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ABSTRACT

Background: In current research, Zinc Nanoparticles (ZnNPs) were synthesized using green
synthesis technology. It is the best method which is eco-friendly and cost-effective. The extract
of fungus Cordyceps militaris was used for this purpose, which was followed by muffle furnace
assisted synthesis of zinc nanoparticles. Objectives: The main objective of this research work
was to assess the anticholinesterase and antioxidant activity mediated Anti-Alzheimer activity
of Cordyceps militaris and zinc nanoparticles prepared by green synthesis process. Materials
and Methods: The zinc nanoparticles were prepared by green synthesis process using extract
of fungus Cordyceps militaris. Characterization of prepared nanoparticles were done by the
Scanning Electron Microscopy (SEM), Transmission Electron Microscopy (TEM), X-ray diffraction
(XRD), EDX and Fourier Transform Infrared (FT-IR) spectroscopy for shape and size, Surface
Plasmon Resonance (SPR), functional groups, crystallinity. It was observed that SPR peak were
formed 375 nm, which was determined through UV-visible Spectroscopy. Results: SEM and
TEM photomicrograph shown particles were formed spherical in the shape with smooth surface
having 37.09 nm average particle sizes. SPR for nanoparticles was found at 300 nm. X-ray
diffraction analysis confirm crystalline shaped of prepared nanoparticles. Moreover, during the
synthesis of nanoparticles, the colour of suspension changed from dark yellow to colourless with
development of cloudiness in solution. The different functional groups involved in nanoparticle
stabilization were determined using FTIR Spectroscopy. Conclusion: Furthermore, the Alzheimer
activity of plant extracts and ZnNPs have been carried out using the Ellman technique through
cholinesterase with small modification. The IC, value in anticholinesterase inhibitory activity of
zinc nanoparticles was found 83.16237 ug/mL while IC,  value of donepezil was found 51.38714
pg/mL which was taken as standard. It was concluded that the result indicated the promising
inhibitory potential of cholinesterase activity. The antioxidant assay results with percentage
inhibition 127.0308 pg/mL showed the most effective antioxidant property source than aqueous
extract of Cordyceps militaris.

Keywords: Zinc nanoparticles, Cordyceps militaris, Anti-cholinesterase, Alzheimer anti-Alzheimer,
Green synthesis.
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Alzheimer is a neurodegenerative disease that begins slowly and
gets worse over time and it primarily affects old age people. The
incidence of this disease in patients has increased in recent years,
according to the World Health Organizations from year 2019,
across 50 million population are suffering from the dementia,
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which have increased upto (10 million) a year. It must be
approximated that the number of cases having dementia has raise
up to 52-82 in 2030-2050, with people with AD reporting for
60-70% of all citizens. Drugs with Acetyl cholinesterase inhibitory
(AchE) effects have shown good results in improving memory
problem in Alzheimer's disease patients.' As a result, research is
focusing on discovering AChE inhibitors as new treatments for
Alzheimer's disease. Humans have oxidated stress which shows
connections with inflammatory process and further results
in causing hypertension, cancer and neurodisorder disease.
Reactive Oxygen species known as ROS causes degradation of
many bioactive molecules like DNA, proteins and lipids, resulting
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in neurodegenerative disorders and or apoptosis inducing death
of neuronal cells. In a paradoxical way, oxidative stress obtained
from high production of ROS could be recognized as a biomarker
because oxidative stress can affect different molecular receptors,
NMDA receptors in neurons, in the brain and/or endothelium
have been shown to be highly expressed in response to oxidative
stress.> The occurrence of oxidative stress-induced NMDA
receptor regulating the expression is also used as a biomarker
for treatment of Alzheimer's disease. Because of this, it is used
for curing Alzheimer's disease.>* Recent time, nanotechnology is
being used in the growth and enhancement of curing of many
diseases. Alzheimer's disease seems to be main neurological
problem of the central nervous brain that controls a variety of
issues such as people's memories, behavioural patterns and
related to cognitive impairments, sometime it causes dementia.
Acetylcholinesterase (AChE) suppression has
significant diagnostic aim for Alzheimer's disease. Lowered level
of acetylcholinesterase shows good effects in improving memory.
AChE inhibition is frequently prescribed for the treatment, as well
as diagnosis of myasthenia gravis, Alzheimer’s disease, along with

become a

bladder distension diseases and glaucoma. Several nanomaterials
and nanoparticles have been used to diagnose neurodegenerative
disorder. Nanoscience highlights the rules of material at
dimensions range of 1-100 nanometers, which varies from that of
bigger particles. They have different properties and unique forms
like shape, size, chemical reactivity, distribution and practical
benefitsin catalyticactivity. Since they conjugate phytoconstituents
with nanoparticles, green synthesis-based ZnO nanoparticles
have been found to have very good therapeutic activity. It
has many benefits, such as less time consuming processes,
low cost in comparing to others and have non-toxic nature.>*
Zinc oxide nanoparticle is eco-friendly, not toxic, biosafe
and biocompatible, used in companies such as piezoelectirc,
biodiagnosis, and rubber processing biology, biology labelling,
protection of the environment and the pharmaceutical
industry.”® Cordyceps militaris is a member of the family
(Cordycipitaceae). The genus Cordyceps contains approximately
750 identified species that have been found worldwide, but
are mainly found in North America, Europe, South Asia and
the Himalayan alpine pastures with many phytoconstituents
namely Cordycepin, Codymin, Cordycepic acid, Guanosine
and inosine, Myriocin, Inosine, Berberine, Arachidonic acid
Linoleyl acetate,
Linoleic acid, Uralene, B-sitosterol.>!° Various Cordyceps militaris
extracts have shown significant anticancer, anti-inflammatory,
antioxidant along with that it also shows antimicrobial and
anti-alzhiemer properties.'"'? present study is aimed to develop
ZnNPs utilizing Codyceps militaris extracts. The AChE enzyme
shows inhibitory activity of ofCodyceps militaris with methanolic
extracts and by green-method of Zinc nanoparticles were then
investigated in the present study using donepezil as a standard."
This might benefit well with potential of anti- Alzheimer. The goal

Cinnamaldehyde, Deoxyandrographolide,
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of this study is to obtain zinc nanoparticles. by green-synthesis
with Cordyceps militaris through anticholinesterase potentials
by in vitro and it can be a first step forward into recognizing the
most viable anti-Alzheimer potency that might have less toxicity.
Furthermore, antioxidant assay shows more effective result in
comparison with aqueous extract.

MATERIALS AND METHODS

Materials

Fungi from Cordyceps militaris family (Cordycipitaceae) had been
collected from Shree Ram Testing Laboratories Private Limited
Mumbai, India. Zinc nitrate hexahydrate (Zn(NO,),.6H,0) from
the Katyuri Chemicals, Dehradun, Uttarakhand, India were
purchased. Reagents and solvents were used are of analytical
quality.

Methods

Extraction

To remove dirt particles and parasites, the fungal plants were
thoroughly rinsed with distilled water and then it is for two days in
the shade to dry at room temperature. Fungal plants were made in
powdered form by using a washed electric crusher. The powdered
material were filled inside an air-tight, amber glass bottle and kept
in hot air oven to complete drying and sterilization. The obtained
powder (10 g) was taken in glass container and immersed in 100
mL of purified water which was then warmed on the water bath
at temperature set to 50-55°C for about 30 min, then was filtered
with the help of Whatman filter paper no.1. Extract was allowed
to store in -4°C for future investigations.'*"®

Green Synthesis of Nanoparticles

The zinc nanoparticles were produced by the method described
by with minor changes in which 10 mL of 10% v/v extract was
boiled on water bath for 30 min. When the temperature exceed
to 65°C, 1 g of zinc nitrate hexahydrate (Zn(NO,),.6H,0 poured
and was mixed continuously, till paste is formed. After that, the
obtained paste was put in a ceramic crucible cup and placed in
a muflle furnace for about 2 hr (400°C). After 2 hr, the crucible
was allowed to remove from the muffle furnace containing white
colored powder containing zinc nanoparticles. The obtained
powder was cooled and placed in tightly packed vessel for the
experiment.'®"’

Characterization of prepared nanoparticles
UV-Spectrophotometry

The obtained nanoparticles were suspended in methanol and
scanned with a UV-spectrophotometer at wavelengths ranging
from 200 to 800 nm (Shimadzu UV-1601) for characterizes and
monitors Zinc nanoparticles.'s"
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Shape and Surface Morphology
Scanning Electron Microscopy (SEM)

A scanning electron microscope had been applied to examine
morphological characteristics of the synthesized nanoparticles
and X-ray energy dispersive spectroscopy. Nanoparticles that have
been prepared in powder were sprinkle on the double adhesive
tape which was stucked on aluminium stub followed by gold
coating about 300A° by sputter coater.”’ The photomicrograph of
were taken using Scanning Electron Microscope (EVO-18 Carl
Zeiss,).

Transmission Electron Microscopy (TEM)

The
transmission electron microscope (Hitachi-H7500) at a 20 kV

green-synthesised ZnNPs were visualized using a
of accelerate voltage. The nanoparticles suspension was allowed
to negatively stain with the 2.0% w/v of phosphotungstic acid
solution. A copper grid was put ZnNPs suspension and covered
with a carbon supported film for few second. The grid was
removed and remaining solvent was cleared with the help of filter
paper before placing the grid in the instrument. The image was

taken with transmission electron microscope.*

XRD Analysis

X-ray diffraction pattern of synthesized ZnNPs was performed
using XRD D8 Advance, Bruker and the XRD of prepared ZnNPs
was shown in the Figure 4 (A) and (B). By applying copper, K
source of radiation (X=1.5406 A) was to analyze absorption
spectrum with the correct size and it was determined by
calculating with Scherrer's formula.?? All diffracted intensities

were measured with 20 angles from 4° to 90°.

Scherrer formula:
K&

b= [ cosB

Where,
D denotes the size of particles;

K s Scherrer constant (k=0.9);

X=wavelength of light used for diffraction (=1.54 A), B is the full
width at half maximum of the diffraction peak;

nd © is known as angle of reflection.

Infra-Red (FT-IR) spectroscopy

Jasco, Japan, FTIR-6100 spectrometer was used to determine
spectral of ZnNPs to find the functional group attached on the
ZnNPs. All components were scanned and recorded at 400-4000

cm at normal temperature with 1 resolution at 1 spectral range.”
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Differential Scanning Calorimetry (DSC)

ZnNPs sample was examine to determine isothermal oxidation
behaviour.**

In vitro Anti-Alzheimer Study

Anticholinesterase activity in selected Cordyceps species

Anticholinesterase activity of prepared zinc nanoparticles
was examined in a 96 welled plate by Ellman method assay kit
through Enzo Pak. 10 mg extract with 10 mL methanol solution
in separate wells, which will be used for inhibition (100%). After
which, tested extracts of 20 pL at various concentrations 10-10000
pug mL*, 1 mL with AChE, in left out wells 15 min at 37°C for
incubation have been added to sample. In the same way, different
concentrations of donepezil and test extracts are been prepared.
At 412 nm absorbance was analysed at 10-1000. (IC, ) needed
inhibit the enzyme reaction (acetylcholine hydrolysis) through
50% was determined.?>?*

Using the excel program regression analysis concentration versus
inhibition percentage IC_ values were examined by performing a
linear approximation.

AAbs

Activity in V/L = 30sec X factor

Factor=TVx1000x2+14.64xSVx1;
Where TV=Total reaction volume in mL;
SV=Sample volume in mL;

and 14.64=millimolar absorption coefficient of 5-into-2-
nitrobenzoic acid;

P=Cuvette pathlength in cm;

2=Abs/30 sec to Abs/min conversion.

Antioxidant Activity

Fungal antioxidant activities were examined using a
2,2-diphenyl-1-picrylhydrazyl. Then for this study, 0.1 mM
methanolic solutions of DPPH of 200-800 pL were used. For 30
min, it was kept for incubation at 37°C and 0.714 nm, absorbance
was taken.?””?® To compare the antioxidant properties of prepared
nanoparticle for standard ascorbic acid was taken. By using the
following formula, the % inhibition for oxidation were recorded

[(Abs control — Abs sample)]
Abs control x 100

Percent radical scavenging activity =

Abs

control

=DPPH radical absorbance with methanol.

Abs

sample

=DPPH radical absorbance with sample extract/standard.

Statistical Analysis

Throughout this study, triplicate experiments and analyses were
conducted and Microsoft Excel 2012 was used for graphs.
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RESULTS

The synthesized Zinc nanoparticles prepared with Cordyceps
species analyse using UV spectrophotometer. Green-synthesised
zinc nanoparticles have such an absorbance peak in the 300-550
nm range. All samples had a high adsorption band from 354-368
nm, Zinc nanoparticles with their high bands with normal and
Surface Plasmon Resonance (SPR) 375 nm.!® Place of a Surface
plasmon resonance is because of the amount of charge getting
transfers surrounded by the medium and relationship of particles
along with particulate shape and size. Furthermore, towards the
absorption peak at 500-550 nm, an excitonic absorption peak at
260-280 nm was found. The motion of the electronic cloud on the
Zinc nanoparticles can cause the greater wavelength absorption
band. These small variations in absorption intensity values are
owing to particle size changes. Zinc nanoparticles capture a lot
of light in the UV spectrum. The size and shape of a nanoparticle
had been determined by using Malvern zeta sizer and scanning
electron microscopy. SEM photomicrographs revealed that
the nanoparticles surfaces were smooth and spherical in shape
(Figure 1). The appearance of spherical nanoparticles with a
diameter of approximately of below 75 nm is clearly illustrated.
The existence of metallic ZnNPs is been confirmed through
EDAX analysis (Figure 2). It shows the composition of Zinc
(25.4%), Oxygen (42.6%) and Carbon (25.9%).

SEM EDAX analysis

The morphological characteristics and proportions of the green
synthesized ZnNPs have been mainly shown in TEM images
given in Figure 3.

s | 4/6/2022 WD HV mag
7X) | 11:55:50 AM | 7.1 mm | 20.00 KV | 240 000 x Standard ETD | 1.73 um  2.68E-3 Pa

O | use case

Transmission electron microscopy image showed consisted with
tiny spherical shape particles. The TEM image of ZnNPs shows
spherical shape varying in size from 20 to 100 nm.

X-ray Diffraction analysis of prepared nanoparticles was found
that the intensities observed from 2000 to 8000 are considered
as diffraction intensities. Moreover, Bragg reflections with (20
value) at different angles 31.7100, 34.3200, 36.1700, 47.44°,
56.48°, 67.84°, 68.97°, 72.4500 shows correspondence with these
intensities.”® The green synthesized ZnNPs forms crystalline
nature and exhibit higher purity as shown in Figure 4 (A) and (B).
Using Scherrer equation, peaks forming at 36.17, 34.32 and 36.17
nm with high-intensity peaks were discovered.

ZnNPs FT-IR spectra of prepared zinc nanoparticles was shown
in Figure 5 that shows exact bands and various significant peaks
locations shows correlation with synthesized ZnNPs. OH,
stretching vibrations has been revealed by the values 3409.65 cm™
shows wide peak. C-O-H bending peaks were formed at 1383.83,
cm™. A zinc oxide nanoparticle was examined at Absorption 400
cm™’ to 600 cm™. Zn-O stretching and deformation vibrations
have shown peaks at 3409.65 and 1383.83 cm™ and 1116.43 and
447.23 cm™, respectively. Through above findings,” it has been
revealed that zinc oxide nanoparticles shows formation with extract
of Cordyceps militaris.

The DSC endothermic peak observed at 140.80°C shows low
temperature (Figure 6). During the process of synthesis because
loss of surfactant molecule which was previously adsorbs on
the surface of zinc oxide nanoparticles formed peak on high
temperature known as endothermic peak at 144.09°C shows zinc
nanoparticles as compared with a temperature with slightly high

det | HFW

F——300 nm——]

pressure

Figure 1: SEM photomicrograph of the Synthesized ZnNPs using Cordyceps species.
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Figure 2: EDAX analysis of the ZnNPs.

Figure 3: TEM photomicrograph of the synthesized ZnNPs of the selected Cordyceps species.

at 147.31°C which clearly shows the formation of zinc oxide into
the ZnNPs.*

The inhibitory activity for (Alzheimer) was determined by
performing anticholinestearase study. In this study, methanolic
extracts of Cordyceps militaris with ZnNPs was assayed (Table
1). Moreover, the anticholinestearase activity of ZnNPs was

Indian Journal of Pharmaceutical Education and Research, Vol 58, Issue 3(Suppl), Jul-Sep, 2024

compared with donepezil as a standard. It is well known fact that
our brain consists of two different cholinergic and noncholinergic
Anticholinestearase (AChE)

levels of acetylcholine which helps in curing Alzheimer. Green

neurons. inhibition increases

synthesized ZnNPs prepared with crude extract showing IC_|
value 83.16237 pg/mL. The % inhibition of cholinestearase
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Figure 4: X-ray Diffraction analysis of ZnNPs.
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Figure 6: DSC thermograph of ZnNPs.
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g 7 Table 1: Percent inhibition of cholinesterase enzyme activity.
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g Concentration Percent inhibition of cholinesterase
E gg W ZnO Nanoparticle (”g/m L) enzyme activity
= m Donepezil
ig ZnNPs Donepezil
0
10 100 1000 10 22.08 42.84
ICs) pg ml! (meant S.D.)
100 50.10 81.08
1000 83.43 86.40
Figure 7: Percent inhibition of cholinesterase enzyme activity.
Table 2: % Inhibition (antioxidant) of Cordyceps.
Concentration 200 400 600 800
(ng/mL)
Cordyceps 31.86 40.79 78.72 88.64

enzyme activity was found (22.08, 51.10 and 83.43 respectively
with different concentrations of 10, 100, 1000 pg/mL of extract
while Donepezil shown (42.84, 81.08 and 86.40% inhibition
respectively with concentrations of 10, 100, 1000, pg/mL with
IC,, value 51.38714 pg/mL is displayed in (Figure 7). Apart from
that, Donepezil demonstrated one of most effective and powerful

acetylcholinesterase inhibitor for this activity.”

Indian Journal of Pharmaceutical Education and Research, Vol 58, Issue 3(Suppl), Jul-Sep, 2024

Antioxidantactivity of prepared zinc nanoparticles was performed
which shown that the aqueous extract shows IC, value 127.0308
ug/mL, respectively in comparison with IC, standard antioxidant
ascorbic acid value 10.3622 pg/mL (Table 2). Figure 8 (A) and (B)
depicts the extract's DPPH radical scavenging effect respectively
of cordycep extract and ascorbic acid (B). In this research,
Cordyceps militaris extract exhibited greater radical scavenging
activity against DPPH than aqueous extract.””
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CONCLUSION

Green nanoparticle synthesis is an excellent method for
connecting nanotechnology with plants. The main advantage of
using extract for nanoparticle biosynthesis is that it contains a
large number of metabolites that can contribute to the reduction
of different metallic ions (gold, silver, zinc). The prepared
nanoparticles are sub nanometric in size offering an excellent
avenue for targeting to brain and other cellular organelle. The
metallic nanoparticles have good adsorption capacity towards
both lipophilic and hydrophilic therapeutic molecules. In this
study, we illustrated Cordyceps militaris with green synthesized
nanoparticles along with anti-Alzhiemer activity. Besides this,
the FTIR analysis indicates many functional groups with ZnNPs
offer wide variety of functionalization with different targeting
and therapeutic molecules. Green-synthesised ZnNPs using
Cordyceps militaris extract was determined to be extremely potent
and showing significant inhibitory effects of Acetylcholinesterase
which represent the potent anti-Alzhiemer effect. In contrast to
aqueous extract, the DPPH assay with extract has been found
to be more effective for future predictions for the effective
management of anti-Alzhiemer effect. The study can bring new
beginnings for Alzheimer which will guide future researchers in
their research work.
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SUMMARY

Zinc nanoparticles (ZnNPs) were synthesized using green
synthesis using extract of fungus Cordyceps militaris. The funguses
Cordyceps militaris extract have a strong anticholinesterase and
antioxidant properties which has beneficial effect to manage
the Alzheimer disease. Electron microscope photomicrograph
revealed that prepared ZnNPs were found round in the shape

$932

and smooth surface with optimum sub nanometric average
particle size. The SPR for nanoparticles was found different from
its salt confirm the nanoparticles formation. X-ray diffraction
analysis confirm crystalline shaped of prepared nanoparticles.
The functionality of nanoparticle was confirmed by FTIR
Spectroscopy. Alzheimer activity of plant extracts and ZnNPs
have been carried out using the Ellman technique through
cholinesterase with small modification. The IC, value in
anticholinesterase inhibitory activity of zinc nanoparticles was
found similar as compared to standard. It was shown promising
inhibitory potential for cholinesterase enzyme and has potential
antioxidant properties. The strong anti cholinestearease and
antioxidant study from the mushroom fungus Cordyceps militaris
extract and prepared zinc nanoparticles using the extract
represent potential anti- Alzhiemer activity.

REFERENCES

1. Hoang THX, Ho DV, Van Phan K, Le QV, Raal A, Nguyen HT. Effects of
Hippeastrum reticulatum on memory, spatial learning and object recognition
in a scopolamine-induced animal model of Alzheimer’s disease. Pharm Biol.
2020;58(1):1098-104. doi: 10.1080/13880209.2020.1841810, PMID 33170051.

2. Park JS, Kim T, Kim D, Jeong YI. The effect of oxidative stress and
memantine-incorporated reactive oxygen species-sensitive nanoparticles on the
expression of N-methyl-d-aspartate receptor subunit 1 in brain cancer cells for
Alzheimer’s disease application. Int J Mol Sci. 2021;22(22):12309. doi: 10.3390/ijms
222212309, PMID 34830191.

3. LiuJ, Chang L, SongY, Li H, Wu Y. The role of NMDA receptors in Alzheimer’s disease.
Front Neurosci. 2019;13:43. doi: 10.3389/fnins.2019.00043, PMID 30800052.

4. Blennow K, Zetterberg H. Biomarkers for Alzheimer’s disease: current status and
prospects for the future. J Intern Med. 2018;284(6):643-63. doi: 10.1111/joim.1281
6, PMID 30051512.

5. Mohamed AA, Fouda A, Abdel-Rahman MA, Hassan SED, El-Gamal MS, Salem SS, et al.
Fungal strain impacts the shape, bioactivity and multifunctional properties of green
synthesized zinc oxide nanoparticles. Biocatal Agric Biotechnol. 2019;19:101103. doi:
10.1016/j.bcab.2019.101103.

6. Youssif KA, Haggag EG, Elshamy AM, Rabeh MA, Gabr NM, Seleem A, et al.
Anti-Alzheimer potential, metabolomic profiling and molecular docking of green
synthesized silver nanoparticles of Lampranthus coccineus and Malephora lutea
aqueous extracts. PLOS ONE. 2019;14(11):e0223781. doi: 10.1371/journal.pone.022
3781, PMID 31693694.

7. Sanaeimehr Z, Javadi I, Namvar F. Antiangiogenic and antiapoptotic effects of
green-synthesized zinc oxide nanoparticles using Sargassum muticum algae
extraction. Cancer Nanotechnol. 2018;9(1):3. doi: 10.1186/512645-018-0037-5, PMID
29628994.

8. Igbal J, Abbasi BA, Yaseen T, Zahra SA, Shahbaz A, Shah SA, et al. Green synthesis
of zinc oxide nanoparticles using Elaeagnus angustifolia L. leaf extracts and their
multiple in vitro biological applications. Sci Rep. 2021;11(1):20988. doi: 10.1038/
541598-021-99839-z, PMID 34697404.

9. Dong QY, Wang Y, Wang ZQ, Tang DX, Zhao ZY, Wu HJ, et al. Morphology and
phylogeny reveal five novel species in the genus Cordyceps (Cordycipitaceae,
Hypocreales) from Yunnan, China. Front Microbiol. 2022;13:846909. doi: 10.3389/fmi
¢b.2022.846909, PMID 35495705.

10. Shrestha B, Zhang W, Zhang Y, Liu X. The medicinal fungus Cordyceps militaris:
research and development. Mycol Progress. 2012;11(3):599-614. doi: 10.1007/
511557-012-0825-y.

11. Shin JS, Chung SH, Lee WS, Lee JY, Kim JL, Lee KT. Immunostimulatory effects
of cordycepin-enriched WIB-801CE from Cordyceps militaris in splenocytes
and cyclophosphamide-induced immunosuppressed mice. Phytother Res.
2018;32(1):132-9. doi: 10.1002/ptr.5960, PMID 29168246.

12. Lou H, Lin J, Guo L, Wang X, Tian S, Liu C, et al. Advances in research on Cordyceps
militaris degeneration. Appl Microbiol Biotechnol. 2019;103(19):7835-41. doi: 10.100
7/500253-019-10074-z, PMID 31410524.

13. Khatoon A, Khan F, Ahmad N, Shaikh S, Rizvi SMD, Shakil S, et al. Silver nanoparticles
from leaf extract of Mentha piperita: eco-friendly synthesis and effect on
acetylcholinesterase activity. Life Sci. 2018;209:430-4. doi: 10.1016/).1fs.2018.08.046
,PMID 30138593.

14. Aminuzzaman M, Ying LP, Goh WS, Watanabe A. Green synthesis of zinc oxide
nanoparticles using aqueous extract of Garcinia mangostana fruit pericarp and their
photocatalytic activity. Bull Mater Sci. 2018;41(2):1-10. doi: 10.1007/s12034-018-
1568-4.

Indian Journal of Pharmaceutical Education and Research, Vol 58, Issue 3(Suppl), Jul-Sep, 2024



Saini, et al.: Cordyceps militaris Zinc Nanoparticles for Alzheimer

20.

21.

22.

. Selim YA, Azb MA, Ragab I, Abd EI-Azim HM, M. Green synthesis of zinc oxide

nanoparticles using aqueous extract of Deverra tortuosa and their cytotoxic activities.
Sci Rep. 2020;10(1):1.

. Sharma J. Sweta, Thakur, C,, Vats, M. and Sharma, S. K. AIP conference proceedings.

2020. Green synthesis of zinc oxide nanoparticles using neem extract; 2220(2):277-85.

. Ramola B, Joshi NC, Ramola M, Chhabra J, Singh A. Green synthesis, characterisations

and antimicrobial activities of CaO nanoparticles. Orient J Chem. 2019;35(3):115.

. Chemingui H, Missaoui T, Mzali JC, Yildiz T, Konyar M, Smiri M, et al. Facile green

synthesis of zinc oxide nanoparticles (ZnO NPs): antibacterial and photocatalytic
activities. Mater Res Express. 2019;6(10), 1050b4. doi: 10.1088/2053-1591/ab3cd6.

. Ramesh P, Saravanan K, Manogar P, Johnson J, Vinoth E, Mayakannan M. Green

synthesis and characterization of biocompatible zinc oxide nanoparticles and
evaluation of its antibacterial potential. Sens Bio Sens Res. 2021;31:100399. doi: 10
.1016/j.sbsr.2021.100399.

Naseer M, Aslam U, Khalid B, Chen B. Green route to synthesize zinc oxide
Nanoparticles using leaf extracts of Cassia fistula and Melia azadarach and their
antibacterial potential. Sci Rep. 2020;10(1):9055. doi: 10.1038/541598-020-65949-3,
PMID 32493935.

Singh K, Singh J, Rawat M. Green synthesis of zinc oxide nanoparticles using Punica
granatum leaf extract and its application towards photocatalytic degradation of
Coomassie brilliant blue R-250 dye. SN Appl Sci. 2019;1(6):1-8.

Fakhari S, Jamzad M, Kabiri Fard H. Green synthesis of zinc oxide nanoparticles: a
comparison. Green Chem Lett Rev. 2019;12(1):19-24. doi: 10.1080/17518253.2018.1
547925.

23.

24,

25.

26.

27.

28.

Vijayakumar S, Mahadevan S, Arulmozhi P, Sriram S, Praseetha PK. Green synthesis of
zinc oxide nanoparticles using Atalantia monophylla leaf extracts: characterization
and antimicrobial analysis. Mater Sci Semicond Process. 2018;82:39-45. doi: 10.101
6/j.mssp.2018.03.017.

Heer ASK. Spectral characterization and antifungal activity of zinc oxide (Zno)
nanoparticles synthesized using Cynodon dactylon leaf extract. World J Pharm Res.
2017;6:16.

El-Hawwary SS, Abd Almaksoud HM, Saber FR, Elimam H, Sayed AM, El Raey MA, et
al. Green-synthesized zinc oxide nanoparticles, anti-Alzheimer potential and the
metabolic profiling of Sabal blackburniana grown in Egypt supported by molecular
modelling. RSC Adv. 2021;11(29):18009-25. doi: 10.1039/d1ra01725j, PMID 35480186.

Pradeep S, Prabhuswaminath SC, Reddy P, Srinivasa SM, Shati AA, Alfaifi MY, et al.
Anticholinesterase activity of Areca catechu: in vitro and in silico green synthesis
approach in search for therapeutic agents against Alzheimer’s disease. Front
Pharmacol. 2022;13:1044248. doi: 10.3389/fphar.2022.1044248, PMID 36408228.

Arya S, Pandey HK, Singh A, Meena HS, Bala M. Evaluation of phyto chemical
biochemical and in vitro antioxidant potential of Angelica glauca Grown at high
altitude areas of western Himalayas. Def Life Sc JI. 2021;6(2):117-21. doi: 10.14429/
dlsj.6.15770.

Yousaf H, Mehmood A, Ahmad KS, Raffi M. Green synthesis of silver nanoparticles
and their applications as an alternative antibacterial and antioxidant agents. Mater
Sci Eng C Mater Biol Appl. 2020;112:110901. doi: 10.1016/j.msec.2020.110901, PMID
32409057.

Cite this article: Saini K, Shilpi S, Arya S, Sahoo J. Assessment of Anti-Alzheimer Characterization of Green Synthesized Zinc Nanoparticles Containing Extract
of Cordyceps militaris. Indian J of Pharmaceutical Education and Research. 2024;58(3s):5925-5933.

Indian Journal of Pharmaceutical Education and Research, Vol 58, Issue 3(Suppl), Jul-Sep, 2024

$933



