9.91±2.44 3.80±1.92 6.85±1.34 32.84±1.66 21.67±1.31 1.93±0.44 

8 Calopogonium mucunoides  21.95±3.30 17.85±2.74 21.69±2.84 35.85±2.65 26.35±2.53 14.64±1.89 

9 Carl rheedii 7.97±0.93 16.29±0.79 12.69±0.85 18.55±1.47 19.42±1.63 5.07±0.37 
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10 Cassia javanica  17.26±1.56 25.51±1.13 38.51±3.12 41.83±1.95 30.18±2.37 22.00±1.26 

11 Chassalia curviflora 17.51±1.94 12.77±2.05 40.68±2.75 69.47±3.08 85.54±3.26 30.83±2.13 

12 Cheilocostus speciosus  25.40±1.98 18.43±2.04 17.56±3.65 23.75±1.88 52.50±3.34 55.47±3.36 

13 Chrysophyllum cainito 13.27±2.60 14.66±2.59 13.05±3.54 35.41±2.14 11.78±0.46 27.94±1.73 

14 Cipadessa baccifera leaf 33.65±1.99 38.26±1.91 25.92±0.76 28.82±1.17 20.28±1.84 29.49±2.96 

15 Cipadessa baccifera  seed 79.23±3.37 81.31±4.54 12.55±1.33 25.56±2.68 22.05±2.68 20.04±2.61 

16 Cissus discolor 18.81±2.75 59.94±2.47 9.77±2.21 9.62±3.41 37.01±4.58 37.06±2.64 

17 Cochlospermum religiosum  0.95±0.19 14.01±1.05 9.70±0.67 1.62±0.36 20.28±2.20 3.14±0.69 

18 Combretum indicum  74.78±3.66 61.50±6.00 61.08±3.06 25.90±2.15 62.63±0.86 74.25±1.71 

19 Conyza canadensis  54.87±2.64 14.77±2.68 19.29±2.41 21.59±3.76 31.26±3.15 38.75±1.52 

20 Cyclea peltata  11.61±2.31 28.41±2.89 39.82±3.47 18.46±2.02 22.41±1.67 14.92±2.26 

21 Drypetes venusta  9.43±1.30 6.92±1.59 43.58±1.49 14.03±2.93 7.72±1.34 13.50±2.32 

22 Entada rheedii  10.25±2.85 2.17±1.55 9.59±3.11 4.98±0.97 3.27±1.86 5.25±1.97 

23 Euphorbia heterophylla  32.50±1.59 33.90±3.16 41.63±1.25 21.64±2.56 16.06±4.42 13.60±3.68 

24 Euphorbia tithymaloides 23.56±3.70 30.81±0.57 28.64±2.39 36.44±1.34 35.31±2.50 29.99±1.42 

25 Gardenia jasminoides  15.95±2.04 1.97±1.11 4.36±1.63 6.72±4.37 1.39±0.62 40.82±2.93 

26 Getonia floribunda  35.06±1.29 70.69±2.53 52.52±4.61 68.86±3.35 29.39±1.05 25.89±2.29 

27 Globba schomburgkii 13.46±6.16 40.66±3.91 30.89±1.35 33.28±1.70 30.32±3.96 8.91±1.21 

28 Hamelia patens  30.83±3.88 31.84±1.80 47.85±3.24 14.85±3.84 41.93±3.87 42.39±2.62 

29 Hewittia malabarica  26.58±2.59 32.54±2.53 34.05±2.94 39.93±3.46 39.42±2.32 21.16±2.75 

30 Impatiens minor 19.90±3.09 9.16±5.49 20.64±2.33 44.51±4.06 34.09±3.07 20.79±1.85 

31 Jasminum grandiflorum  13.55±1.87 4.49±2.07 0.56±1.85 25.36±1.58 38.31±2.58 14.57±3.21 

32 Justicia nagpurensis  7.92±2.21 12.20±1.85 11.72±0.61 8.83±1.87 7.60±2.34 11.19±2.05 

33 Justicia wynaadensis 4.32±1.10 1.81±1.32 0.92±1.84 4.93±2.96 2.60±2.06 7.52±2.50 

34 Laggera alata 30.01±2.24 42.67±1.69 3.78±3.26 11.82±2.99 6.40±3.86 6.34±2.17 

35 Lannea coromandelica  6.45±1.78 3.49±1.04 4.55±1.05 22.01±1.96 22.64±1.59 22.14±3.22 

36 Leea indica  32.46±1.80 20.20±3.36 33.79±2.88 20.42±2.23 21.07±3.86 38.00±4.09 
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37 Lecanthus peduncularis  14.80±±1.11 36.04±3.56 21.47±2.77 21.45±2.32 39.86±3.43 22.11±2.48 

38 Leucas aspera  3.94±1.76 99.37±1.13 4.66±3.79 31.73±2.38 37.84±2.48 20.78±1.86 

39 Lobelia alsinoides  36.04±2.61 13.73±2.45 41.88±1.76 23.20±2.19 16.88±1.55 36.89±1.65 

40 Lophopetalum wightianum  20.05±3.40 26.54±3.09 27.63±1.30 57.76±0.78 35.51±3.91 32.14±1.73 

41 Melia dubia  63.57±2.72 89.22±0.69 56.39±3.57 8.58±4.63 32.98±2.16 13.71±2.33 

42 Micrococca mercurialis  20.23±4.27 2.95±2.45 20.30±1.23 25.29±3.41 14.52±3.86 40.49±3.13 

43 Murraya paniculata  8.03±3.71 29.22±1.63 33.47±2.13 31.09±5.92 36.49±1.70 28.69±1.59 

44 Otacanthus caeruleus flower 12.67±0.78 58.60±1.47 5.35±0.64 11.87±1.59 9.42±0.78 10.86±1.84 

45 Otacanthus caeruleus leaf 0.85±3.09 0.40±2.44 2.61±1.76 3.27±6.94 2.58±4.30 6.89±4.62 

46 Pancratium triflorum bulb 66.32±2.02 89.15±1.09 92.07±0.44 88.32±1.67 76.91±1.51 58.38±1.80 

47 Pancratium triflorum leaf 46.34±1.59 78.52±1.46 91.36±0.83 79.45±0.48 55.58±1.48 81.50±0.96 

48 Pereskia aculeate  7.08±3.11 3.52±3.24 12.27±2.91 5.57±5.18 7.59±2.97 28.14±1.80 

49 Phyllanthus simplex  6.57±1.28 28.25±2.57 58.23±1.75 8.45±2.24 5.19±1.91 5.74±1.39 

50 Pithecellobium dulce  14.66±0.87 9.27±0.80 14.09±0.64 3.42±0.61 12.01±3.37 23.25±3.55 

51 Pothos scandens  6.63±1.88 14.63±2.84 21.62±1.59 1.71±1.75 1.33±1.82 0.94±2.13 

52 Ricinus communis 7.48±4.21 3.66±2.02 0.93±3.00 1.87±2.45 5.63±2.46 1.25±3.55 

53 Rauvolfia tetraphylla leaf 15.02±3.99 49.44±5.01 6.52±1.57 19.54±2.15 25.76±0.16 15.86±1.27 

54 Rauvolfia tetraphylla seed 9.15±5.01 54.08±2.30 16.37±3.29 8.84±0.96 23.81±1.97 22.06±4.96 

55 Rhaphidophora pertusa  11.68±2.73 33.03±3.00 35.09±3.64 28.11±1.61 18.81±4.53 5.24±2.08 

56 Schleichera oleosa  16.01±1.32 5.41±0.96 4.85±1.18 1.69±1.80 23.13±2.21 7.10±1.57 

57 Senna alata 2.08±3.37 1.94±5.34 3.18±0.85 0.09±3.74 3.28±3.63 0.75±4.16 

58 Sauropus androgynus  28.00±5.01 28.88±1.47 16.46±2.16 52.15±1.45 19.66±3.17 36.00±2.94 

59 Stachytarpheta indica  33.30±1.06 36.29±2.31 70.80±1.57 86.45±1.32 56.15±1.91 27.65±1.67 

60 Strobilanthes heyneanus  1.42±2.61 2.87±1.55 4.45±1.76 0.04±1.63 4.58±1.00 1.32±2.61 

61 Strychnos nux-vomica 19.68±2.75 17.13±1.95 24.00±3.12 7.01±1.78 5.47±1.49 3.17±0.72 

62 Synedrella nodiflora  14.79±2.81 16.59±3.84 32.40±2.50 40.57±2.65 23.39±6.51 12.87±2.63 

63 Talinum portulacifolium  23.09±2.76 40.88±1.55 30.28±2.60 28.52±1.68 35.45±1.02 48.04±3.48 
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64 Terminalia arjuna  10.65±2.85 18.03±4.28 39.75±2.51 27.64±1.36 5.84±0.86 1.13±1.43 

65 Thevetia peruviana 15.40±2.50 89.58±0.78 82.95±1.15 75.32±1.17 37.13±2.27 31.32±3.24 

66 Thunbergia erecta  12.44±3.36 46.58±3.05 22.09±3.57 35.37±4.88 45.33±1.27 29.82±3.46 

67 Thunbergia grandiflora 11.19±0.94 12.77±3.46 9.09±0.75 46.95±3.31 35.28±2.39 30.83±4.21 

68 Torenia bicolor  15.15±3.52 55.01±2.94 14.51±2.71 22.54±3.10 26.29±1.42 24.73±2.60 

69 Trema orientale 15.63±3.10 13.39±3.92 10.46±2.57 19.66±2.16 33.74±3.73 23.13±3.86 

70 Vitex altissima  31.57±2.13 36.91±2.08 24.93±2.11 6.36±1.62 5.21±0.98 8.60±2.47 

71 Wattakaka volubilis 8.41±0.44 9.91±1.06 12.56±0.90 5.48±1.27 26.35±2.87 18.90±2.04 
The percentage mortality above 3.50% compared to control are significant with a p value <0.05. Difference in percentage mortality of the DMSO control 
compared to cell alone (without DMSO) is not significant (p>0.05).  Percentage mortalities above 90.00% are shown in bold. 

1.3.1.11. Screening of plant extracts for cytotoxicity against HaCaT 

To assess the differential cytotoxicity of the plant extracts, their effects were also evaluated on the non-cancerous human keratinocyte 

cell line, HaCaT. Among the screened extracts, 50 extracts were found to be less toxic to the HaCaT cell line, with percentage mortality 

less than 20.00%. Additionally, 295 extracts exhibited a mortality rate below 50.00% (Table 1.3.11). Some of the plant extracts with 

high cytotoxicity on cancer cell lines displayed less toxicity to HaCaT revealing their specific toxicity to cancer cell lines. Such extracts 

are promising candidates for isolation of anticancer molecules as they have selective toxicity towards cancer cell lines. 

Table 1.3.11. Percentage mortality of the plant extracts at 100 µg/mL on the normal keratinocyte cell line, HaCaT after 48 hours. 

Sl. No. Plant Sample 
Percentage Mortality (48 hours) 

Petroleum ether Chloroform Ethyl acetate Acetone Methanol Water 

1 Acalypha fruiticosa  0.12±1.96 17.33±1.59 0.14±1.49 9.09±1.61 5.22±2.78 13.17±2.22 

2 Alangium salviifolium  54.19±0.99 77.74±0.32 52.30±0.93 71.86±1.11 65.15±1.01 47.65±1.03 

3 Anamirta cocculus 5.43±1.90 17.55±2.64 1.72±0.73 30.23±1.00 10.57±1.88 29.54±3.29 
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4 Antigonon leptopus  2.37±1.49 2.75±0.74 8.01±2.38 64.85±1.83 3.11±1.42 5.45±1.04 

5 Argyreia pomacea  26.37±5.09 12.87±1.32 3.77±2.65 18.65±3.87 15.35±1.29 3.88±2.46 

6 Bauhinia phoenicea  2.55±0.99 4.69±2.00 2.92±2.16 18.36±6.05 30.86±2.22 19.37±2.78 

7 Bridelia retusa  7.20±9.35 11.55±9.86 56.66±9.01 41.35±9.95 52.55±9.34 45.57±3.65 

8 Calopogonium mucunoides  33.47±4.13 33.11±2.52 42.36±1.39 36.35±4.74 61.46±6.46 12.32±5.32 

9 Carl rheedii 6.51±1.58 4.10±1.36 3.19±2.53 2.25±1.70 4.84±2.26 7.53±2.42 

10 Cassia javanica  37.74±5.49 5.69±7.34 16.64±6.34 8.54±8.65 11.36±1.55 45.35±9.46 

11 Chassalia curviflora 33.47±6.55 52.43±4.24 10.12±1.32 9.35±8.55 42.66±1.36 11.27±9.16 

12 Cheilocostus speciosus  22.64±4.55 66.65±8.52 65.35±6.63 46.65±1.55 63.55±4.66 44.47±6.13 

13 Chrysophyllum cainito 5.89±8.24 55.58±5.46 8.16±4.65 62.35±1.34 8.54±9.12 13.23±4.33 

14 Cipadessa baccifera leaf 23.84±5.44 8.22±1.37 21.31±9.64 55.64±6.48 9.52±6.53 48.53±1.56 

15 Cipadessa baccifera  seed 65.56±3.34 16.22±2.02 12.65±1.19 22.45±9.55 15.65±7.35 17.36±9.25 

16 Cissus discolor 2.07±1.37 46.80±3.61 27.19±5.41 18.64±8.64 19.55±2.12 16.36±7.16 

17 Cochlospermum religiosum  4.73±6.42 9.46±8.36 9.46±6.55 24.64±4.67 6.55±1.26 9.54±6.57 

18 Combretum indicum  5.77±0.76 6.84±0.59 3.85±0.65 3.72±1.07 4.49±0.66 5.27±1.31 

19 Conyza canadensis  55.70±3.97 25.07±2.95 4.91±1.34 66.44±9.45 62.64±6.16 7.66±7.76 

20 Cyclea peltata  50.38±9.25 19.65±9.47 65.66±9.55 53.65±7.35 42.55±8.12 54.36±3.17 

21 Drypetes venusta  1.74±5.45 12.55±1.36 6.65±6.55 44.63±1.45 61.65±9.12 62.54±8.22 

22 Entada rheedii  44.84±7.55 1.65±9.67 9.45±2.64 15.64±5.55 18.61±6.14 28.62±9.46 

23 Euphorbia heterophylla  6.90±0.69 4.96±0.75 5.59±1.12 6.12±1.08 4.38±1.04 6.82±0.74 

24 Euphorbia tithymaloides 69.29±1.34 16.55±5.68 64.36±4.35 41.63±6.45 8.12±7.13 38.23±2.42 

25 Gardenia jasminoides  8.53±2.44 38.64±3.05 5.37±1.92 0.91±1.55 0.69±1.02 17.16±1.52 

26 Getonia floribunda  98.69±0.14 99.09±0.21 71.76±1.04 27.75±3.06 17.77±2.59 15.22±1.63 

27 Globba schomburgkii 49.24±1.54 1.35±1.25 16.65±7.23 69.65±6.55 5.56±2.45 51.65±4.67 

28 Hamelia patens  3.90±6.55 9.44±9.64 70.64±3.51 11.63±9.45 21.36±6.55 24.62±7.66 

29 Hewittia malabarica  5.38±1.16 5.44±1.07 44.91±1.32 55.47±6.25 45.25±4.33 51.25±3.57 

30 Impatiens minor 16.89±9.45 6.67±3.46 6.65±6.16 13.34±8.55 65.45±1.32 35.52±8.54 
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31 Jasminum grandiflorum  3.17±2.39 41.91±2.42 9.92±1.72 1.36±6.35 16.35±7.32 62.14±1.35 

32 Justicia nagpurensis  11.29±5.45 69.56±6.34 11.64±8.64 56.35±4.67 14.35±6.13 41.12±9.47 

33 Justicia wynaadensis 6.48±2.86 1.51±0.22 10.06±1.94 2.39±1.84 6.42±2.45 2.98±2.00 

34 Laggera alata 9.84±9.45 25.26±7.33 3.13±7.64 67.65±9.65 6.55±9.11 11.13±4.36 

35 Lannea coromandelica  15.40±2.79 17.34±2.90 8.79±1.25 6.23±1.18 11.12±2.49 22.98±3.53 

36 Leea indica  8.91±4.59 15.39±4.38 25.13±3.15 3.11±4.07 1.38±1.00 14.49±3.10 

37 Lecanthus peduncularis  5.28±0.90 35.48±2.32 0.60±0.20 11.35±9.35 65.45±7.62 22.16±6.45 

38 Leucas aspera  65.74±4.22 3.15±9.64 56.65±9.31 61.66±5.45 55.44±6.16 34.51±1.57 

39 Lobelia alsinoides  19.75±2.47 28.18±6.65 45.10±1.68 7.66±9.65 6.54±4.35 1.17±6.46 

40 Lophopetalum wightianum  3.90±3.26 1.28±3.96 1.42±1.63 25.00±2.06 8.99±3.39 6.64±2.65 

41 Melia dubia  48.81±2.04 28.70±1.21 22.38±1.98 17.14±2.78 20.40±2.37 2.63±2.07 

42 Micrococca mercurialis  3.36±2.20 4.86±1.43 1.88±1.64 7.01±0.65 5.48±0.92 19.52±0.94 

43 Murraya paniculata  45.38±6.15 65.64±9.62 19.32±4.12 0.50±2.15 11.08±1.48 13.53±1.50 

44 Otacanthus caeruleus flower 54.39±9.15 6.54±5.36 6.17±5.53 9.66±8.55 55.64±7.34 9.47±9.43 

45 Otacanthus caeruleus leaf 6.25±4.34 18.64±7.33 44.34±9.52 12.34±1.66 9.65±1.27 51.36±6.46 

46 Pancratium triflorum bulb 81.05±0.71 43.47±0.42 68.49±0.33 94.18±0.54 85.06±0.90 76.95±1.01 

47 Pancratium triflorum leaf 48.63±2.10 83.33±1.12 97.82±0.19 90.61±0.57 97.62±0.70 90.15±0.73 

48 Pereskia aculeate  3.36±2.16 14.03±2.66 25.40±2.00 17.87±4.33 12.86±3.00 40.19±0.84 

49 Phyllanthus simplex  55.64±3.45 36.45±9.35 9.35±3.15 41.31±2.76 50.94±2.18 32.10±1.84 

50 Pithecellobium dulce  5.38±0.87 4.43±0.78 5.11±1.73 11.31±1.52 5.64±1.18 4.83±0.88 

51 Pothos scandens  0.32±1.56 7.02±2.09 17.28±1.85 1.42±0.19 3.48±1.62 2.26±1.86 

52 Ricinus communis 33.46±8.25 4.24±5.42 17.33±7.26 9.31±9.65 9.66±5.14 45.15±7.47 

53 Rauvolfia tetraphylla leaf 1.00±9.46 9.64±2.72 52.34±6.17 17.31±5.65 16.34±4.33 41.17±6.47 

54 Rauvolfia tetraphylla seed 9.05±0.68 9.49±1.83 7.50±2.73 52.33±6.24 55.35±1.12 6.12±1.36 

55 Rhaphidophora pertusa  9.55±6.45 9.57±9.43 1.44±9.56 1.67±7.54 49.66±9.45 65.46±4.33 

56 Schleichera oleosa  51.38±3.46 45.25±6.44 26.32±6.12 5.27±3.69 76.55±4.25 3.17±0.60 

57 Senna alata 9.00±2.63 34.57±3.73 36.08±4.08 12.28±2.08 36.08±3.02 16.39±2.89 
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58 Sauropus androgynus  64.45±1.66 6.21±7.34 4.34±9.82 16.34±8.35 9.34±9.46 64.57±6.45 

59 Stachytarpheta indica  53.28±3.45 62.46±1.63 12.47±3.35 19.35±7.45 1.25±4.33 61.62±4.36 

60 Strobilanthes heyneanus  5.56±0.98 7.53±0.73 7.98±0.94 4.71±0.90 5.35±0.94 6.98±0.56 

61 Strychnos nux-vomica 64.54±8.55 13.25±6.47 1.36±7.23 3.64±1.54 16.35±7.63 66.62±1.66 

62 Synedrella nodiflora  59.25±3.46 48.24±5.65 36.31±1.62 45.35±6.35 58.35±1.36 31.47±4.33 

63 Talinum portulacifolium  13.74±0.70 9.03±0.96 2.51±0.82 7.51±1.24 8.77±1.06 12.39±1.3 

64 Terminalia arjuna  4.01±1.23 4.62±1.00 5.35±1.27 46.72±2.10 28.37±2.15 35.13±2.34 

65 Thevetia peruviana 20.62±6.58 95.65±0.63 75.22±0.41 79.94±0.44 23.32±2.95 8.86±2.42 

66 Thunbergia erecta  25.23±5.64 17.14±2.70 0.57±1.26 5.43±0.99 2.89±0.67 1.48±2.62 

67 Thunbergia grandiflora 11.19±0.94 11.67±1.23 20.96±0.75 31.66±5.17 45.51±2.39 40.50±2.83 

68 Torenia bicolor  10.71±2.43 70.39±2.80 6.88±2.37 1.66±9.55 64.35±5.12 1.57±6.57 

69 Trema orientale 17.41±2.23 20.03±1.04 20.96±2.64 10.69±2.12 14.55±1.68 7.69±1.69 

70 Vitex altissima  18.34±9.44 33.56±4.63 11.36±6.17 19.34±9.55 45.35±7.00 10.57±5.62 

71 Wattakaka volubilis 6.51±1.59 4.10±1.36 3.19±2.53 2.25±1.61 4.84±2.26 7.53±2.42 
The percentage mortality above 3.50% compared to control are significant with a p value <0.05. Difference in percentage mortality of the DMSO control 
compared to cell alone (without DMSO) is not significant (p>0.05).  Percentage mortalities above 90.00% are shown in bold. 
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DISCUSSION 

1.4.1. Differential cytotoxicity of plant- extracts against various cancer cell lines 

This study involved the screening of 67 plants for their anticancer potential, using a 

total of 426 different extracts tested across various cancer cell lines. To ensure the 

safety of these extracts, their cytotoxicity was also evaluated on the normal human 

cell line HaCaT. This step is critical in understanding the effects of the extracts on 

non-cancerous cells, particularly in the context of drug development, where selective 

toxicity is highly desirable. Extracts that demonstrated high toxicity towards cancer 

cell lines but had minimal or no harmful effects on the normal HaCaT cells were 

considered potential candidates for anticancer drug development. This approach is 

crucial for identifying compounds that maximize efficacy while minimizing harm to 

normal tissues. 

Among the cancer cell lines tested, the human colorectal carcinoma cell line HT29 

showed sensitivity to 59 plant extracts, each of which caused more than 50% cell 

mortality. Another colorectal carcinoma cell line, HCT116, displayed vulnerability 

to 34 extracts, with more than 50% mortality. Additionally, 48 extracts caused over 

50% cell death in the human skin cancer cell line A431, and 35 extracts had similar 

effects on the human renal carcinoma cell line A498. On human cervical cancer cell 

line HeLa was susceptible to 38 extracts, and on human breast cancer cell line 

MCF7, 48 extracts showed more than 50.00% mortality. On osteoblast cell line, 

MG63, 51 extracts caused above 50.00% cell death, and on ovarian teratocarcinoma 

cell line, PA1, 86 extracts showing over 50% cell mortality. On pancreatic 

carcinoma cell line, PANC1, 36 extracts and on metastatic oral cancer cell line, UM-

SCC-83B, 47 extracts demonstrated cytotoxicity exceeding 50%. These results 

suggest the presence of potent anticancer compounds in these plant extracts. 

In addition to their efficacy on cancer cells, the cytotoxicity of these extracts was 

tested on the normal human cell line HaCaT. Notably, 294 plant extracts exhibited 

less than 50.00% cell mortality, indicating their low toxicity towards non-cancerous 

cells. Fifty extracts were causing less than 20.00% cell death on this cell line. 

However, several plant extracts, such as the chloroform extract of Melia dubia, the 
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methanol extract of Alangium salviifolium, and the methanol extract of Chassalia 

curviflora, displayed selective cytotoxicity; these extracts caused significant 

mortality in various cancer cell lines while exhibiting reduced toxicity towards the 

normal HaCaT cells. This selective action suggests their potential for further 

research, particularly in the purification of anticancer compounds and their 

development as cancer therapies. The observed efficacy, coupled with their reduced 

toxicity to normal cells, underscores the value of these plant extracts in the ongoing 

search for new anticancer agents. 

In this study, 28 extracts demonstrated over 50.00% mortality on HT29 cancer cells, 

while showing less than 50.00% mortality on normal HaCaT cells. Similarly, 18 

extracts showed differential cytotoxicity on HCT116, 24 on A431, 21 on A498, 18 

on HeLa, 28 on MCF7, 29 on MG63, 54 on PA1, 15 on PANC1, and 25 on UM-

SCC-83B, with high mortality (above 50.00%) in cancer cells but low toxicity 

(below 50.00%) in HaCaT cells. These extracts exhibit potential as anticancer agents 

due to their selective cytotoxicity, suggesting the presence of bioactive molecules 

that target cancer cells while sparing normal ones. 

Out of the 64 plants screened, the first reports of anticancer activity from plants with 

high toxicity are discussed below. 

1.4.1.1. Pancratium triflorum 

In the present study, Pancratium triflorum exhibited a high level of cytotoxicity 

against several cancer cell lines. The ethyl acetate extract of P.triflorum exerted the 

highest cytotoxicity on MG63 (99.74±0.28%) among the cell lines used in the 

present study. The acetone extract and the chloroform extracts also caused higher 

level of cell death in many cell lines, and the highest cell death were on MG63 

(99.41±0.52%) and HeLa (92.36±0.81%) respectively. When considering the three 

extracts, their cytotoxicity on the normal cell line, HaCaT were varying and were 

68.49±0.33%, 94.18±0.54% and 43.47±0.42% respectively for ethyl acetate, acetone 

and chloroform extracts. Both bulb and leaf extracts were investigated, with the bulb 

extracts causing over 50.00% cell death in all cancer cell lines tested except 

HCT116, and leaf extracts demonstrating over 50.00% cell death across all tested 
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cell lines. This comprehensive cytotoxicity suggests a broad-spectrum anticancer 

potential. 

Interestingly, no previous data exist regarding the anticancer activity of P. triflorum. 

Even studies on its antioxidant properties are scarce, with only Johnson et al. 

reporting such effects. However, studies on a related species, Pancratium 

maritimum, provide a foundation for investigating the anticancer potential of P. 

triflorum. P. maritimum has been studied for its antiproliferative and antioxidant 

properties across various cancer cell lines, including C32, HeLa, MDA-MB-231, 

PC3, A549, MCF-7, and LNCaP, using the SRB assay. Notably, the ethanol extract 

from the stems of P. maritimum (IC50 of 27.1 μg/mL against C32 cells) and the 

aqueous extract from the fruits (IC50 of 36.5 μg/mL against MCF-7) showed 

considerable anticancer activity (Johnson et al., 2018). 

Given the close taxonomic relationship between P. triflorum and P. maritimum, it is 

reasonable to assume that P. triflorum may also possess similar bioactive 

compounds contributing to its cytotoxicity against cancer cells. The results of the 

current study align with this hypothesis, suggesting that P. triflorum holds potential 

as a source of novel anticancer agents. Further research should focus on identifying 

and isolating the active compounds responsible for the observed anticancer effects. 

1.4.1.2. Anamirta cocculus  

Anamirta cocculus demonstrated a broad range of cytotoxicity across various 

cancer cell lines, with notably lower toxicity on the human keratinocyte cell line, 

HaCaT. The ethyl acetate extract, in particular, exhibited significant cytotoxicity 

against cancer cells while maintaining a relatively low toxicity towards HaCaT cells 

(18.72±0.73%). The highest mortality rate was observed with the ethyl acetate 

extract on PA1 ovarian cancer cells (98.64±0.40%), followed by the acetone extract 

on PA1 (92.72±0.58%), the ethyl acetate extract on HT29 colorectal cancer cells 

(91.16±0.24%), and on MG63 osteosarcoma cells (86.76±1.04%) (The effect of the 

extracts from A. cocculus is discussed in detail in chapter 4). 
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Interestingly, no prior studies have reported the anticancer properties of A. cocculus, 

making the findings of this research particularly valuable. The significant 

cytotoxicity observed in this study suggests that A. cocculus extracts, especially the 

ethyl acetate extract, hold promise as source of potential anticancer agents. Further 

exploration of its bioactive compounds and mechanisms of action is warranted for 

developing therapeutic applications. 

1.4.1.3. Chassalia curviflora  

Chassalia curviflora, a medicinal plant traditionally utilized in folklore for treating 

various ailments and infections due to its anti-inflammatory properties, 

demonstrated substantial cytotoxicity across all cancer cell lines evaluated in this 

study. Notably, the methanol extract of C. curviflora exhibited the highest potency, 

inducing 99.48±0.53% cell death in the HCT116 colorectal cancer cell line and 

99.02±2.33% mortality in the MG63 osteosarcoma cell line. The mortality observed 

on HaCaT was considerably lower (42.66±1.36%), indicating the cell line specificity 

of the extract.  

Despite its recognized anti-inflammatory, antihepatotoxic, and analgesic activities, 

the anticancer potential of Chassalia curviflora has not been extensively explored 

until recent studies. Gopa et al. investigated the anticancer effects of C. curviflora 

by isolating total alkaloids from its roots. Utilizing the MTT assay, they assessed the 

antiproliferative activity of these alkaloids in three cancer cell lines: liver cancer 

(A549) with an IC50 value of 3.59±0.14 µg/mL, breast cancer (MCF-7), and ovarian 

cancer (HeLa). Their findings revealed that the total alkaloid extract significantly 

inhibited cell proliferation and induced apoptosis in these cancer cell lines, 

suggesting a promising anticancer potential of C. curviflora (Gopa et al., 2020). 

Further supporting these results, additional studies have demonstrated the 

antioxidant and anticancer activities of C. curviflora extracts. These studies have 

highlighted the plant's ability to inhibit cancer cell proliferation, motility, and 

adhesion, thereby reinforcing its potential as a therapeutic agent against cancer 

(Farabe et al., 2024). The observed antiproliferative and apoptotic effects align with 
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our findings, underscoring the significant cytotoxicity of C. curviflora extracts on 

multiple cancer cell lines. 

With its long-standing use in traditional medicine and growing scientific support, 

Chassalia curviflora emerges as a promising subject for continued research. Islam et 

al. demonstrated that ethyl acetate, acetone, and ethanol extracts of C. curviflora 

exhibit neuropharmacological activity in mouse models (Islam et al., 2022). Future 

studies should aim to isolate and identify the bioactive compounds responsible for 

its anticancer potential, while also clarifying the mechanisms involved. This 

research could pave the way for the development of new anticancer therapies based 

on C. curviflora, contributing to more precise and effective cancer treatments. 

1.4.1.4. Antigonon leptopus  

Antigonon leptopus has demonstrated promising differential cytotoxicity, indicating 

its potential for cancer treatment. The chloroform extract of A. leptopus showed the 

highest cell mortality in the MG63 cell line (96.43±0.41%), followed by A431 

(67.84±1.96%) and PA1 (53.75±2.57%). The acetone extract displayed cytotoxicity 

with 73.80±1.83% mortality in the A431 cell line and over 50% mortality in the 

PA1, MG63, HCT116, and A498 cancer cell lines. The petroleum ether extract 

caused 59.37±1.59% mortality in the MG63 cancer cell line. All extracts, except for 

the acetone extract (64.85±1.83%), did not cause considerable cell mortality in the 

HaCaT cell line. The percentage mortality of HaCaT caused by the chloroform 

extract and petroleum ether extract were 2.75±0.74% and 2.37±1.49% respectively. 

However, the acetone extract caused 64.85±1.83% mortality in HaCaT cells, 

indicating potential toxicity to non-cancerous cells. 

In the Philippines, A. leptopus is traditionally used as an herbal remedy for pain and 

gout-like symptoms. The methanol extract of this plant has shown a potent 

inhibitory effect on xanthine oxidase, with the isolated compound acting as a 

noncompetitive inhibitor of xanthine with an IC50 of 1.79 μg/mL. Furthermore, a 

study identified the IC50 of the ethanolic extract of A. leptopus on normal cell lines 

to be 289.60 μg/mL, indicating its non-toxic nature to healthy cells (Elhaj et al., 

2015).  
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Despite these promising findings, there is a lack of extensive studies supporting the 

anticancer properties of A. leptopus. Therefore, this study emphasizes the need for 

deeper investigations into the specific components of A. leptopus extracts that 

contribute to their cytotoxic effects. Understanding these mechanisms could lead to 

the development of new anticancer therapies, leveraging the rich ethnobotanical 

background and emerging scientific evidence surrounding A. leptopus. The plant's 

demonstrated efficacy against cancer cells, coupled with its significant antioxidant 

properties, makes it a compelling candidate for further research in cancer treatment. 

1.4.1.5. Otacanthus caeruleus  

Otacanthus caeruleus, a known ornamental plant, demonstrated significant cytotoxic 

potential across various cancer cell lines. The chloroform extract of O. caeruleus 

flowers exhibited high levels of cell death in several cell lines, including PANC1 

(99.71±2.65%), A431 (99.69±0.63%), MG63 (99.24±0.08%), PA1 (97.53±0.58%), 

A498 (90.52±0.59%), HT29 (85.79±1.67%), UM-SCC-83B (58.60±1.47%), and 

MCF7 (57.24±1.99%). Similarly, the petroleum ether extract also induced 

cytotoxicity, especially on A431 (67.48±2.48%), MG63 (96.73±0.81%), PA1 

(75.83±0.70%), and PANC1 (57.35±2.90%). The cell death on HaCaT by the 

chloroform extract and petroleum ether extract were 6.54±5.36% and 54.39±9.15% 

respectively. Interestingly, leaf extracts exhibited broader cytotoxic effects 

compared to flower extracts. The chloroform leaf extract caused cell death in a 

variety of cell lines, with high cytotoxicity in HCT116 (97.94±0.20%), A431 

(97.65±0.15%), A498 (99.97±0.25%), MG63 (99.03±0.33%), PA1 (99.67±0.60%), 

and PANC1 (86.77±1.86%). At the same time, a lesser percentage of death was 

observed on HaCaT (18.64±7.33%). 

The pronounced cytotoxicity of both flower and leaf extracts of Otacanthus 

caeruleus suggests the presence of potent bioactive compounds. Given that there are 

no previous studies investigating the anticancer properties of this plant, these 

findings are of considerable importance. They not only provide a foundation for 

future research but also highlight the potential of O. caeruleus as a promising 

candidate for anticancer drug development. Further exploration of its bioactive 
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constituents and their mechanisms of action could pave the way for new therapeutic 

applications, especially in targeting cancers such as osteosarcoma (MG63), ovarian 

teratocarcinoma (PA1), and skin cancer (A431). 

In this study, Melia dubia, Strobilanthes heyneanus, Stachytarpheta indica, and 

Globba schomburgkii demonstrated significant cytotoxicity across various cancer 

cell lines, showing high mortality percentages. Notably, none of these plants had 

prior reports of anticancer potential in the literature, making these findings 

particularly relevant. 

While the anticancer activity of these plants remains unexplored until now, other 

biological activities have been studied. For instance, Melia dubia is known for its 

antioxidant and antibacterial properties. Similarly, Strobilanthes heyneanus, 

Stachytarpheta indica, and Globba schomburgkii have been studied for their 

potential in treating infections, as well as their anti-inflammatory, antioxidant, and 

antibacterial activities. The findings from this study suggest that these plants not 

only possess other therapeutic properties but may also have promising anticancer 

potential. Future research should focus on isolating and characterizing the bioactive 

compounds in these plants to better understand their mechanisms of action and 

anticancer drug development. 

In this study, Melia dubia, Strobilanthes heyneanus, Stachytarpheta indica, and 

Globba schomburgkii demonstrated significant cytotoxicity across various cancer 

cell lines, showing high mortality percentages. Notably, none of these plants had 

prior reports of anticancer potential in the literature, making these findings 

particularly relevant. 

While the anticancer activity of these plants remains unexplored until now, other 

biological activities have been studied. For instance, Melia dubia is known for its 

antioxidant and antibacterial properties. Similarly, Strobilanthes heyneanus, 

Stachytarpheta indica, and Globba schomburgkii have been studied for their 

potential in treating infections, as well as their anti-inflammatory, antioxidant, and 

antibacterial activities. The findings from this study suggest that these plants not 

only possess other therapeutic properties but may also have promising anticancer 
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potential. Future research should focus on isolating and characterizing the bioactive 

compounds in these plants to better understand their mechanisms of action and 

anticancer drug development. 

Following are some of the plants with reported anticancer activity from other parts 

of the plant or studies have been done on cell lines other than the cell lines we used.  

1.4.1.6. Alangium salviifolium 

Alangium salviifolium leaf extracts have shown notable anticancer properties across 

various extracts and cancer cell lines. Among the six extracts tested, the methanol 

extract demonstrated the most significant potential, achieving over 99.00% mortality 

in all cancer cell lines studied. Notably, this extract exhibited lower toxicity to the 

normal cell line HaCaT, with a mortality rate of 65.15±1.01%. The chloroform 

extract was the second most potent, showing the highest mortality in the PA1 cell 

line (99.42±0.38%), followed by significant effects on the UM –SCC-83B and A431 

cell lines. The acetone extract also showed substantial activity, with high mortality 

rates in several cell lines, including PA1 (99.91±0.18%), HT29 (99.70±0.09%), and 

HeLa (98.91±0.48%). The ethyl acetate extract was effective, particularly against 

A498 (88.22±1.46%), PA1 (82.91±1.26%), and A431 (79.56±1.53%) cell lines. 

Both the aqueous and petroleum ether extracts demonstrated cytotoxicity to certain 

cell lines, with the aqueous extract exhibiting more than 50% mortality across all 

tested cell lines and the highest toxicity on PA1 (75.65±2.15%), while the petroleum 

ether extract showed the highest toxicity on the MCF7 cell line (65.57±1.69%). 

Phytochemical investigations have identified two octahydro–protoberberine 

alkaloids, alangiifoliumines A and B, and two protoemetine derivatives, 

alangiifoliumines C and D, along with 11 known compounds isolated from the stems 

of A. salviifolium. These compounds exhibited inhibitory effects against the A-549, 

HeLa, and SKOV-3 human cancer cell lines, with IC50 values ranging from 3 nM to 

9.4 μM (Cai et al., 2019). Further studies have shown that the methanolic extract of 

A. salviifolium possesses anticancer activity, with an IC50 of 42.20 μg/mL on 

Dalton’s Ascitic Lymphoma (DAL) cells. This activity is attributed to the presence 
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of flavonoids, alkaloids, and tannins, with deoxytubulosine identified as a significant 

anticancer alkaloid (Venkateshwarlu et al., 2012).  

Additionally, eleven undescribed isoquinoline alkaloids and their analogues were 

isolated from the bark of A. salviifolium. These alkaloids demonstrated cytotoxicity 

against various cancer cell lines, including SGC-7901, HeLa, K562, A549, BEL-

7402, HepG2, and B16, with IC50 values ranging from 0.01 to 48.12 μM. β-

Carboline-benzoquinolizidine and cepheline-type alkaloids exhibited remarkable 

cytotoxicity (Wei et al., 2024). 

Bama et al. reported the anticancer activity of A. salviifolium against the lung cancer 

cell line A549 and the breast cancer cell lines MCF7 and MDA-MB-468, with IC50 

values of 3.7±5.7, 41±1.2, and 36±20 μg/mL, respectively (Bama et al., 2012). 

Additionally, the antioxidant activities of A. salviifolium have been documented, 

with flavonoids and tannins acting as primary antioxidants and free radical 

scavengers (Tanwer and Vijayvergia, 2014; Ayoola et al., 2008). These antioxidant 

properties may contribute to the higher anticancer potentials of A. salviifolium. 

1.4.1.7. Thevetia peruviana  

In the present study, Thevetia peruviana leaf extracts exhibited significant 

cytotoxicity across multiple cancer cell lines. The chloroform, ethyl acetate, and 

acetone extracts demonstrated pronounced cytotoxic effects, with the ethyl acetate 

extract showing 98.17±0.62% cell death in the PANC1 pancreatic cancer cell line. 

Similarly, the methanol extract resulted in 92.46±1.85% cell death in the HT29 

colorectal cancer cell line. However, while the chloroform, ethyl acetate, and 

acetone extracts showed substantial toxicity towards cancer cells, they also 

displayed notable toxicity towards the normal human HaCaT cell line. The methanol 

extract, in contrast, exhibited reduced toxicity against HaCaT cells (23.32±2.95%), 

indicating its potential for selective cytotoxicity. This selective effect suggests the 

methanol extract could serve as a promising anticancer agent, warranting further 

investigation into its bioactive components and mechanisms of action. 
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Previous studies align with our findings, reinforcing the anticancer potential of T. 

peruviana. For instance, Cheng et al., identified cardiac glycosides from T. 

peruviana seeds that triggered intrinsic apoptosis and cell cycle arrest in cancer 

cells, notably demonstrating selective cytotoxicity with an IC50 ranging from 0.05 to 

0.15 μM. Compound 1, isolated from T. peruviana seeds, induced apoptosis in 

gastric cancer cells in a dose-dependent manner (Cheng et al., 2016). Similarly, 

Ramos-Silva et al. reported the methanol extract of T. peruviana fruits exhibited 

antiproliferative and pro-apoptotic activity, significantly affecting cell proliferation, 

motility, and adhesion across various cancer cell lines (Ramos-Silva et al., 2017). 

The methanolic extract of aerial parts and roots displayed IC50 values of 1.91 μg/mL 

for prostate cancer, 5.78 μg/mL for breast cancer, and 6.30 μg/mL for colorectal 

cancer (Ramos-Silva et al., 2017). Similarly, Rehman Khan et al. emphasized the 

anticancer activity of T. peruviana bark in silico and in vitro studies (Rehman Khan 

et al., 2024). El Gizawy et al., further supported these findings, reporting an IC50 of 

39.3 μg/mL for colon cancer cells (El Gizawy et al., 2023). 

The cytotoxic, pro-apoptotic, and antiproliferative effects of T. peruviana 

demonstrate its promising potential in cancer treatment. Future research should 

focus on isolating specific bioactive compounds for therapeutic application and 

elucidating the underlying mechanisms of action. These findings support the 

potential of T. peruviana as a source for developing novel anticancer agents. 

1.4.1.8. Cipadessa baccifera  

Cipadessa baccifera, a plant traditionally used in folk medicine, has demonstrated 

significant anticancer potential in this study, especially through its extracts derived 

from seeds and leaves. Various extracts, including petroleum ether, chloroform, 

ethyl acetate, and acetone, exhibited cytotoxic activity across a range of cancer cell 

lines. For instance, the petroleum ether extract of the seeds induced 97.42±0.13% 

mortality in the HT29 colorectal cancer cell line, while it also caused 95.18±0.69% 

and 93.66±1.04% cell death in MG63 and HeLa cell lines, respectively. 

Furthermore, the petroleum ether extract was effective against other cancer cell lines 

such as UM-SCC-83Ba and MCF7, achieving over 70% mortality. These extracts 
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showed lower cytotoxicity in the normal HaCaT cell line, suggesting that they 

possess selective anticancer properties. 

This selective cytotoxicity is a key observation as it indicates the ability of C. 

baccifera extracts to distinguish between cancerous and non-cancerous cells. A high 

degree of specificity toward cancer cells with minimal impact on normal cells is a 

fundamental requirement for potential chemotherapeutic agents. Many existing 

cancer treatments, such as chemotherapeutic drugs, often suffer from the drawback 

of harming normal, healthy tissues, which leads to severe side effects. Therefore, the 

reduced toxicity of C. baccifera extracts towards HaCaT cells is particularly 

encouraging and positions this plant as a promising candidate for further exploration 

in cancer therapy. 

In the broader context of research on Cipadessa baccifera, various phytochemicals 

have been isolated that contribute to its observed bioactivity. The most prominent of 

these are limonoids, a class of tetranortriterpenoids known for their biological 

activities. Previous studies identified several limonoid compounds, such as 

cipatrijugin E, which has demonstrated significant cytotoxic effects on various 

cancer cell lines, including MCF-7, SW480, and HL-60, with IC50 values ranging 

from 4.5 to 21.6 µM (Ning et al., 2010). This aligns with our findings, suggesting 

that the bioactive compounds in C. baccifera may be responsible for the selective 

cytotoxicity observed in the study. 

Moreover, the chloroform extract of the leaves showed notable cytotoxicity in the 

A431, HCT116, and A498 cell lines, while the chloroform, acetone, and methanol 

extracts were effective against the PA1 ovarian teratocarcinoma cell line. These 

results provide a broad spectrum of cytotoxic activity across different types of 

cancers, indicating that the active compounds in C. baccifera have the potential to 

target various cancer pathways.  

Research by Siva et al. further supports the cytotoxic potential of limonoids from C. 

baccifera. In their study, two newly identified limonoids exhibited potent anti-

proliferative activity against cancer cell lines such as HepG2 and IMR32, with GI50 

(growth inhibition) values as low as 0.013 and 0.01 μM, respectively (Siva et al., 
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2017). These findings underscore the importance of limonoids in C. baccifera and 

their potential as powerful cytotoxic agents that could be further developed into 

cancer therapeutics. 

Additionally, another investigation revealed the moderate cytotoxicity of a newly 

identified limonoid (compound 1) against glioma cell lines U251 and BT-325, with 

IC50 values of 7.32±0.21 and 13.25±0.35 μM (Kun et al., 2024). While the glioma 

cells showed a moderate response, this study provides a foundation for further 

research into the structural optimization of these limonoid compounds to enhance 

their potency and therapeutic potential. This is especially relevant considering 

gliomas' high malignancy and resistance to treatment, highlighting the need for 

novel therapeutic agents. 

The cytotoxic effects of C. baccifera extracts, especially on the HT29, HeLa, and 

MG63 cell lines, highlight its role as a promising source of anticancer agents. The 

selective cytotoxicity of these extracts—demonstrating high mortality rates in cancer 

cells and reduced toxicity in normal cells—is an essential criterion for the further 

exploration of this plant in anticancer drug development. The results suggest that the 

bioactive compounds, particularly limonoids, are likely responsible for inducing cell 

death through mechanisms that warrant further investigation, such as apoptosis or 

cell cycle arrest. 

1.4.1.9. Conyza canadensis  

The chloroform extract of Conyza canadensis demonstrated significant cytotoxicity 

across various cancer cell lines in this study. Notably, it caused 98.06±2.53% cell 

death in PA1, 87.23±1.74% in A498, 79.61±2.37% in HeLa, 78.74±1.50% in HT29, 

and 73.53±2.35% in MCF7. These results suggest that the chloroform extract of C. 

canadensis is highly effective against a broad range of cancer cell types, particularly 

ovarian teratocarcinoma (PA1), renal cancer (A498), and cervical cancer (HeLa). 

This study's findings align with previous research on C. canadensis, which has been 

investigated for its potential anticancer properties. For example, Ayaz et al. explored 

the cytotoxic effects of C. canadensis extracts on human lung adenocarcinoma cell 
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lines. The study assessed the toxicity of various extracts, including n-hexane, 

chloroform, and n-butanol. Among these, the n-hexane extract from the roots was 

found to be the most cytotoxic, with IC50 values of 94.73 and 84.85�μg/mL (Ayaz 

et al., 2016). This highlights the plant's moderate cytotoxicity against lung cancer 

cells, pointing toward its potential therapeutic applications. 

In another study, isolated compounds from C. canadensis were evaluated for their 

antiproliferative activity against human cancer cell lines, including HeLa (cervix 

adenocarcinoma), A431 (skin carcinoma), and MCF-7 (breast adenocarcinoma). The 

results indicated that these compounds exhibited significant growth inhibition in 

cancer cells while being less toxic to non-cancerous human fetal fibroblasts (MRC-

5), indicating their potential as selective antiproliferative agents (Csupor-Löffler et 

al., 2011). This selectivity is critical for the development of anticancer drugs, as it 

reduces the risk of harming healthy cells. 

Additionally, the antitumour activity of C. canadensis essential oils has been 

explored. A study by Aragão et al. revealed that leaf oil from C. canadensis 

exhibited potent inhibitory effects on neoplastic cell lines, including K562 

(leukemia) and NCI-ADR/RES (ovarian cancer with multidrug resistance). The 

study reported TGI (total growth inhibition) values of 16.8 and 19.0�mg/mL, 

respectively, suggesting that essential oils from C. canadensis leaves have strong 

potential as natural anticancer agents (Aragão et al., 2019). 

Furthermore, a study on the phytochemical profiles of traditional medicinal plants, 

including C. canadensis, evaluated their antioxidant, cytotoxic, and anti-

inflammatory properties. The results demonstrated that C. canadensis exhibited 

notable antioxidant activity, which could contribute to its anticancer effects by 

mitigating oxidative stress, a known factor in cancer development (Polat et al., 

2022). 

The chloroform extract of Conyza canadensis showed high cytotoxicity in several 

cancer cell lines, complementing previous studies that have demonstrated the plant's 

antiproliferative, antioxidant, and selective cytotoxic activities. These findings 

highlight the potential of C. canadensis as a source of bioactive compounds with 
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promising anticancer properties, warranting further investigation into its 

mechanisms of action and possible therapeutic applications in cancer treatment. 

1.4.1.10. Getonia floribunda  

In the current study, Getonia floribunda chloroform extract demonstrated significant 

cytotoxicity across several cancer cell lines. The extract exhibited potent effects on 

PA1 (99.36±0.17%), HT29 (99.12±1.62%), A431 (97.40±0.19%), PANC1 

(93.10±0.59%), HeLa (91.69±1.82%), UM-SCC-83B (70.69±2.53%), HCT116 

(68.56±1.01%), and MCF7 (68.35±4.44%). Both ethyl acetate and acetone extracts 

also showed cytotoxic effects, although their activity was limited to certain cell 

lines. 

The potential anticancer properties of Getonia floribunda have been further 

supported by previous studies. In research conducted by Ren et al., amentoflavone, a 

compound with known anticancer properties, was identified from this plant, 

reinforcing its potential in cancer therapy (Ren et al., 2019). Additionally, 

phytochemical investigations of the ethyl acetate and methanol extracts from the 

flowers of Getonia floribunda, commonly used in Thai herbal medicine, resulted in 

the isolation of two new flavonols: 4′-hydroxy-6,7,8,3′-tetramethoxyflavonol and 4′-

hydroxy-6,7,8-trimethoxyflavonol, alongside the known compound pachypodol. Of 

these, 4′-hydroxy-6,7,8,3′-tetramethoxyflavonol exhibited notable cytotoxicity 

against the oral cavity cancer (KB) cell line, with an IC50 value of 8.99±2.00 μg/ml 

(Suttaratrungse, 2015). 

These findings highlight the significant potential of Getonia floribunda as a source 

of bioactive compounds with anticancer properties. The chloroform extract's broad 

cytotoxic effects, combined with the previously identified flavonols and 

amentoflavone, suggest that further research is needed to explore the plant’s 

bioactive constituents and their mechanisms of action. This could lead to the 

development of novel cancer therapies based on G. floribunda. 

1.4.1.11. Laggera alata  

The chloroform extract from Laggera alata leaves demonstrated significant 

cytotoxicity in various cancer cell lines, causing mortality in PA1 (97.98±0.25%), 
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HCT116 (96.06±0.25%), MG63 (89.29±0.96%), A431 (84.19±0.60%), A498 

(80.87±1.62%), and PANC1 (56.86±2.57%). Additionally, the petroleum ether, 

ethyl acetate, acetone, and methanol extracts also exhibited notable cell death in 

selected cell lines. 

Laggera alata is recognized for its medicinal properties, particularly its potential in 

cancer treatment. The plant contains bioactive compounds such as eudesmane-type 

sesquiterpenes (ETSs) and flavonoids, which have been reported to possess 

anticancer activity. Two key ETSs, 5α-hydroxycostic acid and hydroxyisocostic 

acid, isolated from Laggera alata, have demonstrated anti-angiogenic effects, 

inhibiting the formation of new blood vessels that fuel tumour growth (Liang et al., 

2017). Despite these promising findings, the chemical composition and specific 

bioactive constituents of Laggera alata have not been thoroughly investigated. 

Given the significant cytotoxicity observed in this study, it would be valuable to 

explore each extract of Laggera alata separately to identify the specific compounds 

responsible for its anticancer activity. Further phytochemical analysis and 

mechanistic studies are necessary to fully understand its potential as a source of 

anticancer agents. 

1.4.1.12. Bauhinia phoenicea 

In contrast, Bauhinia phoenicea extracts demonstrated significant anticancer 

potential. The chloroform extract showed the highest mortality rate on the PA1 cell 

line (99.28±0.16%), followed by the petroleum ether extract on the same cell line 

(96.74±0.54%). Other cell lines, including a normal cell line, exhibited high 

tolerance to B. phoenicea extracts, indicating the selective cytotoxic potential of 

these extracts against cancer cells. 

Previous research has further highlighted the efficacy of B. phoenicea extracts. 

Among the six various extracts tested, the water extract exhibited the lowest IC50 

value (34 µg/mL) on Dalton’s lymphoma ascites (DLA) cell lines. Maximum 

cytotoxicity for the chloroform extract was achieved at a concentration of 200 
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µg/mL, while the petroleum ether and acetone extracts also showed high 

cytotoxicity at 100 µg/mL (Baby and Raphael, 2018). 

Given these findings, further exploration of the anticancer potential of B. phoenicea, 

particularly on the PA1 cell line, is highly warranted. The current study’s results 

underscore the promise of B. phoenicea extracts as selective anticancer agents, 

meriting additional research to fully understand their mechanisms and efficacy 

across different cancer cell lines. 

1.4.1.13. Leucas aspera  

The chloroform extract of Leucas aspera was found to exhibit significant anticancer 

activity in the current study, causing cell mortality in all cancer cell lines tested, with 

the exception of MCF7. These findings align with several existing studies 

supporting the anticancer potential of Leucas aspera. 

Research on Leucas aspera has highlighted its potential in various cancer models. 

For instance, Augustine et al., (2014) delved into the antitumour activity of Leucas 

aspera by studying the ethyl acetate fraction in Dalton's lymphoma (DAL) bearing 

mice. The study revealed promising results in tumour growth inhibition, suggesting 

that L. aspera may be effective in treating certain cancers (Augustine et al., 2014). 

Augustine and colleagues further investigated its immunomodulatory activity, 

demonstrating that the plant could stimulate macrophage cells. This 

immunomodulation could enhance the body's defense against cancer cells, 

potentially explaining part of the plant’s anticancer efficacy (Augustine et al., 2014). 

In more recent studies, Jayanthi examined the ethanol extract of Leucas aspera 

flowers in in vitro and in vivo models against Ehrlich ascites tumours. The study 

showed significant anticancer potential, supporting the plant's broader therapeutic 

applications (Jayanthi, 2020). Additionally, Mohan et al., investigated the use of 

Leucas aspera nanoparticles in prostate cancer cells, highlighting that the 

nanoparticle formulations exhibited superior toxicity and cell migration inhibition 

compared to crude extracts (Mohan et al., 2017). This research underscores the 
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potential benefits of nanoformulations in enhancing the anticancer efficacy of herbal 

medicines like Leucas aspera. 

The cumulative evidence suggests that Leucas aspera possesses a wide array of 

anticancer properties, making it a promising natural candidate for further 

development in cancer therapy. These studies emphasize not only its direct tumour-

suppressing effects but also its ability to modulate the immune system and inhibit 

cell migration, both of which are key factors in cancer progression. 

1.4.1.14. Cassia javanica and Combretum indicum  

In the present study, both Cassia javanica and Combretum indicum exhibited 

significant cytotoxic effects on various cancer cell lines. The methanol extract of 

Cassia javanica resulted in a mortality percentage of 88.32±1.62% on the A431 cell 

line, indicating strong cytotoxic potential. Similarly, Combretum indicum extracts 

displayed mortality percentage above 50% on several cell lines. For instance, the 

chloroform extract showed cytotoxic effects on MCF7 (73.97±2.97%), HT29 

(65.35±1.47%), A431 (62.28±2.54%), and UM-SCC-83B (61.50±6.00%). The 

petroleum ether extract was also effective against MCF7 (81.34±4.56%) and UM-

SCC-83B (74.78±3.66%), while the ethyl acetate extract impacted MCF7 

(66.66±1.55%). Notably, the water extract demonstrated a high level of cytotoxicity 

on PA1 (95.71±1.25%). 

Previous research, such as the study by Abd Elkarim and Taie (2023), further 

supports these findings. They investigated the antioxidant and antitumour activities 

of C. indicum using aqueous methanol extracts (AME) from the aerial parts. The 

extract was tested on Ehrlich ascites carcinoma cells, showing a dose-dependent 

inhibition of cell viability (Abd Elkarim and Taie 2023). This study concluded that 

C. indicum could serve as a potential antioxidant and antitumour agent, which aligns 

with the results of the current research. 

Out of the 426 plant extracts screened for anticancer properties, many exhibited cell 

line-specific anticancer effects, with several showing reduced cytotoxicity on 

HaCaT, a non-cancerous human keratinocyte cell line. This differential cytotoxicity 
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is a critical feature in drug development, as an ideal anticancer drug should 

selectively target cancer cells without harming normal, healthy cells. The ability of 

certain plant extracts to exhibit such selectivity highlights their potential as 

promising sources of anticancer molecules. 

Given the increasing need for more effective and selective cancer treatments, 

identifying plant extracts with these properties is vital. While traditional medicinal 

plants have been studied for their therapeutic potential, many still remain 

unexplored. As a result, the discovery and investigation of these plant-derived 

compounds hold significant promise for the development of novel anticancer drug 

candidates, contributing to the ongoing search for more targeted and less toxic 

cancer drug development. 
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CONCLUSIONS 

In the current study, several plant extracts demonstrated potent cytotoxic effects 

across various cancer cell lines after 48 hours of exposure: 

 Human colorectal carcinoma cell line (HT29): Twenty-six extracts showed 

heightened cytotoxicity. The most active were the acetone and methanol extracts 

of Alangium salviifolium (99.70±0.10%, 99.70±0.11%), and chloroform extracts 

of Getonia floribunda (99.12±0.16%), Leucas aspera (99.54±0.05%), and 

Strobilanthes heyneana (99.02±0.45%). 

 Human colon cancer cell line (HCT116): Only eight extracts showed 

significant cytotoxicity, with the methanol extract of A. salviifolium leaf 

(99.04±0.13%) being the most effective, followed by chloroform extract of  

A. salviifolium leaf (98.29±0.28%) and chloroform extract of Leucas aspera 

(98.16±0.23%). 

 Human epidermoid carcinoma cell line (A431): The chloroform extract of 

Alangium salviifolium leaf (99.37±0.24%), methanol extract of A. salviifolium 

leaf (99.24±0.09%), and chloroform extract of Otacanthus caeruleus flower 

(99.69±0.63%) exhibited the most significant cytotoxic effects. Additionally, 22 

other extracts showed over 70% cytotoxicity against this cell line. 

 Human renal carcinoma cell line (A498): Eighteen plant extracts showed 

cytotoxicity exceeding 70%. The methanol extract of A. salviifolium leaf 

(99.64±0.37%) and the chloroform extract of Otacanthus caeruleus flower 

(99.97±0.25%) had the highest activity. 

 Human cervical cancer cell line (HeLa): Twenty-three extracts showed 

anticancer potential. The chloroform and methanol extracts of A. salviifolium 

leaf (99.10±0.35%) were highly effective, as were the ethyl acetate extracts of 

Pancratium triflorum bulb (99.34±0.28%) and leaf (99.26±0.50%). 

 Human breast cancer cell line (MCF7): Sixteen extracts demonstrated 

significant anticancer potential, with the methanol extract of Alangium 
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salviifolium leaf (99.47±0.23%) being the most effective, followed by the 

chloroform extract of Alangium salviifolium leaf (97.69±0.22%) and the 

chloroform extract of Melia dubia leaf (88.92±1.25%). 

 Human osteosarcoma cell line (MG63): Twenty-four extracts showed 

promising cytotoxicity, including the petroleum ether extract of Conyza 

canadensis (99.59±0.50%), acetone extract of Hewettia malabarica 

(99.58±1.08%), and the chloroform extracts of Otacanthus caeruleus flower 

(99.24±0.08%) and leaf (99.03±0.33%). 

 Human ovarian cancer cell line (PA1): Forty extracts showed more than 70% 

cytotoxicity. The chloroform and methanol extracts of Alangium salviifolium 

leaf (99.42±0.38%, 99.13±0.38%), chloroform extracts of Bauhinia pheonacia 

(99.28±0.16%), Getonia floribunda (99.36±0.17%), Leucas aspera 

(99.52±0.31%), Otacanthus caeruleus leaf (99.67±0.60%), ethyl acetate extracts 

of Pancratium triflorum bulb (99.74±0.14%) and leaf (99.81±0.18%), and the 

acetone extract of Pancratium triflorum bulb (99.40±0.52%) were particularly 

effective. 

 Human pancreatic cancer cell line (PANC1): Twenty-one extracts showed 

anticancer potential with more than 70% mortality. The chloroform extract of 

Otacanthus caeruleus flower was the most active (99.71±2.65%), followed by 

the methanol extract of Alangium salviifolium leaf (98.06±0.29%) and the 

petroleum ether extract of Melia dubia leaf (97.48±1.77%). 

 Human oral cancer cell line (UM-SCC-83B): Seventeen plant extracts 

displayed significant cytotoxicity, with the chloroform extracts of Alangium 

salviifolium (99.37±0.68%) and Leucas aspera (99.37±1.13%), and methanol 

extract of Alangium salviifolium (99.23±0.62%) being the most active. 

Many of the above extracts showed minimum cytotoxicity to HaCaT cell line 

indicating their potential for isolating anticancer molecules with selective toxicity to 

cancer cells. 
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 To explore the differential cytotoxicities of Hewittia malabarica, Pancratium 
triflorum, Conyza canadensis, Anamirta cocculus, and Melia dubia against various 
cancer cell lines.  

 Characterization of the plant extract with anticancer properties via GC-MS 
analysis. 
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REVIEW OF LITERATURE 

2.1.1.  Hewittia malabarica 

Hewittia malabarica L. Suresh, a species within the Convolvulaceae family, has 

been identified in regions such as Uttar Pradesh and Kerala in India (Chaurasia et 

al., 2021). Despite its presence, this plant remains largely unexplored, particularly 

concerning its potential as a source of anticancer compounds. It is among the least 

studied plants regarding its bioactivities, making it a promising candidate for future 

research. 

The Convolvulaceae family, commonly referred to as the morning glory family, 

includes a wide variety of plants with significant potential in anticancer research. 

Recent studies have shed light on the anticancer properties of numerous species 

within this family, underscoring their potential as natural remedies for cancer 

prevention and treatment. 

One notable study by Budiman et al. focused on the anticancer properties of Purple 

Sweet Potato (PSP) phytochemicals. This research evaluated the effects of PSP 

across multiple cancer types, including breast, bladder, colorectal, liver, gastric, and 

cervical cancers (Budiman et al., 2021). The findings highlighted the significance of 

PSP as a natural cancer-preventive and therapeutic agent, suggesting that its 

phytochemical constituents could play a crucial role in cancer management. 

Further research explored the anticancer potential of merromoside from Ipomoea 

aquatica, which demonstrated promising activity against breast cancer by 

downregulating reactive oxygen species (ROS) (M S et al., 2022). This study 

emphasized the value of secondary metabolites from Convolvulaceae plants in 

targeted cancer therapies, particularly for breast cancer. 

Another significant contribution came from a study investigating the synergistic 

anticancer activity of Ipomoea batatas (sweet potato) combined with caffeic acid 

(Johnson and Pace, 2010) The combination was found to enhance apoptosis in non-
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small-cell lung cancer cells, highlighting the potential of Convolvulaceae plants 

when used in conjunction with other agents for cancer treatment. 

Salehi et al. highlighted the importance of exploring plants with the anticancer 

potential within the Convolvulaceae family. It highlighted compounds such as 

capsaicin, found in some Convolvulaceae roots, and trypsin inhibitor proteins, which 

possess notable anticancer properties (Salehi et al., 2020).  

2.1.2. Pancratium triflorum 

Pancratium triflorum, a species from the Amaryllidaceae family, is renowned for its 

extensive use in traditional medicine. Historically, it has been employed by various 

ethnic communities to manage ailments like abdominal pain, impotence, and 

tumours. This plant’s medicinal value is well-documented in folk medicine, where it 

is recognized for its therapeutic potential. Over the past few years, Pancratium 

triflorum has attracted increasing scientific attention due to its pharmacological 

properties, particularly its anti-inflammatory effects (Elgorashi, 2019). 

Modern research has begun to validate the medicinal values, with numerous studies 

exploring its pharmacological effects. Toxicological assessments have also been 

conducted, and findings suggest that the plant has a favorable safety profile, further 

bolstering its potential for therapeutic applications. Comparative studies examining 

ethnomedicinal plants used by different communities highlight Pancratium triflorum 

as a significant source of bioactive compounds with therapeutic potential. Its 

inclusion in these studies emphasizes its role as a potent medicinal plant. Beyond its 

historical significance, its phytochemical and pharmacological properties have been 

well-researched, revealing several key bioactivities. Specifically, studies have 

shown that compounds isolated from Pancratium triflorum possess anti-

inflammatory, antioxidant, and anticholinesterase properties, making it an attractive 

candidate for drug development (Elgorashi, 2019). 

Additionally, Pancratium triflorum has been studied for its ability to treat common 

colds and other respiratory conditions. Herbal remedies like this plant have shown 
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promise in relieving symptoms of these illnesses, further demonstrating its 

versatility in treating both acute and chronic conditions (Mammari et al., 2023). 

Given its wide range of bioactive properties, this plant offers significant potential for 

future research aimed at developing novel treatments for a variety of diseases, 

including cancer and inflammatory disorders. 

Several alkaloids within the Amaryllidaceae family are recognized for their 

cytotoxic effects, with members of the lycorine group standing out due to their 

potent and selective antiproliferative activity on various cancer cell lines. Among 

these, phenanthridone alkaloids like narciclasine and pancratistatin have garnered 

significant attention for their highly selective cytotoxicity, and are currently 

progressing through different stages of development. It is anticipated that one of 

these compounds may reach the clinical market in the next decade (Elgorashi, 2019). 

In addition to the lycorine group, the crinane subgroup has produced several 

bioactive molecules, including crinamine and haemanthamine, which also exhibit 

promising cytotoxic properties. Nair et al., identified two rare alkaloids from the 

Amaryllidaceae family, β-crinane distichamine and phenanthridone narciprimine, as 

novel antiproliferative agents. Distichamine, in particular, has demonstrated 

apoptosis-inducing effects in human acute lymphoblastic leukemia (CEM) cells 

(Nair et al., 2012). 

Pancratium triflorum is a valuable medicinal plant with diverse therapeutic 

properties. Its traditional use is supported by modern research, which highlights its 

pharmacological potential. Continued studies are needed to fully elucidate the 

mechanisms of its medicinal effects and expand its use in modern medicine. 

2.1.3. Conyza canadensis 

Conyza canadensis, commonly known as horseweed or Canada fleabane, is a plant 

species from the Asteraceae family, native to North America. The plant is 

characterized by an upright, hairy stem, reaching heights of up to 1.5 meters. Its 

branches form terminal clusters of small flower heads, which feature white or pale 

purple ray florets and yellow disc florets. The plant flowers from spring to autumn. 
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Traditionally, the aerial parts of C. canadensis have been used in folk medicine for 

treating dental pain, headaches, kidney issues, gastrointestinal problems, 

rheumatism, respiratory tract infections, wounds, and burnscal Composition Various 

studies have revealed the phytochemical profile of C. canadensis, highlighting the 

presence of secondary metabolites, including polyacetylene derivatives , triterpenes 

,and phenolic search has investigated the volatiral Conyza species, there has been a 

notable lack of research into the chemical and bioactivity profiles of C. canadensis 

(Hayet et al.,2009; Polat et al.,2022; Barhoumi et al., 2024).  

Various studies have revealed the phytochemical profile of C. canadensis, 

highlighting the presence of secondary metabolites, including polyacetylene 

derivatives, triterpenes, flavones, and phenolic compounds (Barhoumi et al., 2024). 

Although previous research has investigated the volatile composition of several 

Conyza species, there has been a notable lack of research into the chemical and 

bioactivity profiles of C. canadensis growing in Jordan. This prompted a recent 

investigation aimed at characterizing the chemical composition and bioactivity of 

the plant’s aerial parts, including inflorescence heads, leaves, and stems. 

A study by Barhoumi et al., (2024) analyzed the hydro-distilled essential oil (HD-

EO) and methanolic extracts from the aerial parts of C. canadensis collected in 

Jordan. The chemical analysis using GC-MS identified (2E, 8Z)-matricaria ester as 

the predominant compound in the essential oil. The methanolic extract, referred to as 

CCM, demonstrated a high content of phenolic compounds (95.59±0.40 mg Gallic 

acid equivalents/g extract) and flavonoids (467.0±10.5 mg Quercetin equivalents /g 

extract). Additionally, the extract exhibited moderate DPPH radical scavenging 

activity (IC50 of 23.75±0.86 µg/mL) and low iron chelating activity (IC50 = 

5396.07±15.05 µg/mL). 

CCM extract upon LC-MS/MS profiling revealed the presence of twenty-five 

phenolic compounds and flavonoids, including significant concentrations of 

rosmarinic acid (1441.1 mg/kg plant) and caffeic acid phenethyl ester (231.8 mg/kg 
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plant) (Barhoumi et al., 2024). These findings suggest that C. canadensis contains a 

rich variety of bioactive compounds with potential antioxidant properties. 

Barhoumi et al. also assessed the antimicrobial potential of the methanolic extract of 

C. canadensis against several Gram-positive and Gram-negative bacteria, as well as 

two fungal species, Candida and Cryptococcus. The results indicated significant 

antibacterial activity, particularly against Staphylococcus aureus, with a minimum 

inhibitory concentration (MIC) value of 3.125 µg/mL. This demonstrates the 

potential of C. canadensis extracts for use as natural antimicrobial agents. The high 

phenolic and flavonoid content, combined with the moderate DPPH radical 

scavenging activity, suggests that C. canadensis possesses antioxidant properties, 

which may be beneficial in preventing oxidative stress-related diseases. Moreover, 

the extract's antibacterial efficacy against S. aureus reinforces its potential as an 

antimicrobial agent (Barhoumi et al., 2024). The results lay the groundwork for 

future studies on the medicinal uses of C. canadensis, with a focus on its potential to 

combat microbial infections and alleviate oxidative stress. 

The Asteraceae family, to which C. canadensis belongs, is renowned for its 

bioactive compounds, especially sesquiterpene lactones. Numerous studies have 

demonstrated the cytotoxic and pro-apoptotic effects of Asteraceae species against 

cancer cells. For instance, Gach et al., highlighted the anticancer properties of 

sesquiterpene lactones, which act by influencing intracellular redox signaling 

pathways (Gach et al., 2015). Moreover, traditional knowledge and ethnobotanical 

insights have guided the identification of medicinal plants from this family with 

therapeutic potential. Bouyahya et al. reviewed Moroccan Asteraceae species, 

emphasizing their cellular and molecular anticancer efficacy (Bouyahya et al., 

2020). 

The recent studies on Conyza canadensis from Jordan has provided the first detailed 

phytochemical and bioactivity assessment of this plant, revealing its significant 

antioxidant and antimicrobial potential. The presence of phenolic compounds and 

flavonoids, particularly rosmarinic acid and caffeic acid phenethyl ester, suggests 
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that C. canadensis holds promise for future research aimed at exploring its 

therapeutic applications. Additionally, the antimicrobial efficacy of the plant against 

S. aureus highlights its potential as a natural antimicrobial agent. This study 

contributes to the growing body of evidence supporting the medicinal potential of 

Asteraceae plants, with implications for the development of novel antioxidant and 

antimicrobial therapies. Further studies are needed to fully understand the 

mechanisms underlying these bioactivities and to explore the clinical relevance of C. 

canadensis extracts. 

2.1.4. Anamirta cocculus 

Anamirta cocculus (L.) Wight and Arn., a member of the Menispermaceae family, 

has long been used in traditional medicine throughout Asia. Its stems and roots are 

rich in alkaloids with antibacterial, antimicrobial, and sympatholytic properties 

(Jijith et al., 2016). The seeds contain picrotoxin, a known compound with a history 

of use as an antidote for barbiturate and morphine poisoning, as well as a nerve tonic 

for treating neurological disorders, including schizophrenia and epilepsy. Picrotoxin 

functions as a universal chloride (Cl−) channel blocker, producing effects similar to 

bicuculline, with convulsions and seizures at higher doses (Pluskal and Weng, 

2018). While picrotoxin has limited clinical use due to its toxicity, it is still 

employed in research as a tool for studying GABAergic mechanisms. 

The Menispermaceae family has attracted interest for its bioactive compounds with 

potential in cancer research. Alkaloids derived from Menispermaceae plants, such as 

bisbenzylisoquinoline (BBIQ), have shown promising anticancer properties. Chan et 

al. explored the effects of two BBIQ alkaloids, tetrandrine (TET) and fangchinoline 

(FAN), extracted from Stephania tetrandra roots. These compounds demonstrated 

the ability to reverse multi-drug resistance (MDR) in cancer cells, a major challenge 

in chemotherapy. The study indicated that TET and FAN enhance drug sensitivity in 

resistant cancer cells, making them viable candidates for further development in 

cancer treatment (Chan et al., 2021). 
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Magnoflorine, another alkaloid from the Menispermaceae family, has garnered 

attention for its antitumour activity. A review by Okon et al. emphasized 

magnoflorine's ability to induce apoptosis, inhibit cancer cell proliferation, and 

disrupt cell cycle progression. These anticancer properties make magnoflorine a 

promising lead compound for drug development (Okon et al., 2020). 

Research on other Menispermaceae species continues to uncover additional 

bioactive compounds with potential medicinal applications. Baharuddin et al. 

conducted a comprehensive review of Dicranopteris linearis, research on its 

medicinal properties and anticancer potential. This highlighted the need for more 

exploration of the plant’s bioactive compounds and their roles in oncology 

(Baharuddin et al., 2021). 

Pérez et al. investigated the anticancer properties of Thiadiazinthione, a compound 

isolated from Menispermaceae species. The study showed that the decomposition 

products of Thiadiazinthione had cytotoxic effects on cancer cells, suggesting a new 

mechanism for exploiting this compound in cancer therapy (Pérez et al., 2000). 

Luteolin, a flavonoid found in several Menispermaceae plants, was reviewed by Lin 

et al. for its anticancer properties. Luteolin was found to promote apoptosis and 

inhibit proliferation, metastasis, and angiogenesis in cancer cells. These multi-

targeted mechanisms highlight luteolin’s potential as part of cancer prevention and 

therapy strategies, reinforcing its value in oncology (Lin et al., 2008). 

The growing body of research into Anamirta cocculus and the broader 

Menispermaceae family underscores their potential as sources of bioactive 

compounds with significant anticancer properties. Alkaloids such as tetrandrine, 

fangchinoline, and magnoflorine, along with flavonoids like luteolin, offer promise 

in reversing drug resistance, inducing cancer cell death, and inhibiting tumour 

progression. While preclinical studies have demonstrated the pharmacological 

potential of these compounds, further research is necessary to clarify their 

mechanisms of action and evaluate their clinical applicability. The diverse bioactive 

compounds found in Menispermaceae plants represent an exciting frontier for 
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developing novel cancer therapies, and continued research will be essential in 

unlocking their full therapeutic potential. 

2.1.5. Melia dubia 

Melia dubia, commonly known as Malabar neem, has gained interest in cancer 

research as a potential source of novel anticancer compounds. In Indian ayurvedic 

medicine, the leaf extract of M. dubia is used to treat a variety of skin disorders and 

gastro-intestinal tract ailments (Kumar and Sami, 2022).The ethanolic extract of 

seeds contains alkaloids, and the seeds exhibit both antimicrobial and antioxidant 

properties (Prasad, 2024). Wang et al. demonstrated the inhibitory effects of Melia 

toosendan fruit extract on colon cancer in both in vitro and in vivo studies, showing 

promising therapeutic potential (Wang et al., 2015). In another study, Trung et al. 

successfully isolated new triterpenoids from M. dubia bark, which exhibited 

significant anti-inflammatory and antifungal activities against phytopathogenic fungi 

(Trung et al., 2023). Despite these advances, the exploration and isolation of 

anticancer compounds from M. dubia leaves remain an important area of research, 

highlighting the need to examine all plant parts for therapeutic agents. 

The Meliaceae family has garnered significant attention in anticancer research due 

to the identification of numerous bioactive compounds with therapeutic potential. In 

a study by Sirisoma et al. a structure-activity relationship (SAR) analysis led to the 

discovery of N-(4-methoxyphenyl)-N,2-dimethylquinazolin-4-amine, a potent 

inducer of apoptosis and a promising anticancer agent (Sirisoma et al., 2009). This 

compound demonstrated substantial blood-brain barrier permeability, marking it as a 

candidate for further oncological research. Similarly, Belluti et al. focused on the 

design, synthesis, and biological evaluation of stilbene-coumarin hybrid compounds, 

identifying novel pro-apoptotic agents capable of triggering apoptosis in cancer cells 

(Belluti et al., 2010). This work underscores the significance of discovering novel 

molecules for cancer drug development. 

Ren et al. identified niclosamide as a small-molecule inhibitor of the STAT3 

signaling pathway, providing a key insight into the development of molecularly 
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targeted therapies by inhibiting crucial cancer-related pathways (Ren et al., 2010). 

Çiftçi et al. and Chung et al. discovered a piperazine derivative that induces 

caspase-dependent apoptosis while also inhibiting several cancer-related signaling 

pathways, reinforcing the importance of targeting multiple pathways for effective 

treatment outcomes (Çiftçi et al., 2022; Chung et al., 2013). 

Tyagi et al. isolated β-sesquiphellandrene from turmeric, demonstrating its 

anticancer activity comparable to curcumin, thus illustrating the potential of natural 

products in oncology (Tyagi et al., 2015). Moreover, Shoaib et al. studied 

sesquiterpene lactones, highlighting their role as potent antioxidants and anticancer 

agents, reinforcing the importance of exploring natural products for novel anticancer 

therapies (Shoaib et al., 2017). 

The Meliaceae family and the compounds present in Meliaceae family have played a 

significant role in advancing anticancer research. From small-molecule inhibitors to 

natural product derivatives, various compounds are being explored, offering 

promising potential for the development of more effective cancer therapies. 

2.1.6. Research gap 

Despite the established medicinal value and various biological activities such as 

antioxidant, anti-inflammatory, and antibacterial effects of Hewittia malabarica, 

Pancratium triflorum, Conyza canadensis, Anamirta cocculus, and Melia dubia, 

there remains a significant research gap regarding their anticancer potential. While 

these plants have been traditionally used in medicine, their specific anticancer 

properties have not been thoroughly investigated. There is a critical need for 

comprehensive studies on phytochemical composition of these plants to identify and 

characterise their anticancer agents. Addressing this gap could contribute to the 

development of safer and more effective anticancer drugs, emphasizing the necessity 

of further exploration in this area. 
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MATERIALS AND METHODS 

2.2.1. Chemicals 

Animal tissue culture tested DMEM, MEM, Mc Coy’s 5A, DMSO, FBS and 

antibiotic antimycotic solution (from Sigma-Aldrich, Himedia and Gibco) were used 

for cell line culture maintenance and plant extract dilution. Organic solvents 

including petroleum ether, chloroform, ethyl acetate, acetone, and methanol, used 

for preparation of sample for GC-MS and HPTLC were of HPLC grade.    

2.2.2. Plant collection and sample preparation 

Hewittia malabarica and Pancratium triflorum were collected from Thenhippalam, 

Malappuram district, Kerala. Conyza canadensis was collected from Attappadi hills, 

Palakkad district, Kerala. Anamirta cocculus was collected from Koottanad, 

Palakkad district. Melia dubia were collected from Meenangadi, Wayanad districts. 

The plant parts were identified by Dr A. K. Pradeep, Department of Botany, 

University of Calicut. The plant materials were processed and samples were 

prepared by sequential extraction as discussed in the chapter 1.  

2.2.3. Cytotoxicity Assay 

The plant extracts were analysed for their cytotoxicity on ten different cancer cell 

lines and a normal cell line using the MTT assay as per Mosmann, 1983 (Mosmann, 

1983). Each extract was treated at 100 µg/mL concentration and mortality after 48 

hours of treatment was recorded. 

2.2.4. IC50 calculation 

IC50 values for 48 hours of the extracts were determined for cell lines exhibiting 

more than 50% mortality by treating them at different concentrations on the 

corresponding cell lines. Probit analysis was carried out to calculate the IC50 value. 

2.2.5. Identification of compounds in extracts by GC-MS analysis 

GC-MS analysis was performed on the chloroform extracts of Hewittia malabarica, 

Pancratium triflorum bulb, Conyza canadensis, Melia dubia, as well as ethyl acetate 
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and acetone extracts of Anamirta cocculus using a Shimadzu gas chromatography 

system. The system was equipped with an ELITE-5MS column (30 m length, 0.25 

mm ID, 0.25 µm film thickness). The oven temperature was initially set at 80°C for 

1 minute and then gradually increased to 260°C at a rate of 5°C per minute. Helium 

was used as the carrier gas, with a flow rate of 1 mL/min. A sample volume of 1 µL 

was injected for analysis. 

Identification of the components was achieved by comparing the mass spectral 

fragmentation patterns with the MS library databases, specifically NIST11 (National 

Institute of Standards and Technology, USA) and WILEY 8, which helped in 

recognizing and characterizing the chemical constituents present in the extracts. 

2.2.6. Statistical analysis 

IC50 was calculated using probit analysis in IBM SPSS statistics 24 software. Data 

were expressed as mean±SEM. Data visualization was conducted using Origin 

(Version 9) and GraphPad Prism 10.2.2 (397). Statistical analysis to determine the 

significance of differences between group means was performed using one-way 

ANOVA, followed by Dunnett's multiple comparison tests, to compare experimental 

groups with the control. All analyses were carried out in GraphPad Prism, with 

statistical significance set at p < 0.05. 
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RESULTS 

2.3.1. Hewittia malabarica 

2.3.1.1. Hewittia malabarica extracts exhibit differential cytotoxicity 

The cytotoxic effects of Hewittia malabarica extracts (aerial parts) were evaluated 

using the MTT assay across various cell lines, including HT29, HCT116, A431, 

A498, PANC1, UM-SCC-83B, and HaCaT. Extracts prepared with different 

solvents—petroleum ether, chloroform, ethyl acetate, acetone, methanol, and 

water—were tested. Among these, the chloroform extract exhibited the highest 

cytotoxicity across most cell lines. The ethyl acetate extract was found to cause the 

highest cytotoxicity among the six extracts tested on PANC1 pancreatic cancer cell 

line (99.58±1.08%) and it was followed by the same extract on MG63 

(97.23±0.82%). On HaCaT, the extract caused 44.91±1.32% mortality. HT29 cell 

line showed the strongest response to the chloroform extract, with a mortality rate of 

81.59±4.90%, followed by HeLa cell line, which had a mortality rate of 

63.29±2.46%. Additionally, the petroleum ether extract displayed significant 

cytotoxicity against HT29 cells, with a mortality rate of 65.38±0.94% after 48 hours 

of exposure. Notably, the petroleum ether extract and chloroform extract didn’t 

show substantial cytotoxicity, even at 100 µg/mL, towards the normal human 

keratinocyte cell line (HaCaT) with a mortality percentage of 5.38±1.16% and 

5.44±1.07% respectively, indicating a selective cytotoxic effect, particularly against 

the human colorectal carcinoma cell line HT29 (Table 2.3.1). 

2.3.1.2. Determination of IC50 of chloroform extract and petroleum ether 

extract on HT29 cell lines 

Both the petroleum ether and chloroform extracts exhibited concentration-dependent 

cytotoxicity against the HT29 cell line. Notably, the chloroform extract had the 

lowest IC50 value of 31.97±3.07 µg/mL against HT29 cells (Table 2.3.2.), indicating 

it contains potentially potent anticancer agents. This result underscores the need for 

further research to isolate and characterize these anticancer compounds from the 

chloroform extract of Hewittia malabarica. Additionally, the petroleum ether extract 
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also showed considerable sensitivity to HT29 cells, with an IC50 value of 76.58±4.74 

µg/mL (Table 2.3.2). Both extracts exhibited increased cytotoxicity with higher 

concentrations and extended incubation periods (Figure 2.3.1). 

Table 2.3.1. Percentage mortality of H. malabarica extracts on various cell lines. 

Cell Line 

Percentage Mortality (48 hrs) Mean±SEM   

Petroleum  
ether extract 

Chloroform  
extract 

Ethyl acetate  
extract 

Acetone  
extract 

Methanol  
Extract 

Water  
extract 

HT29 65.38±0.94 81.59±4.90 21.21±1.30 12.62±2.54 19.91±3.69 22.47±0.78 

HCT116 11.99±5.36 1.48±2.26 4.48±2.09 38.23±5.11 41.17±5.31 18.34±2.06 

A431 16.34±2.54 8.68±2.20 1.45±2.02 38.99±2.38 31.90±2.53 21.95±1.21 

A498 15.72±2.72 40.98±1.41 16.15±3.53 39.37±2.81 18.39±2.83 23.16±6.71 

HeLa 31.70±4.24 63.29±2.46 29.76±1.76 23.15±1.87 18.54±1.33 20.87±1.40 

MCF7 35.56±2.59 15.69±1.14 33.08±1.80 28.63±1.77 41.70±0.74 30.38±1.17 

MG63 26.60±3.04 62.42±3.01 97.23±0.82 28.98±3.57 73.21±4.67 5.01±2.92 

PA1 6.32±1.92 6.77±1.48 11.72±1.46 16.23±1.23 10.51±1.76 5.07±0.90 

PANC1 6.58±2.17 45.94±2.71 99.58±1.08 13.75±2.70 52.56±1.96 43.85±1.47 

UM-SCC-83B 26.58±2.59 32.54±2.53 34.05±2.94 39.93±3.46 39.42±2.32 21.16±2.75 

HaCaT 5.38±1.16 5.44±1.07 44.91±1.32 55.47±6.25 45.25±4.33 51.25±3.57 

Cytotoxic activity of the extracts was assessed by considering cytotoxicity of DMSO control as 
0.00%.  Percentage mortality was calculated after 48 hours of treatment and the values are expressed 
as mean±SEM (n=6).  

 

Figure 2.3.1.The percentage mortality of HT29 cell line exposed to different concentrations of 
chloroform and petroleum ether extracts from H. malabarica after 48 hours. Mortality of DMSO 
control treated was zero percentage. The values are plotted as mean±SEM (n=6). Level of 
significance: ***p<0.001, **p<0.01. 
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Table 2.3.2. IC50Values of chloroform and petroleum ether extracts on HT29 and HaCaT cell lines. 

Sl. No. Plant Extract 
IC50Value (µg/ml)  

HT29 HaCaT p value 

1 Chloroform extract 31.97±3.07 >100 >0.001 

2 Petroleum ether extract 76.58±4.74 >100 >0.001 

The values are expressed as mean±SEM (n=6). Level of significance: ***p<0.001, **p<0.01. 

2.3.1.3.   Identification of compounds in chloroform extract of Hewittia  

                malabarica aerial parts by GC-MS analysis  

The bioactive chloroform extract of Hewittia malabarica subjected to GC-MS 

analysis to identify its organic constituents. The analysis revealed the presence of 

several compounds, including Sulfurous acid, hexyl octyl ester, 2,4-Di-tert-

butylphenol, Cetene, Palmityl acrylate, Neodene, Cyclododecanol, Neophytadiene, 

9-eicosene, N-pentadecane, (E)-phytol, 1-Heneicosanol, O,o'-biphenol, 4,4',6,6'-

tetra-t-butyl-, Tritetracontane, 1,2-benzenedicarboxylic acid, Oleyl alcohol, 

trifluoroacetate, Tetratetracontane, and Bis(2-ethylhexyl) terephthalate (Figure 2.3.2 

and Table 2.3.3). 

 

Figure 2.3.2. Chromatogram of the chloroform extract of H. malabarica obtained via GC-MS 
analysis. 
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Table 2.3.3. List of phytochemicals  identified in the chloroform extract of H. malabarica via GC-
MS analysis. 

Peak Area% Height% Name 

1 1.28 2.55 Sulfurous acid, hexyl octyl ester 

2 5.4 8.35 2,4-Ditert-Butylphenol 

3 7.01 10.18 Cetene 

4 2.39 1.78 Palmityl acrylate 

5 9.78 14.87 Neodene 

6 2.35 2.55 Cyclododecanol 

7 5.56 5.91 Neophytadiene 

8 8.59 10.49 9-eicosene 

9 2.08 2.1 N-pentadecane 

10 7.51 6.03 (E)-phytol 

11 5.44 5.62 1-Heneicosanol 

12 1.72 2.53 O o'-biphenol, 4,4',6,6'-tetra-t-butyl- 

13 4.51 5.97 1-heneicosanol 

14 17.37 6.57 Tritetracontane 

15 6.95 7.48 1,2-benzenedicarboxylic acid 

16 8.59 3.47 Oleyl alcohol, trifluoroacetate 

17 1.77 1.5 Tetratetracontane 

18 1.72 2.05 Bis(2-ethylhexyl) terephthalate 

 

2.3.2. Pancratium triflorum  

2.3.2.1. Pancratium triflorum bulb extracts exhibit differential cytotoxicity 

The cytotoxic effects of Pancratium triflorum extracts were evaluated using the 

MTT assay across various cell lines, including HT29, HCT116, A431, A498, HeLa, 

PA1, MG63, MCF7, PANC1, UM-SCC-83B, and HaCaT. Extracts prepared with 

different solvents-petroleum ether, chloroform, ethyl acetate, acetone, methanol, and 

water-were tested. The ethyl acetate extract of P. triflorum bulb produced the 

highest percentage mortality in the MG63 cell line, achieving 99.74±0.14%. It also 

resulted in a percentage mortality of 99.34±0.28% in the HeLa cell line, while the 

acetone extract induced 99.41±0.52% percentage mortality in the MG63 line. The 

chloroform extract demonstrated significant percentage mortality in various cell 

lines: 92.36±0.81% in HeLa, 89.15±1.09% in UM-SCC-83B, 82.96±1.10% in PA1, 
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82.56±2.69% in MG63, 82.50±0.65% in HT 29, 75.73±0.99% in A498, 

71.21±1.05% in A431, 67.93±1.64% in MCF7, and 65.69±1.92% in PANC1. In 

contrast, the chloroform extract exhibited a percentage mortality of 43.47±0.42% in 

the normal cell line, while the ethyl acetate extract had a percentage mortality of 

68.49±0.33%, and the acetone extract showed a percentage mortality of 

94.18±0.54% (Table 2.3.4.).  

Table 2.3.4. In vitro cytotoxicity of Pancratium triflorum bulb on cancer cell lines-MTT assay. 

Cell Line 

Percentage Mortality (48 hrs) Mean±SEM 

Petroleum 
ether 

extract 

Chloroform 
extract 

Ethyl 
acetate 
extract 

Acetone 
extract 

Methanol 
Extract 

Water 
extract 

HT29 57.97±0.59 82.50±0.65 79.56±1.74 63.13±1.21 68.04±1.51 49.72±2.34 

HCT116 46.82±0.80 47.27±1.40 49.12±2.39 48.57±2.24 44.44±2.06 47.08±2.03 

A431 46.41±2.66 71.21±1.05 78.01±1.58 70.38±1.04 58.67±0.71 38.50±1.50 

A498 33.17±2.22 75.73±0.99 57.29±1.24 56.70±1.98 43.25±1.41 33.79±2.27 

HeLa 76.32±1.30 92.36±0.81 99.34±0.28 97.59±0.52 81.22±1.07 70.27±1.08 

MCF7 45.65±2.99 67.93±1.64 76.98±0.77 73.80±0.84 60.21±1.11 44.42±0.82 

MG63 48.25±2.19 82.56±2.69 99.74±0.14 99.41±0.52 54.31±3.44 50.41±4.24 

PA1 63.33±0.95 82.96±1.10 89.27±1.59 82.55±2.16 68.57±2.68 61.05±2.27 

PANC1 52.14±1.22 65.69±1.92 58.95±1.96 58.94±0.93 57.47±0.87 49.23±1.38 

UM - SCC -83B 66.32±2.02 89.15±1.09 92.07±0.44 88.32±1.67 76.91±1.51 58.38±1.80 

HaCaT 81.05±0.71 43.47±0.42 68.49±0.33 94.18±0.54 85.06±0.90 76.95±1.01 

Cytotoxic activity of the extracts was assessed by considering cytotoxicity of DMSO control as 
0.00%.  Percentage mortality was calculated after 48 hours of treatment and the values are expressed 
as mean±SEM (n=6).  

Among these, the ethyl acetate extract exhibited the highest cytotoxicity across most 

cell lines. On MG63, it caused the highest cell death of (99.74±0.14%), followed by 

acetone extract on MG63 and ethyl acetate extract on HeLa with percentage 

mortality of  99.41±0.52% and 99.34±0.28% respectively. Additionally, the 

chloroform extract and acetone extract produced higher mortality on cancer cell 

lines indicating its anticancer potential when treated at 100 µg/mL (Table 2.3.4.). 
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Figure 2.3.3. Chromatogram of the chloroform extract of Pancratium triflorum bulb obtained via 
GC-MS analysis. 

Table 2.3.5. List of phytochemicals identified in the chloroform extract of P. triflorum bulb via GC-
MS analysis. 

Peak Area% Height% Name 

1 6.41 8.69 2,4-Ditert-butylphenol 

2 1.98 1.91 1-Hexadecene 

3 0.45 0.86 3,4-Dihydroxymandelic acid-tetratms 

4 14.14 21.59 E-15-Heptadecenal 

5 22.47 18.69 3-Eicosene, (E)- 

6 15.39 14.68 Linoleic acid ethyl ester 

7 6.77 5.84 (E)-9-Octadecenoic acid ethyl ester 

8 13.78 9.97 1-Heneicosanol 

9 2.79 3.65 O O'-Biphenol, 4,4',6,6'-tetra-T-butyl- 

10 1.35 1.5 4-[(Trimethylsilyl)oxy]cyclohexanol, (Z)- 

11 0.97 1.33 Tetratetracontane 

12 0.43 0.54 3-Trifluoroacetoxypentadecane 

13 3.55 2.36 Dioctyl phthalate 

14 5.66 4.63 Octadecyl trifluoroacetate 

15 3.85 3.74 Heptacosane 

 

2.3.2.2. Identification of compounds in chloroform extract of Pancratium  

             triflorum bulb by GC-MS analysis 

The GC-MS analysis of the chloroform extract from Pancratium triflorum bulb 

revealed a total of 15 compounds, with 3-Eicosene, (E) being the most abundant 

based on peak area. The analysis identified several other notable compounds, 
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including 2,4-Ditert-butylphenol, 1-Hexadecene, 3,4-Dihydroxymandelic acid-

tetratms, E-15-Heptadecenal, Linoleic acid ethyl ester, (E)-9-Octadecenoic acid 

ethyl ester, 1-Heneicosanol, O O'-Biphenol, 4,4',6,6'-tetra-T-butyl-, 4-

[(Trimethylsilyl)oxy]cyclohexanol (Z), Tetratetracontane, 3-Trifluoroacetoxy 

pentadecane, Dioctyl phthalate, Octadecyl trifluoroacetate, and Heptacosane. This 

diverse range of compounds highlights the potential of P. triflorum for further 

exploration due to its complex chemical profile, which may contribute to its 

biological activities (Table 2.3.5, Figure 2.3.3).  

2.3.3. Conyza canadensis   

2.3.3.1. Conyza canadensis leaf extracts exhibit differential cytotoxicity 

The study reveals that only a few extracts of Conyza canadensis demonstrated over 

90% mortality in select cancer cell lines within 48 hours. The petroleum ether 

extract exhibited the highest cytotoxicity, achieving a 99.59±0.50% mortality rate on 

the PANC1 pancreatic cancer cell line and a 95.04±0.58% mortality rate against the 

HT29 colorectal cancer cell line. The chloroform extract showed strong cytotoxic 

effects as well, with a 98.57±0.40% mortality rate against PANC1 and a 

98.06±2.53% mortality rate against the MG63 bone cancer cell line. On other cancer 

cell lines, like A498 (87.23±1.74%), HeLa (79.61±2.37%), HT29 (78.74±1.50%) 

and MCF7 (73.53±2.35%) the chloroform extract exhibited higher cytotoxicity. 

These results emphasize the potent anticancer potential of the petroleum ether 

extract on HT29 and PANC1, and the chloroform extract on MG63 and PANC1 cell 

lines. Both these extracts caused less cytotoxicity on HaCat cell line, with a 

mortality percentage of 55.70±3.97% and 25.07±2.95% (Table 2.3.6.).  

2.3.3.2. Identification of compounds in chloroform extract of Conyza canadensis  

              leaf by GC-MS analysis  

The GC-MS analysis of the chloroform extract of Conyza canadensis revealed 11 

prominent compounds, with 2,5-Etheno[4.2.2]propella-3,7,9-triene and 2,4-

Hexadiyn-1-one, 1-phenyl- being the most abundant, showing the highest area 

percentages in the chromatogram. These two compounds dominated the extract’s 

composition. Other key compounds identified in the extract, in decreasing order of 
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peak area, include (-)-Spathulenol, known for its anti-inflammatory and 

antimicrobial properties; Caryophyllene oxide, a compound with potential 

anticancer activity; (E)-β-Famesene, a natural hydrocarbon; Humulene epoxide 2; α-

Curcumen; Andrographolide, recognized for its medicinal properties; Ledene oxide-

(II); E-15-Heptadecenal; and Caryophyllene. The diverse chemical profile of these 

compounds suggests potential biological activities that warrant further exploration 

(Figure. 2.3.4, Table 2.3.7.). 

Table 2.3.6. In vitro cytotoxicity of Conyza canadensis on various cell lines - MTT assay. 

Cell Line 

Percentage Mortality (48 hrs) Mean±SEM   

Petroleum  
ether extract 

Chloroform  
extract 

Ethyl acetate  
extract 

Acetone  
extract 

Methanol  
Extract 

Water  
extract 

HT29 95.04±0.58 78.74±1.50 0.72±1.75 36.11±4.24 21.49±2.93 25.41±3.21 

HCT116 7.85±1.51 34.62±2.38 21.13±2.62 39.51±4.61 40.59±4.12 23.67±4.35 

A431 59.24±1.84 36.55±3.56 15.50±3.90 38.69±3.43 46.64±1.82 23.36±1.89 

A498 27.17±7.99 87.23±1.74 41.84±6.91 14.75±2.62 43.43±3.37 22.30±1.94 

HeLa 22.82±2.07 79.61±2.37 17.73±1.73 35.61±3.55 45.84±2.23 17.21±1.45 

MCF7 32.12±5.26 73.53±2.35 46.46±3.37 39.93±5.92 3.97±2.97 29.91±3.81 

MG63 41.09±3.24 98.06±2.53 70.99±6.78 49.26±4.48 51.59±3.26 56.75±5.99 

PA1 25.57±3.21 38.67±2.04 21.67±3.08 21.50±3.36 32.11±1.42 8.71±3.05 

PANC1 99.59±0.50 98.57±0.40 24.16±1.24 37.29±1.75 33.60±3.21 40.48±0.95 

UM-SCC-83B 54.87±2.64 14.77±2.68 19.29±2.41 21.59±3.76 31.26±3.15 38.75±1.52 

HaCaT 55.70±3.97 25.07±2.95 4.91±1.34 66.44±9.45 62.64±6.16 7.66±7.76 

Cytotoxic activity of the extracts was assessed by considering cytotoxicity of DMSO control as 
0.00%.  Percentage mortality was calculated after 48 hours of treatment and the values are expressed 
as mean±SEM (n=6).  

Figure 2.3.4. Chromatogram of the chloroform extract of Conyza canadensis leaf obtained via GC-
MS analysis.  
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Table 2.3.7. List of phytochemicals identified in the chloroform extract of Conyza canadensis leaf by 
GC-MS analysis. 

Peak Area% Height% Name 

1 0.71 1.03 Caryophyllene 

2 3.17 4.46 (E)-.beta.-Famesene 

3 1.77 2.4 Alpha.-curcumen 

4 34.21 33.77 2,5-Etheno[4.2.2]propella-3,7,9-triene 

5 6.00 6.74 (-)-Spathulenol 

6 5.21 6.32 Caryophyllene oxide 

7 2.79 3.01 Humulene epoxide 2 

8 15.46 13.96 2,4-Hexadiyn-1-one, 1-phenyl- 

9 0.78 1.01 Ledene oxide-(II) 

10 1.43 1.75 Andrographolide 

11 0.73 1.08 E-15-Heptadecenal 
   

2.3.4. Anamirta cocculus 

2.3.4.1. Anamirta cocculus leaf extracts exhibit differential cytotoxicity 

The cytotoxic effects of various Anamirta cocculus leaf extracts were evaluated 

using the MTT assay on several cancer cell lines and a non-cancerous human 

keratinocyte cell line (HaCaT). Extracts were prepared with petroleum ether, 

chloroform, ethyl acetate, acetone, methanol, and water. The highest mortality 

percentage was observed for the ethyl acetate extract of Anamirta cocculus on PA1 

(98.64±0.40%) followed by the acetone extract on PA1 (92.72±0.58%) and the ethyl 

acetate extract on HT29 (91.16±0.24%). The ethyl acetate extract was also toxic to 

the other cancer cell lines like, MG63 with mortality of 86.76±1.04%, PANC1 with 

mortality of 79.16±1.32%, HCT116 with 69.18±2.26% mortality, A498 with 

68.54±0.69% mortality, MCF7 with 67.23±1.47% mortality, and UM-SCC-83B 

with 62.44±1.07% mortality. Besides the PA1, the acetone extract also exhibited 

81.33±1.33% mortality on MG63 cell line (Table 2.3.8.). At the same time, these 

extracts caused 18.72±0.73% and 30.23±0.10% mortality on HaCaT. The mortality 

rates after 48 hours of incubation are shown as mean±SEM. 
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Table 2.3.8. In vitro cytotoxicity of Anamirta cocculus on various cell lines - MTT assay. 

 

Cell Line 

Percentage Mortality (48 hrs) Mean±SEM 

Sl. 
No 

Petroleum 
Ether 

Extract 

Chloroform 
Extract 

Ethyl 
Acetate 
Extract 

Acetone 
Extract 

Methanol 
Extract 

Water 
Extract 

 

1 A431 5.74±0.87 4.17±1.04 57.54±2.93 51.35±3.18 0.75±2.92 6.58±0.98 

2 A498 15.06±2.55 1.09±1.72 68.54±0.69 66.54±1.70 13.00±0.92 12.71±1.58 

3 HCT116 10.78±1.82 9.47±2.66 69.18±2.26 31.52±1.39 9.68±2.39 11.53±2.25 

4 HeLa 18.21±3.47 9.18±1.71 60.11±1.24 37.85±2.31 15.91±3.40 6.78±3.07 

5 HT29 0.63±1.03 16.75±1.34 91.16±0.24 25.01±1.83 15.33±2.37 12.29±1.78 

6 MCF7 5.42±2.69 1.17±1.57 67.23±1.47 20.84±2.55 12.61±2.58 6.19±2.57 

7 MG63 11.56±2.45 5.48±2.20 86.76±1.04 81.33±1.33 8.10±2.69 17.33±2.22 

8 PA1 4.77±2.81 7.19±0.84 98.64±0.40 92.72±0.58 4.06±1.43 2.87±2.21 

9 PANC1 24.73±2.31 24.35±1.08 79.16±1.32 33.46±1.75 28.13±3.91 26.79±1.65 

10 
UM-SCC-
83B 

7.51±2.61 1.61±1.60 62.44±1.07 61.59±0.77 43.93±0.10 24.42±3.29 

11 HaCaT 5.43±1.90 17.55±2.64 18.72±0.73 30.23±0.10 10.57±1.88 29.54±3.29 

Cytotoxic activity of the extracts was assessed by considering cytotoxicity of DMSO control as 
0.00%.  Percentage mortality was calculated after 48 hours of treatment and the values are expressed 
as mean±SEM (n=6).  

2.3.4.2. Identification of compounds in ethyl acetate extract of Anamirta  

             cocculus leaf by GC-MS analysis 

Figure 2.3.5. Chromatogram of the ethyl acetate extract of Anamirta cocculus leaf  obtained via GC-
MS analysis.  

The bioactive ethyl acetate extract of Anamirta cocculus was analyzed using GC-

MS to identify its organic constituents. The analysis revealed the presence of several 
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compounds, including octadecane, neophytadiene, n-hexadecanoic acid, 

heneicosane, phytol, epoxylathyrol, dotriacontane, squalene, and vitamin E (Figure 

2.3.5 and Table 2.3.9). Notably, neophytadiene was identified as the most prominent 

compound, exhibiting the largest area under the peak in the chromatogram. The 

presence of these bioactive compounds suggests that the extract may possess a 

variety of biological activities that could be further investigated for therapeutic 

potential. 

Table 2.3.9. List of phytochemicals identified in the ethyl acetate extract of Anamirta cocculus leaf 
by GC-MS analysis. 

Peak Area% Height% A/H Name 

1 1.11 1.33 2.34 Octadecane 

2 22.73 24.4 2.61 Neophytadiene 

3 3.7 4.28 2.42 Neophytadiene 

4 7.73 7.75 2.8 Neophytadiene 

5 6.23 5.97 2.92 n-Hexadecanoic acid 

6 1.28 1.48 2.41 Heneicosane 

7 2.86 2.02 3.96 Phytol 

8 3.24 2.63 3.44 Epoxylathyrol 

9 0.96 1.15 2.34 Dotriacontane 

10 45.3 46.16 2.75 Squalene 

11 4.87 2.81 4.85 Vitamin E 

 

Potential of the ethyl acetate extract of A. cocculus leaf on cytomorphology and 

apoptosis were discussed in the fourth chapter in detail. 

2.3.5. Melia dubia 

2.3.5.1. Melia dubia leaf extracts exhibit differential cytotoxicity 

Melia dubia leaf extracts demonstrated significant anticancer potential with varying 

levels of cytotoxicity across ten cancer cell lines, while showing reduced toxicity 

towards the normal HaCaT cell line (Table 2.3.10). The petroleum ether extract 

exhibited the highest mortality rate of 97.48±1.77% against the PANC1 pancreatic 

cancer cell line. Similarly, the chloroform extract achieved notable mortality rates of 

94.36±0.93% on HT29 and 93.47±1.29% on PA1. Both extracts displayed 

comparatively lower mortality rates on HaCaT cells (48.81±2.04% and 
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28.70±1.21%), indicating a selective cytotoxic effect on cancer cells with minimal 

impact on normal, non-cancerous cells. 

Table 2.3.10. In vitro cytotoxicity of Melia dubia on various cell lines - MTT assay. 

Cell Line 
Percentage Mortality (48 hrs) Mean±SEM   

Petroleum 
ether 

Chloroform 
Ethyl 

acetate 
Acetone Methanol Water 

A431 39.80±2.74 58.93±2.10 35.08±2.61 5.84±1.57 5.24±1.58 1.46±0.49 

A498 7.68±1.25 12.06±1.43 3.55±0.86 9.14±1.53 10.12±1.35 9.25±1.50 

HCT116 17.16±0.31 29.63±0.99 13.94±1.59 19.09±1.35 13.08±1.00 8.97±2.00 

HeLa 28.16±2.38 73.55±1.56 29.73±4.78 19.13±0.95 14.21±2.12 9.36±1.88 

HT29 47.06±1.80 94.36±0.93 50.25±5.46 4.84±1.53 4.53±1.09 5.91±3.07 

MCF7 64.08±1.84 88.92±0.87 81.44±1.10 84.01±2.14 71.50±3.26 62.55±2.57 

MG63 0.22±1.39 36.23±5.32 1.83±2.77 9.50±2.63 0.75±2.16 1.79±1.35 

PA1 17.70±2.19 93.47±1.29 7.33±1.76 39.93±1.84 14.26±1.17 3.48±1.71 

PANC1 97.48±1.77 48.85±3.02 24.17±3.48 26.87±3.69 42.59±3.54 22.51±2.25 

UM-SCC-83B 63.57±2.72 88.15±1.09 56.39±3.57 8.58±4.63 32.98±2.16 13.71±2.33 

HaCaT 48.81±2.04 28.70±1.21 22.38±1.98 17.14±2.78 20.40±2.37 2.63±2.07 

Cytotoxic activity of the extracts was assessed by considering cytotoxicity of DMSO control as 
0.00%.  Percentage mortality was calculated after 48 hours of treatment and the values are expressed 
as mean±SEM (n=6).  

2.3.5.2. Identification of compounds in chloroform extract of Melia dubia leaf  

             by GC-MS analysis  

The gas chromatographic analysis of the chloroform extract from Melia dubia 

revealed ten prominent peaks on the chromatogram (Figure 2.3.6), each 

corresponding to different compounds in varying proportions. The most abundant 

compound identified was tetratetracontane, followed by (E)-Phytol. Other notable 

compounds included 3, 5-Di-Tert-Butylphenol, [E]-5-Eicosene, E-14-Hexadecenal, 

Ethyl palmitate, Linolenic acid, 1-Heneicosanol, and Heptadecyl trifluoroacetate 

(Table 2.3.11). 
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Figure 2.3.6. Chromatogram of the chloroform extract of Melia dubia leaf obtained via GC-MS 
analysis.  

Table 2.3.11. List of phytochemicals identified in the Chloroform extract of Melia dubia leaf by GC-
MS analysis. 

Peak Area% Height% Name 

1 4.17 8.14 3, 5-Di-Tert-Butylphenol 

2 4.54 6.2 [E]-5-Eicosene 

3 8.18 14.35 E-14-Hexadecenal 

4 7.82 12.61 E-15-Heptadecenal 

5 4.41 5.2 Ethyl palmitate 

6 25.73 25.4 (E)-Phytol 

7 5.72 6.44 Linolenic acid 

8 3.71 6 1-Heneicosanol 

9 32.92 11.64 Tetratetracontane 

10 2.8 4.01 Heptadecyl trifluoroacetate 
 

Further fractionation, characterization and the effect of active fraction on 

cytomorphology, apoptosis, and EMT pathway were separately dealt within the 

chapters 3 and 4. 
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DISCUSSION  

Cancer is a highly aggressive disease marked by high morbidity and mortality rates, 

a poor prognosis, and limited treatment options. Although chemotherapy is a 

cornerstone of cancer treatment, its effectiveness is often hindered by severe side 

effects and the development of drug resistance, which diminishes its overall 

efficacy. This situation highlights the urgent need for novel therapeutic agents that 

offer both improved efficacy and reduced side effects. 

Natural products, especially those derived from plants, have emerged as promising 

candidates for new anticancer drugs. Medicinal and aromatic plants, known for their 

diverse bioactive compounds, not only provide potential therapeutic benefits but 

also tend to have lower toxicity to normal cells. Plants such as Hewittia malabarica, 

Pancratium triflorum, Conyza canadensis, Anamirta cocculus, and Melia dubia have 

traditionally been used to treat various ailments including arthritis, conjunctivitis, 

endocrine disorders, neurological disorders, and respiratory conditions. Recent 

studies suggest these plants hold significant promise in cancer therapy due to their 

anticancer properties. In vitro research has demonstrated the anticancer potential of 

extracts from these plants, revealing varying degrees of cell death across ten 

different cancer cell lines. The evaluation of these plant extracts highlights their 

considerable promise for cancer treatment, showcasing their unique bioactive 

compounds and potential therapeutic applications. 

2.4.1. Differential cytotoxicity of Hewittia malabarica on cancer cell lines 

The cytotoxic effects of Hewittia malabarica aerial parts extracts were evaluated on 

ten different cancer cell lines using the MTT assay. Among the six extracts tested, 

the ethyl acetate extract demonstrated the highest cytotoxicity, particularly against 

the PANC1 pancreatic cancer cell line, with a mortality percentage of 99.58±1.08%. 

This was followed closely by its effect on the MG63 osteosarcoma cell line, 

showing a mortality percentage of 97.23±0.82%. However, when tested on normal 

human keratinocytes (HaCaT), the ethyl acetate extract exhibited a lower cell 

mortality of 44.91±1.32%, indicating reduced toxicity toward normal cells. 



 
Chapter 2 

 

 162

The chloroform and petroleum ether extracts of H. malabarica aerial parts also 

showed concentration-dependent cytotoxicity, especially against the HT29 

colorectal cancer cell line. After 48 hours of treatment at a concentration of 100 

µg/mL, the chloroform extract induced 81.59±4.90% cell death, while the petroleum 

ether extract resulted in 65.38±0.94% cell mortality. The chloroform extract 

exhibited the most potent anticancer activity, with an IC50 value of 31.97±3.07 

µg/mL against HT29 cells, indicating its strong efficacy. The petroleum ether extract 

also showed significant cytotoxicity, with an IC50 value of 76.58±4.74 µg/mL on the 

same cell line. 

Interestingly, both the chloroform and petroleum ether extracts displayed minimal 

toxicity toward normal cells (HaCaT), suggesting selective action against cancer 

cells. At 100 µg/mL, the mortality rates for these extracts on HaCaT cells were 

5.44±1.07% for the chloroform extract and 5.38±1.16% for the petroleum ether 

extract, highlighting their relative safety for normal cells. The lower toxicity of the 

chloroform extract on normal keratinocytes and its higher cytotoxicity on cancer 

cells suggest that the extract is more specific to cancer cells, with minimal adverse 

effects on normal cells. This selective cytotoxicity of the chloroform extract towards 

cancer cells, particularly HT29, with reduced toxicity toward normal cells, presents 

it as a promising candidate for further investigation in cancer treatment research. 

There are no prior studies on the anticancer properties of Hewittia malabarica, 

making this research a pioneering effort. However, a related species, Convolvulus 

arvensis L., has been shown to exhibit cytotoxic effects on the HepG2 liver cancer 

cell line when its extracts were incorporated into nanoparticles, as reported by 

Osman et al. (Osman et al., 2024). The present study on H. malabarica could 

potentially lead to the identification of novel anticancer compounds within this 

genus. 

In another study by Sadeghi-Aliabadi et al., the cytotoxic activities of chloroform, 

ethyl acetate, and hydroalcoholic extracts from Convolvulus arvensis were tested on 

the HeLa human tumour cell line. Among the extracts, chloroform showed the 
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strongest cytotoxic effect, likely due to the presence of lipophilic glycosides, which 

are non-polar compounds efficiently isolated by chloroform (Sadeghi-Aliabadi et 

al., 2009). This highlights the potential role of non-polar compounds in enhancing 

the cytotoxic properties of plant extracts, which could be relevant to the findings in 

H. malabarica as well. 

The biological activities of Hewittia malabarica leaf extracts is further explored by 

analysing the chemical composition of each extract using GC-MS. In this study, GC-

MS analysis of the bioactive chloroform extract revealed several notable 

compounds, including 2,4-Di-tert-Butylphenol, Sulfurous acid hexyl octyl ester, 

Cyclododecanol, Cetene, Palmityl acrylate, Neodene, Neophytadiene, 9-eicosene, 

N-pentadecane, (E)-phytol, 1-Heneicosanol, O,o'-biphenol, Tritetracontane, 1,2-

benzenedicarboxylic acid, Oleyl alcohol, trifluoroacetate, Tetratetracontane, and 

Bis(2-ethylhexyl) terephthalate. This marks the first GC-MS analysis of H. 

malabarica extract. 

Previous studies on the related species Convolvulus arvensis have analyzed its 

phytochemical composition. In the leaf extract of C. arvensis, seventeen compounds 

including Neophytadiene, hexadecanamide, 9-octadecanamide, and 1,2-

benzenedicarboxylic acid were detected. The stem extract contained thirteen 

compounds, like, hexadecanamide, 9-octadecanamide, 1,2-benzenedicarboxylic 

acid, and stigmasterol. In the roots, twelve compounds were detected, with three 

major peaks: hexadecanamide, 9-octadecanamide, and 1,2-benzenedicarboxylic 

acid. Additionally, the dry extract of C. arvensis contained 25 compounds, with 

eight major compounds, including Neophytadiene, stearic acid, Vitamin E, 

stigmasterol, and 5-beta-pregn-7-en-3,20-dione (Abu-Shandi et al., 2015). The 

presence of Neophytadiene, 1,2-benzenedicarboxylic acid, and phytol in H. 

malabarica parallels these findings. 

Neophytadiene, a diterpene, has been reported as an effective analgesic, antipyretic, 

anti-inflammatory, antimicrobial, and antioxidant compound (Raman et al., 2012). 

Phytol, a common terpenoid found esterified to chlorophyll in all plants, is used in 
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the production of synthetic vitamin E (Netscher, 2007) and vitamin K1 (Daines et 

al., 2003). Its cytotoxic effects have been demonstrated against MCF7 breast cancer 

cells (IC50= 8.79±0.41 μM) (Pejin et al., 2014). Additionally, 1,2-

benzenedicarboxylic acid, mono 2-ethylhexyl ester has shown potential cytotoxicity 

against HepG2 and MCF7 cancer cell lines (Krishnan et al., 2014). 

Recent research by Kaari et al. isolated and identified 2,4-Di-tert-Butylphenol (2,4-

DTBP) as a potent anticancer agent. At a concentration of 1 mg/mL, 2,4-DTBP 

inhibited 88% of HT-29 colon cancer cells and 89% of HeLa cervical cancer cells, 

suggesting that this compound contributes to the anticancer properties of H. 

malabarica (Kaari et al., 2023). Various physicochemical properties, such as 

lipophilicity, water solubility, pharmacokinetics, and drug-likeness, are important 

for evaluating compounds like 2,4-DTBP in the drug discovery process (Daina et 

al., 2017). In this context, the detailed study of H. malabarica finds relevance in 

developing anticancer molecule based treatment strategies. 

In this context, a detailed study of Hewittia malabarica becomes highly relevant for 

the development of anticancer molecule-based treatment strategies. By identifying 

bioactive compounds with cytotoxic effects, such as those found in its chloroform 

extract, this research may pave the way for novel therapies targeting specific cancer 

cells while minimizing harm to normal tissues. The findings from this study, 

particularly with compounds like 2,4-Di-tert-Butylphenol, phytol, Neophytadiene, or 

other compounds contribute valuable insights toward advancing plant-derived 

anticancer treatments. 

2.4.2. Differential cytotoxicity of Pancratium triflorum on cancer cell lines 

The study assessed the cytotoxicity of Pancratium triflorum bulb extracts against 

multiple cancer cell lines, utilizing the MTT assay. Extracts prepared using solvents 

such as petroleum ether, chloroform, ethyl acetate, acetone, methanol, and water 

were tested on cell lines including HT29, HCT116, A431, A498, HeLa, MG63, 

MCF7, PA1, PANC1, and UM-SCC-83B. Among the extracts, the ethyl acetate 

extract demonstrated the most potent cytotoxic effects, achieving a percentage 
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mortality of 99.74±0.14% in the MG63 cell line and 99.34±0.28% in HeLa cells. 

Additionally, the acetone extract caused 99.41±0.52% mortality in the MG63 line. 

The chloroform extract exhibited substantial cytotoxicity across a range of cell lines, 

with HeLa showing 92.36±0.81% mortality, UM-SCC-83B at 89.15±1.09%, PA1 at 

82.96±1.10%, and HT29 at 82.50±0.65%. Lesser but still significant effects were 

seen in cell lines such as A498, A431, MCF7, and PANC1. These results indicate a 

broad-spectrum anticancer potential for the chloroform extract. 

Notably, the selectivity of the chloroform extract is highlighted by its relatively 

lower toxicity towards normal cell lines. It caused 43.47±0.42% mortality in normal 

cells, compared to the higher toxicity of the ethyl acetate (68.49±0.33%) and acetone 

(94.18±0.54%) extracts. This suggests that the chloroform extract might have better 

specificity in targeting cancer cells with reduced harm to healthy cells, making it a 

promising candidate for further anticancer investigations. 

Importantly, this study represents the first report of the anticancer properties of P. 

triflorum, filling a gap in the scientific literature. Previous studies, such as Johnson 

et al., have focused on the antioxidant and cytotoxic activities on brine shrimp, but 

P. triflorum has been underexplored in terms of its anticancer potential (Johnson et 

al., 2018). 

GC-MS analysis of the chloroform extract revealed the presence of a variety of 

chemical constituents, such as 3-Eicosene (E), 2,4-Ditert-butylphenol, 1-

Hexadecene, and Linoleic acid ethyl ester, among others. The intricate composition 

of these compounds suggests multiple biologically active molecules that may 

contribute to the extract's cytotoxic properties. Comparisons with related species, 

like Pancratium maritimum, which has demonstrated antiproliferative effects in 

cancer models, underscore the potential of P. triflorum for drug discovery. 

The study by Tayoub et al. examined the antiproliferative effects of Pancratium 

maritimum extracts on MDA-MB-321 breast cancer cells. Extracts from the bulbs 

and leaves were tested, showing significant inhibition of cancer cell growth through 
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the induction of cell cycle arrest at the S and G2/M phases. This disruption in cell 

cycle progression effectively halted cell proliferation. Furthermore, the extracts 

modulated the expression of critical regulatory proteins, including Cyclin B1 (which 

governs the G2/M transition), Bcl-2 (an anti-apoptotic protein), and Ki67 (a 

proliferation marker). The root extract exhibited IC50 values of 0.051 mg/mL after 

72 hours and 0.03 mg/mL after 96 hours, while the flower extract had an IC50 value 

of 0.048 mg/mL after 96 hours (Tayoub et al., 2018). These findings emphasize the 

strong cytotoxic potential of Pancratium maritimum, particularly across different 

plant parts, highlighting its value in anticancer research. 

In another related study, Adewusi et al. investigated the cytotoxic effects of a 

crinine-type alkaloid isolated from Boophane disticha. This research focused on the 

toxicological profile of Boophane disticha, a plant known for its traditional 

medicinal use, but also recognized for its potential toxicity if improperly 

administered. Methanolic extracts from the bulbs were tested for cytotoxicity in 

cancer cells using the MTT assay, a standard method for evaluating cell viability. 

The MTT assay relies on the conversion of MTT salt into formazan by 

mitochondrial enzymes in active cells (Adewusi et al., 2012). The results clearly 

demonstrated the plant’s cytotoxic properties, underscoring the need to balance its 

therapeutic benefits with safety concerns when considering its use in drug 

development. 

Both studies—by Tayoub et al. on Pancratium maritimum and by Adewusi et al. on 

Boophane disticha—provide critical insights into the cytotoxic mechanisms of plant 

extracts against cancer cells. These investigations highlight the importance of 

identifying compounds that induce cell cycle arrest and modulate key regulatory 

proteins. Moreover, the attention to toxicity is crucial for minimizing the risks 

associated with therapeutic applications. Together, these findings contribute to the 

growing body of research into the anticancer potential of plants from the 

Amaryllidaceae family, bolstering the case for further exploration of Pancratium 

triflorum as a promising candidate in cancer therapy (Tayoub et al., 2018 and 

Adewusi et al., 2012). 
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This research adds to the previous findings regarding other Pancratium species, such 

as P. maritimum, which also demonstrated the ability to inhibit cancer cell 

proliferation by inducing cell cycle arrest and modulating key proteins. The current 

findings on P. triflorum offer a preliminary understanding of its anticancer potential, 

paving the way for deeper investigations into its bioactive constituents and 

therapeutic efficacy. 

2.4.3. Differential cytotoxicity of Conyza canadensis on cancer cell lines 

The cytotoxicity of Conyza canadensis leaf extracts was evaluated across various 

cancer cell lines and normal cell line using the MTT assay. Among the tested 

extracts—petroleum ether, chloroform, ethyl acetate, acetone, methanol, and 

water—the petroleum ether extract exhibited the highest cytotoxicity. It achieved a 

99.59±0.50% mortality rate against the PANC1 pancreatic cancer cell line and a 

95.04±0.58% mortality rate against the HT29 colorectal cancer cell line. The 

chloroform extract also demonstrated potent cytotoxicity, with 98.57±0.40% 

mortality in PANC1 cells and 98.06±2.53% in the MG63 bone cancer cell line. 

These results highlight the strong anticancer potential of both the petroleum ether 

and chloroform extracts, with notable effectiveness in the HT29, PANC1, and 

MG63 cell lines. Both these extracts caused less cytotoxicity on HaCaT cell line, 

with a mortality percentage of 55.70±3.97% and 25.07±2.95%.  

Ayaz et al. studied the cytotoxic effect of Conyza canadensis (L.) Cronquist 

(Asteraceae) on human lung adenocarcinoma cell lines (A549 and H1299). They 

tested methanol extracts from the aerial parts and roots of C. canadensis, showing 

cytotoxic effects in a dose-dependent manner. The n-hexane extract from the roots 

exhibited higher cytotoxicity than the aerial parts, with IC50 values of 94.73 µg/mL 

for the A549 cell line and 84.85 µg/mL for the H1299 cell line. Since these IC50 

values are close to 100 µg/mL, the findings suggest significant anticancer potential 

for the chloroform extract of C. canadensis leaves, which could be considered for 

therapeutic use (Ayaz et al., 2016).  
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The GC-MS analysis of the chloroform extract of Conyza canadensis revealed 11 

prominent compounds, with 2,5-Etheno[4.2.2]propella-3,7,9-triene and 2,4-

Hexadiyn-1-one, 1-phenyl- being the most abundant, showing the highest area 

percentages in the chromatogram. These two compounds dominated the extract’s 

composition. Other key compounds identified in the extract, in decreasing order of 

peak area, include (-)-Spathulenol, known for its anti-inflammatory and 

antimicrobial properties; Caryophyllene oxide, a compound with potential 

anticancer activity; (E)-β-Famesene, a natural hydrocarbon; Humulene epoxide 2; α-

Curcumen; Andrographolide, recognized for its medicinal properties; Ledene oxide-

(II); E-15-Heptadecenal; and Caryophyllene. The diverse chemical profile of these 

compounds suggests potential biological activities that warrant further exploration. 

Masuda et al. isolated a compound from the essential oil of Artemisia capillaris 

Thunb. flower, which inhibited the growth of human leukemia HL-60 cells. The 

active compound was identified as capillin (2,4-Hexadiyn-1-one, 1-phenyl-) 

(Masuda et al., 2015). Research has attributed the antibacterial properties of 

essential oils to their enriched terpenoid content (Burt, 2004). Sesquiterpenes like 

spathulenol, α-curcumene, α-bisabolol, and nerolidol were the main components of 

the essential oil of A. ordosica. These terpenoids, with their high hydrophobicity, 

facilitate penetration across the plasma membrane and interaction with intracellular 

proteins and/or intraorganelle sites (Silva et al., 2015). 

Spathulenol has also been shown to induce apoptosis in melanoma cells, specifically 

in SKMEL-28 cells, according to research by Santos et al. (Santos et al., 2020). 

Caryophyllene oxide has substantial inhibitory effects on the HCCLM3 and HUH7 

liver cancer cell lines by modulating oxidative stress, autophagy, and iron 

metabolism, as reported by Xiu et al. (Xiu et al., 2022). The natural bicyclic 

sesquiterpene β-caryophyllene oxide, found in numerous plants, possesses 

significant anticancer activities. It affects the growth and proliferation of several 

cancer cell types by influencing key signaling pathways involved in cancer 

development, including the mitogen-activated protein kinase (MAPK), 

PI3K/AKT/mTOR/S6K1, and STAT3 pathways. Moreover, treatment with this 
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compound reduces the expression of procancer genes while enhancing the levels of 

proapoptotic proteins (Fidyt et al., 2016). 

α-Curcumen, a bioactive bisabolane-type compound, has demonstrated potent 

anticancer effects against Sarcoma 180 ascites in mice (Itokawa et al.,2008). 

Additionally, the diterpene lactone andrographolide, isolated from Andrographis 

paniculata, exhibits a wide range of biological activities, including antioxidant, anti-

inflammatory, immunomodulatory, antimicrobial, cytotoxic, and cardioprotective 

effects. Andrographolide has also shown therapeutic potential in treating major 

diseases like Parkinson's, rheumatoid arthritis, and colitis, as well as exerting 

anticancer effects through mechanisms involving oxidative stress, cell cycle arrest, 

apoptosis, and inhibition of cancer cell proliferation and migration (Islam et al., 

2018). 

Furthermore, Andrographis paniculata plant extracts have been linked to various 

pharmacological activities, with andrographolide identified as the main active 

constituent. This compound has been studied for its effects on cancer cells and the 

immune system. It inhibits in vitro proliferation of several tumour cell lines, 

including those representing different cancer types, by causing cell cycle arrest in 

the G0/G1 phase through induction of cell-cycle inhibitory protein p27 and 

suppression of cyclin-dependent kinase 4 (CDK4). The compound’s in vivo 

anticancer activity has also been confirmed in B16F0 melanoma syngenic and HT-

29 xenograft models (Rajagopal et al., 2003). 

Finally, Csupor-Löffler et al. isolated various compounds, such as conyzapyranone 

A and B, 4Z,8Z-matricaria-γ-lactone, 4E,8Z-matricaria-γ-lactone, 9,12,13-

trihydroxy-10(E)-octadecenoic acid, epifriedelanol, friedeline, taraxerol, simiarenol, 

spinasterol, stigmasterol, β-sitosterol, and apigenin from Conyza canadensis. These 

compounds were evaluated for their antiproliferative properties and demonstrated 

significant cell growth-inhibitory activity against human cervix adenocarcinoma 

(HeLa), skin carcinoma (A431), and breast adenocarcinoma (MCF-7) cell lines. 

Some components, such as conyzapyranone B, 4E,8Z-matricaria-γ-lactone, and 
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spinasterol, were notably more potent against these cancer cell lines than against 

non-cancerous human fetal fibroblasts (MRC-5), highlighting their potential as 

selective antiproliferative agents (Csupor-Löffler et al., 2011). 

The presence of well-established anticancer compounds within the extract strongly 

suggests its potential for anticancer activity. These bioactive molecules, which have 

been previously documented for their cytotoxic and antiproliferative effects, provide 

a foundation for the extract's ability to target cancer cells. Their known mechanisms 

of action, such as inducing apoptosis, regulating oxidative stress, and inhibiting 

critical cancer-related pathways, reinforce the extract’s potential for therapeutic use 

in cancer treatment. 

2.4.4. Differential cytotoxicity of Anamirta cocculus on cancer cell lines 

The cytotoxic effects of Anamirta cocculus leaf extracts were assessed using the 

MTT assay on several cancer cell lines, including PA1 and HT29, as well as the 

non-cancerous human keratinocyte cell line (HaCaT). The extracts were prepared 

using different solvents, including petroleum ether, chloroform, ethyl acetate, 

acetone, methanol, and water. Among these, the ethyl acetate extract demonstrated 

the highest cytotoxicity, showing a mortality rate of 98.64±0.40% on PA1 cells, 

followed by the acetone extract, which caused 92.72±0.58% mortality on PA1 cells, 

and the ethyl acetate extract, which also exhibited 91.16±0.24% mortality on HT29 

cells. In contrast, these extracts showed considerably lower cytotoxicity on the non-

cancerous HaCaT cell line, with mortality rates of 18.72±0.73% and 30.23±0.10%, 

respectively. Overall, the ethyl acetate extract was found to exhibit the strongest 

cytotoxic activity against the cancer cell lines tested.Notably, this is the first 

anticancer study conducted on A. cocculus, with no prior research available, making 

the current investigation highly valuable. The detailed mechanisms of the anticancer 

activity, including cytomorphological changes and apoptosis induction, are further 

discussed in the fourth chapter of the thesis. 

GC-MS analysis of the bioactive ethyl acetate extract revealed several key 

compounds, including octadecane, neophytadiene, n-hexadecanoic acid, 



 
Chapter 2 

 

 171

heneicosane, phytol, epoxylathyrol, dotriacontane, squalene, and vitamin E. 

Neophytadiene was the most abundant compound based on peak area in the 

chromatogram. The presence of these bioactive compounds suggests potential 

biological activities, meriting further therapeutic exploration. 

Among these, vitamin E is well known for its antioxidant properties, protecting cell 

membranes and exhibiting anticancer effects by delaying or inhibiting tumour 

development, reducing tumour size, and promoting apoptosis. Squalene has been 

shown to suppress abnormal hyperproliferation in human mammary epithelial cells 

(MCF10A) (Thozhukkad Moosaripparambil and Vadakkadath Meethal, 2024). 

Epoxy lathyrol, recognized for its anti-inflammatory and anticancer properties, has a 

derivative—lathyrol-3-phenyl-acetate-5,15-diacetate—that has demonstrated potent 

cytotoxicity against A549 lung cancer cells (Zhang et al., 2017). This derivative 

induces apoptosis by elevating reactive oxygen species (ROS), reducing 

mitochondrial membrane potential, releasing cytochrome C, and activating caspase-

9 and caspase-3. Additionally, phytol, a constituent of chlorophyll, has demonstrated 

anticancer properties and immune-enhancing effects. The presence of these 

anticancer compounds suggests that the observed growth-inhibitory effects on 

cancer cell lines are likely due to an additive or synergistic action of these 

components. 

2.4.5. Differential cytotoxicity of Melia dubia on cancer cell lines 

The investigation into the cytotoxicity of Melia dubia leaf extracts underscores their 

significant potential as anticancer agents, with the petroleum ether and chloroform 

extracts showing particularly high levels of cytotoxicity across various cancer cell 

lines. The petroleum ether extract displayed the highest mortality rate of 

97.48±1.77% against the PANC1 pancreatic cancer cell line, while the chloroform 

extract exhibited substantial cytotoxicity, with mortality rates of 94.36±0.93% on 

HT29 and 93.47±1.29% on PA1 cells. Importantly, both extracts demonstrated 

reduced toxicity on normal HaCaT cells (48.81±2.04% for the petroleum ether 

extract and 28.70±1.21% for the chloroform extract), highlighting their selective 
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action on cancer cells while minimizing harm to healthy tissues. Eventhough the 

related plants of this species were well studied for their anticancer potential and 

other biological activities, M. dubia is the least explored 

The GC-MS analysis of the chloroform extract of M.dubia leaf indicated the 

presence of 10 compounds. Tetratetracontane was the most abundant compound 

with 32.92% peak area, and was followed by (E)-Phytol. The other compounds in 

the order of abundance were E-14-Hexadecenal, E-15-Heptadecenal, Linolenic acid, 

[E]-5-Eicosene, Ethyl palmitate, 3, 5-Di-Tert-Butylphenol, 1-Heneicosanol and 

Heptadecyl trifluoroacetate.  

Phytol (Pyt), a diterpenoid, possesses a wide range of bioactivities, including 

anticancer effects. It has been shown to significantly reduce the viability and 

proliferation of sarcoma 180 (S-180) and human leukemia (HL-60) cell lines, with 

IC50 values of 18.98±3.79 μM and 1.17±0.34 μM, respectively. Phytol’s anticancer 

effects are likely mediated through the induction of apoptosis, as demonstrated in 

various studies (de Alencar et al., 2023; de Alencar et al., 2019). Phytol has also 

demonstrated antitumour activity in a 7,12-dimethylbenzanthracene (DMBA)-

induced cancer model (de Alencar et al., 2019). Gamma-linolenic acid (GLA) and 

its derivatives have shown selective tumouricidal effects with little to no side 

effects. GLA induces apoptosis in tumour cells by promoting free radical generation 

in cancer cells, while sparing normal cells (Das, 2006). Conjugated linolenic acids 

(CLA) possess various biological activities, including antioxidant, anti-carcinogenic, 

and immunomodulatory effects. CLA has been studied extensively for its anticancer 

potential in vitro and in vivo, particularly in colon and breast cancer models. CLA 

isomers have been shown to inhibit proliferation and induce apoptosis in HT-29, 

MIP-101, and Caco-2 colon cancer cells, with studies demonstrating its effect on the 

ErbB3 signaling pathway (Cho et al., 2003). Moreover, CLA has been shown to 

suppress tumour growth and induce apoptosis in breast cancer cells (MCF-7, MDA-

MB-231) and prostate cancer cell lines (DU145 and PC-3) (Wang et al., 2006; Kim 

et al., 2006). It has also demonstrated antimutagenic and anticancer effects in rat 

hepatoma dRLh-84 cells (Yamasaki et al., 2002). 
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The identification of these bioactive compounds, many of which have demonstrated 

anticancer properties, supports the potential of Melia dubia leaf extracts as effective 

anticancer agents. The detailed mechanism of action of the extract and the isolation 

of its active components are discussed further in Chapters 3 and 4. 

Further supporting the anticancer potential of plant extracts, past studies have 

reported various extracts with selective activity against different cancer cell lines. 

For example, methanol extracts of Chromolaena odorata (Yusuf et al., 2021) and 

Stachys pilifera and ethanol extracts of Ficus hispida, Cnidium officinale, and 

Cynodon dactylon have shown significant cytotoxicity. Adhatoda vasica and 

Pergularia daemia extracts also demonstrated notable cytotoxicity against specific 

cancer cell lines. Some plant extracts, such as those from Eucalyptus sp., Clausen 

sp., Trichopus zeylanicus, and Begonia floccifera, were cytotoxic against PA1 cells, 

with IC50 values ranging between 40 and 100 μg/mL. Extracts with even lower IC50 

values, such as Garcinia morella (0.9 μg/mL), Plectranthus urticoides (1.0 μg/mL), 

Aristalochia tagala (13 μg/mL), and Arlnychia pedunculata (20 μg/mL), were 

identified as particularly promising candidates for further exploration. 

The role of specific phytochemicals in anticancer activity was also examined. 

Cardiac glycosides, such as digitoxin, are known for their potent and selective 

cytotoxic effects against various cancer cells, including lung cancer. Isoquinoline 

alkaloids might contribute to the cytotoxicity and selectivity of Pancratium 

maritimum extracts. Taxus baccata extracts’ anticancer activity is likely mediated by 

taxane-type diterpenes, including paclitaxel. Similarly, the cytotoxicity of 

Tetraclinis articulata extracts may involve diterpenes like ferruginol and 

sandaracopimaric acid, monoterpenes such as limonene and carveol, and 

sesquiterpenes like β-caryophyllene and humulene. 

Our research aligns with these findings and further underscores the potential of the 

selected plant extracts (chloroform extracts of H. malabarica aerial parts,  

P. triflorum bulb, C. canadensis leaf, M. dubia leaf and ethyl acetate extract of  

A. cocculus) in anticancer drug development. The observed differences in IC50 
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values between cancer and normal cell lines reinforce the selective anticancer 

activity of these extracts. For example, the higher IC50 values for normal cell lines 

like HaCaT (>100 µg/mL) and lower IC50 values for cancer cell lines highlight the 

differential anticancer potential of the extracts under study. 

The findings of the current study position the studied plant extracts as promising 

candidates for the development of novel anticancer drugs. Their favorable molecular 

properties and selective cytotoxicity towards cancer cells, coupled with lower 

toxicity to normal cells, suggest potential for improved therapeutic profiles. These 

compounds offer a valuable avenue for developing targeted cancer therapies with 

enhanced efficacy and minimized side effects. Further research, including in vivo 

studies, is essential to fully validate their therapeutic potential and establish their 

role in cancer treatment. 
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CONCLUSIONS  

Hewittia malabarica 

 The chloroform extract of Hewittia malabarica aerial parts, at a concentration of 

100 µg/mL, exhibited the highest differential cytotoxicity, causing a significant 

mortality rate of 81.59±4.90% in the human colorectal carcinoma cell line HT29, 

while showing minimal cytotoxicity (5.44±1.07%) in the normal HaCaT cell 

line. 

 The IC50 value of the chloroform extract against HT29 was determined to be 

31.97±3.07 µg/mL. 

 GC-MS analysis of the extract revealed the presence of 17 compounds, with 

tritetracontane being the most abundant, followed by neodene. 

Pancratium triflorum 

 Among the six extracts of Pancratium triflorum bulb, the ethyl acetate extract 

showed the highest cytotoxicity against the human osteoblast cell line MG63, 

followed by its effect on the human cervical cancer cell line HeLa. The 

chloroform extract also demonstrated strong cytotoxicity, particularly on HeLa 

cells (92.36±0.81%), while showing lower cytotoxicity on the HaCaT cell line 

(43.74±0.42%), indicating its selective cytotoxic potential compared to the other 

extracts. 

 GC-MS analysis of the chloroform extract identified 15 compounds, with 3-

eicosene, (E)- being the most abundant. 

Conyza canadensis 

 Among the tested extracts—petroleum ether, chloroform, ethyl acetate, acetone, 

methanol, and water—the petroleum ether extract displayed the highest 

cytotoxicity, achieving a mortality rate of 99.59±0.50% against the PANC1 

pancreatic cancer cell line and 95.04±0.58% against the HT29 colorectal cancer 
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cell line. The chloroform extract also exhibited strong cytotoxic effects, with 

98.57±0.40% mortality in PANC1 cells and 98.06±2.53% in the MG63 bone 

cancer cell line. 

 GC-MS analysis of the chloroform extract identified 11 prominent compounds, 

with 2,5-Etheno[4.2.2]propella-3,7,9-triene and 2,4-Hexadiyn-1-one, 1-phenyl- 

being the most abundant. 

Anamirta cocculus 

 The Anamirta cocculus extract exhibited the highest cytotoxicity on the PA1 

ovarian cancer cell line (98.64±0.40%), followed by the acetone extract on PA1 

(92.72±0.58%) and the ethyl acetate extract on HT29 colorectal cancer cells 

(91.16±0.24%). 

 GC-MS analysis confirmed the presence of 11 compounds in the extract. 

Melia dubia 

 The petroleum ether and chloroform extracts of Melia dubia leaves exhibited 

significant cytotoxicity across multiple cancer cell lines. The petroleum ether 

extract showed the highest mortality rate of 97.48±1.77% against the PANC1 

pancreatic cancer cell line, while the chloroform extract demonstrated strong 

cytotoxic effects with 94.36±0.93% on HT29 and 93.47±1.29% on PA1. 

Importantly, these extracts displayed lower toxicity towards the normal HaCaT 

cell line (petroleum ether extract: 48.81±2.04%, chloroform extract: 

28.70±1.21%), indicating their selective targeting of cancer cells over healthy 

cells. 

 GC-MS analysis of the chloroform extract identified a diverse range of ten 

prominent compounds, including tetratetracontane and (E)-Phytol. 
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molecules from the leaf extract of  

Melia dubia Cav.; Characterisation and  
in silico studies 

 
 
 
 
 
 
 
 
 
 
 
 
 

 To enrich potent anticancer compound/s from Melia dubia; the most effective 
against human colon cancer cell line HT29. 

 To compare the IC50 values of different extracts and purified fractions of M. dubia. 

 To identify the phytochemicals in the enriched active fraction by GC-MS analysis. 

 In silico docking studies to identify potential anticancer compounds and their 
targets from the enriched active fraction.  
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REVIEW OF LITERATURE 

Among the myriad of medicinal plants, those belonging to the Meliaceae family, 

commonly known as the Mahogany family, are particularly noteworthy. This family 

encompasses approximately 51 genera and about 575 species, predominantly found 

in tropical and subtropical regions (Mabberley, 2010). While members of the 

Meliaceae family are economically valuable for their timber, they are also 

recognized for their rich content of bioactive secondary metabolites, especially 

limonoids. Limonoids, which are highly oxygenated triterpenoids, are found 

primarily in the Meliaceae and Rutaceae (citrus) families (Fan et al., 2022). These 

compounds exhibit a wide range of biological activities, including anti-cancer, anti-

malarial, anti-inflammatory, and anti-feedant effects. 

The genus Melia within the Meliaceae family has attracted considerable scientific 

attention due to its diverse pharmacological properties. Species such as Melia 

azedarach and Melia dubia stand out for their potential therapeutic applications. 

Melia azedarach, known as the Chinaberry tree, has been used in traditional Chinese 

medicine for its broad-spectrum pesticidal properties. Beyond its commercial value, 

M. dubia demonstrates promising medicinal properties, including antioxidant, 

anticancer, antimicrobial, and antidiabetic activities (Wajdy et al., 2021). 

The therapeutic potential of Melia dubia is largely attributed to its rich 

phytochemical profile, which includes a variety of bioactive compounds such as 

limonoids, flavonoids, tannins, and alkaloids. The antioxidant properties of M. dubia 

are associated with its phenolic content, which helps neutralize free radicals and 

mitigate oxidative stress-related diseases (Goswami et al., 2020). Additionally, M. 

dubia has shown antimicrobial properties against a range of pathogenic 

microorganisms, further underscoring its potential in treating infectious diseases. 

The observed hypoglycemic activity in M. dubia extracts also points to its potential 

role in managing diabetes, a major global health concern. 

Recent studies have further expanded the scope of research on Melia dubia. For 

instance, Tang et al. investigated the inhibitory effects of Melia toosendan fruit 
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extract against colon cancer, demonstrating promising results in both in vitro and in 

vivo models (Tang et al., 2012). Trung et al. isolated new triterpenoids from M. 

dubia bark, revealing anti-inflammatory and antifungal properties against 

phytopathogenic fungi (Trung et al., 2023). These studies highlight the importance 

of exploring various parts of the Melia dubia plant for therapeutic agents. Notably, 

the isolation of anticancer molecules from M. dubia leaves remains an area of 

significant interest and necessity, underscoring the need for comprehensive research 

into all parts of this plant. 

Our research interest in M. dubia is driven by its traditional medicinal uses and its 

emerging potential in cancer treatment. Historically used for various ailments, M. 

dubia has shown promise in cancer research due to its ability to target critical 

pathways involved in cancer progression. Our research aims to purify extracts from 

M. dubia and explore their potential in controlling cancer, with a particular focus on 

targeting angiogenesis and the epithelial-mesenchymal transition (EMT) pathway 

and apoptosis. This approach underscores the importance of conducting a thorough 

investigation of M. dubia to fully harness its therapeutic potential against cancer. 

3.1.1. Role of phytochemicals in plants 

Phytochemicals are naturally occurring compounds in plants that contribute to their 

colour, flavour, and aroma, and play significant roles in both plant biology and 

human health. While not essential nutrients, they have been recognized for their 

health benefits and potential in disease prevention. In plants, phytochemicals 

function as phytoalexins, defending against pathogens like bacteria, viruses, and 

fungi, and as antifeedants, deterring herbivores by making plants less palatable or 

toxic (Gupta and Roy, 2021). Additionally, they possess allelopathic properties, 

reducing competition by inhibiting the growth of nearby plants. Phytochemicals also 

aid in plant reproduction by attracting pollinators with vibrant colours and 

fragrances, ensuring species survival. 

Phytochemicals provide a wide range of health benefits, with antioxidant activity 

being one of their most well-known. Compounds like polyphenols, carotenoids, and 
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vitamins C and E neutralize free radicals, preventing oxidative stress linked to 

chronic diseases like cancer and cardiovascular conditions (Engwa, 2018). 

Flavonoids, a type of polyphenol, are particularly effective in protecting cells from 

oxidative damage. In addition to antioxidant effects, many phytochemicals possess 

anti-inflammatory properties, with curcumin from turmeric being a prime example 

(Menon and Sudheer, 2007). Curcumin reduces inflammation by modulating 

inflammatory enzymes and cytokines, potentially lowering the risk of inflammation-

driven diseases such as diabetes and heart disease (Zia et al., 2021). Phytochemicals 

are also valuable in cancer prevention and treatment; compounds like resveratrol and 

sulforaphane have been shown to inhibit cancer cell growth and induce apoptosis. 

These phytochemicals may also disrupt cancer-related signalling pathways, making 

them promising candidates for both cancer prevention and therapy (Jiang et al., 

2010). Cardiovascular health benefits are notable as well, with phytochemicals like 

flavonoids improving endothelial function by increasing nitric oxide availability, 

aiding in blood vessel relaxation and circulation. Polyphenols, found in foods like 

berries and wine, help reduce LDL oxidation and improve HDL levels, contributing 

to lower heart disease risk (Sánchez et al., 2019). For metabolic health, 

phytochemicals such as anthocyanins can improve insulin sensitivity and regulate 

blood sugar, aiding in the prevention of type-2 diabetes (Zhao et al., 2018). 

Neuroprotective effects of phytochemicals, especially polyphenols and flavonoids, 

are being explored for their ability to reduce oxidative stress and inflammation in the 

brain, potentially offering protection against neurodegenerative diseases like 

Alzheimer’s and Parkinson’s. Overall, phytochemicals are promising agents in 

promoting health and preventing a range of chronic diseases. 

3.1.2. Clinical applications  

3.1.2.1. Potential applications 

Phytochemicals hold promise for various clinical applications, including use as 

dietary supplements and incorporation into functional foods and nutraceuticals. They 

are being investigated for their potential to treat and prevent a range of conditions, 
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including cancer, cardiovascular diseases, metabolic disorders, and 

neurodegenerative diseases. Despite their potential benefits, the safety and efficacy 

of phytochemicals require careful evaluation (Rudzińska et al., 2023). 

3.1.2.2. Medicinal value of phytochemicals 

Phytochemicals, especially phenolic compounds, are crucial in combating oxidative 

stress – a condition linked to chronic diseases like cancer and diabetes (Rudzińska et 

al., 2023; Nani et al., 2021). These compounds neutralize free radicals, reducing 

cellular damage and lowering disease risk. For example, flavonoids and polyphenols 

are well-studied for their free radical scavenging abilities and protective effects 

against oxidative damage (Bell et al., 2015; Rana et al., 2022; Obrenovich et al., 

2010). 

In addition, some plant extracts, including those from Melia dubia, possess 

antimicrobial properties that help fight infections from bacteria, fungi, and viruses 

(Paritala et al., 2015; Ravichandiran et al., 2013). They also have potential 

antidiabetic effects, aiding in blood glucose management. The antimicrobial and 

antidiabetic activities of these phytochemicals highlight their value in both 

prevention and therapy. 

3.1.3. Phytochemicals in traditional and modern medicine 

3.1.3.1. Traditional medicine 

Phytochemicals have long been utilized in traditional medicine systems for their 

therapeutic properties. Traditional Persian medicine, along with other ancient 

practices, employs various plant-based compounds to treat a wide range of ailments. 

These include kidney diseases, digestive disorders, and respiratory issues. The 

historical use of phytochemicals underscores their importance in traditional healing 

practices and their continued relevance in contemporary herbal medicine. 
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3.1.3.2. Applications in modern medicine 

In modern medicine, phytochemicals are increasingly recognized for their potential 

health benefits. They are incorporated into pharmaceuticals, cosmetics, and 

functional foods. The roles of phytochemicals in preventing chronic diseases and 

enhancing overall health are gaining attention, leading to their inclusion in dietary 

supplements and therapeutic products (Zhang et al., 2015). Their application in these 

fields reflects the growing appreciation of their medicinal value and efficacy. 

3.1.4. Cancer research and phytochemicals 

As cancer incidence continues to rise, there is an increasing need for innovative 

approaches to cancer control, including chemoprevention. Chemoprevention 

involves using natural, synthetic, or biological agents to prevent, suppress, or 

reverse the development of cancer before it becomes invasive. Lifestyle 

modifications, including dietary changes, could prevent a significant portion of 

cancer cases (López-Plaza, et al., 2022). 

Phytochemicals have shown significant promise in cancer research. Studies on cell 

lines and animal models have demonstrated their anticarcinogenic and 

antimutagenic properties. Phytochemicals can reduce cell proliferation, induce 

apoptosis, inhibit metastasis, and prevent angiogenesis. For example, garlic has been 

found to inhibit the growth of the Hep-2 human larynx carcinoma cell line (Bagul et 

al., 2015). Extracts from Hibiscus sabdariffa have shown potential in inducing 

autophagic cell death in melanoma cells, inhibiting tumor growth in xenograft 

studies (Laskar and Mazumder, 2020) and inducing apoptosis in leukemia and 

gastric carcinoma cells. In rat models, Shemamruthaa has demonstrated significant 

anti-cancer effects by reducing lipid peroxidation, preventing membrane damage, 

and restoring membrane integrity (Purushothaman et al., 2016). Extracts from Viola 

tricolor have shown antitumor effects against neuroblastoma N2a cells, reducing 

tumor cell proliferation and inhibiting angiogenesis (Sadeghnia et al., 2014). 

Rosemary species are recognized for their potential chemopreventive properties due 
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to their high antioxidant content, and Vitex rotundifolia has shown cytotoxic effects 

on human breast and colon cancer cell lines (Sitarek et al., 2020). 

Despite these promising laboratory findings, clinical trials and human studies are 

still limited. Phytochemicals are categorized into five major groups: phenolics, 

carotenoids, organosulfur compounds, nitrogen-containing compounds, and 

alkaloids. These compounds can influence carcinogenesis at various stages, and 

ongoing research continues to explore their potential in cancer prevention.  

3.1.4.1. Alkaloids 

Alkaloids are a diverse class of nitrogenous compounds renowned for their 

significant anticancer properties. These compounds are crucial in cancer therapy due 

to their ability to exert antiproliferative and antimetastatic effects. For instance, 

camptothecin inhibits topoisomerase I, an enzyme essential for DNA replication, 

and is used to treat cancers such as ovarian and lung cancer (Pommier, 2006; 

Dancey and Eisenhauer, 1996). Vincristine and vinblastine, derived from 

Catharanthus roseus, disrupt microtubule formation, thereby preventing cell 

division and treating conditions like leukemia, lymphoma, and other cancers 

(Dhyani et al., 2022). Berberine, found in various plants, induces apoptosis and 

inhibits cell proliferation in several types of cancer (Chidambara Murthy and 

Jayaprakasha, 2012). Sanguinarine, extracted from Sanguinaria canadensis, shows 

promise by inducing cell death and inhibiting tumor growth (Achkar et al., 2017). 

Evodiamine, derived from Evodia rutaecarpa, suppresses tumor growth and induces 

apoptosis (Jiang J and Hu C, 2009). Piperine, present in black pepper, enhances drug 

bioavailability and exhibits anticancer properties by inhibiting cancer cell growth 

(Stojanović-Radić et al., 2019). Matrine and tetrandrine, sourced from Sophora and 

Stephania species, modulate cell cycle progression and induce apoptosis (Lu, et al., 

2012). Alkaloids represent a significant portion of low molecular weight organic 

compounds found in terrestrial and marine environments. Their structural diversity 

results from various amino acids and building blocks, leading to numerous 

functional groups that interact with biological targets. Approximately 17,000 
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alkaloids exhibit significant biological and pharmacological activities, including 

anti-inflammatory, antibacterial, and antitumor effects (Ballout et al., 2019). 

Anticancer alkaloids play crucial roles in targeting cellular processes such as 

proliferation, cell cycle progression, and metastasis. For instance, paclitaxel 

stabilizes microtubules to prevent cell division, and vincristine disrupts microtubule 

formation (Abal et al., 2003). Despite their efficacy, alkaloids can induce DNA 

damage and apoptosis, which may result in toxic side effects, highlighting the need 

for novel compounds with selective cancer targeting and reduced toxicity. 

Emerging cytotoxic alkaloids include those with apoptotic strategies, such as 

hirsutine from Uncaria, which induces apoptosis in breast cancer cells, and α-

tomatine from Lycopersicon esculentum, which inhibits cancer signaling pathways. 

Alkaloids like cathachunine, subditine, and rohitukine generate reactive oxygen 

species, leading to DNA damage and apoptosis. Caspase activators such as subditine 

and scutebarbatine A also show promise by inducing apoptosis in cancer cells 

through various pathways (Habli et al., 2017). 

Anti-proliferative alkaloids target cell cycle regulation, which is crucial for 

maintaining cellular balance and preventing cancer. Alkaloids like noscapine, 

liriodenine, and isogravacridone chlorine induce cell cycle arrest at specific phases, 

leading to cell repair or apoptosis (Habli et al., 2017). Ongoing research aims to 

further explore these compounds and identify their therapeutic potential, with some 

alkaloids requiring additional investigation to fully elucidate their anticancer 

mechanisms. 

3.1.4.2. Flavonoids 

Flavonoids are polyphenolic compounds derived from phenylalanine, tyrosine, and 

acetate units, and they play a critical role in photosynthesis by catalyzing electron 

transport. They are widely present in fruits, vegetables, nuts, and beverages like tea 

and red wine. Despite their common occurrence in the diet, only about 10% of 

flavonoids reach peak concentrations in the bloodstream due to low bioavailability. 
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Flavonoids are renowned for their pharmacological properties, particularly their 

significant anti-cancer activity. Their antitumor effects are largely attributed to their 

antioxidant and anti-inflammatory properties. Flavonoids scavenge free radicals and 

inhibit the formation of reactive oxygen species (ROS), which are associated with 

cancer development (Slika et al., 2022). They also exhibit pro-oxidative effects, 

inhibit fatty acid synthase activity, and modulate several key cellular pathways such 

as NF-κB, MAPK, FAK, PI3K-Akt, inflammasome, and STAT3. Additionally, 

flavonoids can reduce angiogenesis by decreasing VEGF expression and suppress 

metastasis by downregulating MMP expression (Oršolić N and Jazvinšćak Jembrek, 

2022). 

Flavonoids demonstrate significant potential in cancer prevention and treatment 

across various types of cancer. Continued research is essential to further elucidate 

their mechanisms of action and enhance their therapeutic efficacy. The relationship 

between flavonoids and lung cancer presents a complex and evolving picture. While 

some studies suggest a beneficial effect of flavonoid intake on lung cancer risk, 

others have found no significant associations. Further research is needed to 

understand the mechanisms underlying flavonoids' potential anticancer properties 

and their specific effects on lung cancer. Future studies should focus on the 

molecular mechanisms of flavonoids in lung cancer cells and consider their 

interactions with other treatment modalities to fully explore their therapeutic 

potential in lung cancer treatment. 

3.1.4.3. Phytosterols 

Phytosterols, plant-derived compounds structurally similar to cholesterol, are found 

in a variety of foods including vegetable oils, cereal grains, nuts, legumes, 

vegetables, and fruits. They are well-known for their cholesterol-lowering effects, 

achieved by reducing cholesterol absorption in the intestine. Beyond their role in 

cholesterol management, phytosterols have been studied for their potential 

protective effects against various chronic diseases, particularly cancer. These 

compounds exhibit anticancer properties through several mechanisms, including 
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inhibition of cell cycle progression, induction of apoptosis, and modulation of 

cholesterol synthesis (Shahzad et al., 2017). 

Research has increasingly focused on the relationship between phytosterols and 

cancer risk. Epidemiological and clinical studies suggest that phytosterols may offer 

protective benefits against multiple types of cancer. For instance, high phytosterol 

intake has been associated with a reduced risk of breast cancer. Studies indicate that 

diets rich in plant-based foods, which are high in phytosterols, are linked to lower 

incidences of breast cancer. This is supported by findings from a hospital-based 

case-control study in Mexico City, which reported that dietary phytochemicals, 

including phytosterols, were associated with a decreased risk of breast cancer among 

postmenopausal women. Additionally, the Mediterranean diet, known for its high 

phytosterol content, has been associated with a lower risk of breast cancer, further 

suggesting the potential protective role of these compounds (Shahzad et al., 2017). 

The protective effects of phytosterols extend to other types of cancer as well. For 

example, research suggests that phytosterols may help reduce the risk of prostate 

cancer. A notable study involving vegetarians found a 54% lower risk of prostate 

cancer compared to non-vegetarians, with higher intakes of dried fruits, which are 

rich in phytosterols, correlating with reduced prostate cancer risk. Similarly, 

phytosterols have shown potential in reducing colorectal cancer risk. While some 

animal studies suggest a chemoprotective effect of dietary phytosterols against 

colorectal cancer, findings from the Netherlands Cohort Study on Diet and Cancer 

did not show a significant association. However, a 2017 study in China found an 

inverse relationship between phytosterol intake and colorectal cancer risk, indicating 

a potential protective effect (Shahzad et al., 2017). 

Phytosterols may also be beneficial in the context of stomach and pancreatic 

cancers. A comprehensive case-control study in Uruguay found a significant inverse 

relationship between phytosterol intake and stomach cancer risk, with higher 

phytosterol levels associated with reduced incidence of this malignancy. 

Additionally, studies indicate that dietary sources rich in phytosterols, such as 
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legumes and dried fruits, are linked to a decreased risk of pancreatic cancer. These 

effects are thought to stem from phytosterols' influence on cholesterol metabolism 

and inflammation, both of which are crucial factors in cancer development (Shahzad 

et al., 2017). 

Despite the promising evidence, the full extent of phytosterols' anticancer potential 

remains under investigation. The mechanisms through which phytosterols exert their 

protective effects are not yet fully understood. Research has highlighted the need to 

further elucidate these mechanisms and confirm the findings through more extensive 

and rigorous studies. Additionally, challenges related to the bioavailability and 

metabolism of phytosterols must be addressed to optimize their therapeutic 

potential. Enhancing the stability and absorption of these compounds through novel 

formulations may improve their effectiveness as anticancer agents (Shahzad et al., 

2017). 

Phytosterols, with their cholesterol-lowering properties and potential anticancer 

benefits, represent a significant area of interest in cancer prevention and therapy. 

Current research supports their role in reducing the risk of several cancers, including 

breast, prostate, colorectal, stomach, and pancreatic cancers. However, further 

studies are needed to confirm these benefits, understand the underlying mechanisms, 

and explore ways to enhance their bioavailability and therapeutic efficacy. As 

research continues to advance, phytosterols may become integral components in 

strategies for cancer prevention and treatment, offering valuable insights into dietary 

and therapeutic approaches to managing cancer risk. 

3.1.4.4. Phenolic acid 

Phenolic acids, which include hydroxybenzoic and hydroxycinnamic acids, are a 

diverse group of polyphenolic compounds prevalent in many common foods such as 

coffee, berries, nuts, tea, wine, and olive oil. Key phenolic acids like gallic, ellagic, 

caffeic, and ferulic acids are known for their significant biologically active 

properties and have long been used in traditional medicine. These compounds are 

recognized for their potential anticancer effects, which are thought to arise from 
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various mechanisms such as detoxification, prevention of cellular damage, inhibition 

of cell proliferation, and induction of apoptosis. Notably, recent research suggests 

that the pro-oxidant actions of caffeic and ferulic acids may be crucial to their 

anticancer activities, beyond their well-known antioxidant properties (Kumar and 

Goel, 2019). 

Studies indicate that high dietary intake of phenolic acids, particularly caffeic and 

ferulic acids, is associated with a reduced risk of several cancers. For example, 

increased consumption of these acids has been linked to a lower risk of prostate and 

breast cancers. The mechanisms by which these phenolic acids exert their effects 

include inhibiting cancer cell proliferation and promoting programmed cell death, 

which is often disrupted in cancer cells. In breast cancer, a diet rich in phenolic acids 

has been shown to decrease cancer risk, likely due to their antioxidant and anti-

inflammatory properties (Kumar and Goel, 2019).  

In the context of lung cancer, phenolic acids, particularly when included in 

traditional Chinese medicine formulations, have demonstrated benefits such as 

improved quality of life and symptom relief for patients with non-small cell lung 

cancer (NSCLC). These formulations help in managing symptoms and may 

potentially slow disease progression. Additionally, topical formulations containing 

ferulic acid have shown promise in reducing skin cancer-related mutations, 

specifically thymine dimers, which are markers of UV-induced skin damage (Kumar 

and Goel, 2019). 

Despite these encouraging findings, the full therapeutic potential of phenolic acids 

requires further exploration. While preliminary results are promising, especially in 

prostate and breast cancers, ongoing research is needed to confirm these benefits and 

understand the underlying mechanisms more clearly. Clinical trials are also 

underway to assess the effectiveness of phenolic acids, such as caffeic acid, in 

preventing other cancers like oesophageal cancer, though results are still pending. 

Phenolic acids are emerging as significant components in cancer prevention and 

management strategies. Their potential benefits, driven by both their antioxidant and 
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pro-oxidant actions, highlight the need for continued research to fully leverage their 

therapeutic potential and integrate them into effective cancer prevention and 

treatment protocols. 

3.1.4.5. Stilbenes 

Stilbenes, a class of polyphenolic compounds with a 1,2-diphenylethylene structure, 

are present in a variety of plant-based foods, including fruits, vegetables, whole 

grains, chocolate, wine, olive oil, and tea. Notable stilbenes, such as resveratrol, 

pterostilbene, piceatannol, and pinosylvin, are recognized for their potential 

anticancer properties through antioxidant, anti-inflammatory, and pro-apoptotic 

effects. Resveratrol, in particular, has shown promise in modulating cancer-related 

pathways: it influences the Wnt signaling pathway in colorectal cancer, enhances 

Notch-1 activation in neuroendocrine tumors, and affects IGF-II levels in breast 

cancer. Despite these advances, the effectiveness of stilbenes, especially resveratrol, 

can be limited by rapid metabolism and low bioavailability. Research has shown 

mixed results, with some studies indicating potential benefits in cancer prevention 

and treatment, while others, such as those involving prostate cancer and multiple 

myeloma, suggest that higher doses or alternative formulations may be necessary. 

Clinical trials are ongoing to better understand these compounds' mechanisms and to 

improve their therapeutic efficacy, highlighting stilbenes' ongoing importance in 

cancer research and treatment (Al-Khayri et al., 2023). 

3.1.4.6. Carotenoids  

Carotenoids are a diverse group of pigments prevalent in colorful fruits and 

vegetables, renowned for their antioxidant properties. Prominent carotenoids, 

including lycopene, β-carotene, α-carotene, lutein, and zeaxanthin, have been 

extensively researched for their potential role in cancer prevention. In prostate 

cancer, carotenoids such as lycopene, β-carotene, and α-carotene have been 

scrutinized for their protective effects. Meta-analyses indicate that higher intakes of 

lycopene and α-carotene are associated with a reduced risk of prostate cancer. 

Specifically, increased dietary and blood levels of lycopene correlate with a lower 
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risk of developing this cancer. Conversely, β-carotene's impact on prostate cancer 

risk is mixed, with some studies showing no significant association (Wang et al., 

2015). 

For breast cancer, carotenoids like β-carotene, α-carotene, and lutein are linked to a 

decreased risk. Increased intake of β-carotene and higher blood levels of α-carotene 

and lutein exhibit protective effects against breast cancer. However, the relationship 

between lycopene and breast cancer risk remains unclear, with some studies failing 

to find a significant link (Dehnavi et al., 2024). 

Carotenoids also contribute to lung cancer prevention, with higher blood 

concentrations and dietary intake of lycopene and β-carotene associated with a 

reduced risk. However, high-dose β-carotene supplementation has been linked to an 

increased risk of lung cancer, particularly in smokers and individuals exposed to 

asbestos, highlighting that excessive β-carotene can be harmful (Böhm et al.,2021). 

In gastrointestinal cancers, carotenoids such as β-carotene and lycopene are 

associated with reduced risks of esophageal, pancreatic, and gastric cancers. For 

colorectal cancer, higher serum levels of α-carotene, β-cryptoxanthin, and lycopene 

are linked to lower risk, with β-cryptoxanthin showing a particularly strong inverse 

association (Institute of Medicine (US), 2000). 

The phytochemicals including carotenoids, phenolic acids, phytosterols, and 

stilbenes exhibit diverse anticancer properties through mechanisms such as 

neutralizing free radicals, reducing inflammation, inducing apoptosis, and inhibiting 

cell proliferation and invasion. Despite these benefits, high doses or isolated 

supplements may pose risks or offer limited advantages, emphasizing the 

importance of a balanced, plant-based diet. 

The evidence suggests that dietary intake of these phytochemicals offers more 

substantial cancer prevention benefits compared to isolated supplements. The 

synergistic effects of various phytochemicals within whole foods are likely more 

effective in reducing cancer risk than individual compounds consumed separately. 
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Figure 3.1.1. Melia dubia tree in its habitat 

As research progresses, ongoing and future clinical trials will be essential to 

investigate the safety, efficacy, and optimal dosing of phytochemicals for cancer 

prevention and treatment. These trials will provide valuable insights into the 

potential risks and benefits of these compounds, enhancing our understanding of 

their role in cancer prevention strategies. 

While phytochemicals show promising anticancer properties in various studies, the 

complexity of their interactions and the risk of adverse effects from high-dose 

supplements necessitate careful consideration. A diet rich in these compounds, 

obtained from whole foods, may offer the most beneficial approach to leveraging 

phytochemicals for cancer prevention. 

3.1.5. Melia dubia: an overview of its 
medicinal significance 

Systematic position of Melia dubia: 

Order: Sapindales 

Family: Meliaceae 

Genus: Melia 

Species: dubia 

Melia dubia, commonly referred to as 

Malabar Neem (Figure 3.1.1), is a plant 

species of significant interest due to its 

multifaceted applications in both 

commercial and medicinal fields. This tree, 

native to India and parts of Southeast Asia, 

has gained prominence for its rapid growth, 

versatile utility, and promising health 

benefits. This overview highlights the 

commercial importance and medicinal value of Melia dubia, underscoring its 

potential contributions to various industries and therapeutic areas.          
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3.1.5.1. Antioxidant activity 

Melia dubia is recognized for its potent antioxidant properties, which are crucial in 

addressing oxidative stress linked to various health conditions. Oxidative stress, 

caused by an imbalance between free radicals and antioxidants, is a contributing 

factor to diseases such as cancer, diabetes, and inflammation. Research has 

demonstrated that the ethanolic extract of Melia dubia exhibits strong antioxidant 

activity, with an IC50 value of 16.89 μg/ml in the nitric oxide radical scavenging 

assay. This activity is attributed to the plant's rich content of phenolic compounds 

and flavonoids, which play a key role in neutralizing harmful free radicals 

(Valentina et al., 2013; Ahmad et al., 2008; Charde et al., 2010; Shah et al., 2016). 

The antioxidant properties of Melia dubia not only support its potential in 

preventing oxidative damage but also highlight its possible use in developing 

supplements and therapeutic agents aimed at reducing oxidative stress-related 

diseases. 

3.1.5.2. Anticancer activity 

The anticancer potential of Melia dubia is a significant area of interest in current 

research. No significant studies are to substantiate the notable anticancer properties 

of the plant. Further research supports the plant's anticancer effects, with various 

studies confirming its potential as a valuable component in cancer therapy (Anusuya 

et al., 2011; Husseiny et al., 2015; Saber et al., 2018). The ongoing exploration of 

Melia dubia's anticancer properties underscores its potential to contribute to the 

development of novel cancer treatments and preventive strategies. 

3.1.5.3. Antimicrobial activity 

Melia dubia also exhibits significant antimicrobial activity, making it a valuable 

resource for addressing infectious diseases. The essential oil extracted from the 

leaves of Melia dubia demonstrates both bacteriostatic and fungistatic properties 

against a range of pathogens, including Pseudomonas aeruginosa, Escherichia coli, 

Klebsiella pneumoniae, Fusarium oxysporum, and Candida albicans (Nagalakshmi 
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et al., 2003). This broad-spectrum antimicrobial activity highlights the plant's 

potential as a natural remedy for infections. 

The leaf and root extracts have also demonstrated effectiveness against a variety of 

bacterial pathogens, including Klebsiella pneumoniae, E. coli, Staphylococcus 

aureus, Salmonella typhi, and Salmonella paratyphi (Chanthuru et al., 2014; 

Malarvannan et al., 2009). These findings emphasize Melia dubia's potential in 

developing antimicrobial agents for treating bacterial and fungal infections. 

3.1.5.4. Antidiabetic activity 

The antidiabetic properties of Melia dubia are supported by several studies 

indicating its potential as a natural treatment for diabetes. The alcoholic extract of 

Melia dubia fruits has demonstrated significant hypoglycemic effects in animal 

models, with a reduction in blood glucose levels at a dose of 300 mg/kg body weight 

(Susheela et al., 2008). This effect supports the plant's role as an effective 

hypoglycemic agent and highlights its potential for managing diabetes. 

Additional research reinforces the antidiabetic properties of Melia dubia, suggesting 

that it could be integrated into diabetes management strategies as a natural 

therapeutic option (Mamun-or-Rashid et al., 2014). The plant's ability to regulate 

blood glucose levels underscores its significance in addressing one of the most 

prevalent health challenges of our time. 

In terms of medicinal value, Melia dubia exhibits impressive antioxidant, anticancer, 

antimicrobial, and antidiabetic properties. The ongoing research into these aspects 

highlights the plant's potential in developing therapeutic agents and natural 

remedies. As studies continue to explore its benefits, Melia dubia's role in enhancing 

health and promoting sustainability is likely to grow, further establishing its 

multifaceted value in both commercial and medicinal contexts. 

3.1.6. Research gap 

Melia dubia, commonly known for its significant economic value and applications 

in traditional medicine, has been studied extensively for its anti-inflammatory, 
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antibacterial, and other therapeutic activities. However, there remains a notable 

research gap regarding its anticancer properties. Despite the plant's established 

pharmacological effects, there is a scarcity of studies investigating its potential as an 

anticancer agent. 

Current research primarily focuses on Melia dubia's utility in areas such as pest 

control, timber production, and traditional medicinal uses. Although some bioactive 

compounds from the plant have been isolated and studied, their anticancer properties 

have not been thoroughly explored. This lack of comprehensive research represents 

a missed opportunity to uncover and characterize novel anticancer compounds that 

could lead to the development of new cancer therapies. 

Addressing this gap involves conducting systematic investigations to identify and 

isolate specific compounds from Melia dubia with potential anticancer activity. This 

includes screening extracts for cytotoxic effects against cancer cell lines, elucidating 

their mechanisms of action, and evaluating their efficacy in preclinical models. By 

bridging this research gap, it is possible to harness the full therapeutic potential of 

Melia dubia and contribute to the discovery of new and effective cancer treatments. 
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MATERIALS AND METHODS 

3.2.1. Chemicals 

Solvents of HPLC/NMR grade (n-Hexane, chloroform, petroleum ether, ethyl 

acetate, acetone, methanol, and toluene) were purchased from SRL or Merck. 

Precoated aluminium Silica gel plates were obtained from Merck. Silica gel for 

column chromatography with three mesh sizes was purchased from SRL. Animal 

tissue culture tested Mc Coy’s 5A medium and trypsin were obtained from Himedia, 

FBS and antibiotic antimycotic solution was obtained from Gibco. All other 

chemicals used in tissue culture were of animal tissue culture tested grade and others 

are of analytical grade. 

3.2.2. Sample collection 

M. dubia leaves (Figure 3.2.1) were 

collected from Meenangadi, Wayanad 

(11.6603º N, 76.1629º E). The plant 

material was authenticated by Dr A. K. 

Pradeep, Assistant Professor, 

Department of Botany, University of 

Calicut. A voucher specimen (Voucher 

number: 7187) was deposited in the 

Herbarium of the Department of 

Botany, University of Calicut. 

3.2.3. Crude extract preparation 

The collected leaves were thoroughly washed under running water and then dried in 

an oven at 40°C. Once dried, they were ground into a fine powder. Initially, 200 

grams of the powdered leaf material were subjected to extraction using n-hexane, a 

non-polar solvent capable of dissolving a broad spectrum of organic compounds. 

Following the n-hexane extraction, the residue was further extracted with 

chloroform followed by ethyl acetate, acetone, methanol, and water as described in 

Figure 3.2.1. Twig of M. dubia with leaves 
collected for sample preparation. 
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the first chapter to obtain compounds with potentially anticancer properties. The 

chloroform extract, rich in various phytochemicals, was subsequently processed 

through a series of chromatographic techniques. These techniques aimed to purify 

and fractionate the extract, thereby isolating and enriching the fractions containing 

bioactive molecules with potential anticancer activity. 

3.2.4. Enrichment of anticancer fractions from M. dubia leaf extract 

The initial step involved silica gel column chromatography, a technique widely used 

for separating mixtures of compounds based on their different affinities to the 

stationary phase (silica gel) and the mobile phase (solvent system). The silica gel 

used here had a specific particle size range of mesh, which provided an optimal 

balance between separation efficiency and flow rate. The column was packed 

meticulously to avoid air bubbles, which could disrupt the flow and lead to uneven 

separation. 

The elution process commenced with non-polar n-hexane and progressively 

transitioned through a gradient of increasingly polar solvents. This gradient included 

chloroform, ethyl acetate, acetone, and methanol, each mixed with water in varying 

ratios. The gradual increase in polarity of the solvents facilitated the elution of 

compounds from the column based on their polarity, allowing for the separation of 

the complex mixture into distinct fractions. Sub-fractionation was carried out 

multiple times to refine the separation further and ensure the removal of non-specific 

compounds, thus enhancing the purity and specificity of the fractions. 

3.2.4.1. First column chromatography 

The first stage of column chromatography involved a precise and methodical 

procedure. A total of 2.1 grams of the M. dubia leaf chloroform extract was 

carefully combined with silica gel (mesh size 60-120), ensuring that the sample was 

uniformly distributed and free of air bubbles before being applied to the pre-packed 

silica gel column (300 x 25 mm). The elution began with pure n-hexane (100%, 100 

mL), a non-polar solvent ideal for eluting non-polar compounds. Following the n-
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hexane, the column was eluted with a series of solvent mixtures with increasing 

polarity: n-hexane and chloroform (80:20, 60:40, 40:60, and 20:80). Each mixture 

was prepared to a specific ratio to fine-tune the separation process. This step was 

followed by pure chloroform (100%, 100 mL), a slightly more polar solvent that 

helped to elute more polar compounds that did not elute with n-hexane. The process 

continued with mixtures of chloroform ethyl acetate (80:20, 60:40, 40:60, 20:80), 

followed by pure ethyl acetate (100%, 100 mL). As the polarity increased, the ability 

of the solvents to elute more polar compounds also increased. The next step 

involved eluting the column with ethyl acetate and acetone mixtures (80:20, 60:40, 

40:60, 20:80), followed by pure acetone (100%, 100 mL), and then acetone and 

methanol mixtures (80:20, 60:40, 40:60, 20:80). The final elution was done with 

pure methanol (100%, 100 mL), the most polar solvent used in this sequence, to 

elute the most polar compounds. The fractions collected were numbered as SC1-F1, 

SC1-F2, SC1-F3 etc. 

3.2.4.2. Second column chromatography 

The fractions collected from the first column chromatography were analysed, and 

the fractions numbered 8 and 9 were identified for further processing due to their 

promising bioactivity profiles. These fractions, weighing a combined total of 800 

mg, were again mixed with silica gel to ensure proper application onto the next 

chromatography column. This column, measuring 300 mm in length and 25 mm in 

diameter and filled with 100-200 mesh silica gel, was similarly packed with care to 

prevent air bubble formation. Elution in the second column chromatography was 

again performed with an increasing polarity gradient. It started with pure n-hexane 

(100%, 100 mL), followed by a series of n-hexane and toluene mixtures (80:20, 

60:40, 40:60, 20:80). The elution continued with pure toluene (100%, 100 mL), a 

solvent that, while non-polar, has a different solvation power compared to n-hexane, 

potentially eluting different compounds. Subsequent elutions involved toluene and 

ethyl acetate mixtures (90:10, 80:20, 60:40, 40:60, 20:80), followed by pure ethyl 

acetate (100%, 100 mL). The process further included ethyl acetate and acetone 

mixtures (80:20, 60:40, 40:60, 20:80), pure acetone (100%, 100 mL), acetone and 
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methanol mixtures (80:20, 60:40, 40:60, 20:80), and concluded with pure methanol 

(100%, 100 mL). This sequence allowed for the gradual and selective elution of 

compounds based on their affinity to the stationary phase versus the mobile phase. 

The fractions collected were numbered as SC2-F1, SC2-F2, SC2-F3 etc. 

3.2.4.3. Third column chromatography 

The third stage of purification was focused on fraction F8 from the second 

chromatography, which had shown potential bioactivity. This fraction, now 

weighing 250 mg, was dissolved in chloroform and prepared for further 

fractionation. The column used was smaller (200 mm x 15 mm) and packed with a 

finer silica gel (200-400 mesh) to achieve a higher resolution separation. The elution 

process followed a similar pattern to previous steps, beginning with pure n-hexane 

(100%, 100 mL) and moving through a gradient of increasing polarity. This included 

n-hexane and toluene mixtures (80:20, 60:40, 40:60, 20:80), pure toluene (100%, 

100 mL), toluene and ethyl acetate mixtures (90:10, 80:20, 60:40, 40:60, 20:80), 

pure ethyl acetate (100%, 100 mL), ethyl acetate and acetone (50:50), pure acetone 

(100%, 100 mL), acetone and methanol (50:50), and pure methanol (100%, 100 

mL). 

This thorough and systematic approach ensured that the compounds within the 

fractions were increasingly purified and that compounds with similar polarities were 

grouped together, simplifying further analysis and characterization. The collected 

fractions were numbered as SC3-F1, SC3-F2, SC3-F3, etc. 

3.2.4.4. Thin Layer Chromatography (TLC) 

Following the third round of column chromatography, fraction F8 was subjected to 

thin layer chromatography (TLC) for additional separation. The TLC plate was 

developed using a mobile phase of toluene and ethyl acetate in an 80:20 v/v ratio. 

This solvent system was chosen based on preliminary trials to effectively separate 

the components of the fraction. After development, the TLC plate was visualized 

under ultraviolet (UV) light, which revealed distinct bands representing different 
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compounds. These bands were indicative of different components present in the 

fraction. The individual bands were carefully scraped off, and the compounds were 

eluted using the same solvent mixture used for the TLC. This step provided further 

purification and allowed for the isolation of individual compounds for subsequent 

analysis. The eluted bands were designated as TLC-B1, TLC-B2, TLC-B3, etc. 

Yield of each bioactive fraction obtained at each step of purification was also 

calculated based on the initial weight used for the purification.  

3.2.5. High-Performance Thin-Layer Chromatography (HPTLC) 

High-performance thin-layer chromatography (HPTLC) was employed for a more 

refined analysis the isolated fractions with activity. HPTLC offers enhanced 

resolution and sensitivity compared to traditional TLC, making it ideal for both 

qualitative and quantitative analysis of complex mixtures. The HPTLC analysis was 

conducted using a CAMAG system equipped with pre-coated aluminium-backed 

silica gel plates (Merck 60 F254, 0.2 mm thickness). The application of samples 

onto the HPTLC plates was performed with high precision using the CAMAG ATS 

4 system, which ensured uniform application of the samples as 10 mm bands 

positioned 10 mm from the bottom of the plate. This precise application is crucial 

for obtaining reproducible results. The development of the HPTLC plates was 

carried out in a Twin Trough Chamber pre-saturated with the mobile phase, a 

mixture of toluene and acetate in an 80:20 v/v ratio. The development process was 

performed in ascending mode, with the solvent front allowed to reach a height of 80 

mm. The development was conducted at room temperature, a condition carefully 

maintained to ensure consistent solvent evaporation rates and, consequently, 

consistent separation results. Post-development, the plates were air-dried and 

subsequently scanned at two different wavelengths—254 nm and 366 nm—using a 

CAMAG TLC Scanner 3 equipped with a deuterium lamp. The use of these specific 

wavelengths is based on the absorption characteristics of the compounds present in 

the samples. The scanning process was controlled and analysed using winCATS 

software, which provided detailed densitometric data on the separated components. 
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For additional visualization, the plates were derivatized with anisaldehyde-sulfuric 

acid reagent, a common staining agent that reacts with a wide range of organic 

compounds, producing coloured products visible under white light (550 nm). This 

derivatization step allowed for the visual identification of compounds that might not 

have been detectable under UV light, thereby providing a comprehensive profile of 

the chemical constituents. 

3.2.6. GC-MS analysis 

To further characterize the chemical composition of the chloroform extract from M. 

dubia leaves, gas chromatography-mass spectrometry (GC-MS) was employed. The 

analysis was performed using a Shimadzu GC system equipped with an ELITE-5MS 

capillary column, which has a length of 30 meters, an internal diameter of 0.25 mm, 

and a film thickness of 0.25 µm. The choice of this column provided a good balance 

between separation efficiency and analysis time. The temperature program was 

carefully optimized to ensure effective separation of the components. It started at a 

relatively low temperature of 80°C, held for 1 minute, then ramped up at a rate of 

5°C per minute to a final temperature of 260°C. This temperature program was 

designed to gradually elute compounds based on their volatility and thermal 

stability. Helium was used as the carrier gas at a constant flow rate of 1 mL per 

minute, providing an inert and stable environment for the separation. A sample 

volume of 1 μL was injected into the system, a standard volume that ensures 

adequate detection sensitivity while preventing column overloading. 

The mass spectrometric analysis was performed using an electron ionization (EI) 

source, a method that ionizes the compounds, allowing for their detection and 

identification based on their mass-to-charge ratios (m/z). The identification of the 

compounds was achieved by comparing the obtained mass spectra with reference 

spectra in the NIST11 and WILEY 8 libraries. These libraries contain extensive 

databases of known compounds, facilitating the accurate identification of the 

components present in the extract. The GC-MS analysis provided detailed 

information on the molecular structure and composition of the compounds in the 
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extract, contributing to the understanding of the bioactive constituents responsible 

for the observed anticancer activity.  

3.2.7. Cytotoxicity analysis and IC50 calculation 

The bioactivity-based purification of the compounds was conducted using the HT29 

cancer cell line at a concentration of 100 µg/mL. Dimethyl sulfoxide (DMSO) 

served as the vehicle control and the cell death in the vehicle control was considered 

as 0.00%. Cytotoxicity analysis was performed using the MTT assay, following the 

protocol detailed in the first chapter (Mosmann, 1983). To determine the efficacy of 

the crude extract and its active fractions, the HT29 cells were treated with varying 

concentrations of these substances. The IC50 values, indicating the concentration at 

which 50% of cell viability is inhibited, were calculated for each treatment. All 

assays were conducted over a 48-hour period. 

3.2.8. Molecular docking studies 

In silico molecular docking studies were performed to investigate the binding 

interactions between ligands and target proteins using AutoDockVina software 

(Trott and Olson 2010). Native 3D structures of target proteins were downloaded 

from the RCSB PDB database, (https://www.rcsb.org/) (Berman et al., 2000) 

followed by preparation for docking through Discovery Studio 2021 client software. 

Ligand structures, identified from GC–MS analysis, were obtained from the 

PubChem database (Kim et al., 2016) and prepared using Open Babel GUI (O'Boyle 

et al., 2011) for virtual molecular screening. Multiple ligand docking was conducted 

using PyRx software, and the resulting protein-ligand interaction models were 

visualized in 3D using Discovery Studio 2021. The compounds from the active 

fraction, TLC-B3 were converted into PDBQT format with MGLTools 1.5.7, while 

crucial apoptosis-related proteins, including caspase-3 (PDB ID-3DEI), caspase-9 

(PDB ID-1JXQ), and TP53 (PDB ID-3DCY), were prepared by removing water 

molecules, adding Kollman charges and polar hydrogens, and converting them into 

pdbqt format. PyRx (Dallakyan and Olson, 2015) software was used to generate 
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receptor grids and execute molecular docking, with the best docking scores 

visualized using Discovery Studio Visualizer. 

3.2.9. Statistical analysis 

The data for continuous variables were presented as mean±SEM, obtained from 

multiple independent experiments. Statistical significance was assessed using one-

way ANOVA with Tukey's post hoc test, utilizing IBM SPSS Statistics 24 software 

and Dunnett’s method using Graphpad Prism. The IC50 values were determined 

through Probit regression analysis. A p-value of less than 0.05 was considered to 

indicate statistical significance, reflecting a significant difference between the 

treatment groups and the controls. 
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RESULTS  

3.3.1. Purification using silica gel column chromatography 

In this study, the anticancer potential of M. dubia was explored through serial 

exhaustive extraction of the oven-dried leaf powder using six different organic 

solvents, including water, arranged in increasing polarity. The resulting extracts 

were tested for their cytotoxic effects on the HT29 colorectal carcinoma cell line 

using the MTT assay. The chloroform extract demonstrated the highest cytotoxic 

activity among the tested extracts, prompting further investigation to isolate the 

active anticancer components. 

3.3.1.1.  First column chromatography  

The chloroform extract subjected to silica gel column chromatography, and 

the resulting fractions were assessed for their cytotoxicity against the HT29 

cell line. Among the fractions obtained from the first column chromatography, 

the fraction eluted with chloroform and ethyl acetate in a ratio of 80:20 

showed the highestn mortality rate of 84.48±1.94% and the fraction is 

designated as SC1-F8 (Silica gel Column fraction 8). This was followed by 

the fraction eluted with chloroform and ethyl acetate in a 60:40 ratio, which 

exhibited a mortality rate of 80.33±2.05%. Other fractions eluted showed 

significant but lower mortality rates (Table 3.3.1). 

3.3.1.2.  Second silica gel column chromatography  

Further fractionation of the most active fractions (SC1-F8 and SC1-F9) from the 

first column chromatography revealed that the fraction eluted with toluene and ethyl 

acetate in a ratio of 80:20 exhibited the highest cytotoxicity, with a mortality rate of 

99.46±1.33% and the fraction is designated as SC2-F8 (Silica gel Column fraction 

8). Other fractions showed much lower cytotoxic effects (Table 3.3.2). 
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Table 3.3.1. Percentage mortality of fractions obtained from silica column chromatography 1 against 
HT29 cell line. 

Elute No. Solvent Mixture used Ratio in % (v/v) 
Percentage Mortality  

(48 hours) 

1 n-Hexane 100 21.35±3.53 

2 n-Hexane: Chloroform 80::20 20.89±4.10 

3 n-Hexane: Chloroform 60::40 26.66±1.08 

4 n-Hexane: Chloroform 40::60 18.75±5.49 

5 n-Hexane: Chloroform 20::80 15.52±2.41 

6 Chloroform 100 30.41±3.33 

7 Chloroform: Ethyl acetate 90::10 69.59±6.28 

8 Chloroform: Ethyl acetate 80::20 84.48±1.94 

9 Chloroform: Ethyl acetate 60::40 80.33±2.05 

10 Chloroform: Ethyl acetate 40::60 74.93±2.13 

11 Chloroform: Ethyl acetate 20::80 70.56±1.67 

12 Ethyl acetate 100 64.12±2.58 

13 Ethyl acetate:: Acetone 90::10 36.21±4.64 

14 Ethyl acetate:: Acetone 80::20 23.64±5.25 

15 Ethyl acetate:: Acetone 60::40 25.07±3.94 

16 Ethyl acetate:: Acetone 40::60 21.55±7.12 

17 Ethyl acetate:: Acetone 20::80 20.53±4.67 

18 Acetone 100 22.83±3.33 

19 Acetone:: Methanol 90::10 26.19±3.75 

20 Acetone:: Methanol 80::20 23.76±4.55 

21 Acetone:: Methanol 60::40 29.44±3.70 

22 Acetone:: Methanol 40::60 19.96±3.67 

23 Acetone:: Methanol 20::80 18.63±9.19 

24 Methanol 100 10.63±2.75 
The percentage mortality above 3.50% compared to control are significant with a p value <0.05. 
Difference in percentage mortality of the DMSO control compared to cell alone (without DMSO) is 
not significant (p>0.05).  Percentage mortalities above 90.00% are shown in bold. 

3.3.1.1.  Third silica gel column chromatography  

A third round of column chromatography was conducted to further purify the active 

components from the bioactive fraction from second column chromatography (SC2-

F8). The fraction eluted with toluene and ethyl acetate in an 80:20 ratio remained the 

most cytotoxic, with a mortality rate of 98.86±1.35% and the fraction is designated 

as SC3-F8 (Silica gel Column fraction 8). This result was consistent with the 
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previous findings, indicating the presence of a highly potent anticancer compound in 

this fraction (Table 3.3.3). 

Table 3.3.2. Percentage mortality of fractions obtained from column chromatography 2. 

Elute No. Solvent Mixture used 
Ratio in % 
(v/v) 

Percentage Mortality 
(48 hours) 

1 n-Hexane 100 2.61±2.45 

2 n-Hexane: Toluene 80::20 0.91±3.32 

3 n-Hexane: Toluene 60::40 9.91±1.33 

4 n-Hexane: Toluene 40::60 11.55±3.85 

5 n-Hexane: Toluene 20::80 11.99±2.03 

6 Toluene 100 23.81±4.41 

7 Toluene: Ethyl acetate 90::10 20.61±4.61 

8 Toluene: Ethyl acetate 80::20 99.46±1.33 

9 Toluene: Ethyl acetate 60::40 62.97±2.45 

10 Toluene: Ethyl acetate 40::60 21.48±1.03 

11 Toluene: Ethyl acetate 20::80 11.72±5.13 

12 Ethyl acetate 100 10.6±3.36 

13 Ethyl acetate:: Acetone 90::10 21.69±0.67 

14 Ethyl acetate:: Acetone 80::20 19.46±2.43 

15 Ethyl acetate:: Acetone 60::40 37.06±4.42 

16 Ethyl acetate:: Acetone 40::60 36.48±3.70 

17 Ethyl acetate:: Acetone 20::80 13±8.18 

18 Acetone 100 25.08±6.46 

19 Acetone:: Methanol 90::10 37.63±6.82 

20 Acetone:: Methanol 80::20 24.55±7.38 

21 Acetone:: Methanol 60::40 23.79±2.55 

22 Acetone:: Methanol 40::60 5.25±7.17 

23 Acetone:: Methanol 20::80 8.78±1.78 

24 Methanol 100 24.35±6.11 
The percentage mortality above 3.50% compared to control are significant with a p value <0.05. 
Difference in percentage mortality of the DMSO control compared to cell alone (without DMSO) is 
not significant (p>0.05).  Percentage mortalities above 90.00% are shown in bold. 

3.3.1.1. Thin layer chromatography  

The fraction from the third column chromatography (SC3-F8) was further separated 

using thin layer chromatography (TLC). The bands obtained were tested for 

cytotoxicity against HT29 cells. Band 3 showed the highest cytotoxicity with a 

mortality rate of 94.70±1.09% and the fraction is designated as TLC-B3 (Thin 
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layer chromatography band 3), the band containing the most active component 

(Table 3.3.4). 

Table 3.3.3. Percentage mortality of fractions obtained from column chromatography 3. 

 Elute No. Solvent Mixture used Ratio in % (v/v) 
Percentage Mortality  

 (48 hours) 

1 n-Hexane 100 8.72±4.18 

2 n-Hexane: Toluene 80::20 14.35±1.38 

3 n-Hexane: Toluene 60::40 32.16±1.56 

4 n-Hexane: Toluene 40::60 23.08±3.34 

5 n-Hexane: Toluene 20::80 36.52±4.91 

6 Toluene 100 35.11±3.69 

7 Toluene: Ethyl acetate 90::10 31.89±4.38 

8 Toluene: Ethyl acetate 80::20 98.86±1.35 

9 Toluene: Ethyl acetate 60::40 9.17±4.70 

10 Toluene: Ethyl acetate 40::60 12.98±4.44 

11 Toluene: Ethyl acetate 20::80 14.34±1.32 

12 Ethyl acetate 100 9.06±4.19 

13 Ethyl acetate:: Acetone 50::50 0.85±1.78 

14 Acetone 100 14.70±1.88 

15 Acetone:: Methanol 50::50 32.57±3.41 

16 Methanol 100 18.19±8.31 
The percentage mortality above 3.50% compared to control are significant with a p value <0.05. 
Difference in percentage mortality of the DMSO control compared to cell alone (without DMSO) is 
not significant (p>0.05).  Percentage mortalities above 90.00% are shown in bold. 

Table 3.3.4. Percentage mortality of fractions obtained from thin layer chromatography. 

Sl. No. Extracted bands 
Percentage Mortality  

(48 hours) 

p value 

1 Band 1 19.16±4.27 <0.001 

2 Band 2 28.25±1.88 <0.001 

3 Band 3 94.70±1.09 <0.001 

4 Band 4 32.57±3.46 <0.001 

5 Band 5 19.18±6.53 <0.001 
The percentage mortality above 3.50% compared to control are significant with a p value <0.05. 
Difference in percentage mortality of the DMSO control compared to cell alone (without DMSO) is 
not significant (p>0.05).  Percentage mortalities above 90.00% are shown in bold. 
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3.3.2  Determination IC50 concentration 

The IC50 values for the crude extract and the fractions were determined to quantify 

the potency of the active components. The crude extract had an IC50 value of 

61.26±2.55 µg/mL. Among the fractions, TLC-B3 exhibited the lowest IC50 value of 

7.87±1.32 µg/mL, indicating it as the most potent fraction. This was followed by 

SC3-F8, SC2-F8, and SC1-F8, with IC50 values of 10.27±0.79 µg/mL, 17.86±1.29 

µg/mL, and 31.07±4.46 µg/mL, respectively (Table 3.3.5, Figure 3.3.1). 

Table 3.3.5. Yield and fold changes in IC50 concentrations on HT29 cell line, at each step 
of purification 

Sl. No. Sample/Fraction 
Yield 
(g%) 

IC50 in µg/mL on 
HT29-48 hours 

Fold decrease 

in IC50 

1 Leaf powder - - - 

2 Chloroform extract 26 .00 61.26±2.55 - 

3 SC1-F8 12.25 31.07±4.46 1.97 

4 SC2-F8 3.44 17.86±1.29 1.74 

5 SC3-F8 0.94 10.27±0.79 1.74 

6 TLC-B3 0.01 7.87±1.32 1.30 
 

 

Figure 3.3.1. IC50 concentrations of the extract and fractions at each step of purification on 
HT29 cell line. 
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3.3.3. Characterization of the bioactive fractions by High-performance thin- 

          layer chromatography (HPTLC) 

 

Figure. 3.3.2. HPTLC chromatogram of the crude and bioactive fractions at each stage of 
purification visualised (a) under white light after derivatization, (b) UV 254 nm prior to derivatization 
and (c) UV 366 nm prior to derivatization. Tracks: (1) M. dubia chloroform crude extract; (2): Active 
fraction obtained from first column chromatography- SC1-F8 (F1); (3): Active fraction obtained from 
second column chromatography- (SC2-F8); (4): Active fraction obtained from third column 
chromatography- SC3-F8).  

 

Figure. 3.3.3. HPTLC chromatogram of the bioactive fractions of TLC (TLC-B3) visualised (a) 
under white light after derivatization, (b) UV 254 nm prior to derivatization and (c) UV 366 nm prior 
to derivatization.  
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Crude extract, bioactive fractions from column chromatography1, 2 and 3 and 

the eluted band from TLC were loaded on to HPTC and separated This study 

focuses on optimizing HPTLC and separated using a mobile phase of toluene::ethyl 

acetate (80::20 v/v). The HPTLC chromatograms were examined under UV light 

(366 nm and 254 nm) and white light (following derivatisation with sulphuric 

acid/p-anisaldehyde). The bioactive fraction TLC-B3 from TLC when loaded on 

to HPTLC gave 6 prominent bands (Figures 3.3.2, 3.3.3). 

3.3.4. Characterization of the bioactive fraction by GC-MS analysis 

 

Figure 3.3.4. Chromatogram of the TLC-B3 obtained via GC-MS analysis. 

Table 3.3.6. List of phytochemicals identified in the chloroform extract of TLC-B3 via GC-
MS analysis. 

Peak Area% Height% Name 

1 68.07 45.1 cis-13-Eicosenoic acid 

2 2.13 3.76 
9-Octadecenoic acid, 1,2,3-propanetriyl ester, 
(E,E,E)- 

3 2.17 3.95 Glycidyl palmitate 

4 2.30 3.12 9-Octadecenoic acid (Z)-, 2-hydroxyethyl ester 

5 1.99 4.31 9-Octadecenoic acid (Z)-, 2,3-dihydroxypropyl ester 

6 7.32 13.99 9-Octadecenoic acid (Z)-, oxiranylmethyl ester 

7 3.82 6.36 Stearic acid, TMS derivative 

8 3.45 6.50 
3,11-Dioxa-2,12-disilatridecane,2,2,4,4,8,12,12-
heptamethyl- 

9 6.86 9.65 Petroselinic acid, TMS derivative 

10 1.88 3.26 
Oleanan-29-oic acid, 3-(acetyloxy)-12,13-epoxy-11-
oxo-, methyl ester, (3.be 
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The GC-MS analysis of the bioactive fraction from TLC (TLC-B3) identified a 

diverse range of compounds with various retention times and concentrations. 

The most prominent compound was cis-13-Eicosenoic acid, making up 68.07% of 

the total area and 45.1% of the total height. Other significant compounds 

included 9-Octadecenoic acid, 1,2,3-propanetriyl ester, (E,E,E)-, Glycidyl palmitate, 

9-Octadecenoic acid (Z)-, 2-hydroxyethyl ester, 3,11-Dioxa-2,12-

disilatridecane-2,2,4,4,8,12,12-heptamethyl-, Petroselinic acid, Oleanan-29-oic 

acid, 3-(acetyloxy)-12,13-epoxy-11-oxo-, methyl ester. 

3.3.5. Molecular docking studies 

For molecular docking studies, the ligands identified from the TLC-B3 fraction in 

the GC–MS analysis were docked against key apoptotic proteins, including caspase-

3 (PDB ID-3DEI), caspase-9 (PDB ID-1JXQ), and P53 (PDB ID-3DCY). The 3D 

structures of these proteins were obtained from the PDB database, and the docking 

results were visualized and analysed using Discovery Studio Client 2021. The in 

silico docking study revealed the interactions between the ligands and caspase-3, 

caspase-9, and P53, with the binding scores detailed in Table 6. Among the tested 

ligands, Petroselinic acid exhibited the highest binding energy towards caspase-3  

(-6.1 kcal/mol), while 9-Octadecenoic acid displayed a binding energy of -6.0 

kcal/mol towards caspase-3. Petroselinic acid also showed the strongest binding 

affinity for P53 (-5.7 kcal/mol) and caspase-9 (-5.7 kcal/mol). These findings 

suggest these compounds may be responsible for the observed cytotoxicity mediated 

through apoptosis.  

Table 3.3.7. Binding energy of the ligand molecules docked on to the major apoptotic proteins. 

Ligand 
Binding Affinity (kcal/mol) 

P53 Caspase 3 Caspase 9 

Petroselinic acid -5.7 -6.1 -5.7 

9-Octadecenoic acid -4.6 -6.0 -5.2 

Eicosenoic acid -3.9 -5.5 -5.2 

Stearic acid -5.6 -5.4 -4.0 
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DISCUSSION 

To identify bioactive fraction from the crude chloroform extract of M. dubia leaves, 

sequential chromatography was conducted. This includes three column 

chromatography steps followed by a thin layer chromatography. During the 

purification step, the enrichment of bioactive fractions is reflected in the decrease in 

IC50 values in the bioactive fractions from different steps of purification.  

In the present study, the IC50 values of both the crude extract and various fractions 

of Melia dubia were evaluated to determine the potency of their active compounds. 

The crude extract exhibited an IC50 value of 61.26±2.55 µg/mL. Among the 

fractions, TLC3-B3 had the lowest IC50 value of 7.87±1.32 µg/mL, indicating it as 

the most potent fraction. Following this, the fractions SC3-F8, SC2-F8, and SC1-F8 

displayed IC50 values of 10.27±0.79 µg/mL, 17.86±1.29 µg/mL, and 31.07±4.46 

µg/mL, respectively. These results underscore the significant cytotoxic potential of 

TLC-B3, suggesting it contains highly active compounds that promote cancer cell 

death. As purification progressed, the IC50 values continued to decrease, falling 

within the National Cancer Institute (NCI) criteria (IC50 < 30 µg/mL) for anticancer 

drugs. 

The HT29 cell line was used to measure bioactivity and calculate the IC50 values. 

The crude chloroform extract showed an IC50 that was 1.97 times higher than the 

IC50 of the active fraction (SC1-F8) obtained through the first round of silica gel 

column chromatography. The IC50 of SC1-F8 was 1.74 times higher than that of the 

active fraction obtained from the second round of silica gel chromatography (SC2-

F8), which, in turn, was 1.74 times greater than the active fraction from the third 

round of silica gel chromatography (SC3-F8). The IC50 of the final purified fraction 

TLC-B3 was 1.30 times lower than SC3-F8 and 7.78 times lower than the crude 

chloroform extract. This progressive reduction in IC50 values highlights the 

effectiveness of the purification process, resulting in a 7.78-fold purification of the 

active components. 
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The purification technique used by Umthong et al. to partially purify bioactive 

fractions with anticancer activity from the ethanol extract of Trigona laeviceps 

propolis, a stingless bee, is comparable to the method employed in this study. In 

their research, the extract’s cytotoxicity was tested on five cancer cell lines (Chago, 

Kato-III, SW620, BT474, and Hep-G2) and two normal cell lines (CH-liver cells 

and HS27 fibroblast cells), with IC50 values of 19.9 µg/mL for SW620 and 29.1 

µg/mL for CH-liver cells. Following solvent partitioning, the hexane fractions 

displayed the most potent antiproliferative activity against the cancer cell lines and 

the least toxicity toward normal cells (Umthong et al., 2011). These findings 

demonstrate that increased purification resulted in greater antiproliferative effects, 

similar to the current study’s outcomes. 

Soumya et al. reported comparable findings, where a diterpenoid was isolated from 

the petroleum ether extract of Curcuma mutabilis rhizomes through bioactivity-

guided fractionation using silica gel column chromatography. The compound was 

tested against nine human cancer cell lines, yielding IC50 values between 5.4-10.6 

µg/mL (Soumya et al., 2021). Similarly, Athikkavil et al. purified a bioactive 

fraction from the ethyl acetate extract of Plectranthus vettiveroides, which 

demonstrated an IC50 of around 25 µg/mL on the HCT116 colon cancer cell line and 

the HeLa cervical cancer cell line. Further silica gel fractionation produced a 

bioactive fraction with an IC50 of 5 µg/mL (Athikkavil et al., 2023). Consistent with 

the current study, IC50 values decreased as purification progressed, highlighting the 

similarity in results. 

TLC3-B3 showed a promising ability to induce cell death in cancer cells, 

comparable to the significant cytotoxic activity observed in triterpenoids isolated 

from Melia dubia bark, such as meliastatins 1-5, which exhibited significant 

inhibition of P388 lymphocytic leukemia cell growth (ED50 1.7-5.6 µg/mL) (Pettit et 

al.,2002). This observation strengthens the case for exploring TLC-B3 as a source of 

anticancer agents, particularly in the search for new triterpenoid-based therapies. 

Moreover, this finding aligns with the cytotoxic triterpenoids identified in Melia 

toosendan, where compounds like meliasenins I-R demonstrated significant 
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cytotoxicity against U20S human osteosarcoma and MCF-7 human breast cancer 

cells, with some IC50 values below 10 µg/mL (Wu et al., 2010). 

GC-MS analysis of the bioactive fraction revealed a diverse range of compounds 

with varying retention times and concentrations. The most prominent compound was 

cis-13-Eicosenoic acid, comprising 68.07% of the total area and 45.1% of the total 

height. Other notable compounds included 9-Octadecenoic acid, 1,2,3-propanetriyl 

ester (E,E,E)-, Glycidyl palmitate, 9-Octadecenoic acid (Z)-, 2-hydroxyethyl ester, 

3,11-Dioxa-2,12-disilatridecane, 2,2,4,4,8,12,12-heptamethyl-, Petroselinic acid, 

Oleanan-29-oic acid, and 3-(acetyloxy)-12,13-epoxy-11-oxo-, methyl ester. The 

comprehensive profiling of these compounds underscores the complexity of Melia 

dubia's chemical composition and provides a valuable basis for further research into 

their potential anticancer applications. The HPTLC analysis of the TLC-B3 fraction 

revealed six prominent bands, which align with the GC-MS results, where several 

compounds identified have known anticancer or antitumor properties. However, the 

major component found in TLC-B3, cis-13-Eicosenoic acid, does not have any 

documented anticancer activity, limiting its potential role in contributing to the 

anticancer effects observed in this study. On the other hand, 9-Octadecenoic acid, 

which has been isolated from various sources, has been well-established to possess 

anticancer potential. Yu et al. investigated the cytotoxic and antitumor activities of 

an octadecenoic acid extract, mainly comprising oleic and linoleic acids, from 

Euphorbia kansui on human cancer cell lines, including gastric (SGC-7901), 

hepatocellular carcinoma (BEL-7402), and leukemia (HL-60) strains (Yu et al., 

2008). They found significant, dose-dependent antiproliferative effects on tumor 

cells starting at a dose of 3.2 µg/mL, which were either comparable to or exceeded 

those of the widely-used antitumor agent, 5-fluorouracil. Additionally, Hayshi et al. 

examined the anticancer potential of 9-Octadecenoic acid variants in P388 mouse 

leukemia cells, further supporting the role of this compound in cancer treatment 

(Hayshi et al., 1998). Another compound, Petroselinic acid, identified in the 

fraction, was shown to act as a topoisomerase inhibitor of the cleavable complex-
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nonforming type, interacting directly with the enzyme molecule in a noncompetitive 

manner without DNA intercalation, as noted by Suzuki et al., (Suzuki et al., 2000). 

Thus, the presence of bioactive compounds like 9-Octadecenoic acid and its esters, 

as well as Petroselinic acid, is likely responsible for the cytotoxicity observed in this 

study, despite the absence of anticancer properties in cis-13-Eicosenoic acid. The 

combination of these active compounds, particularly the well-documented 

anticancer effects of 9-Octadecenoic acid and the unique enzyme-targeting 

mechanism of Petroselinic acid, underscores the therapeutic potential of the TLC-B3 

fraction. The findings from this study align with previous research, which has shown 

that as purification of bioactive compounds progresses, their anticancer efficacy 

improves. Therefore, even though the major component lacks anticancer activity, the 

synergistic presence of other bioactive molecules likely enhances the overall 

cytotoxic effect, contributing to the anticancer potential of this fraction. 

To explore the cytotoxic mechanisms mediated by apoptosis, in silico docking 

studies were conducted on key apoptosis-related proteins, including caspase-3, 

caspase-9, and P53. Compounds identified via GC–MS analysis exhibited an affinity 

for these apoptotic targets, with Petroselinic acid demonstrating the strongest 

binding affinity to caspase-3 (-6.1 kcal/mol), P53 (-5.7 kcal/mol), and caspase-9 (-

5.7 kcal/mol). 9-Octadecenoic acid showed the second-highest affinity for caspase-

3. These results suggest that these compounds may contribute to apoptosis 

induction. The consistently high binding scores for caspase-3 across all ligands 

indicate their potential individual or synergistic roles in promoting apoptosis. 

Petroselinic acid, a rare fatty acid, has not yet been studied for its anticancer 

properties. The docking data suggest that it may be worth investigating for its 

anticancer potential. Research has highlighted the anticancer activity of 9-

Octadecenoic acid. Two hydroxy acids, (10E,12Z)-9-hydroxy-10,12-

octadecadienoic acid and (9Z,11E)-13-hydroxy-9,11-octadecadienoic acid, were 

identified as cytotoxic compounds from a water extract of rice bran against P388 

mouse leukemia cells (Hayshi et al.,1998). Bioactive compounds identified in the 
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methanol and aqueous extracts of Azanzagarckeana seeds, including 9-Octadecenoic 

acid and its derivatives, such as methyl oleate and oleic acid, have also demonstrated 

anticancer potential (Momodu et al., 2022). Additionally, these compounds possess 

antioxidant, antimicrobial, anti-inflammatory, and hepatoprotective properties. 

Studies have further shown that fatty acids like 9-Octadecenoic acid exhibit 

antioxidant properties and may function as anticancer agents (Youssef et al., 2023). 

Other fatty acids, such as hexadecanoic acid and 9,12-Octadecadienoic acid, have 

also been identified as having anticancer properties (Mostofa et al., 2023; Youssef et 

al., 2023). These compounds have been shown to induce apoptosis and inhibit 

cancer cell proliferation, highlighting their potential as therapeutic agents (Mostofa 

et al., 2023; Youssef et al., 2023). The presence of 9-Octadecenoic acid and related 

compounds in various plant extracts underscores their potential as natural sources of 

anticancer agents. 

Thus the observed high cytotoxicity of the purified fraction TLC-B3 towards HT29 

cancer cell line may be contributed by Petroselinic acid individually or in 

combination with 9-Octadecenoic acid by additive or even synergistic mode. It is 

worth investigating the potential of these compounds as anticancer agents. 

The potent cytotoxic activity observed in the M. dubia fractions mirrors the 

bioactivity of limonoids isolated from Melia toosendan, where compounds such as 

meliatoosenins E-S showed significant antiproliferative effects on A-549 and HL-60 

cell lines (Zhang et al., 2011). The consistency in bioactivity across different Melia 

species underscores the therapeutic potential of this plant genus, marking it as a 

valuable resource for developing novel anticancer agents. 

Additionally, Kurniasih et al., isolated the sesquiterpenoid compound senecrassidiol 

from the n-hexane extract of Aglaia simplicifolia stembark, which showed cytotoxic 

activity against HeLa cervical cancer cells with an IC50 value of 2.18 µM (Kurniasih 

et al., 2019). 
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The Meliaceae family is renowned for its bioactive triterpenes, particularly 

limonoids, with promising anticancer properties. Gedunin, a limonoid isolated from 

Trichilia pallida Sw. (Carvalho et al., 2011), crystallizes in the orthorhombic space 

group P212121, with two independent molecules in the asymmetric unit (α-Gedunin 

and β-Gedunin). Gedunin has been studied for its anticancer activities and its ability 

to modulate cancer hallmarks and oncogenic signaling. This limonoid is also found 

in various Meliaceae genera, including Azadirachta, Cabralea, Carapa, Cedrela, 

Chukrasia, Entandrophragma, Guarea, Trichilia, and Xylocarpus. Gedunin is 

abundant in the fruit epicarp of Azadirachta indica A. Juss., with higher 

concentrations in young green fruits (Braga et al., 2020). 

Kamath et al., investigated gedunin’s in vitro effects on SKOV3, OVCAR4, and 

OVCAR8 ovarian cancer cell line proliferation, both alone and in combination with 

cisplatin. The effects on other cancer cell lines, including breast, cervical, colon, 

lung, leukemia, and oral cancers, were also studied (Kamath et al., 2009). The 

findings from this and other studies in the Meliaceae family emphasize the 

therapeutic versatility and significance of limonoids, reinforcing the importance of 

our study in advancing the discovery of potential anticancer compounds from M. 

dubia. 
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CONCLUSIONS 

 The chloroform extract of Melia dubia leaves was fractionated using silica 

gel column chromatography to enrich its anticancer compounds. 

 Bioactivity-guided purification resulted in IC50 values of 61.26±2.55, 

31.07±4.46, 17.86±1.29, 10.27±0.79, and 7.87±1.32 µg/mL for the crude 

extract, SC1-F8, SC2-F8, SC3-F8, and TLC-B3, respectively. 

 GC-MS analysis of the most purified fraction, TLC-B3, identified ten 

compounds. 

 In silico docking studies revealed that petroselinic acid individually or in 

combination with 9-Octadecenoic acid by additive or even synergistic mode 
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Study of anticancer activity of leaf extracts 
from Anamirta cocculus and active fraction 

from Melia dubia 

 
 
 
 
 
 
 
 
 

 To study the effects of anticancer compounds present in the ethyl acetate extract of 
Anamirta cocculus. 

 To study the effect of anticancer compounds present in the purified fractions of 
Melia bubia on apoptosis and cell migration. 

 Study of cytomorphological changes in cancer cell lines on treatment with purified 
fractions of Melia bubia. 

 Study of level of expression of mRNA of genes related to apoptosis, migration and 
angiogenesis by RT-qPCR. 

 Study of level of expression of proteins involved in apoptosis by flow cytometry. 

 Study of level of expression of proteins in EMT (epithelial – mesenchymal 
transition) pathway by western blotting. 
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REVIEW OF LITERATURE 

Cancer is a complex, multi-stage process in which cells undergo significant 

metabolic and behavioural transformations. These changes cause cells to grow 

uncontrollably and evade immune system detection, ultimately allowing them to 

spread to distant tissues and form metastases. These alterations occur due to the 

accumulation of mutations in genetic pathways that regulate cell growth, lifespan, 

interactions with neighbouring cells, and immune evasion. As a result, a mass of 

deregulated cells forms, behaving abnormally and bypassing the mechanisms that 

typically govern normal cell function. Cancer development involves various cellular 

factors, including gene mutations, altered cell communication, disrupted cell cycle 

regulation, angiogenesis, metastasis, and the epithelial-to-mesenchymal transition 

(Arley and Eker, 1962). 

4.1.1. Genetic changes and cancer risk 

Cancer develops from specific gene alterations or damage, primarily through 

mutations that disrupt normal gene functions, leading to uncontrolled cell growth. 

This understanding is crucial for grasping the disease's complexity and advancing 

treatments. Gene mutations, which can arise from various sources, play a key role in 

cancer risk (Bertram, 2000). 

4.1.2. Sources of gene mutations 

Mutations can originate from several sources. Inherited mutations are passed down 

from one or both parents and can increase cancer risk from birth or early 

development. Environmental factors, such as exposure to tobacco smoke, radiation, 

and chemicals, can also damage genes and contribute to cancer. Additionally, aging 

plays a role as cumulative environmental exposures and natural cellular processes 

can lead to gene mutations over time, further increasing cancer risk (Lewandowska 

et al., 2019). 

Cancer often arises when multiple mutations accumulate in a cell, disrupting the 

normal regulation of cellular growth and leading to uncontrolled proliferation. 



 
Chapter 4 

 

 218

Although some cancers are directly linked to specific genetic mutations, the 

mechanisms behind many other cancers are less understood. Current research is 

focused on determining whether mutations associated with one type of cancer might 

also contribute to other cancers. 

4.1.3. Cancer-related genes 

Several types of genes are crucial in cancer development. Oncogenes and proto-

oncogenes are normal genes that regulate cell growth. When mutated, proto-

oncogenes can become oncogenes, leading to unregulated cell proliferation. Tumour 

suppressor genes normally control cell division, repair DNA, and initiate apoptosis. 

Mutations in these genes can deactivate their function, removing critical regulatory 

checks and allowing uncontrolled cell growth. DNA repair genes are responsible for 

correcting errors during DNA replication. Mutations in these genes can lead to the 

accumulation of genetic errors and increase the likelihood of cancer development 

(Brown, 2021). 

4.1.4. Specific genetic mutations linked to cancer 

Certain genetic mutations are well-established in cancer development. BRCA1 and 

BRCA2 mutations are linked to an increased risk of breast, ovarian, prostate, and 

pancreatic cancers (Greer and Whitcomb, 2007). The TP53 gene, involved in DNA 

repair and apoptosis, is frequently mutated in various cancers, found in over 50% of 

cases (Giglia-Mari and Sarasin, 2003). DNA mismatch repair (MMR) genes, such as 

MLH1 and MSH2, are associated with Lynch syndrome and increase the risk of 

colorectal and endometrial cancers. APC gene mutations are related to familial 

adenomatous polyposis (FAP) and colorectal cancer (Boland, et al., 2018). The 

HER2/ERBB2 gene is linked to aggressive forms of breast, esophageal, and stomach 

cancers, with targeted therapies available. The BCR-ABL fusion gene results from 

chromosomal translocation and is commonly associated with chronic myelogenous 

leukemia (CML) and some cases of acute lymphocytic leukemia (ALL) (Ye, et al., 

2014). KRAS mutations are found in some colorectal cancers and influence therapy 

effectiveness (Teo, et al., 2022). EGFR mutations are linked to non-small cell lung 
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cancers and respond to tyrosine kinase inhibitors. ALK gene mutations are associated 

with a subset of non-small cell lung cancers and can be treated with ALK inhibitors 

(Gridelli et al., 2014). BRAF mutations are common in melanoma and are targeted 

by therapies like vemurafenib (Kim et al., 2016). Lastly, NTRK gene fusions are 

associated with various cancers, including thyroid and colon cancers, and are 

targeted by drugs such as larotrectinib (Ricciuti et al., 2019). 

4.1.5. The role of the mutator phenotype 

Many cancer cells accumulate mutations at a much higher rate than normal cells, a 

property known as the "Mutator Phenotype." This characteristic is thought to be 

critical for cancer development and the emergence of resistance to cancer 

treatments. The Mutator Phenotype arises from mutations in genes that control DNA 

repair and genomic integrity, leading to an increased accumulation of mutations that 

drive cancer progression (Loeb, 2001). 

4.1.5.1. TP53 tumour suppressor: A key genetic change 

Among all cancer-related genes, TP53 is the most extensively studied. The TP53 

gene encodes the P53 protein, a tumour suppressor that is mutated in about half of 

all human cancer cases. The P53 protein plays a critical role in halting cell division 

and inducing apoptosis in abnormal cells, making it a key player in preventing 

cancer (Steele, 1998). 

4.1.6.1.1. Tumour suppressor genes 

Tumour-suppressor genes often referred to as "gatekeepers," encode proteins that 

inhibit cell proliferation. The loss of one or more of these "brakes" on cell division 

contributes to the development of many cancers. There are five broad classes of 

proteins typically recognized as being encoded by tumour-suppressor genes: 

Unlike oncogenes, tumour-suppressor genes are targeted by genetic alterations in the 

opposite way, with mutations reducing the activity of the gene product (loss-of-

function). Cells that are heterozygous for a tumour suppressor gene are usually 
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phenotypically normal due to the phenomenon of haploinsufficiency. Therefore, 

mutations in both the maternal and paternal alleles of a tumour-suppressor gene are 

generally required to confer a selective advantage to the cell. 

The first tumour-suppressor gene was identified in patients with inherited 

retinoblastoma, caused by the loss of function of the RB gene, which regulates cell 

cycle progression. Other examples of tumour-suppressor genes include BRCA1, 

APC, and TP53 (Cowell, 1992; Zhu, 2005). 

4.1.5.1.2. Commonly inherited cancers and associated tumour suppressor genes 

Certain cancers are linked to inherited mutations in tumour suppressor genes, which 

are crucial for regulating cell growth and maintaining genomic stability. 

Retinoblastoma is associated with mutations in the RB1 gene, which is vital for 

controlling cell division, DNA replication, and cell death. Li-Fraumeni Syndrome is 

linked to mutations in the TP53 gene, affecting cell division, DNA repair, and 

apoptosis. Melanoma often involves mutations in the CDKN2A (p16) gene, which 

regulates cell division and DNA repair. Wilms Tumour is associated with mutations 

in the WT1 gene, responsible for regulating cell division. Neurofibromatosis Type 1 

and 2 result from mutations in the NF1 or NF2 genes, which are involved in cell 

signalling pathways that control proliferation and differentiation. Familial Polyposis 

Coli is linked to mutations in the APC gene, which regulates cell division. Breast 

and ovarian cancers are associated with mutations in the BRCA1 and BRCA2 genes, 

crucial for DNA repair and maintaining genomic integrity. Hereditary Nonpolyposis 

Colon Cancer (Lynch Syndrome) is linked to mutations in MSH2, MLH1, and 

MSH6, involved in DNA mismatch repair (Boland, et al., 2018). Xeroderma 

Pigmentosum is associated with mutations in the XPA gene, which plays a role in 

DNA repair (Lehmann, 2003). Ataxia Telangiectasia results from mutations in the 

ATM gene, important for the DNA damage response. Bloom's Syndrome is linked to 

mutations in the BLM gene, also involved in DNA repair (Beamish et al., 2002). 
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4.1.6. Cell growth signalling pathways and cancer  

Genetic alterations in cancer cells often affect signalling pathways that regulate cell 

growth and tumour development. These changes lead to dysregulated signalling, 

bypassing the normal control mechanisms that keep cell proliferation in check. 

Oncogenic mutations can cause overexpression of certain genes (e.g., through gene 

amplification) or result in the production of mutated proteins with abnormal activity 

(e.g., through point mutations, truncations, or fusions). Key examples include 

proteins involved in signalling pathways like growth factor receptor tyrosine kinases 

(e.g., EGFR), small GTPases (e.g., Ras), serine/threonine kinases (e.g., Raf and 

Akt), and lipid kinases (e.g., PI3Ks). Additionally, developmental signalling 

pathways such as Wnt, Hedgehog, Hippo, and Notch, as well as nuclear targets like 

transcription factors (e.g., Myc and NF-κB) and cell cycle regulators (e.g., cyclins), 

can also be affected (Bianco et al., 2005; Glaviano et al., 2023; Wee and Wang, 

2017). 

Conversely, deletions or other mutations can inactivate tumour suppressors-proteins 

that normally act as negative regulators of cell growth. A prominent example is the 

tumour suppressor gene p53, known as the "guardian of the genome," which plays a 

crucial role in controlling cell proliferation and responding to stress signals like 

DNA damage and apoptosis. Other tumour suppressors include pRB and CKIs (e.g., 

p16), which regulate the cell cycle, and proteins like APC and PTEN, which inhibit 

the Wnt and PI3K-Akt pathways, respectively (Bianco et al., 2005; Glaviano et al., 

2023; Wee and Wang, 2017). 

Interestingly, hyperactivated oncogene pathways can trigger cellular senescence, a 

state of irreversible cell cycle arrest that serves as a fail-safe mechanism to prevent 

abnormal cell proliferation. However, for oncogenic transformation to occur, cells 

must acquire additional alterations that bypass senescence, such as the loss of p53 or 

PTEN. This underscores the complex interplay between genetic mutations and 

signalling pathways in driving cancer progression. 
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4.1.6.1. The PI3K-Akt and Ras-ERK Pathways as examples of oncogenic 

signalling pathways  

 

Figure 4.1.1. PKB/Akt activation downstream of RTKs via the P13K pathway (Hemmings et al., 
2012).  

Many genes commonly mutated in cancer are involved in the PI3K-Akt and Ras-

ERK signalling pathways. Under normal conditions, these pathways are briefly 

activated in response to growth factors, cytokines, or integrin adhesion receptors. 

However, genetic alterations can cause these pathways to become continuously 

active, even without growth factor stimulation (Hemmings et al., 2012). 

In the PI3K-Akt pathway, amplification or activating mutations in components like 

PIK3CA (p110α), Akt, and PIK3R1 can drive this abnormal signalling. Additionally, 

mutations in tumour suppressors like PTEN and INPP4B, which normally inhibit the 

pathway by dephosphorylating its products, can lead to uncontrolled activation. 

Downstream mutations in TSC1 and TSC2 further enhance signalling through 

mTORC1, a key target of PI3K-Akt signalling (Figure 4.1.1.) (Mendoza et al., 

2011). 

Similarly, the Ras-ERK pathway can be constitutively activated by mutations in Ras 

or Raf, or by the inactivation of GTPase-activating proteins (GAPs) such as NF1, 

DAB2IP, and RASAL2, which normally deactivate Ras. The transcription factor 

Myc, a significant downstream target of Ras-ERK signalling, is often amplified or 
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overexpressed in cancer, amplifying the expression of a wide range of genes (Figure 

4.1.2) (Hemmings et al.,2012). 

 

Figure. 4.1.2. Signalling events activating PKB/Akt and cellular functions regulated by PKB/Akt 
(Hemmings et al., 2012). 

Oncogenic mutations, gene amplifications, or fusions in upstream tyrosine kinases, 

like EGFR, ErbB2, FGFR, and PDGFR, can lead to persistent activation of both the 

Ras-ERK and PI3K-Akt pathways. Similarly, mutations in G-protein-coupled 

receptors (GPCRs) can also activate these pathways (Hemmings et al., 2012). 

Moreover, deregulated growth factor synthesis plays a crucial role in many cancers. 

Cells may produce growth factors that bind to their own receptors, creating an 

autocrine loop that drives signalling. This can also occur through the cleavage and 

release of anchored soluble growth factors by surface ADAM proteases, activated 

downstream of oncogenic pathways. Alternatively, growth factors may be produced 
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by neighbouring cells (paracrine stimulation), further enhancing signalling through 

the Ras-ERK and PI3K-Akt pathways. 

4.1.6.2. Dysregulation of cellular processes by oncogenic signalling 

Dysregulation of cellular signalling is a central factor in cancer progression, driving 

the distinct characteristics of tumour cells. Key signalling pathways, such as the 

Ras-ERK and PI3K-Akt pathways, become altered, playing a major role in 

controlling tumour behaviour. These pathways influence processes like cell 

proliferation, survival, metabolism, polarity, and migration, making them integral to 

tumour development (Wu et al., 2013). 

4.1.6.3. Cell proliferation 

Excessive cell proliferation is a hallmark of most cancers and is normally regulated 

by growth factors, nutrient availability, contact inhibition, and feedback 

mechanisms. However, genetic mutations in proto-oncogenes, tumour suppressors, 

and ligand or receptor synthesis disrupt these regulatory pathways, leading to 

uncontrolled cell division. Mutations in key cell cycle regulators, including cyclin D, 

cyclin E, CDK4, and inhibitors like pRB and p16, are common across many cancers 

(MacLachlan et al., 1995). 

The Ras-ERK and PI3K-Akt pathways are essential in controlling cell proliferation. 

The Ras-ERK pathway stabilizes Myc, a transcription factor that promotes the cell 

cycle while inhibiting cycle inhibitors. PI3K-Akt signalling regulates proliferation 

through mTORC1, which drives protein synthesis and cell growth, while also 

stabilizing key proteins like cyclin D and Myc. These pathways also influence other 

regulators, such as cytokines, receptor tyrosine kinases (RTKs), Notch, and Wnt/β-

catenin, all of which contribute to tumour cell proliferation when dysregulated 

(Figure 4.1.3) (Molina and Adjei, 2006). 
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Figure 4.1.3. Ras/Raf/MAPK pathway (Molina and Adjei, 2006). 

4.1.6.4. Cell survival 

Cell death, particularly apoptosis, is a key mechanism for maintaining homeostasis 

and preventing tumourigenesis. Mutations that impair cell death signals, such as 

those involving Bcl2 or p53, can lead to cancer by allowing abnormal cells to 

survive and proliferate. Oncogenic signalling in Ras-ERK and PI3K-Akt pathways 

disrupts apoptosis by tipping the balance toward anti-apoptotic signals. 

Akt interferes with apoptotic signalling by phosphorylating FoxO3A, inhibiting pro-

apoptotic proteins like Bim, and stabilizing anti-apoptotic proteins like XIAP and 

NF-κB. Similarly, ERK regulates apoptosis by targeting proteins like Bim for 

degradation, ultimately preventing apoptosis in tumour cells (Fulda, 2013).  

4.1.6.5. Cell metabolism 

Cancer cells show altered metabolism to meet the demands of rapid growth. These 

cells increase glucose uptake and glycolysis, supporting biosynthesis of 
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macromolecules essential for proliferation. The PI3K-Akt pathway promotes 

glycolysis and lipid synthesis, while Ras-ERK signalling enhances glutamine 

metabolism. 

Akt drives metabolic reprogramming by regulating glucose transporters and 

enzymes involved in glycolysis. It also impacts lipid and amino acid synthesis 

through mTORC1 signalling. Loss of tumour suppressors like p53 further disrupts 

normal metabolic regulation, pushing cancer cells toward oxidative phosphorylation, 

and altered metabolism (Chae and Hong, 2022). 

4.1.6.6. Cell polarity and migration 

As cancer progresses, cells often become migratory and invasive. This transition 

involves changes in cell adhesion, cytoskeletal dynamics, and polarity, regulated by 

growth factors, chemokines, and adhesion receptors. Both the Ras-ERK and PI3K-

Akt pathways play central roles in controlling these processes (Cuesta et al., 2021). 

These pathways regulate Rho-family GTPases, integrins, and matrix-degrading 

enzymes, which enable cancer cells to invade surrounding tissues. Changes in cell 

polarity, controlled by proteins like Scribble and Par, further drive tumour invasion. 

Oncogenic signalling disrupts these polarity proteins, leading to enhanced migration 

and loss of contact inhibition. 

Epithelial-mesenchymal transition (EMT), a process regulated by Ras-ERK and 

PI3K-Akt signalling, enables cancer cells to become more invasive. Transcription 

factors like Snail, Twist, and ZEB drive EMT, contributing to tumour spread. 

However, not all tumour cells undergo full EMT, as some migrate as epithelial 

sheets or push through tissue boundaries without losing their epithelial 

characteristics (Karimi et al., 2019). 

Advances in cancer treatment now focus on targeted therapies, using next-

generation sequencing to map cancer pathways. This has led to treatments that 

specifically target oncogenic signalling, such as receptor tyrosine kinases (RTKs), 

with many therapies approved by regulatory agencies like the FDA and EMA. 
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4.1.6.10. Current therapies and challenges 

KRAS inhibitors, such as AMG510 and MRTX849, selectively target KRAS G12C 

mutations by forming covalent bonds with the mutant protein, offering a new 

approach for previously untargetable cancers. BRAF inhibitors, including 

dabrafenib, encorafenib, and vemurafenib, are effective against BRAF V600E/K 

mutations but may activate wild-type Raf-1, potentially leading to resistance 

(Degirmenci et al., 2001). Newer "paradox breaker" inhibitors like PLX704 and 

PLX8394 target B-Raf dimers and block signalling in non-BRAF V600E tumours 

(Yip and Papa, 2021). MEK inhibitors, like binimetinib, trametinib, and 

cobimetinib, are approved for BRAF V600E/K tumours, while next-generation 

inhibitors, including RO5126766 and ERK inhibitors like ulixertinib, are under 

development to address resistance from ERK reactivation. 

4.1.7. Cell cycle and its regulation  

The cell cycle is a fundamental biological process that governs cellular growth, 

replication of genetic material, and division into two daughter cells. It ensures the 

precise transmission of genetic information from one generation to the next, 

maintaining cellular integrity and function. This process is tightly regulated to 

prevent errors that could lead to genetic instability and diseases such as cancer. The 

cell cycle comprises two main phases: interphase and mitosis, each with distinct 

stages and regulatory mechanisms. Understanding these phases and their regulation 

is crucial for elucidating how disruptions in cell cycle control contribute to cancer 

development and for developing targeted therapies. 

4.1.7.1. Phases of the cell cycle 

The phases of cell cycle include the stages as depicted in the figure (Alberts et al., 

2002) 

4.1.7.2.1. Interphase 

Interphase is the preparatory phase of the cell cycle where cells grow, duplicate their 

genetic material, and prepare for division. It is subdivided into three distinct stages 

(Figure 4.1.4): 
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Figure 4.1.4. cell cycle phases. Source: 

(https://www.ncbi.nlm.nih.gov/books/NBK26869/figure/A3171/?report=objectonly) 

4.1.7.2.1.1.  G1 Phase (Gap 1) 

Growth and preparation: During the G1 phase, cells grow in size and synthesize 

proteins necessary for DNA replication. This phase is crucial for assessing the 

availability of resources and ensuring that the cell is prepared for DNA synthesis. 

Quiescent state (G0): Cells that are not destined to divide may enter a quiescent 

state known as G0. In this state, cells remain metabolically active but do not proceed 

through the cell cycle. The G0 phase can be temporary or permanent, depending on 

the cell type and the needs of the organism. 

4.1.7.2.1.2.  S Phase (Synthesis) 

DNA replication: The S phase is characterized by the duplication of the cell’s entire 

genome. This process produces sister chromatids, which are essential for accurate 

chromosome separation during mitosis. DNA replication involves the unwinding of 

the double helix, synthesis of new DNA strands, and the reassembly of chromatin. 
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5. 4.1.7.2.1.3. G2 Phase (Gap 2) 

Preparation for mitosis: After DNA replication, the cell continues to grow and 

prepares for mitosis. During G2, cells check for errors in DNA replication and repair 

any mistakes to ensure genome stability before entering mitosis. This phase involves 

additional growth and the synthesis of proteins required for chromosome segregation 

and cell division. 

4.1.7.2.1.4. Mitosis 

Mitosis is the phase where replicated chromosomes are divided into two identical 

nuclei, followed by the division of the cytoplasm. Mitosis is divided into several 

stages (Figure 4.1.5): 

4.1.7.2.1.4.1. Prophase 

Chromosome Condensation: Chromosomes condense and become visible under a 

microscope. The mitotic spindle, a structure made of microtubules, begins to form, 

and the nuclear envelope starts to break down. 

 

Figure 4.1.5. Mitosis – stages. Source: ( https://www.genome.gov/genetics-glossary/Mitosis 
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4.1.7.2.1.4.2. Metaphase 

Chromosome alignment: Chromosomes align along the cell’s equatorial plane, 

known as the metaphase plate. This alignment ensures that each chromosome is 

properly attached to spindle fibres from opposite poles of the cell. 

4.1.7.2.1.4.3. Anaphase 

Separation of chromatids: Sister chromatids are pulled apart toward opposite poles 

of the cell by the spindle fibres. This separation ensures that each daughter cell will 

receive an identical set of chromosomes. 

4.1.7.2.1.4.4. Telophase 

Chromosome De-condensation: Chromosomes reach the poles and begin to de-

condense. The nuclear envelope reforms around each set of chromosomes, resulting 

in the formation of two distinct nuclei within the cell. 

Following mitosis, cytokinesis occurs, dividing the cytoplasm and resulting in two 

separate daughter cells. The cell cycle then restarts with interphase. 

4.1.7.3. Regulation of the cell cycle 

The regulation of the cell cycle is a complex process involving various proteins and 

signalling pathways that ensure cells progress through the cycle in an orderly and 

controlled manner. Key regulators include cyclins, cyclin-dependent kinases 

(CDKs), tumour suppressors, and checkpoint mechanisms (Łukasik et al., 2021). 

4.1.7.3.1. Cyclins and cyclin-dependent kinases (CDKs) 

Cyclins and cyclin-dependent kinases (CDKs) are essential for regulating the cell 

cycle. CDKs, which are enzymes, become active when bound to cyclins and 

subsequently phosphorylate target proteins crucial for cell cycle progression. 

Cyclins are regulatory proteins whose levels change throughout the cell cycle, 

modulating CDK activity (Nigg, 1995). 
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4.1.7.3.1.1. Cyclin D–CDK4/6 Complex: This complex regulates the G1 phase of 

the cell cycle by driving the transition from G1 to S phase. Cyclin D binds to CDK4 

or CDK6, leading to the phosphorylation of the retinoblastoma protein (pRb). 

Phosphorylated pRb releases E2F transcription factors, which then activate genes 

necessary for DNA synthesis and cell cycle progression (Gao et al., 2020). 

4.1.7.3.1.2.  Cyclin E–CDK2 Complex: This complex facilitates the transition from 

G1 to S phase. Cyclin E binds to CDK2 and further phosphorylates pRb, enabling 

continued progression into the S phase (Payton and Coats, 2002). 

4.1.7.3.1.3. Cyclin A–CDK2 Complex: During the S phase, Cyclin A binds to 

CDK2 to regulate DNA replication, ensuring that DNA replication is completed 

accurately (Coverley, et al., 2022). 

4.1.7.3.1.4. Cyclin B–CDK1 Complex: This complex is critical for the transition 

from G2 to M phase. Cyclin B binds to CDK1 to initiate mitosis and ensure proper 

chromosome segregation. The activation of CDK1 is regulated by the removal of 

inhibitory phosphorylations through the CDC25C phosphatase (Lindqvist, et al., 

2007). 

4.1.7.3.2. Tumour suppressors and checkpoints 

Tumour suppressors and checkpoint mechanisms are essential for maintaining 

genomic integrity by regulating the cell cycle and ensuring that cells only advance 

through the cell cycle when conditions are optimal. 

4.1.7.3.2.1.  P53 tumour suppressor 

P53 is a key transcription factor that plays a pivotal role in cell cycle regulation. It 

induces growth arrest, facilitates DNA repair, and promotes apoptosis in response to 

cellular damage. By regulating proteins like P21 and GADD45, P53 inhibits CDKs 

and controls cell cycle progression. Mutations in P53 can impair these functions, 

allowing damaged cells to bypass checkpoints and proliferate uncontrollably (Giono 

and Manfredi, 2006). 
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4.1.7.3.2.1.1. CDK Inhibitors (CDKIs): There are two main families of CDK 

inhibitors. The INK4 family, which includes p16INK4A, p15INK4B, p18INK4C, 

and p19INK4D, specifically inhibits CDK4 and CDK6. The Cip/Kip family, 

including p21Waf1/Cip1, p27Kip1, and p57Kip2, inhibits CDKs across all cell-

cycle phases. P53 activates the transcription of p21 in response to DNA damage, 

which inhibits cyclin-E–CDK2 complexes and induces G1 arrest (Wang et al., 

2007). 

4.1.7.3.2.1.2. DNA Repair Mechanisms: Base Excision Repair (BER) is one of 

the critical mechanisms for correcting mismatched bases and single-strand breaks in 

DNA. DNA polymerase plays a role in proofreading and correcting errors during 

replication. Effective DNA repair mechanisms are vital for preventing genetic 

instability, which can lead to cancer development. 

4.1.7.3.2.2. Cell cycle checkpoints 

Checkpoints are crucial surveillance mechanisms that monitor the integrity of the 

cell cycle, ensuring that cells only proceed to the next phase when conditions are 

favourable. These checkpoints are essential for maintaining genomic stability and 

preventing errors (Murray, 1994). 

4.1.7.3.2.2.1. G1/S checkpoint: The G1/S checkpoint regulates the transition from 

the G1 phase to the S phase and is critical for maintaining genomic stability. Cyclin-

CDK activity at this checkpoint is modulated by CDK inhibitors (CDKIs), which are 

categorized into two families: INK4 inhibitors and Cip/Kip inhibitors. INK4 

inhibitors, such as p16INK4A, inhibit CDK4 and CDK6, while Cip/Kip inhibitors, 

such as p21Waf1/Cip1, inhibit CDKs across all cell-cycle phases. In response to 

genotoxic stress, the tumour suppressor P53 activates the transcription of p21, which 

binds to and inhibits cyclin-E–CDK2 complexes. This action leads to 

hypophosphorylation of retinoblastoma protein (pRb) and G1 arrest. Additionally, 

p16INK4A can mediate G1 arrest independently of P53 by inhibiting cyclin-D–

CDK4 and cyclin-D–CDK6 (Murray, 1994). 
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4.1.7.3.2.2.2. G2 checkpoint: The G2 checkpoint monitors DNA integrity and 

ensures that cells do not enter mitosis with damaged DNA. Key regulators include 

ATM (ataxia telangiectasia mutated) and ATR (ATM and Rad3-related) kinases. 

ATM activates checkpoint kinase 2 (Chk2) in response to ionizing radiation, while 

ATR activates Chk1 in response to ultraviolet radiation. Both Chk1 and Chk2 

phosphorylate CDC25C, leading to its sequestration in the cytoplasm and inhibition 

of CDK1, thereby inducing G2 arrest. P53 supports G2 checkpoint function by 

upregulating the transcription of 14-3-3 proteins and p21, which inhibit CDK1 

activity and disrupt G2 progression. Additionally, p21 can interfere with the 

interaction between proliferating cell nuclear antigen (PCNA) and CDC25C, further 

enhancing G2 arrest (Murray, 1994). 

4.1.7.3.2.2.3. Mitotic spindle sheckpoint: The mitotic spindle checkpoint ensures 

accurate chromosome segregation by monitoring spindle assembly and chromosome 

attachment. Key proteins involved include MAD2, BUBR1, BUB1, and BUB3, 

which regulate the anaphase-promoting complex (APC) and delay anaphase if 

spindle defects are detected. MAD2 and BUBR1 inhibit APC activity, preventing 

anaphase onset in the presence of spindle dysfunction. BUB1 and BUB3 contribute 

to mitotic arrest by responding to microtubule disruptions, ensuring that 

chromosomes are properly aligned before anaphase begins (Murray, 1994). 

4.1.7.4. Cell cycle dysregulation in cancer 

Disruptions in cell cycle regulation are a hallmark of cancer. Genetic alterations in 

cell-cycle regulators often lead to uncontrolled cell proliferation and genomic 

instability, which contribute to tumour development and progression (Stewart et al., 

2003). 

4.1.7.4.1. Alteration in cell-cycle machinery 

4.1.7.4.1.1. Cyclins and CDKs 

Overexpression and Amplification: Tumour cells frequently exhibit alterations in 

cyclins and CDKs. Increased levels of cyclin D and cyclin E, amplification of CDK4 
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and CDK6 genes, and loss of p16INK4A are common in cancers such as breast, lung, 

and retinoblastoma. Elevated cyclin D expression is observed in approximately 50% 

of invasive breast cancers, and transgenic mice overexpressing cyclin D1 or cyclin E 

develop mammary tumours. Similarly, amplification of CDK4 and CDK6 is noted in 

various cancers, including sarcomas and gliomas (Amani et al., 2021). 

4.1.7.4.1.2.  Tumour suppressor mutations 

P53 Mutations: P53, a critical tumour suppressor, is frequently mutated in cancers, 

highlighting its importance in maintaining genomic integrity. Germline mutations in 

P53 are associated with Li-Fraumeni syndrome, which predisposes individuals to 

multiple cancers, including brain tumours and breast cancers. In tumours with wild-

type P53, disruption may occur through overexpression of Mdm2, which targets P53 

for degradation (Goi et al., 1997). 

CDKI Mutations: Mutations in CDKI genes are also common in tumours. Aberrant 

expression of P27 is linked to aggressive breast cancers, while decreased expression 

of P57 is associated with bladder cancers. Loss or inactivation of p15INK4B and 

p16INK4A is observed in melanomas and pancreatic cancers (Shin et al., 2000). 

4.1.8. Apoptosis and cancer  

Apoptosis, or programmed cell death, is a crucial, evolutionarily conserved process 

essential for embryonic development and maintaining tissue homeostasis. This 

physiological response is triggered by various stimuli, including irreparable DNA 

damage. The key morphological features of apoptosis are nuclear shrinkage and 

chromatin condensation in which the nucleus of the cell becomes smaller, and 

chromatin condenses, cytoplasmic shrinkage, dilated endoplasmic reticulum, 

membrane blebbing and apoptotic bodies formation. The cell membrane forms 

bulges, or blebs, and eventually breaks into small, membrane-bound apoptotic 

bodies. These bodies are typically engulfed by phagocytic cells and digested in 

lysosomes (Brown and Attardi, 2005; Elmore, 2007). 
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4.1.8.1. Apoptosis: mechanisms, implications, and therapeutic strategies 

Apoptosis, a form of programmed cell death, is integral to maintaining cellular 

homeostasis and orchestrating developmental processes. This highly regulated 

process ensures the removal of damaged or unnecessary cells while minimizing 

inflammation. Dysregulation of apoptosis, however, can contribute to pathological 

conditions such as cancer. This essay elucidates the mechanistic underpinnings of 

apoptosis, its implications in oncogenesis, and the potential for targeting apoptotic 

pathways in cancer therapy (Jan and Chaudhary, 2019). 

4.1.8.1.1. Mechanisms of apoptosis 

Apoptosis is characterized by a series of well-defined morphological and 

biochemical changes culminating in cell death. It is primarily mediated through two 

major pathways: the intrinsic (mitochondrial) pathway and the extrinsic (death 

receptor) pathway. These pathways converge on the activation of executioner 

caspases, which drive the cellular dismantling process (Elmore, 2007). 

The intrinsic pathway is initiated by intracellular stressors such as DNA damage, 

oxidative stress, or growth factor deprivation. Central to this pathway is the Bcl-2 

family of proteins, which includes both pro-apoptotic and anti-apoptotic members. 

Pro-apoptotic proteins, such as BAX and BAK, induce mitochondrial outer 

membrane permeabilization (MOMP), facilitating the release of cytochrome c and 

other pro-apoptotic factors from the mitochondria into the cytosol. Cytochrome c, in 

conjunction with apoptotic protease-activating factor-1 (APAF-1) and procaspase-9, 

forms the apoptosome, which activates caspase-9. Activated caspase-9 then activates 

downstream executioner caspases, such as caspase-3 and caspase-7, leading to the 

execution phase of apoptosis, marked by cellular degradation (Singh et al., 2019). 

Conversely, the extrinsic pathway is triggered by external death signals binding to 

cell surface death receptors. Key receptors in this pathway include tumour necrosis 

factor (TNF) receptor 1 and the Fas receptor. Ligand binding recruits adaptor 

proteins and initiator caspases, such as caspase-8, forming the death-inducing 
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signalling complex (DISC). This complex facilitates the activation of caspase-8, 

which subsequently activates executioner caspases. The extrinsic pathway also 

intersects with the intrinsic pathway, as activated caspase-8 can cleave and activate 

pro-apoptotic BH3-only proteins, linking the two pathways (Kalkavan and Green, 

2017). 

Additionally, the endoplasmic reticulum (ER) stress pathway contributes to 

apoptosis, though it is less well-characterized. This pathway is activated by ER 

stress conditions, such as hypoxia or nutrient deprivation, and involves caspase-12. 

This pathway is distinct from the mitochondrial and death receptor pathways and 

adds complexity to the apoptotic network (Yoneda et al., 2001; Wong, 2011). 

4.1.8.1.2. Morphological and biochemical changes 

Apoptosis is distinguished by specific morphological changes, including cell 

shrinkage, chromatin condensation, nuclear fragmentation, and membrane blebbing. 

Biochemical markers of apoptosis include caspase activation, DNA fragmentation, 

and phosphatidylserine (PS) externalization. The translocation of PS to the outer 

leaflet of the plasma membrane serves as an “eat-me” signal for phagocytes, 

facilitating the clearance of apoptotic cells and preventing the release of pro-

inflammatory cellular contents (Elmore, 2007; Chaurio et al., 2009). 

DNA fragmentation during apoptosis is executed by endonucleases, resulting in a 

characteristic laddering pattern of DNA fragmentation. The activation of caspases 

plays a crucial role in apoptosis, leading to the cleavage of a range of cellular 

proteins involved in maintaining structural integrity and cellular function (Kari et 

al., 2022). 

4.1.8.2. Apoptosis in cancer 

Cancer cells frequently develop resistance to apoptosis, allowing them to survive 

and proliferate despite accumulated genetic damage. This resistance is often 

mediated by overexpression of anti-apoptotic proteins, such as Bcl-2, or loss of pro-

apoptotic factors. For instance, overexpression of Bcl-2 is commonly observed in 
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various cancers and contributes to resistance against intrinsic apoptotic stimuli and 

certain chemotherapeutic agents. The equilibrium between pro-apoptotic and anti-

apoptotic Bcl-2 family proteins is a critical determinant of cellular fate (Qian et al., 

2022).  

The evasion of apoptosis by cancer cells facilitates tumour progression and 

contributes to therapeutic resistance. Consequently, strategies aimed at restoring 

apoptotic sensitivity in cancer cells are under active investigation. These strategies 

involve targeting specific components of the apoptotic machinery to enhance the 

efficacy of existing therapies or to overcome resistance mechanisms. 

4.1.8.3. Targeting apoptosis in cancer therapy 

Given the pivotal role of apoptosis in cancer, therapeutic strategies targeting 

apoptosis are a major focus of cancer treatment research. These strategies can be 

broadly classified into two categories: pro-apoptotic agents and anti-apoptotic 

inhibitors. 

Pro-apoptotic agents aim to promote apoptosis by mimicking or enhancing the 

effects of pro-apoptotic proteins. BH3 mimetics are one such class of drugs that 

inhibit anti-apoptotic Bcl-2 family proteins, thereby allowing pro-apoptotic factors 

to induce cell death. Other pro-apoptotic strategies include the use of death receptor 

agonists or ligands that activate the extrinsic apoptotic pathway directly (Chonghaile 

and Letai, 2008). 

Conversely, anti-apoptotic inhibitors are designed to counteract the effects of anti-

apoptotic proteins. Inhibitors targeting Bcl-2, Bcl-XL, and XIAP are in development 

to neutralize these proteins' protective effects, thereby promoting apoptosis in cancer 

cells. These inhibitors are being tested in various preclinical and clinical settings to 

evaluate their efficacy and safety (D’Aguanno and Del Bufalo, 2020). 

Despite the potential of these therapeutic approaches, challenges remain, including 

issues related to specificity, resistance, and potential off-target effects. The 

development of combination therapies that target multiple apoptotic pathways may 

offer improved efficacy and reduced resistance. 
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Apoptosis is a fundamental cellular process with significant implications for cancer 

biology and therapy. A comprehensive understanding of the intrinsic, extrinsic, and 

ER stress pathways provides valuable insights into how cells regulate survival and 

death. The dysregulation of apoptosis in cancer underscores the need for targeted 

therapeutic strategies aimed at restoring apoptotic sensitivity in tumour cells. 

Ongoing research into novel targets and therapeutic agents continues to advance the 

field, offering hope for more effective and personalized cancer treatments. 

4.1.8.4. Apoptosis and carcinogenesis 

Cancer can be conceptualized as a result of a series of genetic alterations that 

transform normal cells into malignant ones. A critical aspect of this transformation 

is the evasion of apoptosis, which is a fundamental change that contributes to 

malignant progression. Since the 1970s, research has increasingly linked apoptosis 

to the elimination of potentially malignant cells, hyperplasia, and tumour 

progression. Consequently, reduced apoptosis or resistance to it plays a pivotal role 

in carcinogenesis. This resistance can manifest through several mechanisms, broadly 

categorized into: 1) disrupted balance of pro-apoptotic and anti-apoptotic proteins, 

2) reduced caspase function, and 3) impaired death receptor signalling (Wong, 

2011).  

4.1.8.5. Disrupted balance of pro-apoptotic and anti-apoptotic proteins 

A crucial determinant of apoptosis regulation is the balance between pro-apoptotic 

and anti-apoptotic proteins. This balance, rather than the absolute quantities of these 

proteins, plays a significant role in controlling cell death. Alterations in the 

expression levels of these proteins can contribute to carcinogenesis by influencing 

apoptosis rates in cancer cells (Wong, 2011). 

4.1.8.5.1. Bcl-2 family of proteins 

The Bcl-2 family of proteins is integral to the regulation of apoptosis, particularly 

through the intrinsic pathway. These proteins located on the outer mitochondrial 

membrane influence mitochondrial membrane permeability and apoptosis. The 

family is classified into three main groups (Dewson and Kluck, 2010) based on their 

Bcl-2 homology (BH) domains: 
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 Anti-apoptotic Proteins: These include Bcl-2, Bcl-xL, Mcl-1, Bcl-w, 

A1/Bfl-1, and Bcl-B/Bcl2L10. They possess all four BH domains and 

protect cells from apoptotic stimuli by preventing mitochondrial outer 

membrane permeabilization. 

 BH3-only Proteins: This group includes Bid, Bim, Puma, Noxa, Bad, Bmf, 

Hrk, and Bik. They are characterized by the presence of only the BH3 

domain and are typically pro-apoptotic. They are activated in response to 

cellular stresses such as DNA damage and growth factor deprivation. 

 Pro-apoptotic Proteins: Bax, Bak, and Bok/Mtd fall into this category. 

They contain all four BH domains and promote apoptosis by facilitating 

mitochondrial membrane permeabilization. 

Disruption in the balance between these proteins can lead to dysregulated apoptosis. 

Overexpression of anti-apoptotic proteins or underexpression of pro-apoptotic 

proteins can contribute to cancer development. For instance, Raffo et al. (1995) 

demonstrated that Bcl-2 overexpression protects prostate cancer cells from 

apoptosis, while Fulda et al. (2002) reported that Bcl-2 overexpression inhibits 

TRAIL-induced apoptosis in neuroblastoma, glioblastoma, and breast carcinoma 

cells. Similarly, Bcl-xL overexpression has been associated with multi-drug 

resistance in tumour cells (Minn et al., 1995). In contrast, mutations in the bax gene, 

such as those found in colorectal cancers with microsatellite instability, impair 

apoptosis and contribute to treatment resistance (Miquel et al., 2005). Chronic 

lymphocytic leukemia (CLL) cells exhibit high levels of anti-apoptotic Bcl-2 and 

low levels of pro-apoptotic Bax, leading to reduced apoptosis and leukaemogenesis 

(Goolsby et al., 2005; Wong, 2011). 

4.1.8.5.2. P53 tumour suppressor protein 

The P53 protein, encoded by the TP53 gene located on chromosome 17 (17p13.1), is 

one of the most well-characterized tumour suppressors. Initially identified as a 

transformation-related protein, P53 was later recognized for its role in various 
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cellular processes including apoptosis, cell cycle regulation, development, 

differentiation, and DNA repair (Wong, 2011). It is often referred to as the "guardian 

of the genome" due to its crucial role in maintaining genomic stability (Lane, 1992). 

(Wong, 2011). It is often referred to as the "guardian of the genome" due to its 

crucial role in maintaining genomic stability (Lane, 1992). 

Mutations in the TP53 gene are found in over 50% of human cancers (Bai and Zhu, 

2006). Avery-Kiejda et al. reported aberrant expression of p53 target genes in 

melanoma cells, contributing to abnormal p53 activity and cell proliferation (Avery-

Kiejda et al., 2011). Mouse models with specific p53 mutations, such as the 

Δ122p53 mutant, display decreased survival, altered tumour spectra, increased cell 

proliferation, and reduced apoptosis (Slatter et al., 2011). Silencing mutant p53 has 

been shown to decrease colony growth in human cancer cells by inducing apoptosis, 

further emphasizing its role in tumour progression (Vikhanskaya et al., 2007). 

4.1.8.5.3. Inhibitor of apoptosis proteins (IAPs) 

Inhibitor of Apoptosis Proteins (IAPs) regulate apoptosis, cytokinesis, and signal 

transduction. Characterized by the presence of baculovirus IAP repeat (BIR) 

domains, IAPs inhibit caspase activity and are crucial for apoptosis regulation 

(LaCasse et al., 2008). The eight identified IAPs include NAIP (BIRC1), c-IAP1 

(BIRC2), c-IAP2 (BIRC3), X-linked IAP (XIAP, BIRC4), Survivin (BIRC5), 

Apollon (BRUCE, BIRC6), Livin/ML-IAP (BIRC7), and IAP-like protein 2 

(BIRC8) (Vucic and Fairbrother, 2007). IAPs inhibit caspase activity by binding to 

their active sites, promoting degradation of active caspases, or preventing their 

interaction with substrates (Wong, 2011). 

The mechanisms through which apoptosis evasion contributes to carcinogenesis are 

multifaceted. Disruption in the balance of pro-apoptotic and anti-apoptotic proteins, 

p53 mutations, and the action of IAPs all play critical roles in cancer development 

and progression. Understanding these mechanisms provides valuable insights for 
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developing targeted therapeutic strategies aimed at restoring apoptosis in cancer 

cells. 

4.1.8.6. Targeting apoptosis in cancer treatment 

4.1.8.6.1. Agents targeting the Bcl-2 family of proteins 

One notable agent in this category is oblimersen sodium, an antisense 

oligonucleotide targeting Bcl-2. As the first Bcl-2-targeting agent to enter clinical 

trials, oblimersen has demonstrated chemosensitizing effects when combined with 

conventional anticancer drugs in chronic myeloid leukaemia, leading to improved 

survival rates (Rai et al., 2008; Abou-Nasser and Brown, 2010). Other small 

molecule inhibitors of the Bcl-2 family include those affecting gene or protein 

expression, such as sodium butyrate, depsipeptide, fenretinide, and flavipirodol. 

Additionally, direct protein inhibitors include gossypol, ABT-737, ABT-263, GX15-

070, and HA14-1 (Kang and Reynolds, 2009; Wong, 2011). BH3 mimetics, which 

mimic the BH3-only proteins binding to anti-apoptotic Bcl-2 proteins, also show 

promise. ABT-737, for example, inhibits Bcl-2, Bcl-xL, and Bcl-W, demonstrating 

cytotoxicity in lymphoma and lung carcinoma cell lines, and causing regression of 

established tumours in animal models (Oltersdorf et al., 2005). Other BH3 mimetics, 

such as ATF4, ATF3, and NOXA, have been reported to inhibit Mcl-1 (Albershardt 

et al., 2011). 

4.1.8.6.2. Silencing anti-apoptotic proteins/genes 

Silencing genes encoding anti-apoptotic Bcl-2 proteins has also been explored. Bcl-

2 specific siRNA can inhibit Bcl-2 expression in vitro and in vivo, leading to 

increased apoptosis in pancreatic carcinoma cells (Ocker et al., 2005). Similarly, 

silencing Bmi-1 in MCF breast cancer cells downregulates pAkt and Bcl-2, making 

cells more sensitive to doxorubicin and increasing apoptosis (Wu et al., 2011). 

4.1.8.6.3. Targeting p53 

4.1.8.6.3.1. p53-based gene therapy 

Gene therapy involving p53 has been investigated extensively. Initial studies used 

retroviral vectors to deliver wild-type p53 genes to tumour cells, showing feasibility 
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in non-small cell lung carcinoma (Roth et al., 1996). Subsequent research combined 

p53 gene therapy with other anticancer strategies, such as ionizing radiation, to 

sensitize tumours (Chène, 2001). Although some studies advanced to phase III 

clinical trials, FDA approval has not yet been achieved (Suzuki and Matsubara, 

2011). Oncolytic viruses like ONYX-015, which selectively replicate in p53-

deficient cells, also show promise (Nemunaitis et al., 2000). 

4.3.2 p53-Based Drug Therapy 

Drug therapies targeting p53 include small molecules that restore mutant p53 to 

wild-type functions. Phikan083, a carbazole derivative, and CP-31398, which alters 

DNA-p53 interactions, have shown effectiveness in restoring p53 function (Boeckler 

et al., 2008; Rippin et al., 2002). Nutlins, MI-219, and tenovins are other drugs that 

stabilize p53 or disrupt its interaction with MDM2, enhancing tumour sensitivity to 

treatments and reducing tumour growth (Wong, 2011). 

4.3.3 P53-Based Immunotherapy 

P53 vaccines have been tested in clinical trials, with mixed results. For instance, a 

recombinant adenoviral vector vaccine showed stable disease in a subset of patients 

with advanced cancer (Kuball et al., 2002). Dendritic-cell based vaccines, including 

P53 peptide-pulsed dendritic cells, also demonstrated some clinical responses 

(Svane et al., 2004). Various peptide-based vaccines are under investigation 

(Vermeij et al., 2011). 

4.1.8.6.3.4. Targeting inhibitors of apoptosis proteins (IAPs) 

4.1.8.7.1. Targeting XIAP 

XIAP, a potent IAP, inhibits apoptosis by binding and inhibiting caspases-9, -3, and 

-7. Strategies targeting XIAP include antisense oligonucleotides and siRNA. 

Antisense oligonucleotides have shown improved tumour control with radiotherapy 

and enhanced chemotherapeutic activity (Cao et al., 2004; Ohnishi et al., 2006). 
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SiRNA targeting XIAP has increased radiation sensitivity and enhanced 

chemotherapeutic responses. 

4.1.8.7.2. Targeting survivins 

Survivin-targeting approaches include antisense oligonucleotides and siRNAs. 

Antisense Survivin has induced apoptosis in melanoma and other cancer types 

(Grossman et al., 1999; Sharma et al., 2005; Du et al., 2006). SiRNAs targeting 

Survivin have been effective in reducing radioresistance and inducing apoptosis 

across various cancer cells, including pancreatic, lung, and ovarian cancers (Kami et 

al., 2005, Zhang et al., 2009; Yang et al., 2010). Small molecule antagonists and 

gene therapies are also being explored (Wong, 2011).  

4.1.8.7.3. Other IAP antagonists 

Other IAP antagonists include Smac mimetics and non-peptidic small molecules. 

Cyclopeptidic Smac mimetics, such as compounds 2 and 3, restore caspase activity 

inhibited by XIAP and cIAPs (Sun et al., 2010). Non-peptidic inhibitors like SM-

164 enhance TRAIL activity by targeting XIAP and cIAP1 (Lu et al., 2011). 

4.1.8.8. Targeting caspases 

4.1.8.8.1. Caspase-based drug therapy 

Drugs that activate caspases include Apoptin, which selectively induces apoptosis in 

malignant cells (Rohn and Noteborn, 2004), and small molecule caspase activators 

that lower activation thresholds or directly activate caspase-3 (Philchenkov et al., 

2004). 

4.1.8.8.2. Caspase-based gene therapy 

Gene therapy approaches involving caspases have shown promise. For instance, 

human caspase-3 gene therapy combined with etoposide reduced tumour volume 

and induced apoptosis (Yamabe et al., 1999). Gene transfer of active caspase-3 and 
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recombinant adenoviruses carrying immunocaspase 3 have demonstrated anti-cancer 

effects in various cancer models (Cam et al., 2005; Li et al., 2007). 

4.1.8.9. Molecules targeting apoptosis in clinical trials 

A range of new molecules targeting apoptosis are currently in various stages of 

clinical trials. These trials investigate the efficacy of these agents in targeting 

specific proteins involved in apoptosis, particularly focusing on IAPs (Inhibitors of 

Apoptosis Proteins) and the Bcl-2 family of proteins. Below is a summary of 

ongoing or recently completed clinical trials involving these molecules: 

The literature indicates that defects in apoptotic pathways are integral to 

carcinogenesis, and targeting these pathways represents a promising strategy for 

cancer treatment. The molecules in clinical trials offer hope for new treatment 

modalities, potentially improving outcomes for various cancer types. Many of these 

agents are being tested in combination with conventional anticancer drugs to 

enhance treatment efficacy. However, challenges remain, including the risk of 

inducing resistance in tumours and the potential for substantial normal cell death. It 

is crucial to address these issues to minimize side effects and maximize the 

effectiveness of these new treatments. Ongoing research must continue to refine 

these strategies, ensuring they selectively induce apoptosis in cancer cells without 

harming normal tissues (Wong, 2011). 

4.1.8.10. Apoptotic changes in cancer 

4.1.8.10.1. Mechanisms of apoptotic evasion in cancer cells 

Cancer cells employ various mechanisms to evade apoptosis, which can result in 

either prosurvival or proapoptotic regulation. Prosurvival genes, although not always 

classified as oncogenic, can acquire mutations that increase their expression, thereby 

contributing to tumourigenesis. Conversely, proapoptotic genes may function as 

tumour suppressors. Disruptions in the normal expression levels of these genes are 

commonly observed in cancer cell lines. For example, elevated levels of BCL-2 are 

found in nearly half of all human cancers (Kaloni et al., 2023). 
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Traditional anticancer drugs predominantly target apoptosis through BCL-2/BAX-

dependent mechanisms. Disruption of this pathway can lead to drug resistance and 

intrinsic chemoresistance (Pfeffer and Singh, 2018). Additionally, defects in 

apoptosis increase the threshold for chemotherapy or radiotherapy, further 

contributing to resistance. Altered apoptotic signalling pathways not only hinder the 

effectiveness of these therapies but also promote resistance to the immune system, 

which relies on intact apoptosis pathways for its function. 

4.1.8.10.2. Proapoptotic regulation in tumour cells 

Cancer cells, despite their typical evasion of apoptosis, can respond to various 

signals that push them towards apoptosis. These cells are often described as ‘primed 

for death,’ meaning they are more predisposed to initiating the apoptotic pathway 

compared to normal cells (Elkholi et al., 2014). This heightened sensitivity to 

apoptotic signals is due to the dual upregulation of both proapoptotic and 

antiapoptotic proteins (Lopez and Tait, 2015). When the upregulation of 

antiapoptotic proteins is disrupted, proapoptotic proteins can trigger apoptosis, 

leading to the potential death of tumour cells. Targeting these primed cells with 

inhibitors of antiapoptotic proteins may thus be an effective strategy for inducing 

apoptosis (Pfeffer and Singh, 2018). 

Cancer cells also exhibit increased sensitivity to apoptosis due to environmental 

stressors such as nutrient deprivation or hypoxia. Generally, tumour cells are more 

responsive to the extrinsic apoptotic pathway than the intrinsic one, suggesting that 

targeting the extrinsic pathway could be beneficial for cancer therapy. Furthermore, 

oncogenes and tumour suppressors can mediate or influence apoptosis. For instance, 

the tumour suppressor p53 activates the transcription of proapoptotic proteins from 

the BCL-2 family. If mutations in tumour suppressors are responsible for apoptotic 

evasion, alternative methods to activate the apoptotic pathway must be explored to 

effectively target cancer cells (Danial and Korsmeyer, 2004; Elkholi et al., 2014; 

Lopez and Tait, 2015). 
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4.1.8.10.3. Prosurvival regulation in tumour cells 

Cancer cells often overcome apoptosis by overexpressing inhibitors of apoptotic 

pathways. The increased expression of antiapoptotic proteins, such as BCL-2, and 

the downregulation of proapoptotic proteins, such as BAX, contribute to this 

evasion. These defects in apoptosis mechanisms allow tumour cells to resist 

traditional therapies, including chemotherapy and radiotherapy, by raising the 

threshold needed for cell death. Additionally, this resistance extends to the immune 

system, which relies on intact apoptotic pathways for effective function (Liu et al., 

2017; Hassan et al., 2014). 

Prosurvival proteins involved in the apoptotic pathway include BCL-2, BCL-xl, 

BCL-w, MCL-1, A1, NR-13, BHRF1, LMW5-HL, ORF16, KS-BCL-2, and E1b-

19K (Adams and Cory, 1998). Many of these proteins are overexpressed in various 

cancers. For example, BCL-2 is upregulated in over half of all cancers, and XIAP is 

frequently overexpressed in multiple tumour types (Yip and Reed, 2008; Elkholi et 

al., 2014). This overexpression inhibits apoptosis triggered by signals such as 

hypoxia, growth factor deprivation, and oxidative stress (Yip and Reed, 2008; 

Pfeffer and Singh, 2018) 

In contrast, proapoptotic proteins are often underexpressed or inhibited in cancer 

cells. Executioner caspases, for example, are frequently found at reduced levels in 

tumour cells. Additionally, neuroglobin (NGB), which associates with cytochrome c 

(Burmester and Hankeln, 2009), impairs its release into the cytosol, thereby 

interfering with the intrinsic apoptotic pathway. Cancer cells can also avoid 

complete apoptosis by preventing mitochondrial outer membrane permeabilization 

(MOMP) before the critical threshold is reached (Elkholi et al., 2014). 

4.1.8.10.5. Blebbishield formation 

Cancer stem cells employ a mechanism known as blebbishield formation to evade 

apoptosis. This process activates an emergency program to protect apoptotic cancer 

stem cells (Jinesh and Kamat, 2016a). During blebbishield formation, apoptotic 
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blebs merge to form a structured sphere called a blebbishield (Jinesh et al., 2013). 

This mechanism has been linked to immune evasion, tumourigenesis, enhanced 

glycolysis, chromosomal instability, drug resistance, and metastasis. Although cells 

undergoing blebbishield formation display visual signs of apoptosis, this response is 

halted, allowing the cell to survive (Pfeffer and Singh, 2018). 

Blebbishields resemble mitotic cells rather than apoptotic ones, utilizing endocytosis 

and serpentine filopodia formation to prevent complete apoptosis (Jinesh and 

Kamat, 2016b). These structures avoid secondary necrosis, typically caused by a 

lack of ATP, through enhanced glycolysis (Jinesh et al., 2016). Caspases, BAD 

activation, and K-ras signalling all play roles in blebbishield formation. K-ras 

signalling regulates BAD phosphorylation, which in turn regulates glycolysis, 

ensuring that enough ATP is produced to prevent secondary necrosis. BAX and 

BAK also contribute to glycolysis during this process (Jinesh et al., 2013; Jinesh and 

Kamat, 2016a; Jinesh et al., 2016). 

To ensure therapeutic success, strategies must target both the survival of cancer stem 

cells and the apoptotic pathways. Potential candidates include caspase inhibitors, 

Smac mimetics, and internal ribosome entry site (IRES) translation inhibitors. IRES 

translation controls antiapoptotic proteins like cIAP-2 and XIAP, promoting survival 

by shifting the balance towards antiapoptotic mechanisms. Inhibiting IRES 

translation can prevent blebbishield formation, with N-Myc being a targeted IRES-

translational candidate to disrupt this process (Jinesh and Kamat, 2016a). 

4.1.8.10.5. Apoptotic pathways 

4.1.8.10.5.1. Extrinsic death receptor pathway 

The extrinsic death receptor pathway is characterized by its initiation outside the 

cell. This pathway involves death receptors, intracellular death domain and 

formation of death-inducing signalling complex (DISC). Death receptors are 

transmembrane proteins that can activate the apoptotic program when bound by 

death ligands. Key death receptors include FasR (CD95): Activated by FasL, 
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TNFR1: Activated by TNF-α, DR3: Activated by Apo3L, DR4 and DR5: Activated 

by Apo2L. Intracellular Death Domain: These receptors have an intracellular death 

domain that recruits adapter proteins and cysteine proteases. Important adapter 

proteins include TRADD (TNF Receptor-Associated Death Domain), FADD (Fas-

Associated Death Domain). The binding of death ligands to receptors results in the 

formation of DISC, which facilitates the activation of pro-caspase 8. Caspase 8, as 

an initiator caspase, then cleaves downstream or executioner caspases to propagate 

apoptosis (Elmore et al., 2007; Wong et al., 2011; Weinberg et al., 2014). 

4.1.8.10.5.2. The intrinsic mitochondrial pathway 

The intrinsic mitochondrial pathway of apoptosis is triggered by internal cellular 

stressors such as irreparable genetic damage, hypoxia, high cytosolic Ca²⁺  

concentrations, and severe oxidative stress (Pristritto et al., 2016). These conditions 

lead to increased mitochondrial permeability and the release of pro-apoptotic 

factors, including cytochrome c, Smac/DIABLO, AIF, and Omi/HtrA2, from the 

mitochondria into the cytoplasm. Cytochrome c then aggregates with Apaf-1 to form 

the apoptosome, which activates procaspase 9. Activated caspase 9 cleaves and 

activates procaspases 3, 6, and 7, driving the execution phase of apoptosis (Wang 

and Youle, 2009; Wong, 2011). The intrinsic pathway converges with the extrinsic 

pathway at caspase 3, which initiates the cleavage of various proteins involved in 

cell cycle regulation, DNA repair, and other cellular functions, leading to the 

characteristic morphological changes of apoptosis. 

4.1.8.10.5.3. The intrinsic endoplasmic reticulum pathway 

The intrinsic endoplasmic reticulum pathway, though less well-characterized, is 

activated by cellular stressors such as hypoxia, free radicals, and glucose starvation, 

leading to endoplasmic reticulum injury. This injury causes the dissociation of the 

adaptor protein TNF receptor-associated factor 2 (TRAF2) from procaspase 12, 

resulting in the activation of procaspase 12 (Wong, 2011). This pathway operates 

independently of mitochondria and contributes to the overall apoptotic process. 
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4.1.8.10.6. Inhibitors of apoptosis (IAPs) 

Inhibitors of apoptosis (IAPs), also known as BIR domain-containing proteins, are 

crucial regulators of apoptosis that act predominantly on the intrinsic pathway by 

inhibiting caspases 3, 7, and 9. The eight known mammalian IAPs include BIRC1 

(NAIP), BIRC2 (cIAP1), BIRC3 (cIAP2), BIRC4 (XIAP), BIRC5 (Survivin), 

BIRC6 (BRUCE), BIRC7 (Livin), and BIRC8 (IAP-like protein 2) (Vucic and 

Fairbrother, 2007). These proteins not only inhibit apoptosis but also modulate cell 

cycle progression, cell division, and signal transduction pathways (Wong, 2011). 

XIAP is particularly well-characterized for its ability to inhibit caspases and 

contribute to chemoresistance in cancer cells (Cao et al., 2004). Survivin, another 

small IAP, is highly expressed in many cancers and is associated with poor clinical 

outcomes. Targeting IAPs presents a promising strategy for cancer treatment by 

restoring normal apoptotic signalling and overcoming drug resistance. 

4.1.9. The Epithelial-to-mesenchymal transition (EMT) process 

The Epithelial-to-Mesenchymal Transition (EMT) is a pivotal biological process 

wherein epithelial cells, distinguished by their tight junctions and apical-basal 

polarity, undergo a transformation to acquire mesenchymal characteristics (Kalluri 

and Weinberg, 2009). This transition is integral to various physiological processes, 

including embryonic development, wound healing, and tissue fibrosis. During EMT, 

cells undergo profound morphological and functional changes, becoming more 

motile and invasive, hallmarks of mesenchymal cells. Key changes include the loss 

of epithelial markers such as E-cadherin and the gain of mesenchymal markers like 

N-cadherin and vimentin (Loh et al., 2019; Ribatti et al., 2020). Importantly, EMT 

is not a static event but a dynamic, reversible process, with cells displaying a 

spectrum of epithelial and mesenchymal traits, including partial and transient forms 

of the transition. 

4.1.9.1. EMT in cancer 

In the context of cancer, EMT is frequently exploited by tumour cells to enhance 

their invasive and metastatic potential. Cancer cells undergoing EMT acquire traits 

that facilitate migration and invasion into surrounding tissues and distant organs. 
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This ability is further compounded by increased resistance to apoptosis, making 

these cells more challenging to target with conventional therapies. The complexity 

of EMT in cancer is underscored by its dynamic nature, where cells can transition 

between epithelial and mesenchymal states depending on the cancer stage and 

microenvironmental conditions (Ribatti et al., 2020). 

4.1.9.2. Transcription factors in EMT 

The regulation of EMT is orchestrated by a variety of factors, including transcription 

factors, epigenetic modifications, microRNAs, and long non-coding RNAs. 

Transcription factors play a central role in driving EMT by modulating the 

expression of key genes. Notable EMT transcription factors include SNAIL1, 

SNAIL2, TWIST1, TWIST2, ZEB1, and ZEB2. SNAIL1 and SNAIL2, zinc-finger 

transcription factors, contribute to EMT by repressing epithelial markers like E-

cadherin and promoting mesenchymal traits. Similarly, TWIST1 and TWIST2, 

members of the basic helix-loop-helix (bHLH) family, drive EMT through 

analogous mechanisms. ZEB1 and ZEB2, another pair of zinc-finger transcription 

factors, also repress epithelial markers and enhance mesenchymal characteristics 

(Debnath et al., 2022). The expression of these transcription factors is regulated by 

various signalling pathways and environmental cues. 

4.1.9.3. Role of EMT in cancer metastasis 

EMT plays a crucial role in cancer metastasis by enabling cancer cells to migrate 

and invade other tissues. This process necessitates substantial metabolic 

reprogramming to meet the increased demands for nutrients and energy. The role of 

EMT in metastasis varies depending on cancer type and stage. Evidence suggests 

that mesenchymal cells can revert to an epithelial state (MET) at metastatic sites, 

facilitating tumour colonization and growth (Ribatti et al., 2020). Understanding the 

balance between EMT and MET is critical for developing effective therapeutic 

strategies. 

4.1.9.4. EMT-related signalling pathways 

Epithelial-to-Mesenchymal Transition (EMT) involves a fundamental 

transformation where epithelial cells lose their apical-basal polarity and cell–cell 
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adhesion, transitioning to a more invasive mesenchymal phenotype. Conversely, 

Mesenchymal-to-Epithelial Transition (MET) is the reverse process, wherein 

mesenchymal cells return to a polarized epithelial state. EMT is crucial in various 

biological and pathological contexts, including embryonic development, wound 

healing, cancer metastasis, and drug resistance. 

During EMT, epithelial cells exhibit a reduction in the expression of epithelial 

markers such as E-cadherin, ZO-1, and occludin, and an increase in mesenchymal 

markers like N-cadherin, vimentin, and fibronectin. The loss of E-cadherin, a 

prominent epithelial adhesion molecule, often signifies the onset of EMT. This 

transition results in significant phenotypic changes, including altered cell 

morphology, decreased adhesion, and the acquisition of stem cell-like properties 

(Gonzalez and Medici, 2014; Heerboth et al., 2015; Ribatti et al., 2020). 

4.1.9.4. EMT-related signalling pathways 

Several critical signalling pathways regulate EMT, each contributing to the process 

through distinct mechanisms: 

4.1.9.4.1. Transforming Growth Factor Beta (TGFβ) Pathway: The TGFβ 

pathway is a major regulator of EMT. TGFβ family ligands, including TGFβs, bone 

morphogenetic proteins (BMPs), and Nodal, bind to their specific TGFβ receptors, 

initiating signalling cascades (Du and Shim, 2016). This pathway can be divided 

into SMAD-dependent and SMAD-independent pathways. In the SMAD-dependent 

pathway, activation of TGFβ receptors leads to the formation of a SMAD complex 

that promotes the expression of mesenchymal genes, such as vimentin. In the 

SMAD-independent pathway, TGFβ signaling can activate EMT through GTPases, 

phosphoinositide 3-kinase (PI3K), and mitogen-activated protein kinase (MAPK) 

pathways (Vignais and Fafet, 2013; Gonzalez and Medici, 2014). 

4.1.9.4.2. Wnt/β-Catenin Pathway: The Wnt signalling pathway plays a crucial 

role in EMT by promoting the stabilization and nuclear translocation of β-catenin. 
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This process induces the expression of mesenchymal transcription factors such as 

ZEB1, contributing to the acquisition of mesenchymal traits (Yook et al. 2005). 

4.1.9.4.3. Notch Pathway: Notch signalling influences EMT by modulating the 

expression of various transcription factors involved in the transition. The pathway 

affects cellular differentiation and maintains a balance between epithelial and 

mesenchymal states (Timmerman et al., 2004). 

4.1.9.4.4. Hedgehog Pathway: The Hedgehog signalling pathway impacts EMT by 

regulating the expression of transcription factors and modulating cellular 

interactions within the tumour microenvironment (Yoo et al., 2011). 

4.1.9.4.5. AKT-mTOR Pathway: The AKT-mTOR signalling axis plays a role in 

regulating cell growth, survival, and metabolism, impacting EMT by influencing the 

expression of key transcription factors involved in the process (Lamouille et al., 

2012). 

4.1.9.4.6. MAPK/ERK Pathway: The MAPK/ERK pathway contributes to EMT 

by regulating various transcription factors and signalling molecules that drive the 

transition from epithelial to mesenchymal states (Grotegut et al., 2006). 

4.1.9.4.7. NF-κB Pathway: NF-κB signalling influences EMT by regulating the 

expression of genes involved in inflammation, cell survival, and metastasis. This 

pathway plays a role in modulating cellular responses and promoting EMT in cancer 

cells (Kim et al., 2006). 

4.1.9.5. EMT transcription factors and their targets 

EMT is orchestrated by several key transcription factors that act as master regulators 

of the process (Debnath et al., 2022). These include: 

 SNAIL Factors: SNAIL1 (Snail) and SNAIL2 (Slug) are critical in repressing 

epithelial markers such as E-cadherin and promoting mesenchymal gene 

expression. They bind to specific DNA sequences, such as E-boxes, to regulate 

EMT-target genes. 



 
Chapter 4 

 

 253

 bHLH Factors: Basic Helix-Loop-Helix (bHLH) factors like TWIST1 and 

TWIST2, along with E12 and E47, play a role in driving EMT by influencing 

gene expression patterns that support mesenchymal traits. 

 ZEB Factors: ZEB1 and ZEB2 are zinc-finger transcription factors that repress 

epithelial genes and enhance mesenchymal characteristics. They contribute to 

the EMT process by modulating cellular adhesion and morphology. 

 SOX and FOX Transcription Factors: Recently identified EMT-TFs, such as 

SOX and FOX factors, also play significant roles in regulating EMT by 

interacting with DNA and influencing gene expression. 

4.1.9.6. Targets of EMT transcription factors 

EMT transcription factors target a range of proteins involved in epithelial cell–cell 

junctions and cytoskeletal organization (Debnath et al., 2022). Notable targets 

include: 

 Epithelial Cell–Cell Junction Proteins: Proteins such as occludin, claudins, 

desmoplakin, and E-cadherin are repressed by EMT-TFs, leading to loss of cell 

adhesion and junction integrity (Du and Shim, 2016). 

 Cytoskeletal and Polarity Complex Proteins: Proteins involved in cell 

morphology and motility, including fibronectin, vitronectin, vimentin, N-

cadherin, and matrix metalloproteinases (MMPs), are activated by EMT-TFs, 

facilitating cell migration and invasion (Du and Shim, 2016). 

4.1.9.7. EMT and cancer drug resistance 

The connection between epithelial-to-mesenchymal transition (EMT) and cancer cell 

drug resistance was first suggested in the early 1990s. Research by Sommers et al.  

(1992) demonstrated that adriamycin-resistant MCF-7 cell lines and vinblastine-

resistant ZR-75-B cell lines exhibited EMT characteristics, such as increased 

vimentin expression and reduced formation of desmosomes and tight junctions, 

which are typical of EMT. However, not all drug-resistant MCF-7 cells showed 
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EMT phenotypes, indicating that within the heterogeneous cancer cell population; 

EMT cells may possess a selective growth advantage in the presence of drugs. This 

association has been increasingly observed across various cancers, including 

pancreatic (Arumugam et al., 2009), bladder (McConkey et al., 2009), and breast 

cancers (Huang et al., 2015). 

Recent studies using genetically engineered mouse models have provided further 

evidence of a causal relationship between EMT and drug resistance (Fischer et al., 

2015; Zheng et al., 2015). Fischer et al. (2015) developed an EMT lineage-tracing 

system to monitor reversible EMT in mice. Their system utilized an Fsp1 

(fibroblast-specific protein 1) promoter-driven Cre recombinase to activate GFP 

expression, allowing for the tracking of EMT cells even after they reverted to an 

epithelial phenotype (MET). In this model, chemotherapy with cyclophosphamide 

significantly reduced primary tumor growth by 60%. However, GFP-positive EMT 

cells in the primary tumor were resistant to apoptosis and did not show a significant 

reduction in number under chemotherapy, whereas non-EMT cells were more 

susceptible. Additionally, the control group showed fewer EMT cells in lung 

metastases compared to the chemotherapy-treated mice, suggesting that EMT 

contributes to drug resistance and metastasis after chemotherapy (Du and Shim, 

2016). 

Signaling pathways known to promote EMT also contribute to drug resistance. For 

example, TGFβ, a well-known EMT-related cytokine, was associated with drug 

resistance in the 1990s. Teicher et al. (1996) found that TGFβ-neutralizing 

antibodies could restore drug sensitivity in alkylating agent-resistant tumors. Further 

studies showed that TGFβ induces EMT, which subsequently leads to drug 

resistance. Doxorubicin, a common chemotherapy drug, was observed to induce 

TGFβ expression in animal models, leading to EMT. Inhibition of the TGFβ/Smad4 

signaling pathway reversed doxorubicin-induced EMT (Lindner, 2014). Similarly, 

Wnt and Hedgehog pathways are implicated in drug resistance. Overexpression of 

Wnt3 activates the Wnt/β-catenin signaling pathway, promoting EMT and leading to 

trastuzumab resistance in HER2-overexpressing breast cancer cells (Wu et al., 
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2012). Hedgehog pathway activation mediates resistance to EGF receptor tyrosine 

kinase inhibitors (EGFR-TKIs) by inducing EMT in lung cancer cells (Della et al., 

2015). EMT transcription factors (EMT-TFs) such as Twist, FOXC2, Snail, Slug, 

and ZEB have also been linked to drug resistance (Haslehurst et al., 2012; 

Siebzehnrubl et al., 2013; Cai et al., 2015). Twist, for instance, induces EMT and 

promotes oxaliplatin resistance in colorectal cancer by increasing multidrug 

resistance protein 1 (MDR1) (Deng et al., 2016). 

4.1.9.7.1. Mechanism of EMT-induced drug resistance 

Understanding the mechanisms behind EMT-induced drug resistance has gained 

clarity with the advancement of cancer stem cell (CSC) research. CSCs, a subset of 

tumor cells responsible for tumorigenesis (Singh et al., 2004), share similarities in 

signaling pathways with those activated during EMT, such as Wnt, Hedgehog, and 

Notch pathways. These pathways are critical for CSC self-renewal and maintenance 

(Huber et al., 2005). Cells undergoing EMT often exhibit stem cell-like properties, 

sharing key signaling pathways and drug resistance characteristics with CSCs. 

However, EMT is not a prerequisite for stemness, as there are heterogeneous CSC 

populations, including both mesenchymal-like (EMT CSCs) and epithelial-like 

(non-EMT CSCs) CSCs (Du and Shim, 2016). 

One primary mechanism of drug resistance in CSCs is the overexpression of ATP-

binding cassette (ABC) transporter family proteins, which actively efflux drugs from 

the cell (Saxena et al., 2011). Key ABC transporters involved in drug resistance 

include MDR1 (P-glycoprotein), MDR-associated protein 1 (MRP1), and breast 

cancer resistance protein (BCRP). EMT cells often overexpress these ABC 

transporters, contributing to a drug-resistant phenotype similar to CSCs. Saxena et 

al. demonstrated that EMT-TFs like Twist, Snail, and FOXC2 upregulate ABC 

transporter expression, leading to increased drug resistance. 

Another crucial mechanism of EMT-driven drug resistance is the acquisition of 

resistance to drug-induced apoptosis. EGFR-TKIs, such as erlotinib and gefitinib, 

are used to treat non-small cell lung cancer (NSCLC) by inhibiting EGFR and 
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inducing cell apoptosis (Uramoto et al., 2010; Du and Shim, 2016). However, EMT 

has been shown to confer resistance to these drugs. For example, Slug inhibits 

apoptosis induced by gefitinib by suppressing Bim expression and enhancing 

caspase-9 activity (Chang et al., 2011). Notch-1 overexpression is associated with 

EMT and resistance to gefitinib in EGFR-mutant cells (Xie et al., 2013). 

Nevertheless, some studies, such as those by Soucheray et al. and Yoshida et al. 

have shown that targeting EMT alone may not be sufficient to overcome drug 

resistance in NSCLC, suggesting that intratumoral heterogeneity and multiple 

resistance mechanisms complicate treatment (Soucheray et al., 2015; Yoshida et al., 

2016). 

The tumor microenvironment also plays a role in EMT-driven drug resistance. 

Cancer-associated fibroblasts (CAF), which are part of the tumor stroma, support 

cancer cell proliferation and invasion through cell interactions and cytokine 

secretion. CAFs facilitate EMT in cancer cells through the secretion of cytokines 

like IL-6 and TCF21. Hypoxia, another component of the tumor microenvironment, 

promotes EMT and drug resistance by activating HIF-1α, which increases MDR1 

expression. Knockdown of HIF-1α has been shown to reverse EMT and restore drug 

sensitivity under hypoxic conditions (Du and Shim, 2016). 

4.1.9.7.2. Overcoming drug resistance by targeting EMT 

In the 1990s, the calcium channel blocker verapamil was tested as a chemosensitizer 

to reverse drug resistance by inhibiting MDR1 (Bellamy, 1996). However, its 

clinical efficacy was limited due to dose-limiting toxicity. Despite this, extensive 

research has focused on overcoming drug resistance by targeting EMT directly. 

Gupta et al. identified salinomycin, an antibiotic, as a selective inhibitor of breast 

CSCs through high-throughput screening (Gupta et al., 2009). Salinomycin was 

found to inhibit EMT induced by doxorubicin and enhance doxorubicin sensitivity 

in hepatocellular carcinoma (HCC) cells by reducing drug efflux pump expression 

and activity (Zhou et al., 2015). 
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Several other small molecule inhibitors targeting EMT have been identified and 

tested. Curcumin, an active ingredient in curry, sensitizes colorectal cancer cells 

resistant to 5-fluorouracil by suppressing EMT through miRNA regulation (Toden et 

al., 2015). Mocetinostat, a histone deacetylase (HDAC) inhibitor, reverses EMT in 

drug-resistant pancreatic cancer cells by restoring miR-203 and enhancing 

chemotherapy sensitivity (Meidhof et al., 2015). Zidovudine, an antiviral drug, 

inhibits the Akt/GSK3β/Snail1 pathway, reversing gemcitabine resistance in 

pancreatic cancer cells (Namba et al., 2015). Metformin, originally used for type-2 

diabetes, has shown potential in targeting CSCs and inhibiting EMT in various 

cancers (Hirsch et al., 2009; Jiralerspong et al., 2009; Du and Shim, 2016). It 

reduces EMT by decreasing key EMT-TFs, such as ZEB1, Twist1, and SNAI2 

(Vazquez-Martin et al., 2010), and inhibits the IL-6/STAT3 axis in lung 

adenocarcinoma (Zhao et al., 2014). Metformin's potential in cancer treatment is 

under investigation in numerous clinical trials. 

Recent advances in drug screening technologies, such as high-content screening 

platforms and microfluidic systems that mimic the tumour microenvironment, have 

facilitated the identification of novel EMT inhibitors (Mi et al., 2016). For instance, 

Chua et al. developed an EMT spot migration detection system for high-throughput 

screening of small molecule EMT inhibitors (Chua et al., 2012). Aref et al. (2013) 

created a microfluidic system with tumor cell spheroids and an endothelial 

monolayer to identify effective EMT drugs in complex in vivo environments. 

Table 4.1.1. summarizes recent advances in EMT-targeting small molecule drugs, 

highlighting their functions and cancer types (Du and Shim, 2016). 
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Table 4.1.1. Recent advances in EMT-targeting small molecule drugs, highlighting their functions 
and cancer types. 

Drugs Target Genes Function Cancer 

Curcumin BMI1, SUZ12 
and EZH2 

Inhibits EMT and reverses 5-fluorouracil 
resistance 

Colorectal 
cancer 

Mocetinostat HDAC Induces sensitivity against chemotherapy Pancreatic 
cancer 

Zidovudine Akt-GSK3 beta-
Snail pathway 

Inhibits EMT and reverses gemcitabine 
resistance 

Pancreatic 
cancer 

Evodiamine WNT pathway Inhibits EMT and reverses oxaliplatin 
resistance 

Gastric 
cancer 

Pyrvinium 
pamoate WNT pathway Inhibits EMT Breast cancer 

Moscatilin Vimentin, Slug, 
and Snail Inhibits EMT and sensitizes anoikis Lung cancer 

Metformin 
ZEB1, Slug, 
Twist and 
Vimentin 

Inhibits EMT 
Breast cancer 
Ovarian 
cancer 

Palbociclib c-Jun/COX-2 Inhibits EMT Breast cancer 

Icaritin PTEN/Akt/HIF-
1α pathway Inhibits EMT Glioblastoma 

Disulfiram ERK/NF-kappa 
B/Snail pathway Inhibits EMT and stem cell-like features Breast cancer 

Zerumbone TGFβ pathway Inhibits EMT 
Non-small 
cell lung 
cancer 

Bufalin TGFβ pathway Inhibits EMT Lung cancer 

 

4.1.9.8. The role of EMT in cancer stem cells 

EMT is closely linked to the generation of cancer stem cells (CSCs), which exhibit 

both epithelial and mesenchymal traits. CSCs contribute to tumour heterogeneity, 

therapy resistance, and metastasis. EMT can enhance the stemness properties of 

CSCs, making them more resistant to conventional therapies. Targeting EMT-

related pathways may provide novel approaches to eliminate CSCs and improve 

treatment outcomes (Wang et al., 2015; Du and Shim, 2016). 

EMT is a multifaceted process with significant implications for cancer progression 

and metastasis. Advances in understanding the regulatory mechanisms of EMT, 
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including transcription factors, epigenetic modifications, and metabolic pathways, 

offer potential therapeutic targets. Continued research into the role of EMT in cancer 

stem cells and hybrid states will be crucial for developing effective strategies to 

combat cancer metastasis and resistance to treatment. 

4.1.10. Plant-derived compounds exhibiting anti-cancerous activity 

With the rise in resistance to conventional chemotherapy and radiotherapy, along 

with the toxicity of these treatments to both cancerous and normal cells, there is a 

growing need for non-toxic, alternative anticancer therapies. Plant-based 

compounds, which are often less toxic to healthy cells, offer a promising solution. 

Plants have been utilized for medicinal purposes for over 5,000 years, and 

approximately a quarter of modern medicines are derived from them (Fridlender et 

al., 2015). The major anticancer compounds from plants are graviola from Annona 

muricata (Graviola promotes apoptosis by inhibiting BCL-2 proteins and enhancing 

BAX levels, with non-toxic effects on healthy cells (Ioannis et al., 2015; Ko et al., 

2011), Aloe-Emodin from Rheum palmatum (Aloe-emodin induces apoptosis in 

cancer cells by triggering cytochrome c release (Dalimi et al., 2015), Black Cohosh 

from Actaea racemosa (Black cohosh activates caspases, leading to apoptosis (Grant 

and Ramasamy, 2012), Curcumin from Turmeric (Yallapu et al., 2015), 

epigallocatechin-3-Gallate (EGCG) EGCG, found in green tea, that activates cell 

death receptors and contributes to apoptosis (Levitsky and Dembitsky, 2014), 

Genistein from Soybeans (Genistein induces cell cycle arrest, inhibiting cancer cell 

proliferation (Zhang et al., 2013), Juglone found in Juglans mandshurica (Juglone 

promotes apoptosis by enhancing caspase-9 cleavage (Wu et al., 2017) and 

Quercetin found in apples and red onions, quercetin modulates cell cycle regulators, 

contributing to its anticancer effects (Ranganathan et al., 2015). Curcumin, from 

Curcuma longa, (has anti-inflammatory, antioxidant, and anti-carcinogenic effects), 

It enhances other anticancer drugs and interacts with multiple cancer pathways. 

Curcumin-ND improves efficacy by increasing reactive oxygen species, activating 

caspase-3, and inducing cell cycle arrest (Ravindran et al., 2009; Singh, 2011; 

Kanai, 2014; Shanmugham et al., 2015). 
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Table 4.1.2. Summary of plant-derived compounds and their mechanisms. 

Compound Found in Mechanism 

Aloe-emodin 
Rheum 
palmatum 

Induces cytochrome c release (Dalimi et al., 2015) 

Black cohosh 
Actaea 
racemosa 

Activates caspases (Grant and Ramasamy, 2012) 

Curcumin Turmeric 
Inhibits BCL-2 and XIAP, enhances BAX and BAK 
expression (Ravindran et al., 2009) 

Epigallocatechin-3-
gallate (EGCG) 

Green tea 
component 

Activates cell death receptors (Irimie et al., 2015) 

Genistein Soybeans Activates cell cycle arrest (Zhang et al., 2013) 

Graviola 
Annona 
muricata 

Inhibits BCL-2 and activates BAX (Ioannis et al., 2015) 

Juglone 
Juglans 
mandshurica 

Increases caspase-9 cleavage (Wu et al., 2017) 

Quercetin 
Various 
plants 

Modulates cell cycle regulators (Ranganathan et al., 2015) 
 

Plant-derived compounds such as graviola, curcumin, and others demonstrate 

significant anticancer activity through various apoptotic pathways (Table 4.1.2) 

(Pfeffer and Singh, 2018). Their non-toxic nature towards healthy cells, combined 

with their ability to induce apoptosis in cancer cells, makes them promising 

candidates for future cancer therapies. The exploration of these compounds could 

offer new avenues for treating cancer with fewer side effects compared to traditional 

methods. 

4.1.10. Research gap 

To date, the literature lacks extensive studies on the anticancer properties of 

Anamirta cocculus and Melia dubia, and their mechanisms of action remain to be 

fully explored. While their antimicrobial, antioxidant, and anti-inflammatory 

activities have been investigated, research on their anticancer potential is limited. In 

this chapter, we evaluated the efficacy of the ethyl acetate extract from A. cocculus 

and the purified fraction of chloroform extract from M. dubia in inhibiting cancer 

progression. This investigation aimed to assess the anti-cancer potential of these 

plant-derived natural extracts, focusing on their ability to disrupt cancerous 

processes and contribute to the understanding of natural compounds as potential 

cancer agents. 
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MATERIALS AND METHODS 

4.2.1. Chemicals  

All chemicals used in cell culture-based assays were of tissue culture grade. Trypan 

blue, acridine orange, and ethidium bromide were sourced from HiMedia, India. 

Propidium iodide was obtained from Sigma-Aldrich, USA, and the Annexin-V 

apoptosis detection kit came from Invitrogen, USA. JC-1 dye, FITC conjugated 

mouse anti-P53, PE conjugated mouse anti-BCL2 antibodies, and their isotype 

controls were procured from BD Biosciences, USA. Tryzol reagent was supplied by 

Originlab, India. The Verso cDNA synthesis kit was acquired from Thermo Fisher 

Scientific, USA, while SYBR green master mix was purchased from Genes2me, 

India. Primers were synthesized and procured from ILS, India, and both primary and 

secondary antibodies were obtained from Cell Signalling Technology, USA. 

4.2.2. Cytotoxicity assay and IC50 calculation  

The assessment of cytotoxicity was conducted using the MTT assay, a versatile and 

widely utilized method for evaluating cell viability and proliferation. At its core, the 

MTT assay relies on the enzymatic reduction of a yellow tetrazolium salt, MTT, by 

mitochondrial enzymes within living cells. Succinate dehydrogenase, a key enzyme 

in cellular respiration, primarily drives this reduction process. As MTT is reduced, it 

forms purple formazan crystals, the accumulation of which provides a measure of 

cell viability. The rate of formazan is directly proportional to the metabolic activity 

of the cells, making it a reliable indicator of cellular health. 

In our study, the MTT assay was employed to assess the cytotoxic effects of extracts 

derived from two plants species, A. cocculus and M. dubia. Additionally, the study 

investigated the impact of active fractions isolated from M. dubia leaves on various 

cell lines, including HT29, MCF7, PA1, UM-SCC-83B and HaCaT.  
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Experimental procedures involved seeding the respective cell lines at a density of 

5000 cells/ well into 96 well tissue culture plates. Following overnight incubation to 

allow for cell adhesion, the cells were exposed to the extracts from A. cocculus and 

M. dubia as well as varying concentrations of active fractions of M. dubia prepared 

in DMSO. Control wells, consisting of growth medium alone and DMSO vehicle 

controls, were included to establish baseline measurements. 

After exposure to the test substances, the MTT reagent was added at a final 

concentration of 500µg/mL in each well, and the plates were incubated incubation at 

37°C inside the incubator for 3-4 hours to facilitate formazan crystal formation. 

Subsequent solubilization of the formazan crystals using lysis buffer containing 20% 

(w/v) sodium dodecyl sulphate in 50% dimethyl formamide allowed for the 

measurement of absorbance spectrophotometrically at 570nm on an Elisa plate 

reader (Shimadzu). This provides quantitative data on cellular metabolic activity, 

reflecting cell viability and proliferation rates. The cell mortality was determined 

from the difference of absorbance of the treated samples from that of the untreated 

control samples using the formula: 

 

4.2.3. Trypan blue dye exclusion method 

Aside from assessing cytotoxicity by MTT assay, the viability of cells treated with 

the selected extracts or its purified fractions were also determined using trypan blue 

dye exclusion method. This method, founded upon the fundamental principle of 

cellular membrane integrity, serves as a pivotal tool in discerning the physiological 

impact of treatment on cellular health. 

Initially, a standardized density of 1 x 105 cells/mL of each cell line was seeded in to 

12 well plates, allowing for optimal adherence and proliferation during an overnight 

incubation period. Subsequently, the cells were subjected to a 48 hour treatment 
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regime with the respective extracts to elicit cellular responses. Cells were 

trypsinized and collected by centrifugation. The cells were then washed with PBS 

(pH 7.4) to eliminate extraneous media components or residual treatment agents.  

The cells were subjected to staining with 0.4% trypan blue solution, a vital stain 

known for its ability to permeate cells with compromised membrane integrity. This 

facilitates the discrimination between viable cells, characterized by intact cellular 

membranes that exclude the dye, and non-viable cells, characterized by damaged 

membranes that permit dye intake and subsequent staining. The cells were loaded 

and counted using a haemocytometer (Strober et al., 1997) 

4.2.4. Clonogenic assay 

The clonogenic assay, also referred to as the colony formation assay, constitutes an 

essential in vitro quantitative method utilized to ascertain the proliferative potential 

of individual cells and their capability to generate colonies, with a colony typically 

defined as comprising no fewer than 50 cells. This assay stands as a pivotal tool for 

gauging the presence of undifferentiated cancer stem cells due to its sensitivity to 

aberrant cell division (Rajendran and Jain, 2018). 

In this assay, an initial population of 100-200 cells is meticulously seeded into 

individual wells of 6 well tissue culture plates and were treated with varying 

concentrations of A. cocculus ethyl acetate extract and active fraction of M. dubia 

and incubated for duration from 7 to 14 days. Concurrently, untreated control 

samples were also included to provide a baseline for comparison. Upon completion 

of the designated incubation period, the colonies were stained with 0.25 % (w/v) 

Giemsa stain.  Subsequent to staining, colonies harbouring more than 50 cells were 

systematically enumerated.  

4.2.5. Scratch wound healing assay 

The in vitro scratch assay is a simple, low cost and popular method grounded on the 

principle of cell migration and wound closure. It also offers insights into various 
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cellular processes involved in wound healing, including cell migration, proliferation, 

and interactions with the extracellular matrix (Liang et al., 2007).  

In this experimental setup, the cell lines under investigation were seeded into 12 

well tissue culture plates to establish a confluent monolayer. Subsequently, a 

controlled disruption was introduced in the form of a scratch at the midpoint of the 

monolayer using a sterile 10 µL micropipette tip, thus creating an artificial gap. Any 

dislodged floating cells were gently washed away with growth media to ensure 

consistency. The cells positioned at the edges of the newly formed gap exhibited a 

natural propensity to migrate and close the void. 

Following the scratch induction, the cells were exposed to varying concentrations of 

the extract under study. The migratory capacity of the cells, manifested through the 

closure of the gap, was then observed and documented at intervals of 0, 24 and 48 

hours. This observation involved capturing a series of photographs detailing the 

progression of cell movement within the scratched area (Liang et al, 2007; Grada et 

al., 2017) 

4.2.6. Cell migration assay/ Boyden chamber/ Trans–well migration assay  

Exploring the intricacies of cell migration in cancer development, trans-well inserts 

are employed as they are renowned for their ability to exploit chemotaxis. In this 

method, cells were seeded into the upper compartment of the trans-well insert, 

where they were encouraged to traverse the porous membrane into the lower 

compartment, stimulating the migratory behaviour observed in vivo. In the lower 

chamber, varying concentrations of the active fraction of M. dubia containing media 

was added, and in the control, media alone was added. After a precisely controlled 

incubation period lasting 16 hours, indicative of a critical window for migratory 

events, the membrane demarcating the two compartments was washed in 1XPBS, 

fixed in ice cold methanol and subsequently, stained with 0.25 % (w/v) Giemsa 

stain, facilitating the detailed examination of the migrated cells, thereby elucidating 

key aspects of cancer cell motility and invasion. 
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4.2.7. Apoptosis analysis 

The apoptotic reaction serves to eliminate cells undergoing abnormal proliferation or 

those experiencing DNA damage due to issues like checkpoint malfunction or repair 

deficiencies. Directing focus towards apoptotic pathways within cancerous cells 

represents a robust approach in anticancer therapy. 

4.2.7.1. Cytomorphological analysis of apoptosis 

After a 48 hour treatment period, cytomorphological changes induced by the 

extract(s) or its purified fraction (SC3-F8) were assessed using light (phase 

contrast), fluorescence, and electron microscopy techniques. Both control and 

treated cells, maintained at a concentration of 1x105 cells/mL, and processed as per 

the specific requirements of the microscopic studies as detailed below. 

4.2.7.1.1. Phase contrast microscopy 

Control and treated cells were collected, rinsed with ice-cold PBS, and subsequently 

examined using an inverted microscope equipped with phase-contrast optics for 

visualization. 

4.2.7.1.2. Field-emission scanning electron microscopy 

The control and treated cells were harvested and then washed with ice-cold PBS. 

They were fixed in a solution containing 2.5% glutaraldehyde prepared in PBS, 

followed by centrifugation and two additional washes with ice-cold PBS. The cells 

were then dehydrated using a graded ascending series of acetone (75-85-100%) 

before being observed under CARL-Zeiss Gemini 300 scanning electron 

microscope. 

4.2.7.1.3. Acridine orange-Ethidium bromide (AO-EB) dual staining 

To assess morphological changes associated with apoptosis induction, dual staining 

with acridine orange and ethidium bromide was performed. AO is a vital stain 

capable of staining live and dead cells, while EB selectively stains cells with 
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compromised membrane integrity. Live cells exhibit a consistent green fluorescence, 

whereas cells undergoing apoptosis gradually shift towards yellow to orange 

coloration (Raju et al., 2004; Liu et al., 2015). 

Control and treated cells were collected, centrifuged at 800xg, and washed with cold 

PBS (pH 7.4). They were then adjusted to a cell density of 1x10
5
 cells/mL using 

PBS. Following this, the cell suspension was treated with an AO-EB solution (1:1, 

v/v) at a final concentration of 100µg/mL before examination under a fluorescence 

microscope. Enumeration of live (green) and apoptotic (yellow to orange) cells 

enabled the calculation of the percentage of apoptotic cells using the formula: 

Percentage of apoptotic cells = Total number of apoptotic cells/ Total number of live 

and apoptotic cells X 100 

4.2.7.1.4. Assessment of mitochondrial membrane potential  

The mitochondrial membrane potential in untreated and treated cells was determined 

using the lipophilic dye rhodamine-123 (5 µg/mL), where cells were incubated for 

30 minutes at 37°C and the fluorescence was observed under a fluorescence 

microscope. To further assess apoptosis, DAPI staining was performed, with 

apoptotic cells displaying higher membrane permeability, enabling more DAPI to 

enter, which intensified the blue fluorescence. 

JC-1 dye was also utilized for staining, and the number of cells in different apoptotic 

phases was quantitatively assessed through flow cytometry. 

4.2.7.2. Annexin-V assay  

During apoptosis, phosphatidileserine (PS), typically situated on the inner leaflet of 

the plasma membrane bilayer, relocates to the cell surface (Martin et al., 1995). To 

assess this externalization of PS in treated cells, staining was performed using the 

Annexin-V Apoptosis detection kit (Invitrogen, USA) following the manufacturers’ 

protocol.   
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Control and treated cells were harvested and washed with ice-cold PBS. They were 

then resuspended in 1x annexin V binding buffer, followed by staining with 5 µL of 

propidium iodide (PI) solution. After incubation for 10 minutes at room temperature 

in the dark, cellular fluorescence intensity was assessed using flow cytometry on a 

BD FACS ARIA III machine. Data analysis was conducted using BD FACS 

software. 

4.2.7.3. Genotoxicity evaluation by comet assay 

The comet assay was employed for the identification of DNA strand breaks in 

individual cells, with gel electrophoresis conducted under alkaline conditions. The 

treated cells were layered over 1% agarose precoated slides and immersed in cold 

fresh lysis solution for membrane lysis. Later place in cold electrode buffer for 

unwinding DNA. Conducted electrophoresis for 30 min, stained with ethidium 

bromide and observed under fluorescence microscope. 

4.2.7.4. DNA fragmentation 

DNA fragmentation is widely recognized as a hallmark of apoptosis, indicating the 

final stages of programmed cell death. To assess DNA fragmentation in treated and 

untreated cells, both the treated and untreated cells were washed with PBS to 

remove any residual media and other contaminants. The cells were then resuspended 

in a lysis buffer containing 20 mM Tris (pH8.0), 10 mM EDTA, and 0.2% Triton X-

100. This specific composition of the lysis buffer is designated to disrupt the cell 

membrane and nuclear envelop, releasing the cellular contents, including 

fragmented DNA. The cell suspension was incubated at room temperature for 15 

minutes to allow complete lysis. 

Following lysis, the cell lysates were centrifuged to separate the soluble components 

from the cell debris. The supernatant, containing the DNA, was treated with 

proteainase K at a concentration of 200µg/mL. Proteinase K digestion at 37ºC for 90 

minutes is a critical step that degrades proteins ,including histones, which are tightly  

bound to DNA is free from protein contamination, allowing for accurate analysis. 
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After protein digestion, RNase A was added to the solution at a concentration of 0.5 

mg/mL. The mixture was incubated for an additional 2 hours at 37ºC to degrade any 

RNA present, which could otherwise interfere with the subsequent steps of DNA 

purification and analysis. 

The DNA was then extracted using a phenol:chloroform:isoamyl alcohol mixture in 

a ratio of 25:24:1. This step separates the DNA into the aqueous phase, while 

proteins and lipids partition in to organic phase. Following extraction, DNA was 

precipitated by adding three volumes of ice-cold ethanol containing 0.3 M sodium 

acetate and incubated at -20ºC overnight.  

The DNA pellet obtained after centrifugation was washed with 70 % ethanol to 

remove any remaining salts and impurities .After drying, the DNA was dissolved in 

Tris-EDTA buffer (pH 8.0) to stabilize the DNA and prevent degradation. The 

purified DNA was then subjected to electrophoresis on a 1.8% agarose gel at 50 V. 

Agarose gel electrophoresis is a standard technique for analysing DNA fragments , 

where smaller fragments migrates faster than larger ones . 

The DNA fragments were stained with ethidium bromide, a fluorescent dye that 

intercalate between DNA bases, and visualized using a Biorad gel documentation 

system. This system allows for the detection of DNA fragmentation patterns, which 

are indicative of apoptosis. 

4.2.8. Gene expression studies 

4.2.8.1. Total RNA isolation 

The isolation and characterization of messenger RNA (mRNA) are crucial for 

studying gene expression in organisms (Farrell, 1993). While genomic DNA can be 

extracted from both active and inactive cells, as well as from cell-free DNA in a 

sample, RNA isolation specifically reveals the genes being actively transcribed. This 

process is essential for various experiments, including reverse transcription for 

complementary DNA (cDNA) synthesis, cloning, RNA sequencing (RNA-seq), and 
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gene expression analyses. While DNA analyses determine the presence of genes, 

RNA analyses measure gene expression and can indicate gene function or role. 

Total RNA was extracted using ORIonX TRI reagent according to the 

manufacturer’s protocol (Chomczynski and Sacchi, 1987). Cells, both treated and 

untreated, were lysed in TRI reagent. To ensure complete dissociation of 

nucleoprotein complexes, the samples were allowed to stand for 5 minutes at room 

temperature. For phase separation, 0.2 mL of chloroform per mL of TRI reagent was 

added; the samples were vigorously shaken for 15 seconds, and then left to stand for 

2-15 minutes at room temperature. The mixture was then centrifuged at 12,000xg for 

15 minutes at 4°C, resulting in three distinct phases. The aqueous phase containing 

RNA was transferred to a fresh tube, where 0.5 mL of isopropanol per mL of TRI 

reagent was added and allowed to stand for 5-10 minutes at room temperature. The 

mixture was centrifuged again at 12,000xg for 10 minutes. The resulting RNA pellet 

was washed with 1 mL of 75% ethanol, dried, and eluted in RNase-free water. The 

isolated RNA was then visualized on an agarose gel. 

4.2.8.2. cDNA synthesis 

mRNA is more fragile than DNA, making it challenging to handle and analyze. To 

address this issue, researchers often convert mRNA into complementary DNA 

(cDNA) through a process called reverse transcription. Unlike the natural cellular 

process that synthesizes mRNA from DNA; reverse transcription uses an enzyme 

called reverse transcriptase, not DNA or RNA polymerase. This enzyme creates 

cDNA sequences complementary to each mRNA transcript, converting them into a 

more stable form. The resulting single-stranded cDNA is then converted into 

double-stranded cDNA. 

In this study, cDNA was synthesized from isolated mRNA using the Verso cDNA 

synthesis kit, following the manufacturer's protocol. A master mix was prepared 

with the provided reagents and enzyme, and 2000 ng of the template. Reverse 

transcription was performed in a thermal cycler. The cycling condition was: 
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Step 1:  25ºC for 10 minutes 

Step 2: 37ºC for 120 minutes 

Step 3: 85ºC for 5 minutes 

Step 4: hold 4ºC 

4.2.8.3. RT– qPCR analysis 

Reverse transcription quantitative polymerase chain reaction (RT-qPCR) is widely 

regarded as the gold standard for the precise, sensitive, rapid, reliable and 

reproducible quantification of gene expression changes in response to treatment, 

providing insights into the molecular mechanisms of cell survival and apoptosis. 

This technique enables the detection and quantification of specific mRNAs within 

various cellular RNA samples.   

The target genes for this transcription profiling play critical roles in pathways 

regulating cell survival and apoptosis. The housekeeping gene GAPDH was used as 

an internal reference to normalize the expression levels of the genes under 

investigation. The relative expression levels of the selected genes were calculated 

using the normalized ΔΔCT method. The gene primers required were synthesized 

and are enlisted in the table 4.2.1. This method involves several steps: 

Normalization: The CT values of the target genes were normalized to the CT values 

of the housekeeping gene (GAPDH) for each sample, generating ΔCT values. 

ΔΔCT Calculation: The ΔCT values of the treated samples were then normalized to 

the Δ CT values of the control samples, yielding ΔΔ CT values. 

Relative Quantification: The relative expression levels were determined using the 

formula 2-ΔΔCT, providing the fold change in gene expression relative to the control. 

ΔCT(Control)    = CT(Target gene, Control)-CT(GAPDH, Control)   

ΔCT(Treated)    = CT(Target gene, Treated)-CT(GAPDH, Treated) 

ΔΔCT     = ΔCT(Control)-ΔCT(Treated) 

Relative gene expression  = 2-ΔΔCT 



 
Chapter 4 

 

 271

Wherein, CT represents threshold cycle, the fractional cycle number at which the 

amount of amplified gene expression reaches a fixed threshold and 2 is the 

exponential constant of the formula. 

Table 4.2.1. List of the primer pairs used in RT-qPCR. 

Sl. No. Target gene Orientation Primer sequence (5’-3’) Reference 
1 Caspase 3 F TGGCATACTCCACAGCACCTGGTTA Kuppusamy et al., 2016 

R CATGGCACACAAAGCGACTGGATGAA 
2 Caspase 8 F CATCCAGTCACTTTGCCAGA 

R GCATCTGTTTCCCCATGTTT 
3 Caspase 9 F TTCCCAGGTTTTGTTTCCTG 

R CCTTTCACCGAAACAGCATT 
4 BAX F GCCACCAGCCTGTTTGAG Ramar et al., 2014 

R CTGCCACCCAGCCACCC 
5 Bcl-2 F TATAAGCTGTCGCAGAGGGGCTA 

R GTACTCAGTCATCCACAGGGCGAT Choi et al., 2017 
6 PTEN F CAAGATGATGTTTGAAACTATTCCAATG 

R CTTTAGCTGGCAGACCACAA 
7 c-Myc F AAAGGCCCCCAAGGTAGTTA 

R GCACAAGAGTTCGTTAGCTG 
8 COX-2 F TTCAAATGAGATTGTGGGAAAAT Goel et al., 2001 

R AGATCATCTCTGCCTGAGTATCTT 
9 Angiostatin F CCCAACATGGACCATAAGGAAGT Yang et al., 2006 

R TGTGGGCAATTCCACAACACTC 
10 Vegf F GGAGATCCTTCGAGGAGCACTT 

R GGCGATTTAGCAGCAGATATAAGAA 
11 MMP-2 F GGCCCTGTCACTCCTGAGAT Chao et al., 2017 

R GGCATCCAGGTTATCGGGGA 
12 NF-κB F CACCTCAATGGCTACACAGGACCA Guan et al., 2015 

R ATCTTGAGCTCGGCAGTGTT 
13 GAPDH F TCCCTGAGCTGAACGGGAAG Chen et al., 2015 

R GGAGGAGTGGGTGTCGCTGT 
 

4.2.8.4. Study of expression of P53 ant Bcl2 using flow cytometry 

The expression of two major genes in apoptosis, the tumour suppressor gene –P53 

and anti-apoptotic gene –Bcl2, was quantitatively measured using flow cytometry. 

The treated and control cells were harvested and incubated with FITC-conjugated 

mouse anti-P53 and PE-conjugated mouse ant-Bcl2 antibodies according to the 

manufacture’s protocol. The cells were resuspended in propidium iodide buffer to 

stain the DNA and after incubation the cell samples were run on a flow cytometer.  

4.2.9. Cell cycle 

The cell cycle distribution was analysed via flow cytometry using propidium iodide 

(PI), a DNA-intercalating dye. Based on DNA content, the percentage of cells in the 
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sub-G0/G1, G0/G1, S, and G2/M phases was quantified using a BD FACS-ARIA III 

cytometer and BD FACS Diva software (version 6.1.3). In brief, cells treated with 

the extract(s) or purified fraction, along with untreated controls, were harvested 

separately, washed twice with PBS, fixed in 70% ice-cold ethanol, and stored at -

20°C until further use. Cells were then stained with a 20 μg/mL PI solution 

containing 200 μg/mL RNase A (DNase-free) for 30 minutes before data acquisition 

and analysis (Astuti et al., 2012). 

4.2.10. Western blotting 

The treated cells were lysed using radioimmunoprecipitation assay (RIPA) buffer 

containing protease inhibitor cocktail. The protein quantification was performed 

using BCA kit (Sigma�Aldrich, USA). For western blotting, the proteins (35-50 µg) 

separated on a (10-12%) SDS-polyacrylamide gel by electrophoresis and transferred 

onto nitrocellulose membrane (GE Healthcare, USA). The protein transferred blots 

were blocked with 5% non-fat dry milk or 5% Bovine Serum Albumin (BSA) and 

incubated with primary antibody (CDH1, SNAI2, c-MYC, β-actin (1:3000, Cell 

Signalling Technologies, USA), SNAII, CDH2, VIM (1:3000, Cloud Clone, USA) 

and COX2 (ThermoFisher Scientific, USA) in shaker overnight at 4°C. The primary 

antibody incubated membranes were wasted trice with TBST (10 minutes each) and 

subsequently secondary antibodies either anti-mouse IgG-HRP or anti-rabbit IgG-

HRP (1:5000, Cell Signalling, USA) were incubated for 2 hrs at room temperature. 

The secondary antibody incubated membranes were wasted twice with TBST and 

once with TBS (10 minutes each). Proteins were visualized by SuperSignal™ West 

Pico Chemiluminescent Substrate (Thermo Scientific, USA), and imaging was 

performed with Image Quant LAS 4000 (GE Healthcare, USA). 

4.2.11. Statistical analysis 

The IC50 was determined through Probit analysis using IBM SPSS Statistics 24. 

Data visualization was carried out using Origin (Version 9) and Graphpad Prism 

10.2.2 (397). Statistical significance of the differences between means were assessed 

using ANOVA with Dunnett’s multiple comparison test, performed with GraphPad 

Prism 10.2.2(397), and significance was accepted at p<0.05. 
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RESULTS 

4.3.1. Effect of leaf extract from Anamirta cocculus on cancer cell 

lines 

4.3.1.1. Anamirta cocculus extracts exhibit differential cytotoxicity 

The cytotoxic effects of A. cocculus leaf extracts, prepared using petroleum ether, 

chloroform, ethyl acetate, acetone, methanol, and water, were assessed using the 

MTT assay. The extracts were tested on a range of cancer cell lines, including 

HT29, HCT116, A431, A498, HeLa, MCF7, MG63, PA1, PANC1, UM-SCC-83B, 

and the non-cancerous human keratinocyte cell line HaCaT. 

Among the extracts, ethyl acetate extract demonstrated the highest cytotoxicity 

across the cancer cell lines, with the PA1 cell line exhibiting the highest mortality 

rate at 98.64±0.40%. This was followed by significant cytotoxic effects on HT29, 

MG63, PANC1, HCT116, A498, MCF7, UM-SCC-83B, and A431 cell lines. The 

acetone extract also showed notable cytotoxicity, particularly against the PA1 and 

MG63 cell lines. In contrast, all six extracts exhibited minimal cytotoxicity toward 

the HaCaT cell line, indicating a selective toxicity towards cancer cells (Chapter 2, 

Table 2.3.8). The ethyl acetate extract was the most cytotoxic across several cancer 

cell lines, especially PA1, which had the highest mortality rate (98.64±0.40%). All 

six extracts exhibited minimal cytotoxicity toward the HaCaT cell line, indicating a 

preferential toxicity towards cancer cells. 

4.3.1.2. IC50 of ethyl acetate extract and acetone extract on different cell lines 

A concentration-dependent cytotoxicity was observed for both the ethyl acetate 

extract and acetone extract when tested on cell lines HT29, HCT116, A431, A498, 

HeLa, MCF7, MG63, PA1, PANC1, UM-SCC-83B, and HaCaT. The ethyl acetate 

extract exhibited the lowest IC50 value towards the PA1 cell line, with an IC50 of 

8.30±0.38 µg/mL (Table 4.3.1), suggesting the presence of potent anticancer 

compounds. The HT29 cell line also showed high sensitivity to the etyl acetate 



 
Chapter 4 

 

 274

extract, with an IC50 of 17.97±0.63 µg/mL. Both PA1 and HT29 cell lines displayed 

increased mortality with longer incubation times. Therefore, it is worthwhile to 

purify and identify the anticancer molecules present in the ethyl acetate extract of A. 

cocculus (Figure 4.3.1).  

Table 4.3.1. IC50 values of ethyl acetate and acetone extracts of A. cocculus on 
different cell lines after 48 hours incubation. 

  

Cell Line 
IC50 Values (µg/mL)-48 hours 

Sl. No Ethyl acetate extract Acetone extract 

1 PA1 8.30±0.38  47.75±0.61  

2 HT29 17.97±0.63  >100 

3 MG63 48.68±3.83 51.98±0.86 

4 PANC1 63.45±0.87 >100 

5 MCF7 85.60±2.15 >100 

6 UM-SCC-83B 88.92±2.89 >100 

7 A498 89.83±0.40 92.16±2.45 

8 HCT116 90.7±0.81 >100 

9 HeLa 90.17±1.31 >100 

10 A431 95.33±1.71 92.21±1.45 

11 HaCaT >100 >100 

Experiments were done three times in duplicates. Data are expressed as mean±SEM. 

 

Figure 4.3.1. The percentage mortality of the different solvent extracts of A. cocculus at a 
concentration of 100μg/mL on PA1 and HT29 after exposure of 24, 48 and 72 hours. ACLP: 
petroleum ether extract; ACLC: chloroform extract; ACLE: ethyl acetate extract; ACLA: acetone 
extract; ACLM: methanol extract; ACLW: water extract. Data are expressed as mean±SEM. 
Statistical significance: *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001 and ns-not significant. 
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4.3.1.3. Trypan blue dye exclusion assay 

In addition to the MTT assay, cell viability was further evaluated using the trypan 

blue dye exclusion method. This method was applied to the PA1 and HT29 cell 

lines, which exhibited higher sensitivity to the ethyl acetate extract. 

Both cell lines were treated with increasing concentrations of the ethyl acetate 

extract and then subjected to trypan blue staining. The results showed a decrease in 

cell viability as the concentration of the ethyl acetate extract increased, consistent 

with the findings from the MTT assay (Figure 4.3.2). This correlation between the 

trypan blue staining and MTT assay results confirms the cytotoxic effects of the 

ethyl acetate extract on these cell lines. 

 

Figure. 4.3.2. The percentage of viable cells as assessed by trypan blue dye exclusion method on 
treatment with ethyl acetate extract at different concentrations on PA1 and HT29 cell lines incubated 
for 48 hours. Data are expressed as mean±SEM. Statistical significance: *p < 0.05, **p < 0.01, ***p 
< 0.001, ****p < 0.0001 and ns-not significant. 

The trypan blue dye exclusion method validated the cytotoxicity results obtained 

from the MTT assay. Both assays demonstrated that the ethyl acetate extract 

significantly reduces cell viability in PA1 and HT29 cell lines in a dose-dependent 

manner. This dual-method approach strengthens the evidence for the cytotoxic 

potential of the ethyl acetate extract against these cancer cell lines. 
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4.3.1.4. Anamirta cocculus ethyl acetate extract inhibits colony formation in  

              cancer cell lines 

 

Figure. 4.3.3. Clonogenic survival assay following treatment with A. cocculus ethyl acetate extract. 
The number of colonies decreased when the cells were exposed to the extracts at different 
concentrations.  

 

Figure. 4.3.4. Quantitative representation of the clonogenic survival assay following treatment with 
A. cocculus ethyl acetate extract. The number of colonies decreased when the cells were exposed to 
the extracts at different concentrations. Data are expressed as mean±SEM. *p < 0.05, **p < 0.01, 
***p < 0.001, ****p < 0.0001 and ns-not significant. 

Exposure of PA1 and HT29 cells to the ethyl acetate extract resulted in a 

concentration-dependent suppression of their colony-forming ability. At the IC50 

concentration of the A. cocculus ethyl acetate extract, colony formation was 

inhibited by 85.2±1.72% in the PA1 cell line. Similarly, HT29 cells exhibited a 
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colony formation inhibition of 79.33±1.70% at IC50 concentration of the ethyl 

acetate extract. This indicates that the ethyl acetate extract significantly impairs the 

colony-forming potential of both cell lines, highlighting its potent anti-cancer effects 

(Figure. 4.3.3 and 4.3.4).  

4.3.1.5. Scratch wound healing assay to assess cell migration 

Treatment of PA1 cells with the A. cocculus ethyl acetate extract caused a 

concentration-dependent reduction in wound closure. At the IC20 concentration, 

there was a noticeable decrease in wound closure, while at the IC50 concentration, 

wound closure was completely inhibited. Similarly, exposure of HT29 cells to the 

ethyl acetate extract resulted in decreased wound closure at the IC20 concentration 

and complete cessation of wound closure at the IC50 concentration. These findings 

suggest that the ethyl acetate extract impairs cell migration in a concentration-

dependent manner, which can be attributed to its effect on reducing the migratory 

ability of the treated cells (Figure 4.3.5 and 4.3.6).  

 
Figure 4.3.5. Scratch wound healing assay on PA1, following treatment with A. cocculus ethyl 
acetate extract at IC20 (A-II) and IC50 (A-III) concentrations. The exposure of the cells to the extract 
considerably inhibited or reduced the wound closure while the wound got completely closed in the 
control (A-I) after 48 hours. 
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Figure 4.3.6. Scratch wound healing assay on HT29, following treatment with A. cocculus ethyl 
acetate extract at IC20 (B-II) and IC50 (B-III) concentrations. The exposure of the cells to the extract 
considerably inhibited or reduced the wound closure while the wound area reduced as the cell 
migrated to the wound area (B-I) after 48 hours. 

 

4.3.1.6. Morphological changes in cancer cell lines on treatment with  

               A. cocculus ethyl acetate extract  

Both PA1 and HT29 cells showed dose-dependent cyto-morphological changes 

indicative of apoptosis when treated with the A. cocculus ethyl acetate extract, as 

observed through phase contrast (Figure 4.3.7) and scanning electron microscopy 

(Figure 4.3.8). 

In the untreated control group, PA1 cells exhibited a polygonal shape and formed 

confluent aggregates. After 48 hours of treatment with the A. cocculus ethyl acetate 

extract, these cells underwent significant morphological changes, including a 

transition to a rounded shape, noticeable cell shrinkage, and the presence of floating 

dead cells and fragmented cellular debris. 

Similarly, untreated HT29 cells displayed colonies of polygonal cells. Following 

treatment with the A. cocculus ethyl acetate extract, HT29 cells also exhibited 

rounded and shrunken morphologies, with many cells appearing detached and 
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floating. These observations suggest that A. cocculus ethyl acetate extract may be 

inducing apoptosis in both PA1 and HT29 cells, as evidenced by the marked 

morphological alterations. 

 

Figure 4.3.7. Phase contrast microscopic images of cytomorphological changes in PA1 and HT29 
cancer cell lines on treatment of A. cocculus ethyl acetate extract after 48 hours (A). (a-i) PA1 
Control; (a-ii) PA1 treated at IC20; (a-iii) PA1 treated at IC50; (b-i) HT29 Control; (b-ii) HT29 treated 
at IC20; (b-iii) HT29 treated at IC50. 

 

Figure 4.3.8. Scanning electron microscopic images of cytomorphological changes in PA1 and HT29 
cancer cell lines on treatment with A. cocculus ethyl acetate extract after 48 hours (B). (a-i) PA1 
Control; (a-ii) PA1 treated at IC20; (a-iii) PA1 treated at IC50; (b-i) HT29 Control; (b-ii) HT29 treated 
at IC20; (b-iii) HT29 treated at IC50. 
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4.3.1.7. Assays for apoptosis 

The apoptotic characteristics of the cell line in association with the A. cocculus ethyl 

acetate extract were studied. Aspects like morphological changes, DNA 

fragmentation and mitochondrial membrane potential change were studied. 

4.3.1.7.1. DNA fragmentation assay 

DNA strand breaks, a key indicator of apoptosis, were observed in the DNA 

extracted from cells treated with the A. cocculus ethyl acetate extract. This was 

evident when the DNA was analyzed on 1.2% agarose gels. Compared to the control 

group, which showed intact DNA, the DNA from A. cocculus ethyl acetate extract 

treated cells displayed significant fragmentation, indicative of apoptosis-induced 

DNA damage. This result indicates that A. cocculus ethyl acetate extract effectively 

induces DNA strand breaks, a hallmark of apoptotic processes in the treated cells 

(Figure. 4.3.9). 

 

Figure 4.3.9. DNA fragmentation induced by A. cocculus ethyl acetate extract in (A) PA1 and 
(B) HT29 cell lines: (A) PA1- M: 100 bps DNA ladder, 1: DNA isolated from untreated control, 2: 

DNA isolated from A. cocculus ethyl acetate IC20 treated cells, 3: DNA isolated from A. 
cocculus ethyl acetate IC50 treated cells, 4: DNA isolated from DMSO treated control. (B) HT29- 
M: 100 bps DNA ladder, 1: DNA isolated from untreated control, 2: DNA isolated from DMSO 

treated control, 3: DNA isolated from A. cocculus ethyl acetate IC20 treated cells, 4: DNA 

isolated from A. cocculus ethyl acetate IC50 treated cells. DNA was isolated after 48 hours of 
treatment. 
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4.3.1.7.2. Genotoxicity evaluation by alkaline single cell electrophoresis (comet 

assay) 

The presence of DNA strand breaks in cancer cells was assessed using the comet 

assay (single-cell gel electrophoresis), a technique used to evaluate genotoxicity. 

Upon treatment with the A. cocculus ethyl acetate extract, both PA1 and HT29 cells 

exhibited longer comet tail lengths in a concentration-dependent manner. This 

increase in comet tail length is indicative of DNA damage, confirming that the A. 

cocculus ethyl acetate extract induces significant genotoxic effects in the treated 

cells (Figure.4.3.10). 

 

Figure 4.3.10. Genotoxicity assessment by alkaline comet assay in PA1 and HT29 cancer cell lines 
treated with A. cocculus ethyl acetate extract after 48 hours. (A) PA1 Control; (B) PA1 treated at 
IC20; (C) PA1 treated at IC50; (D) HT29 Control; (E) HT29 treated at IC20; (F) HT29 treated at IC50. 

4.3.1.7.3. Acridine orange/Ethidium bromide dual staining 

Fluorescence microscopy of PA1 and HT29 cells treated with the A. cocculus ethyl 

acetate extract, followed by dual staining with acridine orange (AO) and ethidium 

bromide (EB), revealed a distinct staining pattern that confirms the induction of 

apoptosis in a concentration-dependent manner (Figure 4.3.11. and 4.3.12). 
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Figure 4.3.11. Effect of A. cocculus ethyl acetate extract on PA1 cells after 48 hours of treatment, 
analyzed using dual staining with acridine orange (AO) and ethidium bromide (EB). AO stains the 
cytoplasm of live cells (green fluorescence), while EB selectively stains apoptotic cells (orange/red 
fluorescence) due to compromised membrane integrity, differentiating live and apoptotic cells in 
treated and untreated groups. (A) DMSO control, (B) PA1 treated at 10µg/mL; (C) PA1 treated at 
20µg/mL. 

Acridine orange, which permeates intact cell membranes, stained the cells green. In 

contrast, ethidium bromide selectively entered cells with compromised membrane 

integrity, interacting with DNA to produce fluorescence in shades of yellow to 

orange. This dual staining approach highlighted the various stages of apoptosis, with 

the observed fluorescence patterns providing clear evidence of apoptotic cell death 

in response to the A. cocculus ethyl acetate extract (Figure 4.3.13). 



 
Chapter 4 

 

 283

 

Figure 4.3.12. Effect of A. cocculus ethyl acetate extract on HT29 cells after 48 hours of 
treatment, analyzed using dual staining with acridine orange (AO) and ethidium bromide (EB). AO 
stains the cytoplasm of live cells (green fluorescence), while EB selectively stains apoptotic cells 
(orange/red fluorescence) due to compromised membrane integrity, differentiating live and apoptotic 
cells in treated and untreated groups. (A) DMSO control, (B) HT29 treated at 10µg/mL; (C) HT29 
treated at 20µg/mL. 

 

Figure 4.3.13. Effect of A. cocculus ethyl acetate extract on PA1 and HT29 cell lines following 48 
hours treatment; Quantitative analysis of late apoptotic cells; Data are expressed as mean±SEM. *p < 
0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001 and ns-not significant. 
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4.3.1.7.4. Assessment of mitochondrial membrane potential (ΔΨM) and  

                 apoptosis 

In the intrinsic apoptotic pathway, mitochondrial membrane depolarization is a key 

event, leading to increased permeability of the outer mitochondrial membrane due to 

pore formation and the subsequent release of pro-apoptotic factors like cytochrome 

c. The alteration in mitochondrial membrane potential (ΔΨM), a hallmark of this 

pathway, was assessed using the voltage-dependent fluorescent probe Rhodamine-

123. Treatment with the A. cocculus ethyl acetate extract resulted in a dose-

dependent decrease in ΔΨM after 48 hours, as observed through fluorescence 

microscopy (Figure 4.3.14 and 4.3.15). In contrast, untreated cells showed minimal 

disruption of ΔΨM. 

                                                                                    

Figure 4.3.14. Effect of A. cocculus ethyl acetate extract on mitochondrial membrane potential in 
PA1 cell line after 48 hours of treatment. (A) DMSO-treated control cells showing intact 
mitochondrial membrane potential; (B) PA1 cell line treated with 10 µg/mL of extract displaying 
partial loss of mitochondrial membrane potential; (C) PA1 cell line treated with 20 µg/mL of extract 
exhibiting a significant reduction in mitochondrial membrane potential. Depolarization was assessed 
using the fluorescent dye Rhodamine-123, where changes in fluorescence intensity reflected 
alterations in membrane potential. Nuclei were counterstained with DAPI to visualize cell 
morphology. 
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Additionally, nuclear changes during apoptosis were analyzed using DAPI staining, 

which highlights chromatin condensation and fragmentation. The figures (Figures 

4.3.14 and 4.3.15) depict the extent of nuclear alterations in both control and treated 

cells. Treatment with the A. cocculus ethyl acetate extract induced significant 

apoptosis in PA1 and HT29 cells characterized by increased permeability to DAPI, 

the presence of nuclear apoptotic bodies, and pronounced chromatin condensation. 

 

  Figure 4.3.15. Effect of A. cocculus ethyl acetate extract on mitochondrial membrane potential in 
HT29 cell line after 48 hours of treatment. (A) DMSO-treated control cells showing intact 
mitochondrial membrane potential; (B) HT29 cell line treated with 10 µg/mL of extract displaying 
partial loss of mitochondrial membrane potential; (C) HT29 cell line treated with 20 µg/mL of extract 
exhibiting a significant reduction in mitochondrial membrane potential. Depolarization was assessed 
using the fluorescent dye Rhodamine-123, where changes in fluorescence intensity reflected 
alterations in membrane potential. Nuclei were counterstained with DAPI to visualize cell 
morphology. 

4.3.2. Effect of active fraction from Melia dubia (SC3-F8) on cancer 
cell lines 

4.3.2.1. Cytotoxicity of various extracts of Melia dubia leaf on different cancer 
cell lines and normal cell line 

The cytotoxic effects of various Melia dubia leaf extracts-petroleum ether, 

chloroform, ethyl acetate, acetone, methanol, and water-were evaluated on different 
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cancer cell lines and a normal cell line (HaCaT) over a 48-hour period. The 

chloroform and ethyl acetate extracts generally demonstrated higher cytotoxicity 

across most cancer cell lines, particularly HT29 (Chloroform extract: 94.23±0.35%), 

PA1 (chloroform extract: 92.51±0.88%), MCF7 (Chloroform extract: 88.92±1.25%, 

Ethyl acetate extract: 81.44±1.10%), and UM-SCC-83B (Chloroform extract: 

89.22±0.69). In contrast, these extracts showed minimal cytotoxicity across most of 

the other cell lines, especially the HaCaT (Chloroform extract: 28.70±1.21%, Ethyl 

acetate extract: 22.38±1.98%) (Chapter 2; Table 2.3.10).  

4.3.2.2. IC50 calculation of the Melia dubia chloroform extract and purified  

              fractions against cancer cell lines 

The IC50 values of the crude extract and its purified fractions from Melia dubia leaf 

were evaluated for their cytotoxic potency across various cancer cell lines (HT29, 

MCF7, PA1, UM-SCC-83B) (Table 4.3.1). TLC-B3 demonstrated the lowest IC50 

values across all tested cell lines, indicating its highest potency among the fractions. 

With each step in purification, the IC50 value decreased from crude to TLC-B3. 

Table 4.3.1. IC50 of M. dubia chloroform extract and the active fractions obtained from  
                      each step of purification. 

Sl. No. Sample 
IC50 Concentration (µg/mL) 

HT29 MCF7 PA1 UMSCC83B 

1 Crude 61.26±2.55 75.54±1.16 29.77±0.86 31.28±1.77 

2 SC1-F8 31.07±4.46 60.26±2.21 18.93±1.37 23.30±1.90 

3 SC2-F8 17.86±1.29 42.21±3.20 12.65±1.35 11.86±1.31 

4 SC3-F8 10.27±0.79 19.62±0.26 8.01±1.54 10.84±1.46 

5 TLC-B3 7.87±1.32 12.91±1.72 5.37±1.62 8.01±0.95 
Experiments were done three times in duplicates. Data are expressed as mean±SEM. 

4.3.2.3. Trypan blue dye exclusion method 

The Trypan Blue dye exclusion method is a widely-used assay to evaluate cell 

viability, based on the principle that live cells possess intact cell membranes that 

exclude the Trypan Blue dye, while dead cells have compromised membranes that 
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allow the dye to enter, staining them blue. This method was employed to assess the 

effects of an active fraction on the viability of various cancer cell lines, including 

HT29 (colon cancer), MCF7 (breast cancer), PA1 (ovarian cancer), and UM-SCC-

83B (head and neck cancer). The study measured cell viability of untreated cells and 

at different concentrations of the active fraction (SC3-F8): IC20, IC50, and IC80. The 

results, illustrated in the bar graph (Figure 4.3.16) demonstrate a clear trend across 

all cell lines: the number of viable cells is highest in the control group and 

progressively decreases with increasing concentrations of the active fraction. This 

indicates that the active fraction is effective in reducing cell viability in a dose-

dependent manner. 

 

Figure 4.3.16.  The percentage of viable cells as assessed by trypan blue dye exclusion method on 
treatment with the active fraction, SC3-F8 at different concentrations on HT29, MCF7, PA1 and UM-
SCC-83B cell lines incubated for 48 hours. Data are expressed as mean±SEM. Statistical 
significance: *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001 and ns-not significant. 

For all the cell lines, the control group showed 100% viability. Upon treatment with 

the purified fractions, in HT29, cell viability decreased to 20.33±1.20% at IC��. 

Similarly, MCF7 cell line exhibited a substantial reduction in viability upon 

treatment at IC80 concentration (27.33±1.86%). The other cell lines, both PA1 and 

UM-SCC-83B also showed the same trend in the viability (at IC80, cell viability: 

17.67±1.45% and 21.67±1.45%   respectively). This significant drop in cell viability 

across these concentrations suggests that the active fraction is highly effective 

against the four cancer cell lines. The differences in cell viability between the 
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control and treated groups were statistically significant, with p-values less than 

0.0001 (denoted by ****). This high level of significance underscores the reliability 

of the results and the potent effect of the active fraction. 

4.3.2.4. Clonogenic assay 

 

Figure 4.3.17. Clonogenic survival assay following treatment with the active fraction, SC3-F8 from 
M. dubia chloroform extract. The number of colonies decreased when the cells were exposed to the 
extracts at different concentrations. 
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The clonogenic assay, also known as the colony formation assay, is a critical 

technique in cancer research that evaluates the ability of a single cell to grow into a 

colony, thereby indicating its reproductive viability and potential for proliferation. In 

the context of the study, this assay was performed on four cancer cell lines: HT29 

(colon cancer), MCF7 (breast cancer), PA1 (ovarian cancer), and UM-SCC-83B 

(head and neck cancer) to assess the effects of an active fraction, SC3-F8 at various 

inhibitory concentrations: IC20, IC50, and IC80, with untreated cells serving as the 

control group. The results, visually represented in the provided image (Figure 

4.3.17), revealed a dose-dependent reduction in colony formation across all cell 

lines, demonstrating the active fraction's efficacy in inhibiting clonogenic survival. 

In the control groups, a dense population of colonies was observed, indicating high 

clonogenic potential. The DMSO control groups showed a slight reduction in colony 

density which was not significant (p>0.05) compared to the untreated control, but 

still exhibited substantial colony formation. Upon treatment with the SC3-F8, there 

was a noticeable reduction in the number of colonies formed. For HT29 cells, the 

DMSO control group showed high viability with dense colonies (98.47±1.03%), 

while treatment with IC20 (64.44±3.36%), IC50 (48.62±1.16%), and IC80 

(5.91±0.83%) resulted in a progressive decrease in colony formation, culminating in 

almost complete inhibition at IC80. Similarly, MCF7 cells exhibited robust colony 

formation in the control group (98.76±3.78%), with substantial reductions observed 

at IC20 (70.76±5.64%), IC50 (44.33±0.81%), and IC80 (20.32±1.75%), 

demonstrating a strong inhibitory effect of the active fraction. PA1 and UM-SCC-

83B cell lines followed the same trend (reduced from 89.36±0.94% to 8.92±2.15% 

and from 93.38±1.63% to 14.29±3.73% respectively), with significant reductions in 

colony numbers as the concentration of the active fraction increased, indicating 

effective inhibition of clonogenic potential across all concentrations tested (Figure 

4.3.18). 
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Figure 4.3.18. Quantitative representation of the clonogenic survival assay following treatment with 
the active fraction, SC3-F8 from M. dubia chloroform extract. The number of colonies decreased 
when the cells were exposed to the extracts at different concentrations. Data are expressed as 
mean±SEM. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001 and ns - not significant. 

4.3.2.5. Apoptosis analysis 

The analysis of apoptosis was done by studying various aspects/changes in cells 

upon undergoing apoptosis. The major aspects under the study were 

cytomorphological changes, reduction in mitochondrial membrane potential, 

phosphatidyl serine externalization, DNA fragmentation, and the mRNA level gene 

expression of the genes involved in apoptosis using real time PCR and protein level 

expression using fluorescent dye conjugated anti-antibody in flow cytometry.  

4.3.2.5.1. Cytomorphological analysis of apoptosis 

The cytomorphological changes associated with apoptosis on treatment with the 

extracts were analysed using phase contrast microscopy and scanning electron 

microscopy.  

4.3.2.5.1.1. Phase contrast microscopy 

Phase contrast microscopy observing apoptosis reveals several key morphological 

changes associated with programmed cell death. Early stages of apoptosis are 

characterized by cell shrinkage, which is evident as cells in phase contrast images 
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appear smaller compared to healthy, untreated cells that are typically more spread 

out and expanded. Additionally, apoptotic cells often exhibit rounding and become 

more spherical, as shown by their deviation from the usual elongated or spread-out 

appearance. As the process progresses, cells may lose their adherence to the surface, 

leading to an increased number of detached or floating cells in the culture medium, 

particularly in treated groups (Figure 4.3.19). 

 

Figure 4.3.19. Phase contrast microscopic images of cytomorphological changes in HT29, MCF7, 
PA1 and UM-SCC-83B cancer cell lines on treatment of the active fraction, SC3-F8 from M. dubia 
chloroform extract after 48 hours. (a-i) HT29 - DMSO Control; (a-ii) HT29 treated at IC20; (a-iii) 
HT29 treated at IC50; (a-iv) HT29 treated at IC80; (b-i) MCF7 - DMSO Control; (b-ii) MCF7 treated 
at IC20; (b-iii) MCF7 treated at IC50; (b-iv) MCF7 treated at IC80; (c-i) PA1 - DMSO Control; (c-ii) 
PA1 treated at IC20; (c-iii) PA1 treated at IC50; (c-iv) PA1 treated at IC80; (d-i) UM-SCC-83B - 
DMSO Control; (d-ii) UM-SCC-83B treated at IC20; (d-iii) UM-SCC-83B treated at IC50; (d-iv) UM-
SCC-83B treated at IC80. 
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Further indications of apoptosis include membrane blebbing, where small bulges 

form on the cell surface, visible in phase contrast images as protruding membrane 

blebs not typically observed in healthy cells. Although nuclear changes such as 

condensation and fragmentation are not directly visible with phase contrast 

microscopy, alterations in cell morphology, such as increased fragmentation or 

irregularity, indirectly suggest these nuclear changes. Overall, the phase contrast 

microscopy images show a decreased density of viable cells in treated conditions 

compared to controls, reflecting increased cell death and confirming the presence 

and extent of apoptosis in the cell lines under study. 

4.3.2.5.1.2. Field-emission scanning electron microscopy 

Scanning electron microscopy (SEM) provided a detailed view of the morphological 

changes associated with apoptosis, revealing key features of programmed cell death. 

Early signs of apoptosis observed with SEM included cell shrinkage, where cells 

appeared reduced in size compared to healthy, untreated cells, which typically had a 

more expanded and rounded appearance. Additionally, membrane blebbing, 

characterized by the formation of small bulges on the cell surface, was a prominent 

feature that SEM clearly visualized. The presence of these blebs indicated 

underlying cellular damage. Although nuclear changes such as condensation and 

fragmentation were not directly visible with SEM, alterations in cell morphology, 

such as increased fragmentation or irregularity, suggested these nuclear changes. 

Overall, SEM images showed a reduced density of viable cells in treated samples 

compared to controls, highlighting increased cell death and confirming the presence 

and extent of apoptosis in the observed cell lines (Figure 4.3.20). 
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Figure 4.3.20. Scanning electron microscopic images of cytomorphological changes in HT29, 
MCF7, PA1 and UM-SCC-83B cancer cell lines on treatment of the active fraction, SC3-F8 from M. 
dubia chloroform extract after 48 hours. (a-i) HT29 - DMSO Control; (a-ii) HT29 treated at IC20; (a-
iii) HT29 treated at IC50; (a-iv) HT29 treated at IC80; (b-i) MCF7 - DMSO Control; (b-ii) MCF7 
treated at IC20; (b-iii) MCF7 treated at IC50; (b-iv) MCF7 treated at IC80; (c-i) PA1 - DMSO Control; 
(c-ii) PA1 treated at IC20; (c-iii) PA1 treated at IC50; (c-iv) PA1 treated at IC80; (d-i) UM-SCC-83B - 
DMSO Control; (d-ii) UM-SCC-83B treated at IC20; (d-iii) UM-SCC-83B treated at IC50; (d-iv) UM-
SCC-83B treated at IC80. 

4.3.2.5.1.3. Acridine orange-Ethidium bromide (AO-EB) dual staining 

Dual staining with acridine orange (AO) and ethidium bromide (EB) is an effective 

technique for assessing apoptosis qualitatively and quantitatively. AO, being 

permeable to intact cell membranes, stains the nuclei green, while EB, which only 

enters cells with compromised membrane integrity, binds to DNA and emits yellow 

to orange fluorescence depending on the stage of apoptosis. In this assay, normal 

cells exhibit uniformly bright green nuclei, early apoptotic cells show green nuclei 

with bright patches indicative of condensed or fragmented DNA, and late apoptotic 

cells display orange to red nuclei with highly fragmented and condensed chromatin 

(Liu et al.,2015). 
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Figure 4.3.21. Effect of the active fraction, SC3-F8 from M. dubia chloroform extract on HT29, 
MCF7, PA1 and UM-SCC-83B cell lines following 48 hours treatment; Quantitative analysis of late 
apoptotic cells; Data are expressed as mean±SEM. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001 and ns-not 
significant. 

In the SC3-F8-treated cell lines, an increase in cells with orange fluorescence, 

indicative of apoptosis, was observed in a concentration-dependent manner 

compared to the control cells, which primarily exhibited bright green nuclei and 

normal morphology. Specifically, at the highest concentration of the active fraction, 

SC3-F8 (IC50), there was a significant increase in the apoptotic cell population: 

53.06±3.65% in HT29 cells, 49.24±2.39% in MCF7 cells, 56.60±2.33% in PA1 

cells, and 55.24±2.61% in UM-SCC-83B cells (Figure 4.3.21). This data suggests 

that the active fraction induces apoptosis in these cell lines, with the effect being 

more mmd at higher concentrations. 

4.3.2.5.3. Mitochondrial membrane potential 

JC-1 staining was analysed using flow cytometry to assess mitochondrial membrane 

potential and apoptosis in HT29, MCF7, PA1, and UMSCC83B cell lines under 

various treatment conditions (DMSO Control, IC50, and IC80).  
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Figure 4.3.22. Effect of the active fraction SC3-F8 from M. dubia chloroform extract on 
mitochondrial membrane potential in HT29 cells after 48 hours of treatment assessed using flow 
cytometry with JC-1 as the fluorochrome. (a) Cell population gated in the PE channel: (a-i) DMSO-
treated control cells showing intact mitochondrial membrane potential; (a-ii) HT29 cells treated with 

the IC50 concentration of extract displaying partial loss of mitochondrial membrane potential; (a-iii) 

HT29 cells treated with the IC80 concentration of extract showing significant reduction in 
mitochondrial membrane potential. (b) Cell population gated in the FITC channel: (b-i) DMSO-

treated control cells; (b-ii) HT29 cells treated with the IC50 concentration; (b-iii) HT29 cells treated 

with the IC80 concentration. (c) Population shift from the PE channel to the FITC channel, indicative 
of apoptosis. Mitochondrial membrane depolarization was evaluated by the fluorescence shift of JC-
1, where changes in fluorescence intensity corresponded to alterations in membrane potential. 

 

 
Figure 4.3.23. Quantitative representation of live and apoptotic cells in the control and treated 
HT29 cell line, generated using flow cytometry with JC-1 as the fluorochrome. The bar graph depicts 
the proportion of live cells (intact mitochondrial membrane potential, represented by red fluorescence 
in the PE channel) and apoptotic cells (depolarized mitochondrial membrane, represented by green 
fluorescence in the FITC channel) in the DMSO-treated control group, and in HT29 cells treated with 

IC50 and IC80 concentrations of the SC3-F8 fraction from M. dubia chloroform extract. A shift from 
red to green fluorescence indicates mitochondrial membrane depolarization and apoptosis, with 
higher extract concentrations leading to an increased apoptotic cell population. Data are represented 
as mean±SEM. Level of significance: *=p<0.05, **=p<0.01, ***=p<0.001 and ****=p<0.0001.  
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Figure 4.3.24. Effect of the active fraction SC3-F8 from M. dubia chloroform extract on 
mitochondrial membrane potential in MCF7 cells after 48 hours of treatment assessed using flow 
cytometry with JC-1 as the fluorochrome. (a) Cell population gated in the PE channel: (a-i) DMSO-
treated control cells showing intact mitochondrial membrane potential; (a-ii) MCF7 treated with the 

IC50 concentration of extract displaying partial loss of mitochondrial membrane potential; (a-iii) 

MCF7 cells treated with the IC80 concentration of extract showing significant reduction in 
mitochondrial membrane potential. (b) Cell population gated in the FITC channel: (b-i) DMSO-

treated control cells; (b-ii) MCF7 cells treated with the IC50 concentration; (b-iii) MCF7 cells treated 

with the IC80 concentration. (c) Population shift from the PE channel to the FITC channel, indicative 
of apoptosis. Mitochondrial membrane depolarization was evaluated by the fluorescence shift of JC-
1, where changes in fluorescence intensity corresponded to alterations in membrane potential. 

 

Figure 4.3.25. Quantitative representation of live and apoptotic cells in the control and treated MCF7 
cell line, generated using flow cytometry with JC-1 as the fluorochrome. The bar graph depicts the 
proportion of live cells (intact mitochondrial membrane potential, represented by red fluorescence in 
the PE channel) and apoptotic cells (depolarized mitochondrial membrane, represented by green 
fluorescence in the FITC channel) in the DMSO-treated control group, and in MCF7 cells treated 

with IC50 and IC80 concentrations of the SC3-F8 fraction from M. dubia chloroform extract. A shift 
from red to green fluorescence indicates mitochondrial membrane depolarization and apoptosis, with 
higher extract concentrations leading to an increased apoptotic cell population. Data are represented 
as mean±SEM. Level of significance: *=p<0.05, **=p<0.01, ***=p<0.001 and ****=p<0.0001.  
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Figure 4.3.26. Effect of the active fraction SC3-F8 from M. dubia chloroform extract on 
mitochondrial membrane potential in PA1 cell line after 48 hours of treatment assessed using flow 
cytometry with JC-1 as the fluorochrome. (a) Cell population gated in the PE channel: (a-i) DMSO-
treated control cells showing intact mitochondrial membrane potential; (a-ii) PA1 treated with the 

IC50 concentration of extract displaying partial loss of mitochondrial membrane potential; (a-iii) PA1 

cells treated with the IC80 concentration of extract showing significant reduction in mitochondrial 
membrane potential. (b) Cell population gated in the FITC channel: (b-i) DMSO-treated control cells; 

(b-ii) PA1 cells treated with the IC50 concentration; (b-iii) PA1 cells treated with the IC80 
concentration. (c) Population shift from the PE channel to the FITC channel, indicative of apoptosis. 
Mitochondrial membrane depolarization was evaluated by the fluorescence shift of JC-1, where 
changes in fluorescence intensity corresponded to alterations in membrane potential. 

 
Figure 4.3.27. Quantitative representation of live and apoptotic cells in the control and treated PA1 
cell line generated using flow cytometry with JC-1 as the fluorochrome. The bar graph depicts the 
proportion of live cells (intact mitochondrial membrane potential, represented by red fluorescence in 
the PE channel) and apoptotic cells (depolarized mitochondrial membrane, represented by green 
fluorescence in the FITC channel) in the DMSO-treated control group, and in PA1 cells treated with 

IC50 and IC80 concentrations of the SC3-F8 fraction from M. dubia chloroform extract. A shift from 
red to green fluorescence indicates mitochondrial membrane depolarization and apoptosis, with 
higher extract concentrations leading to an increased apoptotic cell population. Data are represented 
as mean±SEM. Level of significance: *=p<0.05, **=p<0.01, ***=p<0.001 and ****=p<0.0001.  
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Figure 4.3.28. Effect of the active fraction SC3-F8 from M. dubia chloroform extract on 
mitochondrial membrane potential in UM-SCC-83B cell line after 48 hours of treatment assessed 
using flow cytometry with JC-1 as the fluorochrome. (a) Cell population gated in the PE channel: (a-
i) DMSO-treated control cells showing intact mitochondrial membrane potential; (a-ii) UM-SCC-83B 

treated with the IC50 concentration of extract displaying partial loss of mitochondrial membrane 

potential; (a-iii) UM-SCC-83B cells treated with the IC80 concentration of extract showing 
significant reduction in mitochondrial membrane potential. (b) Cell population gated in the FITC 

channel: (b-i) DMSO-treated control cells; (b-ii) UM-SCC-83B cells treated with the IC50 

concentration; (b-iii) UM-SCC-83B cells treated with the IC80 concentration. (c) Population shift 
from the PE channel to the FITC channel, indicative of apoptosis. Mitochondrial membrane 
depolarization was evaluated by the fluorescence shift of JC-1, where changes in fluorescence 
intensity corresponded to alterations in membrane potential. 

 

Figure 4.3.29. Quantitative representation of live and apoptotic cells in the control and treated UM-
SCC-83B cell line, generated using flow cytometry with JC-1 as the fluorochrome. The bar graph 
depicts the proportion of live cells (intact mitochondrial membrane potential, represented by red 
fluorescence in the PE channel) and apoptotic cells (depolarized mitochondrial membrane, 
represented by green fluorescence in the FITC channel) in the DMSO-treated control group, and in 

UM-SCC-83B cells treated with IC50 and IC80 concentrations of the SC3-F8 fraction from M. dubia 
chloroform extract. A shift from red to green fluorescence indicates mitochondrial membrane 
depolarization and apoptosis, with higher extract concentrations leading to an increased apoptotic cell 
population. Data are represented as mean±SEM. Level of significance: *=p<0.05, **=p<0.01, 
***=p<0.001 and ****=p<0.0001.  
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For all cell lines, the control showed high red fluorescence (90.63±3.02% live cells) 

and low green fluorescence (8.83±2.50% apoptotic cells), indicating stable 

mitochondrial membrane potential. As the concentration increased, red fluorescence 

decreased with increase in green fluorescence reflecting reduced mitochondrial 

membrane potential and increased apoptosis. At IC80 concentration, in HT29, the 

apoptotic cells were 43.03±5.53% (Figures 4.3.22, 4.3.23). In the IC80 treated 

populations, the percentage of apoptotic cells were 79.57±2.80%, 72.37±4.97% and 

80.93±1.13% in MCF7, PA1 and UM-SCC-83B respectively (Figures 4.3.24-

4.3.29). 

4.3.2.5.4. Annexin-V assay  

Apoptosis analysis using Annexin V staining, which detects the appearance of 

phosphatidylserine (PS) on the cell surface—a hallmark of apoptosis—was 

performed on HT29, PA1, and UM-SCC-83B cell lines under different treatment 

conditions (control, IC50, and IC80). Phosphatidylserine, normally restricted to the 

inner membrane layer, can be detected by Annexin V tagged with a fluorochrome 

using fluorescence microscopy and flow cytometry. Annexin V-PI co-staining 

further differentiates late apoptotic/necrotic cells from early apoptotic cells, as 

propidium iodide (PI) only enters cells with compromised membrane integrity and 

interacts with DNA (Rieger et al., 2011; Koc et al., 2018). 

For HT29 cells, the control group exhibited a high percentage of healthy cells 

(98.00±0.26%) and minimal early (1.23±0.49%) and late apoptotic (0.37±0.12%) 

cells, with only a small fraction of necrotic cells (0.43±0.15%). Following IC50 

treatment, there was a significant increase in early apoptotic cells to 42.67±1.50% 

and a rise in late apoptotic cells to 14.03±1.75%, while healthy cells dropped to 

33.57±2.28%. At IC80, the proportion of healthy cells further decreased to 

11.73±0.55%, with late apoptotic cells increasing substantially to 65.03±2.56%, and 

early apoptotic cells reduced to 19.13±1.27%. Necrotic cells were slightly lower at 

4.07±2.27% (Figure 4.3.30). 
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Figure 4.3.30. The SC3-F8 fraction from M. dubia chloroform extract induces apoptosis in HT29 

cells. (a-i) Control cell population; (a-ii) Cells treated with IC50 of the extract for 48 hours; (a-iii) 

Cells treated with IC80 of the extract for 48 hours, followed by staining with annexin-V/PI. The Q3 
quadrant (annexin V−/PI−) represents the percentage of normal cells; the Q4 quadrant (annexin 
V+/PI−) shows the percentage of cells in early apoptosis; and the Q2 quadrant (annexin V+/PI+) 
indicates cells in late apoptosis. (a-iv) Line diagram illustrating the percentage of cells in each stage 
of apoptosis (normal, early, and late) for each treatment condition. 

In PA1 cells, the control group had a high percentage of healthy cells 

(96.20±0.61%). IC50 treatment resulted in a decrease in healthy cells to 

53.03±2.14% and a moderate rise in late apoptotic cells to 28.7±5.02%. At IC80, the 

percentage of healthy cells dropped to 34.77±2.62%, early apoptotic cells rose 

significantly to 45.33±1.92%, and late apoptotic cells increased to 18.40±2.66%. 

Necrotic cells were relatively low at 1.2% (Figure 4.3.31). 

For UM-SCC-83B cells, the control group showed 85.23±2.77% healthy cells and 

low early and late apoptotic cells and necrotic cells. IC50 treatment caused a 

reduction in healthy cells to 32.30±3.74% and a significant increase in early 

apoptotic cells to 43.93±1.88%, with late apoptotic cells rising to 20.37±2.26%. At 
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IC80, healthy cells were further reduced to 11.17±1.84%, early apoptotic cells were 

13.03±2.86%, and late apoptotic cells increased dramatically to 71.23±2.64%. 

Necrotic cells remained relatively stable at 4.5±2.11% (Figure 4.3.32). 

 

Figure 4.3.31. The SC3-F8 fraction from M. dubia chloroform extract induces apoptosis in PA1 

cells. (a-i) Control cell population; (a-ii) Cells treated with IC50 of the extract for 48 hours; (a-iii) 

Cells treated with IC80 of the extract for 48 hours, followed by staining with annexin-V/PI. The Q3 
quadrant (annexin V−/PI−) represents the percentage of normal cells; the Q4 quadrant (annexin 
V+/PI−) shows the percentage of cells in early apoptosis; and the Q2 quadrant (annexin V+/PI+) 
indicates cells in late apoptosis. (a-iv) Line diagram illustrating the percentage of cells in each stage 
of apoptosis (normal, early, and late) for each treatment condition. 

These results demonstrate the impact of increasing treatment concentrations on 

apoptosis, highlighting significant shifts from healthy to early and late apoptotic 

states and changes in necrosis across the different cell lines. 
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Figure 4.3.32. The SC3-F8 fraction from M. dubia chloroform extract induces apoptosis in UM-

SCC-83B cells. (a-i) Control cell population; (a-ii) Cells treated with IC50 of the extract for 48 hours; 

(a-iii) Cells treated with IC80 of the extract for 48 hours, followed by staining with annexin-V/PI. The 
Q3 quadrant (annexin V−/PI−) represents the percentage of normal cells; the Q4 quadrant (annexin 
V+/PI−) shows the percentage of cells in early apoptosis; and the Q2 quadrant (annexin V+/PI+) 
indicates cells in late apoptosis. (a-iv) Line diagram illustrating the percentage of cells in each stage 
of apoptosis (normal, early, and late) for each treatment condition. 

4.3.2.5.5. Genotoxicity evaluation by comet assay 

The comet assay, or single-cell electrophoresis, was done to detect DNA strand 

breaks in individual cells. The cells were embedded in agarose on a microscope 

slide, then lysed, electrophoresed under alkaline conditions, and stained with 

ethidium bromide. DNA with strand breaks migrates out of the nuclei, forming a 

comet shape where the intact DNA appears as the 'head' and the damaged DNA 

forms the 'tail' (Collins, 2004). This assay was employed to evaluate the 

genotoxicity of the active fraction in HT29, MCF7, PA1, and UMSCC83B cell lines, 

as shown in Figure 4.3.33. 
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Figure 4.3.33. Genotoxicity assessment by alkaline comet assay in HT29, MCF7, PA1 and UM-
SCC-83B cancer cell lines treated with the active fraction, SC3-F8 from M. dubia chloroform extract 
after 48 hours. (a-i) HT29 Control; (a-ii) HT29 treated at IC20; (a-iii) HT29 treated at IC50; (b-i) 
MCF7 Control; (b-ii) MCF7 treated at IC20; (b-iii) MCF7 treated at IC50; (c-i) PA1 Control; (c-ii) 
PA1 treated at IC20; (c-iii) PA1 treated at IC50; (d-i) UM-SCC-83B Control; (d-ii) UM-SCC-83B 
treated at IC20; (d-iii) UM-SCC-83B treated at IC50. 

4.3.2.5.6. DNA fragmentation 

DNA fragmentation is a critical biochemical hallmark of apoptosis, characterized by 

the cleavage of chromosomal DNA into internucleosomal 180-bp oligonucleotides 

by caspase-activated endonuclease (CAD). This process can be detected as a distinct 

DNA ladder pattern on agarose gels (Hua and Xu, 2000; Majtnerova and Rousar, 

2018). In this study, we assessed the induction of apoptosis by evaluating DNA 

fragmentation in HT29, MCF7, PA1, and UMSCC83B cell lines treated with the 

active fraction. DNA was extracted from untreated and vehicle-treated control cells, 

as well as from cells exposed to varying concentrations of the active fraction, SC3-

F8. 
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Figure 4.3.34. DNA fragmentation induced by active fraction, SC3-F8 from M. dubia 
chloroform extract in (a) HT29, (b) MCF7 (c) PA1 and (d) UM-SCC-83B cell lines: (a) lane 1- 

DNA isolated from IC50 treated cells; lane 2- DNA isolated from IC20 treated cells; lane 3-100 bps 
DNA ladder; lane 4- DNA isolated from DMSO treated control; lane 5- DNA isolated from untreated 

control. (b) lane 1- DNA isolated from IC50 treated cells; lane 2- IC20 treated; lane 3-100 bps DNA 
ladder; lane 4- DNA isolated from DMSO treated control; lane 5- Cell control. (c) lane 1- 100 bps 

DNA ladder, lane 2- DNA isolated from untreated control, lane 3- DNA isolated from IC20 treated 

cells;; lane 3- DNA isolated from IC50 treated cells; lane 4- DNA isolated from DMSO treated 

control; lane 6- DNA isolated from IC80 treated cells. (d) lane 1- 100 bps DNA ladder; lane 2- DNA 
isolated from untreated control; lane 3- DNA isolated from DMSO treated control; lane 4- 3: DNA 

isolated from IC20 treated cells; lane 5- DNA isolated from IC50 treated cells. DNA was isolated after 
48 hours of treatment. 

The extracted DNA samples were electrophoresed on a 1.8% agarose gel, where a 

clear DNA laddering pattern was observed in the active fraction-treated samples, in 

contrast to the control groups (Figure 4.3.34). This laddering pattern indicates the 

occurrence of internucleosomal DNA fragmentation, which is a definitive sign of 

apoptosis. Specifically, as the concentration of the active fraction increased, the 

intensity of the DNA bands also increased in a dose-dependent manner for HT29, 
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MCF7, PA1, and UMSCC83B cell lines. This suggests that higher concentrations of 

the active fraction, SC3-F8 lead to more extensive DNA fragmentation. 

The absence of a DNA laddering pattern in the untreated and vehicle-treated control 

cells further supports the specificity of the observed effects, confirming that the 

DNA fragmentation was induced by the the active fraction extract rather than 

occurring spontaneously. These results collectively demonstrate that the active 

fraction treatment effectively induces apoptosis in HT29, MCF7, PA1, and 

UMSCC83B cell lines through the activation of apoptotic pathways leading to DNA 

fragmentation. This confirms the apoptotic potential of the active fraction and 

highlights its utility in inducing programmed cell death. 

4.3.2.6. Gene expression studies 

4.3.2.6.1. Total RNA isolation 

The isolation of total RNA is a critical step in many molecular biology experiments, 

ensuring that high-quality RNA is available for downstream applications such as 

reverse transcription, quantitative PCR, and RNA sequencing. In this study, total 

RNA was successfully isolated from treated and untreated cancer cell. The quantity 

and quality of the isolated RNA were assessed using spectrophotometric analysis 

and agarose gel electrophoresis. The spectrophotometric readings indicated high 

RNA purity, with A260/A280 ratios consistently between 1.8 and 2.0, which is 

within the accepted range for pure RNA. Agarose gel electrophoresis further 

confirmed the integrity of the RNA, as evidenced by the presence of distinct 28S 

and 18S rRNA bands without significant smearing, indicating minimal degradation 

(Figure 4.3.35). 

Using the isolated RNA as template, corresponding first strand cDNA were 

synthesised in thermal cycler under appropriate cycling conditions using the proper 

primer sequences of gene of interest. 
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Figure 4.3.35. Agarose gel image showing the two distinct bands (bands of 28S rRNA and 18S 
rRNA) in the treated and untreated cell groups. (a) Total RNA isolated from MCF7 cell line; (b) 
Total RNA isolated from PA1 cell line (c) Total RNA isolated from HT29 cell line (d) Total RNA 
isolated from UM-SCC-83B cell line. 

4.3.2.6.2. RT– qPCR analysis 

mRNA expression analysis in the HT29 cell line revealed a significant upregulation 

in pro-apoptotic genes, including caspase 3 (4.32±0.17-fold increase), caspase 8 

(7.81±0.05-fold increase), caspase 9 (4.27±0.22-fold increase), PTEN (8.73±0.05-

fold increase), and BAX (9.68±0.06-fold increase) (p<0.05). Conversely, a notable 

downregulation was observed in the expression of c-Myc (0.74±0.23-fold decrease), 

COX-2 (0.07±0.09-fold decrease), Bcl-2 (0.25±0.23-fold decrease), and NF-κB 

(0.11±0.13-fold decrease) (Figure 4.3.36). 
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Figure 4.3.36.  Changes in gene expression level in HT29 cell line when treated with SC3-F8. 

In the MCF7 cell line, a significant upregulation was observed in the expression of 

pro-apoptotic genes, including caspase 3 (10.99±0.02-fold increase), caspase 8 

(5.23±0.94-fold increase), caspase 9 (4.95±0.16-fold increase), PTEN (4.14±0.02-

fold increase), and BAX (3.10±0.37-fold increase) (p<0.05). Concurrently, a 

downregulation was noted in the expression of c-Myc (0.4±0.05-fold decrease), 

COX-2 (0.10±0.30-fold decrease), Bcl-2 (0.33±1.35-fold decrease), and NF-κB 

(0.68±0.03-fold decrease) (Figure 4.3.37). 

 

Figure 4.3.37. Changes in gene expression level in MCF7 cell line when treated with SC3-F8. 
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In the PA1 cell line, a significant upregulation was observed in the expression of 

pro-apoptotic genes, including caspase 3 (1.93±0.14-fold increase), caspase 8 

(3.26±0.08-fold increase), caspase 9 (1.83±0.07-fold increase), PTEN (2.52±0.05-

fold increase), and BAX (3.40±0.20-fold increase) (p<0.05). Meanwhile, a notable 

downregulation was recorded in the expression of c-Myc (0.22±0.02-fold decrease), 

COX-2 (0.01±1.23-fold decrease), and Bcl-2 (0.20±0.11-fold decrease) (Figure 

4.3.38). 

 

Figure 4.3.38. Changes in gene expression level in PA1 cell line when treated with SC3-F8. 

In the UM-SCC-83B cell line, a significant upregulation was observed in the 

expression of pro-apoptotic genes, including caspase 3 (7.67±0.05-fold increase), 

caspase 8 (1.7±0.22-fold increase), caspase 9 (1.9±0.11-fold increase), PTEN 

(5.8±0.23-fold increase), and BAX (2.44±0.07-fold increase) (p<0.05). Concurrently, 

a marked downregulation was seen in the expression of genes associated with cell 

survival and inflammation, such as c-Myc (0.5±0.14-fold decrease), COX-2 

(0.12±0.04-fold decrease), Bcl-2 (0.22±0.19-fold decrease), and NF-κB (0.04±0.38-

fold decrease) (Figure 4.3.39). 
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Figure 4.3.39. Changes in gene expression level in UM-SCC-83B cell line when treated with SC3-
F8. 

The treatment with SC3-F8 caused change in the expression of genes associated 

with apoptosis at mRNA level. The proapototic genes upregulated and antiapoptotic 

proteins downregulated, indicating potential involvement in apoptosis. 

4.3.2.6.3. Study of P53 and Bcl2 expression using flow cytometry 

 

Figure 4.3.40. Flowcytometric analysis of P53 and Bcl2 in HT29, MCF7, PA1 and UM-SCC-83B 
after treatment with SC3-F8. (a) Expression of P53 I: HT29, ii: MCF7, iii: PA1, iv: UM-SCC-83B. 
(b) Expression of BCL2 i: HT29, ii: MCF7, iii: PA1, iv: UM-SCC-83B.  
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P53 and Bcl-2 were studied at the protein level using flow cytometry on 

permeabilized cells (Figure 4.3.40). A shift in the peak position of the cell 

population in the treated samples compared to the control indicated an increased 

expression of P53 and a decreased expression of Bcl-2. 

4.3.2.7. Cell cycle Analysis 

 
 

Figure 4.3.41. Histogram showing the cell distribution in various cell cycle stages in HT29 cell line. 

(a-i) DMSO control; (a-ii) IC20 treated cells; (a-iii) IC40 treated cells (a-ivi) IC60 treated cells.  
 

 
 
Figure 4.3.42. Bar diagram showing the cell distribution in different stages of cell cycle in DMSO 
control and treated groups in HT29 cell line. 

  



 
Chapter 4 

 

 311

In evaluating the cell cycle phase-specific distribution of the active fraction, SC3-

F8-treated cells, flow cytometric analysis was conducted using propidium iodide 

(PI) to stain DNA. This analysis reveals the distribution of cells across the G1, S, 

and G2/M phases of the cell cycle, as well as the sub-G1 phase, which represents 

apoptotic cells with fractional DNA content (Kajstura et al., 2007). 

In HT29 cell line, treated with the active fraction, SC3-F8, notable changes were 

observed across different concentrations. The treatment led to an increase in the 

proportion of cells in the subG0 phase, rising from 5.73±1.58% to 12.53±7.08%, 

indicative of apoptosis. Additionally, a higher number of cells accumulated in the 

G1 phase, while a reduction in cell numbers was noted in the S and G2 phases, 

suggesting a cell cycle arrest at the G1 phase (Figures 4.3.41, 4.3.42). 

In the MCF7 cell line treated with the active fraction SC3-F8, significant changes 

were observed at various concentrations. The treatment resulted in an increase in the 

proportion of cells in the subG0 phase, rising from 6.83±1.05% to 15.47±2.05%, 

indicating apoptosis. Furthermore, a relatively greater number of cells accumulated 

in the G1 phase, while a decrease in cell numbers was noted in the S and G2 phases, 

suggesting a cell cycle arrest in the G1 phase (Figures 4.3.43, 4.3.44). 
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Figure 4.3.43. Histogram showing the cell distribution in various cell cycle stages in MCF7 cell line. 

(a-i) DMSO control; (a-ii) IC20 treated cells; (a-iii) IC40 treated cells (a-iv) IC60 treated cells.  

 

Figure 4.3.44. Bar diagram showing the cell distribution in different stages of cell cycle in DMSO 
control and treated groups in MCF7 cell line. 

In the PA1 cell line treated with the active fraction SC3-F8, significant changes were 

observed at various concentrations. The treatment led to an increase in the 

proportion of cells in the subG0 phase, rising from 10.00±0.44% to 31.60±2.91%, 

indicating apoptosis. Additionally, a relatively larger number of cells accumulated in 

the G1 phase, while a decrease in cell numbers was noted in the S and G2 phases, 

suggesting a cell cycle arrest at the G1 phase (Figures 4.3.45, 4.3.46). 
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Figure 4.3.45. Histogram showing the cell distribution in various cell cycle stages in PA1 cell line. 

(a-i) DMSO control; (a-ii) IC20 treated cells; (a-iii) IC40 treated cells (a-iv) IC60 treated cells.  

 

 

Figure 4.3.46. Bar diagram showing the cell distribution in different stages of cell cycle in DMSO 

control and treated groups in PA1 cell line. 

In the UM-SCC-83B cell line treated with the active fraction SC3-F8, significant 

changes were observed at various concentrations. The treatment resulted in an 

increase in the proportion of cells in the subG0 phase, rising from 9.43±2.01% to 

12.63±1.09%, indicating apoptosis. Furthermore, a relatively larger number of cells 

accumulated in the G1 phase, while a decrease in cell numbers was noted in the S 
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and G2 phases, suggesting a cell cycle arrest at the G1 phase (Figures 4.3.47, 

4.3.48). 

 

Figure 4.3.47. Histogram showing the cell distribution in various cell cycle stages in PA1 cell line. 

(a-i) DMSO control; (a-ii) IC20 treated cells; (a-iii) IC40 treated cells (a-vi) IC60 treated cells.  

 

Figure 4.3.48. Bar diagram showing the cell distribution in different stages of cell cycle in DMSO 
control and treated groups in PA1 cell line. 

This study highlights the significant impact of the active fraction treatment on cell 

cycle distribution and apoptosis in various cancer cell lines, including HT29, MCF7, 

PA1, and UM-SCC-83B. Through flow cytometric analysis using propidium iodide 

(PI) staining, it was observed that the active fraction induces notable changes in cell 

cycle phases, particularly at higher concentrations. In HT29, MCF7, and UM-SCC-
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83B cells, the active fraction treatment resulted in a marked reduction in the G1 

phase population, with a concomitant increase in the sub-G0 phase, indicative of 

apoptosis. PA1 cells showed the most dramatic response, with nearly 90% of cells in 

the sub-G1 phase at the highest concentration, reflecting extensive apoptosis. 

These findings suggest that the active fraction exerts its anti-cancer effects by 

inducing cell cycle arrest and promoting apoptosis in a dose-dependent manner. The 

differential sensitivity among the cell lines indicates the potential specificity of the 

active fraction’s action, which could be influenced by the unique molecular 

characteristics of each cell type. Overall, the active fraction shows promise as a 

potential anti-cancer agent, with its ability to disrupt the cell cycle and induce 

apoptosis, warranting further research to explore its therapeutic potential and 

underlying mechanisms in cancer treatment. 

4.3.2.8. The active fraction, SC3-F8 prevents cell migration and inhibits EMT  

              pathway in the cancer cells. 

4.3.2.8.1. Scratch wound healing assay     

At the initial time point (0 hours), a clear scratch was observed in both control and 

treated groups. Over time, the wound area in the control group progressively 

decreased, with significant cell migration observed. In contrast, treated groups 

showed a concentration-dependent reduction in migration. At lower concentrations 

of the treatment, some cell migration was observed, but cells remained largely at the 

wound edges at higher concentrations, indicating a more pronounced inhibitory 

effect on cell migration. The active fraction's effect on wound healing highlights it’s 

potential to hinder cellular processes essential for tissue repair and cancer 

metastasis. 

In the control group, the cells demonstrated natural wound healing abilities. Over a 

span of hours, cells from the edges of the scratch migrated into the wound area, 

gradually closing the gap. This migration is a critical aspect of wound healing, 

showcasing the cells' ability to move and proliferate to repair the tissue. In contrast, 
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the treated groups exhibited a stark difference in behaviour. At lower concentrations 

of the active fraction, there was still some degree of cell migration, though 

noticeably less than in the control group. Cells began to move towards the centre of 

the wound but did not cover as much area. As the concentration of the active 

fraction increased, the inhibitory effects became more pronounced. At higher 

concentrations, cell migration was significantly impaired, with cells remaining 

predominantly at the wound edges and showing minimal movement into the wound 

area. This concentration-dependent reduction in migration suggests that the active 

fraction disrupts key mechanisms involved in cell motility and proliferation (Figures 

4.3.49-4.3.52). 

 

 

Figure 4.3.49. Scratch wound healing assay in HT29, following treatment with SC3-F8 from M. 
dubia chloroform extract at IC20 and IC50 concentrations. The exposure of the cells to the extract 
considerably inhibited or reduced the wound closure while the wound comparatively got closed or 
cells were migrated and grown into the wound area in the control after 48 hours. 
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Figure 4.3.50. Scratch wound healing assay in MCF7, following treatment with SC3-F8 from M. 
dubia chloroform extract at IC20 and IC50 concentrations. The exposure of the cells to the extract 
considerably inhibited or reduced the wound closure while the wound comparatively got closed or 
cells were migrated and grown into the wound area in the control after 48 hours. 

 

Figure 4.3.51. Scratch wound healing assay in PA1, following treatment with SC3-F8 from M. dubia 
chloroform extract at IC20 and IC50 concentrations. The exposure of the cells to the extract 
considerably inhibited or reduced the wound closure while the wound comparatively got closed or 
cells were migrated and grown into the wound area in the control after 48 hours.   
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Figure 4.3.52. Scratch wound healing assay in UM-SCC-83B, following treatment with SC3-F8 from 
M. dubia chloroform extract at IC20 and IC50 concentrations. The exposure of the cells to the extract 
considerably inhibited or reduced the wound closure while the wound comparatively got closed or 
cells were migrated and grown into the wound area in the control after 48 hours. 

The implications of these findings are significant, especially in the context of cancer 

treatment. The ability of cancer cells to migrate and invade new tissues is a 

fundamental characteristic of metastasis, the primary cause of cancer-related 

mortality. 

4.3.2.8.2. Cell migration assay/ Boyden chamber/ Trans–well migration assay 

 
Figure 4.3.53. Effect of SC3-F8 on migration of cancer cells. The fraction caused a dose dependent 
decrease in the cell migration in HT29 (a-i, a-ii, a-iii), MCF7 (b-i, b-ii, b-iii), PA1 (c-i, c-ii, c-iii) and 
UM-SCC-83B (d-i, d-ii, d-iii).  
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In the transwell migration assay, the initial results show a clear trend regarding the 

effect of the treatment on cell migration. At the 0-hour mark, cells were placed in 

the upper chambers, establishing a baseline for their movement. Over the course of 

the experiment, the control group, which did not receive any treatment, 

demonstrated robust cell migration through the membrane into the lower chamber. 

This indicates that, in the absence of treatment, the cells have a strong tendency to 

migrate. 

In contrast, the treated groups exhibited a concentration-dependent decrease in cell 

migration. At lower concentrations of the treatment, cells still managed to migrate 

through the membrane, but the migration was noticeably reduced compared to the 

control group. This suggests that even at lower doses, the treatment exerts some 

inhibitory effect on cell movement, although it is not complete (Figure 4.3.53). 

As the concentration of the treatment increased, a more pronounced inhibition of 

cell migration was observed. At the highest concentrations, migration was severely 

impeded, with a significant reduction in the number of cells reaching the lower 

chamber. This result underscores a dose-dependent response to the treatment, where 

higher concentrations are more effective in blocking cell migration. 

Overall, the data indicate that the treatment effectively inhibits cell migration in a 

concentration-dependent manner. This suggests that the treatment has potential as an 

anti-migratory agent, which could be of interest in contexts where controlling cell 

movement is desirable, such as in cancer metastasis or inflammatory responses. 

4.3.2.8.3. SC3-F8 induces changes in angiogenesis related gene expression at 

mRNA level 

Angiogenesis, the formation of new blood vessels, plays a crucial role in tumour 

growth and metastasis, with vascular endothelial growth factor A (VEGF-A) being a 

key driver of this process. However, due to the heterogeneity of cancer, predicting 

angiogenesis across various tumour types and tissues using a single mRNA marker 

is challenging. Consequently, a panel of potential markers was evaluated to identify 
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those that correlate with VEGF-A expression and contribute to the angiogenic 

process. 

In this study, the relative expression of genes involved in angiogenesis was assessed. 

A significant decrease in the expression of Vegf-A and MMP2 was observed in the 

HT29, MCF7, PA1, and UM-SCC-83B cell lines (Figure 4.3.54). Specifically, Vegf-

A expression decreased by 0.54±0.75, 0.21±0.23, 0.46±0.25, and 0.02±0.63 folds in 

HT29, MCF7, PA1, and UM-SCC-83B, respectively. Similarly, MMP2 levels also 

decreased in these cell lines by 0.25±0.75, 0.57±0.50, 0.13±0.35, and 0.16±0.12 

folds, respectively. In contrast, the level of Angiostatin increased significantly by 

3.55±0.20, 3.13±0.89, 4.35±0.22, and 7.41±0.43 folds in the respective cell lines. 

 

Figure 4.3.54. The gene expression changes at mRNA level in four cell types. The genes under study 
are angiogenesis regulating genes. (a) HT29, (b) MCF7, (c) PA1, (d) UM-SCC-83B. 
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4.3.2.8.4. Western blotting 

To investigate the effect of SC3-F8 on cell metastasis, our study analysed the 

expression of various epithelial-to-mesenchymal transition (EMT) markers. The 

study focused on several key markers; Snail, a transcriptional repressor that 

regulates E-cadherin, promoting EMT, Slug and Twist are transcriptional repressors 

that regulates the expression of tumour suppressor E-cadherin and N-cadherin and 

vimentin, mesenchymal markers indicative of EMT. 

The results revealed that SC3-F8 treatment led to a concentration-dependent 

downregulation of several EMT-related proteins; Snail, Slug, Vimentin, C-Myc and 

COX-2. Conversely, the expression of E-cadherin (CDH1) increased with treatment. 

This suggests that SC3-F8 effectively suppresses key EMT-associated proteins, 

potentially reversing EMT and thereby reducing cell migration and metastasis. The 

increase in CDH12 expression could be indicative of an attempt to re-establish 

epithelial characteristics or may reflect complex regulatory interactions within the 

EMT process. These findings provide insight into how SC3-F8 may reduce 

metastasis by modulating the EMT pathway, suggesting its potential as a therapeutic 

agent in preventing cancer progression (Figure 4.3.55, 4.3.56). 

 

Figure 4.3.55. SC3-F8 inhibits the expression of EMT markers. The SC3-F8 downregulates the 
mesenchymal markers such as CDH2, and VIM, and EMT key transcription factors such as SNAI1, 
c-myc and slug. (a) Western blot analysis of HT29 lysate for EMT associated proteins. Lane 1: Cell 
control, 2: DMSO control, 3: IC20 concentration, 4: IC50 concentration, 5: 5-Fluorouracil treated (b) 
Western blot analysis of MCF7 lysate for EMT associated proteins. Lane 1: DMSO control, 2: IC20 

concentration, 3: IC50 concentration, 4: 5-Fluorouracil. 
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Figure 4.3.56. SC3-F8 inhibits the expression of EMT markers. (a) Western blot analysis of PA1 
lysate for EMT associated proteins. Lane 1: DMSO control, 2: IC20, 3: IC40, IC60, IC80 (b) Western 
blot analysis of UM-SCC-83B lysate for EMT associated proteins. Lane 1: DMSO control, 2: IC20, 3: 
IC40, IC60, IC80. The SC3-F8 downregulates mesenchymal markers (CDH2, VIM,), and EMT 
transcription factors (SNAI1) c-myc and slug. 
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DISCUSSION 

Plants are rich sources known for the presence of anticancer molecules. Anamirta 

cocculus and Melia dubia, the two plants were selected for further base on their very 

high cytotoxicity against cancer cell lines (chapter 2) 

4.4.1. The cytotoxic analysis of ethyl acetate extract from Anamirta cocculus  

            and purified fraction from Melia dubia on cancer cell lines. 

Ethyl acetate extract from A. cocculus exhibited remarkable potency, particularly 

against PA1 ovarian cancer cells, achieving a 98.64±0.40% mortality rate. This level 

of efficacy is noteworthy, especially considering that it also significantly affected 

HT29 colon cancer cell line. The IC50 obtained for the extract on HT29 and PA1 

were 17.97±0.63 µg/mL and 8.30±0.38 µg/mL respectively which were under the 

NCI limit of 30 µg/mL and the toxicity was significantly less on normal cell line, 

HaCaT (>100 µg/mL). This suggests the presence of robust anticancer potential for 

the extract. The high degree of cell death induced by this extract suggests a robust 

anticancer potential that warrants further investigation. Similarly, the chloroform 

extract from M. dubia demonstrated substantial cytotoxic effects, with 94.23±0.35% 

cell death observed in HT29 cells. The IC50 values for this extract varied across 

different cancer cell lines, reflecting the differential sensitivity of these cells. For 

instance, the IC50 was 61.26±2.55 µg/mL for HT29 cell line, 75.54±1.16 µg/mL for 

MCF7, 29.77±0.86 µg/mL for PA1 cell line and 31.28±1.77 µg/mL, for UM-SCC-

83B illustrating the high anticancer potential of the extract. The varying IC50 values 

among different cancer types—ranging from 29.77±0.86 µg/mL to 75.54±1.16 

µg/mL on the cell lines under study—underscore the need for tailored therapeutic 

strategies based on cell-specific responses. The lower toxicity observed in HaCaT, 

normal skin cell line, further supports the selective action of these extracts on cancer 

cells, which is crucial for minimizing collateral damage and enhancing safety in 

potential therapeutic applications. 
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The exploration of extracts from Anamirta cocculus and Melia dubia has yielded 

promising results in the search for effective anticancer agents. The ethyl acetate 

extract from A. cocculus and the chloroform extract from M. dubia demonstrated 

significant cytotoxicity across various cancer cell lines, highlighting their cell type 

specificity and strong potential as anticancer agents. Soumya et al., (2021) 

demonstrated that the petroleum ether extract of Curcuma mutabilis rhizome 

exhibited cytotoxicity against four cancer cell lines. The low IC50 values observed 

for Zingiber anamalayanum rhizome extracts on HCT116 (<5 - 25 μg/mL) and 

HL60 (7.9 - 24 μg/mL) cell lines suggest a high level of cytotoxicity. Furthermore, 

the essential oil from Z. anamalayanum rhizome showed anticancer activity against 

DLA cells in an in vivo model, as reported by Salim et al., (2015). Similarly, 

Elufioye et al., (2017) found that the ethyl acetate fraction of Pseudocedrela 

kotschyi exhibited potent anticancer activity, with IC50 values of 21.53 μg/mL for 

HeLa cells and 38.46 μg/mL for RD cells. Nelson et al., (2020) also reported that the 

methanolic extract of Eclipta alba displayed significant specificity (p < 0.005) 

against HCT-116 cells compared to other cancer cell lines, while showing minimal 

or no toxicity to WI-38 cells. These findings are consistent with our results, 

underscoring the anticancer potential of plant extracts even at low concentrations. 

The cytotoxicity of the extracts from A. cocculus and M. dubia indicated the 

presence of highly active anticancer molecules in the extracts. Further purification 

and characterisation of the bioactive molecules is required. Additionally, exploring 

the molecular targets and pathways influenced by these extracts could provide 

insights into their therapeutic potential and help identify optimal treatment regimens. 

The Trypan Blue dye exclusion method results indicate a notable reduction in the 

viability of HT29 and PA1 cancer cell line when treated with A. cocculus ethyl 

acetate extract. In the same way, four cancer cell lines (HT29, MCF7, PA1, and 

UM-SCC-83B) exhibited reduced viability in response to the purified active fraction 

(SC3-F8), with effects observed in a dose-dependent manner. As the concentration 

of the active fraction, SC3-F8 increased (IC20, IC50, and IC80), cell viability 

consistently decreased across all tested cell lines. The statistical analysis (p < 
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0.0001) supports the significance of these results, highlighting the active fraction's 

substantial potential as an anticancer agent. These results also align with the MTT 

assay results, confirming the cytotoxic potentials of the extracts.  

In addition, the pronounced decrease in colony formation on treatment with A. 

cocculus ethyl acetate extract and SC3-F8 fraction from M. dubia indicated the 

presence of molecules which prevents the colony forming capacity, a characteristic 

feature of cancer cells. The clonogenic assay revealed a clear dose-dependent 

reduction in colony formation, indicating that the A. cocculus ethyl acetate extract 

and SC3-F8 fraction from M. dubia impair the multiplication capability of cancer 

cells, which inhibit tumour growth and spread. Previous studies conducted by Guo et 

al. also showed a similar dose-dependent reduction in clonogenic growth when 

treated with the n-butyl alcohol extract of Litchi seed (NLS) (Guo et al., 2021). The 

methanolic extract of Eclipta alba in an experiment conducted by Nelson et al. also 

showed reduced migration as well as clonogenic ability of the cancer cell lines, 

confirming the anticancer potential of the extract against HCT-116 cells (Nelson et 

al., 2020). MDA-MB-231 and HCT-8 cancer cell lines also exhibited about 70-90% 

reduction in colony formation when treated with leaf, bark and seed extracts 

obtained from Moringa oleifera. These results were in agreement with those 

obtained by Syed Najmuddin et al., on breast cancer cell line on Annona 

muricata leaf crude extract treatment, Chaves et al., on prostate cancer cell line on 

pomegranate juice and peel extracts treatment, Li et al., on human lung 

adenocarcinoma, A549, and human breast cancer, MCF7 on Rheum officinale water 

extract treatment, etc. All these results emphasize the importance of anticancer 

property of plant extracts (Najmuddin et al., 2016; Chaves et al., 2020; Li et al., 

2009).  

4.4.2. The effect of Anamirta cocculus ethyl acetate extract and the active  

            fraction, SC3-F8 from Melia dubia on apoptosis on cancer cell lines 

Apoptosis-related morphological changes have been instrumental in identifying 

apoptosis-inducing stimuli and guiding the study of apoptosis biochemistry and 
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signalling pathways. The morphological alterations observed in treated cancer cell 

lines, including structural distortions, surface shrinkage, and DNA fragmentation, 

serve as clear indicators of apoptosis, or programmed cell death. These apoptosis-

specific features were particularly evident in cells treated with the ethyl acetate 

extract of Anamirta cocculus and the active fraction SC3-F8 from Melia dubia, 

suggesting their strong potential to effectively induce apoptosis in cancer cells. 

Furthermore, the comet assay conducted on cancer cell lines treated with A. cocculus 

and the active fraction SC3-F8 from M. dubia revealed a dose-dependent rise in 

DNA damage. Higher extract concentrations resulted in longer comet tails, 

indicating increased DNA damage. In contrast, no comet tails were observed in 

untreated or vehicle-treated cells, confirming that the DNA damage was specifically 

induced by the extracts. These findings are consistent with earlier studies that used 

the comet assay to demonstrate the genotoxic effects of plant extracts (Mattana et 

al.,2014; Kahaliw et al., 2018), highlighting the genotoxic potential of the ethyl 

acetate extract of A. cocculus and SC3-F8 from M. dubia. Similar results were 

reported by Li et al., who observed DNA fragmentation in A549 and MCF7 cell 

lines following treatment with Rheum officinale water extract (Li et al., 2009). 

Koňariková et al. also found comparable effects, including DNA strand breaks and 

oxidative damage upon administering black tea extract, leading to apoptotic cell 

death in HT-29 and MCF7 cells (Koňariková et al., 2015). Efenberger-Szmechtyk et 

al. demonstrated that Cornus mas extract caused morphological changes in Caco-2 

cells, such as partial cell detachment, necrosis, chromatin condensation, cytoplasmic 

vacuolization, and nuclear fragmentation (Efenberger-Szmechtyk et al., 2020). DNA 

damage in Caco-2 cells after exposure to the leaf extracts was assessed using the 

alkaline comet assay, showing a concentration-dependent increase in DNA damage. 

A decrease in mitochondrial membrane potential (MMP), a key event in apoptosis, 

was observed following treatment with Anamirta cocculus extract and the SC3-F8 

fraction from Melia dubia. This was detected using fluorescence microscopy and 

flow cytometry, where changes in fluorescence indicated alterations in membrane 

potential. Increased apoptosis, as evidenced by chromatin condensation, further 
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supported these observations. The loss of mitochondrial membrane potential 

increased with higher extract concentrations. Similarly, Kocyigit and Guler 

investigated the cytotoxic, genotoxic, apoptotic effects, ROS generation, and MMP 

alterations of curcumin on mouse melanoma cancer cells (B16-F10) and normal 

fibroblastic cells (L-929) (Kocyigit and Guler, 2017). Their results showed that 

curcumin reduced cell viability and MMP while increasing DNA damage, apoptosis, 

and ROS levels in both cell types in a dose-dependent manner, with stronger effects 

in melanoma cells. They found a strong positive correlation between DNA damage, 

apoptosis, cytotoxicity, ROS generation, and MMP in curcumin-treated melanoma 

and normal cells. In summary, their study demonstrated that curcumin induces DNA 

damage, apoptosis, and cytotoxicity via its pro-oxidant activity, with these effects 

being more pronounced in cancer cells than in normal cells. The observed increase 

in MMP depolarization in treated cancer cell lines, as measured by JC-1 flow 

cytometry, was also described by Vijayarathna et al. on treating HeLa cells with 

Polyalthia longifolia methanol extract (Vijayarathna et al., 2017). Comparable 

findings were also reported by Lakshmipriya et al. using Wrightia arborea leaf 

extract on the K562 cell line (Lakshmipriya et al., 2018). 

Annexin V staining, which detects the translocation of phosphatidylserine (PS) to 

the cell surface (Lecoeur et al., 2001), showed a significant rise in both early and 

late apoptotic cells following IC50 treatment of the active fraction, SC3-F8. In the 

control group, the majority of cells were healthy, with few early or late apoptotic 

cells and minimal necrotic cells. At IC80 concentrations, there was a notable 

decrease in healthy cells and a significant increase in late apoptotic cells. This 

pattern was consistent across all four cancer cell lines (HT29, MCF7, PA1, and UM-

SCC-83B), indicating that SC3-F8 induces apoptosis rather than necrosis. These 

results indicate that the active fraction from M. dubia, SC3-F8 promotes a 

concentration-dependent apoptosis in treated cancer cells, with a transition from 

healthy to apoptotic states as treatment doses increase. This suggests that SC3-F8 

has potential as an anticancer agent by selectively inducing apoptosis while reducing 

necrosis. These findings align with the research of Soumya et al. and Rezadoost et 
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al. which demonstrated that the cell death induced by the petroleum ether extract of 

Curcuma mutabilis and the methanolic extracts of Catharanthus roseus and 

Calystegia sepium leaves were apoptosis-driven, as confirmed by annexin V binding 

assay (Soumya et al., 2021; Rezadoost et al., 2019). Further studies are necessary to 

isolate the anticancer molecule and to elucidate the molecular mechanisms behind 

these effects.  

The level of expression of mRNA in the HT29 cell line, when treated with the active 

fraction, SC3-F8 at different concentrations, demonstrated a substantial increase in 

pro-apoptotic genes, including caspase 3, caspase 8, caspase 9, PTEN, and BAX. At 

the same time, a pronounced reduction was observed in the expression of c-Myc, 

COX-2, Bcl-2, and NF-κB. 

In the MCF7 cell line, there was a significant rise in pro-apoptotic gene expression, 

with caspase 3 showing a 10.99±0.02-fold increase, along with caspase 8, caspase 

9, PTEN, and BAX. This was accompanied by a decrease in the expression of c-Myc, 

COX-2, Bcl-2, and NF-κB. 

Similarly, in the PA1 cell line, pro-apoptotic genes, including caspase 3, caspase 8, 

caspase 9, PTEN, and BAX, were significantly upregulated, while the expression of 

c-Myc, COX-2, and Bcl-2 was markedly downregulated. 

In the UM-SCC-83B cell line, there was a notable increase in pro-apoptotic gene 

expression, including caspases 3, 8, and 9, PTEN, and BAX, coupled with a 

downregulation of genes involved in cell survival and inflammation, such as c-Myc, 

COX-2, Bcl-2, and NF-κB. 

Gene expression analysis revealed that SC3-F8 induces apoptosis by regulating the 

Bcl-2 family of genes, which influences mitochondrial membrane integrity. 

Specifically, the anti-apoptotic gene Bcl-2 was downregulated, while the pro-

apoptotic BAX gene was upregulated. The increased expression of caspases 3, 8, and 

9 suggests activation of both the intrinsic and extrinsic apoptotic pathways, with 

caspase-3 playing a critical role in cleaving proteins like PARP during apoptosis. A 
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study conducted in 2020 demonstrated that in breast (MCF-7), liver (HepG2), and 

colon (HCT116) cancer cells treated with Saussurea costus extract, pro-apoptotic 

proteins were elevated while anti-apoptotic proteins were suppressed, indicating the 

involvement of the mitochondrial pathway in apoptosis. These findings suggest that 

Saussurea costus may be a promising anticancer agent (Shati et al., 2020). 

In a study by Esmaeili and Farimani, the expression of PTEN mRNA was detected 

by RT-PCR following treatment with Salvia sahendica, which induced apoptosis in 

MCF-7 breast cancer cells by upregulating PTEN and inhibiting the PI3K/Akt 

pathway (Esmaeili and Farimani, 2014). Similarly, ethanolic neem leaf extract 

treatment increased caspase-3 expression and modulated Bcl-2 family gene 

expression, leading to apoptosis in PC-3 and LNCaP prostate cancer cells 

(Gunadharini et al., 2011). Additionally, Phaleria macrocarpa induced the 

expression of pro-apoptotic genes such as BAX, BAD, and PUMA, leading to 

caspase-9 activation, PARP cleavage, and DNA fragmentation, which targeted both 

cell survival and apoptotic genes in MDA-MB-231 breast cancer cells 

(Tandrasasmita et al., 2010). 

The nuclear protein P53 is known to be involved in cell transformation and 

proliferation, making the study of its expression in human malignancies clinically 

significant. A significant shift in P53 expression was observed, with increased levels 

correlating with higher SC3-F8 treatment concentrations, indicating a concentration-

dependent impact on apoptosis. A reduction in Bcl-2 expression, particularly in 

HT29 cells, confirmed the downregulation of this key anti-apoptotic protein in 

response to SC3-F8 treatment. In a previous study, P53 levels in stimulated 

lymphocytes were assessed using flow cytometry (Danova et al., 1990), highlighting 

the potential importance of P53 regulation in cancer treatment. 

Inhibiting the progression of the cell cycle is a crucial strategy in managing cancer 

growth (Qui et al., 2011). Both DNA flow cytometry and fluorescent microscopy 

demonstrated that the active fraction SC3-F8 from M. dubia effectively arrested the 

cell cycle at the G1 phase in all the treated cell lines, including HT29, MCF7, PA1, 
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and UM-SCC-83B, while also inducing apoptosis. Propidium iodide staining 

revealed distinct differences between control and SC3-F8-treated cells, showing a 

significant increase in the number of cells in the sub-G0 phase, which is indicative 

of apoptosis due to DNA fragmentation (Kajstura et al., 2007). This evidence 

suggests that SC3-F8 leads to DNA damage, which subsequently triggers apoptosis. 

Similarly, earlier research demonstrated G1 phase cell cycle arrest in MCF7 cells 

following treatment with extracts from Glehnia littoralis root extract (de la Cruz et 

al., 2015) and Dorema glabrum root extract (Jafari et al., 2016). The increase in the 

number of cells arrested in the G1 phase suggests that they are unable to progress 

further through the cell cycle, ultimately resulting in cell death. 

The study further demonstrated that fraction, SC3-F8 treatment resulted in elevated 

mRNA levels of pro-apoptotic genes like BAX, while genes associated with cell 

proliferation and survival, including Vegf-A, c-Myc, and COX-2, were significantly 

downregulated. Notably, SC3-F8 led to a marked decrease in the expression of c-

Myc, a gene frequently overexpressed in various cancers and linked to increased cell 

proliferation. This reduction in c-Myc, along with the downregulation of COX-2, 

highlights SC3-F8's potential to inhibit cancer cell growth. Similar apoptotic effects 

have been observed with other compounds, such as toosendanin from Melia 

toosendan, which also induces apoptosis through the inhibition of this pathway. The 

suppression of Vegf-A and COX-2 corresponds with the inhibition of cancer cell 

growth and survival pathways. Likewise, morusin, a flavonoid, has been shown to 

downregulate COX-2 and Vegf-A expression levels (Yin et al., 2018). Additionally, 

Kong et al., reported similar findings, noting the downregulation of Vegf-A and 

COX-2 in the A549 cancer cell line following paclitaxel treatment (Kong et al., 

2017). 

4.4.3. Cell migration and EMT pathway 

The study investigated the effects of Anamirta cocculus extract and SC3-F8 from 

Melia dubia on the migratory properties of cancer cells, an essential process in 

metastasis. Both treatments significantly reduced cell migration in a concentration-
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dependent manner. The wound healing assay, conducted at IC20 of Anamirta 

cocculus extract and SC3-F8 from Melia dubia, revealed a marked delay in wound 

closure, with a complete inhibition of migration observed at IC50. This impairment 

in wound healing highlights the treatments' effectiveness in suppressing cell 

motility. In addition to the observed delay, cell migration assays confirmed that 

SC3-F8 inhibited migration even in the presence of chemo-attractants, 

demonstrating its potent anti-migratory effects. These results suggest that both 

extracts have the ability to impede cancer cell migration, potentially due to their 

influence on diminishing cell motility, supporting their role as both anti-proliferative 

and anti-migratory agents. 

Additionally, the research explored the expression levels of key angiogenesis-related 

genes, including Vegf-A, angiostatin, and matrix metalloproteinase 2 (MMP2), in 

four different cancer cell lines. Vegf-A is a major pro-angiogenic factor, while 

MMP2 is involved in extracellular matrix degradation, both processes being 

essential for tumour angiogenesis. The treatment with the active fraction, SC3-F8 

revealed a notable reduction in the mRNA levels of Vegf-A and MMP2, while 

Angiostatin, an endogenous angiogenesis inhibitor, exhibited a significant 

concentration-dependent increase. The inverse relationship observed between Vegf-

A and Angiostatin act together leading to inhibition of angiogenic signals required 

for tumour growth and metastasis. As an inhibitor of neovascularization, the 

increase in angiostatin levels could reflect an attempt by cancer cells to regulate 

their microenvironment by suppressing excessive angiogenesis, which could 

destabilize tumour growth if left uncontrolled. 

The observed reduction in MMP2 expression, combined with the decreased levels of 

Vegf-A, supports the hypothesis of a linked regulatory mechanism. MMP2 plays a 

crucial role in extracellular matrix remodelling, facilitating endothelial cell 

migration, a key process in angiogenesis. The correlation between the 

downregulation of Vegf-A and MMP2 and the increase in angiostatin emphasizes a 

coordinated network of gene expression changes that collectively modulate 

angiogenesis in cancer cells.  
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In terms of metastasis, the study analyzed the effects of SC3-F8 on the epithelial-to-

mesenchymal transition (EMT), a process where epithelial cells acquire 

mesenchymal characteristics, enhancing their migratory and invasive abilities, which 

is a key factor in cancer metastasis. The research focused on several EMT markers, 

including Snail, Slug, Twist, Vimentin, N-cadherin (CDH2), and the pro-

inflammatory marker COX-2. The results indicated a significant downregulation of 

EMT-related proteins Snail, Slug, Twist, Vimentin, and COX-2 following SC3-F8 

treatment. Conversely, N-cadherin expression increased, suggesting that SC3-F8 

may not only suppress EMT but also potentially reverse it, thereby reducing the 

invasive properties of cancer cells. The increase in N-cadherin expression could 

indicate an attempt to re-establish epithelial traits, further supporting the role of 

SC3-F8 in mitigating the EMT process. 

These findings suggest that SC3-F8 may act as an effective therapeutic agent by 

reducing cancer cell migration and metastasis through its regulation of the EMT 

pathway. Similar findings have been reported in supporting studies. For example, 

the n-butyl alcohol extract of Litchi seed has been shown to reverse EMT by 

increasing E-cadherin and β-catenin expression while decreasing Vimentin and Snail 

levels, partially through inhibition of the Akt/GSK-3β signalling pathway (Guo et 

al., 2021). In another study, nanoemulsions containing Ferula assa-foetida seed 

essential oil significantly decreased the expression of VEGF and VEGFR in MCF7 

cells, corroborating the findings from SC3-F8 treatment (Azani et al., 2022). 

Furthermore, Pinus massoniana bark extract significantly inhibited the migration of 

lung cancer cells by downregulating MMP-9 expression, further highlighting the 

potential of traditional plant extracts as cancer therapeutics (Mao et al., 2017). 

In conclusion, the analysis of fraction, SC3-F8 from M. dubia and its effects on 

cancer cell proliferation, migration, angiogenesis, and EMT strongly suggests that 

this bioactive fraction holds promise as a potential anticancer agent. By modulating 

key pathways involved in tumour growth, angiogenesis, and metastasis, SC3-F8 

may offer a multi-faceted approach to inhibiting cancer progression.  
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CONCLUSIONS 

 The cytotoxicity analysis indicated that the extracts from Anamirta cocculus 

and Melia dubia purified fraction, SC3-F8 revealed significant mortality in 

cancer cell lines, HT29, MCF7, PA1 and UM–SCC–83B cell lines.   

 The ethyl acetate extract of A. cocculus and the active fraction from M. dubia, 

SC3-F8 could prevent colony formation and migration in HT29 and PA1 and 

HT29, MCF7, PA1 and UM–SCC–83B cell lines respectively.  

 The number of cells in apoptotic stages, both early apoptotic and late 

apoptotic stages were increased upon treatment with SC3-F8. 

Cytomorphology was also affected in all the above cell lines. 

 SC3-F8 (the active fraction from M. dubia) induced a dose dependent 

reduction in ΔΨM after 48 hours, as evidenced by fluorescence microscopy.  

 Assessment of PS externalization in cells treated with SC3-F8 for 48 hours 

using Annexin–V/propidium iodide (PI) co-staining showed an increase in the 

percentage of apoptotic cells in a dose dependent manner. 

 On treatment with SC3-F8, the active fraction from M. dubia, HT29, MCF7, 

PA1 and UM–SCC–83B cell lines exhibited longer comet tail lengths in a 

concentration dependent manner, demonstrating the occurrence of DNA 

damage. 

 Treatment of the cell lines, HT29, MCF7, PA1 and UM–SCC–83B with the 

active fraction, SC3-F8 caused cell cycle arrest at G1 phase. 

 SC3-F8 induced the upregulation of proapoptotic genes and downregulation 

of anti-apoptotic genes, leading to apoptosis. 

 The active fraction, SC3-F8 also reduced migration of cancer cells as revealed 

by cell migration assay and inhibited components of EMT pathway which 

may affect the angiogenesis. 
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 To prepare liposomes incorporated with silica gel column fraction (SC1-F8) from 
Melia dubia. 

 To characterize the liposomes prepared. 

 To study the effect of liposome incorporated active fraction on cancer cell line, 
HT29. 
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REVIEW OF LITERATURE 

Liposomes are self-assembled vesicles made of phospholipids that can form either a 

single bilayer (unilamellar) or multiple concentric bilayers (multilamellar) 

surrounding an aqueous core (Figure 5.1.1) (Nsairat et al., 2022). They vary in size 

from 30 nm to several micrometers, with the bilayer thickness being around 4–5 nm. 

The study of liposomes began in the mid-1960s, notably with Alec Bangham and his 

team at Babraham, Cambridge, who first described liposome structure in 1964, 

setting the stage for extensive research into their potential as drug delivery systems 

(Bangham, 2005). Over the years, liposomes have been explored for the delivery of 

small molecule drugs, proteins, nucleic acids, and imaging agents through various 

routes such as parenteral, pulmonary, oral, transdermal, ophthalmic, and nasal 

applications to enhance both therapeutic efficacy and patient compliance. 

Additionally, liposomes are utilized in the food and cosmetics industries. 

 

Figure 5.1.1.  Structure of lipososme (Nsairat et al., 2022) 

As drug delivery systems, liposomes offer several benefits, including protection of 

encapsulated drugs from degradation, prolonged drug half-life, and controlled 

release. Their biocompatibility and safety are also advantageous. Liposomes can 

target drugs to specific diseased areas via passive and/or active targeting, which 

minimize systemic side effects, allows for higher tolerated doses, and improves 

therapeutic outcomes. A key mechanism is the enhanced permeability and retention 

(EPR) effect, where liposomes accumulate in tumour tissues due to the leaky nature 
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of their blood vessels, unlike normal tissues with tighter junctions. This property 

specifically enhances drug delivery to tumors (Liu et al., 2022). 

Active targeting involves modifying the surface of liposomes with ligands that bind 

to specific receptors on tumour cells, such as VEGF, EGF, folic acid, integrins, and 

CD44, which enhances the precision and efficacy of drug delivery (Kesharwani et 

al., 2022). Despite their potential, only 14 liposomal products are currently available 

on the market, indicating that their full advantages have not yet been realized.  

5.1.1. Marketed liposomal products 

Table 5.1.1. Marketed liposomal products. 
 

Product Name API 
Approved 
Year/Area 

Dosage 
Form 

Administration 
Route 

Indication 

Doxil / Caelyx 
Doxorubicin 
hydrochloride 
(DOX•HCl) 

1995, US / 
1996, EU 

Suspension IV 

Ovarian cancer, 
Kaposi’s 
sarcoma, myeloid 
melanoma 

DaunoXome Daunorubicin 1996, US Suspension IV Kaposi’s sarcoma 

AmBisome 
Amphotericin 
B (AmpB) 

1997, US 
Lyophilized 
powder 

IV 
Systemic fungal 
infection 

DepoCyt / 
DepoCyte 

Cytarabine 
1999, US / 
2001, EU 

Suspension IT 
Lymphomatous 
meningitis 

Myocet DOX•HCl 2000, EU 3 vials IV Breast cancer 

Visudyne Verteporfin 
2000, US / 
2000, EU 

Lyophilized 
powder 

IV Wet AMD 

DepoDur Morphine 2004, US Suspension Epidural 
Postoperative 
pain 

Mepact MTP-PE 2009, EU 
Lyophilized 
powder 

IV Osteosarcoma 

Exparel Bupivacaine 
2011, US / 
2020, EU 

Suspension 
Local 

infiltration 
Post-surgical 
analgesia 

Marqibo 
Vincristine 
Sulfate 

2012, US 3 vials IV Leukemia 

Onivyde 
Irinotecan 
hydrochloride 
trihydrate 

2015, US / 
2016, EU 

Suspension IV 
Pancreatic 
adenocarcinoma 

Vyxeos 
Daunorubicin, 
cytarabine 

2017, US / 
2018, EU 

Lyophilized 
powder 

IV Leukemia 

Shingrix 

Recombinant 
varicella-zoster 
virus 
glycoprotein E 

2018, EU 
2 vials 
(powder and 
suspension) 

IM 
Against shingles 
and post-herpetic 
neuralgia 

Arikayce 
Amikacin 
sulfate 

2018, US / 
2020, EU 

Suspension Oral inhalation Lung disease 

Source: (Bulbake et al., 2017, Liu et al., 2022). 
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As per FDA and EMA drug databases, there are 14 approved liposomal products, 

excluding generics, lipid complexes, and nationally authorized European products. 

Doxil (doxorubicin HCl liposome injection) was the first liposomal product 

approved by the FDA in 1995. Among the marketed products, 43% were approved 

before 2000, and 57% before 2010. Most are used in cancer therapy, but they also 

cover areas such as infections, anesthesia, vaccines, lung diseases, and 

photodynamic therapy. Dosage forms include sterile suspensions and lyophilized 

powders, with administration routes covering intravenous infusion, intramuscular, 

intrathecal, epidural, local infiltration, and oral inhalation (Liu et al., 2022). The 

marketed liposomal products are enlisted in the table 5.1.1. 

5.1.2. Structures and main components of liposomes 

Liposomes are categorized based on their compartment structure and lamellarity into 

unilamellar vesicles (ULVs), oligolamellar vesicles (OLVs), multilamellar vesicles 

(MLVs), and multivesicular liposomes (MVLs). OLVs and MLVs have concentric, 

onion-like structures with 2–5 and more than 5 lipid bilayers, respectively. MVLs 

contain numerous non-concentric aqueous chambers separated by a single bilayer, 

resembling a honeycomb. ULVs include small unilamellar vesicles (SUVs, 30–100 

nm), large unilamellar vesicles (LUVs, >100 nm), and giant unilamellar vesicles 

(GUVs, >1000 nm). Commercial products mainly feature SUVs due to their longer 

circulation times and effective passive targeting. LUVs, such as Arikayce, and 

bilamellar systems like Vyxeos, offer distinct advantages based on size and 

structure. MVLs, used in products like Mepact and Exparel, provide substantial 

space for drug encapsulation (Nsairat et al., 2022). 

5.1.2.1. Main components of liposomes 

Marketed liposomal products typically contain glycerolphospholipids (GP), 

sphingomyelin (SM), and cholesterol (Chol). Glycerolphospholipids have 

hydrophobic fatty acid chains and a hydrophilic head group. Depending on their 

composition, liposomes can be negatively charged (e.g., DSPG) or neutral (e.g., 

DSPC, EPC). Negatively charged DSPG, found in AmBisome and Vyxeos, helps 
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prevent aggregation, while neutral DSPC contributes to high purity and thermal 

stability. Cholesterol is commonly used to enhance membrane fluidity and stability, 

with its concentration affecting liposome properties. For example, in Shingrix, Chol 

prevents hydrolysis, and in AmBisome, it reduces formulation toxicity. Other sterols 

can also influence membrane rigidity (Giordani et al., 2023). 

5.1.3. Drug-loading methods for liposomes 

Liposomes have become effective carriers for therapeutic agents, with various 

strategies developed to direct them specifically to tumour sites. These strategies 

include passive targeting, which relies on the natural accumulation of liposomes in 

tumors, and active targeting through surface modifications. Additionally, different 

stimuli can be employed to initiate the release of drugs from liposomes. 

5.1.3.1. Passive drug-loading involves incorporating drugs during liposome 

preparation, either within the aqueous core or embedded in the lipid bilayer. While 

straightforward, it often results in lower encapsulation efficiency, requiring 

additional steps to remove unencapsulated drugs. Examples include Visudyne, 

where verteporfin is encapsulated due to its lipophilic nature, and Arikayce, which 

uses ethanol infusion for high-efficiency encapsulation of amikacin sulphate (Fulton 

and Najahi-Missaoui, 2023). 

5.1.3.2. Active drug-loading method uses external pH or ion gradients to drive 

drugs into pre-formed liposomes, achieving high encapsulation efficiency. Examples 

include Doxil, which uses an ammonium sulfate gradient to load doxorubicin, and 

Onivyde, which employs an electrochemical gradient for loading irinotecan (Fulton 

and Najahi-Missaoui, 2023). 

5.1.3.3. Covalent drug-lipid conjugation: This approach chemically attaches drugs 

to lipids, ensuring high entrapment efficiency and reduced drug leakage. Mepact, 

which conjugates muramyl dipeptide to phosphatidyl ethanolamine, is an example. 
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5.1.3.4. Combination method 

Integrates both passive and active loading techniques, allowing for the encapsulation 

of multiple drugs within a single liposome. Vyxeos is an example, where cytarabine 

is passively encapsulated, and daunorubicin is actively loaded (Liu et al., 2022).  

5.1.3.5. Nanoparticles and liposome-mediated drug delivery 

Nanoparticles, including liposomes, offer advantages such as improved tissue 

penetration, enhanced drug stability, and prolonged circulation time. Liposomes 

leverage the EPR effect to preferentially accumulate in tumors, reducing systemic 

toxicity (Chehelgerdi et al., 2023). Despite their benefits, challenges such as 

potential toxicity and large-scale preparation difficulties persist. Techniques like 

lyophilization enhance stability, but achieving consistent quality across batches 

remains a challenge. 

5.1.4. Critical Quality Attributes (CQAs) 

CQAs for liposomes include particle size and distribution, morphology, lamellar 

structure, surface properties (e.g., zeta potential, PEGylation), phase transition 

temperature of the lipid membrane, drug loading efficiency, and release rate. These 

attributes impact drug release rate, circulation time, and overall therapeutic efficacy 

(Alshaer et al., 2022). 

5.1.5. Future prospects of liposome mediated drug delivery 

Biodegradable Liposomes: Focuses on developing liposomes that break down into 

non-toxic metabolites in the body. 

Targeted Liposomes: Advances in receptor-mediated targeting aim to deliver drugs 

directly to specific cells or tissues. 

Multifunctional Liposomes: Combining drug delivery with imaging or therapeutic 

agents for enhanced treatment options. 
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Improved Manufacturing Techniques: Streamlining production methods to ensure 

consistency, quality, and scalability of liposome products. 

Personalized Medicine: Tailoring liposome formulations to individual patient needs 

for more effective and safer treatments (Park, 2004). 

5.1.6. Local stimuli to trigger drug release from liposomes 

Local Stimuli-Based Drug Release strategies enhance the release of drugs from 

liposomes once they reach the tumour site, leveraging the specific pathological 

features of the tumour microenvironment. These strategies exploit factors such as 

altered pH, increased temperature, and the presence of overexpressed enzymes. 

5.1.6.1.  pH-responsive liposomes 

Tumour microenvironments often exhibit acidic conditions compared to normal 

tissues. To exploit this, pH-sensitive copolymers can be incorporated into liposomal 

formulations. These polymers remain stable at physiological pH but undergo 

hydrolysis in acidic conditions (pH ≤ 6), common in tumour environments. 

Examples include poly (acrylic acid) and poly (methacrylic acid). This approach 

facilitates drug release when the liposomes encounter the acidic microenvironment 

of the tumour (Chu et al., 2022, Lee and Thompson, 2017). 

5.1.6.2.  Temperature-triggered drug delivery 

Another method involves local heating of the tumour site to increase the 

permeability of tumour blood vessels. This technique expands vascular pore size, 

enhancing liposomal extravasation and accumulation. Temperature-sensitive 

liposomes are designed with thermosensitive lipids that transition from a gel to a 

liquid phase at specific temperatures. For instance, dipalmitoylphosphatidylcholine 

(DPPC) is used in temperature-sensitive liposomes to release over 80% of 

encapsulated methotrexate when the temperature is raised from 37°C to 41°C. 

ThermoDox® is an example of such a formulation, which has shown improved 

doxorubicin delivery and efficacy in preclinical studies and is undergoing Phase III 
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clinical trials for treating hepatocellular carcinoma and breast cancer (May and Li, 

2013, Bulbake et al., 2017). 

5.1.6.3.  Enzyme-responsive liposomes 

Tumour tissues often have elevated levels of proteolytic enzymes like matrix 

metalloproteinases (MMPs) and secretory phospholipases. Liposomes can be 

engineered to be sensitive to these enzymes, leading to drug release upon enzyme-

mediated cleavage. This approach targets the specific enzymatic activity present in 

the tumour microenvironment, enhancing drug delivery and efficacy (Fouladi et al., 

2017, Mock et al., 2013). 

Despite these advancements, liposomes face limitations in achieving optimal 

therapeutic efficacy. For example, Doxil®, although a successful nanomedicine, still 

provides only modest benefits (Barenholz, 2012). The PEG layer in stealth 

liposomes, while providing advantages, also poses challenges for drug delivery and 

cell uptake, necessitating further development and optimization. 

5.1.7. PEGylation of liposomes 

PEGylation involves attaching polyethylene glycol (PEG) to the surface of 

liposomes to enhance their stability and circulation time while evading the 

mononuclear phagocytic system (MPS). This modification reduces protein 

adsorption, phagocytosis, and cellular adhesion of liposomes, extending their 

presence in the bloodstream (Vllasaliu, et al., 2014). 

5.1.7.1. Accelerated blood clearance 

A significant issue with PEGylated liposomes is the accelerated blood clearance 

phenomenon. In animal models, a second injection of PEGylated liposomes within a 

short interval can lead to increased clearance and accumulation in the liver and 

spleen, along with elevated IgM production. This phenomenon is not commonly 

observed with Doxil® in clinical practice but remains a topic of debate. Strategies to 

address this issue include using alternative PEG-lipid derivatives or cleavable PEG 
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to mitigate accelerated clearance while improving drug delivery (Mohamed et al., 

2019). 

5.1.7.2. Cell uptake and cargo delivery 

PEGylation can influence cell uptake, tumor-targeting efficiency, and endosomal 

escape of nanoparticles. For example, increased PEG length and density can inhibit 

liposome fusion and reduce cellular uptake. Studies have shown that longer PEG 

chains or hydrophobic anchors can impair gene transfection and drug release, 

affecting therapeutic efficacy. Balancing PEG length and density is crucial for 

optimizing cargo delivery and therapeutic outcomes (Nosova et al., 2019). 

5.1.7.3. Cleavable PEG coatings 

To retain the benefits of PEGylation while addressing its limitations, researchers 

have developed cleavable PEG coatings. These coatings use acid-labile linkages 

(e.g., acetal, hydrazine, hydrazone, or vinyl ether) to allow PEG to be shed in 

response to specific stimuli like the acidic tumour microenvironment. For example, 

Kanamala et al., demonstrated that cleavable PEG coatings improved drug release 

and therapeutic efficacy compared to non-cleavable PEG coatings in preclinical 

models (Kanamala et al., 2018). Similarly, strategies such as near-infrared (NIR) 

light-triggered PEG shedding have shown promise in enhancing tumour targeting 

and drug delivery (Fang et al., 2017). 

Despite advances, challenges remain in ensuring that acid-labile linkages do not 

prematurely release drug payloads at physiological pH, while still enabling effective 

release at lower pH levels found in tumors. Innovations in linkage stability, such as 

the PhosAm technology, show potential in aligning with the extended circulation 

times of stealth liposomes while achieving controlled drug release (Immordino et 

al., 2006, Fulton and Najahi-Missaoui, 2023). 

Liposomes represent a versatile drug delivery system with potential applications in 

targeted therapy across various diseases. Continued research and development are 
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essential to overcoming current limitations and optimizing the therapeutic benefits 

of liposomal formulations. 

5.1.8.  Research gap in liposomes mediated drug delivery 

Despite progress, significant gaps remain in using liposomes for cancer treatment. 

One major need is improving drug loading and release. Current liposomal methods 

often struggle with limited drug amounts and inefficient release at tumour sites. 

Research is needed to develop new liposomal designs that can carry more drugs and 

release them more effectively in tumors. 

Another challenge is related to PEGylation, a technique used to extend liposome 

circulation in the bloodstream. PEGylation can sometimes lead to quicker clearance 

of liposomes from the body and reduced targeting to tumors over time. There is a 

need to better understand and address this issue, perhaps by finding new ways to use 

PEGylation or exploring other methods to improve liposome performance. 

Targeting tumors more effectively is also a crucial area for improvement. While 

current targeting strategies show promise, they often lack precision and can affect 

healthy tissues. More research is needed to develop better targeting methods that 

increase the concentration of liposomes in tumors while minimizing side effects. 

Additionally, the long-term safety and distribution of liposomes in the body need 

more investigation. Ensuring that liposomes are safe for patients and have minimal 

environmental impact is vital for their successful clinical use. 

Finally, personalizing liposome treatments to fit individual patient needs and tumour 

types could greatly enhance their effectiveness. Research into tailored liposomal 

therapies could lead to more successful cancer treatments. 
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MATERIALS AND METHODS 

5.2.1. Chemicals 

Soy lecithin was purchased from SRL. Cholesterol was obtained from Merck and 

other solvents used were of HPLC grade. Other chemicals used were of analytical 

grade and those used for cell line culture were of animal tissue culture grade. 

5.2.2. Preparation of liposome 

Control liposome without incorporating plant extracts was prepared by dissolving 

soylecithin (150 mg) and cholesterol (40 mg) in chloroform:methanol (2:1 ratio v/v) 

in a 50 mL round bottom flask. The solvents were evaporated in a rotory flash 

evaporator to get a thin film of lipid mix inside the flask. It was redissolved in 

1XPBS and sonicated for 2 hours at 4°C. Liposomes were centrifuged to separate 

liposomes from unincorporated lipids/ plant extract components. It was stored at 4°C 

under N2 (Ref). For incorporating crude/ active fraction (30 mg) was dissolved in 

chloroform:methanol along with soy lecithin and cholesterol and processed as 

above. 

5.2.3. Characterization of liposome 

5.2.3.1. Dynamic Light Scattering (DLS) 

Hydrodynamic diameters of the liposome were determined using a Zetasizer Nano 

S90 Red badge DLS system, featuring a He-Ne laser operating at 632.8 nm. The 

particle sizes provided are intensity averages, calculated through the non-negative 

least squares analysis technique. For each sample, a single measurement was taken 

with a run time of 10 seconds, and a detection angle of 90° was applied. This DLS 

analysis was used to evaluate the size of the liposomes that were prepared. 

5.2.3.2. UV-Visible spectrophotometry 

The liposome molecules were centrifuged down, washed in PBS and scanned for 

absorption in the range of 200–700 nm. The buffer was taken as the base line. 
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5.2.3.3. LC-MS analysis 

LC-MS analysis of the components of the liposomes, liposomes were dissolved in 

methanol and run in LC-MS analysis system (name) using a C18 column, with a 

mobile phase consisting of a gradient of water and acetonitrile containing 0.1% 

formic acid. The analysis was run in a gradient method over 30 minutes at a flow 

rate of 150 μL per minute. A sample injection volume of 10 μL was used, and 

detection was performed at a wavelength of 300 nm. 

5.2.4. Cytotoxicity analysis of the liposomes 

MTT assay was performed on human colorectal carcinoma cell line, HT29, to 

evaluate the cytotoxicity (Mosmann, 1983) of liposome incorporated fractions 

(chloroform extract and purified fraction from Melia dubia chloroform extract, SC1-

F8). The cytotoxic effects of these liposome incorporated extracts were compared 

against the chloroform extract and SC1-F8 fraction at a concentration of 100 µg/mL 

(without incorporating in liposomes). A control liposome without the plant extract 

was also run to study the effect of liposome alone in inducing cytotoxicity. The 

liposomes were also tested at varying concentrations to determine their IC50 values, 

which were compared to the IC50 values of the chloroform extract and SC1-F8 alone 

to assess the toxicity of liposome incorporated extracts compared to unincorporated. 

The IC50 values were calculated using probit analysis in SPSS. 

5.2.5. Statistical analysis 

IC50 of the liposomes were calculated using probit analysis and significance by 

paired T test using SPSS. 
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RESULTS  

Liposomes are a commonly used tool for encapsulating biological materials. These 

self-assembled structures are composed of lipid bilayers that encircle the M. dubia 

leaf chloroform extract or SC1-F8, which may deliver of the M. dubia chloroform 

extract or SC1-F8 into the cancer cell line. 

5.3.1. DLS- size distribution 

The mean size, size distribution and z-potential values are the physicochemical 

parameters those describe the liposomal system.  The control liposome, which was 

not incorporated with the extract or the purified fraction, was analysed for size 

distribution. The average particle size was 70.22±1.40 d.nm and Z- average was 

65.22 d.nm at 20ºC.  The average particle size of the crude chloroform extract 

incorporated liposome was 93.89±5.94 d.nm at 20ºC. The average particle size of 

the SC1-F8 incorporated liposome was 83.21±3.32 d.nm and the Z-average was 

299.6 d.nm at 20ºC (Figures 5.3.1-5.3.3).  

 

Figure 5.3.1.: Diagram showing the size distribution of control liposome (without incorporating plant 
extract).  

 

Figure 5.3.2. Diagram showing the size distribution of Melia dubia chloroform extract incorporated 
liposome.  
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Figure 5.3.3. Diagram showing the size distribution of purified fraction (SC1-F8) from Melia dubia 
incorporated liposome. 

5.3.2. UV- Visible spectrum 

Further the extract/purified fraction incorporation was confirmed by UV-visible 

absorption method. The 1XPBS was taken as base line. The scan between 200-700 

nm was recorded and the crude extract and the SC1-F8 loaded liposomes were 

containing multiple peaks than the control liposome indicating the incorporation into 

the liposomes. 

 

Figure 5.3.4. UV-Visible absorption spectrum of liposomes. The samples were scanned between 
200-700nm. The blue line indicates the absorption spectrum of control liposome, red line indicates 
the absorption spectrum of crude extract containing liposome and green line indicates the spectrum of 
SC1-F8 incorporated liposome. 
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5.3.3. LC-MS analysis 

The incorporation of the chloroform extract and purified fraction SC1-F8 was 

further confirmed by comparing the mass spectrum of the crude extract/SC1-F8 

incorporated liposomes with that of unincorporated crude extract and SC1-F8 

fraction (Figures 5.3.5-5.3.9).  

 

Figure 5.3.5. LC-MS chromatogram of control liposome 

 

Figure 5.3.6.: LC-MS chromatogram of crude extract containing liposome. 
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Figure 5.3.7. LC-MS chromatogram of unincorporated crude extract. 

 

Figure 5.3.8. LC-MS chromatogram of purified fraction, SC1-F8 containing liposome. 
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Figure 5.3.9.: LC-MS chromatogram of unincorporated purified fraction SC1-F8. 

5.3.4. IC50 analysis of the liposomes 

To evaluate the liposome mediated delivery of the crude extract of M. dubia and the 

bioactive fraction from the first column chromatography, the mortality percentage of 

HT29 cells was calculated and compared to their plant extract/SC1-F8 (without 

incorporating into liposomes). Treatments were administered at varying 

concentrations, and the IC50 values were determined for each. The unincorporated 

crude extract had an IC50 of 61.26±2.55 µg/mL, whereas the liposome-incorporated 

crude extract exhibited a significantly reduced IC50 of 36.66±0.87 µg/mL, with a 

highly significant p-value of less than 0.001. This marked reduction indicates 

enhanced cytotoxic efficacy when the crude extract is encapsulated in liposomes. 

Similarly, the bioactive fraction from the first chromatography column (SC1-F8) 

showed an IC50 of 31.07±4.46 µg/mL in its unincorporated form. When SC1-F8 was 

incorporated into liposomes, its IC50 significantly decreased to 16.73±0.77 µg/mL, 

with a p-value of 0.003. These findings highlight the increased effect of the crude 

extract and the bioactive fraction when delivered via liposomal encapsulation, 
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reducing the amount needed to achieve cytotoxic effects on the HT29 cell line. This 

enhancement in cytotoxicity suggests improved bioavailability due to liposomal 

incorporation (p=0.003) (Figure 5.3.10). 

 

Figure 5.3.10.: Graph showing the comparison between the IC50 concentrations of liposome 
incorporated crude extract and bioactive fraction SC1-F8 with that of unincorporated crude 
extract/SC1-F8. The level of significance is indicated as ***=p<0.001 and **=p<0.01 when 
compared to unincorporated is indicated. 
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DISCUSSION 

Liposomes serve as an effective drug delivery system by enhancing the therapeutic 

efficacy and safety of medications, primarily through targeted delivery and sustained 

release at the site of action (Gregoriadis and Florence, 1993). They also safeguard 

bioactive compounds from degradation in the stomach, allowing for increased 

absorption in the gastrointestinal tract, which improves both bioactivity and 

bioavailability (Takahashi et al., 2007). Colorectal cancer (CRC) ranks among the 

most prevalent cancers in both men and women. With around one-third of patients 

not surviving beyond five years post-diagnosis, there is a pressing need to enhance 

treatment options, including innovative drug delivery methods. One promising 

approach is the use of liposomal formulations, which enable the delivery of both 

hydrophobic and hydrophilic drugs with improved biocompatibility and fewer side 

effects. Compared to free drugs, liposomal formulations have demonstrated superior 

antitumour efficacy, prolonged drug retention, and minimal toxicity to healthy cells 

(Krajewska et al., 2019). 

The dynamic light scattering (DLS) analysis of the liposomal formulations provided 

critical insights into their size distribution and Z-average values, which are directly 

linked to the performance and stability of the liposomal system. The control 

liposome, without any incorporated extract, exhibited an average particle size of 

69.40±22.47 nm and a Z-average of 65.22 nm at 20ºC. This size falls within the 

optimal range for stability and potential cellular uptake. Upon incorporation of the 

crude chloroform extract, the average particle size increased to 79.71±9.52 nm, 

indicating a slight enlargement, but still within a size range considered favourable 

for drug delivery. This moderate size increase suggests that the extract slightly alters 

the liposomal structure without causing significant aggregation or instability. 

In contrast, the SC1-F8 incorporated liposome demonstrated a decrease in average 

particle size to 53.57±7.35 nm, which may enhance cellular uptake, as smaller 

particles typically penetrate cells more efficiently. However, the Z-average 

dramatically increased to 299.6 nm, suggesting a broader size distribution or 
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potential aggregation. This larger Z-average could indicate some instability or 

heterogeneity in the liposomal formulation, potentially affecting its uniformity and 

delivery efficiency. The size differences observed highlights the relevance of 

particle size in influencing factors like encapsulation efficiency, bio-distribution, 

and overall therapeutic effectiveness. Smaller liposomes, as seen with SC1-F8, may 

have better internalization but could be prone to aggregation, while larger 

liposomes, like the crude extract-incorporated ones, may provide more stability but 

could face challenges with cellular uptake.  

The findings of this study on the incorporation of crude extracts and the bioactive 

fraction SC1-F8 into liposomes align with broader trends in enhancing the 

bioavailability of poorly soluble natural compounds, as demonstrated with 

curcumin. Curcumin, a well-known natural anticancer agent, suffers from poor 

absorption in the gastrointestinal tract due to its low aqueous solubility, which limits 

its clinical efficacy. However, its bioavailability was significantly improved through 

liposomal encapsulation, as highlighted by Hasan et al., (Hasan et al., 2013). Their 

study demonstrated that liposomal curcumin significantly increased cytotoxicity in 

MCF7 cancer cells compared to free curcumin, which had a lower impact on cancer 

cell proliferation. 

Similarly, in our current study, the liposomal encapsulation of the crude extract and 

SC1-F8 bioactive fraction resulted in a significant reduction in the IC50 values when 

tested on HT29 cancer cells. The IC50 of the crude extract decreased from 

61.26±2.55 µg/mL to 36.66±0.87 µg/mL, and the IC50 of the SC1-F8 fraction 

dropped from 31.07±4.46 µg/mL to 16.73±0.77 µg/mL after liposome incorporation. 

These findings highlight the parallels between the improved cytotoxicity of 

liposomal curcumin and our liposome-encapsulated formulations, supporting the 

notion that liposomal delivery systems can greatly enhance the bioavailability and 

therapeutic potential of poorly soluble compounds. 

The enhancement of cytotoxic effects upon liposomal incorporation is likely due to 

the liposomes' ability to protect the encapsulated compounds from degradation, 
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improve cellular uptake, and allow for controlled and sustained release. This results 

in higher intracellular concentrations of the active compounds, leading to greater 

efficacy at lower concentrations. The reduction in IC50 values seen in our study 

supports the conclusion drawn by Hasan et al. that liposome encapsulation increases 

bioavailability and enhances the anticancer effects of natural compounds (Hasan et 

al., 2013). Thus, liposomal delivery systems represent a promising strategy for 

improving the clinical potential of plant-derived and other bioactive compounds in 

cancer treatment. 

Chen et al. highlighted the benefits of using liposome-based drug delivery systems 

for β-elemene, which offered significant advantages compared to traditional 

formulations. As a promising anti-lung cancer agent, β-elemene faces limitations in 

clinical use due to its hydrophobic nature, instability, and low bioavailability (Chen 

et al., 2012). 

Similarly, the most effective treatments for breast cancer currently include 

anthracyclines and taxanes, notably paclitaxel and docetaxel. There is ongoing 

research aimed at developing improved delivery strategies for taxanes to increase 

tumour targeting while minimizing side effects such as neurotoxicity, edema, 

fatigue, and alopecia. The inherent challenges associated with taxanes further 

underscore the need for advanced delivery systems. Both paclitaxel and docetaxel 

are poorly soluble in aqueous environments, which have led to formulations utilizing 

Cremaphor EL and polysorbate 80 (TWEEN). However, these formulations are 

highly allergenic, require extensive premedication, and are largely responsible for 

the acute toxicities observed during taxane therapy, rather than the active agents 

themselves (Park, 2002; Park et al., 2004). Current clinical trials are exploring 

innovative delivery methods, including liposome-encapsulated paclitaxel and the 

polymer conjugate poly (L-glutamic acid)-paclitaxel (Cabanes et al., 1998; Li et al., 

1999). 

In addition, delivery systems are being employed for other chemotherapy drugs 

approved for breast cancer treatment, including vinca alkaloids, platinum 
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compounds, and camptothecins. In these cases, utilizing delivery systems like 

liposomes or polymers can improve pharmacokinetics, enhance tumour 

accumulation, and reduce associated toxicities (Chavda et al., 2022). 

These studies collectively emphasize the effectiveness of encapsulating poorly 

soluble or insoluble drugs within lipid-based vesicles, particularly liposomes. This 

underscores the relevance of the present study, which focuses on the incorporation 

of bioactive fractions into liposomes for targeted cancer applications. By enhancing 

the bioavailability and therapeutic efficacy of these compounds, liposomal delivery 

systems could play a crucial role in advancing cancer treatment strategies. 
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CONCLUSIONS 

 The crude extract and the bioactive fraction from M. dubia were found 

highly effective when incorporated into liposomes. 

 The IC50 of the crude and active fraction, SC1-F8 were significantly reduced 

upon incorporated into liposomes.  

 The average size of the liposomes was in between 60-90 d.nm. 
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Summary and Conclusions 

 

In this study 426 extracts from 65 plants were screened for their cytotoxic effects on 

cancer cell lines. Among the cancer cell lines tested, the human colorectal carcinoma 

cell line HT29 was sensitive to extracts from 59 plants, each resulting in over 50% 

cell death. The colorectal carcinoma cell line HCT116 showed a similar response to 

34 extracts, with more than 50% mortality. In the human skin cancer cell line A431, 

48 extracts caused more than 50% cell death, while 35 extracts had the similar effect 

on the human renal carcinoma cell line A498. The human cervical cancer cell line 

HeLa was susceptible to 38 extracts, and the human breast cancer cell line MCF7 to 

48 extracts, both displaying over 50% cell death. For the osteoblast cell line MG63, 

51 extracts induced over 50% mortality, and 86 extracts showed more than 50% 

cytotoxicity in the ovarian teratocarcinoma cell line PA1. In the pancreatic 

carcinoma cell line PANC1, 36 extracts demonstrated over 50% cell death, while 47 

extracts exhibited similar cytotoxicity in the metastatic oral cancer cell line UM-

SCC-83B. These findings suggest the presence of potent anticancer compounds in 

these plant extracts. 

In addition to their efficacy against cancer cells, the cytotoxicity of these extracts 

was also evaluated in the normal human cell line HaCaT. Interestingly, 294 extracts 

caused less than 50% cell death, indicating their reduced toxicity toward non-

cancerous cells. Moreover, 50 extracts resulted in less than 20% cell mortality in this 

normal cell line. 

Out of the 65 plants screened cytotoxicity against cancer cell lines were first report 

for the extracts from Pancratium triflorum, Anamirta cocculus, Chassalia 

curviflora, Antigonon leptopus, Otacanthus caeruleus, Hewittia malabarica and 

Melia dubia. 

The chloroform extract of Hewittia malabarica aerial parts exhibited notable 

cytotoxicity against the human colorectal carcinoma cell line HT29, with a mortality 
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rate of 81.59±4.90% at100 µg/mL and an IC50 of 31.97±3.07 µg/mL, while sparing 

normal HaCaT cells. GC-MS analysis revealed 17 compounds, with tritetracontane 

and neodene being the most abundant. Pancratium triflorum extracts also displayed 

selective cytotoxicity, with the ethyl acetate extract showing strong effects on the 

human osteoblast (MG63) and cervical cancer (HeLa) cell lines. The chloroform 

extract, in particular, caused 92.36±0.81% mortality in HeLa cells. Conyza 

canadensis petroleum ether extract exhibited the highest cytotoxicity, with nearly 

complete mortality against PANC1 and HT29 cancer cell lines, while its chloroform 

extract was similarly effective against MG63 and PANC1. Anamirta cocculus 

extract was most potent on the PA1 ovarian cancer cell line, achieving 98.64±0.40% 

mortality. Melia dubia extracts also demonstrated selective cytotoxicity; the 

petroleum ether extract showed a 97.48±1.77% mortality rate in PANC1 cells, with 

reduced effects on normal HaCaT cells. GC-MS analysis across these plants 

identified a variety of bioactive compounds, including tetratetracontane, (E)-Phytol, 

and 3-eicosene, (E)-, which could contribute to their anticancer properties. 

Anamirta cocculus, a woody climber from the Menispermaceae family, has long 

been used in traditional Asian medicine, primarily for the antibacterial and 

antimicrobial properties of its stem and root alkaloids. This study investigates the 

cytotoxic effects of A. cocculus leaf extracts on both cancer and normal cell lines. 

The ethyl acetate extract exhibited the most potent anticancer activity, showing high 

cytotoxicity against ovarian cancer (PA1) and colorectal adenocarcinoma (HT29) 

cell lines, with IC50 values of 8.30±0.38 µg/mL and 17.97±0.63 µg/mL, 

respectively. Importantly, the extract displayed low toxicity towards normal HaCaT 

cells, even at concentrations as high as100 µg/mL, indicating selective cytotoxicity. 

The acetone extract also demonstrated significant effects on various cancer cell 

lines, including A498 (renal), MG63 (osteosarcoma), PA1 (ovarian), and UM-SCC-

83B (oral squamous carcinoma). The ethyl acetate extract further inhibited colony 

formation in HT29 and PA1 cells, induced apoptosis, which was confirmed by 

characteristic markers such as membrane blebbing, chromatin condensation, and 
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DNA fragmentation. These findings highlight the potential of A. cocculus leaf 

extracts as a promising source of anticancer agents. 

The chloroform extract of Melia dubia leaves was subjected to fractionation through 

silica gel column chromatography to enhance the anticancer activity. Bioactivity-

guided purification progressively enriched the extract, resulting in significant 

improvements in cytotoxic potency across fractions. The crude extract showed an 

IC50 of 61.26±2.55 µg/mL, while the more purified fractions SC1-F8, SC2-F8, SC3-

F8, and TLC-B3 exhibited IC50 values of 31.07±4.46, 17.86±1.29, 10.27±0.79, and 

7.87±1.32 µg/mL, respectively. The final fraction, TLC-B3, was subjected to GC-

MS analysis, revealing ten compounds that are likely responsible for its potent 

anticancer effects. This stepwise purification resulted in enriching anticancer 

compounds. The in silico docking studies showed that the observed high 

cytotoxicity of the purified fraction TLC-B3 towards HT29 cancer cell line may be 

contributed by Petroselinic acid individually or in combination with 9-Octadecenoic 

acid by additive or even synergistic mode.  

The cytotoxicity analysis of Melia dubia purified extracts revealed significant 

mortality in HT29, MCF7, PA1, and UM-SCC-83B cancer cell lines. The purified 

fraction, SC3-F8, effectively inhibited colony formation and cell migration in these 

lines, while also induced a notable increase in cells undergoing apoptosis, both in 

early and late apoptotic stages, with visible alterations in cytomorphology as 

revealed by scanning electron microscopy. The purified fraction SC3-F8 further 

demonstrated a dose-dependent reduction in mitochondrial membrane potential 

(ΔΨM) after 48 hours, as confirmed by fluorescence microscopy. Annexin-

V/propidium iodide co-staining showed an increase in apoptotic cells in a dose-

dependent manner. DNA damage was evident as longer comet tail lengths were 

observed in all treated cell lines. Additionally, SC3-F8 induced G1 phase cell cycle 

arrest and triggered the upregulation of pro-apoptotic genes like caspase 3, caspase 

8, caspase 9, BAX, and PTEN while downregulating anti-apoptotic genes such as 

Bcl2, cMyc, COX2, and NFκB promoting apoptosis. The fraction also inhibited 

cancer cell migration and suppressed components of the epithelial-mesenchymal 
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transition (EMT) pathway, potentially disrupting angiogenesis. Thus some of the 

extracts and purified fractions from M. dubia contain very active anticancer 

molecules, which will serve as lead compounds in drug discovery for cancer. Further 

studies are required to utilize such molecules for their potential in cancer therapy. 

The liposomal encapsulation of the crude and bioactive fraction, SC1-F8, resulted in 

a significant reduction in the IC50 values when they tested on HT29 cancer cell line, 

indicating their enhanced cytotoxic activity.  
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Recommendations  

 

Cancer is a disease which still needs better therapeutic intervention in spite of the 

advances in the treatment modalities currently available, as some of the cancers are 

hard to cure and may cancers develop resistance against the currently used drugs. 

Plants are a repository of molecules with anticancer activities. To explore the 

anticancer activity of molecules in the plant extracts we screened plant extracts and 

identified some of the extracts with potential anticancer compounds and purified 

enriched fractions with anticancer molecules. 

 Following a thorough screening of 426 extracts from plants, two were selected for 

further investigation based on their high cytotoxicity: the ethyl acetate extract of 

Anamirta cocculus and the chloroform extract of Melia dubia. The crude extract of 

A. cocculus has demonstrated the ability to inhibit growth of cancer cell lines by 

apoptosis and inhibited cell migrations and colony formation two main 

characteristics of cancer cells. Further purification and isolation of the active 

compound are recommended for developing an anticancer drug. 

Partial purification of the M. dubia chloroform extract yielded a mixture of 

approximately ten compounds, identified via GC-MS. Pinpointing the compound 

responsible for the extract's anticancer activity would significantly contribute to drug 

development for cancer treatment. Molecular docking studies have identified 

potential molecules with anticancer properties in the extract like Petroselinic acid 

and 9-Octadecenoic acid. The observed anticancer activity may be contributed by 

Petroselinic acid individually or in combination with 9-Octadecenoic acid by 

additive or even synergistic mode. It is worth investigating the potential of these 

compounds as anticancer agents. Thus future studied should explore the potential of 

these compounds as anticancer agents. Additionally, chemical synthesis of the 

identified anticancer compounds and their incorporation into nanomaterials, is 

proposed to enhance delivery and absorption of anticancer agents for more effective 

treatment.
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