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Abstract:
Researchers are currently interested in the biosynthesis of nanoparticles (NPs) due to their importance
to develop cost-efficient, eco-friendly, and effective synthesis methods. The primary aim of this current
investigation is to produce nickel nanoparticles (NiNPs) by synthesising them from the defensive secretion
acquired from the beetle Luprops tristis (L. tristis). The resulting nickel nanoparticles, referred to as LNiNPs,
are recognized as being biosynthesized. The synthesis of LNiNPs from pure metal was verified by UV-Vis
spectroscopy, and FTIR analysis indicates the functional groups attached to the nanoparticles that serve as
the reducing and capping agents. Analysis using cyclic voltammetry ensures the reducing property of the
phenolic compounds present in the defensive gland extract of the beetle. Scanning electron microscopy (SEM)
and transmission electron microscopy (TEM) revealed the spherical shape of biosynthesized LNiNPs with
an average size of 18 nm, while dynamic light scattering (DLS) analysis indicated a hydrodynamic size of
approximately 48 nm. Zeta potential analyses of the nanoparticles show that biosynthesized nanoparticles
are more stable. Non enzymatic glucose sensing study by differential pulse voltammetry shows a lower
detection limit of 1.31 µM. The disc diffusion antibacterial assay of LNiNPs demonstrated a dose-dependent
inhibition of bacterial growth, with antimicrobial activity increasing proportionally to the concentration of
LNiNPs. Chromosomal aberration experiments using LNiNPs revealed chromosomal aberrations in Allium
sepa L. DPPH assay supported strong antioxidant properties of LNiNPs at higher doses. Additionally, it
shows dose-dependent cytotoxicity against Dalton’s lymphoma ascites cells (DLA cells). Despite the fact that
L. tristis annoys people, its secretion can be used to bio synthesise nickel nanoparticles, which offer additional
benefits such as antibacterial, antioxidant, and anticancer, glucose sensing properties.
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1. Introduction
Nanotechnology has emerged as a groundbreaking field,
providing a wide range of applications across various scien-
tific and technological domains. Nanomaterials, in particu-
lar, offer numerous advantages over bulk materials, making
their use in nanodevices especially promising [1]. The out-

standing properties of nanoparticles are due to the fact that
quantum effects turn out to be dominant and surface to
volume size ratio is changed when bulk material is con-
verted into nano-size [2]. The principles underlying the nan-
otechnology are top-down and bottom-up approaches [3].
To reduce environmental hazards and offer several advan-
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tages over conventional methods, an eco-friendly approach
is necessary, with microwave-assisted techniques being a
prominent example. To reduce environmental hazards and
offer several advantages over conventional methods, an eco-
friendly approach is necessary, with microwave-assisted
techniques being a prominent example [4–9]. In this regard,
the utilization of biological methods based on plants and
microorganisms has received considerable interest due to
their environmental safety, low cost, and ease of applica-
tion on a large scale. There have been numerous reports
of reducing and capping agents that are natural, green, and
safe for the environment being employed in the synthesis of
nanomaterials [10, 11].
Numerous microorganisms and plant extracts have been in-
vestigated primarily for the manufacturing of metal nanopar-
ticles, quantum dots and other materials following the boom
in biosynthesis of nanoparticles and also Secretions from
various organisms, such as toxins and venoms from snakes,
marine species, and bees, have been employed in the synthe-
sis of nanoparticles [11–17]. Metal nanoparticles, including
those of nickel, copper, and iron, tend to be relatively hard
due to their susceptibility to oxidation. Nickel, a signifi-
cant transition metal, has nanoparticles that find extensive
applications in various fields such as permanent magnets,
magnetic fluids, magnetic recording media, solar energy
absorption, fuel cell electrodes, catalysts, and biological ac-
tivity [18]. Nickel nanoparticles, known for their chemical
stability, strong binding affinity, and ferromagnetic proper-
ties, are crucial for research in biomedical applications like
cell isolation, drug delivery, and magnetic resonance imag-
ing [19]. Due to all these reasons NiNPs has attracted great
focus of many scientists for its synthesis. Various methods
were developed for the synthesis of NiNPs [20, 21], includ-
ing sol-gel, micro-emulsion, hydrothermal, sonochemical,
vapour phase and co-precipitation methods [22–26]. Re-
searchers worldwide are developing nanoparticles (NiNPs)
for synthesizing transition metals due to their catalytic prop-
erties, biological activities, and reusable catalyst. The stabil-
ity of nanoparticles depends on synthesis method, storage
environment, and stabilizing agents [27, 28].
Beetles encompass a diverse array of chemical compounds
utilised for medicinal purposes, including antibacterial, an-
titumor, antifungal, anti-obesity, anti-adipogenic, and anti-
inflammatory applications. The key components consist of a
wide spectrum of substances such as antimicrobial peptides
(AMPs), cantharidin, blapsols, pederin and harmoniasin [29–
33], among others responsible for the biomedical effects.
To express it more formally: antimicrobial peptides (AMPs)
possessing antimicrobial, antiviral, antifungal, and diverse
properties have been identified, as documented by Adamski
et al. Beetle defensins and AMPs have shown effectiveness
against various microorganisms, including Pseudomonas
aeruginosa, MRSA, and bacteria. Studies by Adamski et
al. and Nenadić investigated the antibacterial properties of
Calosoma sycophanta’s pygidial gland secretion. Blapsols,
found in beetles, are used for treating various conditions
[34, 35]. The biomedical potential of beetle secretions holds
considerable promise and may find practical applications in
the near future [36–39].

Recent studies in our laboratory indicated that the defensive
gland secretion of L. tristis has the ability to synthesize
silver nanoparticles. And has the ability for the synthesis of
graphene layers. These secretions frequently have distinc-
tive characteristics including antibacterial, anticancer, and
antioxidant activity [39–42], which makes them desirable
candidates for a variety of scientific studies. The aim of the
current study is to synthesize nickel nanoparticles (NiNPs)
from the defensive gland extract of the beetle L. tristis, re-
ferred to as LNiNPs. Using the defensive gland extract in
the production of NiNPs offers several benefits. Firstly, it
provides an environmentally friendly alternative to conven-
tional chemical methods, reducing the need for hazardous
chemicals and minimizing toxic waste. Additionally, this
approach allows for the incorporation of organic bioactive
substances, potentially imparting unique properties and ap-
plications to the synthesized nanoparticles. Furthermore,
utilizing beetle defensive gland extract without harming the
insect aligns with the principles of sustainable and green
chemistry, promoting the synthesis of eco-friendly nanoma-
terials. Although nickel nanoparticles derived from insect
secretions have not been previously recorded, this innova-
tion holds promise for advancements in biomedical science.

2. Materials and methods

2.1 Preparation of defensive gland extract of L. tristis
The experimental insect, Luprops tristis, was gathered from
college campus, Pattambi (10.809526, 76.199281), Kerala,
India. The beetle, L. trisis (Family: Tenebrionidae, Order:
Coleoptera) is a darkling beetle that feeds on plant debris
and is distributed throughout India as shown in Fig. 1(a-
d). The adult beetle is around 8 mm long and is black.
Typically, they pose no threat to people. They release a
defensive phenolic fluid that burns the skin when squeezed
or pulled up. Phenolic compounds in the extract have high
potential for acting as significant reducing and capping

Figure 1. Experimental organism, (a, c) A colony of L. tristis, (b) Luprops
tristis (d) Extruded defensive gland.
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agents. They are infamous for their ability to complicate
living conditions when big groups enter farm houses, roofs
of hoses, etc. The insects were hand-picked and stored
in perforated insect boxes following collection and then
transported to the laboratory for the extraction of defensive
gland. The defensive secretion was collected from the beetle
without causing any harm to them. Defensive glands of the
insects extruded out by gentle pressing on the abdomen;
the glandular secretion collected to eppendorff (300 µL
capacity) tube containing deionized water by pressing on
the extruded glands without any contamination from fecal
matter. These extract used for the synthesis of NiNPs.

2.2 Fabrication of LNiNPs
The Luprops tristis-mediated nickel nanoparticles (LNiNPs)
were prepared by first extracting the gland secretions from
30 beetles having approximate concentration of 30 µg into
300 µL of distilled water. Separately, a 0.01 molar (M)
nickel chloride solution was prepared in deionised water.
For the reaction mixture, 300 µL of the defensive gland
extract (equivalent to 30 glands) was combined with 600 µL
of the 0.01 M nickel chloride solution. This mixture was
then heated in a microwave (LG-MS-2029 UW) at 350 W
for 15 minutes. During this process, the solution’s color
changed from purple to reddish-brown, visually indicating
the formation of LNiNPs. The resulting nanoparticles were
subsequently subjected to ultracentrifugation to remove any
unreacted materials and impurities and 72-hour dialysis us-
ing a dialysing membrane. The purified sample was used
for various analyses and characterizations at different con-
centrations.

2.3 Characterization of LNiNPs
2.3.1 Structural characterisation
The reduction of nickel chloride to nickel nanoparticles
by defensive gland secretion of L. tristis were character-
ized by UV-Vis spectroscopy (PerkinElmer UV WinLab),
compounds bind with the biosynthesized nickel nanopar-
ticles for the stabilization were identified by FTIR spec-
troscopy (PerkinElmer IR). The morphology and size de-
tails of the nanoparticles were identified by SEM and TEM
(JEOL JEM-2100). Stability is an important factor in case
of nanoparticles which was measured by zeta potential anal-
ysis.

2.3.2 Electrochemical studies – Differential pulse votam-
metry (DPV)

An Electrochemical workstation (Instrument Model
DY2113 developed by Digi-Ivy) was used to conduct DPV
measurements. Using a three-electrode cell setup with a
platinum foil counter electrode, an Ag/AgCl reference elec-
trode, 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. Mea-
surements of glucose concentration ranging from 10 mM to
70 mM were plotted, and calibration linear relationships be-
tween 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 the detection

of LNiNPs sensor.

2.3.3 Biological applications
2.3.3.1 Antibacterial analysis
The dose-dependent antibacterial activity of LNiNPs was
assessed using a disc diffusion assay against Gram-negative
Klebsiella pneumoniae (ATCC 700603) and Gram-positive
Staphylococcus aureus (ATCC 33591). Agar plates were
prepared by dissolving 4 g of agar powder in 100 mL of
distilled water and pouring the solution into four autoclaved
Petri dishes. Pure microbial cultures were sub-cultured on
nutrient agar and evenly swabbed on individual plates. Four
concentrations of LNiNPs (5 µg, 10 µg, 15 µg, and 20 µg)
were applied to 5 mm filter paper discs, which were then
dried and placed on the culture plates. Tetracycline served
as a positive control and the solvent without nanoparticle
served as negative control. The plates were incubated for
16 hours at 35 ◦C, and the inhibitory zones were measured.
The assay was performed in triplicate, and the standard de-
viation of the results was calculated.
2.3.3.2 Antioxidant analysis
The assessment of free radical scavenging capacity was car-
ried out using the DPPH assay. DPPH solution (2 mL) was
blended with varying concentrations of LNiNPs (20 µg, 40
µg, 60 µg, 80 µg, 100 µg), while a reference solution con-
taining ascorbic acid dissolved in distilled water, used as the
positive control, was prepared. Subsequently, the solutions
were subjected to UV spectroscopic analysis (PerkinElmer
UV-WinLab) following a 30-minute incubation period in
darkness. The transition of DPPH color from deep violet
to pale yellow indicated the scavenging activity of LNiNPs,
which was further confirmed through UV spectroscopic
analysis at 517 nm. The scavenging activity was quantified
using the equation;

S% =
(Acontrol–Asample)

Acontrol
×100

The concentration of sample required to produce 50% scav-
enging activity (IC50 value) obtained from the graph through
the linear regression equation. The assay was run three
times, and the results’ standard deviation was calculated.
2.3.3.3 Chromosomal aberration assay
Chromosomal aberration studies utilizing the root nodules
of Allium cepa (onion), a well-established bioindicator for
cytogenetic studies, meticulously assessed the potential
genotoxic effects of the synthesized LNiNPs when intro-
duced into the environment. Fresh A. cepa bulbs were used
to study the effects of biosynthesized LNiNPs on mitosis.
Equal-sized bulbs, selected from a population of common
onion bulbs (2n = 16), were incubated in LNiNPs solutions
at concentrations of 100 µg, 200 µg, 300 µg, 400 µg, and 500
µg, while control bulbs were incubated in distilled water.
Once the roots reached 2− 3 cm in length, chromosomal
impact studies were performed. The roots were cut from
the root primordial disc, and a thin film of onion cells was
prepared using the squash technique. The root nodules were
stained with acetocarmine and methylene blue, and 1500
cells from the three best preparations were analyzed three
times. Hydrogen peroxide (H2O2) was used as the positive
control, and the solvent without nanoparticles was used as
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the negative control. Chromosomal alterations were ob-
served under a compound microscope (LEICA ICC50E)
and compared to the control group [43–45].
2.3.3.4 Cytotoxicity assay
The cytotoxicity of different concentrations of nanoparticles
(2.5 µg - 25 µg) was evaluated using Dalton’s lymphoma as-
cites (DLA) cells. After being removed from the peritoneal
cavity of mice with tumors, DLA cells were suspended in
0.1 mL of a viable cell solution and cleaned three times
with normal saline. After that, this cell solution was trans-
ferred to tubes holding different nanoparticle concentrations,
and the final volume was adjusted with phosphate-buffered
saline (PBS) to 1 mL. For three hours, the assay mixtures
were incubated at 37 ◦C. Following incubation, each tube
received 0.1 mL of 1% trypan blue. Three minutes later, a
hemocytometer was used to count the number of live and
dead cells. The negative control was a buffer devoid of
nanoparticles, whereas the positive control was cyclophos-
phamide. Assay repeated three times, after which the stan-
dard deviation was computed. The Trypan blue assay in
DLA cells is commonly used to determine the cytotoxicity
of different metal nanoparticles [46, 47].
2.3.3.5 Statistical Analysis and Data Representation
All bioassays were conducted in triplicate to ensure reliabil-
ity and reproducibility. Data from antimicrobial, anticancer,
and chromosomal aberration studies were statistically an-
alyzed and reported as mean ± standard deviation (SD).
The mean and standard deviation were calculated for each
treatment group, and statistical significance was assessed.
Results are presented as mean ± SD in both tabular and
graphical formats, with error bars indicating the standard
deviation.

3. Results and discussion
The production of nanoparticles has made use of secretions
from a variety of organisms, including bees, marine animals,
and snakes with venom and toxins. Chitosan nanoparticles
loaded with bee venom, for example, have demonstrated
promise in the treatment of multidrug-resistant bacteria
and anti-MERS-CoV. In a similar vein, chitosan nanopar-
ticles containing the venom of the Naja naja oxiana snake
have been created, increasing their potential for use in
biomedicine. Additionally, increased anticancer activity
across a variety of human cancer cell lines has been shown
by the creation and investigation of bee venom-loaded nano-
liposomes. Another example is the manufacture of anti-
cancerous and anti-inflammatory nanoparticles utilizing jel-
lyfish, as well as the use of nematocyst venom to create
anticancer metal nanoparticles [13–17]. In the present study,

LNiNPs were made by reducing a nickel chloride solution
under the action of an extract from the defensive gland of the
insect Luprops tristis. The detailed mechanism of the chem-
ical reaction for nickel nanoparticle formation is shown
in figure 2 and after the chemical characterization (UV-
Vis spectroscopy, Fourier-transform infrared spectroscopy
(FTIR), Scanning electron microscopy (SEM), Transmis-
sion electron microscopy (TEM) , Zeta potential & DLS
analysis, measuring its biochemical applications such as
glucose sensing, antibacterial analysis, antioxidant activity,
antimitotic activity and anticancer activity.

3.1 Mechanism of nickel nanoparticle formation

Although the defensive gland extract contains aliphatic
compounds, most of the compounds are pheromones; we
did not consider them for predicting nanoparticle synthe-
sis. Polyphenolic compounds are well-known for their
reducing and stabilizing properties, making them more
likely to be involved in nanoparticle synthesis. Aliphatic
compounds are less reactive in these reduction reactions
and are unlikely to significantly contribute to the forma-
tion of nickel nanoparticles. Therefore, our study centers
on the role of polyphenolic compounds in this process.
Several compounds, including 2,5-dimethylhydroquinone,
1,3-dihydroxy-2-methylbenzene, and 2,3-dimethyl-1, 4-
benzoquinone, are present in the defensive gland secretion
of L. tristis [42]. From these phenolic molecules most prob-
ably hydroquinone undergoes oxidation by nickel (Fig. 2).
A mechanistic overview of the oxidation of dimethyl hydro-
quinone to the corresponding p-quinone may be advanced
as depicted in Fig. 2. 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 mechanism at this stage as Ni(II) is not
generally considered as a common oxidizing agent.

3.2 Cyclic voltammetry (CV) analysis

The various phenolic compounds present in the defensive
gland secretion were oxidized at potential range from 1 to
−1 V as shown in cycle voltammogram (Fig. 3) for 0.05 mM
standards. The upper scan represents the oxidation of the
polyphenolic groups generating a positive current (anode)
which interpret the reducing capacity of the compounds,
which substantiate the reducing power of defensive gland
secretion in the production of nickel nanoparticles.

Figure 2. Mechanistic overview of the Ni(II)-mediated oxidation of hydroquinone.
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Figure 3. Cyclic voltammetry of defensive gland extract of L. tristis.

3.3 Chemical characterization
3.3.1 UV-Vis spectroscopy
The visible colour change of the reaction mixture from pur-
ple to reddish brown as shown in Fig. 4(a,b), following
microwave irradiation within 15 minutes, was the first in-
dicator of the formation of LNiNPs. This was followed by
UV-Vis spectroscopy, the result is shown in Fig. 5. LNiNPs
showed maximum absorption peak at the wavelength (λmax)
204 nm, it was due to surface plasmon resonance phe-
nomenon 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 [48]. The λmax is consistent with other previous
researches [49], similar peaks within the range of 200−300
were obtained for NiNP synthesized from the plants camel-
lia sinensis [2] and Piper longum [50].

3.3.2 FTIR analysis of LNiNPs
The functional groups involved in the LNiNP were iden-
tified using FT-IR spectroscopy. The gland secretion, se-
cretion with nickel chloride solution and biosynthesised
LNiNP solution was subjected to Fourier-transform infrared
spectroscopy (FTIR). The resulting spectra revealed the
corresponding functional groups, and it was observed that
there was minimal difference in the functional groups be-
fore and after exposure to microwave irradiation (Fig. 6).
The IR spectrum of the defensive gland extract of L. tristis
exhibited distinct absorption bands at 3425, 2941, 1644,
1407, 1077, and 544 1/cm (Table. 1), revealing the pres-
ence of various functional groups. The broad absorption
at 3425 1/cm indicates O-H stretching vibrations, point-
ing to hydroxyl groups typically found in polyphenolic
compounds. The band at 2941 1/cm corresponds to C-
H stretching vibrations of aliphatic hydrocarbons, while
the 1644 1/cm band is characteristic of C=O stretching vi-

Figure 4. Visible colour change during nickel nano formation (a) Defen-
sive gland secretion with nickel chloride solution (b) Colour change at 15
minutes of MW irradiation.

Figure 5. UV-Vis spectrum of LNiNPs.

Figure 6. FTIR spectra of LNiNPs compared with FTIR of gland secre-
tion and FTIR of gland secretion + Nickel chloride solution before MW
irradiation.
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Table 1. Functional groups obtained at different frequency in FTIR.

Frequency Functional group with vibrations
3412 O-H stretching
2937 CH/CH2 stretching
1633 O-H bending
1404 C=C bending
1096 C-O stretching
602 Finger print region

brations, indicative of carbonyl groups such as aldehydes,
ketones, and carboxylic acids. The peaks at 1407 1/cm and
1077 1/cm are associated with C-H bending vibrations and
C-O stretching vibrations, respectively, and the band at 544
1/cm suggests complex molecular vibrations. In the case
of the synthesized nickel nanoparticles (LNiNPs), the IR
spectrum displayed bands at 3412, 2937, 1633, 1404, 1096,
and 602 1/cm. The shifts in these peaks compared to those
of the beetle gland extract indicate notable interactions be-
tween the biomolecules and nickel ions. Specifically, the
O-H stretching vibration peak shifted to 3412 1/cm, the
C-H stretching peak to 2937 1/cm, the C=O stretching peak
to 1633 1/cm, the C-H bending peak to 1404 1/cm, and the
C-O stretching peak to 1096 1/cm. Additionally, the new
peak at 602 1/cm, attributed to Ni-O stretching vibrations,
confirmed the formation of nickel oxide on the nanopar-
ticle surface. The comparative IR spectroscopy analysis
reveals that the defensive gland extract of L. tristis contains
functional groups such as hydroxyl, carbonyl, and aliphatic
hydrocarbons, which play crucial roles in the synthesis and
stabilization of nickel nanoparticles (Fig. 6). The shifts in
absorption bands in the LNiNPs spectrum suggest that hy-
droxyl and carbonyl groups are involved in reducing nickel
ions to form nanoparticles, while aliphatic hydrocarbons
and C-O groups contribute to their capping and stabiliza-
tion. The new Ni-O stretching vibration peak indicates
partial oxidation, resulting in a nickel oxide layer on the
nanoparticles, which could enhance their catalytic and elec-
tronic properties. These findings highlight the importance
of polyphenolic compounds in the extract as effective re-
ducing agents and the role of other functional groups in
stabilizing the nanoparticles, providing valuable insights for
optimizing synthesis processes and tailoring nanoparticle
properties for specific applications [49, 51–54].

3.3.3 Scanning electron microscopy (SEM) & Transmis-
sion electron microscopy (TEM)

The morphology of the nanoparticles was visualized using
scanning electron microscopy, as depicted in Fig. 7a. The
SEM image illustrated the substantial density of NiNPs syn-
thesized through the defensive gland extract of L. tristis.
These LNiNPs exhibited a relatively spherical shape with a
rough surface and displayed a uniform distribution, as evi-
dent in Fig. 7. Furthermore, individual nanoparticles tended
to aggregate, resulting in the formation of larger nanoparti-
cles. TEM examination (Fig. 7b) was performed to explore
the morphology of LNiNPs, revealing an average nanoparti-
cle size of around 18 nm. Previous research, such as that by
Duan et al., has also characterized the surface morphology

Figure 7. Electron microscopy images (a) Scanning electron microscopy
images of LNiNPs. (b) Transmission electron microscopy image of
LNiNPs.

of nickel nanoparticles as spherical in shape [55]. Similarly,
biosynthesized NiNPs obtained from sources like Camellia
sinensis [2] and imine capped NiNPs have been reported to
exhibit a spherical form as well [56]. Our findings revealed
the presence of spherical-shaped nanoparticles; however,
previous research indicates a variety of nickel nanoparti-
cle shapes, including irregular polygonal, cylindrical, and
spherical forms, often accompanied by particle agglomera-
tion. The presence of diverse shapes in nickel nanoparticles
suggests variations in synthesis methods, reaction condi-
tions, and precursor materials, all of which can influence
the final nanoparticle morphology [57]. It is also notewor-
thy that previous research has documented size-controlled
nickel nanoparticles spanning a size range from 3 nm to 11
nm [58].

3.3.4 Zeta potential and DLS analysis
Using the nanoparticles analyzer (HORIBA SCIENTIFIC
SZ 100), we further investigated the Zeta Potential of
LNiNPs to assess their stability [54, 55]. The outcomes
reveal a robust stability of −16.5 meV for LNiNPs, as de-
picted in Fig. 8a. The negative sign of the zeta potential
is indicative of this stability, facilitating uptake through
electrostatic interactions between the cationic nanoparticles
and the cationic membrane. The hydrodynamic size of the
stabilized LNiNPs was approximately 48 nm, as determined
by DLS analysis, showing a monodisperse distribution, as
shown in Fig. 8b. The LNiNPs displayed commendable
stability, consistent with findings from prior research re-
garding the zeta potential [59–63]. Notably, nanoparticles
with higher surface charge adhere more securely to cell
membranes, leading to increased cellular absorption. Sub-
sequent to adhering to the cell membrane, nanoparticles can
be absorbed through various mechanisms like phagocytosis,
nonspecific or receptor-mediated endocytosis, or pinocyto-
sis [61]. Multiple well-documented research studies have
demonstrated that green-synthesized NiNPs exhibit a neg-
ative zeta potential [35, 60, 64–67]. The hydrodynamic
diameter of the stabilized LNiNPs, approximately 48 nm
as determined by DLS analysis, is notably larger than the
size obtained from TEM analysis (Fig. 8b). This discrep-
ancy arises because DLS captures the hydrodynamic radius,
including the solvent layer around the nanoparticles, while
TEM provides a more precise measurement of the actual
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Figure 8. Hydrodynamic size and stability of LNiNPs (a) Zeta potential of LNiNPs (b) DLS graph showing hydrodynamic size of the stabilized LNiNPs.

physical dimensions without the surrounding medium.

3.3.5 Electrochemical glucose sensing by differential
pulse voltammetry (DPV)

Diabetes is linked to a number of illnesses, such as tuber-
culosis, cystic fibrosis, celiac disease, and cardiac issues.
These conditions can cause blindness, as well as kidney
disorders, which can end in renal failure, nerve damage,
foot ulcers, and malignancy [68]. It is crucial to develop a
highly sensitive and straightforward method to detect and
monitor glucose levels for clinical diagnosis, medicine, and
the food sector due to the daily growing health concerns
[69]. In this investigation, plots of measurements of the glu-
cose having (3M) concentration from this volume between
10 mM and 70 mM were made (Fig. 9a), and calibration lin-
ear relationships between DPV current output and glucose
concentration were plotted (Fig. 9b) and limit of detection
found to be 1.31 mM. LNiNPs produced in this current
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 pro-
cesses that can be observed and associated with glucose
levels. The current study serves as a preliminary analysis,
and further in vivo studies are necessary to evaluate the
practical use of the synthesized nanoparticles for glucose

sensing in physiologically relevant ranges. Biosynthesized
nickel nanoparticles may be more biocompatible than those
made chemically and they should attract interest because
they may improve the sensitivity and specificity of glucose
sensors. Present study shows that metal nanoparticles can
be used as a highly sensitive electrochemical sensor for
glucose sensing.

3.3.6 Anti-bacterial assay

In the current study, the disc diffusion assay was employed
to investigate the antibacterial properties. The impact of
LNiNPs on the growth of both Gram-negative bacteria
(Klebsiella pneumoniae- ATCC 33591) and Gram-positive
bacteria (Staphylococcus aureus- ATCC 700603) was as-
sessed. Control plates loaded with solvent (25 µg) exhibited
a zone of inhibition (ZOI) measuring 5.6 mm. However,
when filter papers infused with LNiNPs concentrations of
5 µg, 10 µg, 15 µg, and 20 µg were used, the diameter of
the inhibition zone showed a range of 7.3 mm, 8.66 mm,
10.6 mm, and 12.6 mm, respectively, for K. pneumoniae (as
depicted in Table 2 & Fig. 10a, b). In the case of S. aureus,
the ZOI for the control (25 µg) was 9.33 mm, while filter
papers containing 5 µg, 10 µg, 15 µg, and 20 µg of LNiNPs
exhibited inhibition zone diameters of 12.6 mm, 14.3 mm,
16.67 mm, and 19 mm, respectively. This trend indicates

Figure 9. Electrochemical sensing of glucose (a) Sensing of glucose by DPV method. (b) Calibration curve of DPV method.
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Table 2. LNiNPs mediated diameter of ZOI of S. aureus & K. pneumoniae.

Treatment Concentration (µg) S.aureus (mm ± SD) K.pneumonia (mm ± SD)
Control 25 µg 9.33 ± 0.58 5.66 ± 0.57
Experiment 5 µg 12.67 ± 0.58 7.33 ± 0.57

10 µg 14.33 ± 0.58 8.66 ± 0.57
15 µg 16.67 ± 0.58 10.66 ± 0.57
20 µg 19.00 ± 0.58 12.66 ± 0.57

Figure 10. Antibacterial activity of LNiNPs (a) Zone of inhibition of S. aureus (b) K. pneumoniae by the action of LNiNPs and (c) Comparison graph
showing effect of LNiNPs on both strains of bacteria.

an incremental increase in the diameter of the inhibition
zone with an ascending concentration of LNiNPs, as shown
in Fig. 10c. The antibacterial activity of LNiNPs is dose-
dependent with increase in concentration of LNiNPs the
antimicrobial activity increases at and the activity towards
the S. aureus is greater when compared with K. pneumo-
niae. This finding is consistent with previous reports on the
antibacterial properties of nanoparticles [70, 71] , including
those synthesized from Ocimum sanctum [66].

3.3.7 Anti-oxidant activity (DPPH assay)

The DPPH assay, a widely accepted method for evaluating
the capacity of nanoparticles to scavenge free radicals, has
been extensively employed for assessing antioxidant activ-
ity. Various concentrations of LNiNPs (20 µg, 40 µg, 60

µg, 80 µg, 100 µg) were used for the analysis, each sam-
ple was combined with DPPH to create 2 mL solutions.
Distilled water was used as the solvent for dissolving ascor-
bic acid, serving as the standard. Following a 30-minute
incubation period in darkness, the solution was subjected
to UV spectroscopy for analysis. The highest electron ab-
sorption of DPPH- free radicals was observed at 517 nm.
Concentration-dependent scavenging activity of LNiNPs
was documented in Table 3 and Fig. 11a. The concentration
of the sample required to achieve 50% scavenging activity
(EC50 value) was determined to be 48 µL (Fig. 11b). With
an increase in the concentration of LNiNPs, the color of
the DPPH transitioned from deep violet to pale yellow. UV
spectroscopic analysis verified the heightened antioxidant
potency of NiNPs at elevated concentrations, as indicated in

Figure 11. Antioxidant assay (a) DPPH activity of LNiNPs (b) calibration curve of LNiNPs.

2008-8868[https://dx.doi.org/10.57647/j.ijnd.2025.1601.03]

https://dx.doi.org/10.57647/j.ijnd.2025.1601.03


Sabira et al. IJND16 (2025) -162503 9/14

Table 3. Concentration dependent scavenging activity of LNiNPs.

Concentration
of LNiNPs (µg)

Absorbance
of control

Absorbance Of LNiNPs
mixed DPPH solution S%

20 0.8 0.45 ± 0.01 43
40 0.8 0.41 ± 0.01 48.4
60 0.8 0.37 ± 0.01 53.56
80 0.8 0.33 ± 0.01 58.11
100 0.8 0.29 ± 0.01 63.7

EC50 48 µg

Table 3. UV spectroscopic research confirmed that NiNPs
at higher doses have increased antioxidant potency. Sim-
ilar findings have been reported in various studies within
the field of bio-inspired synthesis of nickel nanoparticles
[56, 71]. Reactive oxygen species (ROS) can form as a
result of oxidation, a normal cellular process that can dis-
rupt the cell’s physiological balance. A lack of antioxidants
can lead to harmful effects like lipid peroxidation, protein
oxidation, enzyme inactivation, and DNA damage. Ear-
lier investigations have regarded chemically synthesized
nickel oxide nanoparticles as innovative antioxidants due
to their capability to neutralize free radicals. Furthermore,
it has been demonstrated that the efficiency of nickel ox-
ide in scavenging free radicals is influenced by imperfec-
tions arising from its chemical production [67]. This study
lends support to the capacity of bio-inspired nickel oxide
nanoparticles to effectively neutralize free radicals. The
antioxidant activity of LNiNPs was demonstrated through
a concentration-dependent quenching of radicals using the
DPPH free radical assay.
DPPH radical scavenging activity (S%) of the sample
against concentration was plotted using the equation S% =
[(Acontrol – Asample) / Acontrol] × 100.
The concentration of sample required to produce 50%
scavenging activity (EC50 value) obtained from the graph
through linear regression equation.

3.3.8 Chromosomal aberration assay

The utilization of biosynthesized LNiNPs in chromosomal
aberration studies strongly indicated the induction of phy-
totoxicity, resulting in the generation of chromosomal ab-
normalities (Fig. 12a, b). This observation was further sup-
ported by conspicuous evidence revealing a dose-dependent
alteration in the proliferation of root cells upon exposure to
various concentrations of LNiNPs ranging from 100 µg to
500 µg. The present investigation revealed distinct chromo-
somal anomalies including chromosome bridges, anaphase
stickiness, vagrant chromosomes, broken chromosomes,
and lag chromosomes as shown in Fig. 12(a1-d6) & (a-
r). The genotoxic potential of LNiNPs was quantified as
a percentage relative to both the control and experimental
conditions. Analysis of the data indicated that the Mitotic
Index (MI) in the control group remained within the normal
range, whereas in the experimental group, the percentage
of chromosomal abnormalities exhibited a gradual rise, ac-
companied by a declining % MI (Fig. 13a, b). According
to the current study, onion bulbs exposed to varying con-
centrations of nanoparticles may have contained LNiNPs
that, upon adhering to onion roots and infiltrating tissues,
induced the generation of reactive oxygen species (ROS),
consequently disrupting redox equilibrium and eliciting
genotoxic and mito-depressive effects [72–74]. The phyto-
toxic capability of LNiNPs may potentially be harnessed

Figure 12. Chromosomal aberration assay (a) represents chromosomal aberrations in Allium cepa cells staines with methylene blue stain (a1) normal
cell(a2) normal prophase (a3) disentegrated prophase (b1) normal metaphase (b2-b3) sticky metaphase (b4-b6) disturbed metaphase (c1) normal anaphase
(c2) lag anaphase (c3) anaphase bridges (c4-c5) sticky anaphase (c6 – c9) broken chromosomes during anaphase (c10-c12) vagrant chromosomes
in anaphase chromosome (d1) normal telophase (d2- d6) abnormal telophase Figure 12. (b) represents acetocarmine stain. (a) Normal prophase (b)
Disintegrating prophase (c) Normal metaphase (e, f, g, h) Sticky & Laggered metaphase (d) Disintegrating nuclei (i) Sticky Anaphase (j) Normal telophase
(k, l) Disoriented telophase (m, n) Chromosomal breakage during anaphase (o) Anaphase bridge (p,q) Laggered anaphase (r) Chromosome breakage .
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Figure 13. (a) Normal mitotic index of control and declined mitotic index of LNiNPs treated root cells. (b) Comparison of percentage of mitosis and
chromosomal aberrations on LNiNPs treated root cells.

for the purpose of eradicating plant galls and tumors in the
future.

3.3.9 Cytotoxicity
Numerous nanoparticles possess pharmacological and bio-
chemical traits, such as antioxidant and anti-inflammatory
traits, which might be involved in their anticarcinogenic
and antimutagenic activities. Today, biologically produced
nanoparticles are essential in the treatment of numerous
illnesses, including cancer [75]. Present study showed
the efficiency of biologically synthesized nickel nanopar-
ticles as an anticancerous agent using Dalton’s lymphoma
ascites (DLA) cell lines in vitro. The LNiNPs shows
dose-dependent cytotoxicity against DLA cells. The as-
say showed a gradual increase in cell death according to the
concentration of LNiNPs (Fig. 14). The LNiNPs exhibit
cytotoxicity against DLA cells in a manner that is dependent
on the dose administered. As stated above, antioxidants are
essential for the prevention of diseases brought on by the
impacts of free radicals, as well as for the treatment and
prevention of cancer. Antioxidants are a diverse group of
molecular substances that interact with free radicals and
neutralize them. Antioxidants can prevent and treat cancer
by destroying free radicals. Thus, the current investiga-
tion confirms that biosynthesized LNiNPs are entirely anti-
cancerous, consistent with previous research demonstrating
the anti-tumor properties of NiNPs. Although earlier studies
have shown that some metal nanoparticles from insect defen-
sive secretions exhibit anticancer activity, the results align
with our findings [76]. Dalton’s Lymphoma Ascitic (DLA)
cell lines are significantly cytotoxic to nickel nanoparticles
(NiNPs), yet the exact processes are still unknown. Based
on available data, it appears that NiNPs mostly cause ox-
idative stress, which results in the production of reactive
oxygen species (ROS) that harm cellular constituents such
proteins, lipids, and DNA and ultimately cause cell death.
NiNPs may also damage cell membranes, resulting in leak-
age and necrosis, as well as incite inflammatory reactions
that heighten cytotoxicity. The consequences that are de-

Figure 14. Anticancer property of LNiNPs on DLA cells.

tected are also influenced by DNA damage and the activa-
tion of apoptotic pathways, which includes mitochondrial
malfunction. Notwithstanding these revelations, thorough
mechanistic investigations are still required to completely
comprehend the ways in which NiNPs engage with DLA
cells and to clarify any possible safety concerns or therapeu-
tic applications [77, 78].

4. Conclusion
In conclusion, this study endeavored to establish a direct
method for the eco-friendly, cost-effective, and non-toxic
synthesis of nickel nanoparticles, employing the insect
Luprops tristis as a unique approach. The successful
biosynthesis of nickel nanoparticles was verified through a
comprehensive range of analytical techniques, including
UV-Vis spectrometry, FTIR analysis, SEM, TEM, DLS
and Zeta potential analysis. The nanoparticles exhibited an
irregular spherical shape with a rough surface, possessing
an average size of 18 nm and hydrodynamic size of
approximately 48 nm. The findings of the study further
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demonstrated the enzyme free glucose sensing of LNiNPs
coated electrode used as a biosensor and dose-dependent
antimicrobial impact of LNiNPs against the bacteria, S.
aureus and K. pneumoniae, highlighting its potential as an
effective bacterial inhibitor. Remarkably, the nanoparticles
also induced chromosomal aberrations in the root tips of
Allium cepa, with an increased concentration of nanopar-
ticles leading to a reduced mitotic index and heightened
chromosomal aberrations. Additionally, the study unveiled
the antioxidative potential of LNiNPs and established
their dose-dependent cytotoxicity against DLA cells. This
comprehensive evaluation emphasized the versatility of
biosynthesized nickel nanoparticles in various applications,
including antimicrobial and antioxidant properties, as well
as potential applications in biosensing and cancer therapy.
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K. Walkowiak-Nowicka, and G. Rosiński. “Beetles as model or-
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