
SYNTHESIS OF METALLIC NANOPARTICLES USING DEFENSIVE 
SECRETION OF THE BEETLE LUPROPS TRISTIS AND ITS 

BIOLOGICAL ACTIVITIES 
 

 

 

 

 

 

Thesis submitted to 

the University of Calicut in partial fulfillment of 

the requirements for the degree of 

 

DOCTOR OF PHILOSOPHY IN ZOOLOGY 

 

 

 
 

 

By 

SABIRA O. 

 

 

 
Under the guidance of 

Dr. AJAYKUMAR A. P. 

 

 
Research and Post Graduate Department of Zoology 

Sree Neelakanta Government Sanskrit College, Pattambi 

(Affiliated to the University of Calicut, Kerala, India) 

June 2025 



  



 

 

Sree Neelakanta Govt. Sanskrit College 

Pattambi, Palakkad Dt, Kerala - 679 306 

(Accredited by NAAC with A+ Grade) 

Ph: 0466-2212223 

e-mail: sngscollege@gmail.com 

website: www.sngscollege.org 

Dr. Ajaykumar A. P. 

Assistant Professor 

Research supervisor, 

Department of Zoology, SNGS College, Pattambi 

E-mail: ajaykumar@sngscollege.org 

Mob: +91 9446433104 

 

CERTIFICATE 

  

This is to certify that the thesis entitled “SYNTHESIS OF METALLIC 

NANOPARTICLES USING DEFENSIVE SECRETION OF THE BEETLE 

LUPROPS TRISTIS AND ITS BIOLOGICAL ACTIVITIES” submitted by 

SABIRA O. in partial fulfillment of the requirements for the degree of Doctor of 

Philosophy in Zoology of the University of Calicut, is a bona fide record of the 

research work undertaken by her in this department under my supervision and 

guidance during the period 2019-2025 and no part thereof has been submitted for the 

award of any other degree. 

 

S.N.G.S College, Pattambi                                                         Dr. Ajaykumar A. P. 

  

mailto:sngscollege@gmail.com
http://www.sngscollege.org/


  



 

Sree Neelakanta Govt. Sanskrit College 

Pattambi, Palakkad Dt, Kerala - 679 306 

(Accredited by NAAC with A+ Grade) 

Ph: 0466-2212223 

e-mail: sngscollege@gmail.com 

Website: www.sngscollege.org 

Dr. Ajaykumar A. P. 

Assistant Professor 

Research supervisor, 

Department of Zoology, SNGS College, Pattambi 

E-mail: ajaykumar@sngscollege.org 

Mob: +91 9446433104 

  

CERTIFICATE 

  

 This is to certify that all the corrections mentioned by the adjudicators in 

the thesis entitled “SYNTHESIS OF METALLIC NANOPARTICLES USING 

DEFENSIVE SECRETION OF THE BEETLE LUPROPS TRISTIS AND ITS 

BIOLOGICAL ACTIVITIES” submitted by SABIRA O. have been incorporated 

as per the adjudication report. It is also certified that the contents in the thesis and 

the CD submitted are the same. 

  

  

Pattambi                                                      Dr. Ajaykumar A. P. 

Date: 

  

 

 

mailto:sngscollege@gmail.com
http://www.sngscollege.org/


  

  



 

 

DECLARATION 

  

  

I, SABIRA O. hereby declare that the work presented in the thesis entitled 

“SYNTHESIS OF METALLIC NANOPARTICLES USING DEFENSIVE 

SECRETION OF THE BEETLE LUPROPS TRISTIS AND ITS BIOLOGICAL 

ACTIVITIES” is based on the original work done by me under the guidance of  

Dr. AJAYKUMAR AP., and has not been included in any other thesis submitted 

previously for the award of any degree. The contents of the thesis have undergone a 

plagiarism check using iThenticate software at C.H.M.K. Library, University of 

Calicut, and the similarity index was found within the permissible limit. I also 

declare that the thesis is free from AI-generated content.  

                                                                                 

  

 S.N.G.S. College Pattambi                                                                    SABIRA O. 

  

 

Dr. Ajaykumar A. P. 

Assistant Professor 

Research supervisor, 

Department of Zoology, SNGS College, Pattambi 

  



  



ACKNOWLEDGEMENT 

 

With profound gratitude and humility, I first and foremost thank God, the 

Almighty, for granting me the opportunity to explore the extraordinary world of 

science. His boundless grace has been my source of strength, inspiration, and 

resilience throughout this journey. It is through His guiding hand that I have 

undertaken and completed this research. 

I extend my heartfelt gratitude to my guide and supervisor,  

Dr. Ajaykumar A. P., Assistant Professor, Department of Zoology, SNGS College, 

Pattambi. His unwavering support, insightful guidance, and encouragement have 

been the cornerstone of my research journey. His belief in my potential has inspired 

me to strive for excellence and discover new horizons. 

I am deeply indebted to our esteemed Principal for his exemplary leadership 

and for providing the essential facilities required for the successful completion of my 

work. I also express my sincere appreciation to Dr. Zeena K.V., Head of the 

Department of Zoology, for her steadfast support and guidance. Her leadership has 

been instrumental in fostering an environment conducive to academic growth. 

I am profoundly grateful to my dedicated teachers: Mr. Prasant C.M., Dr. 

Abdul Rasheed, Mr. Shihabudheen, Mr. Janish, Dr. Sheena, Dr. CV Sri Ranjith 

kumar, Dr. Anjali, Dr. Usha, Dr. Resmi, and Dr. Manoj. Their mentorship has 

enriched my academic journey, and their dedication continues to inspire me. 

A special mention goes to my exceptional labmates: Ms. Veena, Ms. 

Priyanka, and Ms. Aswathi. Their camaraderie, tireless dedication, and 

collaborative spirit have created a dynamic and uplifting research environment. 

Together, we have navigated challenges, celebrated victories, and forged an 

inspiring community that has enriched both our scientific pursuits and personal 

growth. 



I also extend my gratitude to the facilities that supported my research, 

including the CSIR for funding, Central Sophisticated Instrumentation Facility 

(CSIF), University of Calicut; Sophisticated Test and Instrumentation Centre 

(STIC), SAIF MG University, and IIT Bombay, for providing the advanced 

instrumentation (SEM-EDX, TEM, GC-MS, LC-MS, and XRD) that was crucial for 

my work. 

No acknowledgment would be complete without honoring my greatest source 

of strength: my family. I am forever grateful to God for blessing me with their 

unwavering love, prayers, and support. To my husband, Mr. Abdul Rasheed, you 

are my steadfast pillar, my cheerleader, and my greatest ally. Your belief in me, 

your encouragement, and your boundless support have been the driving force 

behind my aspirations and accomplishments. This work stands as a tribute to your 

love and faith in me. To my precious daughter, Ayrin Rasheed, the cornerstone of 

my academic pursuits. You are the unsung heroine of this journey, and my heart 

overflows with gratitude and pride for you. 

I express my heartfelt thanks to my parents, Muhammed and Fathimakutty, 

and my siblings, Nusaiba, Salma, and Abdulla. Their unwavering support and 

belief in my abilities have been my guiding light. To my nieces and nephews Mr. 

Shanid, Mr. Shibil, Ms. Salma Shirin, and my brother-in-law, Mr. Muhammed Ali, 

your presence has been a source of joy and positivity throughout my journey. 

I pay tribute to my late mother-in-law, Mrs. Iyyathu, whose unwavering 

support and love remain a cherished memory. I also extend my deepest gratitude to 

my in-laws for their encouragement, camaraderie, and positive influence on my 

academic endeavors. 

Finally, I express my sincere appreciation to everyone who supported me, 

whether mentioned here or not. Each of you holds a special place in my journey. 

With heartfelt humility, I once again thank the Supreme Power for guiding me to the 

realization of this work. 

                                                                                        Sabira O.  



 

 

 

 

 

 

 

 

 

 

 

 

"To  

My Family” 

  



  



ABSTRACT 

 

The present study highlights the potential of the defensive secretion of the 

tenebrionid beetle Luprops tristis as an innovative and sustainable source for the 

green synthesis of metal nanoparticles. This chemically diverse secretion offers a 

robust platform for nanoparticle synthesis, with its inherent reducing and stabilizing 

agents playing vital roles in nanoparticle formation and stabilization. By using this 

unique biological resource, the study emphasises the synthesis of four distinct types 

of nanoparticles: nickel (LNiNPs), copper oxide (LCuONPs), zinc oxide 

(LZnONPs), and gold (LAuNPs). These nanoparticles exhibit unique 

physicochemical properties that make them suitable for diverse applications, ranging 

from biosensing to therapeutics. 

Among the synthesized nanoparticles, LAuNPs demonstrated exceptional 

potential in biosensing applications, particularly for glucose monitoring. Their 

detection limit of 0.75 establishes their utility for non-invasive glucose monitoring, 

especially in neonatal care. UV-Visible spectroscopy validated the well-defined 

optical properties of all the synthesized nanoparticles, further confirming their 

applicability in diagnostic technologies. The unique characteristics of each 

nanoparticle type reflect the complex interactions between the beetle’s defensive 

secretion metabolites and the synthesis process, showcasing the versatility of this 

eco-friendly methodology. 

The antioxidant activity of four nanoparticles, LNiNPs, LCuONPs, LAuNPs, 

and LZnONPs, synthesized using defensive secretions, was analyzed. This method 

not only facilitates nanoparticle synthesis but also creates a stabilizing environment 

that prevents aggregation, ensuring uniform size and shape, as confirmed by SEM 

and TEM analyses. The presence of 3-dehydro-L-gulonate, a derivative of ascorbic 

acid, enhances antioxidant activity through effective free radical scavenging, 

evidenced by the IC50 value of 26μg/mL for LZnONPs, which demonstrated the 

highest antioxidant efficacy among the tested nanoparticles. Additionally, uric acid, 

a natural antioxidant and metabolic byproduct, plays a crucial role in redox reactions 

during nanoparticle synthesis, further enhancing their antioxidative potential. 

Biological assays revealed the broad-spectrum efficacy of these 

nanoparticles, particularly in antimicrobial applications. LAuNPs displayed the 

highest antibacterial activity against Staphylococcus aureus and Klebsiella 

pneumoniae, attributed to their smaller size and higher surface area. The heightened 

efficacy against S. aureus was linked to structural vulnerabilities in its cell wall, 

positioning these nanoparticles as promising candidates to combat antibiotic-

resistant pathogens. These findings support the potential of such bio-synthesized 

nanoparticles as next-generation antimicrobial agents in healthcare. 

Genotoxicity assessments conducted using the Allium cepa root tip model 

demonstrated the environmentally benign nature of these nanoparticles. While 

LNiNPs exhibited the strongest genotoxic effects at higher concentrations, these 



remained below 50%, ensuring minimal environmental impact when applied 

judiciously. This environmentally friendly profile highlights their suitability for 

agricultural applications, particularly as biomaterials for controlled genetic 

modulation in plants, contributing to sustainable agricultural practices. 

The anticancer potential of the synthesized nanoparticles was a significant 

aspect of the study. Among them, LCuONPs showed the highest cytotoxic activity 

against Dalton’s Lymphoma Ascites (DLA) cells, primarily through the induction of 

oxidative stress. Additionally, the antiangiogenic properties of LNiNPs and 

LCuONPs emphasized their therapeutic potential in inhibiting tumor 

vascularization, a critical factor in cancer progression. These findings illustrate the 

promise of these nanoparticles in cancer therapy, offering novel approaches to target 

and disrupt tumor growth. 

The comprehensive metabolomic analysis of the defensive secretion using 

LC-MS identified key compounds such as D-Gluconic acid, 3-Dehydro-L-gulonate, 

Uric acid, Citric acid, and 2-Pyrrolidone-5-carboxylic acid. Each of these 

metabolites played a pivotal role in the nanoparticle synthesis process. D-Gluconic 

acid acted as both a reducing and stabilizing agent, ensuring uniform morphology 

and size distribution of the nanoparticles. 3-Dehydro-L-gulonate contributed to the 

antioxidant activities, while Uric acid further enhanced these properties through 

redox reactions. Citric acid stabilized the nanoparticles via its carboxy and hydroxyl 

groups, as confirmed by FTIR and zeta potential analyses, particularly for 

LCuONPs. The role of 2-Pyrrolidone-5-carboxylic acid was equally significant, 

enhancing the structural integrity of the nanoparticles and broadening their 

biological applicability. 

In conclusion, the study establishes the defensive secretion of L. tristis as a 

transformative resource for green nanotechnology. The metabolites identified within 

this secretion not only drive the synthesis of nanoparticles but also augment their 

biological activities, including antioxidant, antimicrobial, and anticancer properties. 

By converting a pest species into a valuable resource, this research exemplifies 

sustainable innovation, paving the way for cost-effective and eco-friendly solutions 

to pressing challenges in healthcare, agriculture, and industrial applications. The 

integration of biological richness with advanced nanotechnology heralds a new era 

of multifunctional nanomaterial design, rooted in environmental sustainability and 

scientific ingenuity. 

Key words: Nanoparticles, Luprops tristis, antioxidant activity, antibacterial effect, 

chromosomal aberrations. 

 

  

 

 



സംഗ്രഹം 
  

ഈ പഠനം ലുപ്രോപ്സ് ട്രിസ്റ്റിസ് എന്ന ടെടനബ്രിപ് ോണിഡ് വർഗത്തിൽടെട്ട 

രോണിയുടെ രതിപ് ോധ സ്രവടത്ത പ് ോഹ നോപ്നോസംപ്േഷണത്തിനോയുള്ള പുതി  

ജൈവിക സോപ്േതിക പ്സ്രോതസോ ി പ ിപ് ോധിക്കുന്നു. ഈ സ്രവം നോപ്നോകണങ്ങളുടെ 

രൂപീക ണത്തിലും രവർത്തനക്ഷമത ിലും നിർണോ കമോ  പങ്കുവഹിക്കുന്ന 

ജവവിധയമോർന്ന  ണ്ോം നി  ടമറ്റട ോജ റ്റുകൾ അെങ്ങി   ോസപദോർത്ഥങ്ങളോൽ 

സമ്പന്നമോ  അന്ത ീക്ഷം വോഗ്ദോനം ടെയ്യുന്നു. LC-MS, GC-MS സോപ്േതിക വിദയകൾ 

ഉപപ് ോഗിച്ച് നെത്തി  സമഗ്രമോ  വി ക നത്തിൽ D-ഗ്ലൂപ്കോണിക് ആസിഡ്, 3-

ഡീജഹപ്രോ-എൽ-ഗുട ോപ്നറ്റ്, യൂറിക് ആസിഡ്, സിട്രിക് ആസിഡ്, 2-

ജപപ്റോളിപ്ഡോൺ-5-കോർപ് ോക്സി ിക് ആസിഡ് എന്നിവ ഉൾടെടെ രധോന 

ടമറ്റട ോജ റ്റുകൾ തി ിച്ചറിഞ്ഞു, ഇവ സംപ് ോൈിത നോപ്നോകണങ്ങളുടെ ഘെനോപ വം 

ജൈവസൈീവവമോ  ഗുണങ്ങൾ ടമച്ചടെടുത്തുന്നു. 

ഓപ് ോ ടമറ്റട ോജ റ്റും സംപ്േഷണ രക്രി  ിൽ അതോത്  ീതി ിൽ 

പങ്കുപ്െരുന്നു. D-ഗ്ലൂപ്കോണിക് ആസിഡ് പ് ോഹ അപ് ോണുകടള കുറയ്ക്കുകയും 

നോപ്നോകണങ്ങളുടെ ഏകീകൃത രൂപീക ണം പ്രോത്സോഹിെിക്കുകയും ടെയ്യുന്ന, സ്ഥി ത 

നൽകുന്ന ഏൈന്റോ ി രവർത്തിക്കുന്നു.  ക്തമോ  ഫ്രീ-റോഡികൽ സ്കോവഞ്ിംഗ് സവഭോവമുള്ള 

3-ഡീജഹപ്രോ-എൽ-ഗുട ോപ്നറ്റ് ആന്റി-ഓക്സിഡൻറ് രവർത്തനക്ഷമത വർദ്ധിെിക്കുന്നു, 

സവർണ നോപ്നോകണങ്ങൾക് 40 എന്ന IC50 മൂ യത്തോൽ ഇത് ടതളി ിച്ചി ിക്കുന്നു. യൂറിക് 

ആസിഡ് ടറപ്ഡോക്സ് രതിക ണങ്ങളിൽ പങ്കുപ്െരുകയും ആന്റി-ഓക്സിഡൻറ് രവർത്തനം 

വർദ്ധിെിക്കുകയും ടെയ്യുന്നു. കോർപ് ോക്സി, ജഹപ്രോക്സിൽ ഗ്രൂപ്പുകൾ അെങ്ങി  സിട്രിക് 

ആസിഡ് നോപ്നോകണങ്ങടള സ്റ്റോ ിജ സ് ടെയ്യുകയും കയോപ് ടെയ്യുകയും ടെയ്യുന്നു, ഇത് 

FTIR, സീറ്റോ ടപോട്ടൻഷയൽ വി ക നങ്ങളിൽ സ്ഥി ീക ിക്കുന്നു, രപ്തയകിച്ച് പ്കോെർ 

ഓജക്സഡ് നോപ്നോകണങ്ങൾ ഉ ർന്ന സ്ഥി ത ിൽ കോണടെടുന്നു. അവസോനമോ ി, 2-

ജപപ്റോളിപ്ഡോൺ-5-കോർപ് ോക്സി ിക് ആസിഡ് ഘെനോ സമഗ്രത  ക്തിടെടുത്തുകയും 

ജൈവ സംപ്വദനങ്ങൾ എളുെമോക്കുകയും ടെയ്യുന്നു, ഇത് നോപ്നോകണങ്ങടള 

 പ് ോടസൻസിങ്, ആന്റിജമപ്ക്രോ  ൽ െികിത്സകൾ പ്പോലുള്ള രവർത്തനങ്ങൾക് 

അനുപ് ോൈയമോക്കുന്നു. 



പ് ോഹ നോപ്നോകണങ്ങൾ; നികൽ (LNiNPs), പ്കോെർ ഓജക്സഡ് (LCuONPs), സിേ് 

ഓജക്സഡ് (LZnONPs), പ്ഗോൾഡ് (LAuNPs) സംപ്േഷണം നെത്തി തിൽ ഓപ് ോന്നും 

വയതയസ്ത ജൈവ ോസ്ത്രപ വം ഭൗതിക ോസപ വമോ  ഗുണങ്ങളോണ് കോണിച്ചി ിക്കുന്നത്. 

UV-Vis ആ ്പ്സോർപ്ഷൻ പീക്കുകൾ നന്നോ ി നിർവെികടെട്ട ഓപ്റ്റികൽ ഗുണങ്ങടള 

സൂെിെിക്കുന്നു, രപ്തയകിച്ച്  പ് ോടസൻസിംഗിന് ആവ യമോ വ.  പ്ഗോൾഡ് 

നോപ്നോകണങ്ങൾ മികച്ച ഗ്ലൂപ്കോസ് ടസൻസിംഗ് കഴിവകൾ (LOD = 0.75) രകെിെിച്ചു, 

രപ്തയകിച്ച് നവൈോത  ിശുപ്ക്ഷമത്തിന് സഹോ ക മോ  അതിക്രമമില്ലോത്ത ഗ്ലൂപ്കോസ് 

നി ീക്ഷണത്തിനോയുള്ള ര  മോ  സ്ഥോനോർത്ഥി ോ ി മോറുന്നു. 

ആന്റി ോക്ടീ ി ൽ പ ീക്ഷണങ്ങൾ സ്റ്റോഫിപ് ോപ്കോകസ് ഔറി സ്, 
ടെ ് സി ല്ല നുപ്മോണി ി എന്നീ  ോക്ടീ ി കളിൽ പ്ഡോസ്-ഡിടപൻഡന്റ് 

രവർത്തനക്ഷമത കോണിച്ചു, പ്ഗോൾഡ് നോപ്നോകണങ്ങൾ  ഏറ്റവം ഉ ർന്ന ഫ രോപ്തി 

രകെിെിച്ചത് ടെറുതോ  ഗുണനി വോ ം, ഉ ർന്ന ഉപ ിത  രപ്ദ ം എന്നിവയുടെ 

ഫ മോ ി. സ്റ്റോഫിപ് ോപ്കോകസ് ഔറി സ് -പ്നോടുള്ള രവർത്തനം കൂടുതൽ മുകളിൽ 

നിന്നു, അതിടന്റ പ്കോ ഭിത്തിയുടെ ഘെനോപ മോ  അനന്ത ങ്ങൾ കോ ണമോകുന്നു. Allium 
cepa മൂ  പ്കോ ങ്ങൾ ഉപപ് ോഗിച്ചുള്ള ൈനിതക വിഷപ ിപ് ോധന ിൽ ഉ ർന്ന 

നോപ്നോകണങ്ങളുടെ അളവിൽപ്ക്രോപ്മോപ്സോമൽ അപവയവസ്ഥകൾ ടതളിഞ്ഞു, എന്നോൽ 

ഇത് നി ന്ത്രിത ഉപപ് ോഗത്തിൽ പ ിസ്ഥിതി ആഘോതം ഇല്ലോത്തതോയും ടതളി ിച്ചു. 

ഡോൾട്ടൺസ്  ിംപ്ഫോമ ആജസറ്റ്സ് (DLA) പ്കോ ങ്ങളിട ത്തിയുള്ള പ ീക്ഷണങ്ങളിൽ, 

പ്കോെർ ഓജക്സഡ് നോപ്നോകണങ്ങൾ ഏറ്റവം ഉ ർന്ന ആന്റികോൻസർ രവർത്തനക്ഷമത 

രകെിെിച്ചു. ഈ പഠനം, ലൂപ്രോപ്സ് ട്രിസ്റ്റിസ് രതിപ് ോധ സ്രവത്തിൽ നിന്ന് ഉത്പോദിെിച്ച 

നോപ്നോകണങ്ങളുടെ ജവവിധയമോർന്ന ഉപപ് ോഗപ് ഷി തി ിച്ചറിയുന്നു. 

Key words: നോപ്നോകണങ്ങൾ, ലൂപ്രോപ്സ് ട്രിസ്റ്റിസ്, ആന്റി-ഓക്സിഡൻറ് രവർത്തനം, 

ആന്റി ോക്ടീ ി ൽ പ ീക്ഷണങ്ങൾ, അളവിൽപ്ക്രോപ്മോപ്സോമൽ അപവയവസ്ഥകൾ. 
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1.1. Luprops tristis – EXPERIMENTAL ORGANISM 

The species Luprops tristis, described by Fabricius in 1801, finds its place 

within the vast Kingdom Animalia, signifying its status as an animal. It belongs to 

the Phylum Arthropoda, a diverse group of invertebrates recognized for their 

exoskeletons, segmented bodies, and jointed appendages. Within Arthropoda,  

L. tristis is further classified in the Class Insecta, marking it among the insects. It is 

part of the Order Coleoptera, the beetles, which are distinguished by their hardened 

forewings. In this order, it falls under the Family Tenebrionidae, known as darkling 

beetles, a diverse and resilient group. The genus Luprops unites beetles with shared 

morphological characteristics, while the species designation L. tristis identifies this 

beetle's distinct place within its genus (Watt, 1974). 

L. tristis Fabricius, a detritivorous beetle, is found mostly in leaf litter 

habitats. It has a distribution ranging from tropical Asia and the East Indies to Papua 

New Guinea, and into tropical Africa as well. In India, specifically in the western 

slopes of the southern Western Ghats in rubber plantation areas, L. tristis 

populations have been known to congregate in exceptionally massive numbers 

between about 0.5 and more than 4 million individuals per residential building, after 

the beginning of summer monsoon rains. The collective congregation is mostly due 

to their long duration of dormancy, with emergence and invasion habits often 

induced by the first heavy rains of the season (Sabu et al., 2008). While not harmful, 

these beetles emit a phenolic secretion, causing skin irritation when startled, 

prompting some residents to evacuate. Designations like "Ola Prani" and "Oadu" are 

prevalent in northern Kerala, while in central and southern regions, they are referred 

to as "Mupli vandu," tracing back to congregations in rubber estates during the 

1970s. Their life cycle includes larval, pupal, and adult stages, with their abundance 

in rubber tree plantations attributed to the availability of early-falling rubber tree 

leaves as a food source (Sabu & Vinod, 2009). Investigating their life cycle and 

seasonal patterns reveals enormous population growth due to predation absence 

(Abhitha et al., 2010). Defensive glands in both larvae and adults secrete 

compounds triggered by haemolymph pressure (Tschinkel, 1975), offering defense 
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against predators (Kendall, 1974). In agricultural fields and woodland areas of the 

South Western Ghats, these darkling beetles are observed, with L. tristis being the 

predominant species (Arunraj et al.,  2017). Our research aims to utilize the 

defensive secretion of L. tristis for biosynthesis of metallic NPs, examining their 

characteristics through various assays, including electrochemical sensing, 

antibacterial, antioxidant, environmental hazard analysis, cytotoxicity assays, and 

antiangiogenesis by CAM assay. 

1.2. NANOPARTICLES 

In the last century, there has been remarkable acknowledgment and progress 

in nanotechnology studies. The word "nanotechnology" was coined by Richard P. 

Feynman's powerful 1959 lecture, "There is Plenty of Room at the Bottom" 

(Feynman, 1960). Early work by pioneers such as Paul Ehrlich, Ursula Scheffel, and 

Professor Peter Speiser's group at ETH Zurich during the late 1960s and early 1970s 

has laid the groundwork for the development of Nanoparticles (NPs) (Kreuter, 

2007). NPs, officially known as zero-dimensional nanomaterials, have special 

properties that make them distinct from materials at larger scales. Size, energy 

absorption, and chemical reactivity distinguish NPs from their bulk materials 

(Murthy, 2007). Nanotechnology consists of working at the level of molecules in 

manipulating materials so as to tap into their specific characteristics. 

Nanotechnology includes nanoscale designing, characterization, producing, and 

applying structures, devices, and systems (Brock, 2004). NPs generally range from a 

dimension of 10 nm up to 100 nm and can consist of metals, metal oxides, organic 

materials, and carbon (Hasan, 2015). They display remarkable physical, chemical, 

and biological characteristics at the nanoscale due to their high surface area to 

volume ratio, mechanical stability, and reactivity. Their unique features render NPs 

ideal for various applications in many areas (Salata, 2004; Machado et al., 2015). 

1.3. GROUPING OF NPS 

1.3.1. Organic NPs 

There are three types of NPs (organic, inorganic, and carbon-based). Organic 

NPs include natural nanomaterials like liposomes, ferritin, dendrimers, and micelles 
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that tend to reside under the category of polymers. They are defined by the fact that 

they are non-toxic and biodegradable. As seen, specific ones like micelles and 

liposomes, popularly referred to as nanocapsules, have an empty center and are 

sensitive to electromagnetic and thermal radiation, e.g., light and heat. These special 

features render them especially suitable for pharmaceutical drug delivery 

applications (Tiwari et al., 2008).  

1.3.2. Inorganic NPs 

Those particles that are not made of carbon are inorganic NPs. Inorganic NPs 

are generally composed of metal and metal oxides. They are safe to handle. They are 

hydrophilic and biocompatible. In comparison with organic NPs, inorganic NPs are 

far more stable. 

1.3.2.1. Metal NPs  

Metals are converted into metallic NPs either by constructive or destructive 

processes and reach nanoscale sizes. Almost any metal is suitable for generating 

NPs. Zinc (Zn), iron (Fe), lead (Pb), aluminum (Al), cadmium (Cd), cobalt (Co), 

copper (Cu), gold (Au), and silver (Ag) are some of the metals that are frequently 

used to generate NPs. These NPs generally vary in size from 10 nm to 100 nm and 

are identified based on their high surface area-to-volume ratio, adjustable pore sizes, 

surface charge, and surface charge density. They may have spherical or cylindrical 

shapes and exhibit crystalline and amorphous structures. Their characteristics 

include color, reactivity, and sensitivity to heat, moisture, sunlight, and air (Salavati-

Niasari et al., 2008). 

1.3.2.2. Metal oxide NPs 

The intention of metal oxide nanoparticles fabrication is to change the 

characteristics of the initial metal nanoparticles. For instance, oxidizing iron 

nanoparticles produces iron oxide nanoparticles. Iron oxide nanoparticles are more 

reactive than their iron equivalents. This heightened reactivity and efficiency in 

producing metal oxide nanoparticles are reflected in different compounds, including 

zinc oxide (ZnO), iron oxide (Fe2O3), aluminum oxide (Al2O3), cerium oxide 

(CeO2), and titanium oxide (TiO2) (Tai et al., 2007). 
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1.3.3.  Carbon-based 

This group of NPs is made up primarily of carbon due to their elemental 

composition, carbon-based NPs are specially characterized by their sole carbon 

composition. This group comprises a number of subgroups, including carbon black, 

carbon nanofibers (CNFs), fullerenes, graphene, and carbon nanotubes (CNTs). 

Activated carbon is also, on occasion, classified under this group at nanoscale size 

(Bhaviripudi et al., 2007). 

1.3.3.1. Fullerenes 

Fullerenes are nanomaterials formed as empty cages. For commercial 

purposes, their very good electrical conductivity, electron affinity, resistance to 

breakdown, and ability to do anything have raised major interest. Fullerenes consist 

of pentagon and hexagon-shaped units of carbon atoms that are held together by sp2 

hybridization. Precisely, fullerenes such as C60 or C70 possess diameters of 7.114 

nm and 7.648 nm, respectively. The structure of fullerene is divisible into two 

classes: single-layer and multilayer (Astefanei et al., 2015) 

1.3.3.2. Graphene 

Graphene, a carbon allotrope, displays a honeycomb lattice structure made 

up of carbon atoms arranged hexagonally. This arrangement results in a flat surface 

with two-dimensional properties. Graphene's thickness is typically around 1 nm 

(Geim, 2009). 

1.3.3.3. Carbon Nanofibers (CNFs) 

CNFs are derived from the same graphene nanofoils utilized in the 

production of Carbon Nanotubes (CNTs). However, instead of forming cylindrical 

tubes, these graphene nanofoils are arranged into a conical or cup-shaped structure 

(Chatterjee & Deopura, 2002). 

1.3.3.4. Carbon nanotubes (CNTs) 

CNTs are elongated tubular structures with diameters ranging from 1-2 nm. 

The inherent properties of carbon nanotubes suggest that they can exhibit either 
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metallic or semiconducting characteristics, depending on their diameter. 

Structurally, CNTs resemble a graphite sheet rolled upon itself. CNTs are 

categorised into three groups based on their rolling method: single-walled (SWNTs), 

double-walled (DWNTs), and multi-walled (MWNTs) (Saeed & Khan, 2013) . 

1.3.3.5. Carbon Black 

This is a carbonaceous amorphous material known for its diameters ranging 

from 20 to 70 nm, commonly presenting a spherical shape. These particles display 

significant interactivity, resulting in their aggregation into larger structures called 

agglomerates, typically sized around 500 nm (Gómez-Hernández et al., 2019). 

1.4. METHODS OF SYNTHESIS OF METAL NPs 

Different techniques exist for synthesizing NPs, and these techniques are 

classified into two primary types, 

1.4.1. Top-down synthesis 

The approach employed in this scenario follows a deconstructive method. 

The larger-scale material is broken down into smaller molecules, which further 

disintegrate into smaller particles. Examples of processes for top-down synthesis 

include physical vapor deposition, grinding, milling, and other destructive 

techniques (Iravani, 2011). 

1.4.1.1. Mechanical milling 

Mechanical milling stands as the most prevalent top-down method for 

generating various NPs. It finds extensive application in post-annealing and milling 

procedures for nanoparticle creation, where different components are ground in an 

inert atmosphere. The subsequent stages in mechanical milling involve plastic 

deformation, altering the particle's shape, reducing the particle's size, and cold-

welding, increasing the particle's size (Yadav et al., 2012). 

1.4.1.2. Nanolithography  

Nanolithography involves the scientific exploration of constructing 

structures on the nanoscale, typically with dimensions ranging between 1nm and 100 
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nm. This field employs various nanolithographic techniques such as optical, 

electron-beam, multiphoton, nanoimprint, and scanning probe lithography. 

Essentially, lithography selectively removes material to create a desired 

configuration while imprinting a defined shape or structure onto a photosensitive 

substance (Pimpin & Srituravanich, 2012). Nanolithography offers the advantage of 

creating structures of diverse sizes and shapes, from individual NPs to clusters. 

However, it comes with certain drawbacks, including the requirement for expensive 

equipment and associated expenses (Hulteen et al., 1999). In addition to 

nanolithography, many more methods are available, such as Laser ablation 

(Amendola & Meneghetti, 2009), Sputtering (Lugscheider et al., 1998; Shah & 

Gavrin, 2006), Thermal decomposition (Salavati-Niasari et al., 2008) etc. 

1.4.2. Bottom-up method 

Bottom-up methods, also known as constructive approaches, operate 

distinctively from top-down methods by converting simpler materials into NPs. 

Examples of bottom-up techniques 1as follows; 

1.4.2.1. Chemical Vapor Deposition (CVD) 

Chemical Vapor Deposition (CVD) involves depositing a thin layer of 

gaseous reactant onto a substrate inside a reaction chamber. When the heated 

substrate comes into contact with the gas, it initiates a chemical reaction, resulting in 

the formation of a thin layer of the product on the substrate surface (Bhaviripudi et 

al., 2007). The advantages of the CVD process include the production of extremely 

pure, homogeneous, robust, and hard NPs. However, drawbacks include the 

necessity for specialized equipment and the generation of highly hazardous gaseous 

byproducts (Adachi et al., 2003). 

1.4.2.2. Sol-gel method 

The Sol-gel method, derived from "sol" and "gel", entails dissolving a solid 

macromolecule (gel) in a solvent to form a colloid (sol) of solid particles suspended 

in a continuous liquid (Sivasamy, 2013). In addition to this bottom-up method 

includes Pyrolysis (Kammler et al., 2001), Spinning (Tai et al., 2007, Mohammadi 

et al., 2014), etc. 
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1.4.3. BIOLOGICAL SYNTHESIS 

NPs are commonly synthesized using a blend of chemical and physical 

methods. However, the chemicals employed in this process pose environmental risks 

due to their hazardous nature. Additionally, physical approaches are less cost-

effective as they require substantial energy consumption (Iravani et al., 2014; 

Wageh et al., 2015). Consequently, biological synthesis of nanomaterials emerges as 

a superior choice, being more cost-efficient, environmentally friendly, and devoid of 

energy consumption or hazardous chemicals. This method finds particular relevance 

in clinical and biomedical applications. Various plants and microorganisms, 

including bacteria, fungi, yeast, and algae, have been utilized to create silver, gold, 

copper, palladium, and iron nanostructures (Saxena et al., 2012). One advantage of 

biological nanoparticle synthesis is the avoidance of harsh processing conditions, 

leading to cost savings by enabling synthesis at physiological pH, temperature, and 

pressure. A wide array of microbes has demonstrated the ability to produce 

inorganic nanoparticle composites, either internally or externally. To overcome the 

negative aspects of  the chemical and physical methods of NPs synthesis, the 

biological approaches were used recently, using  bacteria, fungi, protists, and plant 

extracts (Li et al., 1999).  

1.4.3.1. Nanoparticles from Bacteria 

Bacteria react with the metallic particles through the reduction of metallic 

ions as well as the production of nanoparticles outside the cell. It is an efficient, 

greener methodology in NPs synthesis (Saratale et al., 2018). A wide variety of 

bacteria were used for the reduction purpose, such as Cupria vidus for AgNPs 

synthesis (Ameen et al., 2020). Bacteria-produced metabolites also take part in the 

reduction role, as in the case of lignin peroxidase enzyme from Acinetobacter sp. 

Mediated AuNPs synthesis (Elmegdar et al., 2024). Pseudomonas fluorescens 

produces the AuNPs by extracellular activity (Rajasree & Suman, 2012). Recent 

research shows the use of a bacterial mix solution for the NPs synthesis (Siva Kumar 

et al., 2014). Pseudomonas putida culture used for the synthesis of ZnONPs, the 

study shows the tolerance of microorganisms to the metals in effluents (Jayabalan et 
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al., 2019). Many species of bacteria were used for this NPs synthesis as AgNPs from 

Bacillus cereus and Lactobacillus casei (Sunkar & Nachiyar, 2012; Korbekandi et 

al., 2012), AuNPs synthesis from E. coli and B. subtilis (Southam & Beveridge, 

1994; Du et al., 2007). CoNPs synthesis from Pyrobaculum islandicum (Li et al., 

2011). 

1.4.3.2. Nanoparticles from Fungus 

Fungi are potent biological tools in nanoparticle synthesis owing to the 

presence of intercellular enzymes (Mohanpuria et al., 2008). Silver nanocrystals 

were synthesized through the biological synthesis process using lignolytic fungi, 

Trametes trogii, as evident from previous studies (Kobashigawa et al., 2019). 

Wanarska and Maliszewska observed the ability of Penicillium cyclopium to 

synthesize metallic silver NPs. Metabolites produced by the fungal cells also take 

part in the reduction of metal NPs formation (Wanarska & Maliszewska, 2019; 

Naimi-Shamel et al., 2019). CuONPs were synthesized using fungi that develop 

naturally by employing an aqueous extract prepared from the mycelium of 

Trichoderma asperellum (Saravanakumar et al., 2019). A fungus, Periconium sp., 

from the leaves of Balanites aegyptiaca, stimulated the biosynthesis of ZnNPs 

(Ganesan et al., 2020). Two more fungus species, Verticillium sp. and F. oxysporum, 

have been screened to obtain NPs with the addition of metal ion solutions such as 

Ag+ and AuCl4-. Experiments conducted by Mukherjee and coworkers (Mukherjee 

et al., 2001) and Ahmad et al., (2002) identified that it could be done within cells as 

well as outside cells (Ahmad et al., 2002). F. solani (USM-3799), a pathogenic 

fungus, synthesized polydispersed NPs having an average size of 16.23 nm with 

1mM AgNO3 (Ingle et al., 2008). Binupriya and coworkers successfully employed 

the cell filtrate of the stationary biomass of filamentous fungus Rhizopus stolonifer 

(KCCM 35486). This was the first such report where equivalent-sized and shaped 

NPs of (Au) and (Ag) were prepared at room temperature (Binupriya et al., 2010). 

1.4.3.3. Nanoparticle synthesis using Algae 

Synthesis of nanoparticles from algae offers a promising platform for 

synthesizing NPs with new properties. Algae with their dense species diversity and 
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high biomass are superior sources for the synthesis of nanoparticles in an eco-

friendly and economical way. Various species of algae, including red, brown, and 

green algae, have been employed for NPs production, like gold, zinc oxide, and 

silver. These microorganisms possess inherent biological processes that enable the 

process of forming NPs, typically within their cell structures or extracellularly. NPs 

synthesis using algae not only provides a green process alternative to traditional 

chemical processes but also promises designed NPs properties using control of algal 

species and growth conditions. In addition, algae application for NPs synthesis is in 

accordance with green chemistry, cutting down on environmental traces and 

favoring sustainable material use in nanotechnology. AuNPs are intracellularly 

synthesized through the Tetraselmis kochinensis cell wall (Senapati et al., 2012). 

Cystoceria baccatta is employed in AuNPs synthesis against the treatment of colon 

and rectal cancer. The extract rapidly generates the NPs, with further analysis 

verifying that polycrystalline NPs comprise the majority of the composition of the 

extract. This suggests that, as indicated by González-Ballesteros and team in 2017, 

the formation and nucleation processes occur in the extract (González-Ballesteros et 

al., 2017). Recently, several NPs were synthesised from different species of algae, 

especially Egregia sp (Yılmaz Öztürk et al., 2020; Colin et al., 2018). 

1.4.3.4.  Nanoparticles from Yeast 

Yeast is used instead of bacteria for NPs synthesis because it can be easily 

cultivated and controlled under laboratory conditions despite its limited food 

requirements for high growth and enzyme synthesis (Soliman et al., 2018). NPs 

synthesis was more affected by the yeast's greater cytosolic volume than by bacterial 

production (Sandana Mala & Rose, 2014).  Yarrowia lipolytica facilitated AuNPs 

were reported to control the process as well as metal ions and biomass concentration 

(Pimprikar et al., 2009). Nitrate reductase, a protein that is enzymatically 

synthesized from epiphytic yeasts Rhodotorula glutinis and Cryptococcus laurentii, 

facilitates efficient synthesis of NPs through silver metal ion reduction to silver NPs 

(Ananthi et al., 2018; Fernández et al., 2016). 
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1.4.3.5. Nanoparticles from plants 

Green synthesis of nanomaterials adopts an eco-friendly strategy across their 

life cycle, using organic substances such as plant extracts and low-toxicity solvents 

to incur minimal harm on the environment (Hischier & Walser, 2012; Salieri et al., 

2018). Bioactive molecules in plant extracts, including flavonoids, carotenoids, and 

polysaccharides, are important for decreasing precursor ions to atoms, determining 

the biological properties and cytotoxicity of the generated nanomaterials (Bansal et 

al., 2014; Behzad et al., 2021; Santos et al., 2023; Jadoun et al., 2021; Parveen et 

al., 2016). Gold NPs (AuNPs) were recently synthesized in an eco-friendly way 

using the extracts of both leaves and fruit of Pistacia atlantica. These spherical 

AuNPs with a size ranging from 40-60 nm showed antibacterial activity (Carvalho et 

al., 2021; Hamelian et al., 2018). In the same way, scientists investigated the 

fabrication of bioactive NiNPs using the water extract of Medicago sativa. The 

green synthesis process resulted in the reduction of reducing sugars, proteins, and 

polysaccharides, such as flavonoids, indicating a possible correlation with these 

bioactivities and nickel bioreduction (Chen et al., 2014). Plant-mediated NPs show 

several activities such as antimicrobial, genetic aberrations, etc (Król et al., 2019; 

Akintelu et al., 2020).  

1.4.3.6. NPs from other organisms 

NPs were also synthesised from many higher-level organisms other than 

bacteria and fungi, such as insects and snakes such as defensive gland secretion of 

the beetle L. tristis Fabricius, popularly referred to as the mupli beetle, is applied in 

microwave-mediated AgNPs synthesis. The gland extract serves as the reducing and 

capping agent (Ajaykumar et al., 2023).  AuNPs were also synthesised from 

jellyfish nematocysts. These AuNPs are screened for their anticancer potential 

against breast cancer cells via in vitro experiments (Amreen Nisa et al., 2023). 

Biogenic synthesis of AuNPs using jellyfish Acromitus flagellatus (A. flagellatus) 

nematocyst venom reveals their anti-proliferative properties (Nisa et al., 2023). A 
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very interesting area includes the development of stable AuNPs from the sponge 

Acanthella elongata, collected from the Gulf of Mannar, Tamil Nadu, India 

(Inbakandan et al., 2010). These instances demonstrate the ways in which NPs can 

be biosynthesized from higher organisms, providing environmentally friendly and 

potentially influential solutions in fields such as medicine and environmental 

science. Snakes' biosynthesis of NPs is an interesting direction for environmentally 

friendly and sustainable NPs production. Some snake venoms consist of a vast array 

of bioactive molecules, such as enzymes and proteins, that have distinct properties 

that can be utilized in nanoparticle synthesis. Scientists have investigated the use of 

snake venom proteins to make different NPs, such as silver and AuNPs. The venom 

proteins are responsible for mediating the NPs forming reactions while maintaining 

their stability as well as biocompatibility. The method not only provides a 

sustainable means of replacing classical chemical synthesis pathways but also 

promises to be useful in the future of medicine. Additionally, the investigation of 

snake venom as a nanoparticle synthesis medium highlights the immense capability 

of nature's resources to contribute to the development of nanotechnology for a 

variety of useful purposes (Mohammadpourdounighi et al., 2010). Such bio-based 

strategies not only provide eco-friendly alternatives to traditional chemical 

approaches but also produce NPs with designed properties for different applications, 

such as medicine, catalysis, and environmental remediation. Additional investigation 

of nanoparticle biosynthesis from higher organisms is likely to reveal novel 

synthesis routes and widen the palette of sustainable nanotechnological solutions. 

1.5. HYPOTHESIS 

Hypothesis: The defensive secretion of Luprops tristis can be utilized as a starting 

material for the synthesis of metallic NPs, with potential applications across diverse 

biological domains. 
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1.6.  OBJECTIVES 

1. Evaluation of the chemical composition and multifunctional biological activities 

(antimitotic, antioxidant, antibacterial, and cytotoxic) of the defensive gland 

extract of Luprops tristis Fabricius. 

2. Biosynthesis of nickel nanoparticles using beetle defensive gland extract for 

electrochemical and biological applications. 

3. Biosynthesis of copper oxide nanoparticles using beetle defensive gland extract 

for electrochemical and biological applications. 

4. Biosynthesis of gold nanoparticles using beetle defensive gland extract for 

electrochemical and biological applications. 

5. Biosynthesis of zinc oxide nanoparticles using beetle defensive gland extract for 

electrochemical and biological applications. 

1.6. RELEVANCE OF THE STUDY 

The importance of research in nanoparticle biosynthesis has been well-

established, covering various organisms like bacteria, fungi, protists, viruses, algae, 

and plants. However, the synthesis of metal NPs (nickel, copper oxide, gold, and 

zinc) from insects remains largely unexplored. Recent studies highlight the 

extensive use of metal NPs in medicine, agriculture, and water treatment. This 

investigation aims to address the limitations of conventional physical and chemical 

synthesis methods by focusing on eukaryotic organisms without killing them for 

nanoparticle synthesis, potentially offering innovative methodologies for producing 

these NPs. Additionally, the study will assess the biological activities, including 

antimicrobial, antiangiogenic, and anticancer properties of these NPs, suggesting 

potential applications as biosensors, effective antimicrobials, anticancer, and anti-

angiogenesis properties. Biosynthesized NPs are advantageous over physically or 

chemically synthesized ones, presenting diverse applications in medicine, 

technology, and scientific research. In this study, the focus will be on synthesizing 

four types of metal NPs, such as Ni, CuO, Au, and ZnO, from the defensive gland 

secretion of the beetle L. tristis. The research aims to analyze the various biological 

properties of these NPs, offering a greener and economically viable approach to 

creating nanomaterials. 
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Nanoparicles having a wide variety of application in every field. Present 

chapter deals with a review on metal NPs, mainly discussing nickel, copper oxide, 

gold, and zinc oxide. 

2.1.  Biological Application of Nickel Nanoparticles (NiNPs) 

NiNPs have drawn significant attention as a result of their high-quality 

physical, chemical, and magnetic properties that support a wide array of applications 

in catalysis, electronics, and biomedicine (Abdel Fattah et al., 2016; Barsan et al., 

2019; Bibi et al., 2017; Cheng et al., 2020; Jiao et al., 2019; Kiran et al., 2020; Ni et 

al., 2019). In organic synthesis, NiNPs catalyze reactions like the hydrogenation of 

olefin and the reduction of aldehydes or ketones (Alonso et al., 2008, 2009; 

Dhakshinamoorthy & Pitchumani, 2008), and inorganically, they catalyze reactions 

like ammonia degradation (Li et al., 2005). They also play a major role in carbon 

nanotube synthesis (Li et al., 2006). Nickel, having good prevalence and economic 

viability, NiNPs are useful additives in coatings, polymers, and fibers (Bian et al., 

2017; Hill et al., 2019). Green synthesis pathways provide eco-friendly methods to 

NiNPs, which provide uniform nanoparticles with increased antibacterial and 

antioxidant activity with low cytotoxicity Chen et al., 2014; Jeyaraj Pandian et al., 

2016; Sudhasree et al., 2014). NiNPs suppress pathogens such as E. coli and S. 

aureus (Helen et al., 2016), inhibit rice blast disease in agriculture (Parthasarathy et 

al., 2023), and show antioxidant, antibacterial, and anticancer activities (Ali et al., 

2021; Hussain et al., 2023; Kareem et al., 2022). Their magnetic and catalytic 

characteristics render NiNPs extremely versatile for renewable biomedical and 

technological advances (Roselina & Azizan, 2012). 

2.1.1. Antimicrobial Activity 

NiNPs show strong antibacterial activity against drug-resistant species. 

NiNPs reduce microbial growth and, therefore, find applications as antimicrobial 

devices and coatings (Pal et al., 2019). Green synthesis gives them efficacy against 

methicillin-resistant Staphylococcus aureus (MRSA), conferring greater therapy 

value (Zarenezhad et al., 2022). The antibacterial effectiveness of NiO/NiO NPs 

biosynthesized using Lactuca serriola seeds is very effective (Ali et al., 2021). 



Review of Literature 

 14 

NiNPs are also inhibit the biofilms by Staphylococcus epidermidis (Vahedi et al., 

2017) and prove effective against human pathogens in dental use (Argueta-Figueroa 

et al., 2014). Sonication based NiNPs also improve antimicrobial effectiveness 

(Gomaji Chaudhary et al., 2015). Overall, these results affirm NiNPs as potential 

antimicrobial agents in the biomedical field. 

2.1.2. Anticancer Potential 

NiNPs show cytotoxicity towards cancer cells. NiNPs extracted from 

Azadirachta indica and Psidium guajava leaves exhibit cytotoxicity against colon 

cancer cells (HT29) due to their nanoscale shape (Mariam et al., 2014). Their 

capacity to increase membrane permeability allows targeted delivery into leukemia 

cells (Guo et al., 2008). NiNPs from Cressa leaves also reduced SKOV3 ovarian 

cancer cell viability through MTT assays (Wei et al., 2023). Likewise, NiNPs 

prepared from Penicillium chrysogenum exhibited significant anticancer and 

antioxidant activities (Hashem et al., 2022). In lung cancer cell lines (A549, NCIH-

460), NiNPs triggered apoptosis and protein expression modifications, nickel fine 

particles shows genotoxicity and carcinogenic activity (Magaye et al., 2016; 

Pietruska et al., 2011). These results highlight the therapeutic value of NiNPs in 

cancer studies. 

2.1.3.  Drug Delivery 

NiNPs are becoming multifunctional drug delivery system agents due to their 

chemical stability, high binding ability, and magnetic responsiveness. They can be 

used in MRI, biomedical analysis, and targeted gene and drug delivery (Jaji et al., 

2020; Ban et al., 2018). Their ability to enable functionalization and targeted 

transport increases their utility in diagnostics and therapeutics (Adhikary et al., 

2015). These properties make NiNPs good candidates for next-generation 

biomedical delivery platforms. Table II. 1 gives a broad overview of the extensive 

biological applications of NiNPs prepared from different sources. It points out the 

universality of NiNPs in various areas of biology, highlighting their prospects in 

drug delivery, antimicrobial therapy, cancer treatment, and biosensing. The table 

also indicates the impact of the source material on the properties and activity of the 
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NiNPs, emphasizing the need to select proper synthesis routes for particular 

biomedical applications. 

Table II. 1: Biological application of NiNPs. 

No Method/Source of 

synthesis 

Biological activity Form of metal 

NPs. 

Reference 

1 Ocimum sanctum 

leaf extract 

Antibacterial NiNPs (Jeyaraj Pandian 

et al., 2016) 

2 Euphorbia 

heterophylla (L.) 

leaves extract 

Antibacterial NiONPs (Lingaraju et al., 

2020) 

3 Prosopis 

fracta extract 

Anticancer NiO & NiO 

composite 

(Alsamhary et al., 

2024) 

4 Azadirachta indica 

and Psidium 

guajava. 

Anticancer NiO & NiNPs (Mariam et al., 

2014) 

5 Shewanella spp Azo dye degradation 

and industrial 

wastewater treatment 

 (NiO-NPs) (Mustafa et al., 

2023) 

6 Salvia 

rosmarinus extract  

Antibacterial 

properties, 

manufacture of dental 

amalgam. 

 (NiO)  (Nazaripour et al., 

2022) 

7 Penicillium 

chrysogenum 

Cytotoxicity & 

anticancer activity  

(NiNPs)  (Hashem et al., 

2022) 

9 Chemical synthesis Anticancer activity Ni composite (Gorgizadeh et 

al., 2019) 

10 Chemical synthesis Integrated biomedical 

applications 

Ni composite (Ivanov et al., 

2018) 

11 Azadirachta indica 

leaves 

Antibacterial activity NiO (Helan et al., 

2016) 

12 Chemical synthesis Absorbent of 

safranin-O 

NiS (Ghaedi et al., 

2014) 

13 Chemical synthesis Hydrodeoxygenation 

of microalgae 

NiNPs (Song et al., 

2013) 

14 Polyol method  Biomedical NiNPs (Roselina & 

Azizan, 2012) 

15 Co-precipitation 

method, 

Thermo-therapeutic NiFe2O4  (Hoque et al., 

2016) 

16 Polyol method. Electrochemical 

sensor 

NiNPs (Neiva et al., 

2014) 

17 Homogeneous 

precipitation 

method 

Bio-remediation by 

microalgae Chlorella 

Vulgaris 

NiO (Gong et al., 

2011) 

18 Ocimum sanctum 

leaf extract 

 Anticancer activity Quercetin 

conjugated 

NiNPs. 

(Rameshthangam 

& Chitra, 2018) 
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2.2.  Biological Use of Copper Oxide Nanoparticles (CuONPs) 

Copper oxide nanoparticles (CuONPs) are active nanomaterials used in 

different fields of science. Their antimicrobial potential to act against a wide range 

of bacteria, fungi, viruses, and drug-resistant strains attests to their therapeutic use 

(Azam et al., 2012; Ijaz et al., 2017). CuONPs show preferential cytotoxicity to 

cancer cells but spare normal cells, indicating their potential for application in 

targeted anticancer treatments (Seigneuric et al., 2010). They are also drug carriers 

and show antioxidant and anti-inflammatory activity, which indicates other 

applications in treating oxidative stress-related diseases (Liu et al., 2010). CuONPs 

are used as nano-pesticides and fertilizers, which improve crop yield and pathogen 

protection when used as foliar sprays or soil amendments (Kasana et al., 2016; 

Seregina et al., 2020). In the environment, CuONPs allow for pollutant removal and 

are used as nanosensors for contaminant detection (Gautam et al., 2016). In industry, 

CuONPs are used in catalysis, sensor development, and material synthesis. Their 

nanoscale sizes enable effective interaction with biomolecules, contributing to 

applications in drug delivery, bioimaging, and anti-tumor activities (Kim & Nie, 

2005; Szymański et al., 2012). Such multifunctional capabilities make CuONPs 

good candidates for innovation in biomedicine, agriculture, and environmental 

remediation. 

2.2.1.  Antibacterial Activity 

CuONPs have strong antibacterial activity against a broad spectrum of 

pathogenic bacteria. Biogenic synthesis employing Magnolia kobus and Punica 

granatum extracts led to the preparation of nanoparticles with greater activity 

compared to traditional antibiotics (Lee et al., 2013; Kaur et al., 2016; T. de B. 

Machado et al., 2002; Naz et al., 2007). Similar effectiveness was reported with 

Millettia pinnata and Gum karaya-derived CuONPs, where efficacy depended on 

nanoparticle size and bacterial cell wall morphology (Thiruvengadam et al., 2019; 

Azam et al., 2012; Khani et al., 2018). CuONPs prepared from Bifurcaria bifurcata, 

Eichhornia crassipes, and Tribulus terrestris also exhibited tremendous bactericidal 

activity (Abboud et al., 2014; Vanathi et al., 2016; Gopinath et al., 2016), similarly, 
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the activity shown by those prepared from Gloriosa superba also (Regier et al., 

2015). Nevertheless, their aquatic toxicity in the aquatic organism Daphnia magna 

indicates caution in ecological evaluation (Saif et al., 2016). These results further 

support the antibacterial application of CuONPs in biomedicine and environmental 

science. 

2.2.2.  Anticancer Potential 

The antitumor activity of CuONPs is primarily attributed to copper's capacity 

to modulate intracellular redox homeostasis, leading to oxidative stress and 

subsequent cancer cell apoptosis. Cellular chaperones such as ATOX1 and CCS are 

responsible for selective protection in normal cells towards higher copper levels 

(Yang et al., 2017). CuONPs have proven to be effective in treating various cancer 

forms, such as renal (Xue et al., 2018), lung, brain (Joshi et al., 2016), liver 

(Siddiqui et al., 2013), breast (Jeronsia et al., 2016), ocular (Song et al., 2015), and 

prostate cancer tumors (Wang et al., 2017). The above-presented research indicates 

their potential for further research in targeted cancer treatments. 

2.2.3.  Drug Delivery Applications 

The low price and functional diversity of CuONPs facilitate their use in drug 

delivery and imaging. Luminescent transferrin-templated copper nanoclusters (Tf-

CuNCs) were shown to be effective in tumor targeting and life-span extension in 

animal models (Goswami et al., 2018). Curcumin-capped CuNPs were shown to 

possess anti-angiogenic and anticancer activities (Kamble et al., 2016), whereas 

mupirocin-functionalized CuNPs displayed high rates of release and excellent 

antibacterial effects, being active against drug-resistant S. aureus (Verma & 

Kaushik, 2020). These findings indicate CuONPs to be promising platforms for 

next-generation therapeutic delivery systems. Further investigation into their 

synthesis and functionalization is essential to optimize biomedical performance. 

Table II. 2 shows the different biomedical applications of CuONPs prepared from 

different sources. 
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Table II. 2: Biological application of CuONPs 

No Source/method Biomedical application Reference 

1 Syzygium alternifolium  Antibacterial activity, 

Antifungal activity. 

(Yugandhar et al., 

2017) 

2 Phaseolus vulgaris  Anticancer activity (Nagajyothi et al., 

2017) 

3 Trichoderma 

asperellum  

Anticancer activity (Saravanakumar et al., 

2019) 

4 Lactobacillus casei 

subsp. Casei 

Anticancer activity (Kouhkan et al., 2020) 

5 Anabaena cylindrica. Anticancer activity (Bhattacharya et al., 

2019) 

6 Sargassum polycystum. Anticancer activity (Ramaswamy et al., 

2016) 

7 Citrus medica Linn.  Antifungal activity (Shende et al., 2015) 

8 Penicillium 

chrysogenum  

Antifungal activity (El-Batal et al., 2020) 

9 Oxalis corniculata L  Antifungal activity (Hassan et al., 2019) 

10 Saccharum officinarum  Antibacterial activity (Angeline Mary et al., 

2019) 

11 Syzygium aromaticum  Antibacterial activity (Rajesh et al., 2018) 

12 solanum lycopersicum  Antibacterial activity (Vaidehi et al., 2018) 

13 Proteus mirabilis  Antibacterial activity (Eltarahony et al., 

2018) 

14 Bifurcaria bifurcata  Antibacterial activity (Abboud et al., 2014) 

15 Aloe vera  Antibacterial activity (Kumar et al., 2015) 

 

2.3.  Biological Applications of Gold Nanoparticles (AuNPs) 

Gold nanoparticles (AuNPs) have become major nanomaterials because they 

possess distinct physicochemical characteristics, high biocompatibility, and surface 

functionalities. Their optical and electronic characteristics, particularly surface 

plasmon resonance, allow applications in biosensing, imaging, drug and gene 

delivery, and theranostics (Cai & Chen, 2007; Mohanpuria et al., 2008; Yu et al., 

1997). Their stability, simplicity of synthesis, and similar size to biomolecules 

facilitate their application as diagnostic probes, targeted delivery vehicles for drugs, 



Review of Literature 

 19 

and imaging contrast agents (Wang et al., 2012; Dhar et al., 2009; Doubrovsky et 

al., 2011; Seigneuric et al., 2010; Sperling et al., 2008). The intersection of AuNPs 

and nanomedicine has the potential to revolutionize personalized diagnostics and 

therapy. 

2.3.1.  Antimicrobial Potential 

Biogenic AuNPs have shown broad-spectrum antimicrobial activity. AuNPs 

prepared from Abelmoschus esculentus seeds are antifungal active (Jayaseelan et al., 

2013), whereas banana peel-based AuNPs inhibit Shigella, E. coli, and Candida 

albicans (Bankar et al., 2010). Trichoderma spp., Camellia japonica, and Camellia 

sinensis, and other plant and fungal extracts also provided AuNPs with broad 

antibacterial action (Das et al., 2009; Bindhu et al., 2014; Dimitrov, 2006; Mishra et 

al., 2014; Oh et al., 2018; Sharma et al., 2019; Singh et al., 2018), highlighting their 

uses for the generation of eco-friendly antimicrobial compounds. 

2.3.2.  Anticancer Potential 

AuNPs have been promising in oncology for drug delivery, imaging, and 

targeted therapy. Methods such as SERS and antibody-functionalized AuNPs allow 

for specific cancer cell detection (Grubisha et al., 2003; Huang et al., 2007; Kneipp 

et al., 2002; Neng et al., 2010). AuNPs prepared from Punica granatum have been 

found to be cytotoxic toward cancerous breast cells (Ganeshkumar et al., 2013), 

whereas magnetic AuNPs have been suggested to be used for the prevention of 

metastasis (Yadav et al., 2011). Targeted AuNPs are also directed toward 

cardiovascular diseases and leukemia (Kah et al., 2007; R. Bhattacharya et al., 2007; 

Zent et al., 2006; Rahman et al., 2005). Plant-based AuNPs synthesis has proven 

potent anticancer activity: Glycyrrhiza uralensis and Mangifera indica extracts were 

cytotoxic against MCF-7 and gastric cancer cells (Huo et al., 2018; Vimalraj et al., 

2018), Crocus sativus and Hylocereus sabdariffa extracts inhibited breast and 

glioblastoma cells respectively (Hoshyar et al., 2016; Mishra et al., 2016), and 

AuNPs from Cystoseira baccata exhibited potential against colon cancer (González-

Ballesteros et al., 2017). These results validate the potential of AuNPs in targeted, 

green therapeutics for cancer treatment. 
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2.3.3.  Applications in Drug Delivery 

AuNPs are extensively researched for applications in drug delivery because 

of their surface, stability, and ability to deliver various therapeutic agents. AuNPs 

triggered release of drugs can be prompted by pH or light (Paciotti et al., 2004; Bao 

et al., 2013; Cheng et al., 2014; Madhusudhan et al., 2014).  

Table II. 3: Biological application of AuNPs 

No Source of AuNPs Biological property Reference 

1 Croton Caudatus  

 (Euphorbiaceae) 

Anticancer, antimicrobial, 

antifungal agent. 

(Vijaya Kumar et 

al., 2019) 

2 Syzygium jambos 

(Myrtaceae) 

Anticancer, Antimalarial (Dutta et al., 2017) 

3 Anacardium occidentale  

 (Anacardiaceae) 

Antibacterial agent (Sunderam et al., 

2019) 

4 Andrographis paniculata 

 (Acanthaceae) 

Anticancer (Kumari et al., 

2019) 

5 Clonorchis sinensis 

(Theaceae) 

antimicrobial, (Onitsuka et al., 

2019) 

6 Pistacia atlantica 

(Anacardiaceae) 

Antibacterial agent. 

Antioxidant 

(Hamelian et al., 

2018) 

7 Fusarium oxysporum 

(Nectriaceae) 

Antibacterial agent (Naimi-Shamel et 

al., 2019) 

8 Cornus mas (Cornaceae) Antioxidant,  

 anticancer agent 

(Filip et al., 2019) 

9 Hylocereus undatus 

(Cactaceae) 

Anticancer agent (Divakaran et al., 

2019) 

10 Garcinia indica 

(Clusiaceae) 

Antioxidant,  

 

(Desai et al., 2018) 

11 Punica granatum 

(Lythraceae) 

Antioxidant, (Gubitosa et al., 

2018) 

12 Terminalia chebula 

(Combretaceae) 

Antimicrobial agent (Mohan Kumar et 

al., 2012) 

13 Camellia sinensis 

(Rosaceae) 

Antioxidant, Antimicrobial, 

Anticancer 

(Oh et al., 2018) 

14 Cibotium barometz 

(Dicksoniaceae) 

Antioxidant, Antimicrobial, 

Anticancer 

(Wang et al., 2017) 

15 Aquilegia pubescens 

(Apiaceae) 

Anticancer (Markus et al., 

2017) 

16 Plectranthus barbatus 

(Lamiaceae) 

Anticancer (Dhayalan et al., 

2018) 

 

17 Benincasa hispida 

(Cucurbitaceae) 

Anti-helminthic, 

Antioxidant. 

(Aromal & Philip, 

2012) 

https://en.wikipedia.org/wiki/Pistacia_atlantica
https://en.wikipedia.org/wiki/Pistacia_atlantica
https://en.wikipedia.org/wiki/Garcinia_indica
https://en.wikipedia.org/wiki/Garcinia_indica
https://en.wikipedia.org/wiki/Terminalia_chebula
https://en.wikipedia.org/wiki/Terminalia_chebula
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Functionalization approaches enable targeting of tumor and phagocytic cells 

(Hu et al., 2019). Chitosan-coated AuNPs have been investigated for insulin 

delivery (Bhumkar et al., 2007), whereas albumin and ApoE-conjugated AuNPs 

enhance targeting specificity (Schäffler et al., 2014). New applications also include 

vaccine platforms, e.g., for tick-borne encephalitis (Demenev et al., 1996). These 

advances make AuNPs a promising and versatile nanoplatform in sophisticated drug 

delivery. Table II. 3 emphasizes the wide range of biological applications of AuNPs 

prepared using different sources.  

2.4. Biological application of Zinc Oxide Nanoparticles (ZnONPs) 

The unique optical, electrical, and physicochemical properties of ZnONPs, 

along with their highly advantageous surface chemistry, make them universal probes 

for an abundance of applications in biomedical science. Among the most notable 

attributes of ZnONPs is their ability to fight microbial attacks based on their 

intrinsic antibacterial activity. By production of reactive oxygen species (ROS) and 

photocatalytic activity, ZnONPs have strong antimicrobial activity, as discussed by 

Sirelkhatim and coworkers (Sirelkhatim et al., 2015).  The antimicrobial activity has 

practical uses in various industries, such as dental composite, mouthwash, diapers, 

and shampoos, as proven by (Aydin Sevinç & Hanley, 2010; Hernández-Sierra et 

al., 2008).  Aside from antimicrobial control, ZnONPs provide promising prospects 

in the treatment of cancer. Work by Hanley and Ancona emphasizes their selective 

toxicity against cancer cells, indicating their suitability as potent anticancer agents. 

In addition, Ancona and co-workers., lipid-coated ZnONPs represent an interesting 

method of photodynamic cancer therapy, highlighting their utility in targeted 

treatment protocols (Ancona et al., 2018; Hanley et al., 2008).  

ZnONPs are gaining recognition due to their wide range of biomedical 

applications, owing to their beneficial surface chemistry, positive charge under 

physiological conditions, and high biocompatibility. All these characteristics allow 

them to interact with biological systems, making them better candidates for drug 

delivery (Wu et al., 2008; Xu et al., 2013). Coating techniques, including chitosan-

modified ZnONPs, have also been found promising in targeted anticancer therapies 
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(Yuan et al., 2010), while other nanocarrier designs have promoted their application 

in controlled drug release (Muhammad et al., 2011). ZnONPs are also found to have 

good sensing capabilities, thereby proving to be good biosensors for analytes like 

glucose, dopamine, xanthine, urea, and acetylcholinesterase (Devi et al., 2012; Fang 

et al., 2014; Hwa & Subramani, 2014; Wang et al., 2014). Their biomedical 

property encompasses wound healing, reduction of inflammation, 

neuroregeneration, and dermatological applications, such as sunscreens and dental 

materials. Interestingly, Seil & Webster (2008), illustrated their ability to stimulate 

neuronal activity and inhibit astrocyte adhesion, pertinent to nerve regeneration (Seil 

& Webster, 2008). Additionally, ZnONPs have been investigated for analgesia and 

antidepressant activity through the opioidergic pathway, with improved results 

compared with bulk formulations (Torabi et al., 2013; Kesmati & Torabi, 2014). 

2.4.1.  Antimicrobial Activity of ZnONPs 

ZnONPs have broad-spectrum antimicrobial activity and are capable of 

targeting both Gram-positive and Gram-negative bacteria, including drug-resistant 

strains. Their antimicrobial activity is size-dependent, with smaller particles having 

greater activity (Ohira & Yamamoto, 2012; Limbach et al., 2007). Their action has 

been proven against a range of pathogens like E. coli, S. aureus, P. aeruginosa, B. 

subtilis, Proteus vulgaris, and E. faecalis (Chatterjee et al., 2010; Dutta et al., 2013; 

Ishwarya et al., 2018; Premanathan et al., 2011; Reddy et al., 2007). 

Their combined potential with antibiotics was proven against A. baumannii 

(Ghasemi & Jalal, 2016), and their bactericidal activity against Vibrio cholerae 

confirms their use in waterborne disease management (Sarwar et al., 2016). 

Additionally, ZnO/Ag hybrid nanoparticles have exhibited strong efficacy against 

Mycobacterium tuberculosis without host cytotoxicity (Jafari et al., 2016), 

highlighting their utility in the fight against drug-resistant pathogens. 

2.4.2. Anticancer Potential of ZnONPs 

ZnONPs have been found to be effective anticancer agents because of their 

selective cytotoxicity, biocompatibility, and capacity to trigger oxidative stress in 
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cancer cells. ZnONPs target cancer cells preferentially by ROS generation and 

caspase activation, without affecting normal cells (Martínez-Carmona et al., 2018  ; 

Premanathan et al., 2011; Chandrasekaran & Pandurangan, 2016). Lipid-coated 

ZnONPs applied in photodynamic therapy have demonstrated improved ROS 

generation and cellular uptake under UV light exposure, enhancing therapeutic 

efficacy (Ancona et al., 2018). Anticancer activity of ZnONPs covers different 

cancers, such as gliomas, hepatic, and breast carcinomas (Han et al., 2015; Sharma 

et al., 2012; Wahab et al., 2013). Green-synthesized ZnONPs also prevent cell cycle 

progression and control apoptotic genes in breast cancer cells (Boroumand 

Moghaddam et al., 2017). Besides, ZnONPs are able to induce non-autophagic cell 

death in EGFR-mutated lung adenocarcinoma (Bai et al., 2017), and induce 

apoptosis and autophagy in ovarian and leukemia cells (Namvar et al., 2016). 

2.4.3. ZnONPs in Drug Delivery 

ZnONPs are potent drug delivery carriers for chemotherapeutic and genetic 

loads. Chitosan-coated ZnONPs were used effectively to deliver doxorubicin to 

cancer cells, promoting therapeutic specificity (Yuan et al., 2010). They have also 

been shown to bypass P-glycoprotein efflux pumps to combat multidrug resistance     

(Liu et al., 2016). Moreover, ZnO quantum dots with surface functionalization of 

polycations facilitated effective DNA delivery into COS-7 cells, in conjunction with 

real-time imaging (Zhang & Liu, 2010). This evidence shows that ZnONPs possess 

multifunctional efficiancy in therapeutic drug delivery systems. 

Literature under review highlights the extensive applicability and biological 

significance of metal nanoparticles (NiNPs, CuONPs, AuNPs, ZnONPs), inspired by 

their distinctive physicochemical properties. Nanomaterials show great promise in a 

wide range of applications, ranging from catalysis to energy systems, antimicrobial 

treatment, oncology, and drug delivery. Biosynthesized nanoparticles are 

particularly shown to have improved bioactivity over chemically synthesized 

equivalents, which underlines the importance of green synthesis pathways using 

microbial and plant-based extracts. Even though they hold promise, critical 

challenges exist. Protocol variability for synthesis, non-uniform nanoparticle 
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characterization, and a lack of standardized toxicity testing hamper reproducibility 

and scalability. Additionally, long-term stability, biodegradability, and ecological 

consequences are underdeveloped and need to be investigated further prior to 

clinical or industrial translation. Closing these gaps with interdisciplinary research 

will be critical to maximizing synthesis parameters, enhancing nanoparticle 

effectiveness, and making them safe and sustainable. 

Table II. 4: Biological application of ZnONPs 

 

No  Source  Activity  Reference 

1 Cassia fistula Antibacterial 

activity 

(Suresh et al., 2015) 

2 Phyllanthus niruri Antibacterial 

activity 

(Anbuvannan et al., 2015) 

3 Solanum nigrum Antibacterial 

activity 

(Ramesh et al., 2015) 

4 Staphylococcus  

aureus 

Antibacterial 

activity 

(Ahmar Rauf et al., 2017) 

5 Aeromonas  

hydrophila 

Antibacterial 

activity 

(Sadhasivam et al., 2021) 

6 Sargassum muticum Anticancer 

activity 

(Namvar et al., 2016) 

7 Eclipta prostrata Anticancer 

activity 

(Chung et al., 2015) 

8 Ziziphus nummularia Anticancer 

activity 

(Padalia & Chanda, 2017) 

9 Rhodococcus 

pyridinivorans 

Anticancer 

activity 

(Kundu et al., 2014) 

10 Hyssops officinalis Anti-

inflammatory 

(Rahimi Kalateh Shah 

Mohammad et al., 2021) 

11 Polygala tenuifolia Anti-

inflammatory 

(Nagajyothi et al., 2015) 

 

In general, the current findings of this review of literature highlight that there 

is more to be investigated in terms of bio-inspired synthesis of nanoparticles, 

especially from insect-derived metabolites. The convergence of biological 

variability with nanotechnology may contribute to improving nanoparticle 

performance while fostering sustainability. Future research must aim to fine-tune 

biosynthetic routes, perform detailed toxicity assessments, and discover unique 
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applications to fully exploit the promise of metal nanoparticles in health, agriculture, 

and environmental sustainability. The present research extends this platform by 

using the defensive secretion of L. tristis as a new and renewable source for NPs 

biosynthesis. The chemically rich metabolites of this secretion serve as natural 

reducing and stabilizing agents to enable the synthesis of LNiNPs, LCuONPs, 

LZnONPs, and LAuNPs. These NPs exhibit promising biological activities such as 

antioxidant, antimicrobial, and anticancer activity, further validating the prospect of 

insect-derived metabolites in green nanotechnology. By combining biological 

diversity with nanotechnology, the present work shows a novel green strategy for 

the synthesis of NPs, opening avenues for eco-friendly biomedical, agricultural, and 

environmental applications. For the full exploitation of metal nanoparticles' potential 

for innovative and sustainable applications, future studies must aim at optimizing 

biosynthetic routes, performing thorough toxicological evaluations, and discovering 

new applications. 
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The metal NPs employed in this research were synthesized from the defense 

secretion of the insect Luprops tristis. Insects were manually gathered and moved in 

perforated bottles to provide them maximum safety and comfort. Some of the insects 

were dissected by forceps and needles at the time of collection for morphological 

gland research, while the rest of the insects were gently disturbed to release gland 

secretions without dissecting or damaging them. Secretions were stored in 

microtubes (300 μL) for NPs preparation. These secretions were then blended with 

different metal solutions and exposed to microwave radiation, leading to the 

formation of respective nanoparticles (NPs). Obtained NPs were separated by 

centrifugation, and moisture was removed, followed by lyophilization to maintain 

stability, thereby making them amenable to subsequent biological assays. This 

section gives a step-by-step account of the research methodology, including each 

step taken and materials used in the experimental process. 

3.1. Experimental insect- Luprops tristis Fabricius 

The beetle, L. tristis (Family: Tenebrionidae, Order: Coleoptera), is a 

darkling beetle and an unobtrusive detritivore inhabiting leaf litter of rubber 

plantation regions on the western slopes of the southern Western Ghats. The species 

follows a univoltine life cycle consisting of five stages, and its abundance is 

correlated with the availability of early-falling rubber tree leaves as a food source. 

Distributed throughout India, it feeds on plant debris. Adult beetles measure 

approximately 8 mm in length and are black. Typically, they pose no threat to 

humans, though they release a defensive phenolic fluid that can cause skin irritation 

when provoked. This defensive secretion contains phenol, flavonoids, alkaloids, and 

other bioactive chemicals with significant potential as reducing and capping agents. 

These beetles are notorious for complicating living conditions when large groups 

enter farmhouses, roofs of houses are shown in Fig. III. 2. 
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Systematic position   

Kingdom Animalia 

Phylum Arthropoda 

Class Insecta 

Order Coleoptera 

Family Tenebrionidae 

Genus Luprops 

Species  tristis 

Binomial name  Luprops tristis Fabricius, 1801 

 

3.2. Collection of beetle Luprops tristis. 

The experimental insect, Luprops tristis, was gathered from Sree Neelakanta 

Govt. Sanskrit college campus, Pattambi (10.809526,76.199281), Kerala, India (Fig 

III. 1). The insects were hand-picked and stored in a perforated insect box following 

collection and then transported to the laboratory for the extraction of the defensive 

gland (Fig III. 2). 

 

Fig III. 1: GPS Coordinates of the location 
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Fig III. 2: Colony of L. tristis in different areas (A-H), collected beetles in 

perforated bottle (I). 

3.3. Study the morphology of the defensive gland  

The methodology for investigating the morphology of the defensive gland 

entailed delicately dissecting it using forceps, scissors, and a needle under a 

dissection microscope (MESWOX DM100, India). The dissected gland was then 

rinsed in an insect Ringer solution and transferred to a glass slide for further 

examination. Subsequently, the gland underwent scrutiny using a compound 

microscope (Leica ICC50E, Germany) equipped with a camera, a fluorescent 

microscope (ZEISS Axiocam 305 colour, Germany), and a scanning electron 

microscope (VEGA 3 TESCAN, Czech Republic). The evaluation primarily 

concentrated on analyzing the surface structures of the gland. 
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3.4. Tissue sampling for histological study and slide preparation 

The defensive gland was carefully dissected in insect Ringer solution and 

fixed by immersion in Bovin's solution. Each sample was placed in an individual 

microtube. After a 24-hour fixation period, the gland secretion underwent gradual 

dehydration using ascending grades of alcohol. The glands were gross-stained in a 

70% aqueous eosin solution to aid in orientation during embedding. The tissues 

were fully dehydrated in acetone and absolute alcohol, cleared with xylene, and 

embedded in paraffin wax. Sections were cut to a thickness of 6 μm, deparaffinized 

with progressively concentrated alcohol, stained with hematoxylin, and 

counterstained with aqueous eosin for microscopic examination. Microphotographs 

were subsequently captured for documentation (Hewitson et al., 2010; Silva-Zacarin 

et al., 2012). 

3.5. Extraction of defensive gland secretion from L. tristis 

Defensive glands of the insects extruded out by gentle pressing on the 

abdomen; the glandular secretion collected to microtube (300 μL capacity) 

containing deionized water by pressing on the extruded glands without any 

contamination from fecal matter (Fig III. 3). These glands extract centrifuged and 

used for the synthesis of metal NPs like nickel (NiNPs), copper oxide (CuONPs), 

zinc oxide (ZnONPs) and gold (AuNPs). 
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Fig III. 3: Extracting secretion from defensive gland (A-B), Extruded defensive 

gland (C), Collected secretion stored in eppendorffs tubes (D). 

3.6. High-Resolution Liquid Chromatography–Mass Spectrometry (HR-

LCMS) 

The chemical composition of the beetle's defensive gland secretions was 

characterized by high-resolution LC-MS-QTOF (Agilent Technologies, USA), 

which involves the combination of chromatographic separation with exact mass 

detection to identify compounds in complicated matrices. Methanolic extracts of the 

secretion were analyzed on an Agilent ZORBAX Eclipse Plus C18 column (150 × 

2.1 mm, 5 µm) with a binary solvent system: Solvent A (0.1% formic acid in Milli-

Q water) and Solvent B (acetonitrile) under the optimum gradient elution conditions. 
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Instrument settings were carefully optimized to achieve maximum resolution and 

sensitivity. Reference standard calibration was used to determine the accurate mass 

and retention time. Data acquisition was done on Agilent MassHunter software 

(Qualitative Analysis Version B.06). This method allowed for in-depth profiling and 

initial identification of bioactive components present in the secretion extract. 

3.7. Fabrication of Metal NPs  

NiNPs, CuONPs, ZnONPs, and AuNPs were prepared by employing 

solutions of nickel chloride (Nicl2.6H2O), copper sulphate (CuSO4.6H2O), zinc 

acetate Zn (CH3CO2)2, and auric chloride (AuCl3.H2O), respectively, from NICE 

Chemicals Pvt. Ltd. The preparation of L. tristis- mediated metal NPs involved 

mixing gland extract from 30 beetles with 300 μL of distilled water. A 

corresponding 0.01 molar (M) metal solution was prepared in deionized water. The 

reaction mixture was then synthesised by combining 300 μL of the defensive gland 

extract (equivalent to 30 gland pairs) with 600 μg/mL of the metal solution (0.01 

M). The solution was heated in a microwave (LG MS2042DB, South Korea) for 15 

minutes at a power level of 350 W, and the change in colour of the solution was 

noted. Subsequently, the solution was centrifuged and lyophilized for further 

chemical characterization and applications. 

3.8. Characterization of NPs.  

3.8.1. Structural characterization  

The reduction of metal-to-metal NPs (Ni, CuO, ZnO, Au) by defensive gland 

secretion of L. tristis was characterized by UV-Vis spectroscopy (PerkinElmer UV 

WinLab, US), compounds bind with the biosynthesized metal NPs for the 

stabilization were identified by Fourier transform infrared spectroscopy (FTIR) 

(PerkinElmer IR, USA). The morphology and size details of synthesized NPs were 

determined using electron microscopy techniques (Scanning electron microscopy- 

SEM & transmission electron microscopy- TEM) (JEOL JEM-2100, JAPAN). 

Stability is an important factor in the case of NPs, which was measured by zeta 

potential analysis (HORIBA SCIENTIFIC SZ 100, FRANCE). 
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3.8.1.1.UV-Vis spectroscopy 

UV-Vis spectroscopy was used to confirm the synthesis of NPs. The optical 

absorbance of the nanoparticle solutions was recorded using a PerkinElmer UV/Vis 

spectrometer (Waltham, MA, USA), identifying the characteristic surface plasmon 

resonance peak indicative of NPs formation. 4 mL of the diluted NPs solution was 

made to produce the sample after adjusting the wavelength to 300 to 700 nm. The 

diluted NPs solution was put in an appropriate cuvette and placed into the UV-Vis 

spectrophotometer as part of the measuring process.  

3.8.1.2. Fourier transform infrared spectroscopy (FTIR) 

FTIR spectroscopy was used to analyze functional group interactions in the 

biosynthesized NPs. Comparative FTIR analyses were performed on the defensive 

secretion and the synthesized NPs. Samples were dried, ground with KBr pellets, 

and analyzed using a PerkinElmer FTIR spectrometer (Waltham, MA, USA), with 

spectra recorded as transmittance percentage against wave number in cm−1. 

3.8.1.3. Transmission Electron Microscopy (TEM) 

The structural and morphological characteristics of NPs synthesized from the 

secretion were analyzed using a JEOL JEM 2100 High-Resolution Transmission 

Electron Microscope (Tokyo, Japan). The HRTEM, equipped with a LaB6 electron 

source, operated at 200 kV and 80 kV, providing a lattice resolution of 0.14 nm and 

point-to-point resolution of 0.19 nm. Images were captured using a Gatan Orius 

SC200 CCD camera (2K × 2K resolution, Pleasanton, CA, USA) across various 

scales (1 μm to 2 nm) to obtain comprehensive structural details. This method 

enabled high-resolution imaging and detailed analysis of the NPs’ morphology. 

3.8.1.4. Scanning Electron Microscopy (SEM) 

Surface characterization of the NPs was carried out on a JEOL JEM-2100 

SEM at 15 kV in high vacuum. The samples were dispersed in ethanol, sonicated for 
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30 min, and drop-cast on silicon wafers. Following air drying for 24 h, a gold 

coating was done through sputtering to increase conductivity. SEM imaging gave 

precise information regarding NPs' morphology. 

3.8.1.5. ZETA Potential measurement 

The surface charge and stability of the synthesized NPs were evaluated using 

zeta potential measurements using the HORIBA SZ-100 nanoparticle analyzer 

(Kyoto, Japan). This analysis provided insights into the surface charge distribution 

and colloidal stability of the nanoparticles. 

3.8.2. Electrochemical studies 

An   Electrochemical workstation (Instrument   Model DY2113 developed 

by Digi-Ivy) was used to conduct DPV measurements (Fig. III. 4).  Using a three-

electrode cell setup with a platinum foil counter electrode, an Ag/AgCl reference 

electrode, and a working electrode coated with LNiNPs in 10 mL of phosphate 

buffer saline. The potential was applied from +1.000 to -1.000 at the initial and final 

stages. Measurements of glucose concentration ranging from 10 mM to 70 mM were 

plotted, and calibration linear relationships between DPV current output and glucose 

concentration were plotted.  Using the equation LOD = (3∗SD)/Slope of the curve, it 

was possible to determine the limit of detection of the NPs sensor (Abrori et al., 

2020).  

3.8.2.1. Glucose sensing by DPV study for LNiNPs. 

Glucose solutions (10 mM, 20 mM, 30 mM, 40 mM, 50 mM, 60 mM and 

70 mM) were added sequentially into the cell setup, the working electrode coated 

with LNiNPs was used, and DPV was used to measure current responses. Glucose 

concentration with peak current used for calibration curve as given in section 3.8.2. 
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Figure III. 4: Electrochemical sensing- experimental setup. 

3.8.2.2. Hydrogen peroxide sensing by DPV study for LCuONPs 

Hydrogen peroxide solutions (10 mM, 20 mM, 30 mM, 40 mM, 50 mM, and 

60 mM) were added sequentially into the cell setup, the working electrode coated 

with LCuONPs was used, and DPV was used to measure current responses. Glucose 

concentration with peak current used for calibration curve as given in section 3.8.2. 

3.8.2.3. Glucose sensing by DPV study for LAuNPs 

Glucose solutions (10 mM, 20 mM, 30 mM, 40 mM, 50 mM, and 60 mM) 

were added sequentially into the cell setup, the working electrode coated with 

LAuNPs was used, and DPV was used to measure current responses. Glucose 

concentration with peak current used for calibration curve as given in section 3.8.2. 

3.8.2.4. Glucose sensing by DPV study for LZnONPs 

Glucose solutions (10 mM, 20 mM, 30 mM, 40 mM, 50 mM, 60 mM, and 

70 mM) were added sequentially into the cell setup, the working electrode coated 

with LZnONPs was used, and DPV was used to measure current responses. Glucose 

concentration with peak current used for calibration curve as given in section 3.8.2. 

. 
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3.8.3. Biological Applications 

3.8.3.1. Antibacterial analysis of defensive gland secretion 

Dose-dependent antibacterial action of defensive gland extract was checked 

by disc diffusion assay against the Gram-negative (Escherichia coli) and Gram-

positive bacteria (Staphylococcus aureus) by the standard Kirby-Bauer technique 

(Bauer et al., 1966). Muller Hinton agar powder (4 gm) in distilled water (100 ml) 

was added to autoclaved Petri plates. Pure microbial cultures were sub-cultured on 

nutrient agar and evenly swabbed on separate plates. For the antibacterial assay, 

there were clear sample concentrations employed (5 μg/mL and 10 μg/mL). Filter 

paper discs (5 mm) were loaded with secretions, dried, and placed on the culture 

plate. Tetracycline, an antibiotic, acted as the positive control. The Petri dish was 

incubated for 16 h at 37 °C. The zone of inhibition was analysed to estimate the 

antibacterial effect (Buszewski et al., 2018; Chand et al., 2019; Horváth et al., 2016; 

Kourmouli et al., 2018). 

3.8.3.1.1. Antibacterial Activity of LNiNPs 

The antibacterial activity of LNiNPs (5 μg/mL, 10 μg/mL, 15 μg/mL, and 20 

μg/mL) was tested through agar disc diffusion against S. aureus (ATCC 700603) 

and K. pneumoniae (ATCC 33591) according to Section 3.8.3.1 

3.8.3.1.2.  Antibacterial Activity of LCuONPs 

The antibacterial activity of LCuONPs (5 μg/mL, 10 μg/mL, 15 μg/mL, and 

20 μg/mL) was tested through agar disc diffusion against S. aureus (ATCC 700603) 

and K. pneumoniae (ATCC 33591) according to Section 3.8.3.1 

3.8.3.1.3.  Antibacterial Property of LAuNPs 

The antibacterial activity of LAuNPs (5 μg/mL, 10 μg/mL, 15 μg/mL, and 20 

μg/mL) was tested through agar disc diffusion against S. aureus (ATCC 700603) 

and K. pneumoniae (ATCC 33591) according to Section 3.8.3.1 
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3.8.3.1.4. Antibacterial Activity of LZnONPs 

The antibacterial activity of LZnONPs (5 μg/mL, 10 μg/mL, 15 μg/mL, and 

20 μg/mL) was tested through agar disc diffusion against S. aureus (ATCC 700603) 

and K. pneumoniae (ATCC 33591) according to Section 3.8.3.1 

3.8.3.2. Antioxidant analysis 

Anti-oxidant activity of the defensive gland secretion and NPs synthesized 

was analysed by standard DPPH assay (Blois, 1958; Becker et al., 2004; Thangaraj, 

2016). 

3.8.3.2.1. DPPH (2,2-diphenyl-1-picrylhydrazyl) Assay for Defensive secretion: 

The DPPH assay, generally regarded as a standard, has been employed to 

study the ability to scavenge free radicals. DPPH solution (2 mL) was mixed with 5 

different concentrations of samples (20 μg/mL, 40 μg/mL, 60 μg/mL, 80 μg/mL, and 

100 μg/mL). Ascorbic acid dissolved in distilled water was used as the reference 

solution. The resulting solution was analysed by UV spectroscopy (PerkinElmer 

UV-WinLab) after being kept in the dark for 30 min. The Colour change from deep 

violet to pale yellow is observed; it was recorded at 517 nm. When the concentration 

of NPs increases, the colour of the DPPH vanishes from deep violet to pale yellow, 

by scavenging activity noted by UV spectroscopic analysis and calculated by the 

equation as; 

S% = [(Absorbance of control – Absorbance of sample) / Absorbance of control] x 100 

The concentration of the sample is essential to produce 50 % scavenging 

activity (IC50 value) obtained from the graph through a linear regression equation 

(Gulcin & Alwasel, 2023; Kedare & Singh, 2011; Rubab et al., 2022).  

3.8.3.2.2.  DPPH (2,2-diphenyl-1-picrylhydrazyl) Assay for LNiNPs:  

The antioxidant activity of LNiNPs was assessed following the methodology 

outlined in Section 3.8.3.2.1, with sample concentrations of 20 μg/mL, 40 μg/mL, 60 

μg/mL, 80 μg/mL, and 100 μg/mL. 
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3.8.3.2.3. DPPH (2,2-diphenyl-1-picrylhydrazyl) Assay for LCuONPs: 

 The antioxidant activity of LCuONPs was conducted by the protocol 

specified in Section 3.8.3.2.1, with sample concentrations of 20 μg/mL, 40 μg/mL, 

60 μg/mL, 80 μg/mL, and 100 μg/mL. 

3.8.3.2.4.  DPPH (2,2-diphenyl-1-picrylhydrazyl) Assay for LAuNPs: 

The antioxidant capacity of LAuNPs was tested according to the procedure 

outlined in Section 3.8.3.2.1, at sample concentrations of 20 μg/mL, 40 μg/mL, 60 

μg/mL, 80 μg/mL, and 100 μg/mL. 

3.8.3.2.5. DPPH (2,2-diphenyl-1-picrylhydrazyl) Assay for LZnONPs: 

ZnONPs were tested according to the parameters outlined in Section 

3.8.3.2.1, at sample concentrations of 20 μg/mL, 40 μg/mL, 60 μg/mL, 80 μg/mL, 

and 100 μg/mL. 

3.8.3.3. Environmental toxicity testing using Allium assay 

3.8.3.3.1.  Environmental toxicity testing assay for gland secretion 

Allium test, a classical technique for analyzing the effect of chemicals on 

plant chromosomes. For analyzing their possible environmental dangers after being 

released into the environment, their effect on plants was tested by the Allium test 

(Fiskesjö, 1985). Environmental toxicity was determined by analyzing the rate of 

chromosomal aberrations. For this experiment, a tip of the root (3-5) from Allium 

cepa L. (2n = 16) was used to examine how biosynthesized NPs influence mitosis. 

Hydrogen peroxide was used as the positive control, and distilled water was used as 

the negative control. From a population of common onion bulbs, equal-sized bulbs 

were selected, and experimental bulbs were incubated in sample solutions at 

different concentrations (100 μg/mL, 200 μg/mL, 300 μg/mL, 400 μg/mL, and 500 

μg/mL), while control bulbs were incubated in distilled water. When the roots 

reached a length of 2-3 cm, the chromosomal impact studies were carried out by the 

squash technique.  A thin onion cell film after cutting the roots from the disc of the 

root primordial.  The root nodules were stained with acetocarmine and methylene 
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blue, and 1500 cells from the three best preparations were utilized for analysis. 

Results were interpreted and represented as (mean ± standard deviation)  under a 

compound microscope (LEICA ICC50E, Germany), and the cells were analyzed to 

detect chromosomal alterations and compared to the control group (Bonciu et al., 

2018; Fiskesjö, 1985; Sabeen et al., 2020). 

3.8.3.3.2. Environmental toxicity Testing for LNiNPs 

As per the procedure outlined in Section 3.8.3.3.1, various concentrations of 

LNiNPs (100 μg/mL, 200 μg/mL, 300 μg/mL, 400 μg/mL, and 500 μg/mL) were 

used for the environmental toxicity analysis. 

3.8.3.3.3. Environmental Hazard Testing for LCuONPs 

According to the procedure outlined in Section 3.8.3.3.1, various 

concentrations of LCuONPs (100 μg/mL, 200 μg/mL, 300 μg/mL, 400 μg/mL, and 

500 μg/mL) were used for the environmental toxicity analysis. 

3.8.3.3.4. Environmental Hazard Test for LAuNPs 

As per the procedure outlined in Section 3.8.3.3.1, various concentrations of 

AuNPs (100 μg/mL, 200 μg/mL, 300 μg/mL, 400 μg/mL, and 500 μg/mL) were 

used for the environmental toxicity analysis. 

3.8.3.3.5.  Environmental Hazard Testing for LZnONPs 

Environmental toxicity of various concentrations of LZnONPs (100 μg/mL, 

200 μg/mL, 300 μg/mL, 400 μg/mL, and 500 μg/mL) was done as per the procedure 

outlined in Section 3.8.3.3.1 

3.8.3.4.  Anticancer assay for Defensive gland secretion 

3.8.3.4.1. Anticancer assay for Defensive gland secretion by Trypan blue assay 

(Strober, 1997). 

The gland extract of the beetle was studied for short-term in vitro 

cytotoxicity using DLA cells. The tumour cells aspirated from the peritoneal cavity 
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of tumour-bearing mice were washed thrice with phosphate-buffered saline (PBS) or 

normal saline. Cell viability was determined using the trypan blue exclusion method. 

Viable cell suspension (1 × 106 cells in 0.1 mL) was added to tubes containing 

various concentrations of the gland extract (2.5 μg/mL, 5 μg/mL, 10 μg/mL, 15 

μg/mL, 20 μg/mL, and 25 μg/mL), and the volume was made up to 1 mL using PBS. 

The control tube contained only the cell suspension. The assay mixture was 

incubated for 3 h at 37 °C. After the incubation, the cell suspension was mixed with 

0.1 mL of 1% trypan blue, kept for 2–3 min, and then loaded on a haemocytometer. 

Dead cells take up the blue colour of trypan blue, while live cells do not take up the 

dye. The number of stained and unstained cells was counted individually, and the 

following formula was used to estimate the percentage of cytotoxicity. 

Percentage of cytotoxicity = number of dead cells/numbers of live cells + 

number of dead cells × 100 (Lebeau et al., 2019; Strober, 2015). 

3.8.3.4.2. Anticancer assay for LNiNPs 

Anticancer effect of LNiNPs was studied according to the methodology 

described in Section 3.8.3.4.1, using concentrations ranging from 2.5 μg/mL, 5 

μg/mL, 10 μg/mL, 15 μg/mL, 20 μg/mL, and 25 μg/mL. 

3.8.3.4.3. Anticancer Assay for LCuONPs 

 The effect of LCuONPs on DLA cells was studied according to the 

methodology described in Section 3.8.3.4.1, using concentrations ranging from 10 

μg/mL, 20 μg/mL, 50 μg/mL, 100 μg/mL, and 200 μg/mL. 

3.8.3.4.4.  Anticancer Assay of LAuNPs 

Anticancer effect of LAuNPs was studied according to the methodology 

described in Section 3.8.3.4.1, using concentrations ranging from 10 μg/mL, 20 

μg/mL, 50 μg/mL, 100 μg/mL, and 200 μg/mL. 
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3.8.3.4.5.  Anticancer Assay of LZnONPs 

Anticancer effect of LZnONPs was studied according to the methodology 

described in Section 3.8.3.4.1, using concentrations ranging from 10 μg/mL, 20 

μg/mL, 50 μg/mL, 100 μg/mL, and 200 μg/mL. 

3.8.3.5. Anti-angiogenesis by CAM assay (Lokman et al., 2012) 

To examine the antiangiogenic property of the nanoparticles, the in vivo 

chorioallantoic membrane CAM assay was used (Lokman et al., 2012). 

3.8.3.5.1.   Methodology for LNiNPs-mediated Anti-angiogenesis Assay  

 Using 48-hour Chick Embryos:  

Freshly fertilized Leghorn chicken eggs were procured from Kerala 

Veterinary and Animal Husbandry Center, Thrissur, and cleaned thoroughly with 

70% ethanol to remove impurities. Then, they were incubated at 37.5°C in a 

humidified incubator with 60% humidity for 48 hours to allow the initial growth of 

the chick embryos. After incubation, eggs were gently placed in a sterile setting, and 

the eggshell was gently cracked at the blunt end using sterile forceps to expose the 

embryo with minimal disturbance. The chick embryos were immersed in sterile 

phosphate-buffered saline (PBS) for cleaning. 5-mm-diameter filter paper discs were 

prepared by punching out circles from standard laboratory filter paper and were 

impregnated with 2 µg/mL of LNiNPs in a sterile environment, with the control 

being discs that were soaked in PBS. These discs were placed on top of the exposed 

embryos close to the forming blood vessels without harming the tissues and the eggs 

were sealed with sterile parafilm to avoid dehydration and then placed back in the 

incubator with the same conditions. The embryos were observed and imaged every 

two hours after treatment for a maximum of eight hours using a Leica microscope 

(LEICA ICC50E, Germany) equipped with a digital camera attachment to take high-

resolution images of the emerging vasculature. The images were analyzed using 

AngioGen 0.5 software to measure angiogenesis parameters, including vessel area, 

junctions, and length, by comparing LNiNPs-treated embryos with PBS-treated 

controls to determine the impact of NPs on vascular development.    
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3.8.3.5.2. Anti-angiogenesis Assay for LCuONPs (CAM Assay) 

Inhibition of the anti-angiogenic effect of LCuONPs (5 µg/mL) towards the 

formation of blood vessels was determined using the 48-hour chick embryo model, 

as presented in Section 3.8.3.5.1, under time intervals of 2, 4, 6, and 8 hours.  

3.8.4. Statistical analysis and Data representation 

All the experimental results were given as mean ± standard deviation (SD) 

from triplicate assays to ensure reproducibility and minimize variability. Statistical 

analysis included antimicrobial (zone of inhibition), anticancer (cell death%), 

antioxidant (radical scavenging%), environmental toxicity (viability/mortality rates), 

anti-angiogenic (vessel area, length, and junctions), and electrochemical sensing 

responses. Data analysis assured concordance across biological replicates and 

enabled comparative analysis. Electrochemical sensing outcomes were presented 

with peak current values, also given as mean ± SD. To facilitate clarity and 

interpretation, data were shown both in tabular and graphical representations. Bar 

charts represented mean ± SD values across all assays, whereas line graphs 

represented dose-response trends seen in anticancer and antioxidant research. Scatter 

plots represented IC₅₀ values, trends in toxicity, and sensing responses. 

Representative photographs were provided to visually enhance main findings, for 

example, those from the chorioallantoic membrane (CAM) assay in anti-

angiogenesis, anticancer, and environmental toxicity tests. Error bars on all graphs 

represented standard deviation, giving a visible impression of variability in the data.  

This thorough and methodical approach meant that the findings in the study 

were clearly represented, openly, and in a way that was facilitating interpretation 

and comparison. 
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4.1 The Chemical Composition and Antimitotic, Antioxidant, Antibacterial, 

and Cytotoxic Properties of the Defensive Gland Extract of the Beetle, 

Luprops tristis Fabricius 

Coleoptera, the largest order of insects, includes the Tenebrionidae family, 

known for inhabiting decaying wood and other plant debris. Some of these beetles 

use chemical secretions as a defense mechanism, with variations across evolutionary 

lineages. While extensive research has explored defensive compounds in some 

beetle families, studies on Indian species, particularly the genus Luprops, remain 

limited. Luprops tristis, or the Mupli beetle, is notable for its skin-irritating 

secretion. This study investigates the histological analysis of the defensive gland and 

the chemical composition of L. tristis defensive secretions and evaluates their 

potential antimitotic, antibacterial, antioxidant, and cytotoxic properties, aiming to 

uncover bioactive compounds with therapeutic relevance. 

4.1.1. Tissue sampling of the defensive gland for histological study 

Microscopic and histological analysis of the secretory lobes reveals that the 

two lobes of the gland, located dorsally, receive secretions from numerous secretory 

units. These units consist of internally positioned secretory cells, spherical in shape, 

containing tightly packed spherical secretory vesicles filled with defensive secretion 

(Fig. IV. I.2). Each glandular system comprises several secretory lobes, reminiscent 

of the tenebrio type of gland, featuring a pair of conical reservoirs opening into a 

common discharge area without exit ducts. Scanning electron microscopy 

investigations and histological studies of the gland indicate that each lobe terminates 

blindly without any specific cuticular openings. Cross-sectional analysis reveals 

dimensions of 600 μm in length and 200 μm in width for the gland (Figure IV. I. 1 

and Figure IV. I. 2). 
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Figure IV. I. 1: Compound Microscopic images of defensive gland (A), 

Fluorescent microscopic images Cy3 and FITC (B-C), compound microscopic 

images of single lobe of the gland (D). 

 

Figure IV. I. 2: Scanning electron microscopy images of gland (A) Non-erected 

gland pairs, (B) Erected single lobe, (C) Lobe with secretory vesicles, (D) Cross-

sectional view of gland, (E). 
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Figures IV. I. 1 and IV. I. 2 illustrate the detailed structural and microscopic 

features of the defensive gland under various imaging techniques. Figure IV. I. 1 

presents compound and fluorescent microscopic images that reveal the gland's 

anatomical and cellular organization. Panel A shows a general compound 

microscopic view of the intact defensive gland, highlighting its overall morphology. 

Panels B and C provide fluorescent microscopic images using Cy3 and FITC 

staining, respectively, which emphasize specific structural and possibly functional 

components within the gland tissue. Panel D focuses on a single lobe of the gland 

under compound microscopy, offering a more localized view of its internal 

structure. Figure IV.I.2 includes scanning electron microscopy (SEM) images that 

offer a higher-resolution perspective of the gland's surface and internal architecture. 

Panel A displays a pair of non-erected gland lobes, while Panel B shows a single 

lobe in its erected state, suggesting dynamic structural behavior. Panel C captures 

the presence of secretory vesicles on the lobe surface, indicating active secretion 

sites. Panel D gives a cross-sectional image, enabling the observation of internal 

layers and organization, and Panel E fills in the gap by giving additional information 

to aid structural interpretation. These two figures collectively give a full 

morphological and ultrastructural description of the defensive gland, which enables 

further functional and biological investigation. 

4.1.2. Liquid Chromatography-Mass Spectrometry (LC-MS) analysis of the 

Defensive Gland Extract of the Beetle, L.  tristis Fabricius 

The glands of L. tristis secrete a defensive secretion, and LC-MS Q-TOF of 

the methanolic extract from the glands exhibited a diverse spectrum of secondary 

metabolites, highlighting the chemical diversity of the extract. The compounds 

isolated are diverse in their chemical classes, and each contributes to the distinct 

biochemical profile of the extract and can further enhance its biological activity. 

Highlighted metabolites identified are D-Gluconic acid (C₆H₁₂O₇), 3-Dehydro-L-

gulonate (C₆H₁₀O₇), Uric Acid (C₅H₄N₄O₃), Citric Acid (C₆H₈O₇), and 2-

Pyrrolidone-5-carboxylic Acid (C₅H₇NO₃), listed in Table IV.I. 1, which can be 

responsible for the bioactivity of the extract. 
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Table IV. I. 1: Secondary metabolites present in the defensive secretion of L. 

tristis. 

Compound Name Formula Structure 

D-Gluconic acid C6 H12 O7 

 

3-Dehydro-L-gulonate C6H10O7 

 

Uric Acid C5H4N4O3 

 

Citric Acid  C6H8O7 

 
2-Pyrrolidone-5-

carboxylic Acid 

C5H7NO3 

 
 

Each of these metabolites has a specific function in determining the overall 

biochemical nature of the defensive extract. Together, these metabolites could 

provide synergistic action that amplifies the potential biochemical activity of the 

extract, such as antioxidant, anti-cancer, anti-bacterial activity, and antiangiogenic 

activity. The LC-MS Q-TOF Chromatogram is provided below as Figure IV.I. 3. 
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Figure IV. I. 3: HRLC-MS- QTOF chromatogram of L. tristis defensive gland 

extract 

4.1.3. Environment hazard testing of defensive gland secretion by Allium assay 

Toxicity assessment of beetle defensive secretions using the Allium cepa 

assay provides a straightforward and reliable method for evaluating their 

cytogenotoxic effects. By analyzing parameters such as root growth inhibition, 

changes in mitotic index, and chromosomal abnormalities in onion root cells, this 

assay serves as an effective bioindicator of environmental contaminants. Its 

significance lies in determining the environmental safety of bioactive compounds in 

secretions, supporting their responsible use in fields such as nanotechnology and 

biomedicine. 

Varying quantities of the defensive secretion of L. tristis to the growing root 

meristematic cells of A. cepa, we observed various minor chromosomal 

abnormalities in the mitotic chromosomes (see Figure IV. I. 4 and Table IV. I. 2). 

The table compares the effects of varying concentrations of defensive gland extract 

on A. cepa root tip cells, analyzing the Mitotic Index (% of dividing cells) and 

Chromosomal Aberration (% of abnormal cells). For the control group (distilled 
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water), the Mitotic Index increases with concentration, ranging from 11.29% ± 0.32 

at 100 μg/mL to 15.58% ± 0.30 at 500 μg/mL, with no chromosomal abnormalities 

observed (NIL). In contrast, the experimental group treated with the defensive gland 

extract shows a concentration-dependent decline in the Mitotic Index, from 9.50% ± 

0.50 at 100 μg/mL to 3.33% ± 0.33 at 500 μg/mL, indicating reduced mitotic activity 

(cytotoxicity). Simultaneously, Chromosomal Aberration rises from 11.17% ± 0.29 

at 100 μg/mL to 16.33% ± 0.33 at 500 μg/mL, suggesting increased genotoxic 

effects with higher extract concentrations. These results demonstrate that the 

defensive gland extract inhibits cell division and induces genetic damage in a dose-

dependent manner. 

The incidence of chromosomal abnormalities in the experimental group grew 

steadily in tandem with the concentration of defensive gland extract (Table IV. I. 2). 

Defensive extracts cause disintegrated prophase as depicted in Figure IV. I. 4 (D), 

aberrant metaphase (E), and disintegrated nuclei (F) by interfering with the regular 

process of mitotic cell division. In contrast, there were no abnormalities observed in 

the control group's mitotic cell division process.  

 

Figure IV. I. 4: The impact of the extract from the defense gland on A. cepa cell 

division. Normal prophase (A), normal metaphase (B), normal nuclei (C), 

disintegrated prophase (C), aberrant metaphase (E) and disintegrated nuclei 

are shown in (F) respectively. 
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Table IV. I. 2. Effect of different concentrations of defensive gland extract on A. 

cepa. 

Treatment 
Concentration 

(μg/mL) 

Mitotic Index 

(% ± SD) 

Chromosomal 

Aberration 

(% ± SD) 

Control 

(distilled water) 

100 11.29 ± 0.32 NIL 

200 12.65 ± 0.25 NIL 

300 14.44 ± 0.37 NIL 

400 14.55 ± 0.32 NIL 

500 15.58 ± 0.30 NIL 

Experiment 100 9.50 ± 0.50 11.17 ± 0.29 

(defensive gland 

extract) 

200 6.57 ± 0.27 13.61 ± 0.27 

300 5.64 ± 0.24 14.46 ± 0.42 

400 3.57 ± 0.36 15.35 ± 0.36 

500 3.33 ± 0.33 16.33 ± 0.33 

 

4.1.4. Antioxidant Activity of defensive gland secretion by DPPH assay 

To assess the free radical scavenging potential of the defensive secretion of 

L. tristis, the DPPH assay is widely used. The half-maximal inhibitory concentration 

(IC50) for the defensive gland extract was determined as 121.35 ± 2.1 µg/mL for the 

DPPH activity, as shown in Figure IV. I. 5 and Table IV. I. 3. The table presents the 

effect of varying concentrations (20 μg/mL to 100 μg/mL) of gland extract on the 

absorbance (optical density) and its corresponding scavenging activity percentage 

(S%). The control absorbance remains constant at 0.9 across all concentrations. As 

the concentration increases, the absorbance decreases, indicating higher scavenging 

activity. Specifically, at 20 μg/mL, the absorbance is 0.77, corresponding to a 

scavenging activity of 14.44%. With increasing concentrations, the scavenging 

activity rises progressively: at 40 μg/mL, the absorbance drops to 0.72 with a 

scavenging percentage (S%) of 20%; at 60 μg/mL, absorbance further declines to 

0.66 with an S% of 26.67%; and at 80 μg/mL, it reduces to 0.6 with an S% of 

33.33%. The maximum effect is observed at 100 μg/mL, where the absorbance is 

0.52, leading to a scavenging activity of 42.22%. The IC50 value, determined to be 

121.35 μg/mL, represents the concentration required to achieve 50% scavenging 

activity (Table IV. I. 3). These results highlight a concentration-dependent increase 
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in scavenging activity, indicating the antioxidant potential of defensive gland 

extract. 

 

Figure IV. I. 5: Absorbance graph showing DPPH activity & Calibration curve 

correlating concentration and scavenging activity. 

Table IV. I. 3: DPPH activity of defensive gland extract 

Concentration (µg/mL) Control Absorbance S% 

20 0.9 0.77 ± 0.01 0.1 ±.01 

40 0.9 0.72 ± 0.01 0.2 ±.01 

60 0.9 0.66 ± 0.01 0.2 ±.01 

80 0.9 0.6 ± 0.01 0.3 ±.01 

100 0.9 0.52 ± 0.01 0.4 ±.01 

IC50 121.35 µg/mL 
 

4.1.5. Antibacterial Activity of defensive gland secretion by Disc diffusion assay 

Using two different bacterial strains, the agar disc diffusion assay method 

was used to evaluate the defensive gland secretion in vitro antibacterial 

effectiveness. The disc diffusion assay results are shown in Figure IV. I. 6. The 

current study using L. tristis' defense secretion demonstrates strong antibacterial 

efficacy against the selected E. coli and S. aureus bacteria. The measured values for 

the zone of inhibition against E. coli recorded 9 ± .02 and 11 ± .02 mm for 5 μg/mL 
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and 10 μg/mL, and S. aureus were 7 ±.02 mm and 9 ± .02 mm, respectively (Figure 

IV. I. 6 & Table IV. I. 4). E. coli was more prone to defensive secretion than S. 

aureus.  

 

Figure IV. I. 6. Disc diffusion analysis of L. tristis defensive secretion on E. coli 

(A) and S. aureus (B). 

Table IV. I. 4: Disc diffusion analysis of L. tristis defensive secretion 

Concentration of 

secretion (µg/mL) 

Zone of inhibition (ZOI) 

E. coli S. aureus 

5 µg/mL  9 ± .02 7 ± .02 

10 µg/mL  11 ± .02 11 ± .02 

 

4.1.6. Anticancer analysis of defensive gland secretion by Trypan blue assay. 

The defensive gland extract from the L. tristis beetle was evaluated for its 

potential to fight cancer, and the results are shown in Figure IV. I. 7. The anticancer 

efficacy of L. tristis' defensive secretion was observed by a cytotoxicity experiment 

using Dalton's lymphoma ascites (DLA) cells. The anticancer activity of the 

defensive gland extract of L. tristis was evaluated against DLA cells, showing a 

dose-dependent increase in cytotoxicity. Even at the lowest tested concentration (2.5 

µg/mL), the extract was very mildly cytotoxic at a level of around 5 ± 0.2%. 

Increasing the concentration to 5 µg/mL and 10 µg/mL elevated the cytotoxic effect 

to levels of around 10 ± 0.2% and 15 ± 0.2%, respectively. At 15 µg/mL, there was a 
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remarkable escalation in cytotoxicity to the level of 17 ± 0.2%. At higher doses of 

20 µg/mL and 25 µg/mL, cytotoxicity increased further to 22 ± 0.2% and reached a 

peak of 44 ± 0.2%, respectively. The trend indicates that the extract is highly dose-

dependent cytotoxic on DLA cells, pointing to its anticancer potential. Based on this 

data, it can be deduced that levels above 25 µg/mL can provide even greater 

cytotoxicity, possibly reaching saturation points where the highest effect of the 

extract can be achieved, as in Table IV. I. 5. More studies are required to determine 

the precise concentration point for maximum efficacy and to investigate the 

mechanisms behind its anticancer action. 

Table IV. I. 5: Cytotoxicity assay of defensive gland secretion 

Concentration (µg/mL) Cell death (%) 

2.5 5 ± 0.2 

5 10 ± 0.2 

10 15 ± 0.2 

15 17 ± 0.2 

20 22 ± 0.2 

25 44 ± 0.2 

 

 

Figure IV. I. 7.  Anticancer effect of the defensive gland extract of L. tristis. 
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4.1.7. Cyclic Voltammetry (CV) Analysis Defensive Gland Secretion.  

The various compounds present in the gland secretion were oxidized at a 

potential range from 1 to -1 V as shown in the cycle voltammogram (Figure IV. I. 8) 

for 0.05 mM standards. The upper scan represents the oxidation of the phenolic 

groups, giving rise to a positive current (anode), which interprets the reducing 

capacity of the compounds, substantiates the reducing power of defensive gland 

secretion in the production of metal NPs. 

 

Figure IV. I. 8. Cyclic voltammetry of defensive gland extract of L. tristis. 
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4.2. Biosynthesis of LNiNPs using Beetle Defensive Gland Extract for 

Multifunctional Applications. 

In the present study, LNiNPs were synthesized by reducing a nickel chloride 

solution using an extract derived from the defensive secretion of the insect Luprops 

tristis. Following synthesis, the nanoparticles were thoroughly characterized using 

UV–Vis spectroscopy, Fourier-transform infrared spectroscopy (FTIR), scanning 

electron microscopy (SEM), transmission electron microscopy (TEM), and zeta 

potential analysis. Subsequently, their biochemical applications were evaluated, 

including glucose sensing, antibacterial activity, antioxidant potential, antimitotic 

effects, and anticancer properties. 

4.2.1. Chemical characterization of LNiNPs  

4.2.1.1. UV- Vis spectroscopy of LNiNPs  

The reaction mixture's apparent color shift from purple to reddish brown 

(Figure IV. II. 1A & B), following microwave irradiation within 15 minutes, was the 

first indicator of the formation of LNiNPs. This was followed by UV-Vis 

spectroscopy, the result is shown in Figure IV. II. 1. LNiNPs showed the maximum 

absorption peak at the wavelength (λ-max) 206 nm, it was caused by the surface 

plasmon resonance phenomenon, which offers a useful indicator of the LNiNPs 

formation.  
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Figure IV. II. 1:  UV-Vis spectrum of LNiNPs 

4.2.1.2.  FTIR analysis of LNiNPs 

The functional groups involved in the LNiNPs were identified using FT-IR 

spectroscopy. The FTIR spectra of LNiNPs were compared with those of the gland 

secretion, LNiNPs before microwave (M/W) irradiation, and the gland secretion 

after M/W irradiation. The resulting spectra revealed the corresponding functional 

groups, and it was observed that there was minimal difference in the functional 

groups before and after exposure to microwave irradiation. The number of recorded 

absorption peaks that were associated with the FTIR results (Figure IV. II. 2) ranged 

between 4000-400 cm-1. The spectrum shows peaks at ranges of  3412, 2937, 1633, 

1404,1096 and 602 cm-1corresponding to O-H, CH/CH2, C-H, C-O, C-H, C-O, 

C=C(Adwin Jose et al., 2018; Duan & Li, 2004; Patra & Baek, 2014; Shankar & 

Rhim, 2015; Tomar et al., 2015; C. Yuan et al., 2022) (Table IV. II. 1). Therefore, it 

is assumed that metabolites were present around the synthesized NiNPs.  
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Table IV. II. 1: Functional groups obtained in FTIR 

Wave number (cm-1) Functional group 

3412 O-H 

2937 CH/CH2 

1633 C-O 

1404 C-H 

1096 C-O 

602 C=C 
 

 

Figure IV. II. 2: FTIR spectra of LNiNPs compared with FTIR of Gland 

secretion and LNiNPs before microwave irradiation(M/W), and FTIR of gland 

secretion after M/W irradiation. 

 

4.2.1.3. Scanning electron microscopy (SEM) & Transmission electron 

microscopy (TEM) of LNiNPs 

To examine the morphological characteristics of the synthesized LNiNPs, 

both Scanning Electron Microscopy (SEM) and Transmission Electron Microscopy 

(TEM) analyses were carried out. The SEM analysis, as shown in Figure IV.II.3A, 

provided detailed surface morphology of the LNiNPs. The images revealed that the 

nickel nanoparticles synthesized using the defensive gland extract of L. tristis were 

predominantly spherical in shape. These nanoparticles exhibited a rough surface 
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texture, indicative of the biological synthesis process. Moreover, the distribution of 

the particles appeared fairly uniform across the field of view. However, it was 

observed that some nanoparticles tended to aggregate, possibly due to van der Waals 

interactions or partial surface capping by biomolecules from the extract. This 

aggregation resulted in the formation of larger composite clusters, which is 

commonly reported in biologically mediated nanoparticle synthesis. 

To gain further insight into the internal structure and precise dimensions of 

the nanoparticles, TEM analysis was conducted, as depicted in Figure IV.II.3B. The 

TEM images provided high-resolution visualization, confirming the spherical 

morphology of the individual nanoparticles. The analysis revealed that the average 

size of the LNiNPs was approximately 18 nm, Figure IV.II.3C. which is consistent 

with the expected nanoscale dimensions for biologically synthesized nickel 

nanoparticles. The relatively small size and spherical structure suggest potential for 

high surface area, which is favorable for applications in catalysis, antimicrobial 

activity, and biomedical uses. Together, the SEM and TEM results confirm that the 

synthesized LNiNPs exhibit nanoscale dimensions, spherical morphology, and 

moderate aggregation, consistent with the characteristics of green-synthesized 

metallic nanoparticles. 

 

Figure IV. II. 3: Scanning electron microscopy images of LNiNPs (A). 

Transmission electron microscopy image of LNiNPs (B) Histogram showing 

average particle size of LNiNPs (C). 

4.2.1.4. Zeta Potential of LNiNPs 

Using the nanoparticles analyzer (HORIBA SCIENTIFIC SZ 100, Japan), 

further investigated the Zeta Potential of LNiNPs to assess their stability (Clogston 
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& Patri, 2011; Doostmohammadi et al., 2011). The outcomes reveal a robust 

stability of -16.5 meV for LNiNPs, as depicted in Figure IV. II. 4. The negative 

value of the zeta potential is indicative of this stability, facilitating uptake through 

electrostatic interactions between the cationic NPs and the cationic membrane.  

 

Figure IV. II. 4: Zeta potential of LNiNPs. 

4.2.2. Applications of LNiNPs 

4.2.2.1. Electrochemical glucose sensing by differential pulse voltammetry 

(DPV) of LNiNPs 

In this investigation, plots of measurements of the glucose (3M) 

concentration of 10 mM, 20 mM, 30 mM, 40 mM, 50 mM, 60 mM and 70 mM were 

made (Figure IV. II. 5A), and calibration linear relationships between DPV current 

output and glucose concentration were plotted (Figure IV. II. 5B) and limit of 

detection found to be 1.31 μM. LNiNPs produced in this study can be used in 

electrochemical glucose monitors. The binding of glucose molecules to the 

functionalized LNiNPs can cause changes in electrical conductivity or redox 

processes that can be observed and associated with glucose levels. The given graphs 

illustrate the enzyme-free glucose sensing capability of NiNPs using the DPV 

method. 
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In Figure IV. II. 5A, the DPV response was recorded for glucose 

concentrations ranging from 10 to 70 mM. The current intensity progressively 

increased with higher glucose concentrations, indicating a clear correlation between 

glucose concentration and the electrochemical response. The peak currents for 

glucose concentrations of 10 mM, 20 mM, 30 mM, 40 mM, 50 mM, 60 mM, and 70 

mM showed incremental increases, demonstrating the sensitivity of the NiNPs to 

varying glucose levels. 

Figure IV. II. 5B presents the calibration curve derived from the DPV data, 

plotting the current intensity against glucose concentration. A linear relationship is 

observed with a regression equation (R²) indicating a strong correlation and reliable 

sensor performance. This linearity signifies the ability of the LNiNPs to detect 

glucose accurately in the tested range. 

The results confirm that LNiNPs exhibit excellent enzyme-free glucose-

sensing ability, characterized by a clear and linear response across different glucose 

concentrations. This makes them promising candidates for non-enzymatic glucose 

detection applications. Further exploration of sensitivity limits and interference from 

other analytes would be necessary to refine their practical application in glucose 

monitoring. 

 

Figure IV. II. 5:  Sensing of glucose by DPV method (A), Calibration curve of 

DPV method (B). 
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4.2.2.2. Anti-Bacterial Assay of LNiNPs 

Disc diffusion assay was used to examine the bactericidal properties of 

LNiNPs. The effects on the growth of both Gram-negative bacteria (K. pneumoniae- 

ATCC 33591) and Gram-positive bacteria (S. aureus- ATCC 700603) were 

evaluated. Table IV. II. 2 and Figure IV. II. 6. shows the antibacterial activity of 

LNiNPs against S. aureus and K. pneumoniae at varying concentrations (5µg/mL,10 

µg/mL,15 µg/mL & 20 µg/mL), measured as the diameter of inhibition zones (in 

mm ± SD). In the experimental group, antibacterial efficacy increases with 

concentration. At 5 μg/mL, the inhibition zones are 12.67 ± 0.58 mm for S. aureus 

and 7.33 ± 0.57 mm for K. pneumoniae. This increases to 14.33 ± 0.58 mm and 8.66 

± 0.57 mm at 10 μg/mL, showing a stronger antibacterial effect. At 15 μg/mL, 

inhibition zones further expand to 16.67 ± 0.58 mm (S. aureus) and 10.66 ± 0.57 

mm (K. pneumoniae). The highest activity is observed at 20 μg/mL, with inhibition 

zones reaching 19.00 ± 0.58 mm and 12.66 ± 0.57 mm for S. aureus and K. 

pneumoniae, respectively. These findings prove the concentration-dependent 

antibacterial activity of LNiNPs, with S. aureus more sensitive than K. pneumoniae. 

This implies that LNiNPs are an effective antimicrobial compound with potential in 

the treatment of infections caused by such pathogens. 

Table IV. II. 2: Effect of LNiNPs on bacteria. 

Treatment 
Concentration 

(μg/mL) 

S. aureus  

(mm ± SD) 

K. pneumonia  

(mm ± SD) 

Experiment 5 μg/mL 12.67 ± 0.58 7.33 ± 0.57 

 10 μg/mL 14.33 ± 0.58 8.66   ± 0.57 

 15 μg/mL 16.67 ± 0.58 10.66 ± 0.57 

 20 μg/mL 19.00 ± 0.58 12.66 ± 0.57 
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Figure IV. II. 6: Zone of inhibition of S. aureus (A) & K. pneumoniae by the 

action of LNiNPs (B) & comparison of the effect of LNiNPs on both strains of 

bacteria. 

4.2.2.3. Anti-Oxidant Activity (DPPH Assay) of LNiNPs. 

The DPPH assay, one of the well-established methods used to determine the 

ability of nanoparticles to scavenge free radicals, has been widely utilized to 

determine antioxidant activity. Different concentrations of LNiNPs (20 μg/mL, 40 

μg/mL, 60 μg/mL, 80 μg/mL, and 100 μg/mL) were utilized in the assay. The 

highest electron absorption of DPPH- free radicals was observed at 517 nm. 

Concentration-dependent scavenging activity of LNiNPs was documented in Table 

IV. II. 3. The EC50 value was determined to be 48 μg/mL. With an increase in the 

concentration of LNiNPs, the colour of the DPPH converted to pale yellow from 

deep violet. UV spectroscopic analysis verified the heightened antioxidant potency 

of NiNPs at elevated concentrations, as indicated in Table IV. II. 3 and Figure IV. II. 

7.  The table presents the DPPH free radical scavenging activity of LNiNPs at 

varying concentrations (20 – 100 μg/mL). The DPPH assay measures the antioxidant 

potential of LNiNPs based on the reduction of the DPPH radical, indicated by a 

decrease in absorbance and an increase in scavenging activity (S%). 

At 20 μg/mL, the absorbance of the DPPH solution mixed with LNiNPs is 

0.45 ± 0.01, resulting in a scavenging activity of 43%. As the concentration 

increases to 40 μg/mL, the absorbance decreases to 0.41 ± 0.01, and the scavenging 

activity rises to 48.4%. At 60 μg/mL, the absorbance drops further to 0.37 ± 0.01, 
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with a scavenging activity of 53.56%. This trend continues at 80 μg/mL, where the 

absorbance is 0.33 ± 0.01, and scavenging activity reaches 58.11%. At the highest 

tested concentration, 100 μg/mL, the absorbance is 0.29 ± 0.01, corresponding to a 

maximum scavenging activity of 63.7%. The EC50 value (effective concentration 

required to achieve 50% scavenging activity) is determined to be 48 μg/mL. These 

results demonstrate a concentration-dependent increase in the antioxidant activity of 

LNiNPs, suggesting their potential as efficient free radical scavengers.  

Table IV. II.  3: Concentration-dependent scavenging activity of LNiNPs. 

Concentration of 

LNiNPs(μg/mL). 

Absorbance of 

control 

The absorbance of the 

LNiNPs mixed DPPH 

solution 

S% 

20 0.8 0.45± 0.01 43 ± 0.02 

40 0.8 0.41± 0.01 48.4 ± 0.02 

60 0.8 0.37± 0.01 53.56 ± 0.02 

80 0.8 0.33± 0.01 58.11 ± 0.02 

100 0.8 0.29± 0.01 63.7 ± 0.02 

  EC50 48µg 
 

DPPH anti-oxidant activity (S%) of the sample against concentration was 

plotted using the equation S% = [(A control – A sample) / A control] x 100. The EC50 value, 

which represents the concentration of the sample needed to achieve 50% scavenging 

activity, was determined from the graph using a linear regression equation. 

 

Figure IV. II. 7:  DPPH activity of LNiNPs (A) and Calibration curve of 

LNiNPs (B). 
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4.2.2.4. Environmental hazard testing of LNiNPs 

The biosynthesized LNiNPs exhibited the dose-dependent cytotoxicity and 

genotoxicity in Allium cepa chromosomal aberration studies. The mitotic index (MI) 

declined progressively with increasing concentrations, from 20% at 100 µg/mL to 

~1-2% at 500 µg/mL, indicating inhibition of cell division. Conversely, 

chromosomal aberrations increased from 2-3% at 100 µg/mL to 25% at 500 µg/mL. 

The IC50 value, representing the concentration at which mitotic activity is reduced 

by 50%, was estimated to be approximately 250-300 µg/mL. While higher 

concentrations showed significant genotoxicity, the lower concentrations exhibited 

relatively mild effects, suggesting that biosynthesized LNiNPs are more 

biocompatible at lower doses (Figure IV. II. 8 A & B).  

 

Figure IV. II. 8: Normal mitotic index of control and declined mitotic index of 

LNiNPs-treated root cells (A). Comparison of the percentage of mitosis and 

chromosomal aberrations on LNiNPs-treated root cells (B). 

4.2.2.5. Anticancer assay of LNiNPs 

This study demonstrated the effectiveness of biologically synthesized 

LNiNPs as a cytotoxic agent using DLA cell lines in vitro. The assay showed a 

gradual increase in cell death according to the concentration of LNiNPs. The 

anticancer activity of LNiNPs on DLA cells demonstrates a clear concentration-
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dependent increase in cytotoxicity, as shown in both the table and graphical data 

(Figure IV. II. 9, Table IV.II.4). At the lowest concentration of 2.5 µg/mL, cell death 

is minimal, with cytotoxicity recorded at around 4.9% ± 1.0. This percentage 

gradually rises as the concentration increases: at 5 µg/mL, cell death reaches 12.3% 

± 1.5; at 10 µg/mL, it climbs to 13.8% ± 1.3; and at 15 µg/mL, cytotoxicity 

increases further to 17.6% ± 1.4. A notable jump occurs at 20 µg/mL, where cell 

death reaches 23.8% ± 1.6, and at the highest concentration tested, 25 µg/mL, cell 

death peaks at 44.9% ± 1.5. This progressive increase in cytotoxicity with rising 

LNiNPs concentrations highlights the potent, dose-dependent anticancer effects of 

LNiNPs on DLA cells. 

 

Figure IV. II. 9:  Anticancer property of LNiNPs on DLA cells 

Table IV. II. 4:  Anticancer activity of LNiNPs 

Concentration of LNiNPs  (µg/mL) Percentage of cell death 

2.5 4.9 ± 1.0 

5 12.3 ± 1.5 

10 13.8 ±1.3 

15 17.6 ±1.4 

20 23.8 ± 1.6 

25 44.9±1.5 
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4.2.2.6. Antiangiogenesis by CAM assay of LNiNPs 

The angiogenesis assay was successfully performed, demonstrating the 

impact of LNiNPs on the vascular development of chick embryos. The treated 

embryos showed significant decreases in vessel growth parameters compared to the 

PBS control, enabling a thorough evaluation of the nanoparticles' anti-angiogenic 

effects (Figure IV. II. 10). The three graphs display data related to the effect of 

LNiNPs on angiogenesis in a 48-hour chick embryo, compared to a control (PBS) 

over a series of time intervals (Figure IV. II. 11 A, B, C). 

 

Figure IV. II. 10: Antiangiogenesis property of LNiNPs on chick embryo 

showing control (A) with normal growth and experiment (B). 

 

Figure IV. II. 11: A) CAM Assay- vessel area relative to time, B) vessel 

junctions relative to time, C) CAM Assay- vessel length relative to time 
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In the PBS control group, the vessel area, junctions, and length showed a 

progressive increase over time, reaching their peak between 7 to 8 hours. This trend 

highlights robust angiogenesis, marked by sustained vessel growth, elongation, and 

the formation of new junctions, indicating stable vascular development in the 

absence of treatment. In contrast, the group treated with LNiNPs (2 µg/mL) 

exhibited a distinct inhibitory effect on angiogenesis, with vessel area, junctions, and 

length consistently lower than the control throughout the observation period. By 4 

hours, the vessel area in the LNiNPs-treated group was significantly reduced, with 

this effect increasing further after 6 hours to reach a dramatic decline by 8 hours. 

Likewise, vessel junctions in the treated group were initially elevated but were still 

significantly lower than the control, with a steep drop seen after 4 hours and a 

significant decline by 8 hours. The length of the vessel also had a similar pattern, 

with minimal elongation and levelling off at 4 hours before dropping by 8 hours. 

The results suggest that LNiNPs cause dramatic vessel degeneration, possibly by 

toxicity or interference with essential cellular processes necessary for angiogenesis. 

All together, the data show that LNiNPs have potent anti-angiogenic activity in the 

chick embryo assay, causing vessel destabilization, degeneration and ultimate cell 

loss with time (Figures IV.II.11 A, B and C). 
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4.3. Bio-synthesis of Copper Oxide Nanoparticles Using Beetle defensive gland 

Extract: Exploring Diverse Applications. 

Biosynthesis of CuONPs is a multi-step process in which copper ions in 

various forms are oxidized using plant, fungal, algal, bacterial extracts and protista. 

This method ensures consistency in producing various copper oxide phases such as 

CuO, Cu2O, and Cu4O3. In this study, we utilize compounds present in the defensive 

secretion of the insect Luprops tristis defensive gland extract, which can reduce Cu2+ 

ions to Cu0 and then oxidize them to form nanoparticles. These LCuONPs are 

further characterized by UV, FTIR, SEM, TEM, and ZETA, followed by the 

investigation focusing on exploring the diverse biological applications of these 

nanoparticles, including hydrogen peroxide sensing, antibacterial analysis, 

antioxidant activity, antimitotic effects, and anticancer properties. 

4.3.1. UV-Visible Spectroscopy of LCuONPs 

The visual colour change of the reaction mixture, transitioning from purple 

to reddish-brown as illustrated in Fig. IV. III. 1. (a-b), after a 15-min exposure to 

microwave irradiation, signaled the initial formation of LCuONPs. This observation 

was further confirmed using UV-visible spectroscopy. The shift in colour of the 

reactive mixture, attributed to the occurrence of surface plasmon resonance (Fig. IV. 

III. 1), provided a clear indication of LCuONPs formation. Specifically, the 

prominent absorption peak at a wavelength (λmax) of 218 nm, associated with the 

surface plasmon resonance phenomenon, served as a reliable marker for LCuONPs 

formation. 
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Figure IV. III. 1: UV spectrum of LCuONPs, a, b) colour transitions during 

microwave irradiation. 

4.3.2. FTIR Analysis of LCuONPs 

The process of identifying functional groups involved in the bio-synthesized 

LCuONPs was conducted through FT-IR spectroscopy. The recorded absorption 

peaks are delineated in Fig IV. III. 2, spanned a range from 4000 cm-1 to 400 cm-1. 

Especially, the spectrum exhibited prominent peaks at 1500 cm-1, indicating the 

existence of metabolites in the vicinity of copper oxide nanoparticles that were 

synthesized. The results showed the following peaks at 2906 cm-1 (C-H stretch), 

2926 cm-1 (C-H stretch), 1650 cm-1 (C=O), 1432 cm-1 (C-H and O-H), and 1250 

cm-1 (C-O stretch). 
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Figure IV. III. 2: Spectroscopic analysis of the LCuONPs: FTIR spectrum of 

LCuONPs 

4.3.3. Scanning Electron Microscopy (SEM) & Transmission Electron 

Microscopy (TEM) of LCuONPs. 

The examination of NPs morphology employed scanning electron 

microscopy, as shown in IV. III. 3 (A). The SEM images provided a clear depiction 

of the significant density of LCuONPs produced via the defensive gland extract of L. 

tristis. A detailed analysis of the biosynthesized LCuONPs was done using 

Transmission Electron Microscopy (TEM), shown in IV. III. 3(B). This was found 

to yield an average nanoparticle size of approximately 15 nm (Figure IV. III. 3(C)). 

These LCuONPs were found to have a largely spherical morphology, with a surface 

texture that was rugged and a uniform dispersion, as identifiable in IV. III. 3(B). 

There was also a tendency for individual nanoparticles to group together, leading to 

the formation of larger nanoparticle structures. The LCuONPs were attributed to 

hydrogen bonding and electrostatic interactions between bio-organic compounds. 

SEM and TEM images reveal that the particles are uniformly distributed and possess 

a crystalline structure.  
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IV. III. 3: A) SEM image of LCuONPs B) TEM image of LCuONPs (C) 

Average particle size. 

4.3.4. Zeta Potential Analysis of LCuONPs 

To assess the stability of the biosynthesized LCuONPs, a nanoparticle 

analyzer (HORIBA SCIENTIFIC SZ 100) was used. The analysis revealed 

significant stability, with the LCuONPs showing a Zeta Potential of -22 mV, as 

depicted in Figure. IV. III. 4. This finding highlights the commendable stability of 

our prepared LCuONPs. The Zeta Potential measurement provides valuable 

information about the charge and stability of NPs indicating favourable 

characteristics for potential applications. 

 

Figure. IV. III. 4:  Zeta potential of LCuONPs 
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4.3.5. Electrochemical hydrogen peroxide sensing by Differential pulse 

voltammetry of LCuONPs. 

In this inquiry, from the differential pulse voltammetry (DPV) graph (Figure 

IV. III. 5A), the electrochemical response of the LCuONPs-coated electrode was 

analyzed at various concentrations of H₂O₂. The concentrations tested include 10 

mM, 20 mM, 30 mM, 40 mM, 50 mM and 60 mM of H₂O₂. At 10 mM, the peak 

current was approximately 4.5 × 10⁻⁶ A, which increased to 5.3 × 10⁻⁶ A at 20 mM. 

Similarly, for 30 mM, the peak current rose further to 6.1 × 10⁻⁶ A, and at 40 mM, it 

reached 6.8 × 10⁻⁶ A, at 50 mM, it reached 7.2 x 10⁻⁶ A. The highest concentration 

tested, 60 μg/mL, exhibited the maximum peak current of approximately 7.5 × 10⁻⁶ 

A. These results indicate a clear trend where the peak current increases linearly with 

the concentration of H₂O₂, as reflected in the calibration curve (Figure IV. III. 5B). 

The calibration curve shows a strong linear correlation, confirming the sensitivity of 

the LCuONPs-coated electrode for H₂O₂ detection within the tested range as LOD of 

0.9 mM. 

 

Figure IV. III. 5: (A, B). Hydrogen peroxide sensing by Differential pulse 

voltammetry DPV measurement of the LCuONPs-coated electrode at different 

concentrations of H2O2 (a) and calibration curve (b). 
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4.3.6. Antibacterial Assessment of LCuONPs. 

Disc diffusion assay was employed to scrutinize the antibacterial attributes. 

The impact of LCuONPs on the proliferation of both Gram-negative bacteria  

(K. pneumoniae) and Gram-positive bacteria (S. aureus) was evaluated. Filter papers 

with different concentrations of LCuONPs (5 μg/mL, 10 μg/mL, 15 μg/mL, and 20 

μg/mL) resulted in inhibition zones ranging from 6.66 ± 0.57 mm, 9.66 ± 0.57 mm, 

8.33 ± 0.57 mm, to 11.12 ± 0.57 mm for K. pneumoniae, as shown in Fig. IV. III. 6 

(a, b). For S. aureus, filter papers with 5 μg/mL, 10 μg/mL, 15 μg/mL, and 20 

μg/mL of LCuONPs had inhibition zone diameters of 10.33 ± 0.57 mm, 12.66 ± 

0.57 mm, 14.66 ± 0.57 mm, and 17.33 ± 0.57 mm, respectively. This pattern 

signifies a progressive augmentation in the inhibition zone's diameter with an 

escalating concentration of LCuONPs. 

 

Figure IV. III. 6: Disc diffusion assay of LCuONPs (a, b): action of LCuONPs 

on S. aureus (a) action of LCuONPs on K. pneumonia (b). 
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Table IV. III. 1: Comparison of bactericidal activity of LCuONPs. 

Treatment 
Concentration 

(μg/mL) 

S. aureus 

(mm ± SD) 

K. pneumoniae 

(mm ± SD) 

Control 20 μg/mL 10. 23 ± 0.57 6.33 ± 0.57 

Experiment 

(LCuONPs) 

5 μg/mL 10. 76 ± 0.57 6.66 ± 0.57 

10 μg/mL 12. 16 ± 0.57 9.66 ± 0.57 

15 μg/mL 14. 23 ± 0.57 8.33 ± 0.57 

20 μg/mL 17. 12 ± 0.57 11.12 ± 0.57 

 

4.3.7 Antioxidant activity of LCuONPs 

The DPPH assay, extensively recognized for its efficacy in assessing the 

capability of NPs to neutralize free radicals, has been widely utilized in the 

assessment of antioxidant potential. Various concentrations of LCuONPs (20 

μg/mL,40 μg/mL, 60 μg/mL, 80 μg/mL, and 100 μg/mL) were used in this research, 

and every sample was combined with DPPH to yield 2 ml solutions. Ascorbic acid, 

employed as the standard, was made soluble in purified water as the solvent. After a 

30-min incubation period under conditions of darkness, the solution underwent UV 

spectroscopic examination. At 517 nm, the maximum absorption caused by DPPH 

free radicals was observed. The concentration-dependent scavenging behaviour of 

LCuONPs is 57% at 20 μg/mL, 60 % at 40 μg/mL, 63% at 60 μg/mL, 66% at 80 

μg/mL and 70% at 100 μg/mL detailed in Fig. IV. III. 7 (A, B). It was found that 74 

μg/mL of sample concentration was required to produce 50% scavenging activity 

(EC50 value). Notably, with an escalation in the concentration of LCuONPs, the 

colour of the DPPH solution transitioned from a deep violet hue to a pale-yellow 

shade. UV spectroscopic analysis substantiated the amplified antioxidant efficacy of 

LCuONPs at higher concentrations, as delineated in the graph.  
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Figure. IV. III. 7: DPPH assay (A, B): activity of LCuONPs at different 

concentration of LCuONPs (A) & Calibration curve (B). 

4.3.8 Environmental hazard testing assay of LCuONPs 

Biosynthesized LCuONPs induced dose-dependent chromosomal aberrations 

in Allium cepa, including anaphase stickiness, chromosome bridges, and lag 

chromosomes. The mitotic index (MI) decreased with increasing concentrations, 

from 16% at 100 μg/mL to 12% at 500 μg/mL, while chromosomal aberrations rose 

from 8% to 12%, indicating cytotoxic and genotoxic effects. 

However, compared to chemically synthesized nanoparticles, the 

biosynthesized LCuONPs exhibited relatively higher MI and lower chromosomal 

aberrations, suggesting greater biocompatibility at lower concentrations. The control 

group (distilled water) showed no chromosomal abnormalities, confirming the dose-

dependent effect of LCuONPs as in Figure. IV. III. 8. 
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Figure. IV. III. 8:  Comparison of increase in Chromosomal aberration and 

decrease in MI. 

Table IV. III. 2: Effect of LCuONPs on Allium cepa 

Treatment 
Concentration 

(μg/mL) 

Mitotic Index 

(% ± SD) 

Chromosomal Aberration 

(%±SD) 

Control 

(Distilled water) 

100 μg/mL 11.41 ± 0 .21 NIL 

200 μg/mL 12.69 ± 0.21 NIL 

300 μg/mL 13.14 ± 0.21 NIL 

400 μg/mL 14.79 ± 0.21 NIL 

500 μg/mL 15.24 ± 0.21 NIL 

Experiment 

( LCuONPs) 

100 μg/mL 16 ± 0.03 8 ± 0.03 

200 μg/mL 15  ±  0.03 9 ± 0.03 

300 μg/mL 14.8 ± 0.03 10 ± 0.03 

400 μg/mL 13 ±  0.03 11 ± 0.03 

500 μg/mL 12 ± 0.03 12 ± 0.03 
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4.3.9 Anticancer study of LCuONPs 

The LCuONPs demonstrate dose-dependent cytotoxicity against DLA cells. 

The assay reveals a progressive escalation in cellular demise commensurate with the 

concentration of LCuONPs (Figure. IV. III. 9 and Table. IV. III. 3). The table shows 

the anticancer activity of LCuONP at different concentrations as 10 µg/mL, 20 

µg/mL, 50 µg/mL, 100 µg/mL, and 200 µg/mL, measured as the percentage of cell 

death in a cancer cell assay. The results demonstrate a concentration-dependent 

increase in cytotoxicity, indicating that higher concentrations of LCuONPs lead to 

greater cell death. 

At the lowest concentration of 10 µg/mL, the percentage of cell death is 

15.1% ± 1.34, reflecting minimal cytotoxicity. As the concentration increases to 20 

µg/mL, the percentage of cell death rises to 20.8% ± 1.33. At 50 µg/mL, a 

significant increase in cytotoxicity is observed, with 32.0% ± 1.01 of the cells dying. 

When the concentration reaches 100 µg/mL, the percentage of cell death jumps to 

54.9% ± 4.75, indicating strong anticancer activity. At the highest tested 

concentration of 200 µg/mL, the percentage of cell death is 75.9% ± 1.78, 

demonstrating the maximum observed cytotoxic effect. 

Table IV. III. 3:  Anticancer activity of LCuONPs on DLA cells. 

Concentration of LCuONPs 

(µg/mL) 
% of cell death 

10 15.1 ± 1.34 

20 20.8 ± 1.33 

50 32.0 ± 1.01 

100 54.9 ± 4.75 

200 75.9 ± 1.78 

 

These results confirm the potent anticancer potential of LCuONPs, with 

effectiveness increasing proportionally to the concentration. This concentration-

dependent cytotoxicity suggests that LCuONPs could serve as a promising agent in 

cancer treatment. The present investigation affirms that biologically synthesized 

LCuONPs possess comprehensive anti-cancer properties. 
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Figure. IV. III. 9: Graph showing effect of  LCuONP on DLA cells 

4.3.10. CAM assay of LCuONPs 

The angiogenesis assay was conducted successfully, providing clear 

evidence of the effect of Luprops tristis-mediated LCuONPs on the vascular 

development of chick embryos. The treated embryos exhibited significant reductions 

in vessel growth parameters compared to the PBS control, which allowed for a 

detailed analysis of the anti-angiogenic properties of the NPs. The study focused on 

investigating the effect of copper oxide nanoparticles (CuONPs), sourced from 

beetle defensive gland secretions, on angiogenesis using a 48-hour chick embryo 

model (Figure. IV. III 10). By applying 5 μg of CuONPs on a filter paper disc, we 

assessed the inhibitory effect of these nanoparticles on blood vessel formation over 

time (Figure. IV. III. 11 A, B & C). 
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Figure. IV. III. 10: CAM assay showing antiangiogenic activity of LCuONPs 

with decreased blood vessel growth. 

 

Figure. IV. III. 11: A) CAM assay showing Vessel length relative to time B) 

CAM assay showing Vessel junctions relative to time C) CAM assay showing 

Vessel area relative to time 

The LCuONPs-treated group exhibited a strong inhibitory effect on 

angiogenesis in chick embryos, as evidenced by reductions in vessel length, vascular 

junctions, and vessel area over time. Initially, vessel length in the LCuONPs group 

was higher during the early hours (0–2 hours) but sharply declined after 3 hours, 

contrasting with the control group (PBS-treated), which showed steady vessel 

elongation peaking at 7–8 hours. Similarly, the number of vascular junctions in the 

LCuONPs-treated embryos was consistently lower than the control throughout the 

observation period, with the control group displaying a peak at 8 hours. This 
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reduction in vascular junctions underscores the nanoparticles' impact on limiting the 

branching and interconnectedness of blood vessels. In terms of vessel area, the 

LCuONPs-treated group initially exhibited larger areas during the early phase (0–4 

hours), likely due to vessel dilation or abnormal growth, but this trend reversed after 

4 hours, with the vessel area becoming smaller than the control by 7–8 hours (Figure 

IV. III 11 A, B and C). These combined effects suggest that LCuONPs disrupt the 

normal process of blood vessel formation and the development of a functional 

vascular network, leading to embryo death due to insufficient oxygen and nutrient 

supply. In contrast, the PBS-treated control group demonstrated robust angiogenesis, 

characterized by steady vessel formation, branching, and growth throughout the 8 

hours, reflecting normal vascular development. The observed anti-angiogenic effects 

of LCuONPs highlight their potential applications in cancer research, where 

inhibiting angiogenesis could be a strategy to prevent tumor growth and metastasis. 
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4.4. Harnessing Luprops tristis Defensive Secretion for Gold Nanoparticle 

Synthesis and Its Remarkable Biological Uses 

The reduction of auric chloride (AuCl₄⁻) using an extract from the defensive 

gland of the insect Luprops tristis led to the synthesis of gold nanoparticles, termed 

LAuNPs. These nanoparticles were thoroughly characterized using advanced 

techniques such as UV-Vis spectroscopy, FTIR, SEM, TEM, and zeta potential 

analysis. Following characterization, their potential biomedical applications were 

explored, including glucose sensing, antibacterial activity, antioxidant properties, 

antimitotic effects, and anticancer activity. The findings of this study highlight the 

versatility and efficacy of LAuNPs, underscoring their potential for significant 

contributions to the biomedical field. 

4.4.1. UV- Spectroscopy of LAuNPs 

The reaction mixture's obvious colour change from purple to reddish brown 

(as shown in Figure. IV. IV. 1), which took place after a 15-min. exposure to 

microwave radiation was the first indication that LAuNPs was formed. Figure. IV. 

IV. 1, also demonstrates how UV-Visible spectroscopic analysis was utilized to 

corroborate this observation further. The surface plasmon resonance phenomenon 

was the cause of the LAuNPs' apparent absorption peak at 563 nm. This occurrence 

serves as a trustworthy predictor of LAuNPs formation. 

 

Figure. IV. IV. 1: UV-Vis spectrum of LAuNPs and colour transition during 

microwave irradiation. 
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4.4.2. FTIR analysis of LAuNPs 

FT-IR spectroscopy was used to identify the functional groups involved in 

the biosynthesis of LAuNPs. The observed absorption peaks spanned from 4000 cm-

1 to 400 cm-1, as depicted in Figure. IV. IV. 2. Notably, the spectra exhibited 

prominent peaks at 3200 cm-1, 1600 cm-1, 1700 cm-1 and 1100cm-1, signifying the 

existence of metabolites near the synthetic gold nanoparticles, including OH, N-H, 

COOH and C=O groups. FTIR analysis confirmed the significant role of phenolic 

compounds in stabilizing LAuNPs and their likelihood of interaction with them. 

 

Figure. IV. IV. 2: FTIR specrum of LAuNPs 

4.4.3. SEM and TEM analysis of LAuNPs 

The SEM image provided a clear representation of the significant density of 

LAuNPs produced by the L. tristis defensive gland extract (Figure. IV. IV. 3A). 

According to Figure. IV. IV. 3B, these AuNPs had a mostly spherical shape with a 

rough surface texture and a uniform dispersion and 17 nm size is observed by TEM 

(Figure. IV. III. 3C). Additionally, individual nanoparticles tended to group and 

create bigger nanoparticle formations.  
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Figure. IV. IV. 3: (A) SEM images of LAuNPs, (B) TEM images of LAuNPs. 

(C) Average particle size  

 

4.4.4. Zeta Potential Analysis of LAuNPs 

The stability of the LAuNPs was employed by a nanoparticle analyzer 

(HORIBA SCIENTIFIC SZ 100) to assess the stability of the L. tristis-mediated 

LAuNPs. The findings revealed substantial stability, with a Zeta Potential of -21.4 

mV for the LAuNPs, as illustrated in Figure. IV. IV. 4.  

 

Figure. IV. IV. 4: Zeta potential measurement of LAuNPs 
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4.4.5. Glucose sensing property of LAuNPs  

The study involved electrochemical glucose sensing using Differential Pulse 

Voltammetry (DPV). Figure. IV. IV. 5A presents the findings from a series of 

experiments conducted with 3M glucose concentrations ranging from 10 mM to 60 

mM. Additionally, as depicted in Figure. IV. IV. 5B, linear calibration curves were 

established correlating DPV current output with glucose concentration. The lower 

limit of detection (LOD) was determined to be 7 mM. The LAuNPs synthesized in 

this study show promise for integration into electrochemical glucose monitoring 

systems. Functionalized LAuNPs can interact with glucose molecules, leading to 

detectable changes in electrical conductivity or redox processes that can be 

correlated with glucose levels. 

 

Figure. IV. IV. 5: A) DPV graph of LAuNPs-coated electrode B) Calibration 

curve of DPV of LAuNPs 

4.4.6. Study on antibacterial activity of LAuNPs 

The effects of LAuNPs on the growth of the microorganisms Staphylococcus 

aureus and Klebsiella pneumoniae, both of which are Gram-positive and negative, 

were assessed.  The diameters of the inhibition zones for K. pneumoniae, however, 

revealed diameter of 7.33 mm, 9.5 mm, 11.16 mm, and 13.33 mm when filter papers 

impregnated with varied concentrations of LAuNPs (5μg, 10μg, 15μg and 20μg) 

were used (as shown in Figure. IV. IV. 6). The inhibition zone diameters on filter 

papers saturated with 5 μg, 10 μg, 15 μg, and 20 μg of LAuNPs were 13.23 mm, 
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15.76 mm, 17.16 mm, and 19.23 mm, respectively. This pattern indicates a 

progressive rise in the diameter of the inhibitory zone with an increase in LAuNPs 

concentration, as seen in Figure. IV. IV. 6 & Table IV. IV. 1. An increase in 

LAuNPs concentration results in an improved antimicrobial impact, especially when 

compared to K. pneumoniae and S. aureus.  

 

Figure. IV. IV. 6: Disc Diffusion assay of LAuNPs on S. aureus (A) and K. 

Pneumoniae (B). 

Table IV. IV. 1: Antibacterial activity of LAuNPs 

Treatment 
Concentration  

(µg) 

S. aureus  

(mm ± SD) 

K. pneumonia  

(mm ± SD) 

Experiment (LAuNPs) 

5 µg 13. 23 ± 0.66 7.33 ± 0.66 

10 µg 15. 76 ± 0.66 9.5 ± 0.66 

15 µg 17. 16 ± 0.66 11.16 ± 0.66 

20 µg 19. 23 ± 0.66 13.33 ± 0.66 

 

4.4.7. Antioxidant activity of LAuNPs 

The DPPH assay is widely used to assess antioxidant capacity, particularly in 

evaluating nanoparticles' antioxidant activity. In this study, various concentrations of 

LAuNPs (20 μg to 80 μg) were tested. DPPH was added to each sample to make up 

2 mL solutions, with ascorbic acid as the reference material and pure water as the 
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solvent. After incubating in complete darkness for 30 minutes, the solutions were 

analyzed using UV spectroscopy, detecting the highest absorption of DPPH free 

radical electrons at 517 nm. Figure. IV. IV. 7A. illustrates the concentration-

dependent scavenging activity of LAuNPs. The EC50 value was determined to be 39 

μg based on the calibration curve (Figure. IV. IV. 7B). Notably, as the concentration 

of LAuNPs increased, the DPPH solution changed colour from deep violet to light 

yellow., confirming enhanced antioxidant activity of LAuNPs validated by UV 

spectroscopic analysis. 

 

Figure. IV. IV. 7: A) DPPH Assay of LAuNPs. B) Calibration curve of DPPH of 

LAuNPs. 

4.4.8. Environmental hazard testing of LAuNPs 

Biosynthesized LAuNPs exhibited a dose-dependent decrease in mitotic 

index (MI) and an increase in chromosomal aberrations (CA) in Allium cepa, 

indicating mild cytotoxic and genotoxic effects. MI declined from 14% at 100 

μg/mL to 10% at 500 μg/mL, while CA increased from 7% to 11%, showing 

inhibition of cell division and chromosomal anomalies like vagrant chromosomes 

and anaphase stickiness represented in Figure. IV. IV. 8. 

Compared to chemically synthesized nanoparticles, biosynthesized LAuNPs 

demonstrated lower genotoxicity within safe limits, suggesting higher 

biocompatibility and minimal environmental risk at controlled concentrations. 
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Figure. IV. IV. 8: Comparison of the effect of LAuNPs on mitosis 

Table IV. IV. 3: Environmental hazard testing of LAuNPs 

Treatment 
Concentration (

μg/mL) 

Mitotic Index (

%±SD) 

Chromosomal Aberrati

on (%±SD) 

Control 

(Distilled water) 

100 μg/mL 10.51 ± 0.25 NIL 

200 μg/mL 11.59 ± 0.25 NIL 

300 μg/mL 12.04 ± 0.25 NIL 

400 μg/mL 13.19 ± 0.25 NIL 

500 μg/mL 14.14 ± 0.25 NIL 

Experiment 

(Biosynthesized 

LAuNPs) 

100 μg/mL 14 ± 0.05 7 ± 0.05 

200 μg/mL 13 ± 0.05 8 ± 0.05 

300 μg/mL 12 ± 0.05 9 ± 0.05 

400 μg/mL 11 ± 0.05 10 ± 0.05 

500 μg/mL 10 ± 0.05 11 ± 0.05 

 

4.4.9. Anticancer assay of LAuNPs 

Numerous NPs possess pharmacological and biochemical characteristics, 

such as antioxidant and anti-inflammatory qualities, which may contribute to their 
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anticarcinogenic and antimutagenic properties. Several disorders, including cancer, 

are currently treated with the help of biologically produced nanoparticles. The 

current study emphasises the potency of biologically produced AuNPs as an 

anticancer treatment using cell lines of Dalton's lymphoma ascites (DLA) in an in 

vitro setting. The LAuNPs cytotoxicity towards DLA cells is dose-dependent 

(Figure. IV. IV. 9). The test demonstrates that the rate of cellular death increases 

over time in direct proportion to the quantity of LAuNPs. 

The cytotoxicity assessment of biosynthesized LAuNPs revealed a 

concentration-dependent increase in the percentage of cell death. At the lowest 

concentration of 10 μg/mL, the cell death was minimal at 4.67 ± 0.0%, indicating 

limited toxicity. However, as the concentration increased to 20 μg/mL, cell death 

rose moderately to 5.92 ± 1.5%, suggesting the onset of cytotoxic effects. A 

significant increase was observed at 50 μg/mL, with cell death reaching 11.6 ± 

1.3%, nearly doubling from the previous concentration. At 100 μg/mL, the 

cytotoxicity intensified, with cell death recorded at 15.8 ± 1.4%, reflecting a 

pronounced effect of the nanoparticles. The highest concentration, 200 μg/mL, 

exhibited the maximum cytotoxicity, with cell death escalating to 24.8 ± 1.8%, 

which is more than five times the effect observed at the lowest concentration. These 

results indicate that LAuNPs exhibit dose-dependent cytotoxicity, likely due to the 

generation of reactive oxygen species or nanoparticle-induced interference with 

cellular mechanisms. The steep increase in cytotoxicity at higher concentrations 

underscores their potential as a targeted therapeutic agent, but also highlights the 

need for careful dose optimization to mitigate adverse effects. 

Table IV. IV. 4: Anticancer activity of LAuNPs 

Concentration of LAuNPs (µg/mL ) % of cell death 

10 4.67 ± 0. 

20 5.92 ± 1.5 

50 11.6 ± 1.3 

100 15.8 ± 1.4 

200 24.8 ± 1.8 

 



Results 

 91 

 

Figure. IV. IV. 9: Anticancer activity analysis 
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4.5. Biosynthesis of Zinc Oxide Nanoparticles From Luprops tristis and their 

Diverse Applications 

In this study, zinc oxide nanoparticles (referred to as LZnONPs) were 

produced using the reduction of a zinc acetate solution utilizing an extract derived 

from the defensive secretion of the L. tristis insect. After the chemical 

characterization employing methodologies such as UV-Vis spectroscopy, Fourier-

transform infrared spectroscopy (FTIR), Electron Microscopy (SEM and TEM), and 

Zeta potential assessment, the investigation proceeded to scrutinize its biological 

applications, encompassing glucose sensing, antibacterial analysis, antioxidant 

activity, antimitotic activity, and anticancer activity. 

4.5.1. Synthesis of LZnONPs and preliminary characterisation by UV-Visible 

spectroscopic Analysis 

The perceptible shift in the shade of the reaction solution, shifting from 

violet to reddish-brown (as exemplified in Figure IV. V. 1), after a 15-minute 

exposure to microwave irradiation constituted the initial indication of LZnONPs 

formation. This observation was further substantiated through UV-visible 

spectroscopic analysis, as depicted in Figure IV. V. 1. LZnONPs exhibited a 

prominent absorption peak at λmax 378 nm, attributed to the surface plasmon 

resonance phenomenon. This phenomenon serves as a dependable indicator of 

LZnONPs formation.  

 

Figure IV. V. 1: UV-Vis spectrum of LZnONPs 
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4.5.2. Fourier-Transform Infrared Spectroscopic Analysis of LZnONPs 

The determination of functional groups in the biosynthetic process of 

ZnNOPs was conducted using FT-IR spectroscopy, with absorption peaks recorded 

across a spectrum ranging from 4000 cm⁻¹ to 400 cm⁻¹, as depicted in Figure IV.V. 

2. Notably, the spectrum exhibited distinct peaks indicative of metabolite presence 

in the vicinity of the synthesized zinc oxide nanoparticles. Our FTIR analysis 

confirmed that phenolic compounds play a crucial role in stabilizing zinc 

nanoparticles and demonstrate a heightened propensity for interaction with them. 

Figure 3 highlights absorption peaks observed at 3300 cm⁻¹, 2931 cm⁻¹, 1647 cm⁻¹, 

1725 cm⁻¹, 1300 cm⁻¹, and 1150 cm⁻¹, suggesting O-H stretching, C-H stretching,  

N-H bending, CO, C-H, C=O, C=O and O-H, etc. 

 

Figure IV.V. 2: FTIR graph of LZnONPs 
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4.5.3. Scanning Electron Microscopy (SEM) & Transmission Electron 

Microscopy (TEM) of LZnONPs 

The structure of LZnONPs was analyzed through scanning electron 

microscopy (SEM) utilizing a JEOL JSM-6610 LV device. SEM analysis, utilizing 

an electron beam for detailed surface investigation, revealed that the particles 

exhibited predominantly spherical shapes and tended to cluster together, forming a 

sponge-like configuration. Figure IV.V. 3A. clearly illustrates the spherical 

morphology of the ZnONPs as observed in the SEM image. Moreover, TEM 

analysis was conducted to examine the dimensions and morphology of the fabricated 

ZnONPs. The TEM images revealed an average particle size of 26 ± 2 nm with a 

clearly evident spherical morphology (Figure IV.V. 3B & 3C). 

 

Figure IV. V. 3: A) SEM images at different magnification, (B) TEM images of 

LZnONPs C) Average particle size. 

4.5.4. Zeta Potential Analysis of LZnONPs 

To evaluate the durability of the biosynthesized LZnONPs, a nanoparticle 

analyzer (HORIBA SCIENTIFIC SZ 100) was employed. The findings revealed 

significant stability, with a Zeta Potential of -11.9 meV for LZnONPs, as depicted in 

Figure IV. V. 4. The LZnONPs prepared in this study displayed commendable 

stability. 
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Figure IV.V. 4: Zeta potential measurement of LZnONPs 

 

4.5.5. Differential Pulse Voltammetry (DPV) of LZnONPs  

The investigation encompassed electrochemical glucose sensing through the 

utilisation of Differential Pulse Voltammetry (DPV). A sequence of measurements 

involving glucose concentrations of 3M, ranging from 10 mM to 70 mM, was 

conducted and is presented in Figure IV.V. 5A. Furthermore, linear calibration 

correlations were established between DPV current output and glucose 

concentration, as depicted in Figure IV.V. 5B. It was discovered that the set 

detection limit was 15 mM. The LZnONPs synthesised within the framework of the 

present inquiry exhibit potential for integration into electrochemical glucose 

monitoring systems.  

The differential pulse voltammetry (DPV) graph illustrates the enzyme-free 

glucose sensing capability of zinc oxide nanoparticles, with clear responses 

observed at increasing glucose concentrations. At the minimum glucose 

concentration of 10 mM, the current response begins with a small peak, reflecting 
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the initiation of the oxidation of glucose. With an increase in glucose concentration 

to 20 mM, there is a larger peak current, showing that zinc oxide nanoparticles are 

efficient in catalyzing the oxidation reaction. Likewise, at 30 mM glucose, the peak 

current still increases, exhibiting a linear trend of increased electrochemical activity 

with a rising glucose concentration. At 40 mM, the peak current becomes even more 

defined and prominent, indicating the zinc oxide nanoparticles' strong interaction 

with glucose molecules. Lastly, at the highest glucose concentration that was tested 

at 70 mM, the peak current has its highest value in the tested range, which 

demonstrates a strong catalytic activity and high sensitivity of the modified 

electrode. The concentration-dependent increase in current confirms a consistent and 

linear electrochemical behavior, emphasizing the reliability and efficiency of 

LZnONPs in glucose sensing applications. 

 

Figure IV.V. 5: A) DPV graph of LZnONPs-coated electrode B) Calibration 

curve of DPV of LZnONPs. 

4.5.6. Antibacterial activity of LZnONPs 

In the current study, the antibacterial properties were investigated using the 

disc diffusion experiment. The impact of LZnONPs on the growth of Gram-positive 

and Gram-negative bacteria (S. aureus and K. pneumoniae) was assessed. Filter 

papers impregnated with varying amounts of LZnONPs (5 μg/mL, 10 μg/mL, 15 

μg/mL, and 20 μg/mL), the inhibition zone diameters for K. pneumoniae ranged 

from 7.25 mm, 9.34 mm, 11.26 mm, and 13.25 mm (as shown in Figure IV.V. 6 & 

Table IV. V. 1). For S. aureus, the filter papers with 5 μg/mL, 10 μg/mL, 15 μg/mL, 
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and 20 μg/mL of LZnONPs showed inhibition zones of 13 mm, 15 ± 05 mm, 17 ± 

55 mm, and 19 ± 25 mm.  This pattern indicates a steady increase in the inhibition 

zone diameter with rising concentrations of LZnONPs as depicted in Figure IV. V. 

6. The antibacterial effectiveness of LZnONPs has a dose-dependent characteristic; 

an increase in LZnONPs concentration leads to an enhanced antimicrobial impact, 

especially when compared to K. pneumoniae and S. aureus. ZnONPs shows more 

antibacterial activity. 

 

Figure IV.V. 6: Antibacterial activity of LZnONPs 

Table IV. V. 1: Antibacterial activity of LZnONPs. 

Treatment Concentration (µg) 
S. aureus 

(mm ± SD) 

K. pneumonia 

(mm ± SD) 

Experiment (LAuNPs) 

5 µg 13. 00 ± 0.05 7.25 ± 0.05 

10 µg 15. 05 ± 0.05 9.34 ± 0.05 

15 µg 17. 55 ± 0.05 11.26 ± 0.05 

20 µg 19. 25 ± 0.05 13.25 ± 0.05 
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4.5.7. Anti-oxidant function of LZnONPs 

The DPPH test has been extensively used in the assessment of antioxidant 

potential since it is well known for its efficacy in determining the ability of 

nanoparticles to neutralize free radicals. Figure IV.V. 7A, carefully describes the 

scavenging activity varying with concentration of LZnONPs. The calibration curve 

indicated an EC50 value of 26 μg/mL (Figure IV.V. 7B). Notably, the colour of the 

DPPH solution changed from a deep violet hue to a pale-yellow tint with an increase 

in the concentration of LZnONPs. LZnONPs enhanced antioxidant activity at 

increasing concentrations was confirmed by UV spectroscopic investigation, as 

shown in Figure IV.V. 7A.  

The graph demonstrates the radical scavenging activity of LZnONPs using 

the DPPH assay, with absorbance values recorded across a wavelength range of 500 

to 800 nm. The DPPH control, without LZnONPs (black line), exhibited the highest 

absorbance of approximately 0.85 at 520 nm, steadily decreasing to around 0.6 at 

700 nm. Upon adding 20 μg/mL of ZnONPs (red line), the absorbance decreased 

slightly, starting at 0.75 at 520 nm and tapering off to about 0.5 at 700 nm, 

indicating minimal radical scavenging activity. When the concentration was 

increased to 40 μg/mL (green line), the absorbance further reduced, beginning at 

approximately 0.7 at 520 nm and declining to 0.4 at 700 nm, demonstrating 

enhanced activity. At 60 μg/mL of LZnONPs (blue line), the absorbance dropped 

more significantly, starting at around 0.65 at 520 nm and falling to 0.35 at 700 nm, 

indicating a considerable increase in scavenging efficiency. Finally, with 80 μg/mL 

of LZnONPs (cyan line), the absorbance reached its lowest levels, beginning at 0.6 

at 520 nm and reducing to 0.3 at 700 nm, showcasing the highest antioxidant 

activity. This progressive reduction in absorbance with increasing LZnONPs 

concentration confirms the dose-dependent radical scavenging capacity of ZnONPs 

across the tested wavelength range 
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Figure IV.V. 7:  A) Radical scavenging activity of LZnONPs by DPPH method. 

B) Calibration curve of DPPH assay of LZnONPs 

4.5.8. Environmental hazard testing assay of LZnONPs 

Biosynthesized LZnONPs exhibited dose-dependent chromosomal 

aberrations in Allium cepa, including chromosome bridges, lag chromosomes, and 

anaphase stickiness. The mitotic index (MI) declined from 15% at 100 μg/mL to 

11% at 500 μg/mL, while chromosomal aberrations increased from 8% to 12%, 

indicating mild cytotoxic and genotoxic effects (Figure IV.V. 9). However, as MI 

remained above 50% across all concentrations, LZnONPs demonstrated greater 

biocompatibility and pose no significant threat to plants, making them an eco-

friendlier alternative when released into the environment. 

Table IV. V. 2: Environmental hazard testing assay of LZnONPs 

Treatment 
Concentration (

μg/mL) 

Mitotic Index (

%±SD) 

Chromosomal Aberrati

on (%±SD) 

Control 

(Distilled water) 

100 μg/mL 10.41 ±0 .20 NIL 

200 μg/mL 11.69 ± 0.20 NIL 

300 μg/mL 12.14 ± 0.20 NIL 

400 μg/mL 13.79 ± 0.20 NIL 

500 μg/mL 14.24 ± 0.20 NIL 

Experiment 

(Biosynthesised Z

nONPs) 

100 μg/mL 15 ± 0.01 8 ± 0.01 

200 μg/mL 14 ± 0.01 9 ± 0.01 

300 μg/mL 13.5 ± 0.01 10 ± 0.01 

400 μg/mL 12 ± 0.01 11 ± 0.01 

500 μg/mL 11 ± 0.01 12 ± 0.01 
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Figure IV.V. 8: Comparison of MI Vs Aberration. 

The chromosomal aberration assay using A. cepa cells demonstrated distinct 

differences between the control group (distilled water) and the experimental group 

(biosynthesized ZnONPs). In the control group, increasing concentrations of 

distilled water from 100 μg/mL to 500 μg/mL resulted in a gradual rise in the mitotic 

index (MI) from 10.41% ± 0.20 to 14.24% ± 0.20, with no chromosomal aberrations 

observed at any concentration. In contrast, the experimental group treated with 

biosynthesized ZnONPs exhibited a dose-dependent decrease in MI, starting at 15% 

± 0.01 at 100 μg/mL and reducing to 11% ± 0.01 at 500 μg/mL. Simultaneously, 

chromosomal aberrations increased progressively, beginning at 8% ± 0.01 at 100 

μg/mL and reaching 12% ± 0.01 at 500 μg/mL. These findings indicate that while 

distilled water did not induce genotoxic effects, ZnONPs caused significant 

chromosomal aberrations and reduced mitotic activity in a concentration-dependent 

manner, suggesting their cytotoxic and genotoxic potential at higher doses as in 

figure IV.V. 8 & Table IV. V. 2. 

4.5.9. Anticancer assay of of LZnONPs 

This study demonstrates the potential of LZnONPs as an anticancer agent 

using Dalton's lymphoma ascites (DLA) cell lines in an in vitro setting. The 
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cytotoxicity of the Zinc oxide nanoparticles against DLA cells is dose-dependent 

(Figure IV.V. 9 & table IV. V. 3). The test shows that cellular death escalates over 

time in proportion to the concentration of biosynthesized zinc oxide nanoparticles. 

Therefore, the current study confirms that LZnONPs made through biological 

synthesis have extensive anti-cancer capabilities. 

 

Figure IV.V. 9: Anticancer effect of LZnONPs 

 

Table IV. V. 3: Anticancer activity of LZnONPs 

Concentration (µg/mL) Cell death (%) 

10 7.22 ± 0.86 

20 12.1 ± 1.6 

50 18.4 ±1.98 

100 32.6 ±1.43 

200 58.9 ± 2.59 

 

The anticancer assay evaluating the effect of ZnONPs on Dalton's 

Lymphoma Ascites (DLA) cells revealed a concentration-dependent increase in cell 

death percentages. At the lowest concentration of 10 µg/mL, ZnONPs induced 7.22 

± 0.86% cell death, indicating minimal cytotoxic activity. As the concentration 
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increased to 20 µg/mL, the percentage of cell death rose to 12.1 ± 1.6%, 

demonstrating a slight improvement in cytotoxicity. At 50 µg/mL, the cell death 

percentage significantly increased to 18.4 ± 1.98%, showcasing a more pronounced 

effect of ZnONPs. When the concentration was further elevated to 100 µg/mL, the 

cytotoxic activity markedly increased, resulting in 32.6 ± 1.43% cell death, 

indicating substantial nanoparticle-induced cell toxicity. At the highest tested 

concentration of 200 µg/mL, ZnONPs exhibited their maximum effect, inducing 

58.9 ± 2.59% cell death. This data demonstrates a clear concentration-dependent 

increase in the anticancer activity of ZnONPs against DLA cells, with higher 

concentrations leading to significantly greater cell death percentages. 
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5.1. The Chemical Composition and Antimitotic, Antioxidant, Antibacterial, 

and Cytotoxic Properties of the Defensive Gland Extract of the Beetle, 

Luprops tristis Fabricius. 

High-resolution analysis of methanolic defensive gland extract of L. tristis 

yielded a chemically rich profile of secondary metabolites such as D-gluconic acid 

(C₆H₁₂O₇), 3-dehydro-L-gulonate (C₆H₁₀O₇), uric acid (C₅H₄N₄O₃), citric acid 

(C₆H₈O₇), and 2-pyrrolidone-5-carboxylic acid (C₅H₇NO₃), all of which could be 

responsible for its bioactivity. Quinonoid compounds, often found in beetle 

secretions (Blum et al., 1971; Gross et al., 2002; Markarian et al., 1978), are 

particularly highlighted. Methyl- and ethyl-p-benzoquinones, which are significant 

constituents of Blaps mucronata (Peschke, K, & Eisner, T., 1987), and 

hydroquinones, reported to have irritant actions in L. tristis (Peschke & Eisner, 

1987), were also present. Comparative research on Abax parallelepipedus, 

Calosoma sycophanta, and Carabus ullrichii documented aliphatic acids, 

methacrylic, tiglic, and isobutyric acids (Leić et al., 2014), whereas Tenebrionid 

beetles produced toluquinone, ethylquinone, and benzoquinone (Kanehisa, 1978), as 

well as new unsaturated and methyl ketones (Zvereva & Kozlov, 2016). Our 

previous research established important constituents in L. tristis secretions through 

GC-HRMS, such as 2,3-dimethyl-1,4-benzoquinone, polyphenols, long-chain 

hydrocarbons, fatty acids, and thiols, which also have the potential for nanoparticle 

biosynthesis (Sabira et al., 2022). 

5.1.1. Histological and Microscopic Examination of Beetle Defensive Gland 

Tissues 

Morphological analysis of the gland shows a pair of small wrinkled conical 

pouches (0.8 to 0.9 mm). These glands are located parallel to the longitudinal axis of 

the body and extend from the membrane that divides the eighth and seventh sternites 

(Abhitha et al., 2010). Lying on either side of the hindgut, they are embedded in a 

rich matrix of fat stores. Histological studies bring out the conical shape with hair-

like surface appearance of the gland pairs, as illustrated in Scanning Electron 

Microscopy (SEM) micrographs presented in Figure IV.I. 2. Microscopic and 
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histological analysis of the anatomy of the secretory lobes revealed that the two 

lobes of the gland, located dorsally, receive secretions from numerous secretory 

units. These units consist of internally positioned secretory cells, spherical in shape, 

containing tightly packed spherical secretory vesicles filled with defensive secretion. 

Each glandular system comprises several secretory lobes, resembling the tenebrio 

type of gland, featuring a pair of conical reservoirs opening into a common 

discharge area without exit ducts, as shown in Figure IV. I. 1. SEM investigations 

and histological studies of cleared specimens indicated that each lobe terminates 

blindly without any specific cuticular openings, aligning with previous research 

highlighting the behaviour of strongly disturbed beetles rupturing the gland, gently 

massaging the rear tarsus to expel the fluid. Cross-sectional analysis revealed 

dimensions of 600 μm in length and 200 μm in width for the gland. These findings 

exhibit similarities to previous studies on glandular and anatomical structures of 

certain coleopteran beetles (Di Giulio et al., 2015; Vesović et al., 2017). This study 

provides crucial insights into the morphological and histological architecture of 

beetle defensive glands, contributing to a deeper understanding of coleopteran 

defensive mechanisms. The explanation of glandular morphology and secretory 

processes has relevance for evolutionary biology, especially the beetles' adaptations 

for defense against predators. Additionally, the defense secretion described here has 

potential in biosynthetic applications, such as the green synthesis of nanoparticles 

for antimicrobial and anti-cancer applications. Future studies could investigate the 

molecular content of such secretions, their interaction with biological systems, and 

their potential in nanotechnology and medicine. Examining differences between 

various beetle species may also have a comparative framework for the evolution of 

defense strategies among Coleoptera. 

5.1.2. High-Resolution Liquid Chromatography–Mass Spectrometry (HRLC-

MS) in combination with Quadrupole Time-of-Flight (QTOF) mass 

spectrometry of beetle defense secretion. 

Our research corroborates the occurrence of different compounds mainly 

qualifying as organic acids and amino acid derivatives, with further categorization as 
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carboxylic acids and purine derivatives for some, with reported occurrences in other 

insects like Braconid wasp and some species of butterflies (Fukushima et al., 1990; 

Solazzo et al., 2015). Oleic acid, which occurs in the defense secretion of L. tristis, 

is also found in the rove beetle, Deleaster dichrous defensive secretory system 

(Dettner et al., 1985). Further, the finding of sex pheromone 7-hexadecenal in L. 

tristis defensive gland opens interesting issues about the possible involvement of 

this compound in intraspecific communication, calling for more experimental 

confirmation. The same compound is also present in the defensive extract of D. 

dichrous, which has been found as sex pheromone constituents in other insects, 

indicating shared identity in defensive gland secretions used as pheromones or their 

precursors (Pfeiffer et al., 2018). 

LC-MS-QTOF analysis at high resolution of L. tristis glandular extract 

revealed a number of major metabolites, such as D-gluconic acid, 3-dehydro-L-

gulonate, uric acid, citric acid, and 2-pyrrolidone-5-carboxylic acid (Table IV.I.1; 

Fig. IV.I.3), which are responsible for the biochemical richness and functional 

bioactivity of the secretion. D-gluconic acid, a glucose oxidation product, has been 

shown to possess antimicrobial activity (Christakopoulos et al., 2003) and a high 

electron-donating capability, allowing it to serve both as a reducing and stabilizing 

agent in the synthesis of green nanoparticles (Lim & Dolzhenko, 2021). Likewise, 3-

dehydro-L-gulonate, which participates in oxidative stress responses and 

carbohydrate metabolism, is characterized by a high redox potential, thus allowing 

for the reduction of metal ions during nanoparticle synthesis (Blinova et al., 2022; 

Pal et al., 2016). Uric acid, another dominant component, is a strong antioxidant 

(Allen et al., 2004) and reducing agent and has been effectively utilized in 

nanomaterial synthesis because of its redox-active imidazole and hydroxyl groups 

(Pawar et al., 2022). Citric acid, a key intermediate in cellular respiration, imparts 

metabolic function and serves as a reducing and capping agent in nanoparticle 

synthesis, providing electrostatic stabilization through its hydroxyl and carboxyl 

groups (Krebs & Johnson, 1980; Kumari et al., 2024). 2-pyrrolidone-5-carboxylic 

acid detection, linked with protein folding and stress responses (Yang et al., 1997), 

implies a function to ensure the stability of bioactive proteins in the secretion. Such 
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organic acids play a crucial role in nanoparticle synthesis by stabilizing metal ion 

intermediates (Dahl et al., 2007). 

The LC–MS QTOF profile of L. tristis defensive gland secretion indicated 

metabolites D-gluconic acid, 3-dehydro-L-gulonate, uric acid, citric acid, and 2-

pyrrolidone-5-carboxylic acid, all with direct relevance to nanoparticle synthesis, 

stability, and functionality. They act as both reducing agents and capping/stabilizing 

agents, which are imperative for controlled nanoparticle formation. 

5.1. 3. Biological activities of Beetle Defensive Secretions: Environmental 

hazard testing, Antibacterial and Cytotoxic Activities  

The methanolic extract of L. tristis defensive glands showed considerable 

bioactivity. Chromosomal aberrations, indicative of possible mutagenicity, were 

revealed by Allium cepa assays, consistent with earlier findings on insect-derived 

genotoxic compounds (Surender et al., 2015). Antioxidant activity was significant 

and was likely contributed by phenolic and quinonoid compounds, whose redox 

activity is well documented (Hong et al., 2005; Hwang et al., 2019; Liu et al., 2012; 

Tang et al., 2018). Quinones are said to have wide biological activities such as 

antimicrobial, antifungal, antiviral, and anticancer activities (Beheshti et al., 2012). 

The secretion also displayed antibacterial activity against S. aureus and E. 

coli, akin to observations in other arthropods like Pachyiulus hungaricus, whose 

defense secretions include benzoquinones and hydroquinones (Hoback et al., 2004; 

Stanković et al., 2016). Cytotoxicity assessed by Trypan blue exclusion assay 

demonstrated anticancer activity, similar to effects recorded in other carabid beetles 

and woodland caterpillar hunters (Crespo et al., 2011; Nenadić et al., 2016). These 

findings validate the pharmacological significance of L. tristis secretions, which 

exhibited considerable antioxidant (Fig. IV.I.5, Table IV.I.3), antimicrobial (Fig. 

IV.I.6, Table IV.I.4), and anticancer activity (Fig. IV.I.7, Table IV.I.5), together 

with a low environmental hazard profile (Table IV.I.2, Fig. IV.I.4). It is expected 

that the bioactivity is due to the secretion's distinctive chemical profile, particularly 

phenolics and quinones, suggesting intense exploration into their cellular 

mechanisms and biosynthetic pathways. 
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5.2. Biosynthesis of Nickel Nanoparticles using Beetle Defensive Gland Extract 

for Multifunctional Applications. 

In the current investigation, NiNPs (LNiNPs) were synthesized through the 

reduction of a nickel chloride solution using an extract derived from the defensive 

gland of the insect L. tristis. Following the chemical characterization through 

techniques including UV-Vis spectroscopy, Fourier-transform infrared spectroscopy 

(FTIR), Scanning electron microscopy (SEM), Transmission electron microscopy 

(TEM), and measurement of Zeta potential, their biochemical applications were 

assessed, encompassing glucose sensing, antibacterial analysis, antioxidant activity, 

antimitotic activity, and anticancer activity. The probable mechanism of the LNiNPs 

formation shows the scheme given below, 

 

Scheme 1.  Mechanistic overview of the Ni (II)-mediated oxidation of 

hydroquinone. 

Several compounds, including 2,5-dimethyl hydroquinone, 1,3-dihydroxy-2-

methyl benzene, and 2,3-dimethyl-1,4-benzoquinone, are present in the defensive 

gland secretion of L. tristis (Sabira et al., 2022). From these phenolic molecules 

most probably hydroquinone undergoes oxidation by nickel (Scheme 1). A 

mechanistic overview of the oxidation of dimethyl hydroquinone to the 

corresponding p-quinone may be advanced as depicted in Scheme 1.  As the 

conversion is observed in the presence of a Ni (II) salt, it may be assumed that the 

latter is involved in the oxidation directly. The oxidation may be initiated via ligand 

exchange on Ni by the phenol units. This may be followed by loss of H+ and the 

transfer of electrons to nickel. Dimethyl-p-quinone is generated in the process with 

concomitant reduction of nickel.  It may be noted that this is a speculative 
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mechanism at this stage as Ni (II) is not generally considered as a common oxidizing 

agent.  

5.2.1. Optical Characterization of LNiNPs Using UV-Vis Spectroscopy 

The UV-Vis spectroscopy analysis revealed a broad peak indicative of 

polydispersity in the synthesized nanoparticles, with the λmax around 200–300 nm 

(Figure IV. II. 1). This observation aligns with prior studies. The visible colour 

change of the reaction mixture from purple to reddish brown is shown in Figure IV. 

II. 1. Following microwave irradiation within 15 minutes, the first indicator of the 

formation of LNiNPs. This was followed by UV-Vis spectroscopy, LNiNPs showed 

a maximum absorption peak at the wavelength (λmax) 204 nm, which was due to the 

surface plasmon resonance phenomenon, which provides a convenient indication of 

the formation of LNiNPs. The considerable broadening of the UV-Visible peak 

revealed that the particles are extremely polydispersed, and this clearly 

demonstrated the interaction between the metal nickel and the biomolecules present 

in the gland extract. Helen and Rani synthesized NiNPs in a similar manner using an 

aqueous nickel sulphate solution and an elephant yam root tuber extract as a capping 

and reducing agent. The colour of the solution shifted from blue to yellow as NiNP 

developed, with a UV absorption at 207 nm (Helen & Rani, 2015). The λmax is 

consistent with other previous research, similar peaks within the range of 200-300 

were obtained  for NiNP synthesized from the plants Camellia sinensis and Piper 

longum (Chandra et al., 2014  ; Bibi et al., 2017 ; Jamila et al., 2020) 

5.2.2. FTIR Spectroscopy of LNiNPs: Unraveling Structural Signatures 

FTIR analysis established the involvement of phenolic and carboxylic groups 

in LNiNPs reduction and stabilization (Table IV. II.  1; Fig. IV. II. 2). O–H and C=O 

stretching characteristic peaks provided evidence of interaction between nickel ions 

and functional groups of the bioorganic matrix. Phenolics identified, such as 

hydroquinone and 2,5-dimethyl hydroquinone, were most probably reducing agents, 

whereas carboxylic acids like citric and uric acid stabilized the nanoparticles via 

coordination bonding. These observations are consistent with earlier reports of 

hydrogen bonding and electrostatic forces in the green synthesis of nanoparticles 
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using plants (Chandra et al., 2014; Patra & Baek, 2014; Shankar & Rhim, 2015; 

Tomar et al., 2015). The spectral profile was almost identical to the previously 

reported plant-mediated LNiNPs (Yuan et al., 2022), indicating the role of 

bioorganic compounds in L. tristis nanoparticle formation. 

5.2.3. Characterization of LNiNPs via SEM, TEM, and Zeta Potential Analysis 

The current study revealed that the biosynthesis of LNiNPs using the 

defensive gland secretion of L. tristis produces diverse nanoparticle shapes, 

including spherical, irregular polygonal, and cylindrical forms (Figure IV. II. 3), 

consistent with prior reports (Duan & Li, 2004; Rajakumar et al., 2013; Bibi et al., 

2017). These morphological variations can be attributed to magnetic interactions and 

polymer adhesion between particles, as previously documented. Notably, our 

findings align with earlier studies indicating size-controlled LNiNPs ranging from 3 

to 11 nm (Hou et al., 2005). The produced LNiNPs displayed remarkable stability, 

supported by zeta potential measurements (Figure IV. II. 4), which are known to 

influence nanoparticle interactions with biological membranes (Elango et al., 2016; 

Honary & Zahir, 2013; Liao et al., 2009; V. Sharma et al., 2017). Higher surface 

charges enhance nanoparticle adhesion to cell membranes, enabling uptake through 

mechanisms such as phagocytosis, endocytosis, and pinocytosis (Honary & Zahir, 

2013). The negative zeta potential of LNiNPs synthesized using the defensive 

secretion of L. tristis arises from the adsorption of negatively charged functional 

groups and molecules onto the nanoparticle surface, driven by the diverse chemical 

profile of the secretion. Substances like D-Gluconic acid (C₆H₁₂O₇) and 3-Dehydro-

L-gulonate (C₆H₁₀O₇), with their carboxy and hydroxyl groups, help in this way by 

donating protons in biological conditions, with remaining negatively charged 

carboxy groups stabilizing the nanoparticle surface (Pal et al., 2016). Uric acid 

(C₅H₄N₄O₃), a weak acid, increases the charge by losing protons from its oxygen- 

and nitrogen-containing groups, especially in its keto-enol form (Yadav et al., 

2024). Likewise, citric acid (C₆H₈O₇), which is a good chelating agent with three 

carboxy groups, gets deprotonated in aqueous solutions and provides strong negative 

charges while adhering strongly to the metal surface, stabilizing the nanoparticles 
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even more (Kumari et al., 2024). Also, 2-Pyrrolidone-5-carboxylic acid (C₅H₇NO₃) 

provides the negative charge through its carboxylic group, particularly in neutral or 

basic pH conditions. Phenolic and quinonoid compounds like 2,5-dimethyl 

hydroquinone, 1,3-dihydroxy-2-methylbenzene, and 2,3-dimethyl-1,4-benzoquinone 

bind to the nanoparticle surface through hydroxyl or carbonyl functional groups. 

Proton loss from phenolic and charge-transfer with quinonoid compounds leaves 

other negative charges on the surface (Ghodake et al., 2010). Together, these 

compounds provide a high concentration of negatively charged functional groups on 

the surface of the nanoparticle, conferring a high negative zeta potential and 

promoting colloidal stability by avoiding particle agglomeration by electrostatic 

repulsion. Current investigation highlights the crucial contribution of the 

biochemical content of L. tristis gland secretions in biosynthesizing biologically 

active and stable LNiNPs, providing a promising green nanosynthesis method for 

nanomaterials with improved functional characteristics. 

5.2.4. Antibacterial, Antioxidant, and Electrochemical Properties of LNiNPs 

Antimicrobial activity of biosynthesized LNiNPs is explained by nickel ion 

release, membrane disruption, and generation of reactive oxygen species (ROS), in 

accordance with earlier research on green-synthesized NiNPs (Adwin Jose et al., 

2018; Jeyaraj Pandian et al., 2016; Zarenezhad et al., 2022; Gomaji Chaudhary et 

al., 2015; Helen & Rani, 2015). Functional metabolites like D-gluconic acid and 3-

dehydro-L-gulonate in L. tristis secretions contribute to nanoparticle stability and 

improve antibacterial effects by redox activity. Since LNiNPs showed no activity 

against E. coli, which was used only as a general Gram-negative model, K.  

pneumoniae, a clinically significant multidrug-resistant pathogen, was chosen for 

antibacterial screening to assess the therapeutic relevance of the nanoparticles. 

Antioxidant activity was established through concentration-dependent DPPH 

scavenging of radicals due to uric acid and citric acid, which stabilize the particles 

and inhibit aggregation (Jeyaraj Pandian et al., 2016). The molecules reduce damage 

due to ROS, enhancing the antioxidative role of LNiNPs. In electrochemical glucose 

sensing, capping molecules from L. tristis that contain redox-active groups promote 
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signal transduction and sensor stability. 2-pyrrolidone-5-carboxylic acid and 

benzoquinone derivatives facilitate dispersion and electron transfer efficiency 

(Mislovirová et al., 2007) for sensitive detection of glucose. This supports the need 

for accurate glucose monitoring of diabetic complications (Coster et al., 2000; 

Steiner et al., 2011). 

The multifunctionality of LNiNPs across antibacterial, antioxidant, and 

electrochemical applications is prompted by their distinct biogenic surface chemistry 

(Figure IV. II. 5, IV. II. 6 & IV. II.7). Novelty, compared to earlier studies (Adwin 

Jose et al., 2018; Jeyaraj Pandian et al., 2016), is in the employment of L. tristis 

secretions, which provide increased activity and stability. Subsequent investigations 

should confirm such effects in vivo, examine prolonged cytotoxicity, and evaluate 

sensor operation within complicated biological media. Additionally, batch 

homogeneity and synthesis scale-up continue as key hurdles towards translational 

utilization. 

5.2.5. Ecological and Anticancer Assessment of LNiNPs 

Biosynthesized LNiNPs caused slight chromosomal aberrations in Allium 

cepa root meristems through ROS generation due to surface adhesion and 

intracellular penetration. These redox disturbances resulted in genotoxic and mito-

depressive effects (Ajaykumar et al., 2023; De et al., 2016; Liman et al., 2022; 

Wang et al., 2013). But the toxicity registered was notably smaller compared to 

chemically produced metal nanoparticles, implying their environmentally safer 

nature (Figure IV.II.8). Their intrinsic phytotoxicity can also allow their employment 

in agricultural biocontrol, e.g., tumour and gall inhibition. 

The augmented bioactivity of LNiNPs is strongly related to the 

phytochemical capping agents obtained from the secretions of L. tristis. Chemicals 

like D-gluconic acid and 3-dehydro-L-gulonate stabilize and reduce nickel ions, 

while uric acid and citric acid have antioxidant and chelating capacities, ensuring 

particle stability as well as ROS neutralization. 2-pyrrolidone-5-carboxylic acid 

stabilizes dispersion and colloidal integrity. Phenolic and quinonoid derivatives 

(e.g., 2,5-dimethylhydroquinone, 1,3-dihydroxy-2-methylbenzene, 2,3-dimethyl-1,4-
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benzoquinone) are redox-active, which is essential for minimizing oxidative stress 

and possibly antitumor activity. 

DLA cell using cytotoxicity assays showed dose-dependent anticancer action of 

LNiNPs (Figure IV. II. 9; Table IV. II. 4) due to ROS scavenging and redox-

mediated action by the capping agents (Barnes et al., 2010; Guo et al., 2009). This is 

consistent with earlier reports confirming antitumor efficacy of NiNPs 

(Rameshthangam & Chitra, 2018), but uniquely highlighting the facilitating role of 

biogenic ligands in enhancing therapeutic action. This research highlights the dual 

biomedical and environmental potential of green-synthesized LNiNPs. They have 

better biocompatibility compared to standard metal NPs, lower ecological footprint, 

and promising anticancer properties, especially owing to their functional surface 

chemistry. Although with encouraging results, existing findings are mostly in vitro-

based, thus constraining immediate translational significance. Long-term 

toxicological profiles and in vivo validations are essential next steps. Also, other 

challenges including scalability of process, reproducibility, and stability between 

batches need to be overcome for industrial or clinical deployment to become 

possible. Unlike previous research (e.g., Adwin Jose et al., 2018; Jeyaraj Pandian et 

al., 2016), this study specifically emphasizes the multifunctional improvement 

imparted by L. tristis-derived phytochemicals. Future studies need to investigate 

more extensive biomedical uses, such as wound healing and targeted delivery, while 

determining mechanistic understanding and safety profiles in vivo. 

5.2.6. Investigating the Antiangiogenic Potential of LNiNPs via the CAM Assay 

The results of this study demonstrate a clear inhibitory effect of LNiNPs on 

angiogenesis in 48-hour chick embryos, as shown by the marked differences 

between the control (PBS-treated) and experimental groups (Figure IV. II. 10). In 

the control group, normal angiogenesis was observed, with a gradual increase in 

vessel area, junctions, and length, peaking around 7–8 hours, which aligns with 

typical embryonic blood vessel development. However, embryos treated with 2 µg 

of LNiNPs exhibited a distinct pattern of reduced angiogenic activity. While there 

was an initial increase in vessel area, junctions, and length, all parameters began to 
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decline sharply after 4 hours. This decline became more pronounced between 6 to 8 

hours, ultimately leading to the degeneration and death of blood vessels by the 8-

hour mark. 

The antiangiogenic activity of LNiNPs was demonstrated in the CAM assay 

on 48-hour chick embryos, highlighting their potential as inhibitors of 

neovascularization. The antiangiogenic potency of LNiNPs is largely due to the 

biofunctional surface imparted by the capping agents of L. tristis. D-Gluconic acid 

(C₆H₁₂O₇) and 3-Dehydro-L-gulonate (C₆H₁₀O₇) are involved in nanoparticle 

reduction and colloidal stability but also lead to ROS induction that interrupts 

endothelial proliferation and migration (Santos et al., 2022). Uric acid (C₅H₄N₄O₃) 

regulates the level of ROS, preventing overoxidation via excessive oxidative stress. 

Citric acid (C₆H₈O₇) stabilizes the nanoparticles and inhibits matrix 

metalloproteinase activity important for angiogenesis. 2-Pyrrolidone-5-carboxylic 

acid (C₅H₇NO₃) improves the nanoparticle's dispersibility and compatibility with the 

angiogenic environment. Phenolic and quinonoid compounds also downregulate 

VEGF-mediated signaling, which inhibits capillary formation. Together, these 

metabolites improve the LNiNPs' stability and bioactivity, enabling them to be used 

as antiangiogenic agents in neovascular ocular diseases and cancer (Santos et al., 

2021). The very significant reduction in vessel junctions, which are responsible for 

the construction of vascular networks, along with the reduction in vessel length, 

indicates that LNiNPs disrupt the formation as well as maintenance of the vascular 

structure. The drastic reduction in vessel area provides strong support in favor of the 

argument that LNiNPs not only inhibit the formation of new vessels but also induce 

regression of established vessels (Figure IV. II.11). The above findings indicate that 

LNiNPs may be an extremely potent anti-angiogenic agent and therefore leave a few 

questions regarding their potential cytotoxic effect on other biological systems and 

suggest the necessity to investigate their modes of action. 

 When compared with previous studies showing anti-angiogenic role of 

metal nanoparticles, such as those by Baharara et al., (2014), which also highlight 

the anti-angiogenic effects of metal nanoparticles, the results of this study reinforce 
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the promising potential of nanoparticles for inhibiting angiogenesis (Baharara et al., 

2014; Gurunathan et al., 2009; Zarharan et al., 2023).  

5.3. Bio-synthesis of Copper Oxide Nanoparticles Using Beetle Defensive 

Gland Extract: Exploring Diverse Applications 

Utilizing extracts from plants, fungi, algae, or bacteria, copper oxide 

nanoparticles (CuONPs) are biosynthesized under careful control of variables such 

as temperature, pH, and precursor concentration. These parameters play a substantial 

role in determining the nature of copper particles generated during the eco-friendly 

synthesis process (Chakraborty et al., 2022; Letchumanan et al., 2021). During the 

present process, biomolecules present in the defensive gland extract of the insect L. 

tristis, especially hydroquinones, reduce Cu2+ ions to the Cu0 state while 

simultaneously oxidizing them to form copper oxide nanoparticles. Specific 

biomolecules within the sample extract act as an agent for capping and contribute 

towards the stabilisation of the resulting nanoparticles. 

5.3.1. Optical Confirmation by UV- Vis spectroscopic analysis of LCuONPs 

Production of LCuONPs was first confirmed visually by means of UV-

visible spectroscopy, exhibited a prominent absorption peak at a λmax of 218 nm, 

attributed to the surface plasmon resonance phenomenon (Figure IV. III. 1). The 

noteworthy broadening of the peak indicated a high degree of polydispersity among 

the particles, highlighting the evident interaction between the metallic copper and 

the biomolecules inherent to the gland extract. Researchers who have successfully 

biosynthesized cost-effective and more stable copper oxide nanoparticles from the 

leaves of Ormocarpum cochinchinense  have verified the surface plasmon 

resonances of these NPs by noting peak absorbance at 200 nm (Gnanavel et al., 

2017).   

5.3.2. FTIR Spectroscopy analysis of LCuONPs 

FTIR investigation affirmed that phenolic compounds assume a crucial part 

in stabilizing LCuONPs and exhibit enhanced affinity for interaction with them 

(Figure IV. III. 2). Prior studies have hypothesised that specific bioactive 
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constituents, including polyphenols, enzymes, and reducing sugars present in 

defensive gland extracts, might support the bio-reduction copper oxide nanoparticles 

from copper ions, in addition to the stabilization and encapsulation of metallic ions. 

Present work recorded the following peaks at 2361(C-H stretch), 1829 (Carbonyl 

groups), 1324 (O-H in-plane bend), 902 (C-H stretch), 827(C-H stretch), 764 

(aromatic out of plane ring bends) and 587 (C-H) bend. According to research  by 

Sharma  and coworkers, the development of CuO nanoparticles is indicated by the 

presence of discrete infrared absorption bands in the 400–600 cm−1 range (Sharma et 

al., 2015). The use of polyphenols in green synthesis adheres to environmentally 

friendly practices by avoiding harmful chemicals and producing nanoparticles with 

remarkable catalytic and antimicrobial properties (Sadani et al., 2021). 

5.3.3.  Ultrastructural Characterization of LCuONPs by Scanning and  

Transmission Electron Microscopy 

Uniform dispersion and crystalline nature of the biosynthesized LCuONPs 

were identified through Scanning electron microscopy (SEM) and transmission 

electron microscopy (TEM) images in Figure IV. III.  3 (A, B, C).  The analysis 

indicated that the nanoparticles possessed an average diameter of approximately 15 

nm. These are consistent with previous research in the field (Ahamed et al., 2014; 

Nasrollahzadeh et al., 2015). CuONPs from Sterculia urens Roxb. and Aloe 

barbadensis have a size consistent with our study (Gunalan et al., 2012; Padil & 

Černík, 2013). 

5.3.4. ZETA potential stability analysis of LCuONPs 

The LCuONPs we prepared showed excellent stability, consistent with 

previous research in the context of zeta potential (Figure IV. III. 4). The negative 

reading of zeta potential further confirms the stability, enabling uptake through 

electrostatic attraction between the cationic nanoparticles and the cationic 

membrane. The high absolute value of zeta potential confirms high repulsion among 

the particles and hence effectively prevents their aggregation (Lin et al., 2008; 

Sankar et al., 2013). 
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5.3.5. Electrochemical Hydrogen peroxide detection of LCuONPs by 

Differential Pulse Voltammetry 

Hydrogen peroxide (H2O2) is a common intermediate in the majority of 

biological processes and a significant parameter for monitoring these bioprocesses; 

therefore, it has attracted more attention in the determination of H2O2 (Karyakin et 

al., 2000; Ping et al., 2010). It has previously been established that electrochemical 

methods are effective and cost-effective in the determination of H2O2 (Ricci & 

Palleschi, 2005). The interaction between the molecules of hydrogen peroxide and 

surface-functionalized LCuONPs may lead to alterations of electrical conductivity 

or redox processes, which can be detected and related to hydrogen peroxide 

concentration. A hydrogen peroxide sensor that is based on a polyalizarin 

nanocomposite and LCuONPs, using differential pulse voltammetry (DPV), has an 

LOD of 0.03 μM (Amini et al., 2021). An electrochemical sensor for the 

determination of hydrogen peroxide based on copper-doped copper oxide 

nanoparticles has been developed, with a detection limit of 0.23 μM (Haiyan Song, 

2015). It should be appreciated that biosynthesized copper oxide nanoparticles could 

be more biocompatible than their chemically synthesized counterparts, and 

therefore, they have attracted a lot of interest due to their ability to enhance the 

sensitivity and specificity of hydrogen peroxide sensors. The present work is 

consistent with previous work, therefore contributing to the body of evidence in this 

research area. While this study demonstrates the potential of biosynthesized copper 

oxide nanoparticles (LCuONPs) in hydrogen peroxide detection, several limitations 

must be acknowledged (Figure IV. III. 5 (A, B). First, the stability and 

reproducibility of the sensor in diverse environmental conditions remain unexplored, 

which may impact its practical applicability. Second, the biocompatibility and 

environmental impact of LCuONPs, although promising, require further evaluation 

in real biological systems. Third, the specificity of the sensor toward hydrogen 

peroxide in the presence of other reactive oxygen species (ROS) or interfering 

agents was not fully addressed, which could affect its performance in complex 

matrices. Future studies should focus on optimizing the synthesis process to achieve 

greater consistency in nanoparticle properties and on integrating these sensors into 
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portable or wearable devices for real-time applications. Moreover, exploring the use 

of LCuONPs in tandem with other nanomaterials could potentially enhance their 

sensitivity and broaden their applicability in biosensing, particularly in medical 

diagnostics, environmental monitoring, and industrial processes. 

5.3.6. Antibacterial Activity of LCuONPs 

Biosynthesized LCuONPs were found to have dose-dependent antibacterial 

activity with increased inhibition zones at increased concentrations (Figure IV.III.6; 

Table IV.III.1). This can be credited to their nanoscale size, high surface area, and 

ROS production that harms bacterial membranes and causes cytotoxicity. Of 

interest, S. aureus was found to be more sensitive compared to K. pneumoniae, in 

accordance with earlier observations (Applerot et al., 2012). 

Capping agents from L. tristis, i.e., D-Gluconic acid and 3-Dehydro-L-

gulonate, were used as bioreductants during synthesis. Uric and citric acids 

increased antimicrobial activity through enhanced membrane interaction and 

nanoparticle stabilization. Additionally, 2-Pyrrolidone-5-carboxylic acid enabled 

dispersion, increasing bactericidal action against pathogens like P. aeruginosa, E. 

coli, and C. difficile. These findings are consistent with earlier research on CuONPs 

synthesized using plant extracts (Naika et al., 2015; Sutradhar et al., 2014). 

5.3.7. Antioxidant Activity by DPPH Assay 

The antioxidant activity of LCuONPs, determined by DPPH radical 

scavenging, followed concentration dependence (Figure IV. III. 7). Metabolites in L. 

tristis secretions, D-Gluconic acid, 3-Dehydro-L-gulonate, and Citric acid, bought 

electrons to scavenge DPPH radicals, indicated by decreased absorbance at 515 nm. 

These results are consistent with earlier reports on CuONPs from Spinacia 

oleracea, S. alternifolium, and T. terrestris (Palani et al., 2024; Thandapani et al., 

2023; Yugandhar et al., 2017). Similar IC₅₀ values were found with extracts from 

Galeopsidis herba (4.12 µg/mL) and M. domestica leaves (24.73 µg/mL) 

(Dobrucka, 2018; Jadhav et al., 2018), indicating the redox-active character of L. 

tristis metabolites. 
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5.3.8. Environmental Toxicity Assessed via Allium cepa Bioassay 

LCuONPs genotoxicity was evaluated using the A. cepa assay. Defensive 

gland metabolites such as hydroquinones and carboxylic acids played a role as 

stabilizers and reductants, altering nanoparticle bioactivity. Results indicated 

concentration-dependent reduction in mitotic index (MI) to a minimum of 3.54% at 

500 µg/mL and corresponding increase in chromosomal abnormalities (Figure IV. 

III. 8; Table IV. III. 2). ROS produced by nanoparticle interaction with root tissues 

most likely perturbed redox balance, as reported by Nagaonkar et al., (2015) and 

Ahmed et al., (2018). Abnormalities seen chromosomal bridges, stickiness, and 

laggards verified LCuONPs' genotoxicity, possibly through DNA interaction and 

oxidative stress (Nagaonkar et al., 2015 ;  Ahmed et al., 2018) .    

5.3.9. Anticancer Activity of LCuONPs 

LCuONPs prepared from the secretions of L. tristis were tested for 

cytotoxicity against Dalton's lymphoma ascites (DLA) cells (Figure IV. III. 9; Table 

IV. III. 3). Redox-modulating bioactive metabolites (e.g., 2,5-dimethyl 

hydroquinone, D-Gluconic acid, uric acid) augmented ROS production, causing 

selective cancer cell apoptosis without affecting normal cells. These findings are in 

agreement with Pramanik et al., (2018) and Maliki et al., (2022), validating 

CuONPs' anti-oxidative stress role in the induction of cancer cell death. 

Optimization of selectivity and minimizing toxicity should be further developed 

(Pramanik et al., 2018; Maliki et al., 2022). 

5.3.10. Antiangiogenic Activity in CAM Assay 

LCuONPs had great inhibition against angiogenesis in chick chorioallantoic 

membrane (CAM) models, which is reflected in decreased vessel length, junctions, 

and area upon 48 h exposure (Figure IV. III.10 – 11). This is due to disruption of 

endothelial proliferation and migration, possibly through VEGF downregulation and 

oxidative stress. These results are consistent with previous research showing copper 

nanoparticles' antiangiogenic properties in zebrafish and mammalian models (Chang 

et al., 2015; Kamble et al., 2016; Raj Preeth et al., 2019; Song et al., 2014; Saeed et 
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al., 2019). Limitations, however, are the lack of mechanistic specificity (e.g., 

VEGF/ROS pathways) and the simplicity of embryonic models. In addition, 

cytotoxicity against non-target tissues is yet to be investigated. 

5.4. Harnessing Luprops tristis defensive secretion for Gold Nanoparticle  

Synthesis and Its Biological Uses 

In this study, gold nanoparticles (referred to as LAuNPs) were synthesized 

by reducing a solution of auric chloride (AuCl4) using an extract derived from the 

defensive gland of the insect L. tristis. Subsequently, the synthesized nanoparticles 

underwent thorough chemical characterization utilizing techniques such as UV-Vis 

spectroscopy, FTIR, SEM, TEM, and Zeta potential analysis. Following this 

characterization, the investigation proceeded to explore the electrochemical and 

biological functionalities of these nanoparticles. This included assessing their 

capabilities in glucose sensing, antibacterial activity, antioxidant properties, 

antimitotic effects, and anticancer potential. 

5.4.1. UV-Vis Spectroscopic Profiling of LAuNPs  

The surface plasmon resonance phenomenon was the cause of the LAuNPs' 

apparent absorption peak at 563 nm (Figure IV. IV. 1). This occurrence serves as a 

trustworthy predictor of LAuNPs synthesis. By demonstrating a large level of 

polydispersity among the particles, the peak's notable broadening emphasized the 

apparent interaction between the biomolecules in the gland extract and the metallic 

gold (Philip, 2008). The UV-Vis spectra of gold nanoparticles showed a clear 

surface plasmon band centered at 563 nm. This band occurs because noble metal 

gold, strongly absorb light in the visible region, typically peaking between 500 and 

600 nm, due to the surface plasmon resonance (SPR) phenomenon. SPR happens 

when the free conduction electrons in metallic nanoparticles oscillate collectively in 

response to an electromagnetic field (Noruzi et al., 2011). Likewise, gold 

nanoparticles synthesized from sugar beetroot pulp and Stoechospermum 

marginatum (kützing) exhibited a UV-Vis absorption peak at 560 nm (Arockiya 

Aarthi Rajathi et al., 2012; Castro et al., 2010). 
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5.4.2. FTIR Fingerprint Analysis of LAuNPs: Decoding Functional Groups and 

Surface Chemistry 

FTIR analysis confirmed the significant role of phenolic compounds in 

stabilising LAuNPs and their likelihood of interaction with them (Figure IV. IV. 2), 

consistent with previous research suggesting the involvement of bioactive 

components like polyphenols, enzymes, and reducing sugars in the bioreduction and 

stabilisation of metallic ions. Huang et al., (2007) highlighted the detection of strong 

absorption bands in the 1,000–1,800 cm-1 range, revealing the functional role of 

these chemicals (Huang et al., 2007). Moreover, functional groups like N-H and O-

H were observed between 3,200 and 3,500 cm-1. For instance, absorption bands 

corresponding to C=C, C=O, C–N, C–O, and O–H were identified respectively, in 

the IR spectrum of Mangifera indica-mediated gold nanoparticles (Philip, 2010). 

5.4.3. Structural Characterization of LAuNPs: SEM and TEM Imaging for 

Nano-Morphology Assessment  

Scanning electron microscopy was employed to examine the morphology of 

the nanoparticles. These techniques, including scanning electron microscopy (SEM) 

and transmission electron microscopy (TEM), are used to characterize the structure 

and morphology of the synthesized nanoparticles (Figure IV. IV. 3). TEM provides 

superior resolution and magnification compared to SEM. Hence, when analysing the 

shape and size of NPs, TEM is preferred. Additionally, TEM, through the selected 

area electron diffraction (SAED) method, enables the distinction between crystalline 

and amorphous entities, offering another advantage over SEM (Kasthuri et al., 

2009). The SEM and TEM analyzes revealed that LAuNPs synthesized using the 

extract from L. tristis exhibited dense, predominantly spherical structures with a 

rough surface texture, showing a uniform dispersion at approximately 17 nm in size. 

These NPs tended to aggregate into larger clusters. The synthesis of LAuNPs from 

L. tristis was attributed to the presence of hydrogen bonds and electrostatic 

interactions between bio-organic molecules. The spherical structure of LAuNPs was 

confirmed by previous findings using Macrotyloma uniflorum, Chenopodium album 
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and persimmon leaf extract (Aromal et al., 2012; Dwivedi & Gopal, 2010; Reddy et 

al., 2013; Song & Kim, 2008). 

5.4.4. Zeta Potential Evaluation of LAuNPs: Unraveling Surface Charge and 

Stability 

The results indicated notable stability, with a Zeta Potential of -21.4 mV 

observed for the LAuNPs (Figure. V. IV. 4). The LAuNPs synthesized in this study 

demonstrated excellent stability, consistent with previous research findings on zeta 

potential. Our study confirms that gold nanoparticles have a negative surface charge, 

influenced by solution pH (Dubey et al., 2010) as per the zeta potential difference 

between the stationary fluid layer and the dispersion medium (Delgado et al., 2007). 

5.4.5. Electrochemical Performance of LAuNPs through Differential Pulse 

Voltammetry 

Electrochemical glucose sensing by biosynthesized LAuNPs was tested 

through Differential Pulse Voltammetry (DPV), where a linear response between 

current and glucose content was achieved with a detection limit (LOD) of 7 mM 

(Figure IV.IV.5). The surface functional chemistry of LAuNPs allows redox 

interactions with glucose, changing conductivity and allowing quantification. In 

comparison to chemically synthesized counterparts, biosynthesized LAuNPs present 

improved biocompatibility and promise for higher sensor specificity. This is in 

concordance with previous works, wherein enzyme-free sensors comprised of gold 

alloy nanoparticles on activated carbon had a LOD of 0.41 μM (Arikan et al., 2022), 

and bi-element CuO-Au nanoparticle sensors quantified methylglyoxal at 2.35 nM 

(Rajpurohit et al., 2019). Yuan et al., (2010) also recorded 0.1 nM LOD with 

AuNPs-decorated graphene, while Sehit et al., (2020) constructed a molecularly 

imprinted AuNP-based sensor with 1.25 nM LOD and 95% stability for 40 days 

(Yuan et al., 2010; Sehit et al., 2020). These results place biosynthesized LAuNPs as 

viable contenders for incorporation into future-generation, nonenzymatic glucose 

sensing platforms. 
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5.4.6. Antibacterial Potency of LAuNPs: Investigating Inhibitory Effects 

Against Pathogenic Strains 

The research employed a disc diffusion experiment to evaluate the 

bactericidal activity of LAuNPs against Staphylococcus aureus and Klebsiella 

pneumoniae. The zone of inhibition (ZOI) was concentration-dependent, with 

diameters ranging from 7 mm to 13 mm at 5µg of LAuNPs. A continuous increase 

in the diameter of the inhibitory zone with a rise in the concentration of LAuNPs, as 

observed in Figure IV. IV. 6 & Table IV. IV. 1. A rise in LAuNPs concentration 

leads to a better antimicrobial effect, particularly against K. pneumoniae and S. 

aureus. The antibacterial activity of LAuNPs is dose-dependent. Earlier research 

findings highlight the bactericidal action of AuNPs. Similarly, Ahmed and 

colleagues investigated the impact of gold nanoparticle conjugation with 

chlorhexidine (Au–CHX) on K. pneumoniae isolates (Ahmed et al., 2016). Bacillus 

subtilis, S. aureus, K. pneumonia and E. coli are some of the enteric bacterial human 

pathogens that Shahzadi Shamaila investigated the bactericidal action of gold 

nanoparticles (Shamaila et al., 2016). In a recent work by Saima Hameed et al., the 

antibacterial activity of AuNPs was reported to be shape-dependent. The study 

tested the impact of nanospheres (AuNSps), nanostars (AuNSts), and nanocubes 

(AuNCs) at reduced concentrations against various bacteria (Hameed et al., 2020).  

5.4.6. Antioxidant Capacity of LAuNPs: DPPH Assay for Radical Scavenging  

   Activity 

DPPH test examines antioxidant potential based on the determination of 

nanoparticles' free radical-scavenging ability. Here, LAuNPs of different 

concentrations were tested with DPPH, ascorbic acid, and distilled water. UV 

spectroscopy indicated maximum DPPH free radical absorption to be at 517 nm. 

The EC50 value was found to be 39 μg/mL. Interestingly, antioxidant activity 

qualitatively perceived by the color of the DPPH solution shifted from dark violet to 

pale-yellow colour. UV spectroscopic examination confirms LAuNPs enhanced 

antioxidant activity at higher doses (Figure. IV. IV. 7).  
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These findings align well with previous studies on the green synthesis of 

gold nanoparticles (AuNPs) using plant-derived biomolecules. Shabestarian et al., 

(2016) reported the successful synthesis of AuNPs via a rapid, environmentally 

benign method employing aqueous sumac extract, which functioned both as a 

reducing and capping agent. Their study also demonstrated a dose-dependent 

antioxidant activity of the biosynthesized AuNPs in vitro (Shabestarian et al., 2016). 

Similarly, Milanezi et al., (2019) synthesized quercetin-capped gold nanoparticles 

(AuNPs-Qct) and confirmed their potent antioxidant potential (Milanezi et al., 

2019). Furthermore, Rajan et al., (2015) evaluated the free radical scavenging ability 

of phytosynthesized AuNPs using the DPPH assay, revealing a significant 

antioxidant response (Rajan et al., 2015). Collectively, these studies support the 

antioxidant efficacy of bio-inspired AuNPs and highlight the potential of 

phytochemicals as dual-functioning agents in green nanoparticle synthesis. 

5. 4. 7. Ecotoxicological Assessment of LAuNPs' Environmental Impact 

LAuNPs had dose-dependent genotoxic effects in Allium cepa as manifested 

by decreased mitotic index and increased chromosomal aberrations like stickiness, 

clumping, and breakages with maximum abnormalities at 500 μg/mL (Figure 

IV.IV.8; Table IV.IV.3). These results show that although LAuNPs interact with 

root tissues and cause mito-depressive effects, the resulting toxicity is still within 

acceptable phytotoxicity limits at smaller concentrations. The findings agree with 

earlier research indicating that gold nanoparticles, including vanillin-capped ones, 

cause significant cytogenetic alterations in A. cepa root meristem cells (Debnath et 

al., 2018; Arya et al., 2022). Genotoxic effects mirror the capability of particles to 

access plant tissues and interfere with chromosomal integrity. The research supports 

emerging evidence that biosynthesized AuNPs can affect plant genome stability, 

making them pertinent to environmental toxicology. 

5.4.2 Anticancer Activity of LAuNPs 

LAuNPs exhibited dose-dependent cytotoxicity against DLA cells (Figure 

IV. IV. 9; Table IV. IV. 4), corroborating earlier research on biosynthesized AuNPs 

having tremendous anticancer efficacy. The mounting cell death across time 
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indicates generation of ROS and interference with intracellular redox homeostasis as 

possible modes of action. Considering the imperative role of antioxidants in 

regulating oxidative stress and eliminating carcinogenesis, the capping agents of L. 

tristis are perhaps synergistically helping to achieve the same. Similar efficacy has 

been reported by comparative studies. Munawer et al., (2020) indicated high 

cytotoxicity of biologically prepared AuNPs. Rajeshkumar (2016) established the 

efficacy of AuNPs prepared with Enterococcus sp. against HepG2 and A549 cancer 

cells, whereas Khalaf et al., (2021) revealed superior anticancer activity of 

chemically prepared AuNPs with various stabilizers against hepatic cancer cells 

(Munawer et al., 2020; Rajeshkumar, 2016; Khalaf et al., 2021). 

These results support the promise of LAuNPs as environmentally friendly 

and biologically active anticancer drugs. Mechanistic validation, in vivo efficacy, 

and biosafety profiling should be pursued in further studies to enable clinical 

translation. 

5.5. Biosynthesis of zinc oxide nanoparticles from Luprops tristis and their 

diverse applications 

The synthesis of zinc oxide nanoparticles (ZnONPs) employs biological 

entities such as bacteria, fungi, plants, or their extracts to reduce and stabilize zinc 

ions (Zn2+) from precursor solutions, resulting in the generation of nanoparticles. 

The green process provides a number of benefits over conventional chemical 

methods such as decreased toxicity, cost savings, and sustainability. The synthesis 

begins with the synthesis of a precursor solution made of zinc salts, which is mixed 

with a biological agent like the defense secretion of L. tristis. The biological agent is 

a reducing and capping mediator. The biological agents have a range of 

biomolecules such as enzymes, proteins, phenolic compounds, or polysaccharides 

that are used as reducing and stabilizing agents. These biomolecules play a role in 

interacting with zinc ions, initiating nucleation and subsequent formation of 

ZnONPs. Biosynthesis of ZnONPs can be studied by different methodologies, for 

example, UV-Vis spectroscopy, FTIR, SEM, TEM, and XRD. This green and 

sustainable method has the potential to be used in biomedicine applications as well 
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as in environmental remediation. Present research aimed at the utilization of 

defensive secretion of L. tristis for syntheses of LZnONPs. 

5.5.1. UV–Vis Spectral Characterization of LZnONPs 

Visible color change from reddish brown to purple indicated microwave-

assisted synthesis of LZnONPs. UV–Vis spectroscopy validated nanoparticle 

formation by exhibiting a characteristic peak at 378 nm that is correlated with Zn 

biomolecule interactions of L. tristis gland extract (Figure IV.V.1). This peak, 

indicating high polydispersity, is consistent with earlier reports with Ixora coccinea 

(Yedurkar et al., 2016), Cuminum cyminum (Zare et al., 2017), Plectranthus 

amboinicus, and Mangifera indica (Rajeshkumar et al., 2018), which revealed 

ZnONPs peaks between 340–376 nm. 

5.5.2. FTIR Spectroscopy: Functional Groups Involved in ZnONPs Formation 

FTIR spectra (4000 – 400 cm⁻¹) indicated characteristic bands for O–H, C–

H, and N–H stretching, establishing the role of bioactive groups in nanoparticle 

synthesis (Figure IV.V. 2). Peaks associated with phenols, amines, and carboxyls 

validate their contribution to zinc ion reduction and nanoparticle stabilization, 

agreeing with earlier research (Bhuyan et al., 2015). The findings establish the 

contribution of polyphenols, enzymes, and reducing sugars to bioreduction and 

capping of Zn²⁺ ions. 

5.5.3. Morphological Analysis through SEM and TEM 

SEM indicated predominantly spherical and aggregated ZnONPs, possibly 

due to interparticle densification based on the reducing agents present in L. tristis 

extract (Figure IV. V. 3A). Particle diameters were between 5–40 nm, consistent 

with Singh et al., (2011). TEM analysis revealed spherical nanoparticles with a 

mean size of 26 ± 2 nm (Figure IV. V. 3 B, C), consistent with previous reports 

using Parthenium hysterophorus and Pichia kudriavzevii (Moghaddam et al., 2017; 

Rajiv et al., 2013; Singh et al., 2011 ; Jayaseelan et al., 2012; Pillai et al., 2020) .   
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5.5.4. Zeta Potential and Stability Evaluation 

Zeta potential analysis provided a value of −11.9 mV (Figure IV.V.4), 

establishing moderate stability of LZnONPs, in keeping with the literature (Nithya 

& Kalyanasundharam, 2019). Negative surface charge enables electrostatic 

stabilization and biological membrane interaction potential (Fatehah et al., 2014; 

Sarkar et al., 2014). 

5.5.5. Electrochemical Investigation of LZnONPs: Differential Pulse 

Voltammetry (DPV) for Sensing Applications 

The limit of detection (LOD) for glucose was determined as 15 mM, which 

confirms the sensitivity of the DPV technique in determining low levels of glucose 

(Figure IV.V. 5). The results show similarity to past research, showing a detection 

limit of 0.7 nM obtained through nanoparticles of copper-doped zinc oxide 

(Mahmoud et al., 2021). LZnONPs prepared in the context of this current research 

have potential for integration into electrochemical glucose monitoring devices. 

Interaction of glucose molecules with functionalized LZnONPs can bring about 

noticeable alterations in electrical conductivity or redox activity, which could be 

correlated to glucose concentration. Interestingly, biosynthesised LZnONPs could be 

found to be more biocompatible than chemically synthesised ones, worth significant 

attention towards their capability of enhancing the sensitivity and specificity of 

glucose sensors. The proposed sensor exhibited very good selectivity towards 

glucose among other interfering compounds (Kavitha et al., 2012). 

5.5.6. Antibacterial Activity of LZnONPs: Exploring Pathogen Inhibition 

The research explored the antibacterial activity of LZnONPs, that is, their 

effect on the growth of Gram positive and negative bacterias (S. aureus and K. 

pneumonia). The zone of inhibition (ZOI) both strains were increased with 

concentration of LZnONPs, indicating a gradual enlargement of the ZOI diameter 

according to concentrations hike. The results suggest that LZnONPs may have 

antibacterial properties (Figure IV.V. 6 & Table IV. V. 1). 
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The antibacterial effectiveness of LZnONPs has a dose-dependent 

characteristic; an increase in LZnONPs concentration leads to an enhanced 

antimicrobial impact, especially when compared to K. pneumoniae and S. aureus. 

ZnONPs shows antibacterial activity as demonstrated in earlier research works 

(Chemingui et al., 2024; Droepenu et al., 2024; Kermanshahi & Akhbari, 2024; 

Shakal et al., 2024).  The observed dose-dependent increase in the zone of inhibition 

(ZOI) emphasizes the efficacy of LZnONPs in combating microbial growth, 

aligning with existing literature on the antibacterial properties of ZnONPs. This 

work is particularly relevant given the growing concern over antibiotic resistance, 

offering a promising alternative or complementary approach to traditional 

antibiotics. Future applications could extend to the development of antibacterial 

coatings, wound dressings, and water purification systems. However, limitations 

such as the need for detailed cytotoxicity assessments, understanding long-term 

environmental implications, and scaling up the production of LZnONPs for 

industrial applications must be addressed. Further studies focusing on the 

mechanism of action and enhancing the specificity of LZnONPs are essential for 

their practical deployment in biomedical and environmental fields. 

5.5.7. Antioxidant Capacity of LZnONPs: DPPH Assay for Radical Scavenging 

Activity 

The DPPH test is widely used to assess antioxidant potential in 

nanoparticles. In this study, LZnONPs concentrations were combined with DPPH to 

create solutions, with ascorbic acid as the standard. UV spectroscopy revealed 

maximum DPPH free radical electron absorption at 517 nm. The findings 

thoroughly detail the scavenging activity that varies with concentration of 

LZnONPs. The EC50 value was found to be 26 μg/mL from the calibration curve 

(Figure IV.V. 7). Notably, the colour of the DPPH solution changed from a deep 

violet hue to a pale-yellow tint with an increase in the concentration of LZnONPs. 

LZnOPs enhanced antioxidant activity at increasing concentrations was confirmed 

by UV spectroscopic investigation, as shown in Figure IV.V.7. The current results 
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affirm the increasing evidence for the antioxidant activity of green-synthesized zinc 

oxide nanoparticles (LZnONPs), which are relevant in nanomedicine, food storage, 

and cosmetics. The free radical scavenging activity, as confirmed by UV 

spectrophotometry and EC₅₀ analysis, concurs with earlier research (Chandra et al., 

2019; García-López et al., 2018; Nagajyothi et al., 2015; Rehana et al., 2017). The 

focus on green synthesis mitigates concerns related to sustainability while providing 

a sustainable alternative to traditional routes. Potential uses involve therapeutic 

antioxidants, food packaging shelf-life extension, and inclusion in dermatological 

products. Still, there are issues of long-term stability, biocompatibility, and 

cytotoxicity associated with LZnONPs, which need to be explored more in vivo for 

translational feasibility. 

5.5.8. Environmental Impact of LZnONPs: Comprehensive Toxicity Testing  

           for Ecosystem Safety 

By using biosynthesized LZnONPs in chromosomal aberration tests, it was 

possible to demonstrate conclusively that phytotoxicity can induce chromosomal 

aberrations. Conspicuous data showing a dose-dependent modification in the 

development of root cells after being exposed to various concentrations of 

LZnONPs ranging from 100 μg/mL to 500 μg/mL, supported this observation (Table 

IV. V. 2 & Figure IV.V. 8). Chromosomal abnormalities including chromosome 

bridges, vagrant chromosomes, and lag chromosomes, anaphase stickiness and 

shattered chromosomes, were discovered by the current investigation. The 

percentage of LZnONP’s genotoxic potential in comparison to control and 

experiment conditions was calculated. According to data analysis, the control 

group's Mitotic Index (MI) stayed within the expected range (Figure IV. V. 8); in 

contrast, the experimental group's percentage of chromosomal anomalies showed a 

progressive increase, accompanied with a decreasing percentage MI. It is 

noteworthy that the lowest MI of 12.84 was found at 500 μg/mL and coincided with 

the largest aberration percentage as the LZnONPs concentration increased. Even 

though it causes abnormalities but below a 50% so we can use it as an eco friendly 
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agent and doesn’t cause any serious harm to plants when released to nature. The 

current study suggests that onion bulbs exposed to different nanoparticle 

concentrations may have contained nanoparticles that, upon adhering to onion roots 

and infiltrating tissues, induced the generation of ROS, which disturbed the redox 

balance and led to genotoxic and mitochondrial depressive effects (Ahmed et al., 

2018; Fadoju et al., 2020; Kumari et al., 2011; Shaymurat et al., 2012; Sun et al., 

2019; Youssef & Elamawi, 2020). 

5.5.9. Anticancer Potential of LZnONPs: Evaluating Cytotoxicity and 

Therapeutic Activity 

Numerous nanoparticles have pharmacological and biochemical traits, such as 

anti-inflammatory and antioxidant activities, which may help explain their 

anticarcinogenic and antimutagenic properties. Currently, biologically created 

nanoparticles are essential for diseases, like cancer. The current work, which uses 

Dalton's lymphoma ascites (DLA) cell lines, demonstrate the efficacy of biologically 

generated Zinc oxide nanoparticles as an anticancer drug. The cytotoxicity of the 

Zinc oxide nanoparticles against DLA cells is dose-dependent. The test shows that 

cellular death escalates over time in proportion to the concentration of 

biosynthesized zinc oxide nanoparticles (Figure IV.V. 9 & Table IV. V. 3). As was 

already mentioned, antioxidants are essential for the prevention and treatment of 

cancer as well as for preventing diseases brought on by the effects of free radicals. 

Antioxidants are made up of a wide variety of molecular substances that interact 

with free radicals to neutralize them. Antioxidants have the power to prevent and 

treat cancer by eradicating free radicals. Thus, the present study supports that 

LZnONPs prepared by biological synthesis possess broad anticancer activity. This 

anticancer activity of LZnONPs, demonstrated in several previous research studies, 

is in line with the findings of the present work (Abdelhakim et al., 2020; Bisht & 

Rayamajhi, 2016; Chabattula et al., 2021; Ravichandran et al., 2022; Vidhya et al., 

2020). 
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5.6. Comparative analysis 

5.6.1. Comparative TEM Study of Metal Nanoparticles Produced by Luprops 

tristis Defensive Secretion 

 

Figure V.VI. 1: Comparison of nanoparticle sizes (A, B) 

Transmission electron microscopy (TEM) showed clear morphological 

variations between metal nanoparticles produced by L. tristis defensive secretions 

(Fig. V.VI.1). The nanoparticles LNiNPs, LCuONPs, LAuNPs, and LZnONPs 

showed size differences governed by both the biochemical composition of the 

secretion and microwave-assisted synthesis. The resultant size differences are 

ascribed to the occurrence of organic acids, polyphenols, and hydrocarbons in the 

secretion that regulate nucleation and growth upon synthesis (Alegria et al., 2018). 

Reducing agents like D-gluconic acid, uric acid, and citric acid facilitate the 

reduction and stabilization of metal ions, whereas polyphenolic agents like 2,3-



Discussions 

 133 

dimethyl-1,4-benzoquinone and 2,5-dimethyl hydroquinone facilitate smaller 

particle formation by controlled growth and restricted aggregation. 

LCuONPs had the smallest mean size (~15 nm), followed by LAuNPs (17 

nm) and LNiNPs (18 nm), presumably as a result of effective reduction kinetics 

catalyzed by these compounds. By contrast, LZnONPs (~26 ± 2 nm) had larger 

sizes, possibly as a result of hydrocarbon-mediated agglomeration (e.g., tetracosane, 

hexacosane) (Amini & Akbari, 2019). Microwave irradiation (15 min, 350 W) also 

had an effect on synthesis by speeding up reaction rates, increasing nucleation, and 

constraining uncontrolled growth, thus improving particle uniformity (Rao et al., 

2002; Grassian, 2008). These results demonstrate the interplay between biochemical 

capping agents and physical factors in controlling nanoparticle size and their 

resulting biomedical and nanotechnological value. 

5.6.2. Comparative Study of Four Nanoparticles in Various Applications 

5.6.2.1. Comparative Study of Electrochemical Sensing  

 

Figure V.VI. 2: Comparison of Electrochemical sensing (A & B) 

1.31M 
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Nickel (LNiNPs), copper oxide (LCuONPs), gold (LAuNPs), and zinc oxide 

(LZnONPs) nanoparticles, which are prepared with L. tristis secretions, possess 

different physicochemical properties that impact their electrochemical performance 

(Fig. V.VI.2). LNiNPs (~18 nm, −16.5 mV zeta potential) displayed the highest 

sensitivity as a non-enzymatic glucose sensor with a detection limit of 0.6 mM. 

Their relatively moderate surface charge and nanoscale dimension improved 

electron transfer and stable glucose interaction. In comparison, LCuONPs (~15 nm, 

−22 mV) were better in detecting hydrogen peroxide (H₂O₂) with a detection limit of 

0.9 mM due to higher surface reactivity and charge stabilization. The higher surface 

charge of LCuONPs promoted stronger interactions with H₂O₂, enhancing sensor 

sensitivity and linear response. LAuNPs of 17 nm diameter and -21.4 mV zeta 

potential were also tested for glucose sensing and showed a detection limit of 7 mM. 

The biocompatibility and strong redox-active character of LAuNPs enabled good 

electron transfer during glucose oxidation, albeit with slightly reduced sensitivity 

compared with LNiNPs. LZnONPs, the biggest of the four at 26 ± 2 nm with a zeta 

potential of -11.9 mV, exhibited enzyme-free glucose sensing with a detection limit 

of 15 mM. Even with their bigger size and lower surface charge, LZnONPs retained 

high catalytic activity, allowing glucose oxidation at various concentrations. The 

comparative analysis illustrates that even though all the nanoparticles hold 

electrochemical sensing potential, LNiNPs are the most glucose-sensitive, 

LCuONPs are optimized for H₂O₂ detection, and LAuNPs and LZnONPs offer 

secondary choices with moderate efficiency. The variation in particle size, surface 

charge, and catalytic behavior affects their individual performance, underpinning the 

need for nanoparticle selection optimized for individual biosensing applications. 
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5.6.2.2.   Comparative analysis of Antibacterial analysis 

 

Figure V.VI. 3: Comparison of Antibacterial activity. 

The antibacterial activity of LNiNPs, LCuONPs, LAuNPs, and LZnONPs is 

highly dependent on particle size, surface charge, and metal-specific attributes (Fig. 

V.VI.3). LNiNPs (size - 18 nm, Zeta potential - −16.5 mV) exhibited strong 

inhibitory activity against S. aureus (ZOI - 19.00 ± 0.58 mm) and K. pneumoniae 

(12.66 ± 0.57 mm) at 20 µg/mL. Their action is due to the release of Ni²⁺ ions, ROS 

generation, and disruption of membranes (Kovacic & Somanathan, 2013). 

LCuONPs (15 nm, −22 mV) had improved, dose-dependent action, particularly 

against S. aureus (10.76–17.12 mm), with K. pneumoniae being less affected (max 

11.12 mm). Their improved activity is associated with their reduced size, augmented 

surface interactions, and induction of oxidative stress. LAuNPs (17 nm, −21.4 mV) 

produced notable inhibition zones for S. aureus (13.23–19.23 mm) and moderate 

inhibition for K. pneumoniae (7.33–13.33 mm). Their activity is attributed to 

membrane penetration and redox-mediated cytotoxicity. LZnONPs, though larger in 

size (26 ± 2 nm, −11.9 mV), were very effective, especially against S. aureus (13–19 

mm). Their ability to produce ROS compensates for size, favoring direct membrane 

damage. 
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Overall, LCuONPs and LNiNPs exhibited better antibacterial activity owing to 

reduced size and greater zeta potential, resulting in improved cellular interaction and 

ROS-dependent killing. LZnONPs, although being larger, maintain activity through 

intrinsic oxidative processes, whereas LAuNPs provide balanced activity, especially 

against Gram-positive bacteria (Kovacic & Somanathan, 2013). 

5.6.2.3. Comparative analysis of Antioxidant activity 

 

Figure V.VI. 4: Comparison of Antioxidant activity (A, B) 

The antioxidant activity of LNiNPs, LCuONPs, LAuNPs, and LZnONPs was 

assessed through DPPH radical scavenging assay, indicating concentration-

dependent activity (Fig. V.VI.4). LZnONPs showed maximum activity (EC₅₀ = 26 

µg/mL), followed by LAuNPs (39 µg/mL), LNiNPs (48 µg/mL), and LCuONPs (74 

µg/mL). The enhanced performance of LZnONPs is due to higher surface area and 

more efficient electron transfer, with resultant stronger radical interactions. LAuNPs 
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also exhibited considerable activity based on their natural stability and 

biocompatibility. LNiNPs had moderate activity, which increased with 

concentration, as verified spectrophotometrically. LCuONPs, despite their nanoscale 

size (~15 nm), had the lowest activity, confirming that antioxidant activity is not 

only based on size but also surface chemistry and charge (Flieger et al., 2021). 

LZnONPs, at a size of ~26 ± 2 nm, had the best properties for radical neutralization. 

These results highlight the potential of LZnONPs for applications requiring high 

antioxidant demand, whereas LAuNPs and LNiNPs are still promising options 

(Bedlovičová et al., 2020). 

5.6.2.4. Comparative Anticancer activity 

 

Figure V.VI. 5: Comparison of Anticancer activity (A & B). 
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The biosynthesized metal nanoparticles Nickel (LNiNPs), Copper Oxide 

(LCuONPs), Gold (LAuNPs), and Zinc Oxide (LZnONPs) have specific 

physicochemical properties that govern their anticancer potential (Fig. V.VI.5). 

LNiNPs with 18 nm size and zeta potential -16.5 mV were found to cause dose-

dependent cytotoxicity towards DLA cells, where the cell death progressed from 

4.9% at 2.5 µg/mL to 44.9% at 25 µg/mL. The strong anticancer activity is due to 

their ROS-neutralizing and oxidative stress-modulating activitiesn (Adhikari et al., 

2021). For comparison, LCuONPs of a lower size of 15 nm with a highly negative 

zeta potential value of -22 mV also showed significant anticancer activity through 

apoptosis induction and oxidative stress generation, consistent with their capacity 

for disturbing redox homeostasis of cancer cells. The biosynthesis process included 

major metabolites like D-Gluconic acid and citric acid, which improved stability as 

well as biocompatibility. LAuNPs, with dimensions of 17 nm and -21.4 mV zeta 

potential, exhibited moderate cytotoxicity, ranging from 4.67% at 10 µg/mL to 

24.8% at 200 µg/mL, that suggests ROS-mediated cellular interference. Yet, their 

anticancer effectiveness is lower than that of LNiNPs and LZnONPs at similar 

concentrations, and may indicate potential differences in the uptake or interaction of 

nanoparticles with cancer cells. LZnONPs, which were the largest of the four (26 ± 

2 nm), had the strongest anticancer activity, and cell death increased from 7.22% at 

10 µg/mL to 58.9% at 200 µg/mL. The higher cytotoxicity of LZnONPs indicates a 

higher ability for ROS production and oxidative stress-mediated killing of cancer 

cells (Dash et al., 2014). Of the four nanoparticles, the variations in size, zeta 

potential, and bioactive capping agents are the key determinants of their anticancer 

activity. The negative zeta potential of LCuONPs and LAuNPs indicate greater 

stability and increased cellular uptake, while that of the comparatively lower zeta 

potential of LNiNPs could affect interaction with cell membranes. The observed 

high anticancer activity of LZnONPs, in contrast to their relatively larger size, 

indicates that the special physicochemical characteristics play an important role in 

their therapeutic efficacy. Overall, though all four nanoparticles have good 

anticancer potential, LZnONPs are the most cytotoxic, followed by LNiNPs, 

LCuONPs, and LAuNPs, and hence show promise as potent therapeutic agents. 
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Therefore, though these nanoparticles show antioxidant activity in normal cells 

owing to their capping molecules, their metal ion nature and oxidative stress 

induction take precedence in cancer cells and cause ROS-mediated cytotoxicity as 

shown in V.VI. 7A. This bimodal character renders them selectively toxic to cancer 

cells but nontoxic to normal cells, and hence they are of interest for anticancer use. 

5.6.2.5. Comparative study of Antiangiogenic activity - CAM assay 

 

Figure V.VI. 6: Comparison of Antiangiogenic activity (A, B) 

Both LNiNPs and LCuONPs have profound antiangiogenic activities (Fig. 

V.VI.6), but their mode and efficacy differ. LNiNPs show a progressive and 
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continuous decline in vascular parameters, while LCuONPs first induce vessel 

enlargement followed by an abrupt decrease in angiogenesis. This would indicate 

that CuONPs would exert a slower but effective influence on vascular regression 

than NiNPs. Mechanistically, LNiNPs act by ROS generation, endothelial 

dysfunction, and ECM disruption, whereas LCuONPs mainly act by VEGF 

inhibition and endothelial apoptosis. Biofunctionalization of LNiNPs with molecules 

from beetles provides a distinct advantage, increasing their stability and specificity 

towards endothelial cells. LCuONPs, however, have shown that they can destabilize 

established vasculature and are thus effective in later stages of angiogenesis (Barui 

et al., 2019). 

Although both nanoparticles show potential as cancer therapy and diseases 

dependent on angiogenesis agents, more work is needed to maximize their dosage, 

biocompatibility, and targeting efficacy. Their long-term safety assessments on non-

target tissues are needed to support their use in the clinic. Considering combination 

therapies in which NiNPs and CuONPs are used in combination may increase their 

therapeutic effects through summation of their complementary modes. Gold 

nanoparticles (AuNPs) and zinc oxide nanoparticles (ZnONPs) can have negative 

outcomes in anti-angiogenic assays because of their special physicochemical 

properties, biological interactions, and modes of action, which are quite distinct 

compared to nickel (NiNPs) and copper oxide nanoparticles (CuONPs). Although 

NiNPs and CuONPs exhibit significant anti-angiogenic activities because of their 

ROS-mediated cytotoxicity and VEGF inhibition, AuNPs and ZnONPs can either 

enhance or exert a neutral effect on angiogenesis. Their biocompatibility, minimal 

ROS generation, and cross-talk with VEGF signaling pathways are responsible for 

their failure to display pronounced anti-angiogenic activities in the CAM assay 

shown in V.VI. 7B. More research is warranted to evaluate their activity in various 

concentrations and surface modifications to ascertain their complete angiogenic 

capacity (Abdalla et al., 2018; Mukherjee & Patra, 2016). The results highlight the 

therapeutic potential of metal-based nanoparticles in inhibiting angiogenesis. Both 

LNiNPs and LCuONPs are efficient at interfering with vascular formation, although 

their different mechanisms, duration of action, and molecular interactions provide 
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distinct applications in antiangiogenic therapy. By optimizing synthesis and 

delivery, these nanoparticles have the potential to be major players in nanomedicine, 

especially for cancer and vascular disease. Nonetheless, rigorous research in 

systemic toxicity, dosage, and molecular mechanisms is imperative to enable further 

clinical translation (Hashemi Goradel et al., 2018). 

Figure V.VI. 7(A&B): Mechanism of action of NPs on cytotoxicity and 

angiogenesis 

We initially used a standard concentration for all assays, but as the results 

were negligible, we optimized each assay by testing higher concentrations to achieve 

reliable outcomes. Among the metal nanoparticles (MNPs) evaluated, 

biosynthesized L. tristis-mediated LCuONPs exhibited the most promising potential 

for biomedical applications, particularly in oncology. This was evidenced by their 

pronounced cytotoxicity and robust anti-angiogenic activity, suggesting a strong 

therapeutic efficacy against cancer cells. In contrast, LAuNPs, despite demonstrating 

relatively low cytotoxicity, showed excellent biocompatibility and colloidal stability, 

making them highly suitable candidates for targeted drug delivery systems. LNiNPs 

displayed an intermediate biological profile, with moderate cytotoxicity, indicating 

their potential utility in scenarios requiring controlled therapeutic action. LZnONPs, 

which exhibited the lowest cytotoxic and anti-angiogenic effects among the tested 

MNPs, may be more appropriate for applications in regenerative medicine rather 

than oncology. Collectively, these findings highlight LCuONPs as the most potent 

candidates for further exploration in cancer therapeutics, meriting continued 

investigation for their potential translation into clinical practice. 
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SUMMARY 

 

This study provides a comprehensive investigation into the chemical 

composition and biological potential of the defensive gland secretion of L. tristis, 

which was effectively utilized in the green synthesis of various metal nanoparticles 

(Ni, CuO, Au, and ZnO) with promising biomedical applications. The secretion 

demonstrated significant antioxidant, antibacterial, cytotoxic, and genotoxic 

properties, emphasizing its potential as a natural bioresource for nanoparticle 

synthesis. Microwave-assisted synthesis of nickel nanoparticles (LNiNPs) yielded 

nanostructures with excellent physicochemical stability and pronounced antioxidant, 

antibacterial, cytotoxic, and anti-angiogenic activities, affirming their applicability 

in cancer therapy and biosensing platforms. Similarly, copper oxide nanoparticles 

(LCuONPs) exhibited potent biological effects, including reactive oxygen species 

(ROS)-mediated cytotoxicity, anti-mitotic, anti-angiogenic, and antibacterial 

activities, positioning them as strong candidates for oncological applications. Gold 

nanoparticles (LAuNPs) demonstrated superior biocompatibility and colloidal 

stability, making them ideal for targeted drug delivery systems, alongside their 

established antioxidant and antibacterial efficacy. In contrast, zinc oxide 

nanoparticles (LZnONPs), though exhibiting moderate cytotoxic and anti-mitotic 

responses, displayed notable antioxidant and antimicrobial activities, suggesting 

their potential for regenerative medicine and environmental applications. Overall, 

the findings highlight the remarkable functional versatility of L. tristis defensive 

gland secretion as a renewable, eco-friendly platform for the synthesis of 

multifunctional metal nanoparticles, with CuONPs emerging as the most promising 

candidates for anticancer applications due to their high cytotoxicity, ROS 

generation, and anti-angiogenic effects. 
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CONCLUSION 

 

The defensive gland secretion of L. tristis offers a unique biochemical 

environment conducive to the green synthesis of metal nanoparticles with diverse 

biomedical and environmental utilities. LC-MS analysis of the methanolic extract 

revealed a complex matrix of bioactive secondary metabolites, including D-gluconic 

acid, 3-dehydro-L-gulonate, uric acid, citric acid, and 2-pyrrolidone-5-carboxylic 

acid. These compounds served as effective reducing, capping, and stabilizing agents, 

influencing key physicochemical parameters such as particle size, morphology, and 

surface charge. Citric acid and uric acid contributed significantly to nanoparticle 

stabilization, as supported by zeta potential and FTIR analyses, while 3-dehydro-L-

gulonate and D-gluconic acid enhanced antioxidant and redox properties. The 

resulting synthesis protocol is both environmentally sustainable and capable of 

producing nanoparticles with consistent bioactivity and colloidal stability. The 

biosynthesized nanoparticles LNiNPs, LCuONPs, LAuNPs, and LZnONPs exhibited 

multifunctional biological properties, including antimicrobial, antioxidant, 

biosensing, genotoxic, and anticancer activities. Notably, LAuNPs displayed 

superior antibacterial activity against Staphylococcus aureus, while LNiNPs and 

LZnONPs were effective as glucose sensors. Genotoxicity assays revealed minimal 

chromosomal aberrations, indicating safe application potential in agricultural 

systems under regulated conditions. Crucially, LCuONPs demonstrated the most 

potent anticancer and anti-angiogenic effects, highlighting their promise in 

oncology-directed nanomedicine. This research not only establishes L. tristis as a 

valuable, previously underutilized biological resource but also advances a cost-

effective and sustainable strategy for fabricating bioactive nanomaterials. The 

findings pave the way for future innovations in nanomedicine, biosensing, 

agriculture, and antimicrobial technologies, positioning insect-derived secretions as 

transformative tools in green nanotechnology. 
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Although the present study highlights the significant biomedical potential of 

metal nanoparticles (MNPs) synthesized using the defensive secretion of L. tristis, 

the experimental outcomes are predominantly based on in vitro assessments. To 

enhance their translational applicability, future investigations should be directed 

toward systematic in vivo studies. Such studies are essential to comprehensively 

evaluate the toxicological profiles, pharmacokinetics, biodistribution, and 

therapeutic efficacy of these nanoparticles within relevant animal models. This will 

provide crucial insights into their behavior within complex biological systems and 

serve as a foundation for their progression toward clinical implementation and 

environmental applications. Nevertheless, the low natural abundance and labor-

intensive extraction of the insect's defensive secretion present substantial barriers to 

the large-scale production of these bioengineered nanoparticles. To overcome these 

limitations, future research should emphasize the elucidation, isolation, and 

synthetic or semi-synthetic replication of the principal bioactive molecules involved 

in nanoparticle synthesis. Special attention should be directed toward compounds 

such as organic acids (e.g., D-gluconic acid, citric acid, uric acid), amino acid 

derivatives, and quinonoid constituents. Quinones, in particular, owing to their 

potent redox potential and inherent antimicrobial activity, are hypothesized to play a 

pivotal role in metal ion reduction and the enhancement of nanoparticle 

biofunctionality. The synthetic reproduction of these key biomolecules, through 

environmentally benign chemical synthesis or biotechnological approaches, would 

enable the scalable and sustainable fabrication of biofunctional nanoparticles 

without compromising the unique properties conferred by the natural secretion. This 

approach not only ensures reproducibility and cost-effectiveness but also addresses 

ethical and environmental concerns associated with insect-derived biomaterials. 

Ultimately, such strategies will pave the way for the broader application of these 

nanomaterials in biomedicine, agriculture, and environmental science. 
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Appendices 
Appendix A1: Protocol for the Synthesis of Nickel Nanoparticles (NiNPs) 

Materials Required: 

• Nickel (II) chloride hexahydrate (NiCl₂·6H₂O) – NICE Chemicals Pvt. Ltd. 

• Luprops tristis gland extract (from 30 beetles) 

• Distilled water 

• Deionized water 

• Microwave oven (LG MS2042DB, South Korea) 

• Centrifuge 

• Lyophilizer 

Procedure: 

1. Preparation of Gland Extract: 

Crush the defensive glands from 30 L. tristis beetles and mix with distilled water to obtain a 

concentration of 300 μg/mL. 

2. Preparation of Nickel Solution (0.01 M): 

Dissolve 0.01 moles of NiCl₂·6H₂O in 1 L of deionized water. 

3. Reaction Mixture Preparation: 

Mix the gland extract (300 μg/mL) with the 0.01 M nickel solution at a ratio to achieve a final 

concentration of 600 μg/mL metal precursor. 

4. Microwave-Assisted Synthesis: 

Heat the mixture in a microwave oven at 350 W for 15 minutes. Monitor for a visible change in 

colour indicating nanoparticle formation. 

5. Post-Synthesis Processing: 

Centrifuge the solution to collect the nanoparticles. 

Lyophilize the pellet for subsequent characterization and applications. 

 
Appendix A2: Protocol for the Synthesis of Copper Oxide Nanoparticles (CuONPs) 

Materials Required: 

• Copper (II) sulfate pentahydrate (CuSO₄·5H₂O) – NICE Chemicals Pvt. Ltd. 

• Luprops tristis gland extract (from 30 beetles) 

• Distilled water 

• Deionized water 

• Microwave oven (LG MS2042DB, South Korea) 

• Centrifuge 

• Lyophilizer 

Procedure: 

1. Preparation of Gland Extract: 

Prepare the gland extract as above, ensuring a concentration of 300 μg/mL. 

2. Preparation of Copper Solution (0.01 M): 

Dissolve 0.01 moles of CuSO₄·5H₂O in 1 L of deionized water. 

3. Reaction Mixture Preparation: 

Combine the gland extract (300 μg/mL) with the copper solution to achieve a final metal 

concentration of 600 μg/mL. 

4. Microwave-Assisted Synthesis: 

Expose the mixture to microwave irradiation at 350 W for 15 minutes. Observe for a colour 

change. 

5. Post-Synthesis Processing: 

Centrifuge the mixture, collect the nanoparticle pellet, and lyophilize it. 

 
Appendix A3: Protocol for the Synthesis of Zinc Oxide Nanoparticles (ZnONPs) 

Materials Required: 

• Zinc acetate (Zn(CH₃CO₂)₂) – NICE Chemicals Pvt. Ltd. 

• Luprops tristis gland extract (from 30 beetles) 



 

 

• Distilled water 

• Deionized water 

• Microwave oven (LG MS2042DB, South Korea) 

• Centrifuge 

• Lyophilizer 

Procedure: 

1. Preparation of Gland Extract: 

Obtain a gland extract of 300 μg/mL from 30 L. tristis beetles. 

2. Preparation of Zinc Solution (0.01 M): 

Dissolve 0.01 moles of zinc acetate in 1 L of deionized water. 

3. Reaction Mixture Preparation: 

Mix the gland extract with the zinc solution to achieve 600 μg/mL metal concentration. 

4. Microwave-Assisted Synthesis: 

Heat the solution in the microwave at 350 W for 15 minutes. Note any colour changes. 

5. Post-Synthesis Processing: 

Centrifuge and lyophilize the nanoparticles for further use. 

 
Appendix A4: Protocol for the Synthesis of Gold Nanoparticles (AuNPs) 

Materials Required: 

• Auric chloride (AuCl₃·H₂O) – NICE Chemicals Pvt. Ltd. 

• Luprops tristis gland extract (from 30 beetles) 

• Distilled water 

• Deionized water 

• Microwave oven (LG MS2042DB, South Korea) 

• Centrifuge 

• Lyophilizer 

Procedure: 

1. Preparation of Gland Extract: 

Extract defensive glands from 30 beetles and dilute to 300 μg/mL with distilled water. 

2. Preparation of Gold Solution (0.01 M): 

Dissolve 0.01 moles of AuCl₃·H₂O in 1 L of deionized water. 

3. Reaction Mixture Preparation: 

Combine the gland extract and gold solution, ensuring a final metal concentration of 600 

μg/mL. 

4. Microwave-Assisted Synthesis: 

Microwave the solution at 350 W for 15 minutes. A colour change confirms nanoparticle 

synthesis. 

5. Post-Synthesis Processing: 

Centrifuge and lyophilize the gold nanoparticles for storage and characterization 

 
Appendix B: Protocol for Electrochemical Sensing Studies 

B1. Materials and Equipment 

• Electrochemical workstation (e.g., CH Instruments, Autolab, or equivalent) 

• Three-electrode electrochemical cell (10 mL capacity) 

• Phosphate-buffered saline (PBS), pH 7.4 

• Platinum foil (counter electrode) 

• Ag/AgCl reference electrode 

• Working electrode (modified with synthesized nanomaterial) 

• Target analyte solutions (e.g., glucose, hydrogen peroxide) 

• Micropipettes and tips 

• Analytical balance 

• Volumetric flasks and beakers 

 
B2. Experimental Procedure 

1. Electrochemical Cell Setup: 



 

 

o Fill the electrochemical cell with 10 mL of phosphate-buffered saline (PBS). 

o Assemble the three-electrode system: 

▪ Working electrode: Modified with the synthesized metal nanoparticle 

sensing material. 

▪ Reference electrode: Ag/AgCl. 

▪ Counter electrode: Platinum foil. 

o Connect all electrodes to the electrochemical workstation. 

2. Parameter Configuration: 

o Program the electrochemical workstation to run Differential Pulse Voltammetry (DPV). 

o Set the potential window to sweep from +1.000 V to -1.000 V. 

3. Analyte Addition and Measurement: 

o Prepare standard solutions of the target analytes (e.g., glucose, H₂O₂) in PBS at varying 

concentrations. 

o Sequentially add known volumes of each analyte to the electrochemical cell. 

o After each addition, record the DPV response. 

o Rinse and stabilize electrodes between runs if necessary. 

4. Data Collection and Analysis: 

o Record current outputs for each analyte concentration. 

o Plot a calibration curve of current (µA) versus analyte concentration (mM or µM). 

o Determine the slope of the linear range of the curve. 

5. Limit of Detection (LOD) Calculation: 

o Measure the standard deviation (SD) of blank (analyte-free) runs. 

o Calculate LOD using the formula: LOD = 3 × SD / Slope. 

 
Appendix C: Protocol for Dose-Dependent Antibacterial Activity Assay Using Disc Diffusion 

Method 

C1. Materials and Equipment 

• Escherichia coli (Gram-negative) and Staphylococcus aureus (Gram-positive) bacterial 

strains 

• Muller Hinton Agar (MHA) powder (4 g per 100 mL) 

• Nutrient agar plates 

• Sterile Petri dishes (autoclaved) 

• Distilled water 

• Defensive gland extract from Luprops tristis 

• Tetracycline (positive control) 

• Sterile filter paper discs (5 mm diameter) 

• Micropipettes and tips 

• Forceps 

• Sterile cotton swabs 

• Shaking incubator (e.g., LABLINE) 

• Ruler or digital caliper (for measuring inhibition zones) 

 
C2. Preparation of Culture Media and Plates 

1. Muller Hinton Agar Preparation: 

o Dissolve 4 g of MHA powder in 100 mL distilled water. 

o Autoclave the solution to sterilize. 

o Pour the sterile MHA into 4 well-autoclaved Petri dishes under aseptic conditions. 

o Allow the media to solidify. 

2. Microbial Inoculation: 

o Sub-culture pure colonies of E. coli and S. aureus on nutrient agar. 

o Using sterile cotton swabs, uniformly swab the entire surface of the MHA plates 

with bacterial suspensions (separate plates for each bacterium). 

 
C3. Disc Diffusion Assay 

1. Preparation of Test Discs: 

o Prepare gland extract solutions at 5 μg/mL and 10 μg/mL concentrations. 



 

 

o Soak sterile 5 mm filter paper discs in each solution. 

o Allow the discs to air-dry under sterile conditions. 

2. Placement of Discs: 

o Using sterile forceps, place the dried, extract-impregnated discs onto the inoculated 

MHA plates. 

o Place a disc soaked with Tetracycline as the positive control. 

o Ensure discs are spaced sufficiently to avoid overlapping zones of inhibition. 

3. Incubation: 

o Incubate the plates in a shaking incubator at 35 ± 1 °C for 16 hours. 

 
C4. Measurement and Analysis 

1. Observation: 

o After incubation, examine the plates for zones of inhibition around each disc. 

2. Measurement: 

o Measure the diameter (in mm) of the clear zone around each disc using a ruler or 

digital caliper. 

3. Interpretation: 

o Larger zones of inhibition indicate stronger antibacterial activity. 

o Compare results between extract concentrations and against the positive control. 

 
Appendix D: Protocol for DPPH Free Radical Scavenging Assay of Defensive Secretion 

D1. Materials and Equipment 

• DPPH (2,2-diphenyl-1-picrylhydrazyl) 

• Defensive secretion extract 

• Ascorbic acid (reference standard) 

• Distilled water 

• UV-Visible spectrophotometer (PerkinElmer UV-WinLab or equivalent) 

• Quartz cuvettes 

• Micropipettes and tips 

• Amber tubes or aluminum foil (for dark incubation) 

 
D2. Preparation of Solutions 

1. DPPH Solution: 

o Prepare a fresh 0.1 mM DPPH solution in methanol or ethanol. 

2. Sample Solutions: 

o Prepare defensive secretion extract at five concentrations: 

20 μg/mL, 40 μg/mL, 60 μg/mL, 80 μg/mL, and 100 μg/mL, using distilled water 

or suitable solvent. 

3. Standard Solution: 

o Prepare ascorbic acid solution in distilled water at equivalent concentrations for 

comparison. 

 
D3. Assay Procedure 

1. In labeled tubes or cuvettes, mix 2 mL of DPPH solution with 1 mL of each sample 

concentration. 

2. Prepare a control by mixing 2 mL of DPPH with 1 mL of distilled water (no sample). 

3. Incubate the mixtures in the dark for 30 minutes at room temperature to prevent 

photodegradation. 

4. After incubation, observe the colour change from deep violet to pale yellow, indicating free 

radical scavenging. 

5. Measure the absorbance at 517 nm using a UV-Visible spectrophotometer. 

 
D4. Data Analysis 

1. Calculate Scavenging Activity (S%) using the equation:S% = [(Absorbance of control – 

Absorbance of sample) / Absorbance of control] x 100 

2. Plot S% vs. sample concentration to obtain a dose-response curve. 



 

 

3. Use linear regression to calculate the IC₅₀ value, which represents the concentration 

required to achieve 50% radical scavenging activity 

 
Appendix E: Protocol for Environmental Toxicity Testing of Defensive Gland Secretion Using 

Allium Test 

E1. Objective 

To evaluate the cytotoxic and genotoxic potential of biosynthesized nanoparticles (NPs) derived from 

Luprops tristis defensive gland secretion by examining their effects on Allium cepa root meristematic 

cells. 

 
E2. Materials and Equipment 

• Allium cepa bulbs (equal-sized, healthy) 

• Biosynthesized nanoparticle solutions (100, 200, 300, 400, 500 μg/mL) 

• Distilled water (negative control) 

• Hydrogen peroxide (positive control) 

• Glass jars or test tubes for incubation 

• Scalpel or sharp blade 

• Acetocarmine stain 

• Methylene blue stain 

• Microscope slides and cover slips 

• LEICA ICC50E compound microscope or equivalent 

• Forceps, dropper, filter paper 

• Water bath or flame for slide preparation 

 
E3. Experimental Procedure 

1. Bulb Preparation: 

o Select healthy Allium cepa bulbs of equal size. 

o Remove dry outer scales without damaging the root primordia. 

2. Sample Exposure: 

o Place bulbs in test tubes or jars containing sample NP solutions at concentrations 

of: 

▪ 100 μg/mL, 200 μg/mL, 300 μg/mL, 400 μg/mL, 500 μg/mL 

o Use distilled water as the negative control and hydrogen peroxide as the positive 

control. 

o Incubate the bulbs for 48–72 hours at room temperature. 

3. Root Collection: 

o When roots reach 2–3 cm, select 3–5 root tips per bulb for analysis. 

4. Slide Preparation (Squash Technique): 

o Cut the root tips (~1–2 mm from the tip). 

o Stain root tips with acetocarmine or methylene blue. 

o Warm gently to enhance staining if necessary. 

o Place the stained tip on a microscope slide, add a drop of stain if required. 

o Cover with a cover slip and squash gently using filter paper or blunt object to 

spread the cells. 

5. Microscopic Analysis: 

o Observe under a compound microscope (LEICA ICC50E). 

o Identify and count a minimum of 1500 cells from the three best preparations. 

o Record mitotic stages and chromosomal aberrations (e.g., stickiness, bridges, 

laggards, micronuclei). 

 
 

E4. Data Analysis 

1. Calculate frequency of chromosomal aberrations per treatment group. 

2. Present data as mean ± standard deviation. 

3. Compare values against negative and positive controls to assess cytogenotoxic effects. 

 



 

 

Appendix F: Protocol for Anticancer Cytotoxicity Assay of Defensive Gland Secretion Using 

Trypan Blue Exclusion Method 

F1. Objective 

To assess the cytotoxic effect of Luprops tristis defensive gland secretion on Dalton’s lymphoma 

ascites (DLA) cells using the Trypan Blue Exclusion Assay as described by Strober (1997). 

 
F2. Materials and Equipment 

• Dalton’s lymphoma ascites (DLA) cells (from tumor-bearing mice) 

• Defensive gland secretion samples 

• Phosphate-buffered saline (PBS) 

• Normal saline (0.9% NaCl) 

• Trypan blue dye (1% solution) 

• Hemocytometer (Neubauer chamber) 

• Light microscope 

• Microcentrifuge tubes or sterile test tubes 

• Incubator set at 37 °C 

• Micropipettes and sterile tips 

 
F3. Cell Preparation 

1. Cell Harvesting: 

o Collect ascitic fluid from DLA tumor-bearing mice under aseptic conditions. 

o Wash the collected DLA cells three times with sterile normal saline by 

centrifugation. 

o Resuspend cells in PBS to achieve a uniform, viable cell suspension. 

 
F4. Treatment with Defensive Secretion 

1. Preparation of Treatment Groups: 

o Dispense equal volumes of cell suspension into sterile tubes. 

o Add gland secretion samples to achieve final concentrations of: 

▪ 2.5 μg/mL, 5 μg/mL, 10 μg/mL, 15 μg/mL, 20 μg/mL, 25 μg/mL 

2. Control Setup: 

o Include a PBS-only control with DLA cells (negative control). 

o Maintain volume at 1 mL in each tube using PBS. 

3. Incubation: 

o Incubate the tubes at 37 °C for 3 hours. 

 
F5. Trypan Blue Staining and Cell Counting 

1. Staining Procedure: 

o After incubation, add 0.1 mL of 1% Trypan blue solution to each sample tube. 

o Mix gently and allow to stand for 3 minutes. 

2. Viability Assessment: 

o Load a small volume onto a hemocytometer. 

o Observe under a light microscope. 

3. Interpretation: 

o Dead cells will appear blue due to membrane permeability. 

o Live cells will exclude the dye and remain clear. 

 
F6. Data Analysis 

1. Cell Viability (%) is calculated using:Cell Viability (%) =Number of viable (unstained) 

cells}/{Total number of cells}* 100 

2. Cytotoxicity (%) is then derived as:Cytotoxicity (%) = 100 - Cell Viability (%) 

3. Plot the cytotoxicity (%) against different secretion concentrations to observe dose-

dependent activity. 

 
Appendix G: Protocol for LNiNPs-Mediated Anti-Angiogenesis Assay Using 48-Hour Chick 

Embryo Model 



 

 

G1. Objective 

To investigate the anti-angiogenic effect of Luprops tristis-derived nickel nanoparticles (LNiNPs) on 

developing vasculature using the chick embryo chorioallantoic membrane (CAM) model at 48 

hours of incubation. 

 
G2. Materials and Equipment 

• Freshly fertilized Leghorn chicken eggs 

• 70% ethanol (for surface sterilization) 

• LNiNPs solution (2 µg per disc) 

• Phosphate-buffered saline (PBS) (control) 

• Sterile filter paper (Whatman or equivalent) 

• Sterile forceps, scissors, and hole punch (5 mm) 

• Sterile Petri dishes 

• Incubator (37.5°C, 60% humidity) 

• Parafilm (for resealing eggs) 

• Leica ICC50E microscope with digital camera 

• AngioGen 0.5 software (for image analysis) 

 
G3. Embryo Preparation and Treatment 

1. Egg Incubation: 

o Clean fertilized eggs using 70% ethanol to remove surface contaminants. 

o Incubate eggs at 37.5°C and 60% relative humidity for 48 hours in a humidified 

incubator. 

2. Embryo Exposure: 

o After 48 hours, carefully crack open the blunt end of the egg using sterile forceps 

in a laminar airflow chamber. 

o Gently expose the developing embryo with minimal disturbance. 

3. PBS Irrigation: 

o Rinse the exposed embryo with sterile PBS to remove residual albumin and 

enhance visibility. 

 
G4. Nanoparticle Treatment 

1. Disc Preparation: 

o Use a sterile hole punch to prepare 5 mm filter paper discs. 

o Impregnate discs with 2 µg of LNiNPs in a sterile environment. 

o For the control group, use discs soaked in sterile PBS. 

2. Application: 

o Place one treated disc near the developing blood vessels of each embryo (not 

directly on the heart or head). 

o Take care not to damage the delicate embryonic tissues. 

3. Sealing and Incubation: 

o Reseal the opened egg with sterile parafilm to maintain humidity and sterility. 

o Return the eggs to the incubator and maintain the same conditions (37.5°C, 60% 

RH). 

 
G5. Monitoring and Imaging 

1. Imaging Schedule: Monitor and photograph the embryos every 2 hours, for a total of 8 

hours post-treatment. 

2. Microscopy: Capture high-resolution images using the LEICA ICC50E digital microscope. 

 
G6. Image Analysis 

1. Software: Analyze the vascular networks using AngioGen 0.5 software. 

2. Parameters Measured: Vessel area, Number of junctions, Total vessel length 

3. Comparative Analysis: 

o Compare LNiNP-treated embryos with PBS-treated controls to evaluate anti-

angiogenic effect. 
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➢ PAPER PRESENTATION on “Biomedical application of biosynthesised 

ZnO nanoparticles” at Govt. Of Kerala Directorate of collegiate education 

sponsored NATIONAL WORK SHOP ON ADVANCED TECHNIQUES 

IN BIOLOGICAL RESEARCH organized by KKTM Govt. college 

Thrissur on November 22-23 

➢ POSTER PRESENTATION on “Bio synthesis of nickel nanoparticles 

from defensive secretion of the beetle Luprops tristis Fabricius. and its 

biochemical properties” at 35th Kerala Science Congress organized by 

Kerala State Council for Science Technology and Environment. 

➢ PAPER PRESENTATION on Green Synthesis of Silver Nanoparticles 

Using the Leaf Extract of     the Medicinal Plant, Uvaria narum and Its 

Antibacterial, Antiangiogenic, Anticancer and Catalytic Properties. In 

National seminar on “CHEMISTRY: PAST, PRESENT AND FUTURE”, in 

2019 Organised by SNGS College, Pattambi, Palakkad: sponsored by the 

Directorate of Collegiate Education, Thiruvanthapuram. 

➢ ORAL PRESENTATION on “Novel Synthesis of CDOT from defensive 

secretion of beetle Luprops tristis characterizations and antimicrobial 

studies” at   ICAMGT Amrita School of Engineering, Coimbatore. 

TRAININGS 

➢ Hands on training on small laboratory animal handling and 

experimentation at Amala cancer    research centre, thrissur, Kerala, 2024. 

➢ Hands on training on the synthesis of Nanoparticles and its 

Antibacterial and anti fungal activity at JSPC, Malappuram, 2024. 

➢ Tools& techniques in proteomic studies, SNGSC, Palakkad, Kerala, 2024. 

➢ Hands on training on “Basic Molecular Genetic Techniques and            

Bioinformatics Tools For Life Science Research” at KVASU, 2025. 


