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INTRODUCTION 

 

From the dawn of recorded human history, there has been an association 

between humans and plants. The surrounding plants have been utilized by humans 

for various purposes, including clothing, fuel, food, and shelter. Life on Earth first 

appeared a few years after the formation of our planet, approximately 4.87 billion 

years ago. Approximately three billion years ago, the first photosynthetic organisms, 

known as Cyanobacteria, emerged. Angiosperms had evolved through multiple 

successive forms of life, and during the Cretaceous period, several families, 

including the Onagraceae, Myrtaceae, and Fabaceae, had developed and underwent 

continuous differentiation and multiplication. Following that, Asteraceae, one of the 

largest families based on recent estimates, evolved (Raven, 2021).  

Mankind has relied on nature's healing powers for thousands of years for 

medical purposes. The medicinal plants exhibited great potential for healing because 

they contain secondary metabolites like glycosides, alkaloids, phenols, phytosterols, 

and diterpenes. Regardless of part, the plant was beneficial to all life on Earth. Plant 

parts that may be useful for medicinal purposes include the leaf, fruit, seed, flower, 

and sometimes the entire plant. Medical plants have very few side effects and can be 

used safely to treat a variety of illnesses. In addition, this herbal remedy is suitable 

for all age groups and genders. Thus, Medicinal plants are used as the main 

ingredient in many drugs, and the majority of modern medications are derived from 

plants.  To date, a large number of practitioners of traditional medicine from around 

the globe have investigated medicinally valued plants to develop medical treatments 

(Hassan, 2015). 

In ancient times, the various forms of medicinal plants, such as crude 

extracts or pure molecules isolated from the plants, were the mode of medication. 

People were aware of the curative properties of medicinal plants in prehistoric times.  

There is a wealth of evidence in the literature supporting human use of medicinal 

plants. One such ancient written record is found on a Sumerian clay slab from 

Nagpur that describes about 250 plants, including the alkaloid-containing plants like 

poppy, mandrake, and henbane, which are used to make a variety of medicines. 
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Chinese and Egyptians used plants as medicine for more than 27 centuries BC, 

making them among the first people to do so. One of the most famous Chinese book, 

“Pen T’Sao” written by Emperor Shen Nung circa, is said to contain 365 medicines 

prepared from the dried parts of medicinal plants. Ephedra, podophyllum, and 

cinnamon bark are just a few of the plants he included in his book that are still 

significant and have therapeutic uses. Greeks were also highly knowledgeable about 

important plant species for medicine. Hippocrates, the father of Greek medicine, 

employed a variety of highly valued species as remedies for a wide range of 

ailments. Theophrastus then wrote books on plants, including “De Causis 

Plantarium”, which describes plant etiology, and “De Historia Plantarium”, which 

explores plant history. In his book, he provided information on almost 500 plants 

with therapeutic value. Subsequently, a military physician named Dioscorides—

regarded as the father of pharmacognosy—wrote a book titled “De Materia Medica” 

in which he elucidates the importance and necessity of the therapeutic potential of 

roughly 600 plants (Jamshidi-Kia et al., 2017; Petrovska, 2012).  

Phytomedicines, also known as plant-based medicines and herbal drugs have 

been used for centuries in India and are an essential part of the country's healthcare 

systems. Approximately 80% of the rural population in this area relies primarily on 

traditional medical systems like Ayurveda, Unani, and Siddha. As per the 

government of India, around 65% of the Indian population is solely dependent on 

traditional medicines for their healthcare needs. The Indian subcontinent harbours an 

extensive collection of diverse medicinal plants, primarily found in areas such as the 

Eastern Himalayas, Western Ghats, and the Andaman and Nicobar Islands. India is 

referred to as the world's botanical garden because of its extraordinary capacity to 

produce a large number of medicinal plants. In India, there are reportedly about 

45,000 plants with therapeutic qualities. Out of these, traditional healers use between 

7000 and 7500 plant species to treat a range of illnesses (Singh, 2023; Kadam & 

Pawar, 2020).  

Synthetically derived medications developed in laboratories are being 

produced and used more frequently to treat a variety of ailments. But in some ways, 

using it damages the body. Furthermore, a variety of unfavourable side effects were 

brought on by the use of synthetic drugs like steroids, antibiotics, and painkillers. 
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This has led to a surge in the public's desire for medicinally valuable plants and their 

products, as well as an alarming strengthening of their use. Additionally, the role of 

traditional and medicinal plants in the contemporary drug industries has grown due 

to the compounds' effective synergistic action and minimal negative effects (Dar et 

al., 2017; Rohilla & Gupta, 2023).  

Phytochemicals are low molecular weight, bioactive, nutritional, or non-

nutritional metabolites that are naturally occurring in plants. They can be found in a 

wide range of foods, such as whole grains, fruits, vegetables, nuts, legumes, and 

herbs. Countless varieties of phytocompounds have been identified up to this point. 

The principal phytocompounds found in plants are polyphenols, polysaccharides, 

isoprenoids, saponins, flavonoids, phytosterols, etc.  Primary metabolites such as 

fats, proteins, and carbohydrates are primarily involved in energy metabolism and 

aids in the construction of plant cell structure. They also support the upkeep of 

cellular functions such as respiration, photosynthesis, and translocation.  

Conversely, the byproducts of the primary metabolites, known as secondary 

metabolites, enable plants to fend off insects and other predators and are 

fundamental to how plants interact with their surroundings. Phytochemicals are 

primarily produced by plants to protect themselves against environmental stresses 

and enemies, but when consumed by humans, these metabolites can also have 

pronounced bioactive effects (Kumar et al., 2023).  

Secondary metabolites have numerous uses in dyes, crop protection, 

medications, flavours, and fragrances, which have connected them to the medical 

and biological domains. The antifungal, antibacterial, and antiviral properties of 

secondary metabolites provide a scientific basis for their use in traditional medicine. 

The three types of metabolites that drew the most attention were flavonoids, 

phenolic compounds, and anthocyanins. The phytochemical compound polyphenol, 

which is produced by the shikimate pathway in higher groups of plants, is very 

beneficial to human health and has anti-inflammatory, anti-cancer, antimicrobial, 

and anti-allergic properties in addition to its important role in maintaining plant 

physiology (Khade et al., 2023). Moreover, plants with high concentrations of 
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flavonoids and phenolic compounds have been shown to have antioxidant 

properties; as a result, they are used to treat Parkinson's disease, depression, and 

anxiety.  Another significant class of metabolites is alkaloids, which have a wide 

range of pharmacological characteristics and recreational effects (Abubakar & 

Haque, 2020). 

Typically, the term medicinal plant refers to a plant that contains either 

secondary metabolites or active components with significant bioactivity. 

Phytochemicals present in medicinal plants work in a synergistic or additive manner 

to exert their medicinal effects; this combined action of phytochemicals eliminates 

the side effects associated with the dominance of a single xenobiotic compound. 

This also aids in giving herbal medications a wide range of action and prevents 

infections from developing resistance (Njeru et al., 2013). The active components of 

medicinal plants have a wide range of medical uses. Moreover, these bioactive 

substances can be extracted from therapeutic plants without compromising their 

effectiveness. Therefore, in order to carry out the required research and identify the 

important primary and secondary metabolic compounds, it is imperative to 

understand the biochemical composition of medicinal plants and their potential 

therapeutic uses. 

Because of their therapeutic qualities, which can aid in preventing and 

fending off a variety of diseases, phytocompounds have a significant impact on 

human health. In addition, these substances demonstrated a wide range of 

pharmacological actions on humans, acting as neuroprotective, hepatoprotective, 

anticancer, and inflammatory agents. It has also been demonstrated that they must 

prevent the onset of obesity, diabetes, cancer, and cardiovascular diseases. 

Therefore, phytocompounds hold the greatest promise for the fields of medicine and 

health sciences. Additionally, nutraceuticals, which have a high concentration of 

phytocompounds, and functional foods, which include phytocompounds as 

constituents, are used as preventive measures to ward off numerous illnesses (Gupta, 

2023). Antibacterial activity is a significant characteristic displayed by 

phytochemicals. It demonstrated this activity in a number of ways, including the 
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inhibition of the development of bacterial films, suppressing enzymes, and causing 

damage to the bacterial membrane. Additionally, polyphenols work against bacteria 

by breaking down the cell membrane or by preventing the synthesis of amino acids, 

which are necessary for bacterial growth (Rodríguez-Negrete et al., 2024).  

Plants can heal due to the actions of their phytochemicals, either separately 

or in combination. Phytochemical screening plays a major role in the identification 

of possible medicinal properties in plants. Thus, phytochemical analysis is an 

essential tool for figuring out the composition, metabolism, and biological functions 

of different organic compounds found in plants. This will enable the isolation and 

assessment of the qualitative and quantitative status of potent compounds. Though 

there are a plethora of techniques for analysing phytoconstituents, traditional 

qualitative tests remain widely used for the initial identification of phytochemicals 

present in plants (Shaikh & Patil, 2020). Quantitative analysis is a more thorough 

and useful approach than qualitative testing. In this instance, the results show 

promise for drug discovery and standardisation pertaining to herbal drugs. They also 

shed light on the toxicity levels of various plants and provide an explanation for 

their medicinal activity (Egbuna et al., 2018). The most important stage in separating 

the phytoconstituents is extraction. During extraction, caution must be taken to 

prevent any loss or disruption of phytochemicals. Even though there are three 

different kinds of extraction processes, solvent extraction is the most common. The 

choice of solvent is crucial in this situation. The main factors affecting extraction 

procedures are temperature, time, solvent pH, sample-to-solvent ratio, and sample 

dimensions. The process of extracting phytochemicals primarily involved the solutes 

dissolving in the solvent after the solvent permeated the solute matrix. Subsequently, 

the solute diffuses from the solid and is eventually extracted (Sinha et al., 2022).  

Many efforts have been made to properly identify active compounds using a 

variety of identification and quantification techniques. One of the most important is 

GC-MS, which is the fastest, most effective, and most accurate way to find 

compounds like organic acids, amino acids, nitro compounds, hydrocarbons, and 

long-chain hydrocarbons that are volatile in nature. In this instance, two analytical 
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techniques are combined into a single method for the analysis of chemicals found in 

mixtures. LC-MS is another widely used analytical method that can identify a large 

number of chemicals quickly and is highly capable of separating phytochemicals. By 

giving mass measurements of each compound, this method also guarantees the 

simple and accurate identification of metabolites (Abdulhafiz et al., 2022). The 

ultimate goal of all of these phytochemical analytical techniques is to determine the 

exact concentration of active compounds present in the obtained plant or sample.  

Free radicals, which are extremely reactive and unstable due to the presence 

of unpaired electrons, are involved in both human physiology and human pathology. 

Cell signalling pathways that regulate immune responses, apoptosis, and other 

normal cell functions depend on them. The production of ROS by immune system 

cells is essential for eliminating all invasive infections. Nitric oxide (•NO), 

superoxide (O2.-), hydrogen peroxide (H2O2), alkoxy (-OR), peroxyl (ROO·), and 

hydroxyl (·OH) are some examples of reactive species. It is produced by the 

mitochondria as a byproduct of metabolism, as well as by phagocytosis, xanthine 

oxidase activity, peroxisome activity, and arachidonic acid pathways. External 

factors that contribute to the production of free radicals include radiation, 

contaminants in the environment, medicines, ozone, heavy metals, poisons, 

pesticides, and smoking (Chandimali et al., 2025; Chaudhary et al., 2023). Oxidative 

stress results from an imbalance between the production of free radicals and the 

body's defensive antioxidant system. Antioxidants protect and maintain the normal 

metabolism and cell function by safeguarding against oxidative damage. There are 

two ways that antioxidant action is accomplished: either by scavenging radicals or 

by reducing the generation of free radicals (Gulcin, 2025).  

ROS are necessary for many cellular functions under normal physiological 

conditions, but when they are produced in excess, they damage mitochondria, 

proteins, lipids, carbohydrates, and nucleic acids, as well as cause oxidative damage, 

which destroys DNA, RNA, lipids, and proteins, disrupting cell functions and 

ultimately resulting in cell death. An established endogenous antioxidant defence 

system protects the organisms from the damaging effects of free radicals. Both the 
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enzyme and non-enzyme antioxidant systems played a significant role in this. The 

ROS are neutralised by enzymatic antioxidants like superoxide dismutase and 

glutathione peroxidase, while they are scavenged by non-enzymatic antioxidants, 

including vitamin C, vitamin E, and glutathione. Exogenous antioxidant systems are 

necessary to maintain the redox status if the endogenous antioxidant system is 

unable to balance the pro-oxidant and antioxidant reaction (Chandimali et al., 2025; 

Gulcin, 2025). 

Exogenous antioxidants can be classified as either natural or synthetic.  

The two synthetic antioxidants that are most frequently used are BHA and BHT. 

Although they are safe, occasionally they are discovered to be toxic, harmful, 

carcinogenic, and hepatotoxic to the human body. In addition to their potential 

therapeutic and nutritional benefits for human health, natural antioxidants obtained 

from fruits, vegetables, and other plant sources play a significant role in maintaining 

the redox balance. Flavonoids are one of the special classes of secondary 

metabolites found in plants that act as antioxidants against free radicals, according to 

recent studies. The overall safety and positive effects of plant-based exogenous 

antioxidants make their consumption more relevant. These can prevent chronic 

metabolic disorders, age-related conditions, and other oxidative stress-related 

problems (Martemucci et al., 2022). 

Natural antioxidants are found in every part of plants, including the leaves, 

bark, roots, seeds, fruits, and vegetables. Large doses of antioxidant supplements can 

have pro-antioxidant effects. Therefore, taking natural antioxidants from plants 

could be a safe way to prevent overdosing (Tumilaar et al., 2024). Common methods 

for evaluating the antioxidant capacity of plants and pharmaceutical ingredients 

include the following: DPPH• radical scavenging; 2,2'-azinobis-(3-

ethylbenzothiazoline-6-sulphonate) radical (ABTS·+) scavenging; ferric ions (Fe3+) 

reducing assay; ferric reducing antioxidant power (FRAP) assay; superoxide radical 

anion (O2·-); hydroxyl radical (OH·) scavenging; peroxyl radical (ROO·) removing; 

hydrogen peroxide (H2O2) decomposing and nitric oxide radical (NO·) scavenging 

assay. 
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Flavonoids, lignans, phenolic acids, vitamins, and carotenoids are among the 

antioxidants found in plants. By blocking free radicals and lowering lipid 

peroxidation, naturally occurring antioxidants such as polyphenols, gallic acid, and 

ascorbic acid can potentially reduce oxidative stress in humans (Yashin et al., 2017). 

Phenolic compounds are among the secondary metabolites that have been shown to 

have significant and efficient antioxidant activity in addition to other health 

advantages. Because of their enormous capacity to scavenge free radicals, a variety 

of herbs and medicinal plants are used in a wide range of medical applications. An 

additional noteworthy and potent bioactivity is the anti-inflammatory effect. A vital 

biological defence system, inflammation protects the body from damage and aids in 

its defence against illness, pathogens, and other irritants. Pain, redness, heat, and 

swelling are the four main signs of inflammation. Two primary mechanisms underlie 

the process of inflammation: first, the removal of harmful chemicals, and second, 

the repair of damaged tissues. There are acute and chronic phases of inflammation. 

As soon as there is tissue damage or any other disturbance, the acute stage starts. 

This process involves inflammatory mediators such as serotonin, histamine, and 

Cox-2. Despite being a vital defence mechanism, improper management of acute 

inflammation can result in chronic inflammation. Prostaglandins 2, lipoxygenase, 

and nitric oxide were among the inflammatory mediators that were involved in this 

process. Rheumatoid arthritis, autoimmune diseases, peptic ulcers, and cancer are 

just a few of the health issues that are brought on by chronic inflammation (Ansari et 

al., 2017; Alur, 2023).  

 An inflammatory response is brought on by the coordinated activation of 

signalling pathways that regulate the levels of inflammatory mediators in local tissue 

cells and inflammatory cells drawn from the blood (Chen et al., 2017). Even though 

the precise characteristic and location of the initial stimulus determine the 

inflammatory response processes, they all share a common mechanism that can be 

summed up as follows. 

 Identification of harmful stimuli by cell surface pattern receptors 

 Inflammation- related pathway activation 
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 Expression of inflammatory markers 

 Recruitment of inflammatory cells 

Inflammatory mediators are produced in response to an inflammatory 

stimulus, which in turn activates intracellular signalling pathways. Inflammation is 

largely regulated by three most common pathways, MAPK, JAK-STAT, and NF-κB, 

and any dysregulation of these pathways lead to diseases associated with 

inflammation (Oeckinghaus et al., 2011). Cytokines play a part in both inflammation 

and anti-inflammation, depending on the type of inflammatory response. Therefore, 

the pro-inflammatory cytokines IL-6, IL-8, and tumour necrosis factor α (TNF-α) 

initiate and promote mechanism of inflammation. While anti-inflammatory 

cytokines such as transforming growth factor, IL-10, and anti-inflammatory receptor 

agonist (IRA) can negatively regulate it (Zhu & Hou, 2021; Muzamil et al., 2021).   

 When a microbial attack occurs, immune cells like mast cells, neutrophils, 

leukocytes, and macrophages identify the pathogen-associated molecular patterns or 

cellular damage. Accordingly, the immune cells release inflammatory mediators, 

such as cytokines, leukotrienes, histamine, and nitric oxide, to start the inflammatory 

process. TNF-α and interleukins are two cytokines released by macrophages that aid 

in the healing of local injuries. Histamines are released by mast cells to induce 

vasodilation, which raises vascular permeability. Endothelial cells generate 

leukotrienes and prostaglandins using the phospholipids of damaged cells and 

membranes, which encourages vessel dilation and permeability. The combination of 

these inflammatory mediators causes fever, pain, and redness and also draws 

immune cells to the site of the injury (Dvorakova & Landa, 2017).  

One of the important enzymes that contributes significantly to the 

inflammatory response, specifically in the production of prostaglandins, is 

cyclooxygenase (COX). Arachidonic acid, which is released from the cell membrane 

by the enzyme phospholipase A2, is the source of both lipoxygenase and 

cyclooxygenase. These enzymes produce thromboxanes, leukotrienes, and 

prostaglandins, which are important inflammatory markers, through various series of 

reactions (Ribeiro et al., 2018). Cox has two distinct isoforms, Cox-1 and Cox-2, 
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respectively. The housekeeping gene Cox-1 regulates the flow of blood to the 

kidneys, the synthesis of prostaglandin E2, and the production of thromboxane in 

platelets. Cox-2, on the other hand, is an inducible response gene that is triggered by 

both extracellular and intracellular stimuli, such as lipopolysaccharide and epidermal 

growth factor. 

Risky pathological conditions like metabolic syndrome, neurodegenerative 

diseases, diabetes, atherosclerosis, and even various cancers are frequently brought 

on by uncontrolled inflammation, especially chronic inflammation. Therefore, it is 

thought that lowering inflammation will aid in preventing several issues and 

maintain the tissues' normal state of health (An et al., 2019). The molecular target of 

herbal remedies, analgesics, and anti-inflammatory nonsteroidal anti-inflammatory 

drugs (NSAIDs) like aspirin has as its main molecular target the inhibition of Cox-2 

activity, which is activated by inflammatory stimuli like bacterial endotoxin and 

cytokines. By blocking the arachidonic acid pathway and thereby reducing the 

production of prostaglandins, these drugs work to reduce inflammation and pain. 

The onset of severe conditions like gastrointestinal, cardiovascular, kidney, and 

cerebral injuries is, however, occasionally brought on by these medications. 

Additionally, it causes a variety of side effects as a result of the use of these 

medications (Hu et al., 2022; Desai et al., 2018; Gandhi et al., 2022).   

Molecules with anti-inflammatory potential are abundant in the plant 

kingdom. By directly interacting with pathogens like bacteria and viruses, 

polyphenols can inhibit the anti-inflammatory process (Sangiovanni & Dell’Agli, 

2021). Similarly, coumarins had the ability to reduce inflammation. By interacting 

with several pro-inflammatory cytokines and altering prostaglandin levels, 

coumarins exert anti-inflammatory effects (Ghosh et al., 2023). The planar ring 

structure of flavonoids, along with unsaturation at the C2-C3 and hydroxyl group 

positions, makes them one of the best anti-inflammatory agents. By lowering 

inflammatory cytokines like IL-6, IL-8, and TNF-α, it demonstrated the ability to 

reduce inflammation. They are also effective at blocking enzymes like iNOS and 

Cox-2 (Al-Khayri et al., 2022). Different mechanisms are used by phenols to 
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produce their anti-inflammatory effects. To exert their anti-inflammatory effects on 

macrophages, phenolics can inhibit several essential inflammatory response 

regulators, including TNF-α and IL-6.  In addition, they can act as an anti-

inflammatory agent by deactivating inflammatory enzymes like LOX and COX (Liu 

et al., 2023). Inflammation-reducing properties of terpenoids are also significant 

(Prado-Audelo et al., 2021). The importance of medicinal plants, crude extracts, and 

pure compounds in treating diseases when inflammation arises has been emphasised 

in numerous reports. The development of anti-inflammatory drugs may therefore 

benefit greatly from the inclusion of plant species that contain these bioactive 

components.  

Cytotoxicity is one of the important bioactivities that medicinal plants 

display, and it is connected to how well they fight cancer. Numerous 

phytoconstituents in the plant have a cytotoxic effect by interfering with the normal 

cell cycle and causing chromosome abnormalities of different types. One of the 

popular and trustworthy test methods for figuring out toxicity in lab settings is the 

Allium test. In addition to being easy to handle and store, onions make it simple to 

observe having both macroscopic and microscopic characteristics. Additionally, this 

system exhibits a strong correlation with the data gathered from prokaryotic and 

eukaryotic systems (Saxena et al., 2005). It is a legitimate technique to assess the 

type of cytotoxicity present in all living things.  

 Mitotic index (MI) is a feasible method for determing the degree of 

cytotoxic potential in living things. It involves quantitatively estimating an 

organism's mitotic activity. It determines the proportion of cells in the M-phase of 

the cell cycle, and its inhibition is known as cell death or a delay in the kinetics of 

cell division. The cell cycle arrest that occurs at the G2 phase or the interruption of 

mitosis may be the cause of the decrease in mitotic activity. Changes in the normal 

structure of chromosomes that result from chromosome exchange or breakage are 

known as aberrations. Some chromosomal abnormalities are viable and result in 

either somatic or inherited genetic effects, but many of the abnormalities that are 

analysed in the cells are found to be fatal. Plant extracts' cytotoxic efficacy is 
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demonstrated by a dose-dependent decrease in MI values and an increase in the 

percentage of abnormality. Various herbal extracts have been documented with the 

property to inhibit mitosis (Aşkin Çelik & Aslantürk, 2010; Akinboro & Bakare, 

2007). 

The significance of this test lies in the fact that the roots grow in direct 

contact with the plant extract or substance of interest, potentially causing damage to 

the DNA that could be linked to human DNA. Because plants and animals have 

similar chromosome morphologies, they seem to react to treatments containing 

mutagens similarly to how mammals and eukaryotes do (Owolarafe et al., 2020). 

The toxicity preference is low or non-existent if the test compound of interest is 

utilised in the pharmaceutical or cosmetics industries. Selective cytotoxicity against 

cancerous cells is important if the compounds are used as anticancer agents. Thus, in 

order to proceed with further analysis of the test compounds, substances, or extracts, 

a preliminary assay of cytotoxic determination is required.  

Under normal circumstances, the processes of cell division and death are 

balanced to maintain a healthy living. This is done by creating and multiplying new 

cells to replenish or balance the ones that are lost as a result of ageing or damage. 

Any disruption to the normal homeostasis of cells leads to abnormal and 

uncontrollable cell proliferation, which ultimately results in tumours that impact and 

spread to neighbouring tissues. A chronic disease that is diverse and multifactorial, 

cancer is one of the leading causes of death worldwide, accounting for 10 million 

deaths in 2020. Of all the cancers, lung cancer is the one that kills patients the most, 

followed by breast and colorectal cancer. It is the second leading cause of death after 

cardiovascular disease. Cell growth abnormalities, angiogenesis, multiple 

replications, non-responsiveness to the signals of anti-growth, and the ability to 

spread and metastasize to other parts of the body are characteristics of cancer. These 

distinct characteristics give cancer cells a greater survival potential, rapid growth, 

and a great capacity to spread to nearby normal cells. Sarcoma, lymphoma, 

carcinoma, leukaemia, and myeloma are some of the more common cancer types. In 

men, the prostate, colon, rectum, lungs, and bladder are the primary sites where 
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cancer is seen. In females, the highest percentage of cancer cases is found in the 

thyroid, uterine corpus, and breast. Blood cancer was identified as the most common 

type in children's cases (Chandra et al., 2023). 

A combination of external factors and internal genetic variation leads to the 

development of this genetic disease. This disease is caused by somatic DNA 

mutations that occur after exposure to any type of carcinogenic material. Gene 

mutation results from carcinogenic substances that either directly or indirectly 

disrupt the cytoplasm and nucleus of cells. Approximately 7% of cancers are caused 

by carcinogenesis factors, such as radiation, bacteria, and viruses. Oxidative stress, 

obesity, and hyperglycaemia all contribute to the rise in cancer cases. The disruption 

of cellular fates brought on by cancer results in abnormalities in the normal 

functioning of essential genes, and proto-oncogenes turn into oncogenes. The 

overproduction of proteins due to a mutated oncogene can lead to excessive cell 

proliferation. Similarly, the absence or aberrant activity of the tumour suppressor 

gene also plays a role and initiates unchecked cell division. The tumour suppressor 

gene codes for and regulates the proteins that cause cell division to stop. These 

proteins are affected by mutations during their formation, which results in their 

inactivation. Individuals with cancer receive different treatments. The type of cancer, 

the patient's circumstances, and their medical history are the primary determinants. 

Hormone therapy, chemotherapy, radiation therapy, and bone marrow transplants are 

a few of the frequently used treatments (Hassanpour & Dehghani, 2017; 

Schottenfeld & Fraumeni, 2006).  

In women, more than 2 million cases of breast cancer were diagnosed 

globally in 2020. Breast cancer is primarily caused by mutations in the tumour 

suppressor genes BRCA1 and BRCA2. Similarly, this formation is influenced by 

specific reproductive and lifestyle changes. A diet high in sugar and fat, alcohol 

consumption, processed food consumption, smoking, chemical exposure, obesity, 

and variations in menstruation, such as early menarche and late menopause, delivery 

which happens late in life (typically after the age of thirty), are some of the factors 

that lead to breast cancer. Breastfeeding has the potential to mitigate the effects and 
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prevent breast cancer. Sarcomas and carcinomas are the two forms of breast cancer. 

Carcinomas include breast cancers that originate from components such as lobules 

and terminal ducts that are based on breast epithelial cells. On the other hand, 

sarcomas develop from connective tissues such as myofibroblasts, which support the 

lobules and ducts. Because of its highly invasive nature and poor response to 

treatment, triple-negative breast cancer accounts for 15 - 20% of all cases of the four 

types of breast cancer. Although chemotherapy and radiation therapy are commonly 

used to treat cancer, they are very costly and have negative side effects. Therefore, 

an alternative approach is required to address this issue, and medicinal plants may be 

the best choice due to their low risk of adverse effects and lower financial loss. 

Natural compounds derived from aromatic and medicinal plants hold the 

most promise as anticancer agents because they contain powerful chemicals such as 

flavonoids and terpenes, which can induce apoptosis and alter gene expression. 

Epidemiological research has demonstrated that a diet rich in antioxidants and 

phytocompounds from fruits and vegetables can dramatically lower the incidence of 

a number of cancers. Plant-based antioxidant molecules, including flavonoids, 

terpenes, alkaloids, and tannins, have promising anticancer properties. Therapeutic 

benefits result from the synergistic action of these bioactive compounds. Studies 

conducted both in vitro and in vivo have demonstrated that antioxidants' capacity to 

quench free radicals accounts for their strong anticancer effects (Kamal et al., 2022). 

Phytocompounds that are isolated from plants are used to prevent the growth of 

cancer. One well-known natural polyphenolic antioxidant that comes from plant 

extract, gallic acid, demonstrated the capacity to induce apoptosis in lung cancer 

cells. Similarly, various compounds that are extracted from various plants, such as 

Vinca alkaloid, podophyllotoxin, and camptothecin, are used in cancer treatments 

(Khan et al., 2020). 

Examining compounds that have anticancer properties and developing plant-

based medications may be an important step in the treatment of breast cancer. Thus, 

the current study focusses on the antiproliferative effects of three Euphorbia species' 

methanolic extract on the MCF-7 breast cancer cell line in vitro. Common breast 
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cancer cell lines used in in vitro experiments include MCF-7, MDA-MB-231, MDA-

MB-468, and T47B. The work takes into account MCF-7, a model cell line for 

breast cancer that has both oestrogen and progesterone receptors. Phytochemicals 

work against cancer by interfering with different signalling pathways. To gain a 

thorough understanding of the effects of phytocompounds found in selected plant 

extracts that exhibited anticancer potential, certain molecular pathways are 

considered. Variations in the expression of crucial genes such as STAT-3 and p53 

were examined. The tumour suppressor gene p53 has a major role in regulating 

cellular processes like cell proliferation. It is known as a "gatekeeper gene" because 

of its enormous capacity to prevent the growth of tumours. It can encourage cellular 

repair processes and identify DNA damage. p53 gene mutations impair the gene's 

ability to inhibit tumour growth, which increases the risk of developing cancer, 

including breast cancer (Shomali et al., 2023). The gene signal transducer and 

activator of transcription 3 (STAT-3) contributes to breast cancer. According to 

recent clinical findings, consistently activated STAT-3 is linked to breast cancer 

growth, spread, and metastasis. The phosphorylation of STAT-3 by the IL-6 family 

of cytokines initiates the signalling cascade systems in breast cancer. Other 

interleukins, such as IL-35 and IL-8, have also been shown to activate STAT-3, 

which advances breast cancer. IL-35 inhibits conventional T cells while also 

accelerating the progression of breast cancer by activating STAT-3. On the other 

hand, IL-8 and growth-regulated oncogene (GRO) chemokines activate STAT-3, 

hastening the progression of inflammatory breast cancer (Ma et al., 2020). 

Therefore, using both morphological and molecular methods, the current study aims 

to analyse how phytocompounds found in methanolic extracts of specific Euphorbia 

species induce an antiproliferation effect against the MCF-7 breast cancer cell line. 

Richard Feynman, an American physicist, introduced the idea of 

nanotechnology in his 1959 lecture "There's Plenty of Room at the Bottom." A 

multidisciplinary field of study, nanotechnology has made rapid and substantial 

contributions to all facets of life, including human health. It has numerous 

applications in a variety of fields, including bioimaging, environmental remediation, 

drug and gene delivery, and more. Its nanoscale effects created new opportunities for 
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the development of new innovations in various industrial fields. Organic, inorganic, 

and hybrid materials are all used in nanotechnology. The diameter of nanoparticles 

ranges from one to one hundred nanometres. Its size and surface area to volume 

ratio showed off its distinctive characteristics. In many different sectors, such as the 

food, agricultural, and biomedical industries, they play a significant role. Metallic 

nanoparticles, which have their own electronic, catalytic, and optical properties, are 

found to be highly effective in a variety of sectors among other nanoparticles, 

including lipid-based, semiconductor, and polymeric nanoparticles. There are 

primarily two methods for producing nanoparticles: top-down and bottom-up 

methods. In the top-down scenario, bulk materials are broken up or divided in order 

to synthesise nanoscale materials. This category includes physical method of 

nanoparticle formation like sonication, electron explosion, laser ablation, and 

mechanical milling. The bottom-up approach, on the other hand, creates 

nanoparticles by combining small molecules and atoms. This category includes 

biological methods that use microbes, plants, and biological wastes like egg shell, 

vegetable, and fruit peel extract, as well as chemical methods like the sol-gel 

process, co-precipitation, and molecular condensation (Altammar, 2023). 

From 2019 to 2023, it was discovered that the production of metal 

nanoparticles using plant extracts advanced more. When the metal salt solution is 

mixed with plant extracts, nanoparticles are created at room temperature in a short 

duration of time. Through this process, nanoparticles of gold and silver are 

developed. The ability of the phytoconstituents—saponins, polyphenolics, alkaloids, 

and terpenoids—to act as both stabilising and reducing agents makes it easier for 

metal ions to be reduced smoothly to nanoparticles. For this reason, plants are a 

promising source for nanoparticle formation. The green synthesis of nanoparticles is 

inexpensive, widely accessible, and creates them without the use of dangerous 

chemicals by employing sustainable molecules in an eco-friendly manner. The 

formation of nanoparticles is influenced by a number of variables, which differ from 

plant to plant and include temperature, reaction mixture pH, metal ion concentration, 

and reaction time. A range of techniques, including FTIR, X-ray diffraction, 

transmission electron microscopy, scanning electron microscopy, UV-visible 
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spectroscopy, and dynamic light scattering (DLS), can be used to determine the 

properties of the formed nanoparticle, such as its morphology, size, shape, purity, 

and distribution of functional groups, which are crucial to understanding their 

effectiveness. The first and most fundamental technique, UV-visible spectroscopy, 

verifies the existence and formation of silver nanoparticles by generating a 

characteristic peak at a particular wavelength. The synthesised nanoparticles' 

morphology is determined using either TEM or SEM. Information about the 

different functional groups present in plant extracts that are specific to each extract 

and play a role in the stabilisation and capping process for the development of 

nanoparticles is provided by FTIR analysis (Hosseingholian et al., 2023). 

Since ancient times, people have utilised metals like copper and silver due to 

their strong antimicrobial properties. Nowadays, these are used in contraceptives, 

textiles, and hygiene products. Ag NPs have been used extensively in a variety of 

fields due to their high surface-to-volume ratio and comparatively small size. It 

works well as a catalytic agent to break down hazardous contaminants such as 

organic dyes. Likewise, it was discovered that this is less harmful to mammalian 

cells than other metal nanoparticles (Dawadi et al., 2021). In addition, compared to 

other metallic nanoparticles, Ag NPs exhibited a wide range of antimicrobial 

activity, low toxicity, and high biocompatibility. Ag NPs' antimicrobial properties 

against fungi, viruses, and both gram-positive and gram-negative bacteria have been 

known since ancient times. They also work in concert with antibiotics to increase 

their effectiveness. There is ongoing research into the antibacterial and other 

bioactivities that silver nanoparticles exhibit, the explanation for these properties. 

One of the explanations is that Ag NPs can interact with the phospholipid bilayer of 

the bacterial cell membrane, causing the contents of the cell to escape and increasing 

the permeability of the membrane. Ag NPs have the ability to create reactive oxygen 

species, cause oxidative stress, and cause related damages when they enter a cell. It 

can interfere with and disrupt the process of replication and repair, as well as alter 

the normal structure of bacteria by interacting with their DNA. Additional bacterial 

cell damage from Ag NPs include disruption of the respiratory chain, change in 

protein expression, and inactivation of enzymes (Casals et al., 2025). Since the 
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emergence of antibiotic-resistant microorganisms and their enormous potential to 

spread illness are major global concerns these days, Ag NPs are seen as a promising 

antibacterial alternative. This has increased the significance of producing silver 

nanoparticles and other nanoparticles using environmentally friendly methods that 

use plant extracts. For this reason, the current study focuses on the ability of 

methanolic extracts of three Euphorbia species to form nanoparticles. 

Among flowering plants, the Euphorbiaceae family is one of the largest and 

most important, with many medicinal plants. There are about 300 genera and 8000 

species in the family. This family is known for its unique reproductive structure, the 

cyathium inflorescence, which is unique to this genus and not found in any other 

plant group worldwide. In reality, this structure consists of a single female flower 

encircled by numerous male flowers, all of which are encased in bracts that resemble 

the petiole of other plants' flowers. One of their most remarkable and fascinating 

characteristics is the presence of milky latex, which is toxic and poisonous and 

protects plants due to the presence of terpenes and phenolics. In their traditional 

medicine, indigenous people used various species to treat conditions like cancer, 

hepatitis, malaria, jaundice, snake bites, inflammation, and urinary tract infections.  

In the genus Euphorbia, there are roughly 2000 recognised species with 

notable biological and medicinal properties. The members are spread throughout 

tropical and temperate regions, including Madagascar, Africa, America, and tropical 

Asia. The members displayed themselves in a variety of habitats, including 

xerophytes, succulents, canopy trees, herbs, shrubs, and geophytes. In India, the 

genus is represented by 93 species, 40 of which are endemic. Due to the presence of 

diterpenoids, the genus's members demonstrated strong pharmacological properties, 

including anti-inflammatory, anti-HIV, cytotoxic, and anti-bacterial effects. Prior to 

the time of Christ, the members were used in Chinese and Ayurvedic medicines to 

treat rheumatism, asthma, and liver disorders (Kemboi et al., 2021). According to 

reports, all parts of the plant, including root, stem, stem bark, latex, aerial parts, 

seed, leaves, and entire plants, have therapeutic uses. A vast array of natural 

compounds with a variety of pharmacological actions is abundant among Euphorbia 
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members, which can aid in the development of pharmaceutical agents and 

medications. Consequently, it is very important for research. Furthermore, the use of 

diterpenoids like Taxol for cancer treatment and Picato for actinic keratosis 

increased the importance of the members. Despite the fact that this genus contains 

numerous species, E. rothiana and E. deccanensis have not been studied. Thus, three 

species of Euphorbia plants are being examined phytochemically in this study in 

order to identify their potential bioactivities. 

Major objectives of the study 

 To screen the phytocompounds found in the aerial parts of chosen plant 

species through qualitative and quantitative analysis by in vitro assays. 

 To comprehend the antioxidant capacity of the chosen species. 

 To reveal the anti-inflammatory potential of the aerial parts of the chosen 

species. 

 To determine the cytotoxic potential of extracts using the Allium cepa assay. 

 To examine the chosen extract's antitumor properties using MCF -7 breast 

cancer cell lines.  

 To outline the chosen extract's capacity to induce apoptosis and cell cycle 

arrest in MCF -7 breast cancer cell lines.  

 To elucidate the antiproliferative mechanism through gene expression 

studies. 

 Bio-fabrication of silver nanoparticles from selected extracts and 

determining the antimicrobial activity exerted by the developed 

nanoparticles. 
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REVIEW OF LITERATURE 

 

The current study primarily focuses on the distribution of different 

phytometabolites and biological activities of chosen species of Euphorbia. 

Euphorbia is a significant genus that possesses a wide range of habits, including 

trees, xerophytes, succulents, and herbs. It has over 2000 species and can be found 

in topics, subtopics, and Mediterranean regions. The members are aware of the 

existence of white sap, which is toxic but has medicinal and health advantages. 

Many species are utilised for cultural and commercial purposes, as well as for the 

treatment of various illnesses in traditional medicine. This chapter compiles and 

documents a summary of the literature survey conducted on the genus, which is 

crucial to the current work. 

Background in taxonomy 

The genus Euphorbia is one of the three most species-rich flowering plant 

group in the family Euphorbiaceae, with 2046 species found worldwide, particularly 

in warm, arid, and semi-arid climates. The latex produced by some species is well-

known and used as both an insecticide and a fishing poison (Frazão et al., 2020). It 

is distributed almost cosmopolitanly, with diverse hotspots in southern Africa, 

eastern and northeastern Africa, north and central Mexico, and western Asia. 

However, it is absent in subarctic regions and tropical rainforests (Smith & Carter, 

1988). About 850 succulent species of Euphorbia are safeguarded by CITES 

regulations, which govern international trade in threatened and endangered species 

of wild fauna and flora (Carter et al., 1997). In India, the genus is represented by 84 

native species. It is the largest genus of the family in India and has a high level of 

endemism with 31 endemic species and seven varieties (Binojkumar & 

Balakrishnan, 2010; Binojkumar, 1993). New species of Euphorbia have recently 

been added to the Indian flora, including Euphorbia kadapensis Sarojin & R.R.V. 

Raju, Euphorbia gokakensis S.R. Yadav, Malpure & Chandore, and Euphorbia 

seshachalamensis Prasad & Prasanna (Raja et al., 2020). They occupy a variety of 

habitats and display a wide range of growth forms. The species come in a variety of 
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sizes, including tiny ephemerals, different kinds of herbs, large shrubs, cushion-

forming subshrubs, understory and canopy trees, and succulents that resemble cacti 

(Naidu, 2017). The genus is morphologically distinguished by having a cyathium 

inflorescence and a highly reduced inflorescence that resembles a single flower 

despite having a great deal of vegetative diversity (Fayed et al., 2020). The 

cyathium, which Linnaeus incorrectly identified as a flower when he first described 

the genus, was later revealed to be an inflorescence. The word "inflorescence" was 

used in place of "cyathium," which called for a wider, more modern perspective on 

the genus (Binojkumar, 1993). According to recent molecular studies, the genus 

Euphorbia has been divided into four monophyletic subgenera such as Euphorbia 

(800 species), Chamaesyce (600 species), Esula (500 species) and Athymalus (150 

species) (Pahlevani, 2017). The taxonomy of the Euphorbia genus is a difficult task 

because of the abundance of species with global distribution, the extreme 

morphological plasticity of some species, and the convergent evolution of some 

morphological characters. 

Bentham & Hooker classification                        APG Classification  

Kingdom :  Plantae     Kingdom :  Plantae 

Class  :  Dicotyledon       Clade  :  Angiosperms 

Sub-class :  Monochlamydeae       Clade  :  Eudicots 

Series     :  Unisexuales       Clade  :  Rosids 

Order  :     Euphorbiales        Order  :  Malpighiales 

Family  :  Euphorbiaceae       Family  :  Euphorbiaceae 

 

Phytochemical profile 

Plant-based bioactive compounds are used in a vast array of biological 

processes. These substances are crucial to plants' defence mechanisms and have 

sparked a lot of interest due to their potential therapeutic applications. More than a 
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thousand phytochemicals have been identified to date, and they can be obtained 

from a variety of foods, including whole grains, fruits, vegetables, nuts, and herbs. 

Certain polysaccharides, dietary fibers, phytosterols, carotenoids, polyphenols, and 

isoprenoids are a few of the important phytochemicals. In addition to their potent 

antioxidant properties, these phytochemicals have antiviral, antibacterial, 

antidiarrheal, anthelmintic, and antiallergic properties. A great deal of research has 

been done to find out whether powerful phytometabolites such as alkaloids, 

flavonoids, terpenoids, phenolic compounds, tannins, steroids, phlobatannins, and 

glycosides have the potential to be used as medications (Kumar et al., 2023).  

Phenolic compounds are one of the most well-known secondary metabolites 

that plants produce; they are notable for having antimicrobial, antioxidant, and anti-

inflammatory properties (Lagana et al., 2019). These substances have a lot of 

potential for preventing and treating cancer because they can inhibit the growth of 

tumours and encourage apoptosis, or the controlled death of cells. Their numerous 

bioactivities highlight their significance for health and wellness and establish them 

as strong candidates for therapeutic interventions in a variety of chronic diseases 

(Sinha et al., 2016; Gupta et al., 2011; Sharifi-Rad et al., 2022). 

Because of the wide range of bioactivities and potential health benefits it 

demonstrates, a class of phenolic compounds known as flavonoids.  They have anti-

inflammatory, anti-cancer, anti-oxidant, cardiovascular, and neuroprotective 

properties. Their importance in many physiological and pathological processes has 

been highlighted in recent studies. Flavonoids serve as painkillers, tumour-growth 

inhibitors, cardiovascular health promoters, and provide defences against 

neurodegenerative diseases. The improvement of overall health and well-being as 

well as the prevention and treatment of chronic diseases may be made possible by 

these bioactive substances (Liu et al., 2014; Grosso et al., 2015).  

Alkaloids are a broad class of substances that contain nitrogen. Their notable 

pharmacological traits include analgesic, anti-inflammatory, anti-malarial, and anti-

cancer effects. The potential of these substances as medications has been thoroughly 

investigated (Ng et al., 2015). Terpenoids are another imperceptible class of 
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compounds that have been shown to possess antiviral, antifungal, antiparasitic, and 

anticancer characteristics. They have been investigated as possible therapeutic 

candidates for the management of a variety of conditions, such as infectious 

diseases, cancer, and neurological disorders (Paduch et al., 2007).  

Developing novel manufacturing techniques for pharmaceuticals, 

nutraceuticals, and complementary medicine requires a thorough analysis of the 

bioactivities of phytochemicals. Examining the chemical makeup of phytochemicals 

is essential before determining the active ingredient responsible for their 

bioactivities (Agidew, 2022). Molecules' unique chemical structure and properties 

significantly influence their interaction with biological systems. Plant parts like 

leaves, stems, roots, and flowers have different phytochemical profiles. Researchers 

can analyse these profiles to identify specific plant parts with higher bioactive 

compounds, facilitating standardized extract production and efficient plant resource 

utilization. 

Various techniques and technologies are utilized to determine and 

comprehend the bioactive molecules found in plants. Individual compound 

identification can be achieved using chromatographic techniques such as thin-layer 

chromatography (TLC), gas chromatography (GC), and high-performance liquid 

chromatography (HPLC). Likewise, several compounds in a sample can be analysed 

simultaneously with the LC-MS method, which also provides structural information 

about chemical compounds (Pitt, 2009).  

In phytochemical analysis, a multi-technique integrated approach is used to 

perform a comprehensive analysis of the bioactive substances in plants. This 

integration makes it possible to understand plant extracts' chemical makeup and 

biological activities as well as the different ways that they can be combined and used 

in pharmaceutical analysis, phytochemical research, and drug quality control. 

Different phytochemicals can be separated and characterised simultaneously by 

combining spectroscopic techniques like mass spectrometry (MS) with 

chromatographic techniques like gas chromatography (GC), liquid chromatography 

(LC), and high-performance liquid chromatography (HPLC) (Parys et al., 2022). 
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However, metabolomics makes use of a variety of technologies to get around the 

inherent drawbacks of each analytical method, producing better outcomes. 

Phytochemical distribution in the genus Euphorbia  

Because of their wide range of phytochemicals, which include lignans, 

diterpenoids, triterpenoids, flavonoids, alkaloids, and phorbol esters, Euphorbia 

species are valuable for natural products and drug discovery. Their effectiveness in 

conventional systems can be attributed to their high concentration of 

phytometabolites, which include essential oils, oxygenated sesquiterpenes, 

sesquiterpene hydrocarbons, and macrocyclic diterpenoids (Kemboi et al., 2020). 

Due to the quantity and complexity of phytochemicals present, these compounds 

display a broad range of bioactivities, including cytotoxic, anti-inflammatory, 

antimicrobial, anticancer, and anti-inflammatory effects (Fig. 1). Some of the major 

phytometabolites found in the members of Euphorbia are listed below. 

i) Diterpenoids: With over 1500 isolated compounds belonging to over 30 

different skeletal types, diterpenoids are the most significant chemical 

family found in Euphorbia plants. There is a great deal of interest in 

natural product chemistry because of the structural diversity of these 

diterpenoids, which are present in various species of Euphorbia. Due to 

the wide range of therapeutically relevant activities, they exhibit, 

including antitumor, multidrug resistance reversal, antiviral, and anti-

inflammatory effects, they are advantageous candidates for drug 

discovery (Zhao et al., 2022).  

ii) Triterpenoids: Many species of Euphorbia contain the triterpenoids, one 

example includes, euphol. It has anti-inflammatory, antioxidant, and 

analgesic qualities. 

iii) Flavonoids: After macrocyclic diterpenes and triterpenoids, flavonoids 

are one of the main components of the Euphorbia species. Isoflavonoids, 

neoflavonoids, chalcones, etc. are the most common forms of flavonoids. 
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They have a wide range of pharmacological properties and show great 

promise as medicines.  

iv) It is known that several Euphorbia species produce specialised 

phytochemicals like phorbol esters. These chemicals have received a 

great deal of attention because of their potent skin irritant properties and 

potential as anticancer agents. 

v) Phenolic compounds (Magozwi et al., 2021). 

 

 

Fig. 1: Major phytochemicals found in the genus Euphorbia and associated 
pharmacological activity (Amtaghri et al., 2022). 

Euphorbia plants' ability to preserve food is enhanced by the secondary 

metabolites they produce. Candelilla wax (E 902) may be used as a food glazing 

agent, according to European Union (EU) regulations. In the EU, it is legal to use it 

as a component to give some food products a glossy or protective coating. Candelilla 

wax is made from the leaves of the plant Euphorbia antisyphilitica, which is adapted 

to semi-arid environments. The wax is extracted from the plant's leaves and 

converted into a form suitable for use in food applications. Its addition to food 

products enhances their texture, appearance, and preservation (EFSA., 2012). The 

Food and Drug Administration (FDA) has also recognised candelilla wax, which is 

derived from specific Euphorbia plant species found in Northern Mexico and the 

Southwest United States, as a food additive with gelling properties, according to 

Toro-Vazquez et al. (2007). 
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Metabolites from Euphorbia have received a lot of attention due to the 

presence of the diterpene ingenol mebutate. It has been found in several Euphorbia 

species, including E. peplus, E. lathyris, E. nivulia, E. esula, E. antiquorum, E. 

serpens  and       E. fischeriana. Ingenol mebutate is the active ingredient in Picato®, 

a medication used topically to treat actinic keratosis, a precancerous skin condition 

(Frezza et al., 2018). Resiniferatoxin, a potent daphnane orthoester from the E. 

resinifera plant and a potent capsaicin receptor agonist, is currently being tested in 

phase III clinical trials for the treatment of chronic pain and overactive bladder 

(Brown, 2016).   Since metabolites have been discovered and used in medicine, 

there has been a great deal of interest in researching the therapeutic potential of 

other metabolites derived from Euphorbia plants. 

Traditional significance of Euphorbia genus 

A variety of regions, including China, Europe, America, Turkey, India, 

Africa, Iran, and Pakistan, have a long history of using Euphorbia plants in 

traditional medicine. For their therapeutic qualities and health advantages, they are 

highly valued (Amtaghri et al., 2022).  Various parts of Euphorbia plants such as 

leaves, stems, latex, seeds and roots have been utilized in traditional medicine to 

address a wide range of ailments. The medicinal applications of Euphorbia species 

include the treatment of respiratory conditions, infectious diseases, skin irritations, 

digestive issues, inflammatory infections, body pain, microbial diseases, snake or 

scorpion bites, and inflammatory infections. These plants have been employed to 

alleviate symptoms and promote healing in traditional healing systems (Shi et al., 

2008). The name "Euphorbia" is connected to the Greek surgeon Euphorbus, who 

worked as a physician for Juba II, a Romanized king of a North African kingdom. It 

is believed that Euphorbus included milky latex from the species of Euphorbia in his 

medicine (Jasbi, 2006).  

Various Euphorbia species have been used for medicinal purposes in various 

regions. In Chile, E. thymifolia was known to stimulate lactation but also to have 

abortifacient properties. Because of its emetic and purgative properties, E. lathyris 

was used to treat conditions such as hydropsy, ascites, schistosomiasis, and 
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snakebites in Europe. In Northern America and China, E. maculata was used to treat 

warts, corneal opacities, and blood disorders. Euphorbia preparations such as 

decoctions, ointments, and hot steam were used to treat inflammatory conditions. E. 

corollata was known for its effectiveness in treating dropsy, whereas E. marginata 

and E. antiquorum were traditionally used to treat swellings. In Vietnam, E. 

antiquorum was used to treat cancer, liver disease, cutaneous dropsy, infections, and 

toothaches (Salehi et al., 2019).   

Three Euphorbia species—E. hirta, E. thymifolia, and E. lathyris—stand out 

among the 33 species that are mentioned in folk practices across the globe as being 

frequently used in traditional medicine (Ernst et al., 2015). Traditional uses of 

Euphorbia hirta for treating a range of medical conditions can be found in many 

nations. For the treatment of diarrhoea, it has been used in Burundi, China, the 

Philippines, and Nigeria. A decoction of E. hirta is also used to treat dysentery in 

Vietnam, India, and Mozambique. Additionally, it is used to treat bronchitis, asthma, 

and coughs in Nepal, Australia, the South Western United States, and Hawaii. 

Furthermore, its latex is used to treat infections such as ringworm, gonorrhea, 

candidiasis, and malaria (Osemeobo, 1991). 

For a variety of skin conditions, preparations made from various Euphorbia 

species have been used. Itching skin, warts, eczema, hair loss, boils, sunburn, 

calluses, rashes, irritation, and pustules can all be effectively treated with these home 

remedies. They also have antiseptic, disinfectant, and emollient properties, which 

add to their value for their advantageous effects on the skin. Among the Euphorbia 

species that are frequently used to treat these infections are E. maculata, E. hirta, E. 

peplus, E. sessiliflora, E. apios  and E. macroclada (Lai et al., 2004; Ernst et al., 

2015).  

The use of Euphorbia species for the treatment of respiratory ailments, such 

as asthma, coughs, bronchial complaints, and pneumonia, has been documented in 

the literature. Additionally, extracts from these species have been shown in 

laboratory studies to have a variety of pharmacological properties, including anti-

arthritis, anti-inflammatory, antioxidant, antitumor, and antiproliferative effects. As 
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contemporary medicines, these extracts have been isolated and patented. The use of 

Euphorbia species for these purposes has been documented in a number of nations, 

with E. hirta, E. pululifera, E. neriifolia, and E. rigida being the most frequently 

mentioned species (Ernst et al., 2015).  

  The carminative and expectorant properties of Euphorbia neriifolia's latex 

make it useful for treating a variety of ailments, such as tumours, stomach and skin 

issues, leprosy, asthma, and kidney stones. E. neriifolia roots are specifically used to 

treat snakebites and scorpion stings. Additionally, this plant's leaves have 

carminative properties and can be used to treat conditions like pain, inflammation, 

bronchial infections, and anorexia (Mali & Panchal, 2017). Another species utilised 

in traditional Chinese medicine is Euphorbia helioscopia. It is used to treat bacillary 

dysentery, osteomyelitis, and malaria. Euphorbia resinifera is frequently employed 

in Uyghur medicine to treat chronic pain, toothaches, and tuberculosis (Frezza et al., 

2018).  

Numerous Euphorbia species have been used for their medicinal benefits by 

the tribes living in the Tirunelveli hills of India's Western Ghats. To treat wounds, 

ulcers, deafness, cough, and inflammation, they have used the roots of Euphorbia 

antiquorum, in addition to treating digestive issues. Similarly, the leaves of both 

Euphorbia rosea and E. rothiana were utilized as vermifuges, indicating their use in 

expelling or eliminating intestinal worms. These traditional uses of Euphorbia 

species by the tribes in Tirunelveli Hills highlight the diverse medicinal applications 

of these plants within the local traditional medicinal practices (Jothi et al., 2008). 

Through phytochemical screening, terpenes were discovered to be the main 

ingredients of the latex of various species of the genus Euphorbia. Latex extracts 

from Euphorbia species have a variety of pharmacological effects, such as 

antimicrobial, anticancer, anticholinesterase, anti-inflammatory, antioxidant, 

cytotoxic, anti-angiogenic, genotoxic/mutagenic, and wound-healing qualities 

(Benjamaa et al., 2022). Some Euphorbia species' latex has been used in traditional 

medicine to treat warts and cuts on the skin, as well as some nervous diseases, 

dropsy, paralysis, deafness, and amaurosis (Ozbilgin et al., 2019). In Spain, fresh 
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latex from the local Euphorbia serrata plant is used to hasten the coagulation of 

milk. On the other hand, Turkey uses the latex of Euphorbia stricta and E. 

amygdaloides to purify domestic water (Ernst et al., 2015). Some of the species of 

Euphorbia having medicinal value is given in Table 1. 

Table 1: Traditional uses of some Euphorbia species 

Plant name Uses 
Plant part 

used 
References 

Euphorbia hirta Purifies blood, skin Whole plant 
Jothi et al., 

2008 

Euphorbia indica 
Treat diarrhoea, dysentery and 
leucorrhoea 

Whole plant 
Jothi et al., 

2008 

Euphorbia nivulia 
Treat skin disorders, ear disorders, 
retention of urine, swelling, worm 
infection 

Leaf, latex 
and root 

Jothi et al., 
2008 

Euphorbia thymifolia 
Treat ring worm, wounds, asthma, 
skin diseases 

Whole plant 
Jothi et al., 

2008 

Euphorbia tirucalli 
Treat warts, toothache, cough 
asthma and earache 

Milky juice 
Wal et al., 

2013 

Euphorbia formosana Cures snake bite, dermatoses Aerial part 
Yu et al., 

2012 

Euphorbia triaculeata 
Treat asthma, leukemia, warts, as a 
laxative and diuretic 

Aerial part 
Al-Faifi et 
al., 2017 

Euphorbia 
officinarum 

Treat skin and ophthalmologic 
conditions 

Latex 
Chamkhi et 

al., 2022 

E. coniosperma 
Wound healing, cure snake-
scorpion bites, warts 

Latex, aerial 
parts 

Özbilgin & 
Çitogl ,2012 

E. armena Wound healing, treat constipation Latex 
Özbilgin & 
Çitogl, 2012 

E. tirucalli 
Treat warts, epilepsy, toothache, 
haemorrhoids, snake bites 

Latex 
Wal et al., 

2013 

Euphorbia neriifolia 
Treat 
abdominal troubles, bronchitis 

Whole plant 
Bigoniya & 
Rana, 2008 

E. cotinifolia Cure vertebrate poisoning Latex, stems 
Kemboi et 
al., 2020 

E. falcata Cure skin irritation & eczema 
 

Roots, latex 
Kemboi et 
al., 2020 

E. macroclada 
Treat warts, wounds, snake-
scorpion bites, tumors, toothache, 
eczema 

Latex 
Kemboi et 
al., 2020 

E. stracheyi Treat hemostasis, analgesia Roots, latex 
Kemboi et 
al., 2020 
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Members of the genus Euphorbia can be distinguished by their specialised 

cyathium inflorescence and white milky latex, which shields the plant from 

pathogens, insects and herbivores (Sameena & Thoppil, 2022). This genus has 

yielded approximately 650 triterpenes and diterpenes with potent bioactivities such 

as anticancer, antimicrobial, antioxidant, cytotoxic, and antiproliferative properties 

(Smeriglio et al., 2021). Researchers are becoming more interested in the Euphorbia 

species as a result of these promising bioactivities. Nevertheless, a few understudied 

species exist, including    E. deccanensis and E. rothiana.  

The "asthma plant," Euphorbia hirta, is renowned for its abundance of 

flavonoids including quercetin and quercitrin, as well as polyphenols, alkaloids, 

ascorbic acid, terpenoids, tannins, and volatile oils, fats, mucilage, cardiac 

glycosides, anthraquinones, coumarins, proteins, gums, saponins, glycosides 

(Khursheed & Jain, 2022). The highest total phenolic content was found in the leaf 

extract with 206.17 mg GAE/g dry weight. In addition, the leaves had the highest 

total flavonoid content value with 37.97 mg CE/g dry weight (Ghosh et al., 2019). 

These phytochemicals are highly effective in treating respiratory-related illnesses. 

Because of this, the plant E. hirta was used to determine the potential of 

phytochemicals to inhibit primary protease (SARS-CoV-2 Mpro), a corona virus 

disease 2019 (COVID-19-which also targets the respiratory system) therapeutic 

target that is essential to the SARS-CoV-2 infection process. It was discovered that 

there were approximately 170 potential COVID-19 inhibitors within this single plant 

through virtual screening of phytochemicals using molecular docking (Cayona & 

Creencia, 2022). Thus, the study established the presence of potent chemicals in E. 

hirta and validated its pharmacological value. 

The early phytochemical analysis of E. antiquorum revealed the presence of 

flavonoids with a variety of functional classes, including jatrophane, tigliane, 

ingenol types, and myrsinol, as well as diterpenes, triterpenes, and other terpenes. 

Diterpenoids have been found to have anti-HIV, anti-inflammatory, cytotoxic, and 

antibacterial properties (Kumar & Saikia, 2016). From this plant, the active 

substances euphol, antiquol A, euphorbol, isohelinol, and camelliol were extracted 
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by Prashant et al. (2015). Euphorbia heterophylla phytometabolite screening 

revealed a prominent amount of medicinally active chemicals such as alkaloids, 

saponins, tannins and flavonoids. About 40 different types of essential oils were 

identified from this plant through high-performance liquid chromatography (HPLC) 

and gas chromatography (GC) techniques (Wellington et al., 2019). Aqueous and 

ethanolic extracts of E. heterophylla demonstrated significant wound-healing 

capacity. This property is primarily attributed to the plant's tannin and flavonoid 

content, which appears to be involved in wound contraction and epithelisation 

(James & Friday, 2010). 

To screen the phytochemical composition of various leaf extracts of 

Euphorbia neriifolia, including hydro-ethanolic, petroleum ether, benzene, 

chloroform, ethyl acetate, ethanol, and aqueous extracts, Mali and Panchal. (2017) 

used fluorescence analysis. The findings demonstrated the presence of proteins, 

glycosides, alkaloids, phenolics, flavonoids, saponins, and terpenoids in various 

compositions including significant, moderate and trace amounts. In tiny quantities, 

proteins and amino acids were discovered. In a similar way, Swamy et al. (2011) 

examined the phytochemical components and antimicrobial activity of Euphorbia 

neriifolia leaf extracts. The chloroform extracts exhibited the best antibacterial 

properties against Proteus vulgarius, followed by ethanol extracts against Klebsiella 

pneumoniae. The presence of tannins and flavonoids is primarily responsible for the 

antibacterial property. 

Screening of chemical constituents and fatty acid profile of petroleum ether 

extracts of nine species of Euphorbia by using GC-MS and LC-IT-TOF-MS was 

conducted by Yener et al. (2018). GC-MS analysis revealed fatty acids such as 

palmitic acid, linoleic acid, hexatriacontane, and 17-tetra-triacontane. By using the 

liquid chromatography-tandem mass spectrometry (LC-MS/MS) method, 11 

compounds from the chosen species, including quinic acid, protocatechuic acid, 

rutin, hesperidin, eugenol, p-coumaric acid, piceatannol, scopoletin, DL-kavain, 

chrysophanic acid, and resiniferatoxin, were also quantitatively determined. The 
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findings demonstrated the diversity of compounds in the Euphorbia plants under 

investigation. 

The antioxidant, GC/MS, and LC-MS/MS spectroscopic analyses of E. 

macroclada and E. gaillardotii revealed various types of essential oils and 

biologically active metabolites. Palmitic acid was found to be the most abundant 

fatty acid component in both species, while arachidic acid and tetracontane 

(essential oils) were found in E. gaillardotii and E. macroclada, respectively. 

Hesperidin, hyperoside, rutin, malic acid, quinic acid, tannic acid, and gallic acid 

were found to be prominent in two species among the 27 compounds identified 

(Ertas et al., 2015).  Ten new terpenoids including five diterpenoids, three 

nortriterpenoids, and two triterpenoids were isolated by Gao and Aisa (2017) from 

acetone extracts of E. soongarica. Isolated compounds were cytotoxic to the human 

epidermoid carcinoma cell line KB.  

The presence of methyl 11 octadecenoate, methyl octadecenoate, methyl 

palmitate, 5,9-heptadecadienoate, and 3,7,11,15-tetramethyl-2-hexadecene-l-ol was 

revealed in a study on GC-MS analysis and antimicrobial activity of E. caducifolia 

latex extracts. The plant's latex extract was antimicrobial against Bacillus subtilis, 

Staphylococcus aureus, Candida albicans, and Aspergillus niger. The antimicrobial 

potential is due to the diverse chemical composition of latex (Goyal et al., 1970).  

In many tropical and subtropical Asian countries, snakebite is still a common 

medical concern. According to the World Health Organization, snakebites are a 

neglected tropical disease that demands increased attention from both national and 

international health authorities (WHO, 2007). Gopi et al. (2015) demonstrated the 

ability of E. hirta to inhibit the Indian cobra N. naja snake venom enzyme. The 

methanolic extract's LC-SRM/MS analysis revealed the presence of phenolics such 

as quercetin, kaempferol, ellagic acid, gallic acid, luteolin, and quinic acid. The 

presence of phenolic compounds is responsible for the anti-venom effect. Three 

species of Euphorbia from the flora of Algeria showed an immense amount of 

condensed tannin and anthocyanin. The anthocyanin and condensed tannin content 

of E. terracina is higher than that of E. dendroides and E. biumbellata. Ascorbic 
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acid, chlorogenic acid, and ellagic acid were the most prevalent polyphenolic 

chemicals in the leaf and seed extracts of three plant species, while linoleic acid was 

the most common unsaturated fatty acid (Toudert et al., 2021) 

Euphorbia thymifolia is known for producing a vibrant green essential oil 

characterized by a potent aroma and a pungent flavour. This plant species contains a 

crystalline alkaloid compound that shares similarities with quercetin. Additionally, it 

contains a notable quantity of triterpenoid substances, including euphorbol, 

epitaraxerol, taraxerol, and campesterol (Mali & Panchal, 2013). Potent metabolites 

like alkaloids, flavonoids, and phenols were discovered in another study using E. 

thymifolia extracts of acetone and hexane. Steroids and saponins were not present in 

either extract (Kaur et al., 2017). Quantitative estimation of flavonoids and phenolic 

compounds in an aqueous extract of E. thymifolia was explored by Sisodiya and 

Shrivastava (2018).  The flavonoid content was 2.12 mg/100 mg (in quercetin 

equivalents), and the phenolic content was 0.998 mg/100 mg (in gallic acid 

equivalents).  

A study on the characterization of cytotoxic compounds found in the E. 

clementei extract identified and isolated a new diterpene ester, 4, 20-dideoxy-4α-

phorbol-12β-acetate-13α-isobutyrate along with 11 known compounds.  Their 

structures and configurations were determined using 1D and 2D-NMR as well as 

with mass spectrometry. When tested against human erythromyeloblastoid leukemia 

K562 and promyelocytic leukemia HL60 cell lines, isolated compounds exhibited 

weak cytotoxic potential (Benmerache et al., 2017).  

Hujon and Saral (2022) identified several bioactive molecules found in the 

epicuticular wax of E. milii using GC-MS analysis and discovered that pentacyclic 

triterpenoids predominated over other compounds such as lupeol acetate, lupenone, 

glutinol and glutinyl acetate. The weed Cenchrus echinatus was significantly 

affected by the essential oil of E. heterophylla aerial parts, which inhibited its 

germination, root, and shoot growth. GC-MS analysis of essential oils revealed the 

distribution of potent allelochemicals like limonene, pinene, and camphor (Elshamy 

et al., 2019). Several compounds were isolated and identified as a result of 



Review of Literature 

 35

phytochemical analysis performed on the ethanolic extract of Euphorbia peplus. 

These substances consist of kaempferol, simarenol, chlorogenic acid, neo-

chlorogenic acid, crypto-chlorogenic acid, 3-O-L-rhamnopyranosyl-L-rhamnose, 

pepluanone, euphopeplin A, pepluanins A and E, esulatin D, euphodendrophane E, 

and nicaaenin G (Frezza et al., 2018).  

When the phytochemical makeup of E. royleana was examined using 

different solvents like methanol, hexane, and aqueous extracts, it was discovered 

that phenols, flavonoids, gallic acid, and quercetin were prominent. Hexane extract 

was found to have a high phenolic and flavonoid content when compared to other 

extracts (Ashraf et al., 2015).   In a similar way, Ndam et al. (2016) assessed the 

phytochemical components of Euphorbia golondrina through GC-MS analysis. This 

invasive alien herb is used to treat diabetes, conjunctivitis, and gastroenteritis-related 

conditions. Furthermore, it demonstrated that the plant contains strong 

phytoconstituent classes like sesquiterpenes, monoterpenes, alkaloids, phenolics, 

and aromatic hydrocarbons. The three main compounds among the 30 substances 

found were phytol (5.75%), camphor (9.41%), and caryophyllene oxide (14.16%). 

 One of the earliest known medicinal plants of the Western tradition is E. 

characias, which is mentioned in many ancient treatises of Greek and Latin 

medicine. Terpenoids, sterol hydrocarbons, fatty acids, cerebrosides, and phenolic 

and carboxylic acid compounds were discovered by Fias et al. (2021) while 

attempting to examine various phytochemicals produced in the latex, seeds, stems, 

leaves, and flowers of this plant. In addition to these components, E. characias latex 

also contains a low-molecular-weight natural rubber. With the aid of HPLC PDA-

MS/MS, Elgamal et al. (2021) discovered 21 secondary metabolites in the aerial 

parts of Euphorbia retusa, including phenolic acids, flavonoids, and their glycoside 

derivatives. Mass spectrometry, 1 H, and 13 C NMR spectroscopy were used to 

determine the chemical structures of compounds like esculletin, quercetin 3-O-b-D-

glucuronide, kaempferol 3-O-b-D-glucuronide, and kaempferol 3-O-b-D-glucoside. 

Additionally, compounds with a high potential to bind to the active sites of enzymes 

that are essential for the aging and skin remodelling processes were discovered in 
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the extract. Phytometabolites isolated from various Euphorbia species were 

summarised in Table. 2 and biological activities exhibited by different secondary 

metabolites were tabulated in Table 3. 

Table 2: Phytochemical compounds isolated from the genus Euphorbia 

Sl. 
No. 

Plant Plant 
part 

Compound isolated Class of 
compound 

References 

1 Euphorbia 
pekinensis 

Roots Euphopanes A, B, C, 
cembrane 

Diterpenoid Yan et al., 
2021 

2 Euphorbia 
helioscopia 

Whole 
plant 

Euphorhelipanes A, B Diterpenoid Li et al., 
2019 

3 Euphorbia stracheyi Roots Euphstrachenols A, B, 
C 

Diterpenoid Ye et al., 
2020 

4 Euphorbia 
marginata 

Seeds 3-de-O-
acetyleuphornan R 

Diterpenoid Liu et al., 
2021 

5 Euphorbia lathyris Seeds Euphohyrisnoids A, B Lathyrane 
diterpenoid 

Huang et 
al., 2021 

6 Euphorbia 
helioscopia 

Latex Euphoheliosnoid A, 
epieuphoscopin B, 
euphohelioscopin A, 
euphoscopin C 

Macrocyclic 
Diterpenoid 

Hua et al., 
2015 

7 Euphorbia milii Flowers Taraxerol, 28-
hydroxyfriedelan-1,3-
dione-29-oic acid,  

quercetin 3-O-(2"-O-
galloyl)-a-
Larabinofuranoside,  

7 7'- dihydroxy, 8, 6'- 
bicoumarin,  

9-acetyl-3'4'-
dimethoxy 
dehydroconiferyl-3-
alcohol  

Triterpenoid 

 

 

 

Flavone 

 

 

 

 

Phenolic 
compound 

Kamurthy 
& Dontha, 
2014 

8 Euphorbia peplus Whole 
plant 

Euphopepluanone L Diterpenoid Min et al., 
2021 

9 E. geniculata Aerial 
parts  

Genicunolide A, B, C Triterpenoid Farozi et 
al., 2015 

10 Euphorbia rapulum Roots 8,12-
Dihydroxy1βH,2αH-
casba-3E,7E,11E-
trien-5-one, 

helioscopinolide A, 

19-hydroxyjolkinolide 

Casbane 
diterpenoid 

Lui et al., 
2018 
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E, 

 jolkinolide E, 

euphopilolide 

11 Euphorbia 
helioscopia 

Whole 
plant 

Euphornin N Jatrophane 
diterpenoid 

Geng et al., 
2010 

12 Euphorbia 
fischeriana 

Roots Cycloart-22-ene-3β, 
25-diol, ebracteolatain 
A, α-linolenic acid, 24-
methylenecycloartanol, 
cycloartenol, β-
sitosterol, 2, 4-
dihydroxy-6-methoxy-
3-methyl-1-
acetophenone 

Diterpenoid Xiao-Yang 
et al., 2012 

13 Euphorbia 
phosphorea 

Aerial 
parts 

Ellagic acid, corilagin Phenolic 
compound 

De 
albuquerque 
et al., 2016 

14 Euphorbia hyberna Aerial 
parts, 
roots 

3 β-O-
Octadecanoillupeol, 
glut-5-en-3β-ol, 24-
metilenocicloartan-3β-
ol, ellagic acid, β -
sitosterol 

Triterpenoid Ferreira et 
al., 2013 

15 E. hirta Whole 
plant 

Taraxerol, 
campesterol, 
astragalin, hymenoxin, 
luteolin-7-O-β-D-
glucopyranoside, 
quercetin 3-O-α-L 
arabinofuranoside  

 Hue et al., 
2020 

16 E. hirta Aerial 
parts 

Scopoletin, scoparone, 
isoscopoletin, 
quercetin, 
isorhamnetin, 
pinocembrin, 
kaempferol, luteolin, 
gallic acid 

Phenols and 
flavonoid 

Wu et al., 
2012 

17 E. pulcherrima Leaves Rutin Flavonoid Shlini et al., 
2020 

18 Euphorbia 
soongarica 

Roots Ellagic acid, 3, 3'-di-
O-methylellagic acid, 
brevifolin, ethyl 
brevifolin carboxylate 

Polyphenol Shi et al., 
2006 

19 Euphorbia 
formosana Hayata 

Aerial 
parts 

Gallic acid, ellagic 
acid 

Polyphenol Lan et al., 
2020 

20 Euphorbia 
helioscopia 

Whole 
plant 

Euphornin N Diterpenoid Qin, 2018 
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21 Euphorbia 
thymifolia 

Whole 
plant 

Catechin, epicatechin Flavan-3-ol 
isomers 

Kainsa & 
Singh, 2016 

22 Euphorbia kansui 

 

Roots Euphol, α-amyrin, β-
amyrin, oleanolic acid, 
ursolic acid  

Diterpenoid 
& 
triterpenoid 

Peng et al., 
2012 

 

Table 3: Different phytochemicals found in Euphorbia species and their 
corresponding biological action 

Sl. 
No 

Species Plant 
part 

Chemical compound Biological 
activities 

References 

1 Euphorbia 
retusa 
 

Aerial 
parts 

Esculetin, quercetin -3-O- 
b-D-glucuronide, 
kaempferol -3-O-b-D-
glucuronide, 
kaempfer-3-O-b-D-
glucoside 

Antioxidant  Elgamal et 
al., 2021 

2 Euphorbia 
cactus 

Aerial 
parts 

Glutinol, 
catechin, 
kaempferol-3-O-α-L-
rhamnopyranoside, 
quercetin-3-O-α-L-
rhamnopyranoside 

Antioxidant/ 
antiproliferative  

Al-
Hamoud et 
al., 2022 

3 Euphorbia 
nematocypha 

Aerial 
parts 

β-amyrin, 
 β-amyrin acetate,  
 betulinic acid,  
ellagic acid,  
 oleanolic acid,  
 β-sitosterol,  
 kaempferol,  
 quercetin, 
lupeol  
  

Cytotoxic  Xu et al., 
2016 

4 Euphorbia 
polyacantha 

Stem  1, 8-dihydroxy -3- 
(hydroxyl methyl) -5- 
methoxy anthracene- 9 
 

Anti-
inflammatory 

Elhassan et 
al., 2015 

5 Euphorbia 
ammak 

Leaves Euphol  
α-glutinol 
stigmasterol  

Cytotoxic Abdel-
Sattar et 
al., 2015 

6  Euphorbia 
tibetica 

Aerial 
parts 

Methyl 4-epi-shikimate-3-
O-gallate 

Anti-
angiogenesis, 
anticancer 

Da-Song et 
al., 2014 

7 E. tirucalli Whole 
plant 

Tirucadalenone, euphorol 
L, euphorol M, euphorol N 

Antimicrobial Le et al., 
2018 

8 Euphorbia 
macrostegia 

Aerial 
parts 

24-methylenecycloartan-
3β-ol, butyrospermol, 
cycloartenol, 1,2-di-O-α-
linolenoyl-sn-glycerol, 1-

Analgesic, 
anticancer, 
bactericidal, 
antifungal 

Zare et al., 
2015 
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O-linoleoyl-3-O-
palmitoyl-sn-glycerol, 1-
O-α-linolenoyl-2-O-
palmitoyl-sn-glycerol  

9 Euphorbia 
wallichii 

Roots Wallichanol A, 
wallichanol B, quercetin, 
kaemferol, myrecetin 

Cytotoxic, 
antifungal, 
antibacterial, 
antioxidant 

Hassan et 
al., 2016 

10 E. trigona  Latex 3β-friedelinol, taraxerol, 
stearic acid 

Anticancer Anju & 
Ramesh 
kumar, 
2022 

11 E. milii Aerial 
parts, 
Roots 
 
 

Fraxetin,  
ellagic acid, kaempferol 3-
(6”-acetylglucoside)-7-
glucoside, herbacetin 8-
acetate 

Antioxidant Saleem et 
al., 2019 

12 Euphorbia 
tirucalli  
 

Roots Myricetin, 3,3'-dimethoxy-
4-O-α-rhamnopyranoside-
ellagic acid, 4-O-methyl-
gallic acid, ampelopsin 

Antimicrobial de Lima et 
al., 2021 

13 Euphorbia 
geniculata 

Aerial 
parts 

Gallic acid, ellagic acid, 
quercetin 
acid, quercetin-3-O-
rutinosid, quercetin-3-O-
glucopyranoside-7-O-
rhamnoside, 
quercetin-3-O-rhamnoside, 
quercetin-3-O-b-D-
glucopyranoside, 
quercetin-3-O-b-D-
arabinoside 

Nephroprotective/ 
antioxidant 

Al-Yousef 
et al., 2020 

14 E. 
pulcherrima  

Bark 3,5,7-trihydroxy-2-(4-
hydroxy-3-
methoxyphenyl)-6-
methoxy-4H-chromen-4-
one  

Multidrug 
resistance 
reversal  

Rauf et al., 
2022 

15 Euphorpia 
schimperi 

 Miquelianin, kaempferol 
3-O-glucuronide, 
quercitrin 

Wound healing Ahmed et 
al., 2017 

 

Reactive oxygen species are free radicals or molecules with high reactivity 

derived from molecular oxygen. Hydrogen peroxide, superoxide radical anion, 

hydroxyl radical, and peroxyl radical are a few examples of reactive oxygen species. 

These molecules are produced either endogenously or exogenously. Endogenous 

sources include cell organelles with high oxygen consumption, such as peroxisomes, 
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endoplasmic reticulum, and mitochondria, whereas exogenous sources include 

harmful chemicals found in the environment, electromagnetic radiation, cosmic 

radiation, β oxidation of fat, UV light, ozone, cigarette smoking, the low wavelength 

electromagnetic radiation (Krupanidhi et al., 2022). These molecules are essential 

for immune defense, cell maturation, pathogen defense, cell signaling, and 

homeostasis. ROS, on the other hand, can cause cell damage by attacking cell 

macromolecules such as plasma membrane lipids and nuclear DNA (Parcheta et al., 

2021).   

Fortunately, under physiological conditions, there is a positive correlation 

between reactive molecules and antioxidants, and the overproduction of these 

molecules is controlled and maintained by both enzymatic antioxidant systems 

(superoxide dismutase, catalase, and glutathione peroxidase) and non-enzymatic 

mechanisms (bilirubin and albumin) present within the systems (Mans et al., 2020). 

However, there are times when the production of free radicals in a human system 

exceeds the capacity of the body's defense mechanisms, which can result in 

oxidative stress. Oxidative stress is the root cause of serious chronic diseases like 

cancer, diabetes, cardiovascular disease, Alzheimer’s disease, aging, Parkinson’s 

disease and liver disease (Suksungworn & Duangsrisai 2021). A brief outline of the 

detrimental effects of reactive oxygen species and their inhibition by antioxidants is 

represented in Fig. 2. 

Plants are extremely rich in compounds with antioxidant activity 

(Dumanović et al., 2021) and plant-derived phytoconstituents such as phenols and 

flavonoids are gaining popularity for their ability to resist and protect the body from 

the harmful effects of reactive molecules as well as diseases associated with 

oxidative stress. It has the ability to scavenge reactive species and reduce cellular 

damage (Joshi & Juyal 2021). As a result, natural antioxidants have received 

significant attention, increasing the demand for folk medicinal herbs in the modern 

era. Hence, an appropriate investigation of the phytochemicals responsible for the 

antioxidant properties of a plant is crucial for eliminating the issues generated by 

free radicals. 
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Fig. 2: Schematic representation of causes and effects of reactive oxygen species  

Members of the genus Euphorbia are exploited very well in terms of their 

scavenging properties. Studies have shown that the members of this genus are a 

potential source of natural antioxidants with well-known scavenging mechanisms 

mainly due to the presence of phenolic compounds. Additionally, members of the 

genus Euphorbia are abundant in a wide range of diverse compounds with 

antioxidant status, which may play a crucial role in the elimination of free radicals 

(Fais et al., 2021). As a result of their lack of antioxidant activity, it is crucial to 

investigate the antioxidant potential of the chosen species. 

The ability of the well-known plant E. hirta to scavenge free radicals has led 

to its exploitation by numerous workers. Hydroxyl radical scavenging assay, 

Exogeneous 
source 

Endogenous 
source 
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superoxide anion scavenging assay and DPPH assay were adopted to check the 

antioxidant potential of E. hirta. Among the three various extracts considered, 

ethanol exhibited a higher percentage of inhibition with low IC50 values in all 

conducted assays (Asha et al., 2016). The scavenging potential of the leaf extract of 

E. hirta was also reported by Mekam et al.  (2019). They carried out the test by 

using two different solvents such as water and ethanol and recognized high 

inhibition against superoxide anion and ABTS free radicals in extracts of ethanol 

than in water. Phenolic compounds like coumaric acid, gallic acid, epicatechin, 

caffeic acid, etc. contributed to the scavenging potential of the plant. By measuring 

DPPH radical scavenging (Ismail et al., 2019), it was established that a beneficial 

association is observed between the phytochemicals and antioxidant capability of E. 

hirta. As a result of these findings, the plant E. hirta can be employed as a natural 

antioxidant to prevent oxidative stresses and diseases that develop during that 

exposure period. In addition, Mahomoodally et al. (2020) investigated the 

antioxidant efficacy of three Euphorbia species extracted with solvents such as ethyl 

acetate, methanol, and water. They discovered that E. hirta has a stronger quenching 

ability toward both DPPH and ABTS radicals than E. heterophylla and E. 

convolvuloides. The total flavonoid and phenolic content of E. hirta was also high, 

indicating a positive correlation between phytochemicals and antioxidant properties. 

Sinan et al. (2021) used the same plant species to analyse the chemical composition 

of these plants' essential oils using in vitro methods. In E. convolvuloides, E. 

heterophylla, and E. hirta, 33, 42, and 29 essential oil constituents, respectively, 

were found. In the ABTS assay, every plant species demonstrated radical scavenging 

capacity. Because essential oils are a natural source of antioxidants, this study 

highlights the significance of their promising pharmacological profiles.   

In order to assess the antioxidant molecules and their antioxidant activity 

using in vitro and in silico methods, the phytochemicals derived from the ethanolic 

extract of E. hirta were examined. In the assay, it was found that the extract had a 

dose-dependent quenching activity against DPPH at increasing concentrations 

between 10 and 500 µg/ml. The maximum percentage of inhibition was 80.76% at 

the highest concentration of 500 µg/ml. The extract has a significant antioxidant 
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capacity with an IC50 value of 95.1 ± 10 µg/ml, which when compared to that of the 

standard's (68 ± 0.235 µg/ml), was comparable (Jacob & Sathiyajith, 2022). From 

the methanolic extracts of the aerial parts of E. hirta, twenty chebulic acid and 

brevifolin carboxylic acid derivatives were isolated, and they showed notable 

antiradical activity against DPPH (Yang et al., 2020). The importance of the plant as 

a vast source of natural antioxidants was thus established. 

The fresh plant material of E. royleana was extracted with methanol, water 

and hexane in order to investigate the antioxidant properties. The DPPH and ferric 

ion reduction methods are used to test the scavenging ability. Because of the high 

distribution of phenolic compounds and flavonoids in hexane extract, it 

demonstrated effective DPPH scavenging potential and reducing power in 

comparison to the other extracts (Ashraf et al., 2015). Various parts such as leaf, 

stem, bark and latex of E. neriifolia was screened to evaluate its ability to quench 

free radicals by using different methods like metal chelation assay, nitric oxide assay 

(NO), superoxide (SO) scavenging assay, ferric ion reducing antioxidant power 

assay (FRAP) and H2O2 scavenging assay (Chaudhary & Janmeda, 2022). Similarly, 

cycloartenol, an important compound isolated from the leaves of E. neriifolia, 

demonstrated significant scavenging activity. In a dose-dependent manner, 

cycloartenol inhibited both DPPH radicals and ferric chloride-induced lipid 

peroxidation. Furthermore, they concluded that cycloartenol is a natural antioxidant 

source for the prevention of various diseases caused by free radicals (Sawale et al., 

2019).  

Kamalanathan et al. (2015) investigated the antioxidant capacity of E. 

fusiformis leaf extracts. The experiments were carried out using solvents such as 

ethyl acetate, methanol, chloroform, and acetone. Their research included assays for 

nitric oxide, hydrogen peroxide, superoxide, DPPH radical scavenging activity, and 

ferrous ion chelating potential. All E. fusiformis extracts demonstrated promising 

radical quenching in the various methods used. However, the remarkable antioxidant 

potential in DPPH radical inhibitory activity was found in acetone extract with an 

IC50 value of 15 µg/ml, followed by hydrogen peroxide scavenging activity. They 



Review of Literature 

 44

also reported that the methanolic extract inhibited superoxide and nitric oxide 

radicals the best. The antioxidant efficacy of acetone extract of E. golondrina was 

reported by Ndam et al., 2016. They stated that significant antioxidant activity was 

discovered during ABTS and nitric oxide scavenging assays. In a concentration-

dependent manner, acetone extract demonstrated lower DPPH scavenging properties 

than standard vitamin C and rutin. In the ABTS radical scavenging assay, the 

acetone extract outperformed the standard gallic acid. These findings suggested that 

E. golondrina may be used to avoid the negative effects of pathological conditions 

such as diabetes and cancer, which were elevated significantly during the production 

of free radicals. 

The free radical scavenging assays DPPH, ABTS, and FRAP were 

commonly used to quantify the antioxidant potential of the extracts. In their study, 

Bautista-Hernández et al. (2021) used this method to assess the free radical 

quenching ability of polyphenolic fractions isolated from two different residues, 

citric acid residue (CAR) and sulfuric acid residue (SAR) isolated from E. 

antisyphilitica. Their findings revealed significant differences in antioxidant activity 

between the phenolic fractions tested. When comparing two residues, citric acid 

residue demonstrated remarkable radical inhibition and can serve as a natural 

antioxidant. Miquelianin, an important phenolic compound, demonstrated significant 

antioxidant and free radical scavenging activity (Abdullah et al. 2017). This 

compound was isolated by Ahmed et al. (2019) from the aerial parts of E. schimperi 

to check the antioxidant potential and demonstrated greater radical scavenging 

activity in both the DPPH and ABTS assays than the standard, BHA. In the DPPH 

assay, miquelianin and BHA both displayed IC50 values of 47.20 ± 4.90 mg/mL and 

34.50 ± 6.20 mg/ml, respectively. 

To investigate the relationship between total phenolic content and antioxidant 

activity, dried stem parts of E. trigona were extracted with solvents such as 

methanol, water, and acetone. The extracts were tested for free radical inhibition 

using a reducing power assay, a DPPH assay, and a Fe2+ chelating assay. The 

antioxidant potential of the extracts and the phenolic compounds found in them 
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showed a positive correlation. Among the three extracts tested, the methanolic 

extract had the highest total phenolic content as well as the highest quenching 

ability, with maximum DPPH inhibition (83.2%), Fe2+ chelating activity (88.59%), 

and significant reducing power 0.623 at 300 µg/ml. The findings suggested that E. 

trigona extract could be a good source of natural polyphenolic compounds as well as 

antioxidants (Salar et al., 2015).  

Zhang et al. (2017) investigated the antioxidant properties of various parts 

such as the seed, testa, root, and stem of E. lathyrus. The highest DPPH free radical 

scavenging activity and phenolic content were found in the testa extract. While seed 

extract demonstrated significant FRAP antioxidant activity. It was also discovered 

that the DPPH scavenging property of plant extracts is dependent on total phenolic 

content; the higher the concentration of phenolics, the higher the activity. Based on 

their research, they came to the conclusion that phytochemicals have various 

antioxidant qualities, and different parts of a plant have distinct distribution of 

phytometabolites. In a similar way, Munro et al. (2015) used the correlation between 

E. tirucalli's total phenolic content (TPC) and scavenging potential, a succulent 

Mediterranean shrub. For this, aqueous and methanolic extracts were used. In a 

dose-dependent manner, the aqueous and methanolic extracts both demonstrated 

scavenging potential against free radicals like DPPH and ABTS. This study 

unequivocally shows that TPC and antioxidant potential are positively correlated. 

Here, the methanolic extract had a TPC of 77.33 mg GAE/g, which was twice as 

high as the aqueous extract's TPC of 34.01 mg GAE/g. The same proportionality 

was observed in antioxidant activity, where the methanolic extract displayed a 

doubled scavenging ability compared to the aqueous. The scavenging capacity of 

three Euphorbia, including E. biumbellata, E. terracina, and E. dendroides, was 

assessed using DPPH radical and ABTS radical scavenging assays. Euphorbia 

biumbellata, one of the three plant species, has high antioxidant activity (Zeghad et 

al., 2016). With the aid of a Soxhlet apparatus, an ethanolic extract made from aerial 

plant parts, the antioxidant availability in the plant E. eriophora was investigated. 

Using the DPPH method, the plant extract's capacity to scavenge free radicals was 
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evaluated. At a concentration of 2 mg/ml, it was discovered that the plant extract's 

ability to inhibit DPPH activity was 68.72 ± 11.694% (Akgül et al., 2022).  

Using solvents like methane, dichloromethane, and n-hexane, Ashfaq et al. 

(2022) investigated the scavenging capability of E. milii.  To ascertain the amount of 

phenol in the extracts, the Folin-Ciocalteu reagent method was used. Methanolic 

extract was found to be the most potential source of antioxidants than the other two 

solvent extracts, according to the analysis of the three solvents taken into account. 

They noted the high TPC ((276.41 ± 64 mg GAE/g dry extract wt) in methanolic 

extract during the total phenolic content assessment by using gallic acid as the 

reference. Likewise, by using the DPPH assay, the antioxidant activities of three 

extracts of the Euphorbia species (E. schimperiana, E. peplus, and E. cuneata) as 

well as fractions and isolated compounds of E. schimperiana were assessed. Three 

phenolic compounds—Chrysin, Qurecetin-7-O-D-glucoronside and 3-Methyl-

Qurecetin-7-O-D-glucoronside—and one triterpene—3-Cycloartenol were among 

the isolated compounds. When compared to E. peplus and E. cuneata, E. 

schimperiana and its fractions had the highest antioxidant activities. In addition, the 

antioxidant activities of the pure compound qurecetin-7-O-D-glucoronside showed a 

high antioxidant activity that could be helpful in various in vivo studies (Shaker et 

al., 2015). 

The antioxidant capacity exhibited by plants is significantly influenced by 

polyphenolic compounds. Adam et al. (2020) tested the E. aegyptiaca methanolic 

extract's ability to scavenge the radical DPPH. With a very low IC50 value (0.0449 ± 

0.01μg/ml), it demonstrated the highest scavenging ability of 89%. The IC50 value 

was discovered to be very similar to the value of the reference antioxidant, propyl 

gallate (0.077 ± 0.01 μg/ml) which was used in the study. Additionally, they inferred 

the scavenging capacity of n-hexane and chloroform extract derived from the same 

plant against DPPH and noted the very low activity in hexane (7%) followed by 

chloroform (23%) extracts. A similar attempt was made using aerial parts of the E. 

splendida total methanolic extract and various subfractions, such as ethyl acetate, 

petroleum ether, chloroform, and aqueous, to check their concentration to inhibit 
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50% of radical activity. Aqueous and ethyl acetate subfractions demonstrated good 

activity in scavenging DPPH in comparison to standard BHT. All of the selected 

subfractions also exhibited a dose-dependent metal chelating activity (Kefayati et 

al., 2017). 

 The DPPH assay was used to test the in vitro radical quenching capacity of 

the methanolic and ethanolic extracts of E. helioscopia's flower, stem, and leaves.  

With an IC50 value of 26.66 ± 0.000 µg/ml, the methanolic flower extract had the 

strongest scavenging effects. The leaf and stem methanolic extract was found to 

have somewhat inferior antioxidant properties. While taking into account the 

solvent, the extract with methanol demonstrated good activity (Maoulainine et al., 

2012). The oldest drug used in the Moroccan peoples' medicinal tradition is E. 

resinifera. For the purpose of determining antioxidant status, ethanolic and aqueous 

extracts were chosen. The methods used as tests were DPPH, H2O2, ABTS, and 

xanthine oxidase. By comparing the IC50 values obtained from each assay, it can be 

seen that ethanol extract demonstrated greater activity than aqueous (Benrahou et 

al., 2022). 

Metin & Bürün (2023) made an effort to determine the potential of E. rigida 

in terms of its antioxidant capacity by using assays including, DPPH radical 

scavenging activity, metal chelating activity, cupric reducing power method, and β-

carotene bleaching method. They deduced that, among the different extracts looked 

at, acetone, ethanol, and petroleum ether extracts demonstrated high quenching 

ability, particularly in β carotene bleaching method and in DPPH systems. Thus, E. 

rigida may aid in preventing lipid peroxidation and free radical damage in humans. 

Through GC-MS analysis, recent studies have found that E. larica contains a 

number of essential oils, with camphene and limonene being the most prevalent. 

DPPH and ABTS assays revealed that the oil had strong antioxidant activity with 

IC50 values of 133.53 ± 0.19 µg/ml and 154.93 ± 0.17 µg/ml, respectively (Shah et 

al., 2023). 

Using different extracts from E. supina, including n-hexane, methyl alcohol, 

and water, Choi & Lim (2014) examined the plant's effects on the generation of 
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cellular ROS in order to determine its antioxidant capacity. Using the 

dichlorofluorescein-diacetate (DCFH-DA) assay, the H2O2-induced ROS generation 

was quantified. In a concentration-dependent manner, all tested fractions reduced the 

production of ROS. Therefore, analysis of E. supina revealed the antioxidant effects 

of this plant, indicating its potential to control oxidative stress. 

Four different in-vitro methods were used to test the ability of the methanolic 

extracts of the plant E. granulata under investigation to scavenge the free radicals in 

the reaction medium. It was observed that the plant extract had ABTS, DPPH, and 

NO radical scavenging activities that were higher than 80% and slightly lower than 

those of the tested controls. From its IC50 value (82.77 ± 0.30%), which was lower 

than ascorbic acid (87.76 ± 1.10%) and nearly equal to that of BHT (83.14 ± 0.28 

%) as controls, it was evident that the extract had a tremendous ability to remove 

nitric oxide (NO) (Al-Robai et al., 2023). Using ethyl acetate, methanol, and water 

as solvents, the antioxidant activity of leaf extract from E. hypericifolia and E. 

prostrata against DPPH radical was compared. The study took into account various 

solvent concentrations ranging from 3.12 to 200 µg/ml. The methanolic extract 

showed the highest rate of scavenging activity, while the ethyl acetate extract and 

the aqueous extract of both species showed the lowest rates. Comparing the two 

species, the leaf extract of E. prostrata had higher scavenging activity than that of E. 

hypericifolia. Its IC50 value (23.45 µg/ml), which is lower than that of typical 

ascorbic acid (31.97 µg/ml), revealed its enormous antioxidant potential (Abbas et 

al., 2023). Previous studies also noted the antioxidant capacity of the ethanolic leaf 

extract of E. prostrata (Sundaraprabha & Rayan, 2018). 

Elagdi et al. (2023) looked into the antiradical effects of methanolic extracts 

from E. echinus and E. resinifera. The antioxidant activity of the two species was 

found to be greater than that of ascorbic acid. The methanolic extract of E. resinifera 

had more antioxidant activity (0.01 mg/ml) than E. echinus (0.02 mg/ml). Latex 

from various Euphorbia species showed significant antioxidant properties. For 

instance, the latex extract of E. tirucalli demonstrated quenching ability against 

DPPH and ABTS with an IC50 value of 6.0 and 2.0 GAE µg/ml, respectively. With 
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an EC50 value of 6.5 GAE μg/ml, the phosphomolybdate assay also demonstrated 

the latex's strong reduction capability (Benjamaa et al., 2022).  

The origin of the word inflammation can be traced back to the Latin word 

inflammare, which means "burned." Inflammation is an immune system's defensive 

response to any type of tissue damage developed as a result of physical injuries, 

harmful chemicals, or toxic compounds. It is essential in restoring the body's 

homeostasis and acts to start the healing process as well as the repair, remodelling, 

and renewal of various tissues. It is regarded as the first line of defense that shields 

the host from infections brought on by a variety of pathogens, including bacteria, 

fungi, and viruses. Thus, it is a crucial defense mechanism that is important for 

maintaining health (Chen et al., 2018). Acute and chronic inflammation are the two 

main types. The molecular and cellular events, along with their interactions, 

typically reduce the severity of infections and injuries during an acute inflammatory 

response. The recovery of tissue homeostasis is aided by this mitigation process. 

Uncontrolled or excessive acute inflammation can lead to chronic inflammation, 

which itself may be a contributing factor to some of these long-lasting illnesses 

(Zhou et al., 2016). Although the inflammatory process is the body's defense 

mechanism, it can be easily triggered due to the complex events and mediators 

involved (Ghauri et al., 2021). In some cases, free radicals (reactive oxygen and 

nitric oxide) are activated and released from a variety of immune system cells as a 

result of some types of inflammatory responses, which results in localised tissue 

damage and lipid peroxidation (Chirumamilla & Taduri, 2023). 

The WHO estimates that about 500 million people worldwide suffer from 

autoimmune syndromes like arthritis and inflammation, which have serious health 

consequences and substantial economic costs.  In traditional Ayurvedic medicine, 

isolated compounds from therapeutic plants are used to treat a variety of 

inflammatory conditions. There have been many reports on the ability of COX-

2/LOX inhibitors derived from medicinal plants to have the same effects as NSAIDs 

while having fewer side effects (Shaikh et al., 2016).  Some reports available on the 

anti-inflammatory potential of Euphorbia species are mentioned herewith. 
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Protein denaturation is a well-known contributor to tissue inflammatory 

conditions that result in symptoms like pain, redness, heat, and swelling. During 

inflammation, there is an increase in protein denaturation (Gunathilake et al., 2018). 

It is clear that a substance's ability to prevent protein denaturation is a sign of its 

anti-inflammatory properties in situations where tissue denaturation—which results 

from the denaturation of cell protein components—occurs. Consequently, by 

inhibiting protein denaturation, inflammatory effects can be diminished (Osman et 

al., 2016).  

The anti-inflammatory potential of E. hirta was evaluated by Das et al. 

(2022). Plant parts, including the leaf and root, which were extracted with ethanol, 

and aspirin, one of the conventional anti-inflammatory agents was used to measure 

the anti-inflammatory activity in vitro by using albumin denaturation, anti-

proteinase, and antilipoxygenase assays. Leaf extract significantly outperformed root 

extract in terms of anti-inflammatory activity at the highest concentration (100 

µg/ml) in every assay conducted. Additionally, different extracts of E. hirta, 

including ethanol, methanol, acetone, and water, were tested to see if they had any 

inhibitory effects on protein denaturation. The most potent anti-inflammatory 

properties were found in water extract when compared to the other four solvents 

(dev Sharma et al., 2023). This is supported by research conducted by Rahman et al. 

(2019) that revealed at the anti-inflammatory potential of E. hirta methanolic extract 

on xylene-induced ear edema in mice model.  The plant extract’s anti-inflammatory 

potential was demonstrated by its capacity to inhibit phospholipase A2, the enzyme 

that initiates all inflammatory activity. At the highest concentration of 800 mg/kg, a 

significant decrease in ear edema was observed with an inhibition percentage of 

51.06 ± 6.86%. They also evaluated the anti-inflammatory potential of plant extract 

using a model of granuloma caused by cotton pellets. Of all the plant extract 

concentrations, 800 mg/kg had the highest percentage of granuloma formation 

inhibition (56.80 ± 3.85%), which was quite close to the average (58.69 ± 3.32%). 

E. heterophylla leaf methanolic extract was used by Muhammad et al. (2017) 

to assess the plant's anti-inflammatory potential. They concluded from their research 

that methanolic extract significantly reduced the rate of protein denaturation, with a 



Review of Literature 

 51

maximum inhibition of 81.7% at a concentration of 500 µg/ml. They also noted its 

ability to prevent proteinase and lipoxygenase activity and stabilise red blood cell 

membranes from hemolysis in heat and hypotonic conditions, which are related to 

inflammatory processes. This supported the use of E. heterophylla in the 

development of effective anti-inflammatory drugs for the treatment of inflammation.  

Through both in vitro and in vivo studies, tirucallol, a tetracyclic triterpene 

isolated from E. lactea latex, demonstrated its tremendous anti-inflammatory 

potential. In vitro tests showed that the compound significantly reduced nitric oxide 

levels by inhibiting inducible nitric oxide synthetase (iNOS) expression in 

lipopolysaccharide stimulated macrophages. Additionally, it reduced ear edema in 

the mouse model that was brought on by 12-O-tetradecanoylphorbol-acetate (TPA) 

under in vivo conditions by inhibiting neutrophil migration (Fernandez-Arche et al., 

2010).  

Palit et al. (2016) designed a study to evaluate the anti-inflammatory 

potential of the fraction enriched in total steroid and terpenoid derived from E. 

neriifolia hydroalcoholic stem extract. Protein denaturation and proteinase activity 

were found to have significant inhibitory activity by the action of the fraction.  

Furthermore, the fraction inhibited nitric oxide production by reducing the 

expression of iNOS, which was expressed as a pathological concentration during the 

time of inflammation and whose expression was determined by western blot 

analysis. Furthermore, anti-inflammatory activity was determined in vivo using a 

carrageenan-induced rat hind paw edema model. In vivo, studies supported the in 

vitro findings by showing 98.97% protection against carrageenan-induced pain, with 

a "more relevant" result than the standard indomethacin.  

In an experiment using raw 264.7 cells in vitro, E. helioscopia's potential 

anti-inflammatory effects were investigated. Both ethanolic and aqueous extracts 

were chosen for this. Both extracts demonstrated a dose-dependent reduction in 

proinflammatory mediators such as nitric oxide, TNF- α, and IL-6 (Jan et al., 2022). 

One of the dominant metabolites, diterpenes found in Euphorbia members has been 

reported for its incredible ability to reduce inflammation by inhibiting the formation 

of inflammatory cytokines such as TNF- α and IL-6. They also have the ability to 

inhibit Cox-2 and iNOS, two major inflammatory markers (Wang et al., 2021). For 
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instance, the LPS-stimulated RAW 264.7 macrophages were used to test the anti-

inflammatory activity of the diterpenoid 17-hydroxy-jolkinolide B that was isolated 

from the dried roots of E. fischeriana. It demonstrated strong inhibition of several 

inflammatory mediators, including nitric oxide (NO) and prostaglandin E2 (PGE2), 

as well as pro-inflammatory cytokines, such as tumour necrosis factor-α (TNF-α) 

and interleukin-6 (IL-6). This inhibition was accomplished by reducing the 

expression of the genes for COX-2, iNOS, IL-6, and TNF- α by inhibiting MAPK 

phosphorylation and NF-κB activation (Uto et al., 2012). It was thus proposed that 

the compound is a promising anti-inflammatory drug capable of suppressing the 

expression of inflammatory mediators and cytokines via the MAPK and NF-κB 

pathways.  

  Lathyrane diterpenoid isolated from E. lathyrus seeds inhibited LPS-induced 

nitric oxide production in raw 264.7 macrophage cells. It has also been noted that it 

can act as an anti-inflammatory agent by lowering cytokines like IL-6 and iNOS 

protein expression (Zhang et al., 2019). Similarly, jatrophane polyesters derived 

from E. peplus demonstrated anti-inflammatory activity and significantly reduced 

NO production (Li et al., 2022). Similar activity was observed in triterpenoids 

isolated from E. humifusa, which inhibited nitric oxide production (Huang et al., 

2023). Additionally, by activating NF-κB, the potent bioactive compound known as 

ebractenoid F, which was found in the roots of E. ebracteolata Hayata, significantly 

decreased the production of nitric oxide (Chun et al., 2023).  

The effect of a dichloromethane extract of E. grantii on cyclooxygenase 1 

and 2 activity as well as the lipoxygenase activity was also investigated. Significant 

inhibitory activity was found in Cox-1 (IC50 - 6.9 ± 0.2 µg/ml), Cox-2 (IC50 - 0.29 ± 

0.01 µg/ml), and Lox activity (IC50 - 24 ± 2.5 µg/ml) (Radi et al., 2023). Chemical 

profiling of the stem of E. antiquorum led to the isolation of 12 compounds as well 

as five new diterpenoids. Anti-inflammatory studies using isolated diterpenoids 

demonstrated strong inhibition of nitric oxide with lower IC50 values (An et al., 

2019). In addition, in a recent report, Choodej et al. (2020) detailed the potent 

effects of diterpenoids on LPS-stimulated nitric oxide production. These 

diterpenoids were isolated from ethyl acetate extracts of E. antiquorum aerial parts. 
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Cycloarta-23-ene-3-beta,25-diol, a pentacyclic steroid isolated from E. 

spinidens, was studied for its anti-inflammatory properties by Hajhashemi et al. 

(2022). HPLC purification methods are used to isolate the compound. In vitro tests 

with the substance showed pronounced inhibition of both Cox-1 and Cox-2. Studies 

conducted in the past on the anti-inflammatory potential of different species of 

Euphorbia have found that these species' anti-inflammatory potential is really 

remarkable. Therefore, it is essential to ascertain the capacity of selected Euphorbia 

species to decrease inflammation. 

The Allium cepa test is a significant and highly effective in vivo model assay, 

wherein the root develops in close proximity to the medicinal mixture under 

examination, thereby permitting the prediction of potential damage to eukaryotic 

DNA. This Allium cepa method was widely used by researchers to determine the 

potential genotoxicity of medicinal plants (Owolarafe et al., 2020). Kuruppuarachchi 

et al. (2023) claim that this approach is one of the less expensive plant-based invivo 

experiments. It is one of the more sensitive tests for analysing chromosomal 

abnormalities brought on by various chemical poisons. Because the onion (Allium 

cepa L.) has a low chromosomal number (2n=16), it is easier to manage and 

comprehend the chromosomal variation that emerged after the plants were treated 

with toxic chemicals. This aids in the investigation of the harmful effects of toxins 

on regular cell division. Information on how harmful substances impact 

chromosomes and consequently cause chromosomal aberrations is made possible by 

this test (Sabeen et al., 2020). Other plants such as maize, Drimia indica, and Vicia 

faba have also been used for cytotoxicity screening. Nonetheless, A. cepa was found 

to be more useful than them because of its readily visible large chromosomes and 

ability to show any effects that may have resulted from a low level of interaction 

between the testing substance and the genetic material (Bonciu et al., 2018).  

The Mitotic Index (MI), a biomarker for cell proliferation, was used to 

determine the proportions of cells in the M-phase of the cell cycle. It is a valid 

technique for determining the cytotoxicity of any living thing. For example, if the 

MI value was less than the negative control, it would suggest that there has been an 

alteration in the development of A. cepa. In addition, uncontrolled cell division and 

the growth of tumour tissues are indicated if the MI value is greater than the 

negative control (Leme & Marin-Morales, 2009). 
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Chromosome aberrations are the alterations in a chromosome's normal 

structure brought on by breaks or excisions in the chromosomal material (Atoyebi et 

al., 2015). Stickiness of chromosomes is induced as a result of cross-linkage of 

chromosomal protein leading to improper folding of the chromosome fibres. The 

cause of chromosome bridges and fragmentation may be related to the stickiness of 

the chromosome. Likewise, cytokine inhibition is the cause of the bi-nucleated 

aberrations. On the other hand, laggard chromosomes and multipolar anaphase are 

produced as a result of changes in spindle formation. When chromosomal proteins 

cross-link, sticky chromosomes with incorrectly folded chromosome fibres are 

produced (Ibrahim et al., 2014).  

Ping et al. (2012) investigated the cytotoxic properties of E. hirta methanolic 

extracts. In this experiment, different concentrations of 125, 250, 500, and 1000 

µg/ml were used. They noticed cytotoxic effects at every concentration they 

selected. The most common chromosomal abnormalities found are C-mitosis, 

stickiness, bridges, and vagrant chromosomes. 

An engaging online interface, “The Global Cancer Incidence, Mortality and 

Prevalence” (GLOBOCAN) estimates the total number of cancer sites in 185 

countries, as well as the incidence of, and death resulting from, the 36 different types 

of cancer. Based on data gathered in 2020, it was found that one in five individuals 

worldwide will develop cancer at some point in their lives, and that one in eight men 

and one in eleven women will die from the illness. These estimated numbers may 

have increased due to the aging population and socioeconomic risk factors (Sung et 

al., 2021). About 36 different types of cancer exist. Males are most affected by lung, 

prostrate, liver, colorectal, prostrate, and stomach cancer, whereas females are 

affected by breast, colorectal, lung, cervix, and thyroid cancer (Khan et al., 2019). 

Chemotherapy, radiation therapy, and surgery are examples of traditional and 

cutting-edge cancer treatments. Long-term exposure to any of them, however, has 

negative health consequences. However, as the problem persists, new approaches to 

disease control are required, particularly given the failure of conventional 

chemotherapeutic approaches. As a result, new cancer prevention and treatment 

strategies are required to control the disease's death rate (Karpuz et al., 2018).  
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Herbal medicines are important for both cancer prevention and treatment. 

Some herbs protect the body from cancer by enhancing detoxification functions. 

Furthermore, some herbs reduce the toxicity of chemotherapy and radiotherapy. 

Moreover, by regulating the activity of particular hormones and enzymes, herbs can 

slow the growth of cancer (Bijauliya et al., 2017). Since herbs contain a variety of 

chemical components, they are thought to counteract the effects of diseases on the 

body. Vinca alkaloids, podophyllotoxins, and taxanes are just a few of the potent 

cytotoxic drugs that have been brought to modern medicine through screening of 

medicinal plants for bioactive constituents with efficacious anticancer properties 

(Mazumder et al., 2022). Hence, one of the most important aspects of the hunt for 

anticancer treatments is now the development and discovery of drugs from 

secondary metabolites in medicinal plants. 

The anticancer properties of Euphobia species make them a valuable 

therapeutic resource in traditional Chinese medicine. There are numerous reports on 

the effectiveness of secondary metabolites from different species of Euphorbia in 

inhibiting the growth of different types of cancer. Among them, diterpenoids were 

discovered to be prevalent. Diterpenoids derived from E. esula, for example, 

demonstrate anticancer properties against both non-resistant and multidrug-resistant 

human gastric cancer cells. Similarly, euphol, a tetracyclic triterpene present in the 

sap and latex of numerous Euphorbia species, has anti-tumour properties. 

Furthermore, diterpenoids from the ethanolic extract of E. helioscopia were shown 

to be effective against renal cancer cell lines (Mesas et al., 2021).  

Since apoptosis is essential for embryonic development, immune system 

regulation, and the body's reaction to DNA damage, it is a necessary physiological 

process of cell death that happens without the release of intracellular contents or the 

subsequent induction of an inflammatory response. Disturbances in apoptosis, 

however, have noteworthy implications for the development of cancer. A malignant 

tumour is thought to be characterised by an imbalance between cell death and 

proliferation. For normal physiological processes to occur, cellular homeostasis 

between cell proliferation and death must be maintained (Chaudhry et al., 2022). 
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The regulation of the apoptotic process is greatly aided by several proteins, 

including pro- and anti-apoptotic ones that are involved in the apoptotic pathway. 

Thus, these proteins are the focus of cutting-edge cancer therapies and treatments 

(Chaudhry et al., 2022).  

Apoptosis is primarily caused by two signalling pathways: intrinsic and 

extrinsic. A family of cysteine proteases known as caspases are activated in both 

pathways by signalling, and these proteases work in a proteolytic cascade to break 

apart and remove the dying cell. Outside the cell, the extrinsic pathway initiates 

when conditions in the extracellular environment require a cell to die. While the 

Intrinsic apoptosis pathway is activated upon cellular damage. Intrinsic stresses such 

as starvation, oxidative stress, direct DNA damage, and oncogenes can all trigger the 

intrinsic apoptotic pathway (Wani et al., 2023). Fig. 3 depicts how programmed cell 

death is activated both intrinsically and externally by molecules. 

 

Fig. 3: Representation of intrinsic and extrinsic path ways of apoptosis (Wani et 
al., 2023). 
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Breast Cancer (BC) 

Carcinogenesis is a multifactorial process mainly triggered by genetic 

predispositions and environmental factors. Alarmingly, the death rate from cancer-

related causes rises daily. It serves as the primary cause of declining life quality in 

addition to causing death (Łukasiewicz et al., 2021). Breast cancer (BC) is the most 

common type of cancer that affects women and is the primary cause of cancer-

related death worldwide, with a high incidence rate among those between the ages of 

45 and 65. About 30% of cancer cases that affect women each year are related to 

this.  

There are four distinct molecular BC subtypes within it, each with unique 

morphologies and treatment strategies. It mainly includes luminal-A, luminal-B, 

human epidermal growth factor receptor 2 (HER2)-enriched and triple-negative 

breast cancer (TNBC). Fig. 4 depicts the four subtypes of BC. A patient's chance of 

survival with breast cancer is primarily determined by the size of the tumor, the 

hormone receptor profile, and the tumor's growth at the time of diagnosis (Grimm, 

2023; Ensenyat-Mendez et al., 2021).  

 

Fig. 4: Representation of molecular subtypes of cancer (Pankotai-Bodó et al., 
2023) 
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Breast Cancer can be either sporadic or hereditary. The prominent mutations 

associated with cancer that are hereditary in nature include those that directly affect 

genes like BRCA1, BRCA2 (Breast Cancer Associated genes 1 and 2), and TP53 

genes as well as DNA damage repair (DDR) genes. Sporadic forms of BC account 

for about 85% of cases and are caused by exposure to carcinogens such as 

electromagnetic radiation and air pollution, as well as factors such as aging, family 

history, and hormonal factors like early or late menopause, as well as lifestyle 

choices and alcohol consumption (Ortega et al., 2020).  

BRCA1 and BRCA2 are two important genes that raise the risk of breast 

cancer. Any mutation in these genes has an indirect impact on genomic integrity by 

altering the homologous recombination-mediated DNA repair pathway. BRCA1 and 

BRCA2 mutation-related breast tumors typically show diverse histopathologies. 

Breast cancers with BRCA1 mutations are primarily responsible for the 

development of basal-like breast cancers; in contrast, breast cancers in carriers of 

BRCA2 mutations are significantly more diverse (Bhat-Nakshatri et al., 2024).  

Various signalling pathways are involved in the development of breast 

cancer. Cell signal transduction is the fundamental mechanism for every cancer's 

development and survival. Many distinct features, such as apoptosis invasion, 

genomic instability, and dysregulated progression, are specific to cancer cells. A 

cancer cell's ability to proliferate, progress, and eventually survive is dependent on 

modifications and variations in various signalling pathways. The primary causes of 

the changes in signalling pathways are due to the overexpression of oncogenes, 

mutated proteins with uncontrolled activity, and the inactivation of tumour 

suppressor genes (Ortega et al., 2020). For example, excessive expression of 

oncogenes causes genes linked to cell survival and proliferation to be highly 

expressed. When EGFR1 and HER2 are overexpressed, breast cancer develops. 

Moreover, the development and progression of breast tissue in these cases are 

caused by the malfunctioning of tumour suppression genes such as BRCA1 and 

BRCA2. Proteins associated with the repair process of DNA double-strand breaks 

are primarily encoded by these two genes. Thus, these genes' mutations have an 

impact on the mechanisms that repair DNA, which eventually promotes the growth 
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of breast cancer (Clusan et al., 2023). Fig. 5 illustrates the development of breast 

cancer through the involvement of BRCA1 and BRCA2 tumour suppressor genes. 

 

Fig. 5: Illustration of various signalling pathways implicated in the oncogenesis 
of breast cancer (El Hejjioui et al., 2023) 

Cell lines have become increasingly popular, especially when used as models 

for human biology. It has aided in many areas, such as the development of vaccines 

and toxicology analysis. The quality of a cell line is crucial, and each cell line has a 

different quality. It is not feasible to use every cancer cell line as a model for 

research on human cancer. A common model for human breast cancer is the 

Michigan Cancer Foundation-7 cell line (MCF-7) (Tran et al., 2021). All across the 

world in breast cancer research, the MCF-7 cell line is a frequently used xenograft 

model. Its capacity to generate more data of useful knowledge for patient care makes 

it more significant than any other breast cancer cell line. Furthermore, the MCF-7 

cell line's unique molecular profile and the presence of several key receptors, among 

other unique characteristics, give it significance in the field of breast cancer research 

(Comşa et al., 2015).  

  Various species of the genus Euphorbia showed notable resistance against 

MCF-7 breast cancer cell lines, along with other types of cell lines. Nevertheless, the 

current study's chosen plant species have been used against MCF-7 for the first time. 
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One of the important herbs used by traditional medicine practitioners is E. 

hirta.   The research was done on the impact of E. hirta extract on the HepG2 cell 

line, a type of liver cancer. The extract demonstrated significant suppression of 

HepG2 cell proliferation by inducing apoptosis (Kalaivani et al., 2023). Likewise, E. 

hirta extract was tested for its inhibitory potential against a range of cell lines, 

including the MCF-7, HT 29, Hela, and Vero cell lines. Using the MTT colorimetric 

cytotoxic assay, the extract's potential was examined. MCF-7 cell survival was 

significantly inhibited by the extract. It modulated the caspase 3-independent 

pathway, which in turn caused apoptosis. Additionally, the cell cycle arrest happened 

during the G2/M and S phases. As a result, the study showed that the plant extract 

had strong antiproliferative properties and that it might be employed to treat breast 

cancer (Kwan et al., 2016).   

Ethanolic extract of mature E. lathyrus seeds was tested against colon cancer 

cell lines, including T84 and HCT-15, to determine its antitumor potential. In both 

cell lines, the extract caused cell death by overexpressing caspase 3, 8, and 9 and by 

turning on autophagy. Furthermore, the plant extract demonstrated decreased 

angiogenic potential and decreased migration of cancer cells in the T84 cell line. 

These two effects are linked to tumour recurrence. Notably, the results demonstrated 

significant antitumor effects against colon cancer (Mesas et al., 2021).   

E. fischeriana is an additional species with potential applications as an anti-

tumour drug. This species of plant was used in Chinese traditional medicine to treat 

liver and lung cancer. Furthermore, one of the well-known traditional Chinese 

medicines, Langdu, is primarily derived from two sources: E. fischeriana and E. 

ebracteolate. It is used to treat conditions like tumors and chronic fatigue. Strong 

anticancer effects were shown by compounds isolated from E. fischeriana roots. 

Triterpenoid and diterpenoid compounds are among those that were found to be 

responsible for exerting strong anti-tumor effects (Shi et al., 2017). A different study 

report revealed that diterpenoids derived from E. fisheriana exhibited cytotoxic 

effects on MCF-7 cells by preventing the growth of the mammosphere in MCF-7 

human breast cancer cells (Kuang et al., 2016). The MCF-7 cell line's proliferation 
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can be inhibited by diterpenoids derived from E. fisheriana with a promising IC50 

value. The diterpenoids have a major role in controlling apoptosis, arresting the cell 

cycle at different checkpoints, and obstructing different signalling pathways to 

prevent tumor cells from metastasizing (Jain et al., 2018).  

The lactone structures found in Euphorbia's diterpenoids are known to confer 

strong antiproliferative effects. There have also been reports on the diterpenoid of 

this genus having antineoplastic effects on a variety of cell lines (Ernst et al., 2015). 

Triterpenoids have also attracted attention lately due to reports of their anti-

inflammatory, antiviral, antibacterial, sedative, immunoregulatory, blood pressure-

lowering, and antitumor properties. Additionally, it was mentioned that triterpenes 

could prevent the growth of tumors via a number of different mechanisms (Radi et 

al., 2023). A recent study states that from the 36 species in the genus Euphorbia, 

approximately 264 compounds with anticancer potential were isolated (Rojas-

Jiménez et al., 2024).  

The four triterpenoids that were extracted from the Euphorbia lactea, 

taraxerol, friedelan- 3α-ol, friedelin, and friedelan-3β-ol, showed cytotoxic effects 

on the cell lines HN22, HepG2, HCT116, and HeLa. Of the four identified bioactive 

metabolites, friedelan-3β-ol demonstrated noteworthy inhibition on cancer cell lines 

by inducing an S-phase cell cycle arrest (Wongprayoon et al., 2022).  

E. hierosolymitana is a less well-researched species that is only found in 

eastern Mediterranean nations. The effectiveness of n-butanol and ethyl acetate 

fractions derived from the aerial parts of E. hierosolymitana has demonstrated their 

potential as agents against cancer. For this, cell lines like A549, PC-3, MCF-7, and 

Caco-2 were used and the positive control was doxorubicin. The highest IC50 value 

was found at the highest concentration out of various concentrations considered such 

as 31.25, 62.5, 125, 250, 500, and 1000 µg/ml. Additionally, cytotoxic effects were 

found in a dose-dependent manner. Against the normal cell line Wi38, neither of the 

two extracts showed any cytotoxic effects. Among the extracts, n-butanol extract 

showed strong effects on the Caco-2 colon cancer cell line (Al-Saraireh et al., 2021).  
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Another species that is significant to traditional medicine across various 

nations is E. granulata. The MCF-7 cell line was utilised to evaluate the antitumor 

potential. The cytotoxic nature of the plant extract was demonstrated by the MTT 

assay. Through the induction of apoptosis, the plant extract reduced the viability of 

the cells (Mahdavi et al., 2022).  

Euphorbia tirucalli has a long history of use in Brazilian folk medicine as a 

cancer treatment. Using five cancer cell lines—HepG2, HL-60, A549, MCF-7, and 

HCT116—the anticancer potential of the phenolic extract of E. tirucalli was 

investigated. The extract very effectively inhibited the proliferation of both the 

MCF-7 and A549 cell lines, with IC50 values of 31.65 ± 3.67 µg/ml and 35.36 ± 3.82 

µg/ml, respectively. The extract demonstrated a significant inhibitory effect on the 

HL-60 cell line, with a promising IC50 value of 22.76 ± 2.85 µg/ml, which was 

observed to be extremely near to the value demonstrated by doxorubicin, a widely 

used anticancer medication (Abdel-Aty et al., 2019).  Furthermore, in a different 

investigation, the growth of gastric adenocarcinoma cancer cell lines was inhibited 

by the extract of E. tirucalli. The compounds euphol and tirucallol found in the plant 

extract are primarily responsible for this effect (de Souza et al., 2019). 

E. greenwayi is one of the important species whose applications have been 

studied in a variety of bioactivities, including cancer research. The anticancer effects 

of utilising E. greenwayi methanol extract and its different fractions (n-hexane, 

chloroform, and ethyl acetate fraction) against cancer cell lines, namely HepG-2 

hepatocellular carcinoma, SW620 colorectal adenocarcinoma, and MCF-7 breast 

adenocarcinoma, were determined by using two different concentrations (10 and 100 

µg/ml) of each sample. The three selected cell lines were significantly affected by 

the cytotoxic effects of both the n-hexane and chloroform fractions. Additionally, 

MCF-7 was discovered to be the most susceptible cell line among the others. 

Phytochemicals with anticancer properties, including β-sitosterol, lupeol, and 

cycloartenol, were identified as the possible cause of the cytotoxic effects (Zaghlol 

et al., 2024).  
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With wide applications across numerous industries, nanotechnology is a 

rapidly and promisingly developing technology in today's world. Numerous 

industries, including food, medicine, water treatment, and cosmetics, use 

nanotechnology. Small materials, ranging in size from 1 to 100 nm, are known as 

nanoparticles and have distinct properties. The emergence of metal nanoparticles, 

including silver, platinum, copper and gold, has garnered significant interest due to 

their diverse range of applications across various industries (Ruddaraju et al., 2020). 

Due to their remarkable antimicrobial and localised surface plasmon resonance 

properties, silver nanoparticles (Ag NPs) are significant among the many metals. 

These properties give them unique qualities like a broad spectrum of antimicrobial 

properties, surface-enhanced Raman spectroscopy (SERS), chemical/biological 

sensors, biomedicine materials, and biomarker applications (Kumar et al., 2022). In 

addition, the medical industry is particularly interested in silver nanoparticles due to 

their broad range of bactericidal and therapeutical potential, unique thermal 

conductivity, chemical stability, unique morphology, size, shape, high surface area, 

and widespread application in optical, photo-electro-chemicals, magnetism, 

photonics, and pharmaceuticals.  Their important applications as antimicrobial, anti-

inflammatory, and anticancer agents in drug delivery and diagnostics are also 

noteworthy (Zahoor et al., 2021). Ag NPs are a great option and have been utilised 

in medical devices such as breathing tubes, wound care products, and antimicrobial 

dressings. Because of Ag NPs' superior biocompatibility and viability, they have 

antimicrobial, anticancer, cytotoxicity, and anti-inflammatory properties (Dhaka et 

al., 2023). 

Types of silver nanoparticle synthesis 

The two most popular methods for generating silver nanoparticles are 

physical and chemical ones. It is costly to produce nanoparticles using both 

chemical and physical methods. In addition to being expensive, these methods 

produce toxic byproducts that are harmful to both the environment and human health 

because they involve the use of toxic chemicals. High energy consumption and low 

synthesis rates are two more disadvantages of these technologies (Iravani et al., 

2014). Different approaches used to synthesize nanoparticles are depicted in Fig. 6 
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Green strategies are now recognised as practical choices. Among the 

materials used in the biosynthesis of silver nanoparticles are plant extracts, 

actinomycetes, algae, fungi, bacteria, viruses, and diatoms (Fig. 7). Despite the 

microorganisms' ability to efficiently produce nanoparticles, they still face 

challenges like contamination and culture maintenance. Because of its ease of use 

and quick formation in a single step, researchers are increasingly turning to plant 

extracts for the production of nanoparticles. Moreover, the phytometabolites found 

within the plant extract act as natural reducing and stabilising agents, which drive 

the development of nanoparticles (Sameena & Thoppil, 2022).  

 

 

Fig. 6: Different methods for nanoparticle synthesis (Sameena & Thoppil, 2022) 

Green synthesis of nanoparticles using plant extracts 

Plant extracts contain phytoconstituents that function as both capping and 

reducing agents during the process of nanoparticle formation. The selection of plants 

for the synthesis of nanoparticles has several advantages, chief among them being 

the abundance and diversity of secondary metabolites that are easily accessible. 

Large quantities of pollution-free, environment-benign nanoparticles with minimal 



Review of Literature 

 65

negative effects on the environment are produced by the process of biogenic 

synthesis. This approach is widely used due to its simplicity, inexpensive, easy-to-

use, eco-friendliness and biocompatibility (Arif & Uddin, 2021).  Recently, a wide 

range of plant species and plant parts, including stems, roots, leaves, latex, bark, 

flowers, and fruits, have been applied for the formulation of nanoparticles for a 

range of applications (Mustapha et al., 2022). 

 

Fig. 7: Various sources of green synthesis of nanoparticles (Sameena & Thoppil, 
2022) 

Different plant species extracts contain a wide range of primary and 

secondary phytoconstituents including phenolic acids, flavonoids, alkaloids, 

quinones, terpenoids, polysaccharides, antioxidants, and organic acids (ascorbic, 

oxalic, malic, tartaric, and protocatechuic acid). Metal ions undergo reduction to 

form metallic nanoparticles by all of these compounds. Plant extracts have been 

used in several studies to synthesise silver nanoparticles (Mustapha et al., 2022). The 

majority of the plant extract-based nanoparticle production mechanism consists of 

three phases (Fig. 8). 
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i) The activation phase, in which phytoconstituents with reducing potential 

reduce metal ions and further nucleation of reduced metal atoms takes place. 

ii)  The growth stage, in which small metal nanoparticles combine to form 

larger molecules in a variety of shapes, including spheres, triangular shape 

and rods. 

iii)  The third phase, known as the termination phase, during which the 

nanoparticles assume their final form. The characterization of Ag NPs can be 

used to understand the structural morphology and stability of synthesised 

nanomaterial.  There are numerous characterization techniques available, 

such as microscopic and spectral analyses (Makarov et al., 2014).  

 

Fig. 8: Mechanism of silver nanoparticle formation in genus Euphorbia 
(Sameena & Thoppil, 2022) 
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The bioactive constituents found in Euphorbia species are widely recognised 

and exhibit a range of biological impacts. The various functional groups and 

secondary metabolites, including tannins, flavonoids, phenolic compounds, 

terpenoids, and saponins, that are present in the genus Euphorbia play a significant 

and potentially beneficial role in the production of Ag NPs by acting as a natural 

capping and stabilising agent. Because of its many uses, the genus is successfully 

used by many researchers to synthesise silver nanoparticles. Many research works 

have documented the importance of silver nanoparticles produced from various 

Euphorbia species, especially when it comes to biological properties like 

antimicrobial, antioxidant, and anticancer properties. Table. 4 presents the green 

synthesis of silver nanoparticles using different species of Euphorbia. 

Khattak et al. (2019) treated the ethanolic extract with a 1 mM silver nitrate 

solution in a magnetic stirrer with continuous stirring and sporadic heating (45-

500C) to create spherical-shaped Ag NPs with a size range of 14 to 45.6 nm from 

Euphorbia dracunculoides. Additionally, the examination found the presence of 

different types of phytochemicals that contributed significantly to the reduction of 

silver ions and capping of fabricated Ag NPs. 

A lot of white, milky latex is produced by Euphorbias. Numerous studies 

have confirmed the effectiveness of latex in developing nanoparticles. To produce 

silver nanoparticles, Rajkuberan et al. (2017) for instance, mixed 1 mM Ag NO3 

with 3% aqueous latex extract obtained from Euphorbia antiquorum and left the 

reaction mixture in the dark for a full day. In addition to showing strong anticancer 

potential against human cervical carcinoma cells, synthesised silver nanoparticles 

were also found to be effective against blood-sucking parasites that spread disease, 

such as Aedes aegypti and Culex quinquefasciatus. These nanoparticles also 

exhibited larvicidal activity against human pathogens. In addition, Bharathi et al. 

(2022) produced silver nanoparticles from the same plant's aqueous extracts by 

treating them with a 0.01 M Ag NO3 solution and then letting the reaction mixture 

sit in the dark for 24 hours at room temperature. They observed that the silver 
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nanoparticles had a remarkable cytotoxic effect on the breast cancer MCF-7 cell 

line.  

The ability of latex-bearing Euphorbiaceae plants, such as E. milii, E. hirta, 

E. franckiana, E. ingens, P. tithymaloides, and E. lacteal, to produce silver 

nanoparticles in an environmentally safe manner was also investigated by Patil et al. 

(2012) using 1 mM Ag NO3 solution. The production of silver nanoparticles was 

verified using a variety of characterization techniques, including TEM and zeta 

potential analysis. 

Recent research by Aljubiri at al. (2023) produced nearly spherical-shaped 

silver nanoparticles with an average particle size of 20 - 34 nm from E. balsamifera. 

They observed that it guarantees water purification and has an effective ability to 

eliminate dangerous water-based dyes like bromophenol blue (BPB) and 

bromocresol green (BCG) from water bodies. The morphological parameters of the 

developed nanoparticles were determined using a variety of characterization 

techniques, such as Fourier transform infrared spectroscopy (FT-IR), X-ray 

diffractometry (XRD), scanning electron microscopy (SEM), and transmission 

electron microscopy (TEM). In order to create silver nanoparticles, E. milii leaves 

were extracted using a variety of solvents, including methanol, ethyl acetate, 

distilled water, acetone, chloroform, and hexane, depending on their polarity (Ramli 

et al., 2023). For this purpose, each extract was mixed with a 1 mM AgNO3 solution. 

They obtained spherical-shaped silver nanoparticles for each extract that was 

chosen, and SEM images were used to examine them. The presence of nanoparticles 

was also confirmed using UV-vis spectrophotometer and Fourier-transform infrared 

spectroscopy (FTIR). 

In terms of the synthesis of silver nanoparticles, the plant E. hirta was 

extensively used by the researchers. Various parts of the plant like leaf, root and 

stem were employed for this purpose. Recently, Ramachandran et al. (2022) created 

Ag NPs from E. hirta and found their immense potential as an anticancer agent 

against human lung adenocarcinoma A549 cells.  Similarly, Kumar et al. (2014) 

synthesised globe-shaped nanocrystals using E. hirta leaf extract. For a thorough 
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understanding of nanoparticles, a variety of characterization techniques were used, 

including particle size analysis, field emission scanning electron microscopy 

(FESEM), UV-visible spectroscopy, and Fourier transform infrared spectroscopy 

(FTIR). Researchers discovered that derived nano molecules have a remarkable 

ability to inhibit the growth of several bacteria, including Salmonella typhi, Vibrio 

cholera, and Bacillus subtilis. In addition, Selvam et al. (2019) explained the 

cytotoxic potential of silver nanoparticles derived from the ethanolic extract of the 

aerial parts of E. hirta. 

Antimicrobial activity of silver nanoparticles 

One of the main concerns of the pharmaceutical industry for the past 30 

years has been the development of antibiotics that have the ability to significantly 

inhibit bacterial DNA replication and cell wall synthesis. Even so, high mortality 

rates continue to occur and rise daily as a result of antibiotic resistance (Crisan et al., 

2021). The emergence of disease-causing microbes that are drug-resistant to 

traditional antibiotics is a problem for public health that is getting worse. A 

significant amount of research has been done to develop new, effective antimicrobial 

agents. Due to the sharp increase in antibiotic resistance at this time, there is a lot of 

interest in studying the therapeutic potential of metallic nanoparticles like silver 

nanoparticles (Ag NPs). The bactericidal effect of silver (Ag) on microorganisms is 

particularly notable because it is known to have a toxic effect on a variety of small 

organisms (Tang & Zheng, 2018).  

One of the most popular bioactivities of silver nanoparticles is their 

antimicrobial activity.  The antimicrobial properties of silver are superior to those of 

all other metals in strength, power, and significance. Fungi, bacteria, viruses, and 

other eukaryotic micro creatures are among the microbes that it kills. In terms of 

fungi and bacteria, Ag NPs have demonstrated notable antimicrobial activities. 

Consequently, silver-based mixtures are frequently utilised in antimicrobial 

applications. Silver is also used to control bacterial growth in a wide range of 

biomedical applications, including catheters, the treatment of some dental problems, 

and burn injuries. Before the invention of silver nanoparticles, silver's salts were 
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used as a powerful antimicrobial agent. However, the overuse of silver agents has 

reduced their effectiveness as antimicrobial agents. The growth of nanotechnology 

in recent years has rekindled interest in the use of silver nanoparticles as 

antibacterial agents, and there is now more interest in using nanoparticles to treat 

skin microbial infections. Numerous studies have looked at Ag NPs' antibacterial 

abilities against multidrug-resistant bacteria and a plethora of reports have shown 

how effective Ag NPs' antimicrobial properties are.  

i) Antibacterial activity 

The quasi-spherical Ag NPs synthesised from an aqueous extract of E. 

graminea showed broad-spectrum antimicrobial activity against bacteria and fungi 

(Thomas et al., 2023). Muchanyereyi et al. (2017) found that the silver nanoparticles 

made from the stem extract of E. confinalis showed remarkable inhibition of the 

growth of gram-positive and gram-negative bacterial strains, including S. aureus and 

E. coli.  The antibacterial activity was assessed using the agar disc diffusion method. 

In a different study, Arif et al. (2022) created Ag NPs using leaf extract from E. 

wallichii. The study tested the activity of Ag NPs against Xanthomonas axonopodis 

at concentrations ranging from 15.62 µg/ml to 1000 µg/ml for determining the effect 

of different concentrations on bacterial growth. They noticed that the highest 

concentration selected exhibited the strongest antibacterial activity.  

The biogenic development of silver nanoparticles from E. serpens was 

reported by Ahmed et al. (2022). 1 mM AgNO3 and 25% aqueous extract were 

combined and agitated for three hours. The obtained silver nanoparticles have an 

average particle size of 30 to 80 nm and are spherical in shape. The antibacterial and 

antifungal properties of the created Ag NPs were also examined. The examined 

bacteria, including P. aeruginosa, S. typhi, S. aureus, and E. coli, showed good 

inhibition of growth by the Ag NPs. It demonstrated the strongest antibacterial 

activity against E. coli at the maximum concentration of 0.1 M Ag NPs, which also 

created a noticeable 20 ± 06 mm zone of inhibition. In addition, the Ag NPs 

demonstrated strong antibacterial properties even at the lowest concentration of 

0.0001 M. To find out how well Ag NPs worked against fungi, an agar well diffusion 
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method was used to measure its antifungal activity. Candida albicans, Fusarium 

gramium, and Alternaria alternate are among the fungi that were selected. They 

observed that the plant extract E. serpens-mediated Ag NPs had weak or only 

moderate antifungal activity. 

The development of Ag NPs from E. maculate leaf extract through green 

synthesis was reported by George et al. (2024). A distinct absorbance peak at 420 

nm was found by UV-visible spectral analysis of Ag NPs colloidal solution. 

Furthermore, TEM analysis revealed the spherical nature of Ag NPs. They also 

noted the antibacterial potential of biofabricated nanoparticles. It was found that, 

compared to S. aureus, Ag NPs showed significantly more antibacterial activity 

against E. coli.  

Ag NPs made from the aqueous extract of E. hirta were screened for 

antibacterial efficacy by Bennet Rohan et al. (2020). They produced spherically 

shaped nanoparticles that ranged in size from 50 to 80 nm and found that the 

synthesised Ag NPs exhibited good potential for inhibiting the growth of bacteria, 

including B. subtilis and P. aeruginosa. Ag NPs with a spherical form and a size 

range of 50 - 75 nm was created using an aqueous leaf extract of E. rigida. Using 

DLS and SEM analysis, the morphology and surface details of the nanoparticles 

were evaluated. The evaluation of Ag NPs' antimicrobial activity revealed that they 

had strong antimicrobial properties against common human pathogens, including E. 

coli, S. aureus, S. faecium, S. epidermidis, S. enteritidis, S. typhimurium, L. 

monocytogenes, and C. albicans (Kocazorbaz et al., 2021).  

Ag NPs made from E. umbellatum leaf extract demonstrated strong 

antimicrobial activity. S. aureus and K. pneumoniae were found to be effectively 

inhibited by the nanoparticle due to their greatest microbiological properties (Rosa 

et al., 2022). In a similar way, Nirmala et al. (2023) observed that Ag NPs exhibited 

a more potent effect on B. subtilis, P. aeruginosa, K. pneumoniae, S. aureus, and E. 

coli growth inhibition than did the plant extract of E. helioscopia. The presence of 

elemental silver was shown by a sharp peak in the UV-visible spectrum at 442 nm.  

With the use of an FTIR spectrum, several functional groups from the plant extract 
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that were significantly involved in the creation and activation of the Ag NPs were 

evaluated. 

ii) Antifungal activity 

The fungicidal potential of Euphorbia sp. has been documented in fewer 

reports. The production of silver nanoparticles (Ag NPs) from the extract of the 

medicinal plant E. prostata has been documented by Dzoyem et al. (2022). A 

distinct peak from the spectral analysis that fell between 402 and 493 nm in 

wavelength indicated the formation of nanoparticles. After testing synthesised Ag 

NPs against two strains of Candida albicans and Candida parapsilosis, they 

discovered a noteworthy anticandidal property. Ag NPs were produced using the 

stem extract of E. poissonii, a medicinal plant, with an average particle size of 10.25 

nm. These Ag NPs showed evidence of antifungal activity against Candida albicans, 

with a discernible zone of inhibition (Owoseni et al., 2023). According to Elumalai 

et al. (2010) Ag NPs derived from E. hirta showed a strong antifungal activity. 

Nanoparticles inhibited the growth of C. albicans with a zone of inhibition of 16.25 

± 0.03, followed by C. Kefyr (15.00 ± 0.02) and C. tropicalalis (12.01 ± 0.21) 

respectively.  

Ag NPs' explicit antimicrobial activity has not yet been fully explained, but 

numerous studies have suggested that this is because of their large surface area, 

which allows them to release sufficient amounts of Ag+ ions more quickly and make 

good contact with microorganisms by adhering to their cell membranes and 

penetrating them. It disrupts the bacterial or fungal envelope once it has entered the 

bacterial cells. Additionally, these Ag+ ions bind to DNA and protein inside of a cell, 

increasing the production of ROS. This denaturing of the organelles and cell 

membrane ultimately leads to cell lysis (Mukherjee et al., 2023; Dakal et al., 2016; 

Yin et al., 2020).  According to some scientists, the nanoparticles enter bacteria or 

fungi and interact with their DNA and proteins, harming them.  Reactive oxygen 

species (ROS) are created as a result, which increases oxidative stress. ROS buildup 

in bacterial mitochondria results in dysfunctional mitochondria, which in turn 
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prevents bacterial growth (Al-Otibi et al., 2020). The possible antibacterial action 

exhibited by the Ag NPs against various bacterial species was illustrated in Fig. 9. 

 

Fig. 9:    Antibacterial mechanism of AgNPs against bacterial cells  (Aljeldah et 
al., 2023) 

Table 4. Reports on the synthesis of silver nanoparticles by utilizing various 
species of Euphorbia (Sameena & Thoppil, 2022) 

Species      Plant part           Size (nm)                                  Shape        Application/ Activity     

Euphorbia 
wallichii 

Rhizome 20 - 58 - Antileishmanial  
Analgesic  

E. thymifolia  Whole plant                     - - Toxicological  

E. prostrata                                   Leaves  12.82 - 2.50                   Spherical Antileishmanial  

E. geniculata       Aerial parts                 13 - 45                    Spherical         Antimicrobial  

E.  hirta                                             Leaves 40 - 50                           Spherical   Antifungal  

E. hirta               Aqueous   
extract             

50 - 80                                     - Antibacterial  

E. hirta                                             Leaves 40-50         Polydisperse    Antibacterial 

E.  milii                                       Latex 10 - 50                                                - - 

E. tirucalli                                 Latex   20 - 30                  Spherical & 
cubic     

Nematicidal  

E.milii                                    Stem 6 - 50                                          Spherical Antimicrobial  

E. helioscopia                             Leaves 2 - 14                                      Spherical   Optical & catalytic    

E.  peplus                          Dried leaves 5 - 10                                       Spherical Catalytic  

E. antiquorum                       Latex 10 - 50                                        Spherical Anticancer  

E. confinalis                              Stem 12 - 18                                        Spherical Antibacterial  

E.  
pseudocactus     

Fresh leaves                  5.48 - 60                           Spherical    Antibacetrial  

E. rothiana                               Leaves   18.16 - 
27.78                            

Spherical Antimicrobial                                              

E. milii                                                                                                                     Latex - Round Antimicrobial  

E.  lactea                                                                            Latex    - Round Antimicrobial  
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E.  ingens                                                                      Latex   - Round Antimicrobial  

E. hirta                                                                         Latex   - Round Antimicrobial  

E. franckiana                  Latex   - Round Antimicrobial  

E. heterophylla          Dried leaves                                        - Spherical    Catalytic                                                

E. nivulia                       Stem latex           10 - 20                                      Spherical Antimicrobial  

E.  
amygdaloides      

Whole plant             7 - 20                                      Spherical    Antibacterial  

E.  hirta                          Fresh leaves         30-60                                   Spherical      - 

E.  milii                                              Leaves 20 - 50                                       Spherical Antibacterial  

E.  prostrata             Fresh leaves           25 - 80                                                Rod      Antiparasitic  

E.  
cyathophora                     

Leaves     30 - 50                                     Spherical      Anticancer  

E.  hirta                  Fresh leaves           30 - 60           Spherical & 
Cubic                

Antiplasmodial  

E.  hirta                 Fresh leaves              2.9 - 206.3                                Spherical Anticancer  

E. 
dracunculoides        

Whole plant 14.0 - 45.6                                                                                                                         Spherical Phytotoxic  
Analgesic  
Cytotoxic  

E.  wallichii Roots -             - Antioxidant  
Cytotoxic  
Antimicrobial  

E.  fusiformis Leaves                 - Spherical Antibacterial  

E.  hirta  Leaves 30 - 60 Spherical & 
cubic 

Larvicidal  

E. nivulia Stem bark 20-90 Spherical Antibacterial  

E. umbellata Leaves       - Spherical Antibacterial 

E. hirta Leaves 13-61 Spherical Antibacterial 
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MATERIALS AND METHODS 

 

The current study was finished in three parts. The first part discusses the 

phytometabolites that were revealed in the methanolic extracts of the aerial parts of 

Euphorbia rothiana, Euphorbia deccanensis, and Euphorbia thymifolia, 

respectively. The bioactivities of plant extracts, such as their capacity to scavenge 

free radicals, reduce inflammation, cytotoxicity assay using Allium cepa, and 

anticancer properties, are covered in the second part. The part three primarily 

examined the green synthesis of silver nanoparticles using methanolic plant extracts 

and antimicrobial activity exerted by the developed nanoparticles. 

PLANT SPECIMENS 

Euphorbia deccanensis V. S. Raju, Euphorbia rothiana Spreng., and 

Euphorbia thymifolia L. are the plant species chosen for this investigation (Plate 1). 

Among these, E. deccanensis is native to South India (Kerala), while E. rothiana is 

found in the regions, including Bangladesh, Sri Lanka, Europe, Africa, and Pakistan. 

On the other hand, E. thymifolia is found throughout tropical Asia. E. thymifolia was 

gathered from Calicut University Botanical Garden, E. deccanensis from 

Madayippara in Kannur district, and E. rothiana from Kundhakod manth, Nanjanad 

in Ooty, Tamil Nadu. Dr. A. K. Pradeep and Dr.V. Pramod, Assistant Professors in 

the Department of Botany, University of Calicut identified the plants. The voucher 

specimens were placed in the herbarium at Calicut University (CALI).  

 Botanical Name: Euphorbia deccanensis V. S. Raju (CALI N0. 7129) 

 Common name: Mulachurathi 

 Synonym: Euphorbia katrajensis var. kasaragodensis, Euphorbia liniarifolia 

Roth. 

 Habit:     Herb 

 Habitat: Lateritic rocky areas 
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 Flowering & fruiting:  July-December 

 Key identification features: An annual herb with a pinkish cyathium  

 Endemism: Deccan Peninsula 

 Plant description: It is a small, glabrous, prostrate or decumbent herb. The 

leaves are glabrous, simple, opposite, linear, 1 - 2 x 0.3 - 0.5 cm, with entire 

margins, an oblique base, an acuminate apex, and a petiole that is 1- 2 cm 

long. The cyathium is axillary, with a green, cupular involucral tube with 

pinkish white lobes. Style short, 3-lobed; ovary 3-celled. Fruits 3 mm across 

and pyrenes 3. It grows most commonly in the seasonally dry tropical biome. 

2. Botanical Name: Euphorbia rothiana Spreng. (CALI N0. 7118) 

Common name: Merasupalchedi 

Synonym: Euphorbia laeta Heyne ex Roth 

Habit: Undershrub 

Habitat: Margins of green forests and grasslands 

Flowering & fruiting: September – April 

Key features: Milky latex, inflorescence unique (Cyathium). Umbrella-like whorls 

of branches. 

Native: India and Sri Lanka 

Plant description:  

It is a perennial branching shrub that can reach a height of one metre and is 

frequently found as a hill spurge. Its smooth, leafy stem is frequently tinged with 

red. An umbrella-like whorl of thin branches emerges from the top of the stem. 

Sessile and 5–10 cm long, the leaves are arranged alternately in a linear–oblong, 

typically lance-like pattern. The flower cyathium is 2.5 × 3 cm across, with male 
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florets encircling the female floret. The flowers are green. White milky latex is 

present throughout the plant. 

3. Botanical Name: Euphorbia thymifolia L. (CALI N0. 7357) 

Common name: Duddhi, Dudhiya, Choti-dudhi 

Synonym: Chamaesyce thymifolia (L.) Millsp. 

Habit: Herb 

Habitat: Scrub forest and plains 

Flowering & fruiting: September - November 

Key features: An annual, stoloniferous, delicate herb. Inflorescences are clustered in 

leaf axils.  

World distribution: Tropical Asia  

Plant description: 

It is a small prostrate annual or perennial herb that typically grows along the 

ground. Its stem is slender, smooth, thin, cylindrical, hairy, and mat-forming. 

Typically, the stem's colour is pink when it's fresh and turns greyish-green or dark 

purple when it dries. The stem can grow up to 10–20 cm in length and 1-3 mm in 

diameter. The leaves are elliptic or oblong, 4 mm long, 2-5 mm wide, with a rounded 

and oblique base at the apex and a simple, opposite phyllotaxy arrangement. Stipules 

are linear-subulate, whole or slightly parted, and distinct or slightly connate at the 

base with a length of 0.9–1.2 mm. Petiole 0.5-1 mm, sparsely strigose-tomentulose; 

blade broadly elliptic to narrowly oblong ovate-lanceolate, 3-10 × 1.8-5 mm, base 

asymmetric, one side typically angled or round, with the other truncate and 

expanded into a small, rounded auricle; margins serrate (larger leaves) to serrulate 

(smaller leaves); apex blunt to acute; abaxial surface sparsely tomentulose to 

glabrate, adaxial surface glabrate, palmately veined at the base. Cyathia are typically 

found on crowded, axillary branches in small, cymose clusters; the peduncle is 0.1 to 

0.3 mm. The involucre is broadly obconic, but the base of partially included 
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capsules causes it to swell and distort. Flower styles range from conic to truncate-

ovoid, and the ovary of pistillate and staminate flowers is densely strigose, with 

styles of 0.4 to 0.5 mm. Seeds are narrowly ovoid to white, with a sharp 4-angle           

cross- section.   

METHODOLOGY  

PART I- PHYTOCHEMICAL PROFILING 

Aerial parts of the plants were collected, shade-dried and powdered into fine 

particles by using a grinder. The preliminary analysis was carried out in each plant 

by using three different solvents, such as distilled water, methanol, and n-hexane. 

For this purpose, 3 g of powdered plant samples were soaked overnight the complete 

dissolution in the corresponding solvents of 30 ml. The solutions were filtered using 

a Whatman filter paper No.1, and the obtained filtrates were used for further 

preliminary qualitative analysis. 

a)     Qualitative phytochemical analysis 

Three different extracts of each plant were subjected to preliminary 

qualitative analysis using conventional chemical tests to determine the presence and 

absence of various phytometabolites (Harborne, 1998; Edeoga et al., 2005; 

Shanmugam et al., 2019).  

i) Test for phenolic compounds (Harborne, 1998; Kumar et al., 2007) 

 Ferric chloride Test 

1 ml of the extract was mixed with 5% ferric chloride. It is checked for the 

presence of a deep blue colour. 

 Spot Test 

On a piece of clean filter paper, 1 ml of extract was spotted. A single drop of 

the phosphomolybdic acid reagent was then added to the spot, and it was then 
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exposed to ammonia vapors. The spot's blue colour formation indicates the presence 

of phenols. 

ii) Test for flavonoids (Harbourne, 1998) 

 Alkaline reagent Test 

1 ml of the extract was mixed with a few drops of the 20% sodium hydroxide 

solution. When a few drops of diluted hydrochloric acid were added, the intensified 

yellow colour began to fade, which is a sign that flavonoids are present.                

 Lead acetate Test 

A scanty amount of 10% lead acetate solution was added to 1 ml of the 

extract. The development of a yellow-coloured precipitate indicates the occurrence 

of flavonoids.  

iii) Tests for alkaloids (Shanmugam et al., 2019) 

The three different extracts of each plant of the Euphorbia species were 

dissolved in dilute HCl, and the obtained filtrate was used to identify the presence of 

alkaloids. 

 Wagner’s Test 

The addition of a few drops of Wagner’s reagent (Appendix 1) to the test 

tube containing 1 ml of filtrate results in the formation of a reddish-brown 

precipitate, indicating the presence of alkaloids. 

 Hager’s Test 

  To 1 ml of the extract, a few drops of Hager's reagent (Saturated Picric Acid 

Solution) were added. The presence of alkaloids is indicated by the appearance of 

orange-yellow-coloured precipitates. 
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iv) Tests for tannins (Evans & Evans, 2002) 

 Breymer’s test 

2 ml of the extract was treated with 10% alcoholic ferric chloride solution. 

The formation of blue or greenish colour reveals the presence of tannins. 

 Lead acetate Test 

A few drops of the 1% lead acetate solution were added to 5 ml of the test 

solution. The presence of tannins is indicated by precipitation that is yellow in 

colour. 

v) Test for coumarins 

 Ferric chloride test 

1 ml of each extract was treated with 1 ml of ferric chloride solution. The 

production of a dark yellow colour indicates the existence of coumarins. 

vi) Test for anthraquinones (Kumar et al., 2007) 

 Bontrager’s Test 

1 ml of a 10% ferric chloride solution and 1 ml of concentrated hydrochloric 

acid were added to 2 ml of the extract, which was then heated. After that, the test 

solution was cooled and filtered. A similar amount of diethyl ether was then added to 

the filtrate. This solution was then extorted with strong ammonia. The presence of 

anthraquinones is indicated by the development of pink or deep red colouration in 

the solution. 

vii) Test for terpenoids (Shanmugam et al., 2019) 

 Salkowski Test 

About 2 ml of extract was subjected to treatment with 2 ml of chloroform 

and filtered. The obtained filtrate was shaken with a few drops of concentrated 

sulphuric acid to keep it undisturbed. A yellow colour with green fluorescence 

indicates the presence of terpenoids. 
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viii)  Test for saponins 

 Foam Test (Adegoke et al., 2010) 

In a test tube, approximately 2 ml of extract is shaken vigorously with 2 ml 

of distilled water. The emergence of a long-lasting foam indicates the presence of 

saponins. 

ix)   Test for phlobatannins (Edeoga et al., 2005) 

 Precipitation test 

The mixture containing 2 ml of extract and 2 ml of hydrochloric acid (1%) 

was boiled.  The formation of a red coloured precipitate is taken as a shred of 

evidence for the occurrence of phlobatannins. 

x) Test for glycosides 

 Legal’s test 

Pyridine is blended with 2 ml of the sample solution. A few drops of sodium 

nitroprusside and 10% sodium hydroxide were added to this mixture. The presence 

of glycosides is indicated by the deep red colour. 

xi) Test for phytosterols 

 Liebermann-Burchard test (Siddiqui & Ali, 1997) 

After being treated with 2 ml of chloroform, the extract was filtered.                                   

Acetic anhydride (2 ml) and concentrated sulfuric acid (2 ml) were added to 2 ml of 

filtrate. A shift from violet to blue in colour indicates the presence of phytosterols. 

 Sulphuric acid test 

A few drops of concentrated sulphuric acid were added to the mixture by the 

test tube sides after 2 ml of the extract and 2 ml of chloroform were combined. An 

indication of phytosterols is a red upper layer with a yellow-green fluorescence in 

the sulphuric acid layer. 
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xii) Test for triterpenoids 

 Chloroform test 

The dry crude plant extract (5 mg) was dissolved in chloroform (2 ml) and 

then acetic unhydride (1 ml) was added to it. Concentrated sulphuric acid (1 ml) was 

added to the solution. The formation of reddish-violet colour indicates the presence 

of triterpenoids. 

b) Quantitative estimation of phytochemicals 

 Extraction 

The qualitative preliminary assays revealed the distribution of a greater 

number of phytoconstituents in the methanolic extract. Therefore, the methanolic 

extract of selected plant species was used for Soxhlet extraction procedures and 

further analysis. Hence, about 20 g of the powder was extracted with 200 ml 

methanol using the Soxhlet apparatus. Extraction was done for 6-7 h of 7 extraction 

cycles. The crude methanolic extract was allowed to cool and then filtered by using 

Whatman No.1 filter paper. The crude extract was concentrated by evaporating the 

complete solvent by placing it in a water bath. It was then stored in an amber-

coloured bottle and kept at 40 C for further analysis. 

Quantification of major phytometabolites like terpenoids, phenolics, and 

flavonoids, which were analysed in the preliminary qualitative studies, was 

performed as per the standard protocols. 

i) Total terpenoid estimation 

The total terpenoid content of selected Euphorbia species was examined by 

the protocol of Ghorai et al. (2012) with slight modifications. Here, the linalool was 

the standard for estimation. About 0.2 ml of the sample is derived from a 1 mg/ml 

stock solution. Next, 1.5 ml of chloroform and 1 ml of concentrated sulphuric acid 

were added to this sample, as well as various standard concentrations. The 

chloroform layer was visible as a distinct layer and was a yellow-green coloured 

solution.  2 ml of methanol was added to the mixture after the layer of chloroform 
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had been removed. There was no longer any trace of the yellow-green solution and 

the absorbance was calculated at 538 nm against blank i.e., 95% (v/v) methanol. The 

calibration curve of linalool was plotted as 20, 40, 60, 80, and 100 µg/ml and a 

regression equation were obtained. The total terpenoid content of the extract was 

expressed as milligram linalool equivalent per gram dry weight (mg LE/g DW). 

Samples were scrutinized in triplicate.   

ii) Total flavonoid estimation 

 The total flavonoid content of the samples was screened by using the 

colorimetric method suggested by Oueslati et al. (2012) with slight variations. 

Quercetin was used as the standard for the procedures of estimation. About 0.5 ml of 

extracts (1mg/ml) and standard solutions of quercetin having different 

concentrations, such as 20, 40, 60, 80, and 100 µg/ml, were added to a mixture 

containing 0.5 ml of distilled water and   0.3 ml of sodium nitrate (7%) solution. 

Incubate the solution for 5 minutes at 250 C, then add 0.3 ml of (10%) AlCl3 solution 

(w/v) immediately. Into this, add 2 ml of 1M NaOH solution after shaking the 

reaction mixture properly.  The absorbance was read at 510 nm. The calibration 

curve of quercetin was plotted, calculated the total flavonoid content of the extract, 

and expressed as milligram quercetin equivalent per gram of dry weight (mg QE/g 

DW) by using a regression equation. Each sample was estimated in triplicate. 

iii) Total phenolic estimation 

The total phenolic content was determined by using the Folin-Ciocalteu 

assay (Ouesleti et al., 2012). The standard curve was drawn by taking the different 

concentrations of standard gallic acid such as 20, 40, 60, 80, and 100 µg/ml. From 

the stock solution, 0. l ml of the sample was taken. Then add 0.5 ml of distilled 

water followed by 125 µl of Folin-Ciocalteu reagent (1N).  The mixture is shaken 

thoroughly and kept undisturbed for about 5-6 minutes. After that, add 1.25 ml of 

sodium carbonate. The final volume was adjusted to 3 ml with the addition of 

distilled water. Incubate the mixture at room temperature in the dark for 90 minutes 

after proper mixing. The absorbance was noted at 760 nm against a blank using a 

spectrophotometer (Elico SL 218, India). A regression equation was created by 
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plotting the calibration curve of gallic acid. Using the equation, the total phenolic 

content was determined and expressed as milligrams of gallic acid equivalent per 

gram of dry weight. All the samples were analyzed in triplicate.  

c) High Resolution Liquid Chromatography - Mass Spectrometry (HR LC-MS) 

Non-volatile components are identified and separated using Orbitrap; 

Biopharma Q-Exactive Plus-High Resolution LCMS was used for this purpose. 

There was a direct infusion mass with both positive and negative mode ionisation 

(APCI) and ESI. It could reach up to 280,000 resolutions. 12 Hz was the highest 

scan rate. An ion source known as an RF-lens was used to increase sensitivity. 

Intelligent ion beam management using advanced active beam guides was used for 

high-flux ion sources. It had a mass range of 50-8000 amu (m/z) and a resolution of 

1,40,000 @ m/z 200. 

d) Gas Chromatography-Mass Spectrometry (GC-MS) analysis 

With an Agilent Model 8890 GC system fitted with a single quadrupole mass 

spectrometer (5977B MSD) analyser, the extract's volatile components were 

identified and separated. The temperature of the GC oven was approximately 4500C. 

Retention time repeatability was less than 0.008 %, and area reproducibility was less 

than half of the chromatographic performance. The inlet split ratio was 7500:1. 

Accurate mass measurement: 100 pg/µl OFN injected in 1 µl; monoisotope will be 

obtained at m/z 271 using standard scanning beginning at 50.350 u. 

PART II – BIOACTIVITY SCREENING 

A) Free radical scavenging activity of selected species of Euphorbia 

    Oxidative stress is brought on by an imbalance between oxidants and 

antioxidants. Five separate in-vitro experiments were carried out to evaluate the 

effectiveness of plant extracts towards scavenging free radicals. The experiments are 

all carried out in triplicate. 
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Extract stock preparation 

The antioxidant potential of the methanolic extracts of selected species was 

evaluated. For all assays except the DPPH radical scavenging assay, different 

concentrations of 125, 250, 500, 1000, and 2000 µg/ml were prepared from a stock 

solution of 10 mg/ml. The concentrations used in the DPPH method were 12.5, 25, 

50, 100, and 200 µg/ml.  

i) DPPH radical scavenging activity 

The DPPH scavenging potential of plant extracts was done determined on 

the method described by Chang et al (2001). DPPH (1,1-dipenyl-2-picryl hydrazyl) 

is a pink-colored stable free radical. It becomes yellow when scavenged by 

antioxidants. The antioxidants present in the plant extract react with the DPPH 

radical and reduce it into DPPH-H by donating hydrogen. The degree of 

discolouration of DPPH indicates the scavenging potential of antioxidants, and it can 

be read spectrophotometrically.  

4 mg of DPPH was dissolved in 100 ml of methanol to make a 0.1 mM 

DPPH solution. Ascorbic acid (10 mg/ml DMSO) served as a control. Various 

concentrations of samples (12.5, 25, 50, 100, and 200 µg/ml) and standards were 

made. As a control, distilled water without the test compound was used. They were 

made up to 20 µl by adding 1.48 ml of DPPH (0.1 mM) solution and DMSO. After 

20 minutes of incubation in the dark at room temperature, the absorbance at 517 nm 

was measured using 3ml of DPPH as a blank. 

The percentage of inhibition was calculated by using the equation given below: 

 
 

Absorbance 
0

of  Control Absorbance of  Sample
Percentage of  Inhibition

Asorbance of
1

 Control
0


  

Triplicate of each extract were tested, and the mean value was calculated. 

ii) Hydroxyl radical scavenging activity 

This test evaluated the plant extract's ability to scavenge the hydroxyl radical 

produced by the Fe3+- ascorbate – EDTA - H2O2 system (the Fenton reaction) 
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(Elizabeth & Rao, 1990). Different concentrations of plant extract and standard 

(125, 250, 500, 1000 and 2000 µg/ml) were added to the reaction mixture, which is 

made up of 2 deoxy-2-ribose (2.8 mM), Fe Cl3 (100 mM), EDTA (100 mM), H2O2 

(1.0 mM), and ascorbic acid (100 mM), in a buffer solution of KH2PO4-KOH (20 

mM pH 7.4). The mixture is then put into a final volume of   1 ml. Gallic acid was 

taken as the reference standard, along with distilled water without extract as a 

control. The entire reaction mixture was incubated at 37°C for 1 hour before adding 

1 ml of 2.8% trichloro acetic acid (TCA) and 1 ml of 1% aqueous thiobarbituric acid 

(TBA) and incubating at 90°C for 15 minutes. After cooling, the absorbance at 532 

nm was measured against a suitable blank solution. The potential of plant extracts to 

inhibit hydroxyl radical was expressed as inhibition percentage, and using triplicate 

of each test sample, the mean values were calculated by using the following formula 

given below. 

 
 

Absorbance 
0

of  Control Absorbance of  Sample
Percentage of  Inhibition

Asorbance of
1

 Control
0


  

iii) Superoxide-free radical scavenging activity 

Injurious physiological circumstances are caused by an increase in the 

production of the physiologically significant superoxide radical, which can be 

scavenged by utilising plant extracts. The reduction of nitroblue tetrazolium (NBT) 

during the production of superoxide radicals in the riboflavin NADH system 

provides the basis for this test. Ascorbic acid was used as a reference. The reaction 

mixture consists of different concentrations of extract and standard such as 125, 250, 

500, 1000 and 2000 µg/ml and 0.2 ml of EDTA solution [0.1M], 0.05 ml of 

Riboflavin solution (0.12 mM) and 0.1 ml NBT (Nitro-blue tetrazolium) solution 

[1.5mM] diluted up to 2.64 ml with phosphate buffer [0.067M]. A control with all 

reagents except extract but with an equal amount of distilled water was also 

maintained [Valentao et al, 2002]. At 560 nm, the absorbance was measured 

following 5 and 30 minutes of illumination with fluorescent light. The OD 

difference was calculated. The ability to scavenge harmful superoxide free radical 

scavenging potential of selected plant species was expressed in inhibition percentage 

and can be determined using the following equation, 
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 
 

Absorbance 
0

of  Control Absorbance of  Sample
Percentage of  Inhibition

Asorbance of
1

 Control
0


  

iv) Nitric oxide radical scavenging activity  

The method is based on the idea that sodium nitroprusside in aqueous 

solution at physiological pH spontaneously produces nitric oxide, which reacts with 

oxygen to form nitrite ions that can be measured with the Griess reagent (Appendix 

2). The ability of the compounds to compete with oxygen in order to decrease the 

amount of nitrite ions is the basis for their ability to quench the nitric oxide radical. 

Nitric oxide levels above a certain point cause significant tissue damage. 

A slightly modified version of Kumaran & Karunakaran’s method (2006) 

was used to test the plant extract's ability to scavenge nitric oxide. Sodium 

nitroprusside (5 mmol/l) in phosphate buffer (PBS) (Appendix 3) was combined 

with various concentrations of the sample (125 – 2000 µg/ml) and incubated at 25°C 

for 30 min. 30 min of incubation resulted in the removal of 1.5 ml of the solution, 

which was then diluted with 1.5 ml of Griess reagent (1% sulphanilamide, 2% 

phosphoric acid and 0.1% N-1-naphthyl ethylene diamine dihydrochloride).  At 546 

nm, absorbance was measured against a blank. Here, gallic acid was used as positive 

control. The ability to scavenge nitric oxide radicals was calculated as a percentage 

of inhibition using the equation below. 

 
 

Absorbance 
0

of  Control Absorbance of  Sample
Percentage of  Inhibition

Asorbance of
1

 Control
0


  

V)  2,2′‐azino‐bis (3‐ethylbenzothiazoline‐6‐sulfonic acid (ABTS) scavenging 

activity 

To evaluate the antioxidant potential of the plant extract, the ABTS cation 

decolorization assay was conducted using standard techniques. Various 

concentrations of the sample were prepared by mixing 0.2 ml of different sample 

concentrations, ranging from 125 to 2000 μg/ml, obtained from a stock 

concentration of 10 mg/ml. The resulting solution was then adjusted to a final 
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volume of 1.36 ml by adding 0.16 ml of ABTS solution. After an incubation period 

of 20 min, the absorbance of the reaction mixture was measured at a wavelength of 

734 nm. Here, ascorbic acid served as a positive control. An equal volume of 

distilled water was used as the control instead of the test compound. This 

measurement resulted in the determination of the antioxidant activity of the plant 

extract based on its capacity to decolorize the ABTS cation. The potential of plant 

extracts to quench the ABTS radicals was expressed as a percentage of inhibition, 

which was derived from using the following equation.  

 
 

Absorbance 
0

of  Control Absorbance of  Sample
Percentage of  Inhibition

Asorbance of
1

 Control
0


  

B) Anti-inflammatory activity 

The ability of selected species to reduce inflammation was primarily 

evaluated using various biochemical techniques. The most effective one from there 

was selected to see how it affected the inflammatory mediators in LPS-stimulated 

RAW 264.7 macrophage cell lines. The indirect ELISA was then carried out in order 

to determine the precise quantity of the major inflammatory mediator that was 

involved in the inflammation process. 

i) Evaluation of anti-inflammatory potential using biochemical assays 

                Initially, in vitro biochemical assays were used to assess the anti-

inflammatory potential of the methanolic plant extracts of three chosen plant 

species. After determining the inhibition percentage, the most potent plant extract 

was selected for additional research. 

a) Inhibition of protein denaturation 

               Mizushima and Kobayashi's (1968) methodology was used to analyse the 

plant extracts' capacity to prevent protein denaturation. For the study, a stock 

solution containing 10 mg/ml was used to create samples with varying 

concentrations, ranging from 62.5 µg/ml to 500 µg/ml. The test control is made up 

of 0.05 ml of distilled water and bovine serum albumin. The test solution is made up 
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of 0.45 ml of bovine serum albumin and various concentrations of the sample. The 

product control contains 0.45 ml of distilled water and various concentrations of the 

sample. The standard solution consisted of diclofenac sodium. 1N HCl was used to 

bring all of the aforementioned solutions up to pH 6.3. After 20 minutes of 

incubation at 370C, the samples were heated to 570C for three minutes. 2.5 ml of 

phosphate buffer was added to the solutions once they had cooled. The UV-Visible 

Spectrophotometer was used to measure the absorbance at 416 nm. The percentage 

inhibition of protein denaturation can be calculated as  

 OD of  test solution  OD of  product control  
% of  inhibition  100    100

OD of  test control


    

b) Inhibition of proteinase activity  

 A modified version of Oyedepo and Femurewa's (1995) methodology was 

used to assess which species' methanolic extracts had the greatest potential to inhibit 

proteinase activity. For this, different concentrations of plant extracts, including 

62.5, 125, 250, and 500 µg/ml, were derived from a stock solution of 10 mg/ml 

DMSO. The standard was diclofenac sodium. Using the phosphate buffer, 1 ml of 

different concentrations of plant samples was prepared. After that, add 1 ml of Tris-

HCl buffer (20 Mm, pH 7.4) (Appendix 4) containing 0.06 mg trypsin to each 

sample and incubate for 5 minutes. It was then followed by the addition of 1 ml 

(0.8%) casein, after which the reaction mixture was incubated for another 20 

minutes. A 2 ml dose of perchloric acid is added to each test tube to end the reaction. 

After getting a cloudy solution, the mixture was centrifuged at 3000 rpm for 10 

minutes. A UV-Visible spectrophotometer was used to measure the absorbance at 

200 nm against a blank sample of buffer. The following formula was used to 

calculate the percentage of proteinase inhibitory activity.  

 OD of  test solution  OD of  product control  
% of  inhibition  100    100

OD of  test control


    

ii) Anti-inflammatory activity on the RAW 264.7 macrophage cell line 

 The powerful extract's anti-inflammatory properties were further examined 

using the RAW 264.7 macrophage cell line. It was also determined how the 
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methanolic extract of E. deccanensis affected the levels of cellular nitrite (NO), 

inducible nitric oxide synthase (iNOS), cyclooxygenase (COX), and lipoxygenase 

(LOX). 

 Cell culture 

RAW 264.7 macrophage cells initially procured from the National Centre for 

Cell Sciences (NCCS), Pune, India, were used to assess the anti-inflammatory 

activity of the plant extract. To cultivate the cells, Dulbecco’s modified Eagle’s 

medium (DMEM) (Sigma Aldrich, USA) supplemented with 10% fetal bovine 

serum (FBS), L-glutamine, sodium bicarbonate, and antibiotics (penicillin (100 

U/ml), streptomycin (100 µg/ml), and amphotericin B (2.5 µg/ml) was employed. 

The cells were incubated at 370C with 5% CO2 humidity (NBS Eppendorf, 

Germany).  

Using a cyclomixer, dissolve 1 mg of the plant extract in 1 ml of DMEM to 

create a stock of the extract. Further experiments were conducted using the filtered 

solution. The cells were treated with lipopolysaccharide (LPS: 1µg/ml) if they had 

reached 60% confluency. Then, the LPS-treated RAW cells were treated with 

different concentrations of the plant extract, followed by a 24-hour incubation 

period. Following incubation, cell lysates were used to conduct anti-inflammatory 

assays. The positive control consisted of various concentrations of diclofenac 

sodium, a common anti-inflammatory medication, which corresponds to the 

concentration of the sample solution.  

a) Cyclooxygenase (Cox) activity 

 Walker and Gierse's (2010) methodology was used to measure the impact of 

the plant extract on COX activity. To initiate the reaction, 100 μl of cell lysate was 

combined with Tris-HCl buffer (pH 8), glutathione (5 mM/l), and haemoglobin               

(5 mM/l) at a temperature of 25°C, followed by incubation for one minute. The 

reaction was initiated by adding arachidonic acid (200 mM/l). After 20 min, the 

reaction was stopped by adding 200 μl of a solution containing 10% trichloroacetic 

acid in 1 N hydrochloric acid. The tubes were then centrifuged, and the resulting 



Materials and Methods 

 91

supernatant was mixed with 200 μl of 1% thiobarbituric acid solution. The tubes 

were subsequently boiled for 20 min, and the absorbance was measured at 632 nm to 

analyse the reaction. In comparison to the positive control diclofenac sodium, the 

plant extract's cyclooxygenase activity was measured. The percentage inhibition of 

COX was calculated using the formula,  

AC –  AS 
Percentage inhibition       100 

AC
   

here, Ac shows the absorbance of the control, and As shows the absorbance of the 

sample. After analysing the sample in triplicate, the mean value was calculated.  

b) Lipoxygenase (Lox) activity 

With the aid of the positive control diclofenac sodium, the method outlined 

by Axelrod et al. (1981) was used to measure Lipoxygenase (LOX) activity. The 

reaction mixture, in summary, contained 200 μl of sodium linoleate, 50 μl of cell 

lysate, and Tris–HCl buffer (pH 7.4). A rise in absorbance at 234 nm, a sign of the 

formation of 5-hydroxyeicosatetraenoic acid, was used to measure the LOX activity. 

The percentage inhibition of the enzyme was calculated using the formula, 

AC –  AS 
Percentage inhibition       100 

AC
   

here, Ac shows the absorbance of the control, and As shows the absorbance of the 

sample. After taking into account the sample's values in triplicate, the mean values 

were calculated.  

c) Inducible nitric oxide synthase activity 

    The method described by Salter et al. (1996) was employed to measure nitric 

oxide synthase (iNOS) activity. To start, the cell lysate was mixed thoroughly with 2 

ml of 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES) buffer 

(Appendix 5). The reaction mixture consisted of L-arginine (0.1 ml, 2 μmol/l), 

manganese chloride (0.1 ml, 4 μmol/l), tetrahydropterin (0.1 ml, 4 μmol/l), 

oxygenated haemoglobin, and 0.1 ml of cell lysate. Using diclofenac sodium as a 
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positive control, the absorbance was read at 401 nm to determine the iNOS activity. 

The percentage inhibition of the enzyme was calculated using the formula, 

AC –  AS 
Percentage inhibition       100 

AC
   

here, Ac shows the absorbance of the control, and As shows the absorbance of the 

sample. After analysing the sample in triplicate, the mean value was calculated.  

d) Estimation of cellular nitrite level 

 The method outlined by Lepoivre et al. (1990) was used to calculate the 

nitrite level. The cell lysate (0.5 ml) was combined with 0.1 ml of 3% 

sulphosalicylic acid, and the mixture was vortexed vigorously for 30 min. The 

obtained supernatant was combined with 200 μl of the supernatant and 30 ml of 10 

% NaOH after centrifugation at 5000 rpm for 15 min. 300 μl of Tris–HCl buffer was 

added after the mixture had been thoroughly blended. After that, Griess reagent (1% 

sulphanilamide, 2% phosphoric acid, and 0.1% N-1-naphthyl ethylene diamine 

dihydrochloride) was added, and the resulting mixture was incubated for 10–15 min 

in the dark. In order to calculate the nitrite level, the absorbance at 540 nm was 

measured. The standard used was sodium nitrite solution. It was estimated how 

much nitrite was in the sample based on the standard curves that were produced. A 

triplicate test of the sample was conducted. 

iii) Cytotoxic evaluation using MTT assay on RAW 264.7 cells 

The MTT assay was performed on RAW 264.7 cells in order to ascertain the 

appropriate concentration of the plant extract for additional analysis, as well as to 

prevent the plant extract's predicted cytotoxicity and its impact on the plant's anti-

inflammatory activity. The study used a RAW 264.7 cell line that was kept in 

DMEM medium with supplements.  

 Cells seeding in 96-well plate 

Confluent monolayer cells that were two days old were trypsinised and 

suspended in 10% growth medium. A 100 µl cell suspension was then seeded into a 
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96-well tissue culture plate and incubated at 37ºC in an incubator with 5% CO2 

humidification. 

 Preparation of compound stock 

           Using a cyclomixer, 1 mg of the sample was weighed and dissolved in 1 ml 

of 0.1% DMSO. To guarantee sterility, the sample solution was passed through a 

0.22 µm Millipore syringe filter. 

 Cytotoxicity evaluation 

       The growth medium was taken out after 24 hours. Each compound that had 

been freshly prepared in DMEM was serially diluted five times using a two-fold 

dilution (100 µg, 50 µg, 25 µg, 12.5 µg, and 6.25 µg in 500 µl of DMEM). Each 

concentration was then added in triplicate to the corresponding wells, and the wells 

were then incubated at 37ºC in a humidified 5% CO2 incubator. Control cells that 

were not treated were also kept. 

 Cytotoxicity assay by direct microscopic observation 

        After a full day of treatment, the entire plate was examined under an 

Olympus CKX41 inverted phase contrast tissue culture microscope equipped with 

an Optika Pro5 CCD camera. Images of the microscopic observations were 

captured. Cytotoxicity was determined by looking for any discernible changes in the 

morphology of the cells, such as rounding or shrinking, granulation, or vacuolization 

in the cytoplasm. 

 Cytotoxicity assay by the MTT method 

      In 3 ml of PBS, 15 mg of MTT was reconstituted until it was fully dissolved, 

and it was then sterilised using a filter. Following the incubation period of 24 hours, 

the sample content in the wells was removed, and 30 µl of reconstituted MTT 

solution was added to each test and cell control well. The plate was then gently 

shaken thoroughly, and it was incubated for 4 hours at 37oC in a humidified 5% CO2 

incubator. The supernatant was discarded after the incubation period, and 100 µl of 

MTT Solubilisation Solution was added. The wells were then gently pipetted up and 

down to dissolve the formazan crystals. Using a microplate reader set at 540 nm, the 
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absorbance values were determined (Talarico et al., 2004). The lethal concentration 

50% (LC50) and the percentage of cell viability were computed using the formula 

below. 

iv) Estimation of inflammatory mediator using enzyme-linked 

immunosorbent assay (ELISA) 

To measure the levels of COX-2, an inflammatory mediator, ELISA was 

utilized. Following sufficient confluency, LPS-stimulated cells were treated with the 

sample's LC50 concentration and incubated for 24 hours at 37ºC in an incubator with 

5% CO2 that had been humidified. Treatment-free LPS-stimulated cells were also 

kept as a control. Following incubation, the 96-well plate was filled with 100 μl of 

the supernatant and left to incubate overnight at 370 C. The wells were then drained 

and given two PBS washes. One hour of room temperature incubation was followed 

by the addition of 200 μl of freshly made blocking buffer (Appendix 6). The 

blocking buffer was eliminated after incubation, and PBS Tween was used twice to 

wash the wells. After that, 100 μl of primary antibody (COX-2) was added, and the 

mixture was left at room temperature for two hours. Following incubation, PBS 

Tween was used twice to wash the wells in order to remove the primary antibody. 

After adding 100 µl of secondary antibody (anti-human HRP conjugated secondary 

antibody), the mixture was allowed to sit at room temperature for an hour. After that, 

it was cleaned twice using PBS Tween. O-dianizdine hydrochloride (200 µl) was 

then added, and the mixture was allowed to sit at room temperature for 30 minutes 

in the dark. The reaction was then halted by adding 50 μl of HCl (5 N). 415 nm was 

the OD reading in an ELISA reader, and the antibody's activity were computed using 

the following formula. 

OD value
Activity of  antibody  

Protein concentration
  

C) Screening for cytotoxicity with Allium cepa L.  

Several assays were used to assess the antiproliferative efficacy of the 

methanolic extract of the three selected Euphorbia species. On Allium cepa, a 

preliminary examination of the plant extracts' cytotoxic potential was conducted. 
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Cytotoxicity studies using the Allium cepa bioassay 

To determine the plant extract's potential for cytotoxicity, the Allium cepa 

root tip assay was employed. To do this, fresh, healthy onion bulbs were chosen, 

their outer dry scales were removed without harming the root primordia, and 

cultivated on moist, sterile sand. Following germination, onion bulbs with 1-2 cm 

roots were harvested between 9 and 10 am, when mitotic activity was at its highest. 

They were then rinsed with distilled water. After a thorough wash, the bulbs were 

suspended in varying concentrations of the plant extract (12.5, 25, 50, and 100 

µg/ml) for a 24-hour treatment. It was ensured that only the bulb roots are 

submerged in extracts. The positive control (PC) was hydrogen peroxide (0.1%), and 

the negative control (NC) was distilled water. Roots were removed from the bulb’s 

after treatment, cleaned in distilled water, and then fixed for one hour in modified 

Carnoy's fluid (Appendix 7). With a few minor modifications, mitotic squash was 

prepared using the methodology of Sharma and Sharma (1990). After being cleaned 

with distilled water, the fixed root tips were hydrolysed for five minutes in 1 N HCl. 

The roots were subsequently cleaned and stained for three hours with acetocarmine 

(Appendix 8). Following that, use 45% acetic acid to destain it. The roots were then 

placed on clean glass slides in 45 % acetic acid and squashed. Cells were viewed 

under a 40X objective of a light microscope (Leica DM 2000 LED, Germany). The 

objects mounted on sterile slides were examined, and photomicrographs were 

captured. To ascertain the total number of cells, aberrated cells, and mitotic cells, six 

distinct fields were selected at random. The following formulas were used to 

calculate the mitotic index (%) and abnormality percentage (%), and the results were 

presented as mean ± SE.  

 
Number of  dividing cells

Mitotic index %      100 
Total number of  cells

   

 
Number of  aberrant cells

Abnormality percentage %    100
Total number of  cells

   
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D) Antiproliferative activity 

i) In vitro cytotoxicity evaluation by MTT assay (L929) 

The L929 (fibroblast) cell line was first acquired from the National Centre 

for Cell Sciences (NCCS), Pune, India, and maintained in Dulbecco's modified 

Eagle’s medium (Appendix 9), or DMEM (Sigma Aldrich, USA). In a 25 cm2 tissue 

culture flask, the cell line was cultured using DMEM supplemented with 10% FBS, 

L-glutamine, sodium bicarbonate (Merck, Germany), and an antibiotic solution that 

contained Amphotericin B (2.5 µg/ml), Streptomycin (100 µg/ml), and Penicillin 

(100 U/ml). The cultured cell lines were maintained in a humidified incubator with 

5% CO2 at 37ºC (NBS Eppendorf, Germany). Cell viability was determined through 

direct observation of cells using an inverted phase contrast microscope, followed by 

the MTT assay method.  

Cells seeding in 96-well plate: 

After two days, confluent monolayer cells were trypsinised and suspended in 

10% growth medium. A 96-well tissue culture plate was then seeded with a 100 µl 

cell suspension (5 x 103 cells/well), and the cells were cultivated at 37ºC in an 

incubator with humidified 5% CO2.  

Preparation of compound stock: 

A cyclomixer was used to weigh 1 mg of the sample and dissolve it in 1 ml 

of 0.1% DMSO. To ensure sterility, the sample solution was filtered through a 0.22 

µm Millipore syringe filter. 

Cytotoxicity evaluation: 

Following the removal of the growth medium after 24 hours, each of the 

freshly prepared compounds in DMEM was serially diluted five times using a two-

fold dilution (100 µg, 50 µg, 25 µg, 12.5 µg, and 6.25 µg in 500 µl of DMEM). 

Additionally, 100 µl of each concentration was added in triplicate to the 

corresponding wells, and the wells were then incubated at 37ºC in a humidified       

5% CO2 incubator. Also, untreated control cells were kept. 
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Cytotoxicity assay by direct microscopic observation: 

After a full day of treatment, the entire plate was examined under an 

Olympus CKX41 inverted phase contrast tissue culture microscope equipped with 

an Optika Pro5 CCD camera. Microscopic observations were captured as images. 

Any discernible alterations in the cells' morphology, such as rounding or shrinking, 

granulation, or vacuolization in the cytoplasm, were regarded as markers of 

cytotoxicity.  

Cytotoxicity assay by MTT method: 

Fifteen mg of MTT (Sigma, M-5655) was reconstituted in 3 ml of PBS until 

completely dissolved, and then filter sterilised. 

Following the incubation period of 24 hours, the sample content in the wells 

was removed, and 30 µl of reconstituted MTT solution was added to each test and 

cell control well. The plate was then gently shaken thoroughly, and it was incubated 

for 4 hours at 370C in a humidified 5% CO2 incubator. After incubation, remove the 

supernatant and add 100 µl of MTT solubilisation solution (DMSO, Sigma Aldrich, 

USA) to the wells. Gently pipette up and down to dissolve the formazan crystals. A 

microplate reader was used to measure the absorbance values at a wavelength of 540 

nm (Riss et al., 2013). 

The following formula was used to determine the percentage of growth 

inhibition: 

Mean OD of  Samples 
% of  viability     1 00

Mean OD of  control group
   

ii) In Vitro anticancer effect determination by MTT assay (MCF-7)       

 Dulbecco's modified Eagle’s medium, or DMEM (Sigma Aldrich, USA), 

was used to maintain the MCF-7 (human breast cancer) cell line, which was 

originally purchased from the National Centre for Cell Sciences (NCCS), Pune, 

India. In a 25 cm2 tissue culture flask, antibiotics were added to DMEM 

supplemented with 10% FBS, L-glutamine, and sodium bicarbonate (Merck, 
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Germany). These antibiotics included penicillin (100 U/ml), streptomycin (100 

µg/ml), and amphotericin B (2.5 µg/ml). In a humidified 5% CO2 incubator (NBS 

Eppendorf, Germany), cultured cell lines were maintained at 37ºC. To evaluate the 

viability of the cells, the MTT assay method was applied soon after direct cell 

observation under an inverted phase contrast microscope (Riss et al., 2013). 

Cells seeding in 96-well plate: 

Trypsinization was performed on a confluent monolayer of cells that were 

two days old. The cells were then suspended in 10% growth medium, seeded in 96-

well tissue culture plates with 100 µl of the cell suspension (5x103 cells/well), and 

incubated at 37ºC in a humidified 5% CO2 incubator.  

Preparation of compound stock: 

 Using a cyclomixer, 1 mg of the sample was weighed and dissolved in 1 ml 

of 0.1% DMSO. To guarantee sterility, the sample solution was passed through a 

0.22 µm Millipore syringe filter.  

Anticancer evaluation: 

 The growth medium was taken out after 24 hours. Each compound that had 

been freshly prepared in DMEM was serially diluted five times using a two-fold 

dilution (100 µg, 50 µg, 25µg, 12.5 µg, and 6.25 µg in 500 µl of DMEM). 

Additionally, 100 µl of each concentration was added in triplicate to the 

corresponding wells, and the wells were then incubated at 37ºC in a humidified 5% 

CO2 incubator. Also, untreated control cells were kept. 

Anticancer assay by direct microscopic observation: 

Following a 24-hour treatment period, the entire plate was examined under 

an Olympus CKX41 inverted phase contrast tissue culture microscope equipped 

with an Optika Pro5 CCD camera. Microscopic observations were captured as 

images. Any discernible alterations in the cells' shape, such as rounding or shrinking, 

granulation, or vacuolization in the cytoplasm, were regarded as markers of 

cytotoxicity. Cytotoxicity was determined by looking for any discernible changes in 
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the morphology of the cells, such as rounding or shrinking, granulation, or 

vacuolization in the cytoplasm. 

Anticancer assay by MTT method: 

15 mg of MTT (Sigma, M-5655) was reconstituted in 3 ml of PBS until it 

was fully dissolved, and then it was filtered to ensure it was sterile. The sample 

content in the wells was removed after the 24-hour incubation period, and 30 µl of 

reconstituted MTT solution was added to each test and cell control well. The plate 

was then gently shaken thoroughly, and it was incubated for four hours at 37ºC in a 

humidified 5% CO2 incubator. The supernatant was discarded after the incubation 

period, and 100 µl of MTT Solubilisation Solution (Dimethyl Sulfoxide, DMSO, 

Sigma Aldrich, USA) was added. The wells were then gently pipetted up and down 

to dissolve the formazan crystals. A microplate reader set to 540 nm was used to 

measure the absorbance values. 

The percentage of growth inhibition was calculated using the formula: 

Mean OD of  samples
% of  viability     x 1 00

Mean OD of  control group
  

iii) Determination of apoptosis by acridine orange (AO) and ethidium 

bromide (EtBr) double staining 

The morphological identification of necrotic and apoptotic cells was done 

using DNA-binding dyes Acridine Orange (AO) and Ethidium Bromide (EtBr) 

(Sigma, USA) (Gherghi et al, 2003). Both living and dead cells absorb AO, which, 

when intercalated into double-stranded DNA, produces green fluorescence. Only 

non-viable cells can absorb EtBr, which gives off red fluorescence when it 

intercalates into DNA. After 24 hours of exposure to the material at the LC50 

concentration, cells were washed with cold PBS and stained with a mixture of AO 

(100 μg/ml) and EtBr (100 μg/ml) at room temperature for 10 minutes. Following 

two rounds of washing with 1X PBS, the stained cells were examined using a 

fluorescence microscope in blue filter (Olympus CKX41 with Optika Pro5 camera). 

The cells were separated into four groups: necrotic cells (uniformly orange-stained 

cell nuclei), early apoptotic cells (bright green nucleus with condensed or 
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fragmented chromatin), late apoptotic cells (orange-stained nuclei with chromatin 

condensation or fragmentation), and living cells (normal green nucleus). 

iv) Analysis of DNA content and cell cycle distribution using the cell 

cycle kit by flow cytometry 

In order to evaluate a cell's health during toxicity studies, it is essential to 

track its capacity for proliferation. The most precise way to do this is to measure 

DNA synthesis directly. The fundamental idea behind the MUSE cell cycle kit is that 

standard ethanol fixation and detergent permeabilization are adequate to access 

DNA while the cell cycle is active. To enhance the specificity of DNA staining in 

each phase (G0/G1, S, and G2/M), the kit employs a premixed reagent containing 

propidium iodide (PI), a nuclear DNA intercalating stain that separates cells at 

various cell cycle stages according to the differential DNA content in the presence of 

RNAase. 

The MCF-7 cell line was grown using the previously described standard 

protocols, treated with a compound at its LC50 concentration (ED: 93.21809 µg/ml), 

and then incubated for a full day. A 50 ml conical flask or a 12 x 75 mm polystyrene 

tube was used to hold the cell sample. When fixing cells in a tube, a minimum of 

1×106 cells is advised. The samples were then centrifuged for five minutes at 3000 

rpm. The pellet was not agitated during the removal of the supernatant. Following 

centrifugation, the cell pellet either forms a white film on the tube's bottom or a 

visible pellet. 

Each tube was filled with the proper amount of PBS (1 ml per 1×106 cells), 

and the contents were combined by gently vortexing or pipetting multiple times. For 

five minutes, the cells were centrifuged at 3000 rpm. Without affecting the cell 

pellet, the supernatant was disposed of, leaving about 50 µl of PBS per 1×106 cells. 

Repeatedly pipette the pellet or gently vortex it in the remaining PBS to resuspend 

it. The reconstituted cells were vortexed at a medium speed and added drop by drop 

to the tube containing one millilitre of ice-cold 70% ethanol. Store the tube at -20°C 

after closing it. 
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Staining of the cell cycle 

Following an overnight incubation period, the samples were centrifuged for 

five minutes at room temperature at 3000 rpm. After removing the supernatant, 250 

µl of PBS was added to the pellet.  The centrifugation was then repeated at the same 

time and rpm. The supernatant was discarded, and 250 µl of cell cycle reagent was 

added to the pellet. Because it is light-sensitive, this was incubated for 30 minutes in 

the dark. After that, a Flow Cytometer was used to analyse it. Following an analysis 

of the samples, gating was carried out in relation to untreated control cells.  

v) Gene expression studies 

In accordance with the manufacturer's instructions, total RNA was isolated 

using the total RNA isolation kit (Invitrogen, product code 1029610). Cell disruption 

and RNA release occur when TRIzol solution is added. After centrifugation, proteins 

are in the interphase and organic phase, while chloroform is only extracted in the 

aqueous phase. When RNA is mixed with isopropanol, it precipitates as a white 

pellet on the tube's side and bottom.  

After being cultivated using the previously described standard procedures, 

the MCF-7 cell line was treated with a compound containing its LC50 concentration 

(ED: 93.21809 µg/ml) and incubated for a full day. Wells that were not treated were 

also kept up. One millilitre of TRIzol reagent was added to a culture well plate and 

incubated for five minutes after the DMEM media was aseptically removed. A 

brand-new, sterile Eppendorf tube was then used to hold the contents. Centrifugation 

at 14000 rpm for 15 minutes at 40C was performed after 200 µl of chloroform was 

added, shaken vigorously for 15 seconds, and incubated for 2–3 minutes at room 

temperature. Following the collection of the aqueous layer, 500 µl of 100% 

isopropanol was added.  

After 10 minutes at room temperature, it was centrifuged for 15 minutes at 

40C at 14,000 rpm. After discarding the supernatant, 200 µl of 75% ethanol (Merck) 

was used to wash the pellet that was produced. After that, it was centrifuged in a 

cooling centrifuge (Remi CM12) at 14,000 rpm for five minutes at 40C. TE buffer 

was used to suspend the dried RNA pellet. 
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cDNA Synthesis 

Trizol was used to extract total RNA (Invitrogen, USA). The concentration 

and purity of total RNA were ascertained. The cDNA preparation kit (G 

BIOSCIENCES, Product code: 786-5019s, 786-5020, master premix for first-strand 

cDNA synthesis) was used to create the template complementary DNA. An RNAse-

free tube was filled with roughly 5 µl of RT Easy mix, 0.5 µl of oligodT, and 2 μl of 

RNA template (0.5 µg of total RNA). Sterile distilled water was then added to bring 

the total reaction volume up to 10 μl. A pipette was used to gently mix the solution 

up and down. It was programmed to perform cDNA synthesis using the Eppendorf 

Master Cycler. The cycling conditions used were 20 minutes at 420C and 5 minutes 

at 850C.  

Step TemperatureoC Time (minutes) Number of cycles 

cDNA synthesis 42 20 1 

Inactivation 85 5 1 

 

Gene Expression Analysis By RT-qPCR 

SYBR Green Master Mix (G BIOSCIENCES, Product code-786-5062) was 

used for Real-Time qRT-PCR analysis on a Light Cycler 96 (Roche). The ΔΔCt 

method was used to analyse the data, and all reactions were carried out in triplicate 

(using Light Cycler 96 SW 1.1 software). The Table lists all of the steps that are 

involved, along with the temperature and time required for each step. 

Steps Time required Temperature 

Initial activation step 2 minutes 95oC 

3 step cycling 

Denaturation 10 seconds 95oC 

Annealing 1 minute 58oC 

Extension 1 min/kb 72oC 

Number of cycles 40 cycles 68oC 

End of PCR cycling Indefinite 4oC 
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The forward and reverse primer used: 

OLIGO 
NAME 

FORWARD REVERSE 

SEQUENCE (5’ ->3’) Tm SEQUENCE (5’ ->3’) Tm 

H-
GAPDH 

ACTCAGAAGACTGTGGATGG 57.3 GTCATCATACTTGGCAGGTT 55.3 

p53 CCACCATGAGCGCTGCTCA 71.3 GCAGGGGAGGGAGAGATG 65 

STAT GGAGGAGTTGCAGCAAAAAG 
(20) 

57.3 TGTGTTTGTGCCCAGAATGT 
(20) 

55.3 

 

Agarose gel electrophoresis 

One technique for separating and displaying DNA fragments is agarose gel 

electrophoresis. Upon exposure to an electric field, the fragments separate according 

to size and charge and flow through the agarose gel matrix. By applying potential 

across an electrolyte solution (buffer), an electric field is created. Agar dissolves 

when boiled in an aqueous buffer and solidifies into a gel when cooled. 1x TE buffer 

was used to prepare a 1.5% agarose gel, which was then melted in a hot water bath 

at 90°C. The agarose that had melted was then allowed to cool to 450C. The gel 

comb was used to pour 6 µl of 10 mg/ml ethidium bromide into a gel casting 

apparatus. The comb was removed from the gel once it had set. The platform 

containing the gel was submerged in the electrophoresis buffer after it had been 

poured into the gel tank. After loading the samples onto the gel, it was run for 30 

minutes at 50 V. A gel documentation system (E gel imager, Invitrogen) was used to 

visualise the stained gel.  

Part III 

i) Green synthesis of silver nanoparticles 

10 mg of the methanolic extract is mixed with 20 ml of distilled water. The 

ingredients are combined using a vortex mixer before being filtered to produce a 

clear solution. Using a measuring cylinder, 20 ml of the prepared methanolic extract 

of the three plant species chosen for the study was transferred to a 250-ml 

volumetric flask, to which 80 ml of 2 mM AgNO3 was added, heated at 60°C for 
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about 10 minutes, and kept in the dark for 20 minutes. After 20 minutes of 

incubation, the solution colour changes into reddish brown, indicating the formation 

of silver nanoparticles. The solution is then centrifuged for 15 minutes at 13,000 

rpm, after which the supernatant is discarded and washed with distilled water. The 

centrifugation and washing steps were repeated to ensure that the silver 

nanoparticles were completely separated. The pellets were stored at room 

temperature for characterisation and further analysis.  

ii) Characterization techniques  

a)  UV–visible spectroscopy  

The Agilent Technologies Cary 5000 UV-Vis-NIR spectrophotometer was 

used to accomplish this. The decrease in Ag+ ions and the formation of a peak at a 

wavelength of 200-800 nm were studied using approximately 1 ml of the 

synthesised solution.  

b) Field emission scanning electron microscopy (FE-SEM)  

The dried silver nanoparticle pellets were mounted on an aluminium stub and 

examined with a field emission scanning electron microscope (ZEISS Gemini SEM 

300 with magnification of 12 X - 2,000,000 X, acceleration voltage was 0.02 – 30 

kV). 100 µg of the samples were assessed with this apparatus in order to ascertain 

the average size measurement and to further illustrate the formation of nanoparticles. 

c) Fourier transform infrared spectroscopy (FTIR) 

The functional groups of prepared nanomaterials were measured using an 

Agilent Cary 620 FTIR imaging system and an Agilent Cary 660 Fourier Transform 

Infrared Spectroscopy in the 4000-400 cm−1 range (FTIR). The cleaned pellet was 

used for FTIR analysis, for which the silver nanoparticle solution was centrifuged at 

13,000 rpm and allowed to air dry at room temperature. 

iii) Antimicrobial activity 

a)  Antibacterial activity 

33.8 g of the Muller Hinton Agar Medium (MHI Agar Media), which is sold 

commercially, was dissolved in 1000 millilitres of distilled water to create the 
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medium. For 15 minutes, the dissolved medium was autoclaved at 121°C and at 15 

pounds of pressure. Once thoroughly combined, the autoclaved medium was poured, 

still molten, onto 100 mm Petri plates (25–30 ml/plate). In order to make one litre of 

nutrient broth, 13 g of commercially available nutrient medium (HI Media) were 

dissolved in 1000 millilitres of distilled water and then brought to a boil to 

completely dissolve the medium. Following the desired dispensing, the medium was 

autoclaved for 15 minutes at 121ºC and at 15 lbs of pressure to sterilise it. 

Enterococcus faecalis (ATCC 29212), Pseudomonas aeruginosa (ATCC 27853), 

Streptococcus mutans (ATCC 25175), and E. coli (ATCC 25922) bacterial cultures 

were seeded into Petri plates with 20 ml of Muller Hinton Agar Medium (growth of 

culture adjusted according to McFarlands Standard, 0.5%). Sterile discs containing 

the appropriate test samples were positioned on plates. For the next 24 hours, the 

plates were incubated at 37°C. In order to measure the antibacterial activity, the 

diameter of the inhibition zone that developed around the discs was measured 

(Hudzicki, 2009).  

b) Antifungal activity 

To make the medium, 39 g of the commercially available Potato Dextrose 

Agar Medium (Hi Media) was dissolved in 1000 millilitres of distilled water. For 15 

minutes, the dissolved medium was autoclaved at 121°C and at 15 pounds of 

pressure. After thoroughly mixing, the autoclaved medium was poured onto 100 mm 

Petri plates (25–30 ml/plate). After preparing potato dextrose agar plates, 

Aspergillus niger (ATCC 16404) and Candida albicans (ATCC 10231), two fungal 

species that grow overnight, were swabbed. The corresponding test samples were 

placed on plates with sterile paper discs. After being incubated for the entire night at 

room temperature, the zone of inhibition was measured and compared with that of a 

typical antifungal drug clotrimazole. 
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RESULTS 

 

PART I – PHYTOCHEMICAL SCREENING 

The presence and absence of various secondary metabolites found in selected 

Euphorbia species were assessed using qualitative phytochemical screening. 

Estimation techniques were adopted to quantify the specified amount of secondary 

phytometabolites. Additionally, potential volatile and non-volatile components 

present in selected species were evaluated using analytical techniques such as GC-

MS and HR LC-MS analysis. 

a) Qualitative screening of phytometabolites 

By observing the colour change and precipitate formation in various 

reactions, it was possible to determine the distribution of different secondary 

metabolites belonging to various classes. It was carried out using standard protocols. 

Three different solvents, including n-hexane, methanol, and distilled water, were 

taken into consideration for this. All the species that were chosen displayed distinct 

types of metabolites, including terpenoids, triterpenoids, phenolic compounds, 

flavonoids, etc.  The results of a preliminary qualitative screening of metabolites 

were compiled in Table. 5. 

Flavonoids, phenolic compounds, terpenoids, saponins, tannins, 

anthraquinones and triterpenoids were found in both methanolic and aqueous 

extracts of E. deccanensis, but alkaloids were only found in the methanolic extract.  

In the methanolic and aqueous extracts of E. rothiana, flavonoids, phenols, tannins, 

and coumarins were found, while glycosides and triterpenoids were only present in 

the methanolic extract. Likewise, E. thymifolia methanol and aqueous extracts 

showed alkaloids, flavonoids, terpenoids, tannins, and phenolics, while saponins, 

phytosterols and glycosides were only detected in the methanolic extract. Thus, the 

present research discovered that while phlobatannins were lacking in all three tested 

plant extracts, phenolics, tannins, and flavonoids were present in significant 

amounts. Further investigation into methanolic extract was prompted by the 

preliminary screening, which showed that it was the most appropriate solvent with a 

higher number of phytocompounds. 
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Table 5: Preliminary phytochemical analysis using three different solvent extracts of E. deccanensis, E. rothiana and  
E. thymifolia 
 

ED ER ET 
Sl. No.  chemical class Tests Hex MeOH Aqs Hex MeOH Aqs Hex MeOH Aqs 

1 Phenols Ferric chloride test - + - - + + - - - 
Spot test - - + - - - - + + 

2 Flavonoids Alkaline reagent test + + + + + + - + + 
Lead acetate test - + + - - - - - - 

3 Alkaloids Hager’s test - + - - + - + + + 
Wagner’s test - + - - + + + + - 

4 Tannins Braymer’s test - + + - + + - + + 
Lead acetate test - + + - + + - - - 

5 Coumarins Ferric chloride test - - - - + + - - - 
6 Anthraquinones Borntrager’s test - + + - + + - + - 
7 Terpenoids Salkowski test + + + + + + - + + 
8 Saponins Foam test - + + - + + - + - 
9 Phlobatannins Precipitation test - - - - - - - - - 
10 Glycosides Legal’s test - + + - + - - + - 
11  Phytosterols 

  

Liebermann-Burchard 
test 

- + - - + - - - - 

Sulphuric acid test - - - - - - - + - 
12 Triterpenoids Chloroform test - + + - + - - + - 

 

Aqs: Aqueous extract, MeOH: Methanolic extract, Hex: Hexane extract,    ED: E. deccanesis; ER: E. rothiana; ET: E. thymifolia 
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b)  Quantitative estimation of major phytometabolites 

  The quantitative estimation of major metabolites revealed the exact amount 

of secondary metabolites within the extract. The quantitative estimation of total 

phenolic content, total flavonoid content and total terpenoid content were 

determined. The total terpenoid content was tested against linalool (Fig. 10). It was 

found that both the E. deccanensis (135.51 ± 2.67 mg LE/g DW) and E. rothiana 

(134.4 ± 3.34 mg LE/g DW) methanolic extracts exhibited almost equal amounts of 

terpenoid content. While in the case of E. thymifolia, the terpenoid content was 

found to be very less. The total phenolic content of the methanolic extracts of the 

selected species was derived from the calibration curve of gallic acid. The highest 

phenolic content was observed in E. rothiana (229 ± 3.11 mg GAE/g DW) followed 

by E. deccanensis (139 ± 2.25 mg GAE/g DW) and E. thymifolia (132 ± 0.78 mg 

GAE/g DW) respectively. Similar to the overall terpenoid content, the flavonoid 

content of the E. deccanensis (59.3 ± 3.3 mg QE/g DW) and E. rothiana (57.52 ± 

0.89 mg QE/g DW) extracts were nearly equal, with E. thymifolia (38.96 ± 0.31 mg 

QE/g DW) following closely behind. Total flavonoid content was determined against 

quercetin. The distribution of metabolites like terpenoids, phenols, and flavonoids in 

sufficient amounts was discovered in the current study. These phytocompounds may 

have had a significant impact on the bioactive potential of particular plant species. 

 
Fig. 10: Standard calibration curve of linalool for the determination of total 
terpenoid content  
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Fig. 10: Quantitative estimation of total terpenoid content in the selected 
species of Euphorbia. ED - Euphorbia deccanenis; ER - Euphorbia rothiana; ET- 
Euphorbia thymifolia 

 

 

Fig. 11: Standard calibration curve of quercetin for the determination of total 
flavonoid content 
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Fig. 11: Quantitative estimation of total flavonoid content in the selected species 
of Euphorbia. ED - Euphorbia deccanenis; ER - Euphorbia rothiana; ET- 
Euphorbia thymifolia 

 

 

Fig. 12: Standard calibration curve of gallic for the determination of total 
phenolic content 
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Fig. 12: Quantitative estimation of total phenolic content in the selected species 
of Euphorbia. ED - Euphorbia deccanenis; ER - Euphorbia rothiana; ET- 
Euphorbia thymifolia 

c)  High Resolution Liquid Chromatography-Mass Spectrometry (HR LC-

MS) analysis 

By using HR LC-MS analysis, the non-volatile elements that were found in 

the methanolic extract of the chosen species of Euphorbia were identified. About 83 

phytocompounds from various classes were found in the results, with retention times 

ranging from 1.083 to 20.472. Quinic acid was the first compound eluted at the 

lowest retention time and 25-Methylgramisterol was eluted at the highest retention 

time. The majority of the metabolites that were eluted are flavonoids, followed by 

terpenoids, phenolics, and tannins. The outcome of the HR LC-MS analyses were 

summarised in Table. 6 

In the case of E. deccannesis, 43 non-volatile components were identified, 

including potent phytometabolites with known bioactivities such as flavonoids 

(hibiscitrin, myricetin 3 - galactoside, kaempferol, myricetin) terpenoids 

(camelledionol) tannin (beta-Boswellic acid acetate, chesnatin) Fatty alcohol 
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(momordol) and coumarin (fraxetin). Most compounds were eluted from E. 

deccanensis out of the three species that were examined. Fig. 13 (i) depicts the 

liquid chromatogram of the E. deccanensis methanolic extract. Seven compounds 

with reported biological properties were detected out of the 40 compounds examined 

in the case of the E. rothaina methanolic extract, including cryptochlorogenic acid, 

caffeic acid, rutin, melitric acid A, quercetin 3,7- dirhamnoside and 1-O-

caffeoylquinic acid. Quercetin-3-O-glucuronide, also known as miquelianin, is a 

phenolic compound with well-known antioxidant properties that was also found in 

this plant extract. The liquid chromatogram of E. rothiana methanolic extract is 

shown in Fig. 13 (ii). The lowest number of metabolites, 29, were eluted from the E. 

thymifolia methanolic extract, with the most significant bioactive compounds being 

peltatoside, rustoside, guajavarin and fukinolic acid.  Fig. 13 (iii) shows the E. 

thymifolia methanolic extract's liquid chromatogram. The mass spectra of each 

compound from each of the three plant species that were chosen and evaluated by 

HR LC-MS analysis are given in Figs. 14(i) - 14 (xvii). 

Among the so many phytometabolites eluted, gallic acid, corchorifatty acid 

F, O-methylsomniferine, isodiospyrin, and rhamnazin 3-sophoroside are common in 

all three plant extracts. Additionally, both E. deccanenis and E. rothiana eluted 

euphornin, a well-known diterpenoid found in several species of the genus 

Euphorbia. 

Table. 6 Phytocompounds revealed by HR LC-MS analysis of the selected 
species of Euphorbia 

Sl 
N0. 

RT Compound 
Molecular 

mass 
Class ED ER ET 

1 1.083 Quinic acid 192.0622 Cyclohexane 
carboxylic acid 

 + + 

2 1.127 Retronecine 155.0952 Alkaloid  + + 

3 1.387 Gentisic acid 154.0258 Phenolic acid  + + 

4 1.443 Prolyl-Arginine 271.1645 Dipeptide   + 

5 1.499 Justicidin A 394.1018 Organic 
compound 

  + 

6 1.589 Gallic acid 170.0201 Phenolic 
compound 

+ + + 
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7 1.838 N-(1-Deoxy-1- fructosyl) 
phenylalanine 

327.1305 Carboxylic acid  +  

8 2.128 2-O-Caffeoyl 
hydroxycitric acid 

370.053 Carboxylic acid +   

9 2.309 1-O-Galloylglycerol 244.0566 Phenolic 
compound 

+   

10 3.045 Punicacortein B 634.0783 Polyphenol + +  

11 3.066 Crypto chlorogenic acid 354.0948 Phenolic acid  +  

12 3.211 Indole acrylic acid 187.06 Indole  +  

13 3.223 Caffeic acid 180.0409 Phenol  +  

14 3.287 (3'x,5'a,9'x,10'b)-O-(3- 
Hydroxy-6-oxo-7- 
drimen-11- yl) 
umbelliferone 

396.1846 Coumarin  +  

15 3.722 Hibiscitrin 496.0866 Flavonoid +   

16 3.907 4-Hydroxycinnamic acid 164.0462 Coumaric acid +   

17 4.093 Chesnatin 638.1144  Tannins +   

18 4.162 1-O-Caffeoylquinic acid 354.094 Quinic acid  +  

19 4.174 Vanillic acid 168.0416 Monohydroxy 
benzoic acid 

+   

20 4.189 5-O-Feruloylquinic acid 368.1108 Quinic acid  +  

21 4.194 Chlorogenic acid 354.0944 Polyphenol +   

22 4.198 Vescalin 632.0682 Tannins +   

23 4.366 Fraxetin 208.0377 Coumarin +   

24 4.468 Amlaic acid 652.0957 Allyl sulfur 
compound 

+   

25 4.6 Rutin 610.1526 Flavonoid  +  

26 4.717 Sanguiin H11 952.0824 Tannins + +  

27 4.981 Quercetin 3,7- 
dirhamnoside 

594.1585 Flavonoid  +  

28 5.034 Osmanthuside A 446.1536 Coumaric acid 
ester 

+ +  

29 5.237 Myricetin 3- galactoside 480.0884 Flavonoid +   

30 5.311 Punicafolin 938.1062  Tannins   + 

31 5.416 Quercetin 302.0414 Flavonoid +  + 

32 5.418 Peltatoside 596.1371 Organic 
compound 

  + 

33 5.609 Citrusin A 538.207 Glycoside   + 

34 5.649 Myricetin 318.0385 Flavonoid +   

35 5.665 Ellagic acid 302.0074 Phenolic 
compound 

 + + 
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36 5.757 Myricetin 7- rhamnoside 464.0916 Flavonoid +   

37 5.775 Myricitrin 464.0973 Flavonoid +  + 

38 5.833 Rustoside 580.1457 Flavonoid   + 

39 5.837 Herbacetin 302.0443 Flavonoid + +  

40 5.847 N-Malonyl tryptophan 290.0916 Carboxylic acid  +  

41 5.868 Quercetin 3-O-
glucuronide 
(Miquelianin) 

478.0721 Phenol  +  

42 5.894 Tyrosyl-Serine 268.1059 Dipeptide   + 

43 6.158 Isodiospyrin 374.0855 Naphthoquinone + + + 

44 6.186 Fukinolic acid 434.0811 Hydroxy 
cinnamic acid 

  + 

45 6.206 Guajavarin 434.0856 Flavonoid   + 

46 6.27 Luteolin 4'-O-glucoside 448.1034 Flavonoid +  + 

47 6.332 3,5-Dihydroxyphenyl 1- 
O-(6-O-galloyl-beta-D-
glucopyranoside) 

440.0954 Phenolic 
glycoside 

 +  

48 6.829 Apigenin 7-glucoside 432.1029 Flavonoid  +  

49 6.983 Diosmetin 7-O-beta-D-
glucurono pyranoside 

476.0922 Flavonoid   +  

50 7.283 Kaempferol 286.048 Flavonoid +   

51 7.9 Melitric acid A 538.1135 Organic 
compound 

 +  

52 8.679 6- De methoxy 
capillarisin 

286.0472 Coumarin   + 

53 8.704 Corchorifatty acid F 328.2257 Fatty acyl 
compound 

+ + + 

54 10.034 Iso syringinoside 534.1856 Phenolic 
glycoside 

+   

55 10.245 (9Z,11E,13E,15Z)-4- 
Oxo-9,11,13,15- 
octadecatetraenoic acid 

290.1873 Fatty acyl 
compound 

  + 

56 10.275 Gibberellin A75 380.1473 Lipid   + 

57 11.503 Sphinganine 301.297 1,2-
Aminoalcohol 

 + + 

58 12.052 6-Deoxocastasterone 450.3708 Steroid +   

59 12.536 Rodiasine 622.3147 Alkaloid +   

60 12.758 1,4-beta-D-Glucan 536.1596 Oligosaccharide  + + 

61 14.049 6-Deoxotyphasterol 434.3758 Brassino steroid +   

62 14.164 16-Hydroxy 
hexadecanoic acid 

272.2365 Fatty acid  + + 
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63 14.89 Rhamnazin 3- 
sophoroside 

654.1757 Flavonoid + + + 

64 14.908 Momordol 440.3456 Fatty alcohol +   

65 15.457 Camelledionol 440.3311 Triterpenoid +   

66 15.622 23- Acetoxy 
soladulcidine 

473.3489 Steroidal 
alkaloid 

+   

67 16.228 Phaeophorbide b 606.2479 Tetrapyrrole  + + 

68 16.516 O-Methyl somniferine 622.2808 Alkaloid + + + 

69 16.648 16-Hydroxy 
hexadecanoic acid 
(Juniperic acid) 

272.2358 Fatty acid + +  

70 16.71 (3alphaOH,20S,24S)- 
3,19:20,24- 
Diepoxydammarane3,25-
diol 

474.3721 Triterpenoid 
saponin 

+   

71 16.84 Kanokoside D 624.271 Terpene 
glycoside 

+   

72 16.937 Longistylin A 294.1608 Stilbene  +  

73 17.387 3-O-p-trans-Coumaroyl 
alphitolic acid  

618.3934 Triterpenoid +   

74 17.503 Leucodelphinidin 3- 
[galactosyl-(1->4)- 
glucoside] 

646.183 Flavonoid   +  

75 17.548 Pheophorbide a 592.2673 Tetrapyrrole + +  

76 18.406 beta-boswellic acid 
acetate 

498.3699  Triterpenoid +   

77 18.902 N-Hexadecanoyl 
pyrrolidine 

309.3019 Organic 
compound 

 +  

78 18.974 Euphornin 584.2998 Diterpenoid + +  

79 18.977 3beta-3-Hydroxy-18- 
lupen-21-one 

440.3654 Triterpenoid + +  

80 19.272 6-Deoxocathasterone 418.3813 Brassinosteroid +   

81 19.723 1-Hexanol arabinosyl 
glucoside 

396.1994 Fatty acyl 
glycoside 

 +  

82 20.174 (3beta,24xi)- 
Cycloartane-3,24,25-triol 

460.393 Steroid +   

83 20.472 25-Methylgramisterol 426.3864 Steroid   + 

RT – retention time; ED – E. deccanensis; ER - E. rothiana; ET - E. thymifolia 
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Figure. 13 (i):  Liquid chromatogram of methanolic extract of E. deccanensis – 
a) Positive ionisation mode; b) Negative ionization mode 

a 

b 
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Figure. 13 (ii):  Liquid chromatogram of methanolic extract of E. rothiana – a) 
Positive ionisation mode; b) Negative ionization mode 

a 

b 
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Figure. 13 (iii):  Liquid chromatogram of methanolic extract of E. thymifolia – 
a) Positive ionisation mode; b) Negative ionization mode 

a 

b 
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d) Gas Chromatography-Mass Spectrometry (GC-MS) analysis 

To identify the volatile components, present in the chosen species of 

Euphorbia, the GC-MS analysis technique was employed. The phytocompounds 

were resolved based on the retention time. Peak area, molecular mass, and retention 

time were used to identify the compounds. Analyses showed that there are about 21 

volatile phytoconstituents. The main groups of identified compounds include fatty 

acids, alkanes, hydrocarbons, and phenols. The eluted compounds, O-decyl 

hydroxylamine and 9,12,15-octadecatrienal, were the first and last, respectively, 

within the range of retention times of 4.169 to 30.692. The Table.7 provides a 

summary of the phytocompounds investigated through GC-MS analysis. 

Six different compounds were altogether eluted in the methanolic extract of                        

E. deccanenis. Decane was one of these compounds with the highest content 

(35.80%). The gas chromatogram for E. deccanensis. is shown in Fig. 15(i). Similar 

to this, six compounds were noted in E. rothiana. Here, compound 1, 2- 

epoxytetradecane had the lowest content (8.17%), while O-decyl hydroxylamine had 

the highest content (24.2%). E. thymifolia exhibited the highest number of 

compounds detected (10), out of the three species taken into consideration. 1,2,3-

Benzenetriol, a phenolic compound, was present in significant amounts in this plant 

species (67.5%). 

The only compound found in both the methanolic extracts of E. deccanensis 

and E. rothiana is an organooxygen compound called O-decyl hydroxylamine. Its 

presence was found to be abundant in E. rothiana (24.2%), and E. deccanensis 

(15.76%). The three plant species that were picked for the investigation don't have 

any other common volatile phytocompounds.  Consequently, it is evident from the 

results that there are comparatively lesser volatile phytoconstituents in the 

methanolic extract of selected Euphorbia species. 
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Table. 7 Phytocompounds revealed by GC-MS analysis of the selected species of 

Euphorbia 

Sl 
No. 

RT Compound Class 
Peak area (%) 

ED ER ET 

1 4.169 O-decyl Hydroxylamine Hydrocarbon 15.76 24.2  

2 4.181 2,3,4-trimethyl hexane Alkane  12.47  

3 6.013 2,4,6-trimethyl decane   Alkane   2.8 

4 6.025 Decane Alkane 35.80   

5 6.975 2,3-dihydro-3,5-
dihydroxy-6-methyl- 4H-
Pyran-4-one  

Pyrone   4 

6 12.495 1,2,3-Benzenetriol Phenol   67.5 

7 12.908 3-ethyl-2-hydroxy- 2-
Cyclopenten-1-one  

Cyclic ketone   2.2 

8 12.914 cis-3-Nonene Alkane 21.22   

9 12.914 (Z)- 7-Hexadecene  Hydrocarbon  17.05  

10 17.64 (Z)- 3-Tridecene Hydrocarbon 14.19   

11 17.640 1-Octyl trifluoroacetate Organofluorine 
compound 

 19.82  

12 17.859 Desulphosinigrin Glucosinolate   2.73 

13 22.009  1,1,3-trimethyl 
Cyclopentane 

Hydrocarbon 3.24   

14 23.122 1,2-dimethyl, 2-Pyrroline   18.24  

15 25.091 (1-methyldodecyl)- 
Benzene 

Benzene 9.78   

16 25.591 Pentadecanoic acid, 14-
methyl-, methyl ester 

Fatty acid   3. 
28 

17 26.491 Palmitic acid Fatty acid   4.64 

18 29.917 cis, cis, cis-7,10,13-
Hexadecatrienal 

Aldehyde   5.8 

19 30.173 1, 2- Epoxytetradecane Epoxide  8.17  

20 30.173 1, 2- Epoxydodecane Epoxide   3.7 

21 30.692 9,12,15-Octadecatrienal Fatty aldehyde   2.99 

 RT– Retention time; ED – Euphorbia deccanensis; ER - E. rothiana; ET - E. 
thymifolia 
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Figure 15 (i): Gas chromatogram of methanolic extract of E. deccanensis 

 

Figure 15 (ii): Gas chromatogram of methanolic extract of E. rothiana 

 

Figure 15 (iii): Gas chromatogram of methanolic extract of E. thymifolia 
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PART II- BIOACTIVITY SCREENING 

A. Free radical scavenging activity of selected species of Euphorbia 

Antioxidants are molecules with the ability to reduce the harm caused by 

reactive oxygen species and also have the ability to prevent other molecules from 

oxidising. A wide variety of plants synthesize phytoconstituents naturally, including 

polyphenolics and flavonoids, which function as antioxidants and also significantly 

contribute to crucial roles in numerous biological processes. Since free radicals can 

be inhibited, plants and natural products can serve as a major source of antioxidants. 

Each antioxidant assay has unique operating procedures and free radical scavenging 

tenets. The ability of the methanolic extract to inhibit harmful radicals like the 

DPPH, hydroxyl, superoxide, nitric oxide, and ABTS radicals was evaluated here 

using the chosen Euphorbia species. 

i) DPPH free radical scavenging activity 

To determine whether plant extracts have the ability to scavenge free 

radicals, one of the widely used and popular free radical scavenging assay is DPPH. 

In methanol solution, it is violet or purple in colour, but when it is scavenged by an 

antioxidant, it turns yellow. For this assay, different sample concentrations of 12.5, 

25, 50, 100, and 200 µg/ml were prepared. The same concentrations of ascorbic 

acid, the standard, were also made. The degree of yellow colouration or 

discolouration indicates that the antioxidants in plant extracts have scavenging 

potential. The percentage of radical inhibition increased in proportion to the 

increase in extract concentrations from 12.5 to 200 µg/ml. E. deccanensis had the 

highest inhibition percentage among the chosen species with a range of inhibition 

percentage of 21.64 ± 0.46 to 81.17 ± 0.20. At the lowest concentration of 12.5 

µg/ml, E. rothiana and E. thymifolia both displayed the same inhibition percentage 

of 20.21 ± 0.91 and 20.21 ± 0.87, respectively. At the highest concentration of 200 

µg/ml, they also displayed very similar inhibition percentages of 72.53 ± 0.58 and 

74.77 ± 0. 78. The IC50 is a concentration at which 50% of the potential for radical 

scavenging is reached, and the standard's IC50 value was determined to be 32.179 ± 

0.86 µg/ml. The IC50 value for E. deccanensis was 40.739 ± 0.39, which was nearly 
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very close to the value for the standard. While E. rothiana's IC50 value was 45.997 ± 

0.94 µg/ml, and E. thymifolia's IC50 value was 45.0193 ± 0.71 µg/ml. These IC50 

values were found to be very close to each other. Fig. 17 presents the results of the 

DPPH radical scavenging activity of selected species. The table contains the IC50 

value discovered by the DPPH assay.  

When the IC50 value was taken into account, all of the chosen species' IC50 

values were close to that of the standard, with E. deccanensis showing more similar 

values. Accordingly, all of the chosen plant's methanolic extracts showed a 

significant ability to scavenge DPPH radicals, with E. deccanensis exhibiting 

particularly strong DPPH quenching activity. 

ii)    Hydroxyl radical scavenging activity 

The ability of the methanolic extracts of E. deccanensis, E. rothiana, and              

E. thymifolia to quench hydroxyl radicals was observed to be in a dose-dependent 

manner. The inhibition percentage rises in direct proportion to the extract 

concentration when it goes from 200 µg/ml to 2000 µg/ml. Standard gallic acid 

showed an inhibition percentage of 93.07 ± 0.41 with an IC50 value of 305.93 ± 2.85 

µg/ml at the highest concentration of 2000 µg/ml. At the highest concentration, all 

three of the chosen species showed nearly comparable inhibition percentages. When 

IC50 values were taken into account, it was discovered that E. deccanenis' IC50 value 

was relatively close to the value of the standard. Both E. thymifolia and E. rothiana 

displayed high IC50 values. The IC50 value for E. thymifolia was 619.89 ± 2.60 

µg/ml, while for E. rothiana it was 405.82 ± 2.38 µg/ml. The findings from the 

hydroxyl radical scavenging activity of each of the chosen species are shown in Fig. 

18.  The analysis's IC50 result was compiled in Table 8.  The methanolic extract of 

E. deccanensis was comparable to the standard in its ability to scavenge hydroxyl 

radicals. Although they were not significantly better than the standard, the other two 

plant extracts had a moderate level of hydroxyl radical inhibition. 

iii) Nitric oxide free radical scavenging activity 

The ability of plant extract to inhibit nitric oxide radical was determined 

using the nitric oxide scavenging assay. For the assay, plant extracts at various 
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concentrations of 125, 250, 500, 1000, and 2000 µg/ml, as well as standard gallic 

acid at the same concentrations, were taken into consideration. A positive correlation 

between the concentration of plant extract and the percentage of inhibition in all 

plant species was noted. The maximum inhibition percentage (94.02 ± 0.93) was 

found in standard gallic acid, which is significantly higher than the value from the 

test samples.  All three of the test samples were almost equally effective at 

scavenging nitric oxide radicals at the highest concentration. Similar to the hydroxyl 

radical assay, inhibition percentages were found to be comparable in three plant 

species, ranging from 70.98 ± 0.45 to 79.54 ± 0.38. However, among the test 

samples, E. deccanensis showed the greatest inhibition at a concentration of 2000 

µg/ml. All three extracts demonstrated essentially identical IC50 values.  

E. deccanensis, with a 410.9 ± 3.2 µg/ml IC50 value, however, showed the lowest 

value among them. The experiment's reference substance, ascorbic acid, had an IC50 

value of 226.1 ± 3.1 µg/ml.  Hence, it was found that plant extracts had a significant 

level of activity based on the inhibition percentage and IC50 values that were 

obtained from the analysis. The results of nitric oxide scavenging activity of all the 

selected species are given in Fig. 19 and IC50 values obtained for each plant extract 

are tabulated in Table 8.  

iv) Superoxide free radical scavenging activity 

All the chosen methanolic extracts of chosen Euphorbia species 

demonstrated concentration-dependent antioxidant activity in the superoxide 

scavenging assay. Inhibition of free radicals was greatly increased from low to 

higher concentrations. The highest percentage of free radicals were scavenged by E. 

deccanenis, which displayed a percentage of inhibition ranging from 24.95 ± 0.33 

to 80.59 ± 0.67. Nearly equal percentages of inhibition were shown by E. rothiana 

and  E. thymifolia from 20.02 ± 0.84 to 73.68 ± 0.46 and 17.26 ± 0.244 to 75.11 ± 

0.45 respectively. 

The results of superoxide radical scavenging activity are shown in Fig. 20. 

The IC50 value obtained for each test sample along with the standard was tabulated 

in Table 8.  The IC50 value for the reference ascorbic acid was 344.42 ± 1.2 µg/ml. 
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E. deccanenis, one of the chosen species, had a lower IC50 value (409.11 ± 1.5 

µg/ml) than the other two, demonstrating significant superoxide radical scavenging 

activity. An IC50 value of 780.05 ± 2.7 µg/ml was observed for E. rothiana, 

demonstrating its moderate superoxide radical scavenging ability.   

V) ABTS free radical scavenging activity 

The scavenging of ABTS radicals by the antioxidants present in the test 

samples was examined in the ABTS free radical scavenging assay. For this, different 

concentrations of methanolic plant extract (125, 250, 500, 1000, and 2000 µg/ml) as 

well as standards were used. The IC50 values for each plant extract were clearly 

visible and each one demonstrated significant scavenging activity (Table. 8). The 

IC50 value for the reference ascorbic acid was 226.83 ± 0.55 µg/ml. When compared 

to other test samples, E. deccanensis had the lowest IC50 value (405.99 ± 0.62 

µg/ml). Additionally, the same plant extract of E. deccanenis showed the highest 

level of inhibition. The other two had nearly equal ranges of inhibition on ABTS 

radicals as revealed by E. rothiana (62.22 ± 0.875) and E. thymifolia (64.41± 0.38) 

respectively. The inhibition percentage and IC50 values of the plant extracts were not 

higher than the standard results. However, in the case of E. deccanensis, it 

demonstrated significant activity. Hence, the activity against ABTS radical in the 

other two species appears to be moderate. 

 Table 8: Inhibition potential of chosen Euphorbia in antioxidant assays 

Plant 

IC50 Value (µg/ml) 

DPPH free 
radical 

scavenging 
activity 

Hydroxyl 
radical 

scavenging 
activity 

Superoxide 
radical 

scavenging 
activity 

Nitric oxide 
scavenging 

activity 

ABTS radical 
scavenging 

activity 

E. deccanensis 40.739 ± 0.39 334.63 ± 2.5 409.11 ± 1.5  410. 9 ± 3.2 405.99 ± 0.62 

E. rothiana 45.997 ± 0.94 405.82 ± 2.38 780.05 ± 2.7 470. 32 ± 1.4 965.31 ± 0.69 

E. thymifolia 45.0193 ± 0.71 619.89 ± 2.60 674.53 ± 2.07 463. 08 ± 2.8 885.9 ± 0.694 

Standard 32.179 ± 0.86 305.93 ± 2.85 344.42 ± 1.2 226. 1 ± 3.1 226.83 ± 0.55 

 

Thus, the findings revealed the radical scavenging potential of methanolic 

extracts of selected species. Among the three species tested, E. deccanensis had the 
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highest scavenging potential against all of the radicals tested, particularly DPPH, 

superoxide and hydroxyl radicals. In these cases, E. deccanensis had nearly the close 

IC50 value as the standard. Both E. rothiana and E. thymifolia had moderate 

scavenging effects in inhibiting free radicals. In the DPPH and hydroxyl radical 

assays, E. rothiana outperformed E. thymifolia. In the case of superoxide and ABTS 

assays, E. thymifolia showed better activity than E. rothiana. In the nitric oxide 

scavenging assay, all of the selected species had nearly equal inhibition on nitric 

oxide. Overall, the selected species demonstrated distinct antioxidant ability in five 

different assays. 

 

Fig. 17: DPPH radical scavenging activity of methanolic extracts of selected 
Euphorbia species along with standard 
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Fig. 18: Hydroxyl radical scavenging activity of methanolic extracts of selected 
Euphorbia species along with standard 

 

Fig. 19: Nitric oxide free radical scavenging activity of methanolic extracts of 
selected Euphorbia species along with standard 
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Fig. 20: superoxide free radical scavenging activity of methanolic extracts of 
selected Euphorbia species along with standard 

 

Fig. 21: ABTS free radical scavenging activity of methanolic extracts of selected 
Euphorbia species along with standard 
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B)  ANTI-INFLAMMATORY ACTIVITY 

The capacity of methanolic extract of chosen Euphorbia species to lessen 

inflammation and thereby act as an anti-inflammatory agent was tested. It was 

initially determined which sample had the best anti-inflammatory activity through in 

vitro biochemical assays. Then, using that best sample, its effects on the 

lipopolysaccharide (LPS)-induced proinflammatory mediators on Raw 264.7 

macrophage cell lines were detected. This allowed for the establishment of the best 

sample's anti-inflammatory activity. 

i) Determination of anti-inflammatory effects using biochemical assays 

a) Inhibition of protein denaturation 

Protein denaturation is the process by which proteins lose the orientation of 

their secondary and tertiary structures due to various external factors such as heat, 

organic solvents, potent acids, and bases. It may lead to a number of diseases 

connected to inflammation. Therefore, it is possible to inhibit inflammatory activity 

by preventing protein denaturation. The methanolic extracts of specific Euphorbia 

species in the current study inhibited the denaturation of the protein in a 

concentration-dependent manner. The concentrations considered for this purpose 

were 62.5, 125, 250, and 500 µg/ml. When the three plant species were compared, 

all of the Euphorbia species displayed very similar inhibition percentages at the 

highest concentration. The standard, diclofenac sodium, displayed an inhibition 

percentage of 94.597 ± 0.36. Despite the fact that all of the chosen species 

demonstrated comparative potential in terms of the percentages of inhibition on the 

inhibition of protein denaturation, better results were observed in E. deccanensis 

with the lowest IC50 value (119.77 ± 0.35 µg/ml). The IC50 value obtained from both 

the biochemical assays were included in Table 9. The summary of the results is 

represented in Fig. 22. 
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Table 9: Inhibition concentration observed in in vitro biochemical assays 

Plant species 
Inhibition of protein 
denaturation (µg/ml) 

Proteinase inhibitory activity 
(µg/ml) 

DFS 104.86 ± 0.66 106.35 ± 0.69 

ER 202.911 ± 0.66 238.7 ± 0.82 

ED 119.77 ± 0.35 198.78 ± 0.46 

ET 190.603 ± 0.77 236.6 ± 0.43 

 

 

Fig. 22: Protein denaturation inhibitory activity exhibited by methanolic 
extracts of selected Euphorbia species. DFS - Diclofenac sodium; ED - E. 
deccanensis;   ER - E. rothiana; ET - E. thymifolia 

b) Inhibition of proteinase activity 

 Proteinase activity inhibition has a significant impact on the reduction of 

inflammation and any substance with the ability to do so can be thought of as a 

potential anti-inflammatory agent. Concentration-dependent activity, a trend that had 

already been noticed in the protein denaturation inhibitory assay, was observed in 

the proteinase activity assay. When concentration was increased from 62.5 to 500 

µg/ml, a corresponding increase in inhibition percentage was found. This pattern 
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was present in each of the three test samples. The standard showed a 94.37 ± 0.16% 

inhibition at the highest concentration. While at the same concentration, the 

inhibition percentage exhibited by all of the selected extracts ranged between 71.78 

± 0.33 to 74.48 ± 0.25%, indicating their ability to inhibit proteinase activity.  

  While taking into account IC50 values, it was found that E. deccanensis’s 

IC50 value (198.78 ± 0.46 µg/ml) was much closer to the standard (106.35 ± 0.69 

µg/ml) and the IC50 values for the other two extracts were comparable to one 

another and higher than the standard. The observations found in the analysis are 

represented in Figure 23. 

 

Fig. 23: Proteinase inhibitory activity exhibited by methanolic extracts of 
selected Euphorbia species. DFS - Diclofenac sodium; ED - E. deccanensis; ER - 
E. rothiana; ET - E. thymifolia 

   According to the results of the in vitro assays, E. deccanensis was more 

active than the other two species studied in terms of both inhibition of protein 

denaturation and proteinase activity. Therefore, this plant extract was chosen for 

further analysis. 
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ii)  Anti-inflammatory potential on LPS-induced RAW 264.7 macrophage 

cell line 

The methanolic extract of the test sample, E. deccanensis was examined for 

its effects on the activity of several proinflammatory mediators, including 

lipoxygenase, cyclooxygenase, and inducible nitric oxide synthase. Additionally, the 

level of cellular nitrite on LPS-induced RAW 264.7 macrophages was also 

determined. 

a) Cyclooxygenase (COX) activity 

Three different plant extract concentrations, including 6.25, 12.5 and 25 

µg/ml, were used to test E. deccanensis's ability to lower the level of COX enzyme. 

In terms of the percentage of enzyme activity inhibition, the potential of the plant 

extract was calculated. On the activity of the COX enzyme, a concentration-

dependent inhibition was detected. At the lowest possible concentration of 6.25 

µg/ml, the E. deccanensis extract exhibited an inhibition percentage of 10.50 ± 0.43. 

At the same concentration, standard diclofenac sodium inhibited the enzyme activity 

with an inhibition percentage of 25.02 ± 0.32. In the highest tested concentration, 

the plant extract's inhibition activity was found to be 57.21 ± 0.74%, and that of the 

standard was 72.51 ± 0.70%. When IC50 values were examined, the standard's IC50 

value was discovered to be 15.7813 µg/ml, while the value for plant extract was 

21.939 µg/ml. From these, it is obvious how well the plant extract inhibits COX 

activity. Figure 24 depicts the COX activity inhibition of both the plant extract and 

the standard. 

b) Lipoxygenase (LOX) activity 

Three different concentrations of plant extracts were taken into consideration 

in this case as well to evaluate their potential to reduce the activity of the LOX 

enzyme. At a concentration of 6.25 µg/ml, the test sample displayed an inhibition 

percentage of 14.75 ± 0.68. The standard displayed a percentage of inhibition of 

52.45 ± 0.87 at the same concentration. A sudden increase in the ability of                     

E. deccanensis extract to inhibit enzyme activity was observed when the 
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concentration was increased from 6.25 to 12.5 µg/ml.  At the highest concentration 

of 25 µg/ml, the plant extract also significantly affected enzyme activity, which was 

also comparable to the activity of standard. 

In the context of IC50 values, the E. deccanensis’s IC50 value was 13.677 

µg/ml, while the standard's was 4.41640 µg/ml. The Figure 25 illustrates the results 

of the assay. Comparing the plant extract to standard, it was clear that it had a much 

greater ability to inhibit LOX activity. 

c) Inducible nitric oxide synthase (iNOS) activity 

The ability of a plant extract to reduce the level of an important 

proinflammatory mediator called iNOS was calculated as a percentage of the 

enzyme's inhibition. The sample showed an inhibition percentage that was in line 

with standards for all concentrations tested, including 6.25, 12.5 and 25 µg/ml. At 

concentrations of 6.25, 12.5 and 25 µg/ml, respectively, the plant extract had an 

inhibition percentage of 43.73 ± 0.58, 51.53 ± 1.07, and 67.13 ± 0.51%. Likewise, 

the standard drug, diclofenac sodium, had an inhibition percentage of 48.22 ± 0.76, 

55.08 ± 0.67, and 73.52 ± 0.69 % in respective concentrations.  Figure 26 displays 

the assay results. It was determined from the assay that E. deccanensis extract has a 

significant ability to inhibit iNOS activity. 

d) Level of cellular nitrite 

In order to assess the extract's potential as an anti-inflammatory agent, the 

level of cellular nitrite must be determined. High levels of cellular nitrite are a sign 

of elevated inflammatory responses, which are harmful to health. Using different 

extract concentrations (6.25, 12.5 and 25 µg/ml), the ability of plant extract to 

reduce the amount of cellular nitrite was evaluated in this assay. Cellular nitrite 

levels dropped significantly from 718.74 ± 1.25 µg/ml to 464.80 ± 0.827 µg/ml from 

lower to higher concentrations.  Regarding diclofenac, the drop was from 737.055 ± 

0.63 g/ml to 377.19 ± 0.59 µg/ml. In the present study, a significant decrease in the 

concentration of nitrite ions was observed, suggesting that plant extracts may have 

the ability to prevent inflammation and avoid the diseases associated with 

inflammation. 
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Table 10:  IC50 values for anti-inflammatory activities  

Anti-inflammatory assays IC50 values (μg/ml) 

 Diclofenac sodium Plant extract 

COX activity                                              15.7813 21.939 

LOX activity 4.41640 13.677 

 

 

Fig. 24:  Effect of methanolic extract of E. deccanensis on cyclooxygenase 
activity. ED – E. deccanensis; DFS – Diclofenac sodium 

 

Fig. 25:  Effect of methanolic extract of E. deccanensis on lipoxygenase activity. 
ED – E. deccanensis; DFS – Diclofenac sodium 
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Fig. 26: Effect of methanolic extract of E. deccanensis on inducible nitric oxide 
synthase (iNOS) activity. ED – E. deccanensis; DFS – Diclofenac sodium 

 

Fig. 27: Effect of methanolic extract of E. deccanensis on cellular nitrite level. 
ED – E. deccanensis; DFS – Diclofenac sodium 

 In each of the four different assays that were performed, the methanolic 

extract of E. deccanensis’s anti-inflammatory ability showed notable results. The 

chosen pro-inflammatory enzymes in LPS-induced macrophage cells were highly 

susceptible to inhibition by the plant extract. Through the indirect inhibition of the 
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activity of the inducible nitric oxide synthase enzyme, it also had the capacity to 

significantly lower the level of cellular nitrite.   

iii)  Evaluation of cytotoxicity using MTT assay on RAW 264.7    

macrophage cells 

The MTT assay was used to determine how the methanolic plant extract of 

E. deccanensis affected the viability of RAW 264.7 macrophage cells after a 24-hour 

treatment with various concentrations (6.25, 12, 25, 50, and 100 µg/ml). Cell 

viability percentages were calculated for each concentration and are displayed in 

Fig. 28. From this assay, the LC50 value was calculated and found to be 139.63 ± 

0.68 µg/ml. RAW cells had a lower viability than the control, but the difference was 

not very noticeable. As a result, the plant extract's LC50 value, which was found to 

be 139.63 ± 0.68 µg/ml, was barely toxic to RAW 264.7 cells. This value is therefore 

taken into account for future analysis. The cytotoxic effects exhibited by the plant 

extract of E. deccanensis on RAW 264.7 cells were shown in the Plate. 2  

 

Fig. 28: Cytotoxic effect of methanolic extract of E. deccanensis on RAW 264.7 
cells 
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iv) Estimation of inflammatory mediator COX‐2 using ELISA 

In this study, ELISA was used to measure the effect of methanolic extract of 

E. deccanensis on the amount of COX-2, one of the main inflammatory mediators, 

in LPS-stimulated RAW cells. As the control, RAW cells that had only been exposed 

to LPS were kept. In order to measure the level of COX-2, RAW cells were exposed 

to the plant extract at a concentration of 139.63 ± 0.68 µg/ml. The level of COX-2 

was found to be significantly reduced by the plant extract, dropping from 0.841 ± 

0.08 to 0.505 ± 0.062 U/ml of cell lysate. The result of the experiment is shown in 

Fig. 29. 

The potent anti-inflammatory properties of the methanolic extract of  

E. deccanensis were thus demonstrated by the outcome of the experiments and the 

plant extract's powerful inhibition of a variety of inflammatory enzymes. A 

significant drop in COX-2 levels, a well-known proinflammatory mediator that is 

crucial in inflammation, provided additional support for this. Based on the results of 

all assays, the methanolic extract of E. deccanensis appears to be a strong candidate 

for anti-inflammatory research and might be used to prevent issues related to 

inflammations. 

 

Fig. 29: Effect of methanolic extract of E. deccanensis on the production   of 
COX-2 
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C) Cytotoxicity study using Allium cepa bioassay 

Allium cepa assay was designed to assess the cytotoxic nature of methanolic 

extracts of chosen Euphorbia species. To accomplish this, four various 

concentrations of each plant extract were treated on the root tips of Allium cepa for 

24 hours. The various plant concentrations include 12.5, 25, 50 and 100 µg/ml and 

distilled water as negative and hydrogen peroxide as positive control. Mitotic index 

and aberration percentage are two important parameters associated with cytotoxicity. 

Thus, both these parameters were calculated to understand the extent of the 

cytotoxicity exhibited by each plant species. Concerning concentration, the mitotic 

index was found to decrease prominently in every Euphorbia species considered 

(Figure 30). In contrast to this, direct relationship was observed between the 

aberration percentage and concentration. In every Euphorbia species, the aberration 

percentage increases predominantly with the concentration (Figure 31).   

In all living organisms, the mitotic index is an important parameter to 

measure the level and extent of cytotoxicity and the lowering of the mitotic index 

value will reveal the nature of cytotoxicity.  After 24 hours of treatment of root tips 

with that of methanolic plant extract, a gradual reduction in the mitotic index was 

noticed in every Euphorbia species. Among the three species considered, the highest 

mitotic index value was found in the E. rothiana extract (64.35 ± 0.51%) at its 

lowest concentration. At the same time, the lowest mitotic index was observed in the 

highest concentration of E. deccanensis and it was noted to be 29.11 ± 0.81%. In E. 

thymifolia, the mitotic index reduction was from 64.35 ± 0.51% to 36.4 ± 0.66%. 

When positive and negative controls were taken into account, the mitotic index of 

negative control was found to be very high (69.3 ± 1.2%), while that of positive 

control was found to be very low. The enhancement in the percentage of abnormality 

is another indicator of the cytotoxicity potential of plant extracts. In every species, 

dose-dependent increase in the percentage of abnormality was detected. Both E. 

rothiana and E. deccanenis methanolic extracts show the highest count of abnormal 

cells, which ranges from 36.32 ± 0.41% to 89.2 ± 0.64% and from 32.32 ± 0.53% to 

90.3 ± 1.2% respectively. In the case of E. thymifolia, the percentage of abnormal 

cells at the highest concentration was found to be 71.2 ± 0.56%.  
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Various types of chromosomal aberrations were observed during the 

microscopic visualization of Euphorbia extract-treated root tip cells. It reveals the 

aberrations that occur at every stage of mitotic division. The normal mitotic cell 

division stages are represented in Plate 3. Both clastogenic and non-clastogenic 

aberrations were detected in A. cepa treated with the extracts of three species of 

Euphorbia. 

 

Fig. 30: The effects of different concentrations of methanolic extract of selected 
species of Euphorbia on A. cepa meristematic root tip cells after treatment for 
24 h (Mitotic index)   

 

Fig. 31: The effects of different concentrations of methanolic extract of selected 
species of Euphorbia on A. cepa meristematic root tip cells after treatment for 
24 h (Abnormality percentage)   
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D)  Antiproliferative activity of Euphorbia species  

Both normal cell line (L929) and human breast cancer cell line MCF-7 were 

used to assess the antiproliferative activity of the methanolic extract of chosen 

Euphorbia species.  The cytotoxic effect exerted by various concentrations of plant 

extracts were assessed using the MTT assay.  The LC50 values obtained from the two 

cell lines as well as the viability percentage of both cells after the treatment using 

tested extracts were compared in order to select the most effective plant extract for 

further research. 

i) In vitro anticancer activity using MTT assay in normal L929 cell line 

Using the MTT test, the nature of cytotoxic potential of the methanolic 

extracts of E. deccanensis, E. rothiana, and E. thymifolia was initially examined on 

normal L929 cell lines.  To achieve this, concentrations of 6.25, 12.5, 25, 50, and 

100 µg/ml of each species were treated for 24 hours on the normal cells. The normal 

cells were significantly cytotoxically affected by all three of the tested plant extracts, 

and the effect was dose-dependent. The viability of normal cells was reduced due to 

the cytotoxic effects produced by all plant extracts. From the reduction of percentage 

of viable cells detected, it is clear that the action of the E. thymifolia plant extract 

significantly reduced the viability of normal cells compared to the other two species. 

The cytotoxic potential exhibited by each species on the viability of the normal 

L929 cell line was provided in Fig. 32, and the obtained results were displayed in 

Plates 11, 12 and 13. For every species, the LC50 values were determined and 

tabulated. When compared to the other two plant species, E. deccanensis’s LC50 

value was found to be very high, indicating that it had less cytotoxic effects on 

normal cell line. The LC50 value obtained for E. deccanensis was (218.04 ± 0.40 

µg/ml) followed by E. rothiana (172.17 ± 0.48 µg/ml) and E. thymifolia (140.67 ± 

0.65 µg/ml) respectively. In addition, it was observed that all three extracts had 

higher LC50 values than the LC50 values found in the MCF-7 cell line. Using a 

system microscope, the cell death characteristics of the treated and control L929 cell 

lines were noted. The ED50 PLUS V1.0 Software was used to compute the LC50 

values. 

ii) In vitro anticancer activity using MTT assay in MCF-7 cell line 

To ascertain the capacity to suppress the progression of breast cancer MCF-7 

cell line, the methanolic extract of three Euphorbia spp. were analysed. For this, 
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various concentrations of plant extracts, including 6.25, 12.5, 25, 50, and 100 µg/ml, 

were taken. The system microscope was used to examine the control and treated 

MCF-7 cell lines' cell death traits.  Through microscopic observation, it was 

discovered that the plant extract treated cell line exhibited a variety of aberrations, 

including the condensed nucleus, apoptotic bodies, membrane blebbing, budding, 

and cell shrinkage. It can be concluded from the results that the three selected 

extracts had an observable cytotoxic effect on the breast cancer cell line that were 

dependent on concentration.  Cell viability progressively decreased from the lower 

concentration of 6.25 to the higher concentration of 100 µg/ml of the plant extracts.  

The highest cytotoxic nature was detected in E. deccanensis with a great reduction 

in viability of MCF-7 cell line ranging from 99.18 ± 0.61% to 49.40 ± 0.99%. In 

addition, the LC50 values were calculated for the proper assessment of the 

cytotoxicity potential of the extract and noted almost equal LC50 value in both the 

case of E. thymifolia and E. rothiana. Thus, based on its lowest LC50 value (93.21 ± 

0.58 µg/ml) and decreased cell viability percentage, it was concluded that  

E. deccanensis had a significant cytotoxic potential. Fig. 33 displays the cytotoxic 

effect of each species on the viability of breast cancer cell lines. The results are 

presented in Plates 14, 15 and 16. 

On assessing the percentage of cell viability in both the cell lines as well as 

LC50 values of all the chosen species, it was found that E. deccanensis significantly 

inhibited the proliferation of the MCF-7 cell line than the other two plant extracts, 

and it also exhibited very less cytotoxicity on the normal L929 cell line.  This 

indicates that the cancer cell-specific toxic effect of the extract of E. deccanensis. 

Thus, methanolic extract of E. deccanensis appeared to be a better candidate for 

further analysis. 

Table 11: Lethal concentrations of selected species of Euphorbia species in both 
MCF-7 and L929 cell lines 

Selected species of 
Euphorbia 

LC50 ± SE (µg/ml) 

MCF-7 L929 

E. deccanensis 93.21 ± 0.58 218.04 ± 0.40 

E. rothiana 161.17 ± 0.34  172.17 ± 0.48 

E. thymifolia 137.55 ± 0.67 140.67 ± 0.65 
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Fig. 32: Cytotoxic effects of selected species of Euphorbia on L929 normal cells 
using MTT assay. ED - E. deccanensis; ER - E. rothiana; ET - E. thymifolia 

 

Fig. 33: Cytotoxic effects of selected species of Euphorbia on MCF-7 cancer cells 
using MTT assay. ED - E. deccanensis; ER - E. rothiana; ET - E. thymifolia 
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iii) Determination of apoptosis by acridine orange (AO) and ethidium bromide 

(EtBr) double staining 

The two dyes acridine orange/ethidium bromide (AO/EB), which binds with 

DNA are used in order to detect alterations in cell membranes and cells associated 

with apoptosis.  Apoptotic cells can have basic morphological changes that can be 

detected using dual AO/EB fluorescent staining. It also permits the separation of 

necrotic cells from other cell types, including early and late apoptotic cells. The in 

vitro antiproliferative effectiveness of E. deccanensis was demonstrated to have a 

notable inhibitory effect on the cancer cell line MCF-7. Therefore, in order to 

perform the double staining, an LC50 concentration (93.21 µg/ml) of E. deccanensis 

was subjected to treatment using the MCF-7 cell line. This was followed by staining 

with ethidium bromide and acridine orange. A significant representation of both the 

live and dead cells was revealed by this technique and also differentiate between 

necrotic and apoptotic cells. Ethidium bromide (EtBr) only stains cells that have lost 

membrane integrity to red, but acridine orange (AO), a vital dye, will turn the nuclei 

of both living and dead cells to green. Four distinct cell types can be distinguished 

morphologically, which include,  

i) Normal cell with green nucleus, which is clearly visible in the control. 

ii) Early apoptotic cells have yellowish nuclei that are either fragmented or 

condensed.  

iii) Cells in the late stages of apoptosis had nuclei-stained orange and showed 

signs of chromatin condensation or fragmentation. 

iv) Necrotic cells, whose cell nuclei are uniformly stained red. 

Based on the images in Fig. 34, it appears that apoptosis is the primary 

mechanism by which the methanolic extract of E. deccanensis induces cell death. 
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      Fig. 34:  Detection of apoptosis by AO/ EtBr staining on MCF-7 cells. 

a) Control; b) Cells treated with methanolic extract of E. deccanensis                                 

(93. 93.21 ± 0.58 µg/ml) 

a 

b 
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iv) Analysis of cell cycle using flow cytometry 

Using flow cytometry, it was determined how the methanolic plant extract of       

E. deccanensis affected the cell cycle's progression and DNA content profile.  This 

plant extract was found to be the most potent one among the three chosen extracts. 

For this purpose, the MCF-7 cell line was treated with LC50 concentration of the test 

sample and incubated for a duration of 24 hours. Both DNA and RNA have the 

ability to bind to nuclear DNA intercalating stains such as propidium iodide (PI), 

and emit fluorescence. There is a direct correlation between the amount of DNA and 

the fluorescence emitted by PI. If RNAase is present, PI can distinguish between 

cells at different phases of the cell cycle based on the differences in DNA content, 

increasing the specificity of DNA staining at each stage.  

Regarding the population profile, it was observed that the distribution of 

cells in the treated cells was almost aggregating, whereas, in the control cells, the 

distribution of cells was more scattered. Thus, during a particular phase of the cell 

cycle, the progression of the cycle might become inhibited. 

The cell cycle stage at which the cell cycle arrest takes place was 

investigated using the DNA content profile. At the G0/G1, S, and G2/M phases, the 

treated cells' cell count was found to be 88.2, 5, and 5.8%, respectively. From the 

histogram of both the treated and control cells (Fig. 36), it was observed that treated 

cells (88.2%) had a higher percentage of cell count at the G0/G1 stage than the 

control (71.1%).  Moreover, it was noted that the cell count in the S phase had 

decreased by a percentage of 5 in treated and by a percentage of 10 in control cells 

respectively.  

It was demonstrated that cell cycle arrest occurs during the G0/G1 phase in 

treated cells, as evidenced by the high cell count observed in the G0/G1 phase and 

subsequent decrease in cell count in the S phase. Considerable apoptosis occurs in 

the treated cells, which was indicated by the markedly lower cell count in treated 

cells relative to control. As a consequence, the flow cytometry results of the cell 

cycle analysis demonstrated that the test sample's ability to cause apoptosis inhibited 
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the MCF-7 cancer cell line's cells' ability to move from the G0/G1 phase to the S 

phase and thereby inhibited the cell cycle from continuing. 

 

 

Figure. 35: Determination of cell cycle arrest by FACS; (A) Population profile 
of untreated control cells (B) Population profile of E. deccanensis plant extract 
treated MCF-7 cells  

 

 

 

(A) 

(B) 
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Figure. 36:  Determination of cell cycle arrest by FACS; (C)DNA content profile 
of untreated control(D) DNA content profile of E. deccannesis plant extract 
treated MCF-7 cells 

 

 

 

 

(C) 

(D) 
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v) Gene expression studies 

To determine how E. deccanensis methanolic extract affected the expression 

of various genes, two genes related to apoptosis, namely p53 and STAT-3, were 

employed in RT-qPCR procedures that were followed by gel electrophoresis with 

GAPDH serving as the housekeeping gene. The MCF-7 cell lines were selected for 

the work after being treated with E. deccanensis methanolic extract at an LC50 

concentration of 93.21 µg/ml and incubated for 24 hours and untreated cells were 

taken as the control. The results of the experiment are given in the Fig. 37 (A, B) 

and 38 (A, B). As compared to the control, it is evident from the data that there is a 

significant upregulation in p53 gene expression and downregulation of STAT-3 gene 

expression in the plant extract-treated samples. In comparison to the control, the 

expression of the p53 gene has increased by 1.68 fold (Fig. 37 B), which indicates 

that the p53 gene's expression fold has nearly doubled. When examining the case of 

gene STAT-3, a fold of 0.4142 reduction was detected, which in indicates that the 

downregulation has occurred (Fig. 37 A).  

The outcomes demonstrated how effectively the E. deccanensis methanolic 

extract could downregulate the STAT-3 gene and upregulate the expression of the 

p53 gene in comparison to the control. The results of the gel image analysis of both 

genes supported this. Examining the sample-treated wells, it is possible to see that 

the fluorescence they release is comparatively higher than the control in the case of 

gene p53, indicating increased expression of the gene (Fig. 38 B). When it comes to 

gene STAT-3, the fluorescence released by the sample treated well is comparatively 

lower than that of the control, which suggests that the gene's expression is declining 

(Fig. 38 A). Therefore, it was evident from the investigation that the methanolic 

extract of E. deccanensis possesses the ability to upregulate the p53 gene and 

downregulate the gene STAT-3, both of which play important roles in the apoptosis 

pathways linked to cancer. 
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Figure. 37 A:  Expression fold change of the gene STAT-3  in MCF-7 cells 
treated with E. deccanensis methanolic extract 

 

Figure. 37 B: Expression fold change of the gene p53 in MCF-7 cells treated 
with E. deccanensis methanolic extract 

 

A 

B 
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Fig. 38 A: Expression analysis of the gene STAT-3 using Real-Time PCR (C= 
Control; S= Sample) 

 

Fig. 38 B: Expression analysis of the gene p53 using Real-Time PCR (C= 
Control; S= Sample) 

 

  

C S 
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PART III 

GREEN SYNTHESIS OF SILVER NANOPARTICLES 

 

The ability of methanolic extracts of selected Euphorbia plant species to 

synthesize silver nanoparticles was determined. The interaction of the methanolic 

plant extract and the silver nitrate solution results in the formation of silver 

nanoparticles. To analyse the detailed description of biosynthesized silver 

nanoparticles, a variety of physicochemical characterization techniques were used, 

such as UV–visible spectroscopy (UV-Vis spectroscopy), Field emission scanning 

electron microscopy (FE SEM) and Fourier transform infrared spectroscopy (FTIR).  

The ideal parameters required for creating nanoparticles were:  

i) Temperature - 60°C temperature for 15 minutes 

ii)  Volume ratio of plant extracts to silver nitrate - 2 ml : 8 ml 

iii) Silver nitrate concentration - 2 mM 

iv) pH of the reaction mixture - 8  

The development of silver nanoparticles as a result of the reduction of silver nitrate 

is indicated visually by the gradual change in the colour of the reaction mixture.  

Visual observation of colour change 

In the current work, the presence of a yellowish-brown or reddish-brown 

colour indicates the fabrication of silver nanoparticles. Concerning E. deccanensis, 

the reaction mixture's colour changes from pale yellow to dark reddish brown as a 

result of a reaction between the plant's methanolic extract and the 2 mM silver 

nitrate solution. A deep reddish-brown colour was also produced in the case of E. 

rothiana as a result of the plant extract's interaction with the silver nitrate solution at 

a temperature of 600C. However, in the instance of E. thymifolia, the combining 

actions of the solutions at the same temperature resulted in the development of a 

comparatively pale reddish-brown colour (Plate 17).  
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ii) CHARACTERISATION TECHNIQUES  

a) UV–visible spectroscopy (UV-Vis spectroscopy) 

The formation of silver nanoparticles was verified through UV-Vis spectral 

analysis within the range of 200-800 nm wavelength. Silver nanoparticle absorption 

spectra unambiguously demonstrate the interaction between silver ions and 

phytometabolites present in methanolic plant extracts. The range of 380 - 470 nm 

was the λ max taken into consideration for the occurrence of silver nanoparticles.                       

In E. deccanensis, E. rothiana, and E. thymifolia, a sharp, noticeable peak was 

detected at 416 nm, 432 nm, and 443 nm, respectively (Figure 39 a, b, c). Thus, 

every plant extract that was chosen for the current study showed a distinct peak that 

fell between these ranges. Hence, this spectral analysis confirmed the formation of 

silver nanoparticles in the chosen plant’s of methanolic extract.  

b) FE-SEM analysis (Field emission scanning electron microscopy)    

Using FE-SEM analysis, the morphological details of Ag NPs were 

evaluated.   The surface characteristics of the generated silver nanoparticles, 

including their size and shape, are detailed in SEM images.  It was noted that all of 

the selected plant extracts (E. deccanensis, E. rothiana, E. thymifolia) have nearly 

spherical-shaped silver nanoparticles (Plate 18). The results showed that the average 

particle size of the silver nanoparticles formed in the selected species ranged from 

23 to 44 nm, based on the SEM images. It was found that the silver nanoparticles 

obtained for E. deccanensis ranges between 23.24 nm to 43.75 nm with an average 

particle size of 33.4 nm and 36 nm in the case of E. rothiana. With an average 

particle size of 37.6 nm, relatively large spherical-shaped nanoparticles were found 

in E. thymifolia.  
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Figure. 39:  UV-Vis spectra of silver nanoparticles synthesised by selected 
species of Euphorbia  a)    E. deccanensis, b) E. rothiana, c) E. thymifolia 

  

a 

  b 

c 
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c) Fourier transform infrared spectroscopy (FTIR) Analysis 

To ascertain the presence of distinct functional groups found in biomolecules 

that are crucial to the production of Ag NPs via the reduction of silver ions, Fourier 

transform infrared spectroscopy (FTIR) analysis was done. It is also useful to 

understand the chemical structure of Ag NPs and the biomolecules that act as 

capping and stabilising agents during the nanoparticle synthetic process. In this 

analysis, the obtained intense bands were compared with standard values to 

determine the functional groups. The different functional groups of secondary 

metabolites were represented by these spectra.  

The major vibration modes of E. deccanensis were identified by the FTIR 

spectrum at 3435, 2926, 2856, 2359, 1634, 1384, 1050, 836, 669, and 518 cm−1 (Fig. 

40 a). In the case of E. rothaina, major vibration modes were observed at 3400, 

3220, 2920, 2422, 2412, 2095, 1604, 1382,  1042, 834 and 528 cm−1(Fig. 40 b).  In 

E. thymifolia, major vibration modes were obtained at 3774, 3409, 2918, 2424, 

2092, 1618, 1382, 1038,  596 and  528 cm−1(Fig. 40 c), which indicate the existence 

of phytocompounds serving as capping agents.  There are 10 major vibration peaks 

observed in the cases of E. deccanensis and E. thymifolia, and 11 vibration peaks in 

the case of E. rothiana. Phenols and halo compounds were found to be common in 

the three chosen species of Euphorbia. According to the current research, all three 

plant species have notable functional groups that correlate to significant 

phytoconstituents. It is therefore reasonable to assume that these functional groups 

play a key role in the production, stabilisation, and reduction of silver nanoparticles. 

The major functional groups obtained from FTIR analysis that significantly 

contributed to the development of Ag NPs were tabulated in Table 12, 13 and 14.  
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Fig. 40 a: FTIR spectra of E. deccanensis 

Table 12: Functional groups observed in the FTIR analysis of E. deccanensis 
methaolic extract 

Sl. No. Frequency range (cm−1) Functional group 

1 3435 Alcohols and phenols 

2 2926  Methyl group 

3 2856 Aromatic compounds 

4  2359 C=O stretching in ketone group 

5 1634 Diketones 

6 1384 C-H bending of aldehyde 

7  1050  Polysaccharide 

8 836 Aromatic compounds 

9  669 Aliphatic bromo compounds 

10  518  Halogen compounds, iodo compounds 
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Fig. 40 b: FTIR spectra of E. rothiana 

Table 13: Functional groups observed in the FTIR analysis of E. rothiana 
methanolic extract 

Sl. No. Frequency range (cm−1) Functional group 

1 3400 Aliphatic primary amine 

2 3220 O-H (hydroxyl) functional group 

3 2920 Aliphatic hydrocarbons 

4 2422 Carboxylic acid 

5 2412 Carboxylic acid 

6 2095 Nitriles (C≡N stretching vibration) 

7 1604 Amino acid 

8 1382 Phenol 

9 1042 Polysaccharide 

10 834 Alkene 

11 528 Halo compound 
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Fig. 40 c: FTIR spectra of E. thymifolia 

Table 14: Functional groups observed in the FTIR analysis of E. thymifolia 
methanolic  extract 

Sl. No. Frequency range (cm−1) Functional group 

1 3774 Hydroxyl group (OH) 

2 3409 O-H alcohol group 

3 2918 C-H bonds in alkanes, aliphatic hydrocarbon 

4 2424 Carboxylic acid 

5 2092 Nitrile functional group 

6 1618 α, β-unsaturated ketone 

7 1382 Phenol 

8 1038 Anhydride 

9 596 Alkyl halide 

10 528 Halo compound 

 

  



Results 

 159

iii) Antimicrobial activity of synthesised silver nanoparticles 

a) Antibacterial activity of Ag NPs 

The potential of antibacterial activity of synthesised silver nanoparticles 

against various human pathogens such as Gram-negative bacteria (Escherichia coli, 

Pseudomonas aeruginosa), and Gram-positive bacteria (Streptococcus mutans, and 

Enterococcus faecalis) was determined. To ascertain the antibacterial property, the 

disc diffusion assay was employed. Different concentrations of Ag NPs such as (250 

µg/ml, 500 µg/ml, and 1000 µg/ml) were extracted from a 10 mg/ml stock solution. 

The Plates 19, 20, 21 & 22 displayed the antibacterial effects of plant-produced Ag 

NPs with a diameter of <100 nm at various concentrations (250–1000 µg/ml) against 

the Gram-positive bacteria S. mutans, and E. faecalis, as well as the Gram-negative 

bacteria P. aeruginosa and E. coli. Results show that, in vitro, bacterial growth can 

be effectively inhibited by Ag NPs produced from methanolic plant extracts when 

compared to untreated bacteria and the negative control. 

The developed silver nanoparticles effectively and significantly inhibited the 

growth of all four of the selected bacteria. The zone of inhibition developed by the 

action of silver nanoparticles against the growth of gram-negative bacteria ranged 

from 10 – 19 mm for E. Coli and 10 – 13 mm for P. aeruginosa (Fig. 41). When 

compared to the other test plant extracts, E. deccanensis- derived nanoparticles 

showed a prominent suppression on the growth of E. coli bacteria.  

 In the case of Gram-positive bacteria, the zone of inhibition that resulted 

from the activity of silver nanoparticles ranged from 10 - 20 mm (Fig. 42).  Here 

also the activity of silver nanoparticles derived from E. deccanensis caused the 

prominent inhibition on the growth of both pathogenic bacteria E. faecalis and S. 

mutans. While the other two plant species exhibited comparable antibacterial 

activity.  

All of the plant-derived nanoparticles were found to suppress the growth of 

chosen bacterial strains in a dose-dependent manner, in both Gram-positive and 
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Gram-negative strains of bacteria. There was a discernible rise in antibacterial 

activity as concentration increased from lower to higher values. There was a positive 

correlation found between the concentration of silver nanoparticles and their 

antibacterial activity. Therefore, the derived nanoparticles' antibacterial efficacy was 

found to be dose-dependent. 

When bacteria are taken into account, the ability of silver nanoparticles to 

inhibit the growth of Gram-positive bacteria was found to be much better than the 

inhibition of the growth of Gram-negative bacteria. Methanolic plant extracts 

contain phytometabolites that function as capping and stabilising agents during the 

nanofabrication process. Additionally, they have the power to strengthen the 

antibacterial properties of the formed silver nanoparticles. Thus, it can be concluded 

that the antibacterial property observed is largely dependent on the phytometabolites 

present in the tested extracts. In addition, perhaps the most compelling explanation 

for the intense activity of nanoparticles is their extraordinary capacity to enter 

bacterial cells and kill them due to their high surface-to-volume ratio. Because of 

these plant species' strong antibacterial effects, this study found that the green 

synthesis of Ag NPs using the selected plant species is a practical method for 

stopping the spread of these pathogens. 

Table 15: The diameter of the zone of inhibition (mm) produced by plant 
extract-derived silver nanoparticles against selected Gram-positive bacteria  

Plant Species 
Zone of inhibition (mm 

Bacterial strains (Gram-positive) 

 Enterococcus faecalis Streptococcus mutans 

Concentrations of 
Ag NPs (µg/ml) 

250 500 1000 250 500 1000 

E. deccanensis 11 ± 0.2 12 ± 0.15 14 ± 0.27 12 ± 0.25 16 ± 0.35 20 ± 0.25 

E. rothiana 10 ± 0.26 11 ± 0.35 13 ± 0.26 12 ± 0.26 14 ± 0.25 17 ± 0.27 

E. thymifolia 10 ± 0.11 11 ± 0.41 13 ± 0.37 12 ± 0.29 14 ± 0.26 16 ± 0.18 
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Table 16: The diameter of the zone of inhibition (mm) produced by plant 
extract-derived silver nanoparticles against selected Gram-negative bacteria 

Plant Species 

Zone of inhibition (mm 

Bacterial strains (Gram-negative) 

Escherichia coli Pseudomonas aeruginosa 

Concentrations Ag 
NPs (µg/ml) 

250 500 1000 250 500 1000 

E. deccanensis 18 ± 0.26 18 ± 0.07 19 ± 0.21 12 ± 0.37 13 ± 0.21 13 ± 0.23 

E. rothiana 10 ± 0.34 11 ± 0.33 12 ± 0.15 10 ± 0.26 11 ± 0.37 12 ± 0.26 

E. thymifolia 11 ± 0.31 12 ± 0.15 13 ± 0.36 10 ± 0.26 11 ± 0.31 12 ± 0.10 

 

 

Fig. 42: Zone of inhibition produced by biosynthesized silver nanoparticles 
against tested Gram-positive bacteria (ED = E. deccanensis, ER = E. rothiana, 
ET = E. thymifolia) 
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Fig. 41: Zone of inhibition produced by biosynthesized silver nanoparticles 
against tested Gram-negative bacteria (ED = E. deccanensis, ER = E. rothiana, 
ET = E. thymifolia) 

b) Antifungal activity of AgNPs 

Antifungal resistance is a major public health concern, particularly in light of 

the toxicity and increasing resistance of different antifungal agents, as well as the 

limitations of antifungal treatments. In the present work, AgNPs biosynthesised from 

the three chosen plant species were tested for their ability to inhibit two strains of 

fungus such as Candida albicans and Aspergillus niger. Using the Agar disc 

diffusion method, the fungicidal property was ascertained. For this purpose, various 

concentrations, including 250, 500, and 1000 µg/ml, were extracted from the stock 

solution. The test organisms are freshly seeded onto a petriplate and the antifungals 

in the samples are allowed to diffuse out into the medium and interact with the 

organisms. Due to the confluent lawn of growth, the resulting zones of inhibition 

will be uniformly circular. Millimetres can be used to express the diameter of the 

zone of inhibition. Plates 23 and 24 displayed the inhibition zone produced by Ag 

NPs activity at various concentrations. Clotrimazole, a well-known antifungal 

medication was used as positive control. 
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The results of the current study showed that, when applied to the two tested 

fungal strains, all of the biofabricated Ag NPs demonstrated notable antifungal 

properties. Ag NPs inhibit pathogen growth in a dose-dependent manner. In addition, 

at the maximum concentration of 1000 µg/ml selected, Ag NPs synthesised from all 

plant species demonstrated significant inhibition on the chosen pathogens.  

When Ag NPs derived from E. deccanensis were used, the growth of A. niger 

and C. albicans was inhibited at concentrations of 1000 µg /ml, with corresponding 

zones of inhibition measuring 20 mm and 14 mm. Ag NPs mediated by E. rothiana 

showed similar results in terms of their antifungal properties. In this instance as 

well, the growth of A. niger was inhibited with a zone of inhibition measuring 20 

mm at the highest concentration selected, and that of C. albicans with a zone of 

inhibition measuring 14 mm. Likewise, Ag NPs synthesised from E. thymifolia 

possess fungicidal properties; when compared to C. albicans, Ag NPs significantly 

inhibit the growth of A. niger. The zone of inhibition produced at the highest 

concentration (1000 µg/ml) was measured to be 19 mm in A. niger and 16 mm in C. 

albicans, respectively. 

Table 17: Antifungal activity exhibited by Ag NPs developed from E. 
deccanensis  methanolic extract 

Sl 
No. 

Fungus 

Zone of inhibition (mm) 

Positive control 
Clotrimazole 

Concentrations of Ag NPs 

250 
(µg/ml) 

500 
(µg/ml) 

1000 
(µg/ml) 

1 A. niger 14 ± 0.51 15 ± 0.26 20 ± 0.35 21 

2 C. albicans 11 ± 0.28 12 ± 0.51 14 ± 0.26 26 

 

Table 18: Antifungal activity exhibited by Ag NPs developed from E. rothiana  
methanolic extract 

Sl 
No. 

Fungus 

Zone of inhibition (mm) 

Positive control 
Clotrimazole 

Concentrations of Ag NPs 

250 
(µg/ml) 

500 
(µg/ml) 

1000 
(µg/ml) 

1 A. niger 12 ± 0.27 14 ± 0.78 20 ± 0.78 21 

2 C. albicans 11 ± 0.26 12 ± 0.51 14 ± 0.26 26 
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Table 19:  Antifungal activity exhibited by Ag NPs developed from E. thymifolia 
methanolic extract 

Sl 
No. 

Fungus 

Zone of inhibition (mm) 

Positive control 
Clotrimazole 

Concentrations of Ag NPs 

250 
(µg/ml) 

500 
(µg/ml) 

1000 
(µg/ml) 

1 A. niger 12 ± 0.51 13 ± 0.37 19 ± 0.24 21 

2 C. albicans 11 ± 0.26 12 ± 0.41 16 ± 0.46 26 

 

 
Fig. 43: Zone of inhibition produced by silver nanoparticles biosynthesized 
from E. deccanensis against selected fungal strains  

 
Fig. 44: Zone of inhibition produced by silver nanoparticles biosynthesized 
from E. rothiana against selected fungal strains  
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Fig. 45: Zone of inhibition produced by silver nanoparticles biosynthesized 
from E. thymifolia against selected fungal strains  
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DISCUSSIONS 

 

PART I – PROFILING OF PHYTOCONSTITUENTS 

In developing nations, medicinal plants serve as the main source of 

healthcare for approximately 70 - 95 percent of the population (Heredia et al., 2022).  

Plants and non-pathogenic endophytic microorganisms living inside the plants 

produce potential chemical constituents, which are structurally diverse secondary 

metabolites. Polyphenols, flavonoids, steroidal saponins, organosulfur compounds, 

and vitamins are just a few of the many chemical entities that make up 

phytochemicals found in natural products. Dietary consumption of phytochemicals 

may promote health benefits and protect against chronic degenerative diseases like 

cancer, cardiovascular, and neurodegenerative diseases (Prakash et al., 2012).  These 

phytochemicals have a great deal of therapeutic potential for treating a wide range of 

diseases, either individually or in combination. Determining the phytochemical 

components of medicinal plants is crucial because doing so will help us understand 

their pharmacological significance and potential health risks. The current study 

primarily focuses on the assessment of the distribution of phytometabolites present 

in the chosen species of Euphorbia using qualitative phytochemical analysis as well 

as analytical techniques like GC-MS, HR LC-MS, and quantitative measurement of 

key metabolites. 

a) Qualitative screening of phytochemicals 

Since ancient times, various human illnesses have been treated using 

traditional medical knowledge. The bioactive phytochemical components of the 

plant, which have a variety of physiological effects on the human body, are what 

give the plant its medicinal value. Thus, through phytochemical screening, one could 

find various significant compounds that could serve as the foundation for 

contemporary medications to treat a variety of diseases (Sheikh et al., 2013). The 

majority of herbal medications and the products that are derived from them are 

frequently made from unrefined plant extracts, which contain a complex blend of 
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various phytochemical components. The main factors influencing the continued use 

of herbal remedies are their efficacy, accessibility, low cost, and moderately low or 

non-existent toxic properties.  Among the various species, there are significant 

differences in the chemical characteristics of these constituents. Even identical 

herbal extracts can differ depending on the harvest season, plant origin, drying 

process, and other elements (Yang et al., 2009). Since several traditional medicinal 

plants have been found to contain a variety of phytochemicals with pharmacological 

activity, it is important to look into how these plants can be used therapeutically. 

In the present study, the phytochemicals were examined using three different 

solvents to determine which one had the largest variety of metabolites using 

conventional methods and the results are tabulated in Table 5.  The visual colour 

change reaction or precipitate formation is used as the primary indicator of the 

presence of a particular phytochemical compound in all of these qualitative 

determinations. The presence of phytoconstituents such as flavonoids, terpenoids, 

phenolics, and tannins were found in all three of the examined species. It was also 

observed that all of the chosen species were completely devoid of phlobatannins. 

Flavonoids and phenols were found in the ethanolic extract of the entire E. 

thymifolia plant in a prior study by Jayaveera et al. (2010). Similar to this, in a study 

on three species of Euphorbia, a variety of phytochemicals including alkaloids, 

flavonoids, tannins, saponins, and carbohydrates were found in the methanolic 

extract of the leaves (Gapuz et al., 2018). Similarly, it was discovered that the 

leaves, stem, and fruits of E. cotinifolia contained a variety of secondary 

metabolites, including amino acids, anthraquinones, glycosides, saponins, steroids, 

polyphenols and tannins, triterpenoids and flavonoids in five different extracts, 

including ethanol, methanol, chloroform, benzene, and aqueous (Tadesse et al., 

2016).  

Because they treat illnesses without endangering people, phytochemicals are 

also known as "man-friendly medicines." Phenolic compounds and flavonoids are 

well-known natural antioxidants and are potential candidates for bioactive agents in 

the pharmaceutical and medical sectors to improve human health, prevent disease, 
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and treat various illnesses (Tungmunnithum et al., 2018). Dietary foods that are high 

in phenolics have been shown to be protective against the onset and management of 

conditions such as diabetes, cancer, osteoporosis, cardiovascular diseases, and 

neurodegenerative diseases (Mutha et al., 2021). Therefore, it is crucial to conduct a 

phytochemical analysis to assess a plant's potential as a medicine and to identify the 

active ingredients that are responsible for the known biological behaviours displayed 

by plants. Additionally, it offers the foundation for targeted compound isolation and 

the ability to carry out more exact investigations that will be used as tools for quality 

control of drugs in the future for the treatment of a variety of disease conditions. 

The type of solvent is a crucial consideration when identifying the potential 

biomolecule in plant materials. And the choice of solvent depends on a variety of 

factors, including polarity, availability, boiling point, ease of evaporation, and low 

toxicity (Nortjie et al., 2022). Based on their polarity, three solvents were chosen for 

the current study, with water being polar, methanol being semi-polar, and n-hexane 

being non-polar. It was observed that methanolic extracts of all the chosen species 

contain more compounds and produce precipitate at a higher rate than the other two. 

There have also been a lot of reports on methanolic extract that discuss a higher 

extraction yield and class of compounds. In addition, methanol has a slight 

dissolution of some non-polar compounds (Dhawan & Gupta, 2017; Akbar & 

Soekamto 2021). Although numerous solvents were employed in other Euphorbia 

species to test the suitability of those with higher phytometabolites, methanolic 

extract was found to be the most effective. As a result, the methanolic extract was 

thus considered for additional analysis. 

b) Quantitative phytochemical estimation 

 Terpenoids, phenols, and flavonoids were identified as three prominent ones 

through preliminary screening of secondary metabolites. As a result, it needs to be 

quantified so that the appropriate amount of that particular compound can be 

determined. The quality and quantity of the active phytoconstituents determine the 

therapeutic effectiveness of any medicinal plant. The relevant pharmacological 

function may be brought about by the synergistic effects of bioactive 
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phytoconstituents. The development and marketing of drugs based on medicinal 

plants and their practical and scientific value have undergone a recent trend. The 

efficacy and safety of these plant-derived products have been established for a given 

application and have undergone stringent standardisation. The precise measurement 

of phytometabolite concentrations is thus an unavoidable evil. The findings of the 

major metabolite quantification in the selected species of Euphorbia are shown in 

Figs. 10, 11 and 12. 

Because of their potent biological activity, plant phenols and flavonoids must 

be studied carefully. The secondary metabolites known as phenolic compounds are 

found in plants and share an aromatic ring with one or more hydroxyl groups. To 

date, more than 8000 organic phenolic compounds have been discovered 

(Anantharaju et al., 2016). They guard the plants from pathogens as well as abiotic 

stressors like temperature changes, water content changes, UV light exposure, and 

mineral nutrient deficiencies (Patay et al., 2016). Due to their numerous advantages 

for human health and well-being, they make up a significant portion of the average 

diet. Consuming phenolic-rich fruits and vegetables, like berries and spinach, is now 

more frequently advised (Balasundram et al., 2006). Likewise, phenolics are strong 

antioxidants and are more effective than carotenoids, vitamins E and C. Their 

capacity to donate a hydrogen atom or an electron, as well as to delocalize the 

unpaired electron within the aromatic structure, is what gives them their antioxidant 

activity. Biological molecules can also be shielded from oxidation by them. Hence, 

the precise phenol concentration must be analysed to determine the ability of the 

chosen plant species to function as an antioxidant (Fernandez-Panchon et al., 2008). 

Phenol is one of the well-known secondary metabolites found in the genus 

Euphorbia, which is also well known for having more types of isolated phenolic 

compounds, flavonoids, and terpenoids. Taib et al. (2022) studied the phenolic 

compounds of nine different species of Euphorbia that were found in northern and 

central Iraq, and they found significant amounts of phenolic compounds like 

quercetin, myricetin, kaempferol, and chlorogenic acid in all of the species that were 

part of the study. The phenolic content of Euphorbia royleana's methanol extract 
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(276.41 ± 64 mg GAE/g dry extract wt.) was found to be the highest in a recent 

study. They also mentioned the significant antioxidant potential as a result of this 

(Anees-ur-Rehman et al., 2022). Likewise, Mahomoodally et al. (2020) examined 

the total phenolic content of three different Euphorbia species, including E. 

heterophylla, E. hirta, and E. convolvuloides, using a variety of extracts including 

methanol, ethyl acetate, and aqueous. All the three species of Euphorbia's 

methanolic and aqueous extracts showed a significant amount of total phenolic 

content. Among the chosen plants, they observed that E. hirta had the highest TPC 

and displayed the highest antioxidant activity, acting as a phyto-antioxidant agent. 

Similarly, response surface methodology (RSM) was used to analyse the total 

phenolic compounds present in the leaf extract of E. tirucalli and found a significant 

amount of total phenolic content (Vuong et al., 2014).  The total phenol 

concentration of crude extracts of ethanol, ethyl acetate, water, and hexane made 

from E. tithymaloides was calculated using the Folin-Ciocalteu method and gallic 

acid as the standard. Hexane extract (10.26 ± 1.77 mg At E/g) had the highest 

overall phenolic content of the four crude extracts, followed by ethyl acetate 

(7.11 ± 0.36 mg At E/g), ethanol (6.3 ± 1.75 mg At E/g), and water (3.18 ± 0.67 mg 

At E/g)(Patil et al., 2023).  

In support of this, all three of the plant species used in the current 

investigation showed promising and significant amounts of phenols. However, the 

methanolic extract of E. rothiana (229 ± 3.11mg GAE/g DW) had the highest total 

phenol content, followed by E. deccanensis (139 ± 2.25 mg GAE/g DW) and E. 

thymifolia.  As a result, the findings point towards the presence of phenols in the 

selected species as a clue to its antioxidant properties.  

The natural substance flavonoids, which range in colour from white to 

yellow, are almost exclusively responsible for the pink and violet colour and are 

widely found in leaves, flowers, bark, grain, root, stem and seeds of a variety of 

plants, fruits and vegetables. Common sources of them include olive oil, tea, citrus 

fruits, and seeds. For a long time before their isolation, they were significant in their 

positive effects on health. There are over 4000 different types of flavonoids known. 
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They are regarded as an essential component in a wide range of nutraceutical, 

pharmaceutical, medicinal, and cosmetic applications mainly due to their ability to 

modulate important cellular enzyme functions in addition to their anti-oxidative, 

anti-inflammatory, anti-mutagenic, and anti-carcinogenic properties (Panche et al., 

2016. These substances shield plants from pathogens, herbivores, and harmful 

ultraviolet radiation. Flavonoids' chelating and antioxidant properties are thought to 

be the main causes of their positive health effects. They have a prominent 

substitution structure of hydroxyl groups, which gives them their antioxidant 

properties (Lin et al., 2016). The flavonoids function as an anti-inflammatory agent 

by obstructing a variety of enzymes, protein kinases, and transcription factors that 

are important in inflammation. While some types of flavonoids act as anti-

inflammatory agents by blocking cAMP phosphodiesterase, it is infact a crucial 

messenger molecule that controls a variety of cellular processes during inflammation 

(Guo et al., 2018).  

In the genus Euphorbia, flavonoids are widely present. The most common 

forms of these compounds are neoflavonoids, isoflavonoids, flavonol, flavanone, 

anthocyanidins, and chalcones. The pharmacological effects of the flavonoids from 

the genus Euphorbia are diverse and include antioxidant, anti-malaria, anti-urease, 

cytotoxic, DNA damage, apoptosis promoter, antiproliferative, and anti-

inflammatory properties. They have excellent therapeutic potential as a result of the 

wide variety of pharmaceutical activities Magozwi et al., 2021). From various 

species of the genus Euphorbia, a large number of flavonoids with outstanding 

medicinal value were discovered. For instance, Awaad et al. (2013) isolated four 

flavonoids from the alcoholic extract of E. cuneata that showed notable 

antiulcerogenic activity including apigenin, naringenin, 4'-O-methoxy-luteolin-7-O-

rhamnoglucoside, and aromadendrin. Among the isolated ones, 4'-O-methoxy-

luteolin-7-O-rhamnoglucoside showed scavenging potential as well. Consequently, 

it is crucial to ascertain the total flavonoid content of chosen Euphorbia species due 

to the wide range of applicability of flavonoids.  
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The results of the current study significantly demonstrated the presence of a 

noteworthy amount of flavonoid content in each of the selected Euphorbia plant 

species. Every one of the three plant species displayed a significant amount of 

flavonoids, with E. deccanensis and E. rothiana both exhibiting nearly comparable 

amounts. In the methanolic extract of E. retusa, higher antioxidant properties are 

associated with higher total flavonoid content (19.95 ± 0.96 µg QEs.mg−1 extract) 

and total phenol content (105.33 ± 7.75 µg GAE.mg−1 extract) (Lahmadi et al., 

2020).  Likewise, the highest flavonoid content in the present study's methanolic 

extracts of E. deccanenis and E. rothiana both highlight the plants' strong 

antioxidant properties. The least amount of flavonoids was observed in the 

methanolic extract of E. thymifolia. In a prior study, Sisiodiya & Srivastava (2018) 

determined the flavonoid content of E. thymifolia using the aluminium chloride 

colourimetric method. Flavonoids were present in extracts at a rate of 2.12 mg/100 

mg extract weight. Therefore, the current study unequivocally shows the presence of 

flavonoids in E. thymifolia. 

There are so many Euphorbia species that were subjected to the 

determination of flavonoid content. To obtain the best extract with the highest 

flavonoid content, four extracts were developed from the entire E. echinus plant 

using various extraction techniques, including decoction, aqueous maceration, 

methanolic maceration, and methanolic hot continuous extraction. It was found that 

compared to other extracts, those made by decoction and methanolic hot continuous 

extraction both had higher levels of total flavonoid content (Lahlou et al., 2014).   In 

a similar study, Dehghani et al. (2022) evaluated the total flavonoid content in the 

root and shoot of E. serpens using extracts of ethanol, methanol, petroleum ether, 

and dichloromethane. When comparing these solvent extracts, the methanolic extract 

of the shoot had the highest total flavonoid content (34 mg RE/g), while the 

ethanolic extract of the root had the lowest (1.204 mg q/g). Additionally, they 

observed that the plant's aerial parts contained more flavonoids than their 

underground counterpart. Thus, the aerial parts' abundant flavonoid content indicates 

a high potential for antioxidant properties. 
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Terpenoids are a prominent class of natural compounds that are present in 

numerous genera of plants, sponges, algae, and fungi. They attracted a lot of 

pharmaceutical attention in ancient times because of their wide range of medical 

applications. They defend the plants against outside threats like pathogens, 

competitors, and pathogens. Sesqui-terpenoids and monoterpenoids, in particular, act 

as pollinator attractants in flowering plants, promoting pollination (Das et al., 2022). 

Terpenoids have pharmacological advantages, such as antibacterial, anti-

inflammatory, immunoregulating properties antitumor, and antioxidative, and can be 

used to prevent cardiovascular diseases (Jeon et al., 2022). 

In the genus Euphorbia, terpenoids are found in the greatest abundance.              

The distribution of different terpenoids in the genus Euphorbia was therefore 

thoroughly documented in numerous reports. Daphnanes, jatrophane, tiglianes, 

ingenanes, myrsinols, abietanes, and cembranes are just a few of the major skeletal 

structures found in diterpenoids, which are dominant among other terpenoids due to 

their structural diversity. Furthermore, the majority of the reported diterpenoids from 

Euphorbia displayed notable pharmacological activities like anti-inflammatory, anti-

HIV, and cytotoxic properties.  For instance, the important medicinal plant E. 

maculata contains bioactive triterpenoids that are particularly effective at reducing 

inflammation (Sun et al., 2018). Natural diterpenes are extremely useful in the 

development of drugs. For instance, two of the most well-known terpene-based 

medications are the anticancer drug Taxol® and the antimalarial drug Artemisinin. A 

recent release of ingenol metabutate (picato), a diterpene isolated from E. peplus for 

the treatment of actinic keratosis has also rekindled interest in the phytochemistry of 

Euphorbia species (Kemboi et al., 2021). Therefore, terpenoid-rich medicinal plants 

play a crucial role in the treatment of cancer and other diseases. Therefore, it is 

crucial to determine the terpenoid content of the three plant species used in the 

current study.  

A recent study by Sudha & Padmini (2023) using an ethanolic extract made 

from E. hirta leaves to quantitatively determine the total terpenoid content found a 

significant amount of terpenoid of 38.59 ± 2.70 mg/gm. Likewise, in another study, 
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Basu et al. (2019) discovered that the latex extract of E. rigida contains more 

terpenoid and phenol than flavonoid content. They also mentioned that these 

phytochemicals are useful for reducing acute or chronic pain that is brought on by 

nociceptor activation, oxidative stress, and/or inflammation. In a similar manner, the 

chemical profile of latex extracted from the stem of E. peplus was examined, and it 

was discovered that there were about 13 terpenoids, which served as constitutive 

defense metabolites and showed potential antifeedant activity. Additionally, acyclic 

triterpenoid peplusol demonstrated antifungal activity (Hua et al., 2017). The total 

terpenoid content of E. thymifolia was low, supporting the low total flavonoid 

content. Only 24.12 ± 3.28 mg equivalent linalool of total terpenes are present in it. 

The other two species, in contrast, have a six-fold increase. In E. deccanensis, the 

observed terpenoid content was 135.51 ± 2.67 mg LE/g DW and in E. rothiana, it 

was 134.4 ± 3.34 mg LE/g DW.  The research thus revealed that the selected species 

possess a rich diversity of terpenoids. 

The quantitative screening revealed the prevalence and type of secondary 

metabolite distribution in the chosen species, in which all three plant species showed 

notable amounts of metabolites. However, in terms of flavonoids and terpenoids, E. 

deccanensis was observed to contain the most. The abundance of these chemical 

components in selected Euphorbia species makes them an excellent source of 

therapeutic natural products with a range of pharmacological properties. 

c) HRLC-MS Analysis 

The non-volatile and polar compounds present in the methanolic extract of 

the three chosen species of Euphorbia were identified using the analytical method 

HR LC-MS. It is a potent analysis and detection method for non-volatile compound 

observation. 

A total of 83 compounds were discovered by using liquid chromatography-

mass spectrometry on the methanolic extracts of the three Euphorbia plant species.                            

E. deccanensis among these showed a higher number of compounds (43) followed 

by E. rothiana (41), and E. thymifolia (29) respectively. Compounds are analysed in 
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the current investigation using both positive and negative ionisation modes. The list 

of compounds identified by HR LC-MS analysis was tabulated in Table 6. All three-

plant species' liquid chromatograms are shown in Fig. 13 (i, ii, iii). 

Flavonoids are the most significant class of compounds that were observed 

in appreciable numbers in all three extracts chosen. There were 17 flavonoids in 

total, of which 10 compounds were detected in E. deccanensis, 7 compounds 

detected in E. rothiana, and 6 compounds noted in E. thymifolia. The flavonoid, 

Rhamnazin 3- sophoroside with an RT value of 14.89 was common in all three plant 

extracts. The next class of compound found in the extracts was phenolic compounds, 

which consist of 10 compounds. Comparing the three plant extracts, E. rothiana 

showed more phenolic compounds. All three plant extracts showed the presence of 

gallic acid, a potent phenolic compound. In selected plant species, terpenoids are 

also prominently observed. Six terpenoids in total were identified, with triterpenoids 

standing out the most. All of the identified terpenoids were found in the methanolic 

extract of E. deccanensis. On the other hand, E. thymifolia do not have any 

terpenoids present in them. In methanolic extracts of both E. deccanensis and E. 

rothiana, an important diterpenoid euphornin, found in many other species of 

Euphorbia, was found. Quinic acid, a cyclohexane carboxylic acid with a molecular 

mass of 192.0622, was the first compound to be eluted. It was found in the 

methanolic extract of both E. rothiana and E. thymifolia. The last eluted compound 

was 25-Methylgramisterol, a steroid found in the methanolic extract of E. thymifolia. 

Rutin, a common dietary flavonoid, has drawn a lot of attention in literature 

because of its pharmacological properties, which include antimicrobial, anti-

inflammatory, anticancer, and antidiabetic effects. This compound is abundantly 

found in a number of foods and beverages, including wine and black tea, as well as 

berries, peaches, plums, tomatoes, onions, oranges, lemons, grapes, and limes. A 

significant source of natural rutin is reported to be buckwheat from the 

Polygonaceae family (Gullon et al., 2017). It has immense potential to act as a 

powerful inhibitor of the main protease (Mpro) of the SARS-CoV-2 (COVID-19) 

virus and prevent the spread of viral replications. The binding of rutin with Mpro 
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was studied using molecular dynamics simulation and docking studies, which 

showed promise for the drug's future use. Furthermore, traditional viral medications 

that contain this compound were prescribed to patients infected with mild COVID-

19 symptoms in China (Agrawal et al.,2021).  This gives an insight into the 

compound's potential as a repurposed bioactive metabolite against SAR-CoV-2.  

Likewise, the review of the biological properties of this compound demonstrated its 

anticancer potential, which suggested that it might be achieved by reducing cell 

growth, triggering apoptosis, and preventing angiogenesis and metastasis. This 

compound could stop the growth of cancer cells at a number of cell cycle 

checkpoints, including the G1, G2/M, and S phases. This substance did this by 

altering cell cycle regulatory proteins like cyclins, CDKs, and CDK inhibitors, 

which are involved in controlling cell cycle progression. Thus, the compound can be 

used as an alternative cancer treatment (Farha et al., 2022). In addition, the 

molecular mechanisms underlying this compound's anticancer potential and its 

ability to control numerous cellular signalling pathways, including p53, PI3K/Akt, 

JAK/STAT, MAPK, NF-κB signalling, Wnt/-catenin, and p53-independent 

pathways, were determined (Imani et al., 2021). Hence, this phytochemical present 

in E. rothiana is a potent one in respect of cancer studies.  

The natural flavonoid quercetin was abundant in edible vegetables and fruits. 

Because of its health benefits, quercetin was consumed in large quantities on a daily 

basis in the Western diet. They were used to prevent a variety of chronic diseases, 

including cardiovascular and neurodegenerative diseases, as well as cancer (Lesjak 

et al., 2018). It has anticancer activity by inducing cell apoptosis through inhibiting 

Bcl-2 and Bcl-xL proteins, which are important apoptosis regulators (Primikyri et 

al., 2014). Some of the proven bioactivities of this compound include antioxidant, 

anticancer, antiaging, antiviral, and anti-inflammatory properties (Wang et al., 2022). 

It has chemo-preventive activity against several types of cancer, including blood, 

lung, and prostate cancer. In addition, it exhibited anti-inflammatory properties by 

decreasing the level of Cox-2 (Lotfi et al., 2023). 
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Myricetin is a natural flavonoid found in fruits, vegetables, tea, and 

medicinal plants. From the standpoint of cancer, it works by modulating 

angiogenesis, inflammation, cell cycle arrest, and induction of apoptosis. In 

addition, cancer prevention was achieved by inhibiting inflammatory markers such 

as inducible nitric oxide synthase (iNOS) and cyclooxygenase-2 (Cox-2) (Rahmani 

et al., 2023). The compound was capable of improving antioxidant status in cancer 

cells (Agraharam et al., 2022). Other medicinal potentialities of this compound 

include antiobesity, antidiabetic, cardiovascular protection, osteoporosis protection, 

anti-inflammatory, and hepatoprotective activity (Imran et al., 2021). Only E. 

deccanensis contains this compound. Previous reports on LC-MS analysis of E. 

peplus revealed the presence of myricetin. Myricitrin is another flavonoid compound 

found in E. deccanensis and E. thymifolia. This compound was also detected in E. 

hirta recently (Nugroho et al., 2020). The compound has a variety of biological 

activities, including sedation, myorelaxation, and analgesia. Similarly, the 

compound's potential anxiolytic effect was also noteworthy (Fernandez et al., 2009).  

Natural flavonoid kaempferol is widely found in genera like Camellia, 

Delphinium, and Citrus. It is widely present in a variety of foods and beverages, 

including teas, apples, broccoli, citrus fruits, strawberries, beans and onions. It was 

observed that the compound had hepatoprotective properties against alcohol-induced 

liver damage in mice by inhibiting the important microsomal enzyme cytochrome 

2E1 (CYP2E1) and by boosting the function of the body's antioxidant defence 

system (Wang et al., 2015). The compound's antioxidant ability to neutralise DPPH 

and ABTS radicals was documented by Wang et al. (2018). This compound has 

proven cardioprotective, renoprotective, gastroprotective, anti-diabetic, anti-arthritic, 

and neuroprotective properties (Periferakis et al., 2022). Thus, the formulation of 

effective and secure nutraceutical products can make use of this compound's 

multitarget and multi-effect action mode (Bangar et al., 2022). Kaempferol’s 

promising anti-cancer activity has been reported in earlier studies against a variety 

of cancer cell lines, including those from the colon, ovary, pancreas, stomach, and 

bladder.  By preventing cell growth and inducing apoptosis, this compound slows 

the growth of bladder cancer tumours (Dang et al., 2015). Likewise, in breast cancer 
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cells, kaempferol was able to downregulate the expression of bcl2 proteins, causing 

apoptosis and thus inhibiting cell proliferation (Yi et al., 2016). In addition, 

kaempferol along with other fruit peel polyphenols including myricetin, rutin and 

quercetin exhibited excellent activity against breast cancer cell lines of MCF-7 and 

MDA-MB-231 (Yasuda et al., 2017). In the current study, E. deccanensis extract 

demonstrated excellent anticancer activity against MCF-7 breast cancer cell lines by 

inducing apoptosis, which might be because of the impact of kaempferol present in 

it. 

Euphornin, a diterpenoid, was found in both E. deccanensis and E. rothiana. 

This substance was initially discovered in the related plant E. helioscopia. Previous 

reports mentioned the compound’s capacity to induce apoptosis and cell cycle arrest 

at the G2/M phase in order to inhibit the proliferation of human cervical 

adenocarcinoma HeLa cells (Li et al., 2018). Additionally, significant cytotoxic 

activity exhibited by euphornin against mice lung adenocarcinoma cells (LA795) 

was also investigated (Chen et al., 2012). 

Gallic acid, a tri-phenolic substance that is found in nature and has a low 

molecular weight, has been found to be a powerful apoptosis inducer. It can be 

found in plants in the form of hydrolysable tannins, free acids, esters, catechin 

derivatives, and esters. It offers effective defence against oxidative damage brought 

on by reactive species frequently found in biological systems, such as hydroxyl, 

superoxide, and peroxyl, as well as the non-radicals hydrogen peroxide and 

hypochlorous acid (Badhani et al., 2015). Therefore, gallic acid's ability to act as an 

antioxidant is one of its most notable activity. In the current study, gallic acid was 

detected in the methanolic extract of all three plant species using HR LC-MS 

analysis. These findings suggest that the presence of gallic acid in selected species 

might be responsible for their high antioxidant potential, which was discovered 

during studies on free radical quenching.  It has strong antioxidant activity in 

addition to antimicrobial, antiulcer, anti-inflammatory, anticancer, and anti-HIV 

properties.  It also serves as a precursor in the manufacturing of the antibiotic 

trimethoprim. Additionally, it is used as a preservative to prevent the oxidation of 
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foods and beverages due to its ability to quench free radicals (Pal et al., 2018; 

Wianowska & Olszowy-Tomczyk, 2023). For example, during the ensiling of 

Moringa oleifera leaves, a recent study by He et al. (2020) demonstrated the 

effectiveness of gallic acid in improving protein preservation and antioxidant 

capacity. 

In-depth research has been done by Bai et al. (2021) on gallic acid's role in 

inflammation-related diseases and its potential use as an anti-inflammatory agent. 

They emphasised that the role of gallic acid was to inhibit NF- κB and MAPK 

signalling pathways, which in turn inhibited the release of inflammatory mediators 

like COX-2 and NO as well as inflammatory factors like TNF- and IL-1/6. 

Additionally, it reduces inflammatory cell infiltration, which enhances the 

inflammatory response. Consequently, it lessens the inflammatory response by 

decreasing the release of inflammatory cytokines, chemokines, adhesion molecules, 

and cell infiltration. This is consistent with the current research, in which methanolic 

extract of E. deccanensis inhibited the inflammatory enzymes Cox, Lox and iNOS 

on LPS-induced RAW 264.7 cells, exhibiting significant anti-inflammatory activity. 

The decrease in Cox-2 enzyme level measured using the ELISA technique further 

supported this. Enzymes such as Cox-2 and iNOS are both controlled by the NF-κB 

pathway, one of the major signalling pathways involved in inflammation. Therefore, 

the decrease in these two enzymes lends credence to the idea that the plant extract 

inhibits the NF-κB signalling pathway. Here, the plant extract's observed anti-

inflammatory potential might be due to the presence of gallic acid along with other 

phytoconstituents. 

 Gentisic acid, a phenolic acid initially isolated from the root of the genus 

Gentiana, was present in the extracts of E. rothiana and E. thymifolia. Many plants, 

including gentian, batoko plum, kiwi, grapes, citrus, apple, and bitter melon, 

commonly contain gallic acid. This compound has positive effects on human health, 

including antimicrobial, anti-inflammatory, hepatoprotective, and neuroprotective 

effects, with antioxidant properties predominating among them (Abedi et al., 2020). 

In addition, it has high cell proliferation activity and the ability to heal wounds.  It 
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displayed greater healing activity when compared to allantoin, a positive control. 

Additionally, gentisic acid therapy may promote cell division.  By examining 

proteins involved in the mitogen-activated protein (MAP) kinase signalling pathway 

using Western blot analysis, it can be determined that gentisic acid treatment 

increases the phosphorylation of ERK1/2, which in turn promotes cell proliferation 

(Kim et al. (2020). Due to its ability to heal wounds, gentisic acid, which is derived 

from Alchornea cordifolia plant extract, has been used as a traditional medicine in 

Africa (Mechchate et al., 2021). 

Cryptochlorogenic acid isolated from Ageratina adenophora was found to 

have anti-inflammatory properties by preventing NF-κB protein phosphorylation 

(Ma et al., 2022). Likewise, the compound had anti-inflammatory activity on LPS-

induced RAW264.7 cells by inhibiting NF-κB activation and MAPK 

phosphorylation (Zhao et al (2020). Hence, the compound has the potential to be a 

therapeutic agent for the management of inflammation. In the current study, only E. 

rothiana was found to possess the compound. 

Caffeic acid is a phenolic acid eluted from E. rothaina. The effectiveness of 

the compound in preventing premature ageing and boosting collagen production has 

been noted in the review on the potential use of this compound in medication. The 

compound also has antimicrobial, antioxidant, and anticancer properties against oral 

and colon cancer (Magnani et al., 2014). This compound exhibits activity against a 

significant form of cancer, hepatocarcinoma, which is thought to be causing 

significant mortality worldwide. It accomplishes this by preventing the excessive 

production of ROS, promoting angiogenesis, and aiding in the DNA oxidation-

mediated death of tumour cells (Espíndola et al., 2019).  

Extracts of Euphorbia rothiana and E. thymifolia contain quinic acid. 

Several medicinal plants contain this cyclohexane carboxylic acid. The reported 

bioactivities of this substance include antioxidant, anti-diabetic, anti-cancer, anti-

microbial, antiviral, and analgesic effects (Benali et al., 2022).  Quinic acid was also 

noted for its antibacterial properties. The compound showed significant antibacterial 

activity and acted as an antibiofilm agent against clinically resistant Pseudomonas 
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aeruginosa and associated infections by controlling the transcription of specific 

target genes (Lu et al., 2021). 

Ellagic acid, identified in the methanolic extract of both E. rothiana and E. 

thymifolia, is a polyphenolic compound found in a wide range of plant species. This 

compound is found in other Euphorbia species such as E. antisyphilitica, E. hirta, 

and E. hylonoma (Ascacio-Valdés et al., 2010; Mekam et al., 2019; Guo et al., 

2011). The potential of this compound to inhibit microbes such as bacteria, viruses, 

and fungi has been highlighted in a review of its applications. Anti-inflammatory, 

hepato- and cardioprotective, chemopreventive, neuroprotective, anti-diabetic, 

gastroprotective, antihyperlipidemic, and antidepressant-like properties are also 

demonstrated by the compound (Evtyugin et al., 2020). When administered to mice, 

the compound showed anti-arthritic activity by upregulating anti-inflammatory 

cytokines and downregulating pro-inflammatory cytokines (Allam et al., 2016). In 

addition, ellagic acid significantly inhibited the growth of breast cancer cell lines. A 

crucial enzyme involved in the development of cancer, cyclin-dependent kinase, was 

expressed less when the compound was present. Thus, the compound's quality was 

further improved by its inhibitory effect on breast cancer cell lines (Yousuf et al., 

2020).  Another study discovered that ellagic acid has the potential to inhibit lung 

cancer cell proliferation. The ability to inhibit tumour growth by reducing cell 

growth, inducing apoptosis, and damaging mitochondria revealed its anticancer 

properties (Duan et al., 2020). According to Chen et al. (2015), ellagic acid causes 

cell cycle arrest at G0/G1 phase, inhibits MCF-7 breast cancer cell proliferation, and 

induces apoptosis in cancer cells. 

Isodiospyrin, a dimeric naphthoquinone was detected in the extracts of all 

three plant species chosen for the current investigation. This compound has potent 

antibacterial activity against a wide range of bacteria (Adeniyi et al., 2000) and was 

found to have significant cytotoxic effects (Kuo et al., 1997). Isodiospyrin's role in 

preventing human DNA topoisomerase I activity was also noted by Ting et al. 

(2003). 



Discussion 

 183

Only the methanolic extract of E. deccanensis contained triterpenoid beta-

boswellic acid acetate. Zhao et al. (2003) reported that this compound can cause 

fibrosarcoma and metastatic melanoma cells to undergo apoptosis and 

differentiation. Similar characteristics of this phytoconstituent were found in 

leukaemia cell lines (Jing et al., 1999). E. thymifolia contains the flavonoid 

guajavarin. The compound, which was previously isolated from Psidium guajava, is 

a powerful inhibitor of Streptococcus mutans growth (Prabu et al., 2006). 

In addition to the aforementioned phytoconstituents, the chosen plant species 

also contained numerous steroids, tannins, coumarins, and fatty acids. This extensive 

collection of non-volatile phytocompounds revealed through HR LC-MS analysis 

showed significant biological properties.  Therefore, the presence of these 

compounds and their potential benefits helped to highlight the importance of using 

the selected Euphorbia species for bioactivity screening. 

d) GC-MS analysis 

One of the best methods for identifying non-volatile compounds is GC-MS, 

which combines the abilities of mass spectrometry and gas chromatography to 

separate chemical mixtures and identify each of their constituents. It is an effective 

way to gain comprehensive knowledge of the low-molecular-weight 

phytoconstituents. In the present study, the bioactive volatile phytoconstituents 

present in the chosen Euphorbia species were discovered through the analysis of 

them using gas chromatography-mass spectrometry.  

The analysis revealed a total of 21 phytocompounds, with Euphorbia 

thymifolia showing higher compounds. While Euphorbia deccanensis and E. 

rothiana displayed six compounds in each sample. The retention time for the first 

compound eluted was 4.169, and the retention time for the last compound eluted was 

30.692 (Table 7). Alkanes and hydrocarbons were the predominant class of 

compounds identified by this analysis. No compound was found to be as prevalent in 

the three plants. But O-decyl hydroxylamine was observed in E. rothiana and E. 

deccanensis, both of which had a peak area percentage of 24.2 and 15.76, 
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respectively. The peak with the highest area percentage was found in E. thymifolia 

and measured 67.5% for 1,2,3-Benzenetriol, a o phenolic compound. 

1,2,3-Benzenetriol, commonly known as pyrogallic acid, was the highly 

intensified phytoconstituent noted in E. thymifolia at a retention time (RT) of 

12.495. A variety of edible plant species, including fruit peel, vegetables, nuts, and 

medicinal plants, contain the compound pyrogallol. Due to its powerful quenching 

property, pyrogallol consumption helps to prevent oxidative damage to proteins, 

nucleic acids, and lipids. It also provides protection from a variety of diseases, such 

as cardiovascular, autoimmune, and brain disorders like Alzheimer's and Parkinson's 

disease (Gupta et al., 2021).  Its presence could increase the value of this species 

across a range of industries, particularly in the food industry. Yang et al. (2019) 

reported on both its antioxidant activity and its use as an antioxidant agent.  Mendes 

et al. (2015) made a similar observation regarding yeast's resistance to oxidative 

stress as a result of the presence of pyrogallol in them. Pyrogallol was well known 

for having potent anti-inflammatory and anti-cancer properties. Through in vivo 

studies, Revathi et al. (2019) identified the compound's anti-colon cancer activity. 

Additionally, by blocking the AKT and PI3K signalling pathways and inducing cell 

cycle arrest at S-phase, pyrogallol exerts antitumor activity against hepatocellular 

carcinoma cells (Ahn et al., 2019)). Additionally, the pyrogallol present in 

Phyllanthus emblica demonstrated anticancer activity against gastric and lung 

cancer cell lines (Zhao et al., 2015). Because the compound has antibacterial and 

antioxidant activities, it has been used to treat a variety of microbial diseases 

(Ehaimir et al., 2023).  

Palmitic acid, which is extremely abundant in the human body and can be 

obtained through food or produced internally through de novo lipogenesis, was one 

of the most studied saturated fatty acids from the perspective of cancer (Carta et al., 

2017). Palmitic acid has emerged as a potent anticancer agent against a variety of 

malignancies, including colorectal, cervical, breast, and gastric cancer. Through the 

inhibition of tumour cell proliferation and apoptosis induction, it exhibited antitumor 

activity (Wang et al., 2023). The compound was found to be cytotoxic to the MCF-7 



Discussion 

 185

cell line based on the observation of the drop in viable cells. The DAPI staining 

method was used to identify the relevant apoptotic mechanism and noted that in 

contrast to the anti-apoptotic protein Bcl-2, the expression of apoptosis-related 

proteins caspase-3, 9, Bax, and p53 was found to be upregulated by palmitic acid 

(Zafaryab et al., 2019). Through controlling the STAT-3 signalling pathway, palmitic 

acid has been found to significantly reduce the risk of gastric cancer (Yu et al., 

2023). In a similar manner, Zhu et al. (2021) reported the anticancer property of the 

compound against prostate cancer. The anticancer property was accomplished 

through G1 phase arrest, which also includes the inhibition of the crucial molecules 

of the PI3K/AKT pathway to stop the spread of prostate cancer. The presence of 

palmitic acid was discovered through GC-MS analysis of Kigelia pinnata leaves, 

which also demonstrated significant anticancer effects against HCT-116 cells with an 

IC50 value of 0.8 µg ml-1 (Ravi & Krishnan, 2017). Thus, the compound's 

cytotoxicity was established. By increasing the expression of C-reactive protein, 

tumour necrosis factor and inducible nitric oxide synthase, palmitic acid has been 

shown to have pro-inflammatory effects on vascular smooth muscle cells (Wu et al., 

2014).  Aparna et al. (2012) looked into the potential role of the naturally occurring 

dietary fatty acid palmitic acid in acting as an anti-inflammatory agent. They learned 

that palmitic acid was a competitive inhibitor of phospholipase A2, which is one 

way to control inflammation. This validates the significance of using medicated oil 

rich in palmitic acid for treating rheumatism in India's traditional Ayurvedic 

medicine. Similarly, palmitic acid isolated from Pentanisia prunelloides, whose 

presence in the plant was discovered using GC-MS technology, displayed significant 

antibacterial activity against both Gram-negative and Gram-positive bacteria. This 

supports the view held by Zulu traditional medicine that this plant has the ability to 

effectively treat bacterial and viral infections, inflammation, and stimulate uterine 

contraction (Yff et al., 2002). Previous reports suggested that several other 

Euphorbia species, including E. hirta and E. milii, contained palmitic acid (Rautela 

et al., 2020). With a peak area percentage of 33.03, palmitic acid was discovered to 

be the primary component in E. thymifolia (Prasad & Bisht, 2011). In the present 
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study, however, palmitic acid was only discovered in the methanolic extract of E. 

thymifolia, which had a peak area percentage of 4.64. 

Euphorbia plants are a plentiful source of latex and hydrocarbons (Jassbi, 

2006). Different types of hydrocarbons have been found in various Euphorbia 

species. For instance, the quantification of hydrocarbons found in E. macroclada 

revealed the presence of potent hydrocarbons (Özcan & Özcan, 2004). In a study on 

the hydrocarbons found in the genus Euphorbia, from Nigeria, using GC-MS 

analysis, it was found that aliphatic hydrocarbons were present in many of the 

species (Ekeke & Ndukwu, 2014). O-decyl hydroxylamine is an important 

hydrocarbon found in many plant species. In the present study, it was the only 

volatile compound discovered to be prevalent in both the methanolic extract of E. 

deccanensis and E. rothiana. The presence of this compound was detected as the 

major volatile component in the hexane fraction of Rock Jasmine, with a peak area 

percentage of 30 (Zaheer et al., 2021).  The cytotoxic, antileishmanial and 

immunomodulatory potential of the compound was determined by Okokon et al. 

(2012).  In an attempt to analyse the various phytochemical compounds produced by 

endophytic fungi derived from the aquatic plant Nelumbo nucifera, Techaoei et al. 

(2020) discovered the presence of the compound, O-decyl hydroxylamine. They also 

discovered that the compound has significant antibacterial activity along with other 

phytoconstituents.  

The main volatile plant component identified in the methanolic extract of              

E. deccanensis was the alkane, decane. It was resolved at 6.025 retention time with a 

peak area percentage of 35.80. The decane was identified as one of the prominent 

phytocompounds with a peak area percentage of 8.96 by Khan & Javaid (2021) after 

conducting a GC-MS analysis of the chloroform fraction of neem leaves. Similarly, 

GC-MS analysis of the Mediterranean aroma plant Foeniculum vulgare, which is 

used for antimicrobial, anti-fungal, and favouring applications, revealed decane as 

the major compound (Bahreini et al., 2015). Given that microalgae are currently 

viewed as one of the promising alternatives to producing biodiesel, the Chlorella 

species were treated with phytohormones like indole-3-butyric acid in order to 
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enhance the lipid oil formation within them. The GC-MS analysis of lipid oil 

revealed the distribution of decane, ethylbenzene, and o-xylene as significant 

compounds for the production of biofuels (Bhuyar et al., 2020). Decane found in 

seagrass and marine red seaweed, has recently come to light as having antioxidant 

and antibacterial properties (Das et al., 2023).  

The dihydropyranone, 2,3-dihydro-3,5-dihydroxy-6-methyl-4H-pyran-4-one 

(DDMP), with a retention time of 6.975 is present in the methanolic extract of E. 

thymifolia. The complete absence of this compound is noted in the methanolic 

extract of the other two species selected. It was produced during the Maillard 

reaction's intermediary phase. From powdered orange juice kept in storage, DDMP 

was first discovered. It was also found in foods like prunes, roasted tigernut oil, 

wheat bread, and natural extract (Chen et al., 2021). DDMP was made from maltose 

rather than glucose to determine whether it has a bitter taste or not, and it was found 

to be tasteless (Chen et al., 2021). The GC-MS analysis of Vitex negundo leaves 

revealed the presence of DDMP in them (Kumar et al., 2010). The antioxidant 

potential of this substance has been mentioned in numerous earlier reports.   Due to 

the presence of the compound, Echovská et al. (2011) noted the antioxidant potential 

of plums and prunes.  Similarly, Yu et al. (2013) examined this substance as a potent 

antioxidant in glucose-histidine Maillard reaction products. This compound, isolated 

from culture supernatants of Lactobacillus pentosus Strain S-PT84, has been shown 

to stimulate autonomic nerve activity in rats (Beppu et al., 2012). In addition, 

cadmium chloride-induced male reproductive toxicity in Wistar rats was lessened by 

the protective properties of DDMP found in the medicinal plant Plukenetia 

conophora. Thus, it strengthens the notion that Plukenetia conophora is a fertility-

promoting plant used in Nigerian traditional medicine (Olaniyan et al., 2018). By 

using the headspace solid-phase microextraction with gas chromatography-tandem 

mass spectrometry (HS-SPME-GC-MS/MS) method, the amount of DDMP present 

in five cultivars of baked red jujube, one of the common food ingredients used to 

enrich the nutritional value and enhance the aroma, was quantitatively measured. 

The DDMP content measured ranged from 4.55 to 46.50 µg/g (Qiao et al., 2022). 

The antifungal activity of DDMP isolated from Schizophyllum commune was 
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discovered by Teoh & Mashitah (2016). They identified DDMP as a promising 

antifungal alternative with long-term effectiveness against fungal attack on 

rubberwood. When made from Pavetta crassicaulis fruit extract, DDMP showed 

potent anti-inflammatory properties. The compound’s ability to reduce inflammation 

was thus demonstrated (Ashwathanarayana & Naika 2018). 

The methanolic extract of E. thymifolia contains the compound 

desulphosinigrin, a glucosinolate with a peak area percentage of 2.73. It had a 

retention time of 17.859 when eluted. The presence of this compound has been 

previously identified in the other two species of the same genus under investigation, 

E. lathyrus and E. hirta, in their respective methanolic seed extracts and ethyl 

acetate leaf extracts (Sosa et al., 2016; Sudhan et al., 2021). Additionally, its 

occurrence was noted in a number of plant species, including the methanolic extract 

of Descurainia sophia (Sadegh et al., 2022) and the ethanol stem bark extract of 

Trilepisium madagascariense (Olajuyigbe et al., 2018). Desulphosinigrin, which was 

discovered by GC-MS, was extracted from the seeds of Soymida febrifuga and used 

as a ligand to investigate its inhibitory activity towards cyclin-dependent kinase 

through docking and simulation studies. The observed ability of the compound to 

inhibit cyclin-dependent kinase 2 significantly increases its anticancer potency. 

Desulphosinigrin could therefore be used as the best therapeutic drug for the 

treatment of cancer (Krishnaveni, 2015). In the same way, Sari et al. (2023) 

investigated bioactive substances like desulphosinigrin and chimanine D using 

molecular dynamics simulations to highlight their importance as anti-diabetic 

agents. They noticed that both compounds had the same drug-like properties in their 

ability to inhibit alpha-glucosidase activity. Moreover, Sophia et al. (2021) noted the 

ability of this compound to act as an anti-inflammatory agent. The presence of the 

compound desulphosinigrin in the M. malabathricum leaves' ethanolic extract was 

discovered by GC-MS, and these compounds showed potential use in issues related 

to inflammation. Among the 12 isolated compounds, desulphosinigrin was identified 

as one of the principal phytocompounds with strong anti-inflammatory activity. It 

accomplished this by preventing the secretory phospholipase A2 enzyme from 

working properly, which is crucial for promoting inflammation. 
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There was a 9.78 peak area percentage of (1-methyl dodecyl)-benzene in the 

methanolic extract of E. deccanensis. It was also discovered in Marine Angiosperms 

Enhalus acoroides, where it reached a peak area of 4.43% (Selvam et al., 2022). It 

was also discovered to be a significant compound in the fixed oil of Cucumis melo 

seed. It is a known anti-inflammatory agent because it lowers proinflammatory 

cytokines like interleukin-6 (IL-6) and tumour necrosis factor-alpha (TNF-α). 

Antimicrobial and immunomodulatory activities are just two of this compound's 

many functions (El-anssary et al., 2021). 

The number of compounds discovered through GC-MS analysis was 

discovered to be lower than that of HR LC-MS analysis. Nevertheless, the eluted 

compound, which belonged to various classes, displayed notable bioactivities. Even 

though the quantity and number of compounds were found to be extremely low, they 

may have made a significant contribution to the various bioactivities noted in the 

current investigation, such as free radical scavenging, antiproliferative efficacy, and 

anti-inflammation potential. Thus, the phytoconstituents eluted by the GC-MS 

analysis further validate the importance of the chosen species' traditional value. 

PART II- BIOACTIVITY SCREENING 

A) Antioxidant activities 

All living things require oxygen, which is found in the triplet state. Although 

it has weak reactivity, oxygen can produce a number of highly reactive and 

aggressive particles, including the singlet state superoxide anion (O2-), oxygen 

(1O2), hydroxyl radicals (OH), hydroperoxides (H2O2), a number of different 

alkoxyl radicals (LO-), and peroxide (LO2- ). Free radicals, also known as reactive 

oxygen species (ROS), are highly reactive and have unpaired electrons (Pande & 

Chanda, 2020). Free radicals and antioxidants in the body are in an unbalanced state, 

which causes oxidative stress and may harm cells and tissues. More than 100 

diseases, including cancer, hypertension, diabetes, neurodegenerative disorders, and 

aging, have been found to be linked to oxidative stress (Islam, 2017). 
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Antioxidants are molecules that are necessary for avoiding the harmful 

effects of reactive oxygen species. They are the primary factors that can maintain the 

balance between oxidation and antioxidation, thereby ensuring system smoothness. 

Exogenous and endogenous antioxidants both play important roles in neutralising 

the effects of free radicals by scavenging free radical scavengers, preventing the 

radical chain reaction of oxidation, and inhibiting the oxidation process. 

Antioxidants can be both synthetic and natural. Synthetic antioxidants include 

butylated hydroxyanisol (BHA), butylated hydroxytoluene (BHT), 

tertbutylhydroquinone (TBHQ), 2-tert-butyl-4-methylphenol (TBMP), and propyl 

gallate (PG). However, some synthetic antioxidants have reportedly been linked to 

health risks for people (Monika et al., 2016). 

Plants have historically been a significant source of natural antioxidants. It is 

noted that roughly two-thirds of plants in the world have their own medicinal 

properties, the majority of which have been noted to have strong antioxidant 

potential (Krishnaiah et al., 2011). There have been Ayurvedic formulations of some 

Rasayanas with clear antioxidant properties (Gupta & Sharma, 2006). BHA, one of 

the synthetic antioxidants, is not as effective as some plant-derived antioxidants like 

carnosol, rosmariquinone, rosmanol, and androsmaridiphenol (Carvalho et al., 

2005). Hence, the demand for natural antioxidants is rising as a result of their 

widespread use and high therapeutic efficacy with few side effects.  

The effectiveness of substances with antioxidant activity is supposed to be 

assessed through a variety of in vitro assays. Conducting in vitro antioxidant tests by 

trapping dangerous radicals is a quick, easy, and affordable procedure (Romulo, 

2020). Additionally, because it is challenging to fully compare one method with that 

of the other method, it is not possible to estimate the antioxidant potential of a test 

sample based on a single antioxidant test model. The antioxidant properties are 

therefore assessed using a variety of invitro antioxidant test methods. Therefore, five 

different assays were used in the current study to evaluate the antioxidant activity of 

the selected species, including the DPPH scavenging assay, the hydroxyl radical 

assay, the nitric oxide assay, the superoxide assay, and the ABTS scavenging assay. 
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DPPH radical scavenging ability is a milestone in assessing the antioxidant 

potential of isolated compounds or crude extracts of plants. It is a reliable and easy 

method to check antioxidant properties (Ul-Haq et al., 2012). This assay provides 

insightful data regarding the antioxidant activity of plant extracts. Numerous studies 

have examined the DPPH antioxidant capacity of plant extracts and what they might 

mean for health benefits. This method can be used to measure antioxidants present 

in complex biological systems, for instance, in either solid or liquid samples, such as 

fruit juices, vegetables, milk, and edible seed oils (Kedare & Singh, 2011). 

The antioxidant assay conducted in vitro using the DPPH method is based on 

the observation that the DPPH solution, which is typically violet or purple, is 

converted by the antioxidants' scavenging power into the yellow-coloured product 

diphenyl picryl hydrazine. Hence, antioxidants are necessary for this method 

because they quench DPPH and lessen its coloration. Additionally, because this 

assay only needs a short amount of time, this analysis has been used very effectively 

to predict scavenging ability (Rahman et al., 2015). The peak absorbance of the 

DPPH radical occurs at 517 nm. Any substance that can scavenge DPPH reduces 

this wavelength's absorbance (Karagöz et al., 2015). DPPH's absorbance at 517 nm 

was noted in the current study. In this instance, a decrease in absorbance at 517 nm 

was observed as the concentration of test compounds was increased from 12.5 to 

100 µg/ml, indicating that the DPPH radical was being inhibited by the activity of 

antioxidant molecules present in the chosen plant extract. Since all of the chosen 

species have the ability to donate hydrogen, which is necessary for the reduction of 

DPPH, the methanolic extracts of the selected species of Euphorbia showed 

significant potency to inhibit the DPPH radical in a dose-dependent manner. 

E. deccanensis showed the highest percentage of inhibition (81.17%) at the 

highest concentration taken among all the concentrations. When E. trigona's 

methanolic extract of (stem) was used, it showed strong antiradical activity against 

DPPH with an inhibition percentage of 83.25% at 300 µg/ml by the studies of Salar 

et al. (2015). Additionally, they noted that an ascorbic acid standard used in their 

study was found to have an inhibition percentage of 81.30% at 300 µg/ml. This 
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inhibition percentage was discovered to be comparable to the inhibition percentage 

of E. deccanensis noted in the current study, which further strongly supports the 

high potential of scavenging activity of E. deccanensis. 

When IC50 values were taken into account, each of the three chosen species 

displayed a value that was close to the value of the standard. E. deccanensis, 

however, displayed more similar values than the other two when compared. Previous 

research by Kamalanathan et al. (2015) discovered that the methanolic extract of E. 

fusiformis, one of the closely related species for the current study, demonstrated 

significant DPPH quenching ability with an IC50 value of 48.99 ± 1.06 µg/ml, which 

was roughly similar to the IC50 values of all the selected species. So, it was 

highlighted that selected Euphorbia species had significant scavenging potential. 

Previous studies on various Euphorbia species have demonstrated their 

capacity to scavenge free radicals and subsequently serve as antioxidants. The 

dichloromethane and methanol extracts of the aerial and root parts of Euphorbia 

milli showed a significant ability to scavenge DPPH (Saleem et al., 2019). It was 

also demonstrated that E. helioscopia has enormous DPPH scavenging potential, 

with an IC50 value of 0.06 ± 0.02 mg/ml (Mustafa et al., 2021).  

The distribution of phenolic compounds and flavonoids, which occur 

naturally in plants, is mainly attributed to their antioxidant properties (Ilahi et al., 

2013).    In support of this, it was found that E. deccanensis had the highest levels of 

flavonoid and phenolic content when total phenolic and flavonoid content were 

estimated for the selected species. The total content of both these flavonoid and 

phenolic compounds and their scavenging potential are positively correlated. A 

similar trend was discovered by Sasikuma et al. (2020) in their studies, which 

correlated the total phenolic content of the test samples with the ability of the 

extracts to inhibit DPPH. Additionally, Tantary et al. (2017) observed this 

relationship between the total phenolic content derived from E. wallichii and the 

different extracts' capacity to scavenge free radicals. They found that methanolic 

extracts had the greatest scavenging effects, followed by ethyl acetate and aqueous 

extract. They also discovered the total phenolic content in a similar order. Thus, a 
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strong correlation between scavenging potential and phenolic content has been 

established. The redox properties of phenolic compounds, which enable them to act 

as singlet oxygen quenchers, reducing agents and hydrogen donors are responsible 

for their antioxidant capacity. 

The highly reactive free radicals known as hydroxyl radicals are produced in 

biological systems and have a short lifespan. Hydroxyl radicals can cause negative 

effects in a variety of significant macromolecules, including proteins and nucleic 

acids, due to their highly reactive nature as well as their simplicity in crossing cell 

membranes. This radical causes DNA strand damage, which results in 

carcinogenesis, mutagenesis, and cytotoxicity. Furthermore, hydroxyl radicals are a 

powerful reactive species that can start the process of lipid peroxidation by obtaining 

hydrogen atoms from unsaturated fatty acids. Therefore, inhibiting the hydroxyl 

radical is crucial for the proper maintenance of biological systems. 

The degree to which the Fenton reaction inhibits the breakdown of 2 

deoxyribose is measured in the hydroxyl radical scavenging assay. The activity was 

assessed by using different concentrations of both the standard and methanolic plant 

extracts such as 125, 250, 500, 1000 and 2000 µg/ml and all the test samples 

demonstrated the lowest activity at 125 µg/ml and maximum activity at 2000 µg/ml. 

According to the present investigation, it is clear that, among the test samples, the 

extract of E. deccanensis effectively prevents the deoxyribose cleavage brought on 

by the hydroxyl radical in a concentration-dependent manner, and the highest 

inhibition percentage was found to be 85.42 ± 0.615 at the highest concentration of 

2000 μg/ml. These results are supported by the findings of Asha et al. (2016), which 

found that the antioxidant potential of E. hirta ethanolic extract showed 

concentration-dependent scavenging effects when compared with that of the 

standard against hydroxyl radicals. In addition, Pavithra & Vadivukkarasi (2015) 

found a comparable trend in the capacity to scavenge hydroxyl radicals. While, in 

the case of E. rothiana and E. thymifolia extracts, scavenging activity was moderate.  

In a previous investigation, it was found that methanol extracts of grapefruit 

and pomegranate peel also exhibited hydroxyl radical scavenging activity, which 
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could be attributed to the presence of phenolic compounds (Loganayak et al., 2013). 

This was further supported by the current study, which showed that E. deccanensis, 

the plant with the strongest hydroxyl quenching properties, contained a high 

concentration of polyphenolic compounds. This was revealed through quantitative 

analysis of phytochemicals as well as HR LC-MS analysis. 

In vitro nitric oxide radical scavenging is a way to measure antioxidant 

activity. Nitric oxide (NO) is a free radical produced when NO interacts with oxygen 

or reactive oxygen species. Because of the unpaired electron in nitric oxide, which 

makes it a free radical, this substance reacts strongly with some proteins as well as 

other free radicals like superoxide (Boora et al., 2014). Nitric oxide is produced by 

mammalian cells and is involved in the control of several physiological processes. 

However, nitric oxide production that is out of control is linked to a number of 

illnesses (Venkatachalam & Muthukrishnan, 2012). The creation of agents to stop 

the overproduction of nitric oxide has emerged as a fresh research area for the 

treatment of chronic inflammatory diseases (Shen et al., 2002). The nitric oxide 

radical scavenging assay works on the basis that sodium nitroprusside produces 

nitric oxide in aqueous solution. The generated nitric oxide reacts with oxygen to 

form nitrite ions, the amount of which can be calculated using the Griess reagent. A 

purple azo dye was produced as a result of the nitrite ions' interaction with the 

Griess reagent. If the test compound has a scavenging potential, the amount of nitrite 

and the azo dye will decrease, proving the scavenging potential (Preethamol & 

Thoppil, 2022). Through their effective NO scavenging activity, plants can play a 

significant role in reducing the amount of NO. Therefore, the plant extract may be 

used to treat a range of diseases caused by nitric oxide damage. 

The ability of selected Euphorbia species to inhibit nitric oxide radicals was 

tested using the nitric oxide free radical scavenging assay, and it was discovered that 

all test samples did so in a dose-dependent manner, as shown in the Fig. 19. In the 

current study, the reference compound ascorbic acid was found to have the highest 

nitric oxide scavenging activity (IC50 = 226.83 µg/ml), followed by the plant extract 
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of E. deccanensis (IC50 = 410.976 µg/ml). However, the three extracts' IC50 values 

were found to be somewhat closer.  

According to earlier reports by Wesley et al. (2022), E. nivulia ethanolic 

extracts (IC50 value 250 μg/ml) have a much greater capacity for nitric oxide 

scavenging than the standard ascorbate (IC50 value 410 μg/ml). Additionally, another 

study by Gomathi et al. (2015) using an ethanolic extract of Evolvulus alsinoides 

revealed a significant inhibition of nitric oxide radicals that was found to be 

comparable to that of standard ascorbic acid. They deduced that the antioxidant 

activity may be due to the occurrence of flavonoids, phenolics, and other 

phytochemical constituents. In support of this, it was observed that E. deccanensis 

contained a high concentration of polyphenolic compounds, which had a stronger 

anti-free radical effect. Accordingly, these results are consistent with the studies 

about the scavenging potential that were mentioned in earlier reports. 

Superoxide, one of the less potent oxidants, can act as a precursor to 

hazardous reactive species like hydroxyl radicals and singlet oxygen, which lead to 

oxidative stress. Lipid peroxidation is accelerated by it, thereby, acting as a catalyst. 

In addition, xanthine oxidase, one of the oxidative enzymes generates superoxide in 

living things (Alam et al., 2013). Hence, superoxide radicals must be neutralised in 

order to protect the cells from their harmful effects.  

One of the most important antioxidant defence enzymes, superoxide 

dismutase, reduces the toxicity of the superoxide anion by converting it to hydrogen 

peroxide. In the riboflavin-NADH system, the superoxide anions are created by the 

oxidation of NADH, and their production is detected by the reduction of NBT 

(yellow colour), which leads to the formation of a blue formazan product (Arika et 

al., 2019). The reduction of NBT, a measure of superoxide anion scavenging activity 

that is indicated by a decrease in absorbance at 560 nm, is decreased by drugs with 

superoxide scavenging activity. Hence, the antioxidant activity of the extracts was 

indicated by a drop in absorbance, which may have been caused by the inactivation 

or consumption of superoxide anion radicals produced in the reaction mixture. 
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The methanolic extract of all the selected species showed a dose-dependent 

inhibition of the superoxide radicals (Fig. 20). Among the chosen species, E. 

deccanensis exhibited maximum inhibition percentage (80.59 ± 0.67%) at the 

highest concentration (2000 µg/ml) considered for the study. This was almost close 

to that of the standard (94.29 ± 0.39%). A similar trend was also detected in the case 

of IC50 values. Previous studies suggest that the presence of phenolic chemicals, 

especially flavonoids, contributes to the scavenging of superoxide radicals in plant 

extracts because of their chemical structure. By transferring protons and hydrogen 

atoms, they can neutralise the superoxide (Cañas et al., 2023). All three extracts in 

the current study had a considerable amount of flavonoid content revealed from 

quantitative estimation. However, when compared, E. deccanensis showed a higher 

amount. The flavonoid content of  E. deccanensis may account for its potent ability 

to inhibit superoxide radicals. Previous reports mentioned how well Euphorbia 

species can inhibit superoxide radicals. Tantary et al. (2017), for instance, found that 

the methanolic extract of E. wallichii had a significant capacity to neutralise 

superoxide, with an IC50 value of 34.05 ± 0.65 µg/ml. At a concentration of 100 

µg/ml, E. heterophylla exhibited a maximum inhibition percentage (97.01%) with an 

IC50 value of 425.8 µg/ml (Keerthana et al., 2014). They also discussed the role of 

phenolic compounds and flavonoids in inhibiting superoxide radicals. 

ABTS radical cation is formed when ABTS is oxidised with potassium 

persulfate. These radicals are reduced when antioxidants with the ability to donate 

hydrogen are present. The blue ABTS radical cation was decolorised during this 

time. The absorbance of ABTS, is characteristic at 734 nm and decreases with 

scavenging capacity. The ABTS assay is a fantastic tool for determining the 

antioxidant activity of both chain-breaking and hydrogen-donating antioxidants 

(Nitha et al., 2010). 

The ABTS radical scavenging ability of selected Euphorbia species followed 

a similar pattern as seen in other assays. A dose-dependent scavenging activity was 

also observed here. Similarly, the methanolic extract of E. deccanensis demonstrated 

efficient radical inhibition when compared to the reference, with an inhibition 
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percentage of 80.54 ± 0.9472 at a concentration of 2000 μg/ml (Fig. 21). In the case 

of reference, it was found to be 93.44 ± 0.5575. Both E. rothiana and E. thymifolia 

had IC50 values that differed significantly from the value of the standard. So, these 

two extracts were found to have a moderate ability to scavenge ABTS radicals. 

Three species of Euphorbia such as E. terracina, E. biumbellata, and E. dendroides, 

have demonstrated ABTS radical scavenging efficacy in previous studies (Zeghad et 

al., 2016). 

The evaluation of in vitro free radical scavenging assays yielded encouraging 

results. All of the selected species demonstrated remarkable potential that might be 

helpful in reducing the detrimental effects of oxidative stress and free radical 

damage. E. deccanensis was a top scavenger in all the assays and displayed 

significant inhibition against all the chosen free radicals. It was particularly notable 

for its ability to scavenge hydroxyl, superoxide, and DPPH radicals; in these cases, it 

had a nearly comparable ability to inhibit radicals as the standard. Furthermore, both 

E. rothiana and E. thymifolia also exhibited significant scavenging potential to 

scavenge free radicals, which was determined from the IC50 values.  It is obvious 

from their comparison that both had a particular scavenging ability on particular 

reactive oxygen species. Thus it demonstrated the necessity of using a variety of 

antioxidant assays to accurately assess scavenging effects. 

The antioxidant potential is primarily caused by polyphenolic compounds, 

particularly phenols and flavonoids. High-phenolic bioactive herbal extracts can 

have potent antioxidant effects. Similarly, flavonoids can quench singlet oxygen to 

scavenge various oxidising species, such as superoxide anion, hydroxyl, or peroxyl 

radicals, and thereby act as potent antioxidants (Haida & Hakiman, 2019). Recent 

studies have shown, however, that the antioxidant properties of plant extracts can be 

attributed to the synergistic interaction of the phytochemical constituents that are 

present in them (Oyebode et al., 2019). According to the phytochemical analysis, E. 

deccanensis has the most bioactive compounds, followed by E. rothiana and E. 

thymifolia. The difference in antioxidant activity might be influenced by this 

variation. Among the numerous metabolites with antioxidant properties, notable 
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examples include pyrogallol, quercetin, myricetin, gallic acid, quinic acid, caffeic 

acid, kaempferol and gentisic acid.  

The phytochemical profiling of selected Euphorbia species revealed their 

radical scavenging ability. It was determined from the preliminary analysis that the 

chosen species were abundant in different classes of secondary metabolites. This 

was also supported by the fact that the major metabolites in them had been 

distributed evenly after being studied through quantitative measurement. The same 

has been verified by GC-MS and HR LC-MS results. In light of these results, 

selected species of Euphorbia can be used to lessen the negative effects of reactive 

oxygen species. 

B) Anti-inflammatory activities 

Inflammation is a type of defense mechanism the body employs to ward off 

dangerous conditions and also takes action to heal the tissues. However, chronic 

inflammation leads to several diseases such as cancer, asthma, obesity and 

autoimmune disorders. The use of medicinal plants in conventional medicine to treat 

inflammatory conditions appears to be a viable and logical alternative when looking 

for effective and safe anti-inflammatory agents. Additionally, the phytochemical 

analysis of the selected plant species showed the presence of a number of 

phytoconstituents, including flavonoids, phenols, terpenoids, tannins, etc. Moreover, 

metabolites with strong anti-inflammatory properties were found in the compounds 

discovered through GC-MS and HRLC-MS analysis of these selected species. 

Hence, to ascertain its activity in terms of anti-inflammatory potential, the 

methanolic extract of chosen plant species was screened. As a result, the plant 

extract was initially subjected to a quick and efficient in-vitro biochemical assay to 

demonstrate the ability of chosen species of Euphorbia to reduce inflammation. 

i) Evaluation of Anti-inflammatory activity using In vitro   biochemical assays 

a) Protein denaturation inhibition 

The denaturation of tissue proteins is one of the well-studied causes of 

arthritic and inflammatory diseases. Protein denaturation is a phenomenon where 
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proteins lose their fundamental secondary and tertiary structures as a result of 

external stress or other substances such as strong bases or acids, organic solvents, or 

heat. This occurs as a result of variations in the hydrogen, hydrophobic, and 

disulfide bonds found in protein structures. As a result, the majority of proteins fail 

to perform their functions as intended (dev Sharma et al., 2023).  Therapeutic anti-

inflammatory drugs have focused primarily on bioactive compounds with the ability 

to prevent these changes and also have the ability to suppress protein denaturation 

(Basyal et al., 2021).  Therefore, using biochemical assays to detect protein 

denaturation inhibition is an appropriate way to demonstrate the anti-inflammatory 

properties of plant extracts. A significant protein denaturation activity has been 

reported for NSAIDS like diclofenac sodium used to treat arthritic conditions 

(Anokwah et al., 2022). Therefore, in the current study, the inhibition of protein 

denaturation activity of the plant extracts was evaluated using diclofenac sodium as 

standard. 

According to the results of the protein denaturation assay, plant extracts 

effectively prevented the protein from becoming denaturized. It was discovered that 

the effects of the extracts on the inhibition of protein denaturation were comparable 

to those of conventional diclofenac sodium and were dependent on concentration.  

E. deccanensis displayed the greatest inhibition of protein denaturation, with an      

IC50 value of 119.77 ± 0.35 µg/ml.  In their study using four ethnomedicinal plants 

found in Pakistan, Naz et al. (2017) noted a concentration-dependent activity of 

inhibition of protein denaturation, as found in the current study. Protein hydrolysate 

from Artocarpus altilis was found to have significant effects on inhibiting protein 

denaturation and was comparable to the standard they used in their research (Dada et 

al., 2023).  

The ability of plant extracts to inhibit protein denaturation may be due to the 

synergistic effects of flavonoids and other compounds (Mendez-Encinaset al., 2023). 

Apart from that, the anti-denaturation effect was brought on by the interaction of 

tannins, alkaloids, and flavonoids (Heendeniya et al., 2018). Among the chosen 

species, E. deccanensis showed the best inhibition on protein denaturation, 
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supporting this claim with the highest flavonoid content, revealed through 

estimation as well as other classes of compounds obtained from HRLC-MS analysis.  

b) Inhibition of proteinase activity 

Proteinases are involved in the development of arthritic symptoms. 

Neutrophils, which are found in lysosomes, are known to contain large amounts of 

serine proteinase. The development of tissue damage during the inflammatory 

process is significantly influenced by leukocyte proteinases. By indirectly inhibiting 

neutral proteinases or by suppressing infiltration into inflammatory loci, proteinase 

inhibition activity also leads to the reduction of inflammation. Several biologically 

active substances found in plants have been shown in the literature to be able to 

inhibit the activity of these enzymes (Gunathilake et al., 2018; Michalak et al., 

2023). The potential for proteinase inhibition was therefore also evaluated in this 

work. 

The current study examined the selected plant species' methanolic extracts to 

see if they could inhibit proteinases in action. The proteinase activity was inhibited 

in a dose-dependent manner in each of the test samples. However, E. deccanensis 

showed more activity than the other two plant extracts, with an inhibition percentage 

of 72.86 ± 0.40% and an IC50 value of 198.78 ± 0.46 µg/ml. Additionally, the plant 

extract displayed comparable activity to that of the standard diclofenac sodium in 

terms of inhibiting proteinase activity. This is corroborated by the previous study by 

Saleem et al. (2020) that the methanolic extract of Moringa oleifera inhibited the 

proteinase activity in a promising manner, with an inhibition percentage of 88.33 ± 

0.18% at a concentration of 1600 µg/ml, which was also dose-dependent. In 

addition, at concentrations of 100 µgml, the E. hirta leaf and root extracts 

significantly exhibited antiproteinase activity with significant inhibition percentages 

of 97.30 ± 0.58% and 54.21 ± 0.11%, respectively (Das et al., 2022).  

For plant extracts to have antiproteinase activity, they must contain 

phytoconstituents like flavonoids, tannins, phenols, and saponins (Kommu et al., 

2023). In addition, the presence of flavonoids, polyphenols, and terpenoids in plant 

extracts is linked to antiproteinase activity (Njoya et al., 2022). This highlights the 
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importance of secondary metabolites, particularly flavonoids and phenolic 

compounds, in plant extract. This explains the antiproteinase activity found in the E. 

deccanensis plant extract. 

In the in vitro biochemical assays used to evaluate the anti-inflammatory 

potential, E. deccanensis performed better than the other test samples in terms of 

preventing protein denaturation and repressing proteinase activity. Therefore E. 

deccanensis plant extract was used to study its impact on various proinflammatory 

mediators in RAW 264. 7 macrophage cells in order to advance research. 

ii) anti-inflammatory activity on RAW 264.7 macrophage cells 

An inflammatory response involves the activation and release of 

inflammatory mediators like nitric oxide (NO), pro-inflammatory cytokines like 

tumor necrosis factor- α(TNF-α), interleukin (IL)-6, and inflammatory enzymes like 

lipoxygenase (LOX), inducible nitric oxide synthase (iNOS) and cyclooxygenase 

(COX) (Marques et al., 2022).  It has been reported that the production of 

prostaglandins and nitric oxide by the proinflammatory mediators COX-2 and 

inducible nitric oxide synthase is a major cause of many inflammatory diseases. Due 

to the presence of phytochemicals in medicinal plants, enzyme inhibitory assays like 

COX and LOX were extensively studied to ascertain the efficacy of plants in 

treating inflammatory diseases (Abu Bakar et al., 2018). Therefore, the methanolic 

extract of E. deccanensis was tested to see if it had any effect on these inflammatory 

enzymes. Additionally, its effects on the level of cellular nitrite were assessed in 

LPS-treated RAW 264.7 macrophage cells.  

When examining the bioactivity of isolated natural products and extracts 

from plants, RAW 264.7 macrophage models are frequently used. By assessing the 

decline of inflammatory mediators in stimulated RAW 264.7 cells, numerous studies 

have documented the anti-inflammatory potential of various plant groups and their 

metabolites. Because of this, the current study uses RAW 264.7 macrophages for 

anti-inflammatory screening experiments. 
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a) Cyclooxygenase (COX) activity 

Prostaglandins (PGs), which are lipid molecules involved in many 

physiological processes, are crucial in the emergence of inflammatory responses. 

They work by controlling how the body reacts to tissue damage or inflammation. 

Among them, prostaglandin E2 (PGE2) is the predominant prostaglandin that causes 

the typical symptoms of inflammation, such as fever, tumour, pain, and anaphylactic 

reaction. The expression of the cyclooxygenase enzyme, which is present in 

inflammatory tissues, is essential for the production of these prostaglandins (Ju et 

al., 2022).  

There are two isoforms of cyclooxygenase, COX-1 and COX-2, based on 

their structure and function. Most cells contain a significant amount of COX-1, a 

constitutive enzyme. Contrarily, COX-2, an induced enzyme, serves as the primary 

source of prostaglandins. As a result, COX-2 is thought to be the pathological 

enzyme that is fundamentally to blame for inflammation. NSAIDs work to reduce 

inflammation by selectively inhibiting COX activity and preventing the release of 

prostaglandins at sites of injury. The most efficient method of treating inflammation 

remains the discovery of new NSAIDs with improved safety profiles. Furthermore, 

substances that inhibit the development of cyclooxygenase enzymes, particularly 

COX-2, are known to be effective anti-inflammatory agents (Gandhi et al., 2017).  

In the current study, the methanolic plant extract of E. deccanensis 

demonstrated a dose-dependent inhibition of the enzyme cyclooxygenase in LPS-

induced RAW cells.  From lower (62.5 µg/ml) to higher (25 µg/ml) concentrations, 

the percentage of inhibition also rises, reaching a percentage of 57.21 ± 0.74% at the 

highest concentration.  In addition, the IC50 value of plant extract (21.939 µg/ml) 

was found to be very close to the value of standard diclofenac sodium (15.7813 

µg/ml). Because of this, it implies that the plant extract possessed potent anti-

inflammatory properties compared with those of diclofenac sodium. The ethanolic 

extract of Careya arborea inhibits COX activity in RAW 264.7 cell lines induced by 

lipopolysaccharide with an IC50 value of 5.30 µg/ml, supporting the current study. 

Careya arborea has strong anti-inflammatory properties, as evidenced by the fact 
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that the standard, diclofenac used in their study inhibited COX with an IC50 value of 

2.84 µg/ml (Bindu & Aleykutty, 2022). 

Numerous studies have looked at plant extracts' ability to inhibit the COX 

enzyme. For instance, Filipendula ulmaria has proven to have strong anti-

inflammatory properties by inhibiting COX activity. The anti-inflammatory impact 

was dose-dependent, with an IC50 value of 90.26 µg/ml (Van der Auwera et al., 

2023). In addition, Premna integrifolia, a traditional medicinal plant with a 

significant role in Ayurveda, Siddha, and Unani systems of medicine, demonstrated 

significant inhibition of COX-2 activity with an IC50 value of 6.15 µg/ml (Azad et 

al., 2018). Maleki et al. (2019) found that the main compounds responsible for the 

anti-inflammatory effects are flavonoids. The plant extract's observed anti-

inflammatory potential is explained by the wide variety of flavonoids present in it.  

b) Lipoxygenase (LOX) activity 

Lipoxygenase enzymes, which are crucial for inflammation, catalyse the 

conversion of polyunsaturated fatty acids into bioactive lipid mediators like 

leukotrienes and lipoxins. Along with other aspects of the inflammatory response, 

these lipid mediators regulate the recruitment and activation of immune cells 

(Serhan & Levy, 2018). Additionally, LOX transforms arachidonic acid into several 

leukotrienes, such as LTB4, LTC4, LTD4, and others. LTB4 is the most significant 

leukotriene in inflammation, as demonstrated by the high levels of LTB4 in people 

with inflammatory bowel disease and rheumatoid arthritis. It has been suggested that 

the pathogenesis of inflammatory diseases is influenced by the dysregulation of 

lipoxygenase activity (Abu Bakar et al., 2018). Lipoxygenase enzymes have been 

identified as promising targets for the development of anti-inflammatory therapies. 

This study showed that the plant extract had a potent inhibitory effect on 

lipoxygenase activity. In comparison to standard diclofenac sodium, plant extract 

significantly inhibited enzyme activity less efficiently at the lowest concentration 

(6.25 μg/ml). At a concentration of 12.5 µg/ml, the inhibition potential of the plant 

extract increased dramatically and suddenly, rising from 14.75 ± 0.682 to 64.48 ± 

0.935. At the highest concentration selected for the study, the inhibitory effect of 
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plant extract on LOX was comparable to that of the standard and appeared to be 

very promising. This is in line with the observation of Andrade et al. (2019), who 

made investigations in order to know how the methanolic Ficus curtipes leaf and 

stem extract affected LOX activity. Significant inhibitory activity was seen in both 

extracts, and it was dose-dependent. With significant inhibition percentage of 91.72 

± 4.51%, the stem bark extract was, however, much more effective at inhibiting 

LOX activity than the leaf extract (59.57 ± 16.80%). 

The inhibition of LOX activity by different plant extracts has recently been 

reviewed by Lončarić et al. (2021). They concluded that plant extracts from the 

family including Asteraceae, Clusiaceae, Apiaceae, Lamiaceae, and Euphorbiaceae 

had the potential to inhibit LOX. In addition, when different fractions of Serevenia 

buxifolia bark extract were screened for its LOX activity, appreciable effects on the 

percentage of LOX were seen. With an IC50 value of 90.45 μg/ml, the ethyl acetate 

fraction in particular had the highest LOX activity (Truong et al., 2021). The 

metabolites, including flavonoids, phenolics, terpenoids, and other metabolites, 

work synergistically to inhibit LOX activity (Bhat et al., 2019).  

c) Inducible nitric oxide synthase activity 

The nitric oxide synthase (NOS) enzyme is responsible for converting L-

Arginine into nitric oxide (NO). In general, there are three types of nitric oxide 

synthase. Which includes i) neuronal NOS (nNOS), ii) inducible NOS (iNOS), and 

iii) endothelial NOS (eNOS). The expression of inducible nitric oxide synthase, a Ca 

2+ dependent enzyme, rises in inflammatory cells in response to various stimuli. In 

the presence of LPS, macrophages have the capacity to produce large amounts of 

NO via iNOS. Inflammation, immune responses, and oxidative stress are just a few 

of the physiological and pathological processes in which NO produced by iNOS 

plays a significant role. Abnormalities in iNOS activity have been associated with 

the onset and progression of several diseases. In-vitro assays were used by Asanuma 

et al. (2001) to show that non-steroidal anti-inflammatory medications have the 

capacity to scavenge nitric oxide and inhibit inducible nitric oxide synthase. 
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Nitric oxide (NO) production has been consistently inhibited by the effects of 

medicinal plants. Plants or compounds derived from plants that have strong 

inhibitory activity against NO production have shown promising therapeutic 

potential for the treatment of inflammation (Balaji & Ganesan, 2021).  In the current 

study, the plant extract showed significant suppressive effects on iNOS activity at 

each of the three selected concentrations which were comparable to those of 

diclofenac sodium. The plant extract had an inhibition percentage of 67.13 ± 0.51% 

at the highest concentration of 25 µg/ml, while the standard had an inhibition 

percentage of 73.52 ± 0.69% at the same concentration. An earlier investigation 

found that the ethanolic extract of Artemisia montana leaves decreased NO 

production in a concentration-dependent manner by reducing the activity of iNOS in 

RAW 264.7 cells after LPS stimulation (Jeong et al., 2018). Similar to this, 

Pleurospermum benthamii extract significantly reduces LPS-induced NO production 

(Pandey et al., 2020).  

d) Level of cellular nitrite 

Nitric oxide (NO) is a key signalling molecule involved in many 

physiological and pathological processes, including inflammation. Its numerous 

functions in inflammation range from controlling vascular tone to modifying 

immune reactions. When formed nitric oxide reacts with oxygen, nitrite ions are 

produced. The level of nitrite will therefore decrease as a result of the inhibition of 

inducible nitric oxide synthase (Preethamol & Thoppil, 2020).  

In the present work, the level of cellular nitrite significantly decreased from     

718.74 ± 1.25 µg/ml to 464.80 ± 0.827 µg/ml. For diclofenac, the drop was from 

737.055 ± 0.636774 µg/ml to 377.19 ± 0.59039 µg/ml. The decrease in cellular 

nitrite level is justified by the previous assay's findings that plant extract has the 

immense ability to inhibit iNOS activity. Nitrite levels were significantly reduced, 

indicating that plant extracts might have the ability to decrease inflammation. 

Analysis of the effects of methanolic plant extract on the inflammatory 

enzymes on LPS-treated RAW cells revealed significant results indicating its potent 

anti-inflammatory properties. The plant extract has the potential to be a strong 
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candidate for the creation of anti-inflammatory drugs. The plant extract Euphorbia 

demonstrated nearly equivalent activity to that of the standard, diclofenac sodium, 

on all four assays that were performed. In addition to its therapeutic effects, 

diclofenac sodium use has a number of side effects, such as gastropathy and 

inflammatory liver changes. Therefore, it is emphasised how important it is to 

develop anti-inflammatory drugs. 

iii) Evaluation of cytotoxicity using MTT assay on RAW 264.7 cells 

 MTT assay was conducted to ensure that the inhibitory effects of plant 

extract observed in in vitro assays were caused by the plant extract's anti-

inflammatory potential and not by its cytotoxic effects. The plant extract's LC50 

value, which was found to be 139.63 µg/ml, was barely toxic to RAW 264.7 cells, so 

it was taken into consideration for further analysis.  

iv) Estimation of inflammatory mediator using ELISA 

Proinflammatory mediators are the primary causes of inflammatory 

processes. The enzyme cyclooxygenase-2 (COX-2), which is involved in the 

production of pro-inflammatory prostaglandins, is crucial for processes connected to 

inflammation. Enzyme-linked immunosorbent assays (ELISA) are essential for 

estimating cyclooxygenase-2 (COX-2) levels in anti-inflammatory assays because 

they allow for the quantification of COX-2 expression and provide information on 

the efficacy of anti-inflammatory interventions. Recent studies have emphasised the 

significance of      COX-2 estimation using ELISA in assessing an agent's capacity to 

reduce inflammation (Shaikh et al., 2016).  

In the current study, COX-2 levels in LPS-stimulated RAW macrophage cells 

were assessed using an ELISA. In order to accomplish this, 139.63 µg/ml of the 

extract was treated with RAW cells, and the COX-2 level was measured. It was 

noted that the plant extract had the ability to reduce COX-2 levels substantially from 

0.841 ± 0.08 to 0.505 ± 0.062 U/ml of cell lysate. As a result, the results obtained 

were consistent with the earlier assays.  
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Recently, the anti-inflammatory effects of red ginseng oil on 

lipopolysaccharide-stimulated macrophages were examined. The researchers used 

ELISA to measure  COX-2 levels, and red ginseng oil showed promising results in 

inhibiting COX-2 expression. It was also found that the oil could alter the NF-κB 

signalling pathway, which validates its anti-inflammatory qualities (Liu et al., 2021). 

Likewise, the present investigation's ELISA findings, which demonstrate a 

significant reduction in COX-2 levels, emphasise the plant extract's anti-

inflammatory properties even more. 

The NF-κB signalling pathway plays a critical role in LPS-induced models 

of inflammation. NFκB-binding sites have been identified in the promoter regions of 

the COX-2 and iNOS genes. Because of this, NF-κB is crucial among the various 

pathways to keep the production of COX-2 and iNOS in check (Bak et al., 2012). 

Therefore, the decreased level of COX-2, which is supported by the decreased 

activity of the iNOS enzyme and the cellular nitrite level, suggests that the plant 

extract exhibited a strong suppression on the NF-κB pathway. The anti-inflammatory 

mechanism of COX-2 inhibitor in RAW 264.7 macrophage cells is represented in 

Fig. 46. 

 
Fig. 46: Mechanism of anti-inflammatory action exerted by COX-2 inhibitor 
(Ju et al., 2022) 
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A well established connection is there between the initiation and modulation 

of inflammatory disorders and free radical species (superoxide, hydroxyl radicals, 

nitric oxide, peroxynitrite, and the free radical-derived product hydrogen peroxide) 

(Shaikh et al., 2016).  The NF kB pathway's signalling can also be moderated by the 

oxidative stress brought on by ROS and NO (Akanda et al., 2018). Numerous 

studies have shown that the flavonoids and polyphenolic compounds found in plants 

are what give them their ability to resist oxidative stress. Plant extracts with strong 

antioxidant activity have been found to have anti-inflammatory qualities (Ravipati et 

al., 2012).  

This was supported by the current study's apparent direct correlation between 

antioxidant activity and anti-inflammatory activity. The extract's ability to mop up 

reactive oxygen species, which could act as a trigger for an inflammatory response, 

could be a critical factor in reducing inflammation. Thus, the antioxidant activity of 

the E. deccanensis extract observed may corroborate with its anti-inflammatory 

potential by influencing the NF-kB signalling pathway. 

Because many medicinal plants contain secondary compounds that impede 

the key steps of the inflammatory pathway, such as lipoxygenase, cyclooxygenase, 

and nuclear factor NF-κB, herbal medicine remains an important part of treating a 

wide range of health conditions. Numerous studies have discussed the possible 

ability of herbal remedies to reduce inflammation (Chouhan & Guleria, 2020). 

Among the secondary metabolites, polyphenols, terpenoids, and flavonoids have 

potent anti-inflammatory properties. Through the inhibition of enzymes such as 

cyclooxygenase, lipoxygenase, prostaglandin, ATPase, and the metabolism of 

arachidonic acid, the flavonoids exhibited their anti-inflammatory properties (Nunes 

et al., 2020).  In the same way, the terpenoid β-amyrin demonstrated anti-

inflammatory effects. It functions by preventing the iNOS protein from functioning 

and the production of nitric oxide in LPS-induced RAW cells (Meda et al., 2023). It 

has been discovered in the literature that quercetin, gallic acid, myricetin, and 

kaempferol significantly influence the NF-κB signal pathway and the expression of 

genes involved in inflammation (Amri et al., 2018).  
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The multitude of anti-inflammatory compounds found in the methanolic 

extract of E. deccanensis and their combined effects are responsible for lowering 

inflammation. Through GC-MS and HRLC-MS analyses, several strong anti-

inflammatory compounds with documented anti-inflammatory activity, such as 

gallic acid, vanillic acid, punicacortein B, herbacetin, and kaempferol, were 

identified from the plant extract. Even though there are some reports on the anti-

inflammatory properties of different Euphorbia species, this study is the first to 

address anti-inflammatory property in the chosen species. So, the current study 

demonstrates the selected species' powerful anti-inflammatory potential and suggests 

it as a viable option for an anti-inflammatory medication. 

C) Cytotoxicity study using Allium cepa 

Allium cepa is a well-known and frequently used model to determine 

environmental risk factors and evaluating the cytotoxicity potential of bioactive 

compounds dispersed in plant extracts. By examining chromosomal abnormalities 

and changes that occur during the mitotic cycle, the A. cepa test is used to identify 

DNA damage, including clastogenic and aneugenic damage, which results from the 

action of different mutagenic substances. Levan (1938) was the first to use A. cepa 

bioassay to investigate the effect of colchicine on onion mitosis. The development of 

this assay was greatly aided by Grant (1994) and Fiskesjö (1985). Rank & Nielsen 

(1994) discovered that this bioassay had a high sensitivity, making it suitable for 

environmental monitoring as a standard procedure. In assessing the genotoxicity of 

medicinal plants, this assay is also considered as a warning bioindicator. When 

exposed to various particles, onion roots may exhibit cytotoxic or genotoxic effects, 

which is why they are used in this test. Onions are selected because the spontaneous 

growth of its root and the meristematic cells found in their tips in various stages of 

cell division, showing a spontaneous response towards the cytotoxic particles. It is 

accomplished mainly due to the contact of both actively dividing cells found in the 

root tips with that of substances having  cytotoxic property. Thus, it enables the 

evaluation of its toxic effects on various phases of mitosis and chromosomal 

abnormalities. Furthermore, the low number of chromosomes (2n = 16) in A. cepa 

makes it easier to determine whether any genetic variations in chromosomes are 

caused by the effects of toxic compounds. This test makes it possible to learn more 
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about how chromosomal structure variations are caused by toxic compounds either 

alone or in combination. Furthermore, for the first time, this assay yields a better 

alternative to animal-based toxicological evaluation of novel compounds. Many 

researchers use the A. cepa assay to identify cytotoxic and genotoxic variations 

because of all these factors (Alias et al., 2023: Arumuganathan & Earle, 1991). 

A parameter determining the total number of cells in a cell cycle is made 

possible by the mitotic index or it is a measure of the percentage of cells that are 

actively dividing in each stage of mitosis relative to the total number of cells. The 

phases of mitosis are interphase, prophase, metaphase, anaphase, telophase and 

cytokinesis. It takes longer for the cell cycle to replicate genetic material during 

interphase, and many cells are typically seen during this stage. Information about 

any cytotoxicity that the sample under study may have is provided by this parameter. 

Variations in the cell cycle, delays in cell division, and cell death are indicators of 

any decrease in the mitotic index and an increase in extract concentration. High MI 

value means that cells are growing actively and that there are no disruptions to their 

division or growth. Furthermore, the low MI value denotes cell death brought on by 

the plant extract's cytotoxicity action (Nicuță et al., 2025).  

 

Fig. 47: Properties of the onion that make it suitable for cytogenetic tests 
(Nicuță et al., 2025). 

A. cepa was shown to be cytotoxically affected by the methanolic extracts of 

E. deccanensis, E. rothiana, and E. thymifolia in the current investigation. The 
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mitotic index and plant extract concentration were found to be negatively correlated. 

Additionally, a positive correlation between the concentration and the percentage of 

abnormalities was noted. One possible explanation for the observed decrease in 

mitotic activity is the inhibition of DNA synthesis, which prevents the cells from 

going through mitosis. Accordingly, the study's findings suggest that different 

concentrations of methanolic extracts from every plant species have mitodepressive 

effects on A. cepa. The study took into account concentrations of each extract of 25, 

50, 75, and 100 µg/ml. At its lowest concentration, E. rothiana had the highest 

mitotic index (64.35 ± 0.51%), followed by E. thymifolia and E. deccanensis, 

respectively. The cell division of A. cepa was significantly inhibited by the various 

concentrations of E. hirta methanolic extract, and the mitotic index gradually 

decreased in comparison to the control, according to Ping et al. (2012). Additionally, 

at all concentrations, methanolic extract induces a variety of chromosomal 

abnormalities, such as C-mitosis, stickiness, and chromosomal bridges. Shilpa et al. 

(2023) found a decrease in the mitotic index in a dose-dependent manner of extract, 

which is consistent with the current work. In addition, anomalies such as stickiness, 

gigantic cells, nuclear lesions, C-metaphase, and aberrant metaphase and anaphase 

were noted. 

In the present work, the plant extracts caused a wide variety of chromosomal 

abnormalities in all stages of mitosis in addition to the mitotic index. The dose 

dependent increase in the percentage of abnormalities shows that the action of plant 

extracts alters the structure of chromosomes. Plates 4, 5, 6, 7, 8, 9 and 10 document 

the abnormalities found in different stages of mitotic division. And the Plate 3 

shows the typical stages of mitosis. At each concentration, the three extracts showed 

a wide variety of aberrations. A few of these include chromosome vagrants, 

laggards, nuclear erosion and lesion, micro and macro cells, micronucleus and C-

metaphase.  

Chromosome abnormalities may be classified as either clastogenic or non-

clastogenic. Any kind of variation in the chromosome's structure can cause 

clastogenic aberrations, but disruptions to the mitotic apparatus can cause non-
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clastogenic aberrations, also known as aneugenic aberrations, which typically result 

in numerical aberrations rather than structural ones. Both of these types are found in 

the current work. In this study, one of the most noticeable clastogenic aberrations 

found was chromosome stickiness. Both metaphase and anaphase are affected; here, 

different types of chromosome abnormalities involving their sticky nature are seen, 

including disturbed sticky metaphase and sticky anaphase with narrow chromosome 

bridges. DNA depolymerisation and chromosome condensation are typically linked 

to stickiness. This is usually irreversible, resulting in cell death (Türkoğlu, 2007). 

The most often reported cytotoxic effects of medicinal plant extracts on the 

meristematic cells of A. cepa roots are stickiness of the chromosomes and anaphase 

bridge, which arises as a result of the spindle mechanism being suppressed (Akwu et 

al., 2019).  In A. cepa treated with methanolic extracts of selected Euphorbia 

species, these aberrations were found, and it was observed that the percentage of 

aberration increases with concentration.  

The presence of nuclear lesion provides the evidence of the cytotoxicity 

activity of plant extract on A. cepa and inhibition on DNA synthesis. Nuclear lesion 

is the indication of nuclear poison. This is accomplished mainly through two ways 

including avoiding the incorporation of precursor into DNA or through effecting the 

DNA precursor biosynthesis (Akaneme & Iyioke, 2008). Whatever, it may be this 

inhibition leads to the complete stoppage of mitosis. The current study found both 

single and double nuclear lesions, which are primarily found during prophase, 

interphase, and cytokinesis. Therefore, the potential of plant extracts to inhibit DNA 

synthesis may be the cause of the observed nuclear lesions.  In the work, 

chromosomal bridges are also noted prominently in anaphase. Bridges are formed 

when homologous and non-homologous chromosomes exchange or when sister 

chromatids longitudinally separate incorrectly during anaphase (Bonciu et al., 2018). 

Cell cycle arrest, polyploidy, and aneuploidy are other abnormalities that arise from 

this. The existence of bridges indicates a moderate cytotoxic potential of the plant 

extract. The study also found an aberration in the chromosome having a pulverised 

condition, which may have resulted from premature chromosomal condensation. 
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Along with all of these abnormalities, the current study also found a number 

of aneugenic abnormalities, with the majority of the aberrations occurring in both 

the anaphase and metaphase. C-metaphase is one of the prominent ones observed 

after the plant extract Euphorbia treatment on A. cepa meristematic cells. This 

resulted from the spindle apparatus not being organised. The presence of toxic 

substances in the extract is indicated by the occurrence of C-metaphase in A. cepa. 

Therefore, it demonstrated that the plant extracts of Euphorbia spp. being studied 

contained cytoxicity inducing compounds. Among the numerous severe 

abnormalities found in this work, binucleate cells were also found. The development 

of cells with a binucleate condition results from the inhibition of phragmoplast 

formation during cytokinesis (Giménez-Abián et al., 2004).  In this case, the 

different phytoconstituents present in the plant extracts might function as an 

inhibitor of phragmoplast formation by changing the regular cytokinesis process. 

According to Bonciu et al. (2018), binucleate cells arise because of variations in 

spindle division in early anaphase or after telophase, which inhibits the cytokinesis 

process. Ball shaped chromosome, which is clearly visible in the work in the 

metaphase stage of cell division, and is formed when chromosomes combine to form 

a compact group in the centre of the cell. This might have occurred as a result of the 

plant extract's cytotoxicity action. Chromosomal laggards are typically observed 

when inhibiting the activity of cytoskeleton proteins or suppressing tubulin 

polymerisation. The plant also induces the vagrant chromosome, which is another 

abnormality. This abnormality is primarily caused by the chromosomes' early 

movement in the spindle poles. Interphase nuclei of varying sizes are thus created 

(El-Ghamery et al., 2003). Additionally, micronucleus along with nuclear 

disintegration was found in prophase of cell cycle in the current study. The 

formation of micronucleus due to the effect of plant extracts on A. cepa was reported 

by many previous studies. When lagging chromosomes fail to participate in daughter 

nuclei during the telophase of mitotic division, or when acentric fragments of 

chromosomes occur, these are typically formed (Sajitha & Thoppil, 2018).  

Chromosome misorientation is caused by abnormal mitotic apparatus 

functioning, which includes diagonal metaphase, diagonal sticky anaphase, diagonal 
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coagulated anaphase, disturbed metaphase exhibiting vagrants, and disturbed 

metaphase in a polyploid cell. In addition to all these abnormalities, hypoploid cell, 

polyploid cell, tropokinesis, stathmo-anaphase and chromosome coagulation were 

revealed from the study. Here, the majority of identified aberrations were with 

multiple anomalies, in which sometimes both clastogenic and non-clastogenic 

aberrations were detected together. Some of them include abnormal cytokinesis 

showing nuclear erosion and lesion, chromatin disintegration with a micronucleus at 

the cell plate in cytokinesis, nuclear and cytoplasmic lesion at cytokinesis, single 

nuclear lesion and erosion at prophase in a binucleate cell, nuclear peak in a strap 

cell at prophase, sticky anaphase with narrow chromosome bridges, nuclear lesion in 

a ball metaphase, sticky metaphase showing chromosome erosion and chromosome 

erosion in a ball metaphase.  

Methanolic plant extracts have been shown to induce apoptosis by causing 

cell death through the development of different abnormalities such as nuclear 

disintegration, nuclear peak formation, chromosome fragmentation and 

condensation, etc. The bioactive compounds in the plant extracts might have caused 

the clastogenic and aneugenic abnormalities. Hence, the initial screening of plant 

extracts for their antiproliferative effectiveness on actively dividing cells was made 

possible by the cytotoxic studies employing A. cepa. 

D)Antiproliferative activity 

    Currently, even in developed nations, cancer has a high death rate and is one 

of the most dangerous diseases that is progressing alarmingly. A study on cancer 

case records for 2020 showed that, out of 29.8 million cases, there were roughly 

19.3 million new cases and 10 million cancer-related deaths. Breast cancer (11.7%), 

lung cancer (11.6%), colorectal cancer (10%), and prostate cancer (7.3%) were the 

most common cancers diagnosed (Jiménez-González et al., 2023). Currently, 

treatment strategies such as radiation, chemotherapy, and surgery are used to cure 

different types of cancer. Chemotherapeutic agents are only temporary relief 

providers, and many anticancer drugs have negative side effects. This highlights the 

need for the creation of more potent anticancer agents (Chandra et al., 2023).  



Discussion 

 215

The most common type of cancer that is diagnosed in women and the main 

cause of cancer-related deaths in this population is breast cancer (BC). 

Breast cancer cell lines most commonly used for in vitro studies are MCF-7, MDA-

MB-231, MDA-MB-468, and T47B (Lutoti et al., 2023). Thus, a normal L929 cell 

line and the breast cancer cell line MCF-7 were chosen for the current study. 

Phytomedicines have gained a lot of attention due to the use of plant extracts, 

and they have significantly fewer side effects when compared to chemotherapy 

drugs. While there is no known natural treatment for breast cancer, maintaining a 

healthy diet, getting enough sleep, and exercising regularly are crucial. Eating foods 

high in flavonoids, such as tomatoes, onions, potatoes, apples, oranges, and aromatic 

herbs, can help reduce the risk of breast cancer to some extent. One of the primary 

sources of anticancer compounds is the plant kingdom. By suppressing cancer cell 

lines through DNA destruction and the activation of apoptosis-inducing enzymes, 

secondary metabolites such as isoflavones, flavones, flavonoids, coumarins, 

anthocyanins, catechins, lignans, and iso-catechins present in plant extracts can 

lessen the negative effects of conventional cancer treatments. Therefore, prospective 

anticancer compounds should be treated with appropriate care (Shrihastini et al., 

2021).  

Since many of the Euphorbia species produces a wide variety of secondary 

metabolites, including diterpenoids and triterpenoids, it has been reported that 

various parts of the species have been used internally or externally to treat a variety 

of diseases, including cancer. Its importance in traditional medicines as anticancer 

agents stems from the distribution of different phytoconstituents. The cytotoxic 

phytometabolites present in Euphorbia members are involved in multiple 

mechanisms, including cell differentiation and proliferation, apoptosis, excessive 

production of reactive oxygen species, and inhibition of metastasis (Kemboi et al., 

2020).  

Cytotoxicity determination using MTT assay 

  Cytotoxic assays are among the first in vitro bioassay for determining a 

substance's toxicity to different tissues. The MTT assay is one of the widely used 
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assays to identify the metabolically active cells. It was developed by Mosmann et al. 

in 1983. The reduction of the mono tetrazolium salt, or MTT reagent (3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide), produces formazan, a 

purple-coloured molecule that is insoluble in water. In living cells, a mitochondrial 

dehydrogenase enzyme converts yellow tetrazolium MTT salt to purple MTT 

formazan (Vajrabhaya & Korsuwannawong, 2018). Therefore, the chromogenic 

nature of this redox reaction makes it possible to analyse intracellular formazan 

formation using a colorimetric approach, which in turn allows for the assessment of 

cell states, including viability (Ghasemi et al., 2021).  

i) Anticancer assay on normal L929 cell line & MCF-7 cell line 

The cytotoxicity effects of selected plant species' methanolic extracts were 

first examined in this study using the normal L929 cell line using MTT assay.  Every 

plant species was treated on the normal cell line for 24 hours at different 

concentrations, ranging from 6.25 to 100 µg/ml, and the LC50 value of each species 

was ascertained. A dose-dependent cytotoxicity effects of each test extract on the 

normal L929 cell line are observed (Fig. 32). Table 11 shows the tabulation of the 

LC50 values for each species.  

In a similar way, the cytotoxic effects of selected species were evaluated 

using the breast cancer MCF-7 cell line. Here, too, all chosen species exhibited 

cytotoxic effects that were dependent on concentration (Figure 33). Furthermore, 

apoptosis features like condensed nucleus, apoptotic bodies, membrane blebbing, 

budding, and cell shrinkage were observed in the microscopic images of the treated 

MCF-7 cell line (Plates 14, 15, 16). This result suggests that the induction of 

apoptosis was associated with the cytotoxic properties of the tested extracts. 

E. deccanensis was found to substantially inhibit the proliferation of the 

MCF-7 cell line and to exhibit strong antiproliferative potential with an LC50 value 

of 93.21 ± 0.58 µg/ml when the percentage of viable cells and the LC50 value of 

each plant species was examined in both cell lines. However, the LC50 value for the 

other two plant species was higher than that of this species. Moreover, when E. 

deccanensis was compared to the other two species, the nature and extent of toxicity 
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it displayed on a normal L929 cell line was found to be minimal or very low. 

Therefore, the methanolic extract of  E. deccanensis was discovered to have toxicity 

specific to cancer cells out of the three tested extracts. Thus, the MTT assay 

indicated that E. deccanensis is a better candidate than the other two plant species, 

so it was selected for further study on apoptosis detection, cell cycle analysis, and 

gene expression. 

An impressive antiproliferation effect against the breast cancer MCF-7 cell 

line was shown by E. granulata, with an IC50 value of 25.17 ± 0.95 µg/ml (Mahdavi 

et al., 2022). A study on the cytotoxic effects of E. hirta plant extract against normal 

Vero cells and a variety of cancer cell lines, including cervical, colon, and breast 

cancer cell lines was done by Kwan et al. (2016). The plant extract's cytotoxic 

effects, which were dose- and time-dependent, significantly reduced the survival and 

growth of the breast cancer MCF-7 cell line than the other cell lines.  

The effects of one of the well-known medicinal herbs, E. hirta, on the 

viability of human breast adenocarcinoma cell lines, such as MDA-MB-231 and 

MCF-7, were also examined using the aqueous and methanolic extracts of the plant. 

Compared to the aqueous extract, the methanolic extract demonstrated a more 

promising cytotoxic potential. Upon considering cell lines, it was found that both 

extracts were more effective in disrupting the MCF-7 cell line than the MDA-MB-

231. When tested on MDA-MB-231 and MCF-7 cells, the methanolic extract had 

lower IC50 values (82.81 and 24.31μg/ml) than the aqueous extract’s IC50 values 

(92.86 and 53.08 μg/ml). This focuses on the plant's possible ability to slow down 

the growth of ER-positive MCF-7 breast cancer cells (Elankanni et al., 2021). 

Moreover, by utilising the MTT assay, Sodde et al. (2015) assessed the cytotoxic 

potential of a methanolic extract obtained from the stem of Macrosolen parasiticus 

against MCF-7. They observed a noteworthy inhibition on MCF-7, with an IC50 

value of 97.33 ± 3.75 μg/ml, and an increase in the percentage of cytotoxicity from a 

lower concentration 31.25 μg/ml to higher concentration 250 μg/ml. This was 

consistent and validated with the current investigation, wherein the methanolic 

extract of the most effective plant species E. deccanensis, demonstrated an LC50 
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value (93.21 ± 0.58 μg/ml) that was nearly close to the value noted in the previous 

study. Therefore, the MTT assay that was carried out can be verified as the most 

effective and significant, and it will guide the choice of E. deccanensis for additional 

research. 

In an investigation into the anticancer properties of root and aerial extracts 

from E. grandicornis, seven compounds were isolated from this plant, and the 

toxicity was tested against triple-negative breast cancer (HCC70), hormone receptor-

positive breast cancer (MCF-7), and non-tumorigenic mammary epithelial (MCF-

12A) cell lines. The results showed that on all the cell lines, the aerial extract had 

non-specific, significant cytotoxic potential impacts. As opposed to non-cancerous 

cell lines, root extract demonstrated significant effects on cancerous cell lines. 

Additionally, in the case of the seven pure compounds that were isolated, the 

compound “hexyl (E)−3-(4-hydroxy-3-methoxyphenyl) −2-propenoate (7)” showed 

greater suppression of the growth and survival of all three cell lines (Magozwi et al., 

2021). Additionally, a study by Salman et al. (2024) examined the cytotoxic 

potential of flavonoids isolated from E. milii against breast and prostate cancer cells 

(PC3 and MCF-7). Against PC3 (67%) and MCF-7 (71.66%), respectively, 

flavonoids were found to exhibit strong cytotoxic potential. By triggering apoptosis, 

flavonoids can prevent cancer cells from invading cancer cell lines and diminish 

their rate of growth. In the present investigation, the results of HR LC-MS analysis 

demonstrated prominent flavonoid distribution in the methanolic extract of E. 

deccanensis. Thus, the broad distribution of flavonoids in the plant extract might be 

one of the potential explanations for its anticancer efficacy observed against the 

MCF-7 cell line. 

Apoptosis detection 

Programmed cell death is an essential part of many cell mechanisms, such as 

embryogenesis, tissue growth regulation, and other biological processes. The most 

widely used mechanism of cell death is apoptosis; it is primarily used in cancer 

research to identify cellular mechanisms and signalling pathways (Kari et al., 2022).  

Apoptosis-related alterations to the cell membrane are analysed using dual acridine 
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orange/ethidium bromide fluorescent staining. This approach additionally guarantees 

an accurate and unambiguous differentiation between the various stages of apoptosis 

(Liu et al., 2015). Thus, the acridine orange/ethidium bromide staining method was 

used to ascertain the plant extract's capacity to induce apoptosis in the MCF-7 cell 

line. 

In the current investigation, control cells showed green-coloured nuclei. In 

contrast, in treated cells, early apoptosis is indicated by a yellowish colour, and late 

apoptosis is indicated by a bright orange colour. Additionally, most of the early 

apoptotic cells displayed the typical morphological traits associated with apoptosis, 

including blebbing of the plasma membrane (Fig. 34). Acridine orange is a 

necessary stain that can stain a cell's cytoplasm as well as its nucleus and gives the 

appearance of green fluorescent material. Ethidium bromide, on the other hand, 

readily enters the nucleus of apoptotic cells and fluoresces red when it intercalates 

with DNA minor grooves. Because of the co-localization of AO and EtBr, a cell that 

is going through the emerging stage of apoptosis will therefore appear yellow in 

colour (Yashaswee & Trigun, 2020). In a different study using AO/EB staining, it 

was discovered that the DNA of late apoptotic cells was fragmented and stained 

orange, while the DNA of necrotic cells stained red (Lakshmi et al., 2017). AO/Et Br 

staining was used in a prior study to assess the impact of E. milii plant extract on 

changes in the nuclear morphology of MCF-7 cells. They discovered that the 

morphology of the MCF-7 cells treated with plant extract differed from that of 

control cells. They discovered early apoptotic cells, characterised by yellow-tinted 

nuclei and broken chromatin. Additionally, condensed chromatin and orange-

coloured nuclei were visible in the late apoptotic cells (Salman et al., 2024). In light 

of these reports, the double staining techniques revealed that the methanolic extract 

of E. deccanensis induced apoptosis and DNA fragmentation. 

Numerous prior studies have documented the ability of flavonoids to trigger 

apoptosis in cancer cells by interacting with various signalling pathways linked to 

apoptosis (Jeong et al., 2022). As per the present research, the plant E. deccanensis 

possesses an abundance of flavonoids, which could potentially play a significant part 

in inducing apoptosis and causing cytotoxic effects on MCF-7 cells.  
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Analysis of cell cycle using flow cytometry 

The cell cycle is a vital and significant concept in the field of research. The 

cell cycle consists of five distinct phases: quiescence (G0 phase), synthesis (S 

phase), interphase (G2 phase), and mitosis (M phase). According to reports, cancer 

is typically related to the cell cycle and results from a loss of cell cycle regulation. 

Therefore, cell cycle analysis is crucial and plays a major role in cancer research, 

anticancer drug screening, and cytokinetic studies (Qiu et al., 2013). Determining 

the distribution of cells in different stages of the cell cycle is aided by cell cycle 

analysis. It is a sign of the distribution of DNA present at various cell cycle stages. A 

highly regulated process, the cell cycle regulates both the growth and differentiation 

of cells. Any variations in the distribution of cells at any point during the cell cycle 

may be connected to differentiation and indirectly to the phenomenon of apoptosis 

(Yedjou et al., 2016).  

 Flow cytometry has been used extensively in cell cycle analysis because of 

its accuracy and speed. And it is mostly dependent on measurements of DNA 

content. Cell distribution in each phase is calculated using this method. DNA-

intercalating fluorescent dye is used to stain each cell. A common nuclear staining 

dye used to measure cell cycle is propidium iodide (PI). Before staining, the cells are 

fixed with ethanol or methanol because the dye cannot penetrate live cells. Next, 

every cell is stained. As a cell gets ready to divide, its fluorescence will increase in 

proportion to its DNA content. Using variations in fluorescence intensity, one can 

calculate the proportion of cells in each cell cycle phase (Nair & Manohar, 2021). 

Plotting the DNA content at each phase yields a frequency histogram that illustrates 

the proportion of cells in each cell cycle phase. 

The present investigation, determined whether E. deccanensis's methanolic 

extract could interfere with any phase of the cell cycle in MCF-7 cells. It was 

observed that the treated and untreated control cells had significant differences in 

their DNA compositions. In the treated cells, the percentage of G0/G1 phase cells is 

higher (88.2%) than in the control cells (71.1%), as shown by the histogram (Fig. 

36). Likewise, the proportion of S-phase cells dropped from 10.0% in control cells 
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to 5.0% in treated cells.  The extract causes a decrease in the percentage of cells in 

the S (DNA synthesis) phase and an increase in the percentage of cells in the G0/G1 

phase of the cell cycle. In treated cells, relatively higher DNA content was 

discovered in the G0/G1 phase, indicating that the cells were retained in this phase 

and were not moving on to the subsequent stages of the cell cycle. It can be inferred 

from this observation that the extract causes cell cycle arrest during the G0/G1 

phase. This observation was in close accordance with earlier reports by de La Cruz 

et al. (2015), wherein MCF-7 cells were subjected to an arrest at G0/G1 phase due to 

the application of Glehnia littoralis root extract. Additionally, it backs up the 

research conducted by Lai et al. (2021) that found that a Juniperus communis extract 

caused colorectal adenocarcinoma to be arrested at the G0/G1 phase. 

The sequence and timing of cell cycle events, such as G1/G0 boundaries, S-

phase, and G2/M phases, are tracked by cell cycle checkpoints. Checkpoints are a 

set of regulatory mechanisms that only allow proliferation to occur when stimulatory 

signals are present.  In addition, DNA damage and misaligned chromosomes at the 

mitotic spindle initiate the checkpoints. In this case, checkpoint-induced growth 

arrest enables the cell to repair the damage. Once the damage is fixed, the cell cycle 

continues. When a repair is not feasible, the cell is eliminated by apoptosis (Pucci et 

al., 2000).  

Cell cycle regulatory mechanisms tightly regulate the characteristics of a 

cell, including its growth, proliferation, differentiation, and survival. Any 

uncontrolled conditions that emerge during these processes lead to the development 

of cancers. Cell cycle progression is controlled by several factors, including cyclin-

dependent kinases (CDKs) inhibitors and cyclins. Furthermore, the most prevalent 

complex involved in the progression of the cell cycle is the cyclin-CDKs complex. 

Thus, inhibitors that target CDKs are used to treat various cancers in the modern 

world. One well-known inhibitor of CDK4 and CDK6 specificity, Palbociclib, has 

been demonstrated to be effective in treating a number of breast cancers (Wang et 

al., 2017). The connection between the cell cycle and apoptosis is represented in 

Fig. 48. 
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Figure. 48: The connection between the mechanism of cell cycle and apoptosis 
(Wang et al., 2017) 

Compounds with anticancer qualities are abundant in herbal medicines and 

are generally safe, non-toxic, and easily accessible. Sixty percent of medications 

used to treat cancer are plant-based, according to FDA reports.  Notable anticancer 

properties were shown by several phytochemicals. Remedies for cancer can be 

achieved with compounds like taxanes, vinca alkaloids, and derivatives of 

camptothecin (Garcia-Oliveira et al., 2021). The flavonoid quercetin exhibits notable 

anti-cancer properties against a range of cancer types, such as ovarian, breast, and 

colon cancer. In addition to inducing apoptosis by activating proapoptotic factors 

and decreasing the activity of antiapoptotic factors, it can also cause the cell cycle to 

be arrested by controlling the cyclin D1 and p53 pathways (Tang et al., 2020). 

Likewise, kaempferol, a well-known flavonoid, showed potent anticancer effects. It 

can alter various signalling cascades associated with cell cycle arrest, apoptosis, and 

metastasis (Rajendran et al., 2014). This supports the results of the current 

investigation, which found quercetin and kaempferol in the methanolic extract of E. 

deccanensis and suggests that they may be involved in the inhibition of cell cycle 

progression. 
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By preventing cells from moving from G0/G1 to S-phase, the E. tirucalli 

plant extract significantly reduced the proliferation of MCF-7 cells. They observed 

that this activity is caused by the presence of terpenoids and flavonoids (Choene & 

Motadi, 2016). Phytochemical analysis revealed that E. deccanensis contained a 

large number of flavonoids and terpenoids. Thus, in MCF-7 cells treated with the 

plant's methanolic extract, the inhibition of cell cycle progression from G0/G1 to S-

phase can be attributed to the presence of these potent compounds along with other 

compounds and their synergistic actions. 

In this work, the double staining method using acridine orange/ethidium 

bromide has revealed the apoptosis effect exhibited by the methanolic extract of E. 

deccanensis on the proliferation of breast cancer MCF-7 cells. Cell cycle analysis 

using flow cytometry subsequently demonstrated the potential of plant extract to 

induce apoptosis by causing cell cycle arrest at the G0/G1 phase and the inhibition 

of progression to S-phase in breast cancer MCF-7 cells.  Hence, p53 and STAT-3, 

two important genes involved in signaling pathways leading to apoptosis, were 

subjected to quantitative expression analysis using RT-qPCR followed by gel 

electrophoresis using GAPDH as the housekeeping gene in order to explore the 

possible genetic mechanism underlying this in the plant extract-treated MCF-7 cells. 

Housekeeping genes are essential for cells to survive, regardless of the precise way 

in which they are employed within an organism or tissue. They are continuously 

expressed irrespective of the type of tissue, developmental stage, cell cycle stage, or 

outside cues. They are conserved across species and carry out cell maintenance and 

perform basic cellular functions. One of the common housekeeping gene is 

glyceraldehyde-3-phosphate dehydrogenase (GAPDH). It is frequently utilised as an 

internal control in studies involving proteins, mRNA, and DNA. For Q-RT-PCR to 

be accurate, it must be normalised to a housekeeping gene, an internal control. This 

is why quantitative TR-PCR techniques were used in the present study, as its 

expression remains constant over time and experiment manipulation. 

In the current study, MCF-7 cells were incubated for 24 hours after being 

treated with an LC50 concentration (93.21 µg/ml) of E. deccanensis methanolic 
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extract. An obvious and significant upregulation of the p53 gene's expression was 

found in the results (Fig. 37 a & b). The expression fold change was 1.68. The 

STAT-3 gene expression was also significantly downregulated by the plant extract at 

the same time, with a fold change of 0.4. The gel images of both genes corroborated 

this as well (Fig 38 a & b). In comparison to the control, the sample treated well 

exhibits a comparatively higher intensity of fluorescence in the p53 gene. Relatively 

less fluorescence was observed in the STAT-3 gene when compared to the control. 

These two demonstrate the capacity of the methanolic extract to influence the 

mRNA expression of both genes. Thus, it is evident from the current work that plant 

extract has the ability to markedly downregulate gene STAT-3 and upregulate gene 

p53 at the same time. 

One of the vital genes, p53, also referred to as the guardian of the genome, is 

essential for various cellular mechanisms like DNA repair, cell cycle arrest, and the 

induction of apoptosis in response to cellular stress. More than 40 years ago, p53 

signaling was identified. p53 status plays a critical role in clinical settings in 

predicting a patient's response to chemotherapy. When treating basel like breast 

cancers, the p53 mutant can be utilised as a marker for chemotherapy. The p53 

protein consists of 393 amino acids in addition to its transactivation, DNA binding, 

nuclear localization, and nuclear export domains (Li et al., 2022).  

The p53 gene encodes the transcription factor protein p53. Tumour 

suppression is the primary role of the p53 protein. An estimated 50% of human 

cancers, including those of the breast, colon, prostate, skin, liver, and lungs, are 

caused by mutations in the p53 gene (Marei et al., 2021). A group of ubiquitin 

ligases, including Cip1, CHIP, and MDM2, normally regulate the stability of the p53 

protein. Among them, MDM2 is well-known. p53 activation triggers the expression 

of MDM2, which then interacts with p53 to cause its destruction and ubiquitination. 

The p53-MDM2 loop is capable of efficiently controlling both homeostasis and the 

appropriate reaction to different stimuli (Li et al., 2022). The regulation of numerous 

distinct cellular processes was significantly influenced by the transcription factor 

p53. p53 is involved in the inhibition of cell proliferation in cancer cells under 
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various conditions, including hypoxia, DNA damage, nutrient deprivation, and 

hyperproliferative signals. In reaction to cellular stress, p53 is susceptible to a range 

of post-translational modifications, such as transactivation, where p53 controls the 

expression of genes related to the cell cycle, DNA repair, and the induction of 

apoptosis (Marvalim et al., 2023).  

Numerous studies have demonstrated that p53 has the ability to initiate 

apoptosis and regulate a number of apoptotic-related genes. p53 can mediate 

apoptosis through both intrinsic and extrinsic mechanisms. By inducing the 

expression of the cell death receptors, Fas and Death Receptor 5, p53 can activate 

the extrinsic apoptotic pathway. As a result, a signalling complex known as death-

inducing complex forms, which in turn activates a cascade of caspases, including 

caspase-8 and caspase-3. p53 can start apoptosis in intrinsic pathways by 

transactivating proapoptotic genes from the Bcl-2 family, including BAX, Noxa, 

PUMA, and BID (Chen, 2016).  

Numerous reports demonstrated the effectiveness of p53 as a tumour 

suppressor. Through inducing apoptosis and cell cycle arrest, the upregulated p53 

gene has been shown to assist in the destruction of triple-negative breast cancers, 

including MDA-MB-231 and MDA-MB-436 (Fouzat et al., 2022). This is in line 

with recent research, in which the p53 gene suppresses the growth of MCF-7 breast 

cancer cells by inducing apoptosis and cell cycle arrest by mediating a variety of 

signaling pathways. Furthermore, after being treated with different species of 

Euphorbia, including E. ingens and E. pulcherrima (El-Hallouty et al., 2022), 

previous studies have shown high levels of p53 or upregulated expression of p53 

followed by the induction of apoptosis. This indicates more about the impact of the 

plant extract E. deccanensis on the upregulation of the p53 gene. The role of p53 in 

activation of genes involved in cell cycle regulation, DNA repair, and apoptosis 

induction is represented in Fig. 49. 



Discussion 

 226

 

Fig. 49: Involvement of p53 in activation or repression of target genes involved 
in the control of cell cycle, DNA repair, and induction of senescence and 
apoptosis (Marvalim et al., 2023). 

The activator of transcription and signal transducer (STAT-3) is a member of 

the STAT family. This group is primarily composed of seven transcription factors: 

STAT1, 2, 3, 4, 5a, 5b, and 6. A number of vital processes, including angiogenesis, 

apoptosis, differentiation, cell cycle, and metastasis, are thought to be regulated by 

STAT3. Furthermore, STAT-3 is constitutively active in several tumour cell lines, 

including those from the colon, breast, melanoma, pancreas, prostate, esophagus, 

and stomach. Because of constitutive activation, STAT-3 is able to promote the 

proliferation of cancer cells (Zhou et al., 2018). Research on STAT-3, an oncogenic 

transcription factor, has shown strong correlations with immune evasion, 

chemoresistance, metastasis, and the start of cancer (Qin et al., 2019). Angiogenesis, 

differentiation, cell cycle progression, immune suppression, and chemotherapy 

resistance are all aided by STAT3's regulation of its downstream target genes, which 

include Bcl-2, Bcl-xL, cyclin D1, c-Myc, and survivin. Researchers considered 

STAT3 to be a top candidate for cancer treatment because of its crucial role in the 

development of cancer (Khan et al., 2024).  
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Phosphorylation by growth factors and cytokines initiates the activation of 

the STAT-3 signalling cascade system. This is followed by a variety of 

modifications, including translocation into the nucleus and dimerization. Once 

inside the nucleus, it initiates the transcription of target genes that regulate 

angiogenesis, invasion, migration, autophagy, chemoresistance, immune escape, 

anti-apoptosis, cell survival and cell progression (Qin et al., 2019). In addition, 

multiple investigations have demonstrated that STAT-3 upregulates several genes 

linked to angiogenesis (HGF, VEGF, bFGF, IL-17, and IL-23), metastasis (MMP-

1/2/3/9, fascin, vimentin, and ICAM-1), cell cycle progression (cyclin D1, c-Myc, 

and Pim1/2), cell proliferation (IL-6, CXCL12, and HIF-1α) and antiapoptosis (Bcl-

2, Bcl-xL, survivin, and Mcl-1). It may also lessen the expression of transcription 

factors that inhibit cancer growth, such as nedin and p53 (Arshad et al., 2020). 

In most cells, apoptosis can prevent STAT-3 from being activated. Genes for 

cell survival are expressed in tumour cells as a result of constitutive STAT-3 

activation. Apoptosis is exacerbated by suppressing the expression of genes involved 

in cell survival, which is accomplished by blocking the function of STAT-3 genes. 

Through the expression of FAS proteins, apoptosis can also facilitate the 

downregulation of STAT-3 (Konnikova et al., 2003; Arshad et al., 2020). This 

supports the findings of the present investigation, which indicate that the main cause 

of the apoptosis observed in breast cancer MCF-7 cells is the suppression of STAT-3 

and its subsequent downregulation. 

Phytocompounds have the ability to kill cancer cells by a variety of means, 

including changing signaling pathways and triggering apoptosis. The regulation of 

signaling pathways governs the metabolic pathways in various forms of cancer. 

Terpenoids are a powerful class of phytocompounds that can inhibit STAT-3 

activation by blocking STAT-3 phosphorylation, inhibiting STAT-3 dimerization, or 

preventing activated STAT-3 from translocating into the nucleus (Khan et al., 2024). 

Fig. 50 revealed the involvement of STAT3 in various cancer related mechanisms 

such as proliferation of cells, angiogenesis, metastasis and invasion. The wide range 

of terpenoids found in the E. deccanensis extract is responsible for the plant's ability 

to inhibit the STAT-3 gene.  
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Fig. 50: Phosphorylation of STAT3 stimulates STAT3 target genes implicated in 
cell proliferation, angiogenesis, metastasis, invasion, and drug resistance (Khan 
et al., 2024). 

By causing cell cycle arrest and apoptosis, p53 shields the cells from cancer. 

On the other hand, STAT-3 promotes the growth and progression of cancer cells by 

being constitutively expressed in a variety of cancer cells. Therefore, in the 

regulation of cellular pathways, STAT-3 and p53 play opposing roles (Pham et al., 

2020). Phosphorylation of STAT-3 in breast and prostate cancer cells is reported to 

be decreased by p53 in another study (Lin et al., 2002). This aligned with the current 

investigation, wherein the suppression of cell cycle arrest during the G0/G1 phase, 

succeeded by apoptosis, happened due to the activation of the p53 gene and the 

suppression of      STAT-3 gene activity. The p53 activity causes the breast cancer 

MCF-7 cells to undergo apoptosis in this instance, but the anti-apoptotic activity of 

STAT-3 is inhibited.  

PART III 

BIOSYNTHESIS OF SILVER NANOPARTICLES 

The literature contains a plethora of reports on Euphorbia species' potential 

as potent candidates for the synthesis of Ag NPs. Significant biological 

characteristics were demonstrated by the Ag NPs that were derived from different 
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parts of the plant species, including the stem, leaf, root, latex, and flowers. In the 

current work, the methanolic extracts of the three selected plant species 

demonstrated enormous potential to easily and sustainably develop Ag NPs using 

green strategies without the need for any physical or chemical factors. Ag NPs were 

created by the reaction of the methanolic extract of the selected test samples with the 

silver nitrate solution.  

One of the most important processes in science is thought to be the 

production of Ag NPs using plant components. Since the different biomolecules 

present in plant extracts, including phenols, polyphenols, flavonoids, ascorbic acid, 

and citric acid, act as reducing agents with capping abilities, using phytobiomass for 

nanoparticle formation is an important strategy (Abada et al., 2023). The Fig. 49 

describes the involvement of various biomolecules found in the plant extracts in the 

formation of silver nanoparticles. The development of a reddish-brown colour 

formation indicates the formation of Ag NPs visually. A number of physicochemical 

techniques were used to confirm the formation of Ag NPs, including UV- vis 

spectroscopy (UV-visible spectroscopy), FE-SEM analysis (Field emission scanning 

electron microscopy), and FTIR spectroscopy (Fourier Transform Infrared 

Spectroscopy) to understand the specific and properties of synthesised Ag NPs.  

 

Fig. 49: Interaction of biomolecules found in the plants and silver nitrate 
solution leads to the synthesis of silver nanoparticles (Wahab et al., 2021) 
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Visual observation of silver nanoparticles 

The reduction of silver ions to silver metal nanoparticles by the action of 

plant extract was initially detected visually by observing the colour change of the 

reaction mixture. When different leaf extracts were added to silver nitrate solution, 

the colour of the solution changed, showing Ag NP production from weak light to 

yellowish-brown to reddish-brown to colloidal brown (Banerjee et al., 2014). 

Likewise, the distinctive brownish colour of the final slurry indicates the colloidal 

Ag metal nanoparticles which are developed as a result of the simultaneous mixing 

of silver nitrate and plant extract solutions (Saeb et al., 2014). In this study, similar 

colour changes were seen, indicating the formation of Ag NPs.  In all three tested 

extracts, the colour of the reaction mixture was changed into yellowish brown or 

reddish brown after the interaction between the plant extract and the 2 mM silver 

nitrate solution at a temperature of 600C. The variation in colour change was caused 

by the surface plasmon resonance (SPR).  The interaction of conducting electrons in 

metal nanoparticles' outer orbitals with an electric field causes the phenomenon 

known as surface plasmon resonance (SPR), in which the particles collectively 

oscillate in resonance at specific wavelengths. The colour and absorbance that form 

in a colloidal solution of Ag NPs are caused by the excitation of SPR (Vanlalveni et 

al., 2021). 

CHARACTERISATION TECHNIQUES 

         So many characterisation methods are available to detect the presence of Ag 

NPs such as UV–visible spectroscopy, SEM, FTIR, TEM, DLS, etc.  Among them, 

analyses like UV–visible spectroscopy, SEM and FTIR were conducted in the 

present investigation. Schematic representations of various characterisation tools are 

represented in Fig. 50.  



Discussion 

 231

 

Fig. 50: Various characterisation techniques employed in nanoparticles 
identification (Ijaz et al., 2022) 

UV–visible spectroscopy (UV-Vis spectroscopy) 

One of the fundamental analytical techniques, UV-visible spectral analysis 

proved to be very reliable for the initial characterization of developed metal 

nanoparticles. Using this technique, the stability of Ag NPs can be ascertained. 

There is no need for calibration for particle characterization of colloidal suspensions 

using this quick, sensitive, and straightforward technique to monitor the formation 

of Ag NPs (Ashraf et al., 2016). Ag NPs have a large optical property that enables 

them to work closely with specific light frequencies. In Ag NPs, the valence band 

and the conduction band are close to one another, allowing free electrons to move 

freely and causing surface plasmon resonance (SPR) (Patil et al., 2021). The 

characteristic formation of colloidal silver nanoparticles is usually indicated by 

sharp surface plasmon resonances (SPRs) in the 350 – 600 nm range (Bardania et 

al., 2020). Furthermore, several earlier studies found that absorption spectra of Ag 

NPs range between 410 and 450 nm as a result of surface plasmon resonance 

(Mahendran & Kumari, 2016).  

The formation of silver nanoparticles is monitored in the present work using 

UV-visible spectral analysis. Every extract put into the experiment produced a 

distinct, sharp significant peak in the   400 – 500 nm range, which is characteristic of 
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the UV–Vis signal resulting from the surface plasmon resonance of silver 

nanoparticles. E. rothiana and E. thymifolia had peaks at 432 and 443 nm, 

respectively.  While E. deccanensis' absorption peak was formed at 416 nm, which 

was specific for the occurrence of Ag NPs (Fig. 39 a). This was consistent with the 

earlier reports by Mahendran & Kumari (2016). For Ag NPs produced using 

Nothapodytes nimmoniana fruit extract, they observed a distinct SPR peak at 416 

nm. Additionally, they highlighted the potential of phytochemicals such as steroids, 

flavonoids, terpenoids, and alkaloids that were discovered in fruit extract and were 

thought to be in charge of accelerating the reduction process and thereby enhancing 

the formation of Ag NPs. Hence, the absorption spectra of silver nanoparticles 

obtained from the current study revealed the interaction between silver ions and 

phytocompounds found in methanolic extracts of tested samples. Thus, the 

development of silver nanoparticles in all of the tested samples was confirmed.  

Numerous studies reported the efficacy of various Euphorbia species to 

produce Ag NPs by the reduction of silver nitrate solution. The ability of E. 

deccanensis and E. tortilis methanolic extracts to reduce silver nitrate to silver 

nanoparticles was found by Sameena &Thoppil (2023). It was previously reported 

that the ethanolic extract of E. helioscopia produced Ag NPs when it reacted with a 

1 mM silver nitrate solution. A sharp peak at 442 nm was discovered by UV-VIS 

spectrum analysis (Nirmala et al., 2023). Similarly, an experiment by Santhosh et al. 

(2019) produced Ag NPs through the combined action of E. geniculata leaf extract 

and 0.05 M aqueous silver nitrate solution. At 430 nm, they noticed a sharp, intense 

peak indicating the development of Ag NPs. Ag NP synthesis by E. rothaiana was 

demonstrated in a previous study conducted by Banumathi et al. (2017). For this, 

0.01 M silver nitrate solution and aqueous leaf extract were used to create Ag NPs, 

and they were allowed to react with one another and kept for the nanosynthesis in 

the dark for five hours. A sharp silver peak at 428 nm was visible in the UV-Vis 

spectrum, and they observed the colour change of the solution from yellowish to 

reddish brown.  
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FE-SEM analysis (Field emission scanning electron microscopy)    

To gain a better understanding of nanomaterials, researchers in the fields of 

nanotechnology and nanoscience are currently looking for motivation to develop 

highly resolved microscopic techniques. SEM is an advanced surface imaging 

technique that can resolve a wide range of particle sizes, shapes, and surface 

characteristics of nanomaterials at both the micro and nanoscales, among other 

electron microscopy techniques (Zhang et al., 2016). In the current work, SEM 

analysis was utilised to obtain detailed information about the size and shape of the 

synthesised Ag NPs.  Here, the three Ag NPs produced from plant extract showed a 

spherical shape. It was consistent with earlier reports by Ibrahim (2015). Using 

banana peel extract as a capping and reducing agent, they were able to produce 

spherical-shaped Ag NPs with a particle size of 23.7 nm in their experiment. They 

differ in size despite having a similar shape. It was discovered that the Ag NPs 

produced from E. deccanensis were substantially smaller in size than the Ag NPs 

produced from the other two test extracts. Ag NPs produced from E. deccanensis 

had an average particle size of 33.4 nm. For E. rothiana it was 36 nm, and for E. 

thymifolia, it was 37. 6 nm. Hence, using this method, the differences in Ag NP sizes 

were revealed. The Ag NPs, synthesised from Convolvulus arvensis leaf extract, had 

a spherical shape and an average particle size of 60 nm (Rasheed et al., 2018). 

Therefore, the Ag NPs that are synthesised from E. deccanensis may be a promising 

option for creating smaller-sized silver nanoparticles. 

Previous studies by Bardania et al. (2020) clarified the connection between 

Ag NP size and spectral peak. They observed that if the concentration of Ag ions and 

plant extract rises during the synthetic mechanism, the spectral peak of Ag NPs 

shifts to lower wavelengths. This ultimately results in the formation of nanoparticles 

with smaller sizes. Moreover, it has been shown that Ag NPs of smaller sizes exhibit 

their SPR peaks at lower wavelengths than Ag NPs of larger sizes (Neri et al., 2016). 

This was true in this experiment also. Here, the extract of E. deccanensis developed 

the Ag NPs with smaller sizes, which also exhibited SPR peaks at shorter 

wavelengths.  
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A reaction mixture's pH, temperature, and extract concentration all affect the 

size and shape of silver nanoparticles. Ag NP’s morphology varies from species to 

species and can be spherical, triangular, cubic, round or rod shaped and the most 

notable among them is spherical (Dawadi et al., 2021).  In addition, the number of 

SPR peaks decreases with an increase in Ag NPs symmetry. Moreover, there was 

just one peak visible in the spherical Ag NPs. In contrast, two or more peaks were 

visible in the nanoparticles with disc and triangular forms (Ahsan et al., 2020).  

Fourier transform infrared spectroscopy (FTIR) Analysis 

The material is exposed to infrared light during Fourier-transform infrared 

spectroscopy (FTIR) analysis, and the radiation that is transmitted is recorded. For 

every sample, the spectrum produced using this method is distinct. This technique 

can be used to determine the sample's polarity, different bond types, and degree of 

oxidation (Deepty et al, 2019). FTIR is a useful tool for identifying the functional 

groups involved in the stabilisation of synthesised nanoparticles. The FTIR spectra 

of the green synthesised Ag NPs clearly show peaks throughout the selected range. 

This method is used to detect the presence of biomolecules. To identify the best 

matches, the organic material in the sample's obtained FTIR spectrum was compared 

to material libraries that had been catalogued. 

Ten significant absorption bands were detected in the FTIR spectrum of                         

E. deccanensis, with one deep band located in the absorption peak at 1384 cm–1. The 

broadband at 3435 cm−1 is caused by phenols and alcohols. The absorption band at 

2856 cm–1 and 2926 cm–1 is sharp and is caused by aromatic compounds and 

alkanes, respectively. Additional noteworthy peaks detected at 1384 cm−1 signify the 

C-H bending of aldehyde groups. The presence of peaks at 836 cm−1 and 669 cm−1, 

respectively, indicates the presence of aromatic compounds and (C–Br) aliphatic 

bromo compounds. Functional groups that correspond to biomolecules were found 

by FTIR analysis of this plant species, which was consistent with previous research 

by (Satheesh et al., 2012; Wan Mat Khalir et al., 2020). They also got comparable 

absorption peaks in their experiment to that we observed in the current investigation. 
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They explained that during the formation of nanoparticles, these biomolecules play a 

strong role as capping and stabilising agents. 

Eleven notable absorption peaks were visible in the FTIR spectrum that was 

obtained from E. rothiana. The bands at 3400 cm−1 and 3220 cm−1, respectively, 

stand for the O-H (hydroxyl) group and the aliphatic primary amine. The absorption 

band at 2422 cm−1 indicates the presence of carboxylic acid, while the band at 1604 

cm−1 indicates the occurrence of amino acids. The strong, deep peak at 1382 cm−1 is 

indicative of phenols. The presence of alkene and halo compounds were indicated by 

the small peaks seen at 834 cm−1 and 528 cm−1. These bands agree with the earlier 

reports of Lingegowda et al. (2012). 

Different functional groups involved in the formation of nanoparticles were 

revealed by the alteration in peak intensity. Ag NP-derived E. thymifolia showed ten 

distinct absorption bands in the FTIR analysis. The absorption spectra at 3774 cm−1 

represent O-H stretching vibrations of the hydroxyl group. Similarly, the spectra at 

3409 cm−1 correspond to the O-H stretch of the alcohol group. In addition, the other 

prominent bands at 1382 cm−1 and 2424 cm−1, respectively, suggest the presence of 

carboxylic acids and phenols. The tiny bands at 596 cm−1 and 528 cm−1  are due to 

the occurrence of halo compounds. This was in agreement with the earlier study 

conducted by Lingegowda et al. (2012). In all three of the plant-derived Ag NPs, 

significant phytoconstituents corresponding to prominent functional groups were 

detected. It is therefore reasonable to believe that these functional groups play a 

critical role in the formation, stabilisation, and reduction of silver nanoparticles. 

Antimicrobial activity of synthesised silver nanoparticles 

Antibacterial activity of Ag NPs 

Today, one of the main challenges in treating many diseases is the growing 

resistance of bacteria and fungi to antimicrobial drugs. In a similar way, more recent 

bacterial strains, both Gram-positive and Gram-negative, have been found to possess 

a high degree of resistance. To counteract bacterial resistance, efforts must be made 

to develop novel antimicrobial agents as well as to prevent the formation and 
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dissemination of multi-resistant bacterial strains. Therefore, it is imperative to find a 

future solution. Silver has stronger, more potent, and more significant antimicrobial 

properties than any other metal. Silver salts were employed as a potent antimicrobial 

agent before the development of silver nanoparticles. Nonetheless, the excessive 

application of silver agents has diminished their potency as antimicrobial agents. 

With the development of nanotechnology in recent years, interest in using silver 

nanoparticles as antibacterial agents has increased, and more people are now 

considering using nanoparticles to treat microbial infections of the skin. Silver 

nanoparticles' antibacterial activity is one of their most well-known bioactivities. 

Due to silver's antibacterial qualities, Staphylococcus aureus and Pseudomonas 

aeruginosa-related bacterial skin infections are frequently treated with it. The 

effectiveness of Ag NPs' antibacterial qualities against bacteria that are resistant to 

multiple drugs has been examined in a great deal of research, and a wealth of reports 

have demonstrated this. 

In the current study, the antibacterial properties of Ag NPs derived from 

selected plant extracts were evaluated. This was accomplished using the disc 

diffusion method with both Gram-positive and Gram-negative bacterial strains. 

Pseudomonas aeruginosa and Escherichia coli were taken as negative strains, and 

Enterococcus faecalis and Streptococcus mutans were taken as positive strains. The 

presence of a visible zone formed around the Ag NP disc indicated that all three of 

the synthesised Ag NPs exhibited significant antibacterial activity against the 

selected bacterial strains, according to the results. 

Gram-positive and Gram-negative bacteria were effectively targeted by all of 

the produced Ag NPs in this instance. Nonetheless, it was noted that Ag NPs were 

most effective against Gram-positive S. mutans among other harmful bacteria. Upon 

considering the plant extracts used in the study, Ag NPs obtained from the 

methanolic extract of  E. deccanensis demonstrated a noteworthy suppression on the 

growth as well as the development of selected bacteria. As a result, this plant is 

regarded as one of the best options for antibacterial applications. 
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The two most important types of Gram-negative bacteria that form biofilms 

are  P. aeruginosa and E. coli (Laverty et al., 2014). Furthermore, these two species 

are uropathogenic in nature (Giannattasio-Ferraz et al., 2022). The antibacterial 

effects exerted by Ag NPs were found to be effective against E. coli in two previous 

studies: Kemala et al. (2022) reported a zone of inhibition of 11.29 ± 0.45 mm, and 

Urnukhsaikhan et al. (2021) reported a zone of inhibition ranging from 5.5 ± 0.2 mm 

to 6.5 ± 0.3 mm. This highlights the present work, where, all of the synthesised Ag 

NPs produced an inhibition zone that was found to be larger than that of earlier 

research. Thus, the ability of Ag NPs derived from methanolic plant extract to inhibit 

the growth and spread of E. coli was achieved and revealed. 

The pathogen, P. aeruginosa, with opportunistic behaviour, which is present 

in aqueous solutions, causes deaths in patients who have cancer, traumatic injuries, 

and immunosuppression. The increase in multidrug-resistant P. aeruginosa (MRPA) 

is a critical public health problem that raises morbidity and mortality in hospitalized 

patients (Al-Momani et al., 2023). The ability of Ag NPs made from a water extract 

of Pyrus communis flesh and peel to stop the growth of P. aeruginosa and E. coli 

was previously described by Simon et al. (2021). Likewise, the Ag NPs that were 

synthesised from Cinnamomum tamala leaves demonstrated efficacious activity 

against P. aeruginosa, displaying a zone of inhibition measuring 17.67 ± 0.577 mm 

(Al Mashud et al., 2022). The current study provides evidence for the efficacy of all 

three biogenic Ag NPs in preventing P. aeruginosa from growing, thereby 

preventing the spread of the infection and the development of diseases linked to it. 

The bacterias S. mutans was taken into consideration for the current 

investigation in the case of Gram-positive bacteria. S. mutans has been identified as 

a potential dental caries pathogen (Zhang et al., 2022). Here, a prominent inhibition 

zone was observed in E. deccanensis (20 mm), E. rothiana (17 mm), and E. 

thymifolia (16 mm) for each of the selected Ag NPs, indicating that they all had a 

significant impact on S. mutans. This was consistent with the previous studies, 

which demonstrated the effectiveness of green synthesised Ag NPs against S. 

mutans. In a study by Mohamad Hanafiah et al. (2023), Strobilanthes crispus-



Discussion 

 238

mediated Ag NPs demonstrated promising activity against S. mutans, with a zone of 

inhibition measuring 11.00 ± 0.33 mm. This was also true in the reports of Mahmod 

et al. (2021), who observed a significant suppression of S. mutans activity. 

 E. faecalis can spread genes linked to antibiotic resistance in addition to its 

virulence through horizontal gene transfer. This nosocomial pathogen has 

characteristics of a conventional generalist microbe. A discernible 15 mm inhibition 

zone was seen in the suppression of E. faecalis by Ag NPs derived from the 

medicinal plant Cestrum nocturnum (Keshari et al., 2020). Concurrently, Arsène et 

al. (2021) reported that grapefruit peel extract-mediated Ag NPs were able to evade 

E. faecalis activity as well as that of other pathogens. They clarified that the reason 

for the fight against the pathogens could be the antibacterial compound found in the 

peel extract. The methanolic plant extract-mediated Ag NPs showed encouraging 

results against  E. faecalis in this investigation as well (Tab.15).  

Ag NPs synthesised from plant extracts have been shown in numerous 

studies to exhibit antibacterial activity against both Gram-positive and Gram-

negative bacteria. Ag NPs have been found to cause greater sensitivity in Gram-

negative bacteria than in Gram-positive bacteria in several studies (Sharma et al., 

2022).  In the current study, however, conflicting findings were noted. Apart from 

the Gram-negative strains, the phytofabricated Ag NPs showed significant inhibition 

on Gram-positive strains. The size and shape of the silver nanoparticles, along with 

the structural differences between the two bacterial species, could be the cause of 

their varying susceptibilities (Almatroudi, 2020).  

   Ag NPs' antibacterial activity is known to be influenced by a wide range of 

variables, including concentration, size, shape, charge, and stability. Prior research 

has revealed that the capacity of Ag NPs to impede bacterial growth varies with their 

concentration (Bruna et al., 2021).  In the current investigation, dose-dependent 

antibacterial activity was observed against all of the selected harmful pathogens. The 

zone of inhibition that forms around the sterile disc increases as the concentration 

rises from lower to higher concentrations, suggesting an increase in antibacterial 
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activity. Our results are in line with earlier studies by Choi et al. (2021) and Harsha 

et al. (2022).  

           Similarly, when comparing the antibacterial activity of smaller-sized 

spherical Ag NPs to larger spherical Ag NPs, the smaller Ag NPs showed superior 

results (Raza et al., 2016). In addition, smaller nanoparticles dissolve more quickly 

in various media and release silver ions during the process, which may play a 

significant role in the antibacterial activity of nanoparticles (Bruna et al., 2021). 

These claims were supported by the results of the current study. In this case, Ag NPs 

made from E. deccanensis showed the strongest antibacterial activity; SEM data 

showed that these NPs have a smaller spherical shape (33.4 nm). Due to their 

reduced size, E. deccanensis Ag NPs exhibit superior bacterial barrier penetration, 

thereby augmenting their antibacterial efficacy. Although the other two plant extract-

mediated Ag NPs showed a notable antibacterial effect as well, it's possible that this 

was caused by their spherical shape and nearly smaller sizes (36 nm in E. rothaina 

and 37.6 nm in E. thymifolia, respectively), which were discovered to be closer to 

the most effective one's size. 

The production of Ag NPs via green nanotechnology is a simple and reliable 

process. It assists in avoiding the problems with other traditional methods, which 

result in the production of hazardous byproducts. It helps to avoid the disadvantages 

of plant-extractable antimicrobials, such as the fact that a lot of bacteria have 

developed resistance to them. Thus, the Ag NPs produced from the methanolic 

extract of the current study may be useful in the development of novel approaches 

and in halting the growth of pathogens, thereby preventing the spread of illnesses. 

Antifungal activity of Ag NPs 

  Fungal infections have been a major public health concern in recent decades. 

Around 2 million people have died from fungal diseases like mycoses, which have 

caused more than 300 million people to suffer from serious health problems. 

Consequently, fungal diseases are becoming the primary cause of death worldwide. 

Moreover, the lack of antifungal medications is caused by the fact that fungi exhibit 

molecular and cellular biology that is strikingly similar to that of human cells, 
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making it extremely challenging to identify specific therapeutic targets against fungi 

(Mussin & Giusiano, 2022). This prompted researchers to look for an alternative to 

antifungal drugs, of which metals predominate, particularly silver given its lengthy 

history of use as an antimicrobial agent in medicine.   

  This work demonstrated the fungicidal efficacy of Ag NPs against A. niger 

and C. albicans. Since nanoparticles can adhere to the surface of fungal hyphae, they 

can stop the growth of dangerous fungi (Skłodowski et al., 2023). People with 

weakened immune systems are more vulnerable to fungal infections, and the current 

lack of antifungal medication options makes treating fungal-related diseases a 

laborious process. Because of this, the development of antifungal drugs that are 

biocompatible, non-toxic, and environmentally friendly seems to be an essential and 

urgent need (Habeeb Rahuman et al., 2022). Ag NPs currently have a major effect 

on antifungal drugs that are used to treat various infections caused by fungi. A 

multitude of investigations postulated that the antifungal activity of Ag NPs resulted 

from their influence on membrane-bound enzymes, like those in the respiratory 

chain, or from the degradation of cellular membrane integrity (Kim et al., 2012). 

The fungicidal property of Ag NPs is currently ascertained using the disc 

diffusion method. The sterile disc was found to have a noticeable zone of inhibition 

surrounding it. This zone clearly demonstrated the antifungal potential of the 

material against specific fungal pathogens. Ag NPs developed from the methanolic 

extracts of ED, ER, and ET, effectively inhibit both fungal species. When fungi were 

taken into account, Ag NPs from all three plant species considerably inhibited A. 

niger more than C. albicans. The zone of inhibition developed at the highest 

concentration (1000 µg/ml) in each of these Ag NPs was found to be nearly 

comparable to that of the well-known antifungal drug Clotrimazole, which served as 

the positive control. 

The most prevalent fungi that can produce mycotoxins, which are extremely 

dangerous to humans and animals, are Fusarium sp., Penicillium sp., Aspergillus sp., 

and Candida sp. (Haque et al., 2020). Among them, Aspergillus species are common 

fungi that account for up to 22% of the air spore samples. Most of their infections 
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target the respiratory system. Among the Aspergillus species, A. niger has been 

identified as the most common infection that causes mycosis in people (Miller & 

Wilmott, 2019).  

In the current study, Ag NPs of all the three Euphorbia species significantly 

suppressed the growth of A. niger at all concentrations, including 250, 500, and 

1000 μg/ml, in a promising way. Moreover, the highest concentration of Ag NPs 

demonstrated a zone of inhibition that was noted to be extremely similar to the zone 

of inhibition displayed by the positive control that was chosen.  This finding aligns 

with earlier research. Hashem et al. (2022) for instance, evaluated the effectiveness 

of biogenic Ag NPs against A. niger and other Aspergillus species to ascertain their 

fungicidal properties. They observed notable fungicidal activity against A. niger, 

exhibiting a 16 mm zone of inhibition at 500 μg/ml.  In the present study, Ag NPs 

from E. deccanensis showed a zone of inhibition of 15 mm at the same 

concentration, followed by those from E. rothiana with 14 mm and E. thymifolia 

with 13 mm respectively. This emphasises the importance of Ag NPs mediated by E. 

deccanensis, E. rothiana and E. thymifolia in terms of their capacity to impede the 

growth and dissemination of A. niger. 

    Candida albicans is the most frequent opportunistic fungal pathogen 

belonging to the genus Candida. It is challenging to treat this infection clinically 

since there are few low-toxicity, effective antifungal medications available (Zhou et 

al., 2021). Arsène et al. (2023) assessed the antifungal activity of Ag NPs derived 

from Aloe vera extract against Candida albicans and observed a concentration-

dependent inhibition on the fungal organism's activity. Similar to this, Beldjilali et 

al. (2020) employed Thymus algeriensis extract-mediated Ag NPs to investigate the 

fungal action of the extract and found a potent anticandidal activity with a 20 mm 

zone of inhibition. A similar finding was observed in this investigation as well. In 

this case, all three methanolic plant extract-mediated Ag NPs showed significant 

dose-dependent inhibition of C. albicans. Thus, it is demonstrated how important the 

current study is and how applicable it is to the biomedical industries. 
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Many researchers have provided explanations regarding the mechanism of 

Ag NPs' antimicrobial action. The microorganism's cell wall and membrane both 

accumulate with Ag ions that are released from the Ag NPs, which allows the 

nanoparticles to enter into the cytoplasm of the cell. Researchers explained how the 

negatively charged cell membrane surface and positively charged silver ions' 

electrostatic attraction helps to bind Ag NPs to the cell wall and induce structural 

variation in the membrane, increasing the permeability of Ag NPs to enter the cell 

more readily. As soon as Ag ions enter a cell, they release reactive oxygen free 

radicals, which lead to oxidative stress and are one of the primary agents behind the 

antimicrobial action. Reactive oxygen species have the ability to affect every other 

mechanism, including lipid peroxidation, damage to DNA, disruption of protein 

synthesis, inhibition of the electron transport chain, destruction of cell membranes, 

and leakage of constituents from the cell. All of these factors work together to cause 

microbes’ cell to undergo apoptosis (Jain et al., 2021; Górka & Kubiński, 2023).  

 

Fig. 51: Mechanism of antimicrobial action exhibited by the silver 
nanoparticles (Ijaz et al., 2022) 
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SUMMARY AND CONCLUSION 

 

Plants play an important role in the ecosystem by performing a variety of 

essential functions. Plants are essential for the survival of humans and other living 

beings. Plants, specifically therapeutic herbs, have been used to assess the health of 

an ecosystem. Due to their strong medicinal properties and numerous health 

advantages, members of the genus Euphorbia have long been used as traditional 

medicines in Europe, China, America, Turkey, and India. Various parts of the plant, 

including the stem, leaves, root, and latex, are widely used around the world to treat 

a variety of ailments, including migraines, intestinal parasites, body pain, and 

sensory disturbances. In India, several species are used as part of traditional 

medicines and are used to treat a variety of illnesses such as kidney infections, 

snakebite, skin disorders, and infertility. Due to their extensive use in traditional 

medicine, a large number of phytochemicals and pharmacological effects exhibited 

by them have been studied. The current study thus focuses on analysing the 

distribution of phytochemicals and their possible biological activities of the three 

Euphorbia species, of which two species—E. deccanensis and E. rothiana—have 

not been the subject of any significant and noticeable research, and the third is the 

widely recognised medicinally valuable E. thymifolia. This research also looks at 

how environmentally friendly chosen plant species can synthesize silver 

nanoparticles. 

The active substances that are produced and stored in the plants' bodies are 

called phytochemicals. While primary metabolites aid in energy metabolism and the 

development of plant cell structure, secondary metabolites play a role in how plants 

interact with their surroundings. The pharmacological effects of these 

phytochemicals were numerous and included anti-allergic, anti-inflammatory, 

antibacterial, antispasmodic, neuroprotective, and antioxidant activities. The primary 

source of traditional plant species' medicinal potential is their phytochemicals, 

which have a variety of pharmacological effects on the human body. 
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Preliminary examination was performed using three different solvents based 

on their polarity index, with water being polar, methanol being semi-polar and n-

hexane being non-polar. Using standard procedures, the phytochemicals were first 

screened to determine their distribution. It was observed that methanolic extracts of 

all the chosen Euphorbia species contain more compounds and produce precipitate 

at a higher rate than the other two solvents. Thus, methanol was chosen as the 

solvent for the present study. The various compounds analysed include flavonoids, 

alkaloids, terpenoids, tannins, saponins, triterpenoids, phenols, and glycosides. None 

of the three plant species had cardiac glycosides or carotenoids found in them. The 

quantitative analysis was used to determine the total amount of phytoconstituents 

present in the methanolic extract. The total amount of flavonoids, phenols, and 

terpenoids was ascertained. Equal amounts of total terpenoid and flavonoid content 

were found in the extracts from E. deccanensis and E. rothiana. While the total 

phenolic content of E. rothiana was found to be high, the other two extracts had 

nearly equal amounts. Analytical techniques like GC-MS for volatile compounds 

and HR LC-MS for non-volatile compounds were used to conduct a thorough 

phytochemical investigation. The HR LC-MS analysis identified 83 compounds, 

while the GC-MS analysis identified 21 compounds. Among the powerful 

phytochemicals identified are gallic acid, o-methyl somniferine, gentisic acid, 

chlorogenic acid, and others. Both E. deccanensis and E. rothiana extracts contained 

Euphornin, a well-known diterpenoid found in other species of Euphorbia. The 

compounds found in this study are important because they have several documented 

biological effects. The presence of these strong phytoconstituents may be the cause 

of the bioactivities displayed by the plant extracts. 

Free radicals, including reactive nitrogen and oxygen species, are by-

products of normal cellular functions. Under balanced conditions, it plays a 

significant role in differentiation, growth, and metabolism. On the other hand, 

oxidative damage results from excessive production. Antioxidants are substances 

that can neutralise the harmful effects caused by free radicals and quench them. 

Plants are a rich source of phytochemicals that have antioxidant properties. It is 

extremely important to uncover the antioxidant potential of plant species. Five in 
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vitro assays were performed to better understand the free radical scavenging 

potential of selected Euphorbia species. This includes the DPPH radical, hydroxyl 

radical, superoxide radical, nitric oxide radical, and ABTS radical scavenging 

assays. When compared to the standard used in the study, E. deccanensis had the 

highest scavenging potential of the three plant species. It demonstrated strong 

activity against the DPPH, hydroxyl, and superoxide radicals. In contrast, all of the 

tested radicals were moderately affected by the other two extracts. Polyphenols and 

terpenoid present in the methanolic extracts of E. deccanensis are responsible for the 

strong antioxidant activity that has been observed. 

Inflammation is the first line of defence of the immune system against 

infections, stress, wounds, and pathogens of all kinds. Atherosclerosis and cancer 

are among the many illnesses brought on by chronic inflammation. Therefore, 

addressing inflammation in a timely manner is essential in continuing treatment for 

other related conditions. Conventional anti-inflammatory medications typically have 

a lot of negative effects on the health and safety of the patient. A practical solution 

with strong anti-inflammatory activities is therefore required. Numerous researchers 

have reported the anti-inflammatory properties of various phytochemicals. Using 

two in vitro biochemical assays—the protein denaturation assay and the proteinase 

inhibition assay—the anti-inflammatory potential of all three extracts was first 

evaluated. Regarding the inhibition of protein denaturation and proteinase activity, 

E. deccanensis exhibited better anti-inflammatory potential than the other two 

species under investigation. So, for further analysis, E. deccanensis was taken. Next, 

using an LPS-induced RAW 264.7 macrophage cell line, the effects of E. 

deccanensis methanolic extract on the activity of specific proinflammatory 

mediators such as cyclooxygenase, lipoxygenase, and inducible nitric oxide 

synthase, as well as its effects on the level of cellular nitrite, were assessed. 

Comparing the plant extract to the diclofenac sodium, this served as the standard in 

every assay, revealed observable effects on every enzyme taken into consideration. 

The ability of the plant extract to lower the amount of cellular nitrite further suggests 

that it has anti-inflammatory properties. Additionally, RAW 264.7 macrophage cells 

were tested for viability using the MTT assay after being treated with different 
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concentrations of plant extract. The LC50 value obtained was 139.63 ± 0.68 µg/ml, 

which was used to estimate COX-2, one of the main inflammatory mediators, using 

the ELISA. A notable reduction in COX-2 levels adds credence to the methanolic 

plant extract's anti-inflammatory activities. 

Allium cepa is considered a significant model because of its wide range of 

applications in the assessment of cytotoxicity and genotoxicity. The three chosen 

plants' methanolic extracts were tested for cytotoxicity using the Allium cepa root tip 

assay. A 24-hour treatment period was chosen to comprehend the cytotoxic effects 

and different plant extract concentrations-6.2, 12.5, 25, 50, and 100 µg/ml-was used. 

With regard to dosage, all three plant extracts showed cytotoxic effects, causing a 

decrease in the mitotic index and an increase in the percentage of aberrations. All 

three extracts of Euphorbia showed both clastogenic and non-clastogenic 

aberrations. Therefore, the study aids in evaluating the plant extract's cytotoxic 

impact on cells that are actively dividing. 

When cells in the body grow abnormally, it can lead to cancer. There are 

numerous distinct forms of cancer, each exhibiting distinct behaviour and reaction to 

treatment. It can be malignant, which is characterised by metastases, or benign, 

which stays at the original location. Breast cancer is one of the most common and 

enduring types of cancer and the primary cause of death for women around the 

world. About 2.3 million cases of invasive breast cancer were reported in 2020, 

making it a common disease. Breast cancer is caused by both modifiable factors, 

like smoking, drinking alcohol, and being obese, as well as non-modifiable factors, 

like genetic mutations and breast tissue density. Finding compounds with anticancer 

properties in plants to treat cancer may be a significant step towards treating breast 

cancer. Using the MCF-7 breast cancer cell line, the current study examines the 

selected Euphorbia species' in vitro anticancer potential. Both modifiable factors, 

such as obesity, alcohol intake, smoking and non-modifiable factors, such as genetic 

mutations, density of breast tissue, contribute to breast cancer. Determination of 

compounds with anticancer activity from plants for the treatment of cancer might be 

the stepping stone in breast cancer therapy. The present work focuses on the in vitro 
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anticancer potential of chosen Euphorbia species in the MCF-7 breast cancer cell 

line. According to the study, the extract from E. deccanensis had the strongest 

anticancer properties out of the three plant extracts that were chosen. With a 

noteworthy LC50 value of 93.21 ± 0.58 µg/ml, this extract was able to specifically 

inhibit the growth of breast cancer cells without harming the normal cell line L929, 

which has a high LC50 value of 218.04 ± 0.40 µg/ml. Acridine orange and ethidium 

bromide are two dyes used in the double staining method, which confirms that the 

cell death seen in breast cancer cells was caused by apoptosis. To determine which 

phase of the cell cycle is arrested by the effect of the plant extract, flow cytometry 

was used. It was found that the cell cycle arrest happens at the G0/G1 phase. The 

methanolic plant extract of E. deccanensis demonstrated anticancer properties 

through apoptosis and cell cycle inhibition at the G0/G1 phase. Analysis of the 

expression of two significant genes associated with apoptosis, p53 and STAT-3, 

further supported this. The upregulation of p53 and downregulation of STAT-3 

demonstrated the effect of the methanolic extract of E. deccanensis on the breast 

cancer cells under investigation. 

Molecules that have a diameter of 1–100 nm are called nanoparticles. It has 

many uses in various fields because of its high surface to volume ratio. There are 

numerous adverse effects from conventional techniques, including chemical and 

physical ones. Given the availability of plants and the presence of bioactive 

compounds that are involved in nano formation, the green synthesis of nanoparticles 

using plant extracts is a feasible option for this. In addition, it is economical and 

environmentally beneficial. In the current study, the three chosen extracts underwent 

synthesis of silver nanoparticles and were characterised using FTIR analysis, FE-

SEM, and UV-visible spectroscopy. Silver nitrate was significantly reduced to 

match silver nanoparticles in all of the chosen extracts. When the plant extract and  

2 mM silver nitrate solution interacted, a reddish-brown colour was produced, 

signifying the formation of silver nanoparticles. The development of nanoparticles 

was further validated by UV-visible spectroscopy, which produced a sharp 

absorption peak between 380 and 470 nm. Additionally, the synthesised 

nanoparticles' morphology was assessed using FE-SEM analysis, which showed that 
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they were roughly spherical in shape. FTIR analysis was used to identify the 

different phytocompounds that were involved in the reduction of the silver nitrate 

solution. Four distinct bacterial species and two fungal species were used to test the 

produced silver nanoparticles' antimicrobial activity. Since every organism reacts 

differently, it is impossible to identify one nanoparticle as the best one, even though 

all three plant-derived nanoparticles demonstrated both antibacterial and antifungal 

activity. 

Deliverables 

 The phytochemical analysis showed that the three plant species that were 

chosen (E. rothiana, E. deccanensis, and E. thymifolia) had a distribution of 

strong bioactive compounds with potential medical uses. 

 The three medicinally valued species of Euphorbia have shown significant 

antioxidant potential. 

 Anti-inflammatory efficacy of the plant extracts was determined using LPS-

treated RAW 264.7macrophage cell line. 

 Cytotoxicity assay using Allium cepa bioassay revealed the cytotoxic nature 

of plant extracts, which directly acts as leading point to the antiproliferative 

activity. 

 The methanolic extract of E. deccanensis displayed significant selective 

antitumor potential on the breast cancer MCF-7 cell line. 

 The plant E. deccanensis triggered apoptosis and cell cycle arrest in a 

notable manner. 

 All selected Euphorbia extracts revealed the potential for the green synthesis 

of silver nanoparticles in an effective and eco-friendly method and showed 

notable antimicrobial activities. 
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Recommendations 

 Identification and isolation of bioactive compounds for further bioactivity 

screening that may prove to be useful for the development of curative 

medicines. 

 Confirmation of anticancer activity using in vivo animal models to ensure 

plant extracts potential. 

 Molecular docking to get detailed information regarding the mode of action 

of the therapeutically active compounds among the phytochemicals in 

Euphorbia. 

 Exploration of biofabricated nanoparticles in different biological domains. 

 Conservation of endemic plant E. deccanensis, which exhibited significant 

biological activities along with the occurrence of potent phytocompounds 

revealed from this study. 
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APPENDICES 

 

Wagner’s reagent                                                                                   Appendix 1 

 Iodine     :  1.27 g                                           

 KI           :  2 g 

Dissolve the above chemicals in 5 ml H2SO4 and make upto 100 ml. 

 

Griess reagent                                                                                        Appendix 2 

Naphthyl ethylenediamine HCl :  0.1% in distilled water 

Sulfanilamide    :  1% in 5% H3PO4 

Both solutions are mixed in 1  : 1 ratio 

 

Phosphate buffer saline                                                                         Appendix 3 

NaCl      :           8 g 

KCl      :           0.2 g 

Na2HPO4     :           1.44 g 

KH2PO4    :           0.24 g 

Distilled water    :  1 litre 

The above ingredients are mixed in 800 ml of distilled water and pH was adjusted to 
7.4 with HCl. The total volume was then made up to 1 litre with distilled water. The 
solution was sterilized by autoclaving (20 min, 121ºC) and stored at room 
temperature. 

Tris-HCl buffer                                                                                       Appendix 4 

Tris base    :   121.1 g 

HCl     :    70 ml 

The tris base is dissolved in 800 ml distilled water and 70 ml concentrated HCl is 
added. Then the volume is adjusted to 1 litre with distilled water. 
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HEPES buffer                                                                                           Appendix 5 

NaCl  :     6.72 g 

CaCl2  :        133 mg 

MgCl2  :           114 mg 

K2HPO4 :           418 mg 

HEPES :           4.77 g 

H2O  :  1 litre 

Adjust the pH to 7.4 with HCl or NaOH. HEPES buffer can be stored refrigerated 
for several weeks. 

Blocking buffer                                                                                         Appendix 6 

Gelatin  :        0.2% 

TWEEN 20 :   0.005% 

The ingredients are freshly prepared in PBS 

Modified Carnoy’s fluid                                                                           Appendix 7 

Acetic acid :   10 ml  

Ethanol :      30 ml 

 Acetocarmine stain                                                                                  Appendix 8 

Carmine :    2 g  

45% Acetic acid: 100 ml 

            The solution is heated to dissolve carmine and is filtered to remove 
undissolved stain. 

 DMEM (Dulbecco’s modified Eagle’s medium)                                   Appendix 9 

Sodium bicarbonate :   1.85 g  

HEPES  :  2.95 g  

DMEM powder :    0.67 g 

Distilled water  :  1 litre 

Vaccum sterilized and stored at 4ºC. 


