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ABSTRACT

Objective: Preparation of Zinc Oxide (ZnO) Nanoparticles (ZnNPs) by green synthesis process using Cordyceps militaris fungus extract and its
assessment for the treatment of Alzheimer’s disease.

Methods: ZnO nanoparticles were synthesized using the green synthesis process with Cordyceps militaris fungus extract. The nanoparticles were
characterized using various techniques, including SEM, TEM, XRD, EDAX, and optimization techniques to determine their shape, size, surface
properties, and crystallinity.

Results: The results showed that the nanoparticles were spherical with a smooth surface, averaging 37.09 nm in size, and exhibited surface
Plasmon Resonance at 300 nm. XRD analysis confirmed their crystalline structure. During synthesis, the suspension changed from dark yellow to
colorless with cloudiness, indicating nanoparticle formation. The UV-visible spectroscopy revealed a SPR peak at 375 nm. Overall, the
characterization confirmed the successful synthesis of zinc nanoparticles with desired properties. This study investigated the protective effects of
green-synthesized Zinc nanoparticles on memory impairment in mice. Mice were divided into six groups and treated with various substances,
followed by sleep deprivation to induce memory impairment.

Conclusion: Behavioral tests and biochemical analysis revealed the significantly improved cognitive function reduced acetylcholinesterase activity
in a dose-dependent manner, comparable to Donepezil. Histopathological analysis confirmed the protective effects of Cordyceps militaris against

memory impairment.
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INTRODUCTION

Nano-scaled synthesized Zinc Oxide (ZnO) is characterized by
chemical and physical processes, including methods like molecular
beam organic chemical vapor deposition. Additionally, these
processes require energy consuming and high vacum and chemical
process like electrodeposition, hydrothermal and solvothermal
which is environment-friendly and cost-effective.

ZnO is one of the best semiconducting materials because of photonic,
tunable and multifunctional properties. It has wide direct band gap
of 3.37eV and has 60 meV with high excitation energy. Due to
different characteristics gas sensing and surface acoustic wave
devices. ZnO has multiple properties, which has derived successfully
via ultraviolet photodetectors with transparent thin film transistors
and semiconductor diodes [1]. In the world of nanotechnology,
nanoparticles plays an important role in many usages and
applications due to this, nanoparticles have great mechanical
strength, electrical conductivity, thermal ability and magnetic
functions. It has huge number of application in various areas [2].

Alzheimer ’s disease (AD) is related with thinking impairment,
disturbances in lifestyle and behavioral patterns. It is majorly
common in old people because of neuronal loss. In human bodies,
oxidative stress is related with development of high Reactive Oxygen
Species (ROS). Generally, they are detoxified with antioxidant
enzymes due to the body equipped with an antioxidant system.
Approximately one-fourth of oxygen is converted into ROS while
inhaling. Photosynthesis of nanoparticle is based on an eco-friendly
method. It is simple approach which has alternative physical and
chemical methods because of less toxicity and low cost [2, 3].
Because of heavy burden of the ROS, humans have worsened the
situation by depending more on processed/synthetic foods giving
rise to other free radicals which is not have sufficient antioxidant
enzymes. It leads to huge health problems like cardiovascular,
neurodegenerative and cancer. In contrast to Alzheimer’s disease

with other complications, there is decrease in acetylcholine in which
cholinesterase inhibitors act as antagonist [3].

Metallic Nanoparticles (NPs) have been processed by different
methods like biological, chemical and physical approaches; majorly,
the chemical method has toxic agents which is utilized in many types
of synthesis, stabilizing and reducing agents. These agents also give
undesirable toxic effects, which are employed in area of biomedicine.
Because of this purpose, many biological molecules are used for
synthesis of NPs have been utilized in plant extracts, bacteria, enzyme,
DNA and protein [4-6]. The usage of extract and its plants have
received more attention as compared to microbial process because of
rapidness, eco-friendliness and non-toxicity. It is based on the
mechanism of synthesis of nanoparticle for stabilization of metal ion,
flavones and polysaccharides. The production of AD deals with various
number of variables, including neuronal injury and oxidative stress
with formation of f3-amyloid plaques in brain cells. Zinc is known as
neuromodulator that carries different physiological actions and used
for controlling cell proliferation [7].

The primary objective is to explore the potential of these nanoparticles
as a novel treatment for Alzheimer's disease, with a particular
emphasis on their ability to inhibit acetylcholinesterase, an enzyme
linked to neurodegenerative conditions like Alzheimer's. By employing
a green synthesis approach, the main aim is to develop a more
environmentally friendly and sustainable method of producing
nanoparticles while reducing the potential toxicity often associated
with conventional treatments. The study not only investigates the
nanoparticles’ effectiveness in inhibiting acetylcholinesterase but also
explores their overall biological activity to assess their viability as an
alternative treatment [8]. Additionally, in vivo experiments and brain
histopathological studies are being carried out to provide further
insight into the potential of these nanoparticles in preventing or
mitigating the progression of Alzheimer’s disease. This research is an
important step toward the discovery of safer, more effective
therapeutic options for neurodegenerative diseases [4, 5, 9].
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METHODS AND MATERIALS
Materials

Cordyceps militaris belongs to family Cordycipitaceae which has
been collected from Shree Ram Testing Laboratories Private
Limited, Mumbai, India and Zinc nitrate hexahydyrate (Zn
(NO3)2.6H20) from katyuri chemicals, Dehradun, Uttarakhand,
India. Reagents and solvents were purchased and used of analytical
quality. Scopolamine hydrobromide trihydrate and Donepezil
Hydrochloride was purchased from Sigma-Aldrich.

Methods

Extraction: Specimens of fungal were used followed by washing
with distilled water to avoid any contaminates. Additionally,
they were kept in shaded area for drying around two days. Once
they are dried, the specimens were coarsely powdered by
electric blender. The resultant material was properly transferred
into amber-colored glass container and were allowed to dry and
sterilize in hot air oven. To prepare a solution, 100 millimeters
of purified water in a glass container was added with 10 g of
powdered material. It was then placed on hot water bath at
temperature of 50-55 °C for about 30 min for extraction and
dissolution. Lately, the solution was then filtered through
Whatman filter paper no.1 to remove any debris or particulate
substance. The solution was then filtered and kept at-4 °C
temperature for further analyses and investigation in studies
[8,9].

Nanoparticles formation by green synthesis method

Firstly, extract measured up to 10 ml with 10% v/v concentration
was Kkept and placed in a beaker. Then it was allowed to heated and
boil for 30 min at an exact temperature of 50-55 °C till it reaches to a
complete boil. As, the temperature start increases and reached to 65
°C, the solution was allowed to treat with zinc nitrate, resulting in
formation of precipitate with brownish yellow colored. The paste
was then transferred to crucible and was allowed to keep in a muffle
furnace with temperature of 400 °C for about 2 h. Process was used
effectively to remove impurities in paste. The end product was
whitish-colored powder, which was examined, collected and tightly
packed in container for further evaluations [10, 11].

Preparation of drug-loaded nanoparticles

Donepezil-loaded polymeric nanoparticles were synthesized using a
modified Nano-precipitation method. NaOH and zinc nitrate
hexahydrate were dissolved in an organic solvent to form an aqueous
phase. Both phases were sonicated for 30 sec, then the organic phase
was slowly added to the aqueous phase under continuous stirring.
Instantaneous precipitation occurred, and the mixture was stirred for
4 h at 300 rpm to evaporate the solvent, yielding the final
nanoparticles. The polymeric solution was centrifuged at 15,000 RPM
for 15 min to separate the polymeric nanoparticles from free
Donepezil. The resulting nanoparticles were then washed with high-
purity water to remove any remaining impurities. Finally, the
nanoparticles were preserved for future use. This process ensured the
stability and longevity of the nanoparticles [12].

Optimization of nanoparticles

ZnO nanoparticles formulation were optimized by DOE software State
Ease 360 version on the basis of particle size, PDI and drug entrapment
efficiency. The NPs were carefully visualized and classified with a clear
solution, aggregates and clear suspension which exhibit small particle
size of nanometer (nm) range. Further the formulations with different
ratios were collected and examined for characterizations for the
presence of particles in micrometer range [13].

Nanoparticles characterization
UV-spectrophotometric analysis

The spectroscopic analysis were performed on Shimadzu model at
DIT University. The instrument has different regions of UV
spectrum. It covers a wide-range of wavelength from 200 nm to 800
nm. The sample is allowed to ultraviolet (UV) rays, and the amount
of light is observed by the sample and is determined at possible
wavelength [14].
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Scaaning electron microscopy (SEM)

The morphological characteristics and shape of nanoparticles were
evaluated by scanning electron microscope. 300 Angstroms were
used followed by a double adhesive tape containing an aluminum
substrate with gold coating. The prepared sample was evaluated for
examination by EVO-18 Carl Zeiss (IIT, Rorkee) model name [15].

EDX

The Energy-dispersive X-ray spectroscopy was examined at 1 nm
resolution with 15 kV [16].

Transmission electron microscopy (TEM)

The zinc nanoparticles is represented in fig. 8. The image of
transmission electron microscopy with synthesized nanoparticles
revealed that the particles are in uniformity and on Nano scale. The
fig. also shows the developed size and shape of nanoparticles. The
green-synthesized ZnNPs were examined at accelerate voltage at
20Kv with a model name (Hitachi-H 7500) [17].

Powder-XRD

The zinc nanoparticles were evaluated by x-ray diffraction
techniques by model name of machine called XRD D8 Advance,
Bruker. It was evaluated to demonstrate crystalline nature and
average size by the Debey-Scherrer equation [18].

In vivo studies

For experimentation, Swiss albino laappha mice were used for this
study. The female mice with weight approx to 25-25 gof 8to 10 w
were examined. The mice was carefully placed in proper laboratory
environment, with temperature at 20-22 °C and 65% of humidity in
a light/dark for 12 h of cycle. During the experiment proper water
and food were given to them. Experiments were evaluated according
to Ethical guideline for use and care of Animals. Specific Protocol
number (Mention the Number) was used for this study approved by
Institutional Animal Ethics Committee (IAEC) at Campus. On this
basis, it was examined that 60 animals with differentiated 10
animals in each experiment group [18].

Designing of experiment

For this study, scopolamine at a dose of 1 mg/kg was given to induce
the memory loss in mice through IP injections (Intraperitoneal). As
it is known as antagonist of muscarinic acetylcholine receptors. The
experiment is further analyzed for biochemical and behavioral
treatment on mice.

Six groups were made for mice:
1. Control group: Distilled water were received by mice.

2.Toxicant group: Scopolamine (1 mg/kg) were administered to
mice through IP.

3.Standard group: Donepezil (5 mg/kg) dosage orally, followed by
Scopolamine injection (1 mg/kgI. P.).

4. Treatment groups: Cordyceps aqueous extract was received at
different dosages (62.8, 157, 314, and 628 mg/kg) orally, followed
by an injection of Scopolamine (1 mg/kg L. P.) in four test groups.

5.Drug+NPs.
6. Extract+NPs [19].

Before the injection of Scopolamine aqueous extract and donepezil
were administered orally for 30 min. These treatments were given
daily during the experimental process [20].

Behavioral test
Animals were subjected for evaluation of behavioral tests
Morris water maze test

This test was examined for 6 w. Mice were trained for 5 consecutive
days for 5 times at an interval of 20 min. Mice were given
approximate time of 120 sec to find platform. The swimming was
recorded and tracked through software called Etho Vision XT.
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Further escape latency was evaluated as a resultant outcome. In
order to fall within the range between 0 and 1 resultant values were
divided by 120 sec [21].

Pool of height 48 cm with 154 cm diameter was filled up to 20 cm
from top with water by using non-toxic tempera white paint to make
it opaque throughout the whole experiment, the pool was kept in
rich located room with proper distances in 4 quadrants. With a
center quadrant of pool marked as northeast was submerged 1 cm
below water surface. Each trial was performed in water by mice,
facing the pool wall in one of the four quadrants [21-23].

Y-maze test

The three identical arms of maze were randomly designed using
Excel as novel, start and other arm for each mice, with various
visualization cues at every end of arm. Mice were allowed to cover
in sawdust of 2 cm from start to novel arm. The 2-trial were given
at a particular interval of 1 h for spatial recognition memory. The
mice were given first trail training to explore 2 arms (start and
other) for 10 min freely. After 1 h of training retention trail were
commenced and the mice were allowed to move freely in all three
arms for about 5 min, respectively. Data were collected and
examined through automated tracking system via EthoVision
software [23, 24].

Brain homogenate preparation

Collection of brain samples were done after behavioral studies. All
the samples were prepared by washing and adding ice cold-isotonic
saline solution. Then, 0.1 M phosphate buffer with pH 7.4 were
added to sample of brain for homogenizing through ten times the
volume of buffer. The mixture were further centrifuged for about 15
min at a 10,000 rpm with a 4 °Ctemperature. Lately, the process of
centrifugation, the two portions were obtained. The clear liquid
portion were separated above the supernatant and further used for
biochemical estimations [25].

Acetyl-cholinesterase assay

The activity was performed by using Ellman method on 96-well
plate provided by Enzo Pak. Solution of cold saline was taken for
mice and the samples of brains were used. For the process of
homogenization, brain tissues were allowed to examined and
weighed by placing into tubes with 0.1M PBS of pH 7.4. In a cuvette
100 pl of DTNB along with 2.6 ml of PBS mixed with 0.4 ml of

Factor Coding: Actual

lambda maax (nm)
Design Points:

@ Above Surface

© Below Surface

0.039 [N 0611 07

X1=A
X2=8

Actual Factors
C=625

D =375 E

lambda maax (nm)

B: zinc conc (Mm)

Int ] App Pharm, Vol 17, Issue 1, 2025, 284-292

homogenate. To make sure that mixture has been prepared
properly, it was allowed to bubble with air before placing in a
spectrophotometer for analysis at absorbance of 412 nm. Lastly,
acetylthiocholine iodide of 20pl was further added and consequent
changes in absorbance was examined [26].

Immunohistochemistry assay

10% formalin was used for preservation brain from each group. the
hippocampal tissues of brain was kept in ethanol after duration of
24 h treated with xylene and for further fixation of them, paraffin
wax were used [27].

Statistical analysis

In this study, all experiments and analyses were performed in
triplicate, and Microsoft Excel 2012 was utilized to create the
graphs.

RESULTS AND DISCUSSION

By using Box-Behnken Design (BBD) through Design Expert
Software. Two factors key responses namely particle size and
polydisperity index were used for optimization process along with
three variables are used depending on temperature, concentration
of ZnNPs and extract volume at low-high levels [28]. 3D response
surface plots and 2D contour plots were examined to demonstrate
the presence of interactions between independent variables and also
shows their impact on response variables. From fig. 1-4 shows the
particle size of nanoparticles of response surface analysis and the
relation between concentrations of ZnNPs. whereas when the
concentration of NPs increases, temperature slows down at low
levels, which reveals the small declining of synthesized zinc
nanoparticles. The research depicts that increase in concentration of
Zinc nitrate hexahydrate had non-linear effect on zinc nanoparticle
size along with sharp increase at high temperatures. Further, it also
shows the linear impact on particle size at extreme level. The
interaction between Zinc nitrate hexahyrdate and Cordyceps
militaris showed a formation of curve linear relationship with large
particles at high and low levels. The combined effect reveals the
temperature and mild volume of extract with increasing impact on
particle size. The 2D contour plots yielded similar findings. As
shown in fig. 4, a rise in temperature was accompanied by a steep
drop in zinc nanoparticle size when combined with varying volumes
of Cordyceps militaris extract.

3D Surface

A: plant conc (mM)

Fig. 1: Optimization the effect of concentration of plant extract and ZnO concentration on Amax of prepared ZnO nanoparticles
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Fig. 2: Optimization the effect of concentration of plant extract and time on Amax of prepared ZnO nanoparticles
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Fig. 3: Optimization the effect of concentration of ZnO and temperature on Amax of prepared ZnO nanoparticles
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Surface Plasmon Resonance (SPR) demonstrates peak absorption
spectra for UV-visible spectroscopometer. Nanoparticle formation
showed the oscillations reacting with the electromagnetic waves
along with a collection of conduction band electrons showing the
nanoparticle formation and reduction of metal ion. High adsorption
band 354-368 nm showed a high adsorption band, whereas green
synthesized zinc nanoparticles revealed absorbance peak at the
range 300-550 nm. Zinc nanoparticles showed a normal and SPR at
375 nm with high bands [29].

I 7.1 mm 20.00 kV

] e
000 x Standard

det
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Scanning Electron Microscope was utilized to identify the
morphology of nanoparticles. Cordyceps militaris with zinc
nanoparticles showed spherical shapes (fig. 5). EDAX study also
shows the presence of zinc metal used for green synthesis with a
composition of carbon (25.9%), Oxygen (42.6%) and Zinc (25.4%)
(fig. 6) [30].

Analysis was done for TEM, which demonstrates the nanoparticles
with a size range of 75 nm respectively (fig. 7).

ETD 2.07 ym

Fig. 5: SEM image of zinc nanoparticles synthesized with Cordyceps species
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Fig. 6: EDAX image of zinc nanoparticles synthesized with Cordyceps species

Fig. 7: TEM image of zinc nanoparticles synthesized with Cordyceps species

288



K. Saini et al.

Int ] App Pharm, Vol 17, Issue 1, 2025, 284-292

XRD analysis was done to reveal the structure of green synthesized ZnNPs (fig. 8). The nanoparticles showed about seven different peaks at degree
of 2 theta 31.7, 34.5, 36.1, 47.4, 56.3, 63.1 and 67.9 which matches with the respective planes (100), (101), (102), (110), (103) and (112). Further,
the Debeye-Scherrer equation showed the crystalline size calculated by XRD [31].

2.0e+005-

1.5e+005-

1.0e+005-

Intensity (cps)

5.0e+004—

0.0e+000

20

60 80

2-theta (deg)

Fig. 8: X-ray diffraction (XRD) analysis of zinc nanoparticles (ZnNPs)

Data are expressed as mean *+SD seconds, N= 6 animal in each
group with p<0.05 when compared with normal, toxicant as well
as standard group respectively. Data were examined by using Two
way ANOVA followed by Turkey's multiple comparisons test, one
way ANOVA and one-way ANOVA with followed by t-test was
applied respectively for Morris water maze, Y Maze test and
anticholinesterase study through Graph Pad Prism version: 10 (fig.
9, 10 and 11). In this test, we examined a significant difference in
escape latency, behaviour activity and anticholinesterase activity
in between the control and treatment groups, in which control

Morris water maze

% % %k %k
%k %k %k k

L*** [ FREX kR

group takes long time to find the hidden platform. As, there was no
distinct difference in swimming speed as compared to other two
groups, which reveals that the treatment group have prolonged
escape latency not because of impaired motor function.
Furthermore, our results depicts that the f3 group exhibited
reduced spatial memory performance, as it shows the decrease in
number of crossings over the platform location with spending less
time in target quadrant as compared with other groups. So, these
findings indicate that the f3 group has impaired spatial learning
and memory abilities [32].

% % %k %k % %k %k %k

ok ok ok e Lol [0 /1
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w
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1. 1 ™ I

% % Kk %k sk ok ok
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Control
Toxicant
Standard
fl

f2

3

day 1 day 5 day7 day 15day 17 day 21

Groups

Fig. 9: Behavioral Study of Morris Water Maze; two-way ANOVA shown more significant value p<0.005 for optimized formulation in f1, f2
and f3 group when compered with control from day 1 to day 21

Fig. 9 shows the green synthesized nanoparticles for improvement
of spatial recognition memory in mice. Test was performed to
examine the cognitive behavior of mice in each group. Scopolamine
was decreased as compared to control group, which shows an
increase in spontaneous alteration. In the study, escape latency
showed different variations among each groups. Extract with
nanoparticles revealed the good performance at a 49.5% escape
latency in comparison with other experimental groups [33].

The assay of AChE enzyme was performed in brain hippocampus for all
experimental groups. P-value less than 0.005 showed a significant
difference in AChE activity as compared to other groups (fig. 11).
Whereas f3 group revealed the highest increase in AChE test when made
comparison with control group, which depicts memory impairment.
Furthermore, the f2 group exhibited no significant difference in memory
function. These findings shows the correlation on the importance of
AChE assay in contrast to memory impairments [34].
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Fig. 10: Behavioral Study of Y Maze; One way ANOVA shown the value of P<0.005 for optimized formulation in f1, f2, f3 group from day 1
to day 21 when compared with control group
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Fig. 11: Anticholinesterase study of experimental subjects; Ordinary one-way ANOVA and unpaired t-test shown more significant value
p<0.001 of 1, f2 and f3 when compered with control

Fig. 12: Results of histopathological studies
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The hippocampus region of the brain showed improved neuronal
health in mice treated with green synthesized nanoparticles (f1, f2,
3 groups) compared to the toxicant group. Although some neuronal
loss was observed in the f1-f3 groups, they demonstrated better
neuronal density and texture than the toxicant group. Notably, the 3
group had significantly lower levels of Tau and Af proteins,
indicating a reduced risk of neurodegenerative diseases like
Alzheimer's. This suggests a more stable and healthy neural
environment in the f3 group [35].

Two way ANOVA followed by Turkey's multiple comparisons test
was applied in case of behavioral study of Morris Water Maze test,
the value of p<0.001 was found significant with f1, {2, f3 group from
day 5 to day 17 in comparison to control group (fig. 9). In case of
Behavioral Study of Y Maze the value of P<0.001 was found
significant with f1, f2, f3 group from day 7 in comparison with
control group (fig 10). Ordinary one way ANOVA and t-test was
applied for comparing the in vivo data obtained from f1, f2, and f3
animal group with control group for optimized fungi extract loaded
ZnO nanoparticles formulations. It was found that, a value of
P<0.001 was considered statistically more significant in case of
anticholinesterase study (fig. 11).

CONCLUSION

This study investigated the neurotoxic effects of zinc nanoparticles
(ZnNPs) synthesized through an eco-friendly co-precipitation
method on the brains of mice. In vivo experiments revealed that
ZnNPs accumulated in the brain, leading to high levels of oxidative
stress, which in turn caused spatial cognition impairment,
modulated neurotransmitter metabolism, and neuronal damage. The
primary objective of this research was to evaluate the neurotoxic
effects of green-synthesized ZnNPs, providing a foundation for
future studies. The widespread use of metal oxide nanoparticles in
medical applications necessitates a deeper understanding of their
bio-interactions, making this research a crucial step towards
comprehending the potential risks associated with green-
synthesized ZnNPs. The findings of this study can inform the
development of safer nanoparticles for medical use, ultimately
contributing to the advancement of nanotechnology in healthcare.
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