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Aqueous extracts of Withania coagulans leaves were used
to phytosynthesize green AuNPs. The AuNPs synthesized
were found to be stable nano-crystalline sphericals with a
size range of 20 to 100 nm. The AuNPs Amax peak was
found at 550 nm, demonstrating the accurate production of
AuNPs. The sharp Au°® peak in EDX analysis, together with
other organic peaks, demonstrate that phytochemicals in
plant extracts efficiently lowered the ionic Au*? by serving
as an efficient biocapping and bioreducing agent. In
comparison to aqueous leaves extract, the in-vitro activities
of these AuNPs show that they have excellent antifungal
activity against £ solani (92%), F. oxysporum (91%), M.
furfur (90%), Penecillium and C  albicans (89%).
Antibacterial activity was shown to be moderate to good

against S. aureus (63%), and K. pnuemoniae (54%).
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Introduction

The basic concept of nano-biotechnology comes from the combination of components
that are (10 nanometers in size and are used for the good of humanity. These tiny
particles are now used in a variety of scientific disciplines, including engineering and
medicine (Tayo, 2017). It is essentially referred to as an umbrella term that combines
concepts from physics, chemistry, and engineering with those from biomedicine. These
nano-devices have numerous uses, from chemotherapy to the field of cosmetics (Xiao et
al, 2019). These nano-devices may be used in a variety of products, including biosensors,
conductive inks, imaging devices, fertilizers, and pesticides (Khan et a/ 2019).

Metal nanoparticles have been created chemically and mechanically in recent
years. The most often targeted metals were copper, platinum, titanium, gold, and silver.
Among the aforementioned, silver has undergone extensive research to determine
whether it possesses a special antibacterial characteristics (Ramalingam et al, 2014). As
gold ions operate as great antibacterial, antioxidant, anti-inflammatory, antiviral, and
anti-cancer agents in the future, the availability of gold salts has drawn scientists'
attention across the globe (Gurav et a/, 2019). In order to expedite the treatment of
rheumatoid arthritis, the gold salts are also conjugated with anti-inflammatory
medications such aurothiomalate. Osteoporosis, wrinkles, and bone deformation in old
age can be avoided by consuming colloidal gold within WHO permitted levels (Kean &
Kean, 2008). In addition, laser equipment, pacemakers, antimicrobial stents, surgical
scissors and bandages use gold alloys as laminations to treat and prevent multiple
infections (Lin et al, 2009).

With the use of a chemical reducing agents, metallic gold salts could be
efficiently converted into gold nanoparticles (AuNPs). The use of various reducing
agents, such as sodium borohydride, sodium citrate, and ethylene diaminetetraacetic
acid (EDTA), was extremely hazardous to human health and the environment. As a result,
green synthesis of gold nanoparticles was developed to bio-reduce gold ions (Au*®) to
gold nanoparticles (Au®) in order to address the issue (Slocik et al, 2005; Pissuwan et al,
2019).

The modern process known as "green synthesis" uses the naturally occurring
reducing abilities of microorganisms (bacteria, fungi, and algae) and plants to transform
the metal Au*? into Au®. Plant parts or complete plants are favored bio-reducing agents
over microorganisms because of their wide availability, rapid conversion to
nanoparticles, and simple purifying procedures (Ramalingam et a/, 2019).

Phytosynthesis or plant mediated synthesis of AuNPs exploit plant natural
phytochemicals particularly polyphenols to bio-reduce and bio-cap Au*® to Au°.
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According to recent reports (Ahmad et al, 2017), the bio-manufactured AuNPs have
unique therapeutic efficacy against microbial infections, ageing, malignancies, and
aesthetic diseases. Because it avoids the use of hazardous chemicals and high energy
inputs like heat and pressure, the manufacture of AuNPs from plant material has
demonstrated to be a user and environment-friendly technology (Iravani, 2011). The
combination of beneficial phytochemicals and gold ions, as well as the fabrication of
nano-size structures that could easily penetrate biological membranes and impart their
medicinal value, are thought to be the basis for the rationale behind the efficient
therapeutic properties of these phyto-synthesized AuNPs (Nadeem et a/, 2017).

A promising avenue for medication distribution has been made possible in the
realm of medicine by photosynthesized AuNPs (Klebowski et al, 2018). The medicine
can be transported to the desired places, such as nucleic acids and proteins, with the
help of the monolayer of AuNPs. The AuNPs can also be chemically adsorbed to the
surface utilizing ionic bonds or conjugated with the chosen medication using
polyethylene glycol. According to Hu et al/ (2020), the transport of the payloads is
examined to take place in the presence of in-vivo (pH, cellular enzymes, and glutathione)
and in-vitro (temperature) stimuli.

Pakistan is a country which is rich in medicinal plant flora. According to
documented data, approximately 5000 plants possess medicinal properties. Out of 5000,
600 medicinal plants are exploited by herbalists to treat many diseases (Saleem et al,
2018). As an under-developed country, the population mostly depends on the herbal
medicine formulations to treat the affliction (Sulaiman et al, 2020). Likewise, Withania
coagulans.

Withania coagulans Dunal as shows in fig. 1.1, is trivially known as Paneer booti in
Urdu while in English it is named as Indian rennet or vegetable rennet. The name is due
to the presence of rennet-like protease which has the ability to coagulate milk protein in
to cheese. The plant is widely distributed in Pakistan, Afghanistan and India (Beigomi et
al, 2014). The leaves, stem and fruit has been used in traditional medicine for treatment
of many diseases. Extracts of the plant have been reported to manage diabetes and
stomach discomforts (Kaarunya et a/, 2019). The aqueous leaves extracts of the plant
was also reported to remediate recurrent leaf spot disease caused by Alterneria
alternata (Sharma et al, 2013).
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Fig.1.1. Showing whole plant of Withania coagulans
W. coagulans is a rigid, grey under shrub, 60-120 cm high, occurring in drier parts of the
Punjab. Additionally, reports of it from the Kumaun, Garhwal, and Simla areas have been
made. The shrub blooms from November through April, while the berries ripen from
January through May. From the seed, the body naturally regenerates (Hemalatha et a/,

2008).

£y - o

According to Gupta et al (2012), withanin, an enzyme found in the pulp and husk
of berries, is responsible for the fruits' ability to cause milk to coagulate. The berries of
W. coagulans are utilized in Punjab as a source of coagulating enzyme to coagulate milk,
which is known as "paneer." Crushed plant berry pieces that have been knotted in a
cloth are immersed in warm buffalo or sheep milk that has been heated to roughly 100
°F. Curdling of the milk takes 30 to 40 minutes (Hemalatha et a/, 2008).

According to Maurya et al, (2010), W. coagulans has a variety of therapeutic
qualities including antifungal, anticytotoxic, antidiabetic, hypolipidemic, neuroprotective,
anti-inflammatory, anti-cancerous, anthelmintic, antioxidant activity, and wound healing
activity. According to Khan et al, (2021), Withania coagulans has been used to treat
acute and chronic hepatic diseases, aberrant cell growth, wasting disorders, neurological
and physical issues, diabetes mellitus, and sleeplessness. As depicted in Fig. 1.2, the
roots, leaves, and fruits of W. coagulans are responsible for a variety of pharmacological
and therapeutic activities (Khan et al, 2021).
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Fig. 1.2. Shows the therapeutic potential of Withania coagulans
Given the variety of uses for both AuNPs and Withania coagulans, a research project was
created to bio-fabricate AuNPs utilizing the plant's aqueous extracts of leaf. The AuNPs
would also be characterized in order to determine their specific functional makeup.
Finally, the clinical investigation of the AuNPs' therapeutic potential will be conducted.
Materials and Methodology
Collection of Sample
Leaves of Withania coagulans plant were obtained from region of kohe Hassan khel FR
Peshawar.
Preparation of aqueous leaves extract
Using distilled water, the W. coagulans leaves that had been gathered were cleaned and
washed. It was then dried in the shade at room temperature. After that, an electric
grinder was used to powder the dried leaves. The pulverized leaves weighed a total of 4
kg. 25 grams of the 4 kg of powdered leaves were cooked in 500 mL of distilled water in
a sterile flask. The extract was taken out using Whattman filter paper No. 1 after 30
minutes of boiling. Finally, filtrate was obtained and stored in sterile bottles with blue
caps for further use (Ahmad et a/, 2017).
Phyto-synthesis of AUNPs
In a sterile conical flask, 10 mL of an aqueous leaf extract was combined with 90 mL of
an AuCls solution (ImM). The reactant mixture was next placed in a water bath that was
shaken for an hour at 75 °C. The accurate creation of AuNPs is indicated by the colour
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change from yellowish green to dark blackish brown at the end of the incubation period.
The typical spread drying approach was used to dry the bio-reduced AuNPs, using a hot
plate set at 50 °C. After then, using an ultra-centrifuge at 12.000 rpm, the dried AuNPs
were scratched and filtered. The supernatants were then discarded, and pellets of pure
AuNPs were collected and dried in hot air ovens at a temperature of 50 °C onto
sterilized petri plates (Khan et al, 2021).

Spectroscopic characterization of Phyto-synthesized AuNPs

Ultraviolet-Visible Spectrophotometery

Using an ultraviolet spectrophotometer, the maximum peak absorbance of Phyto-
synthesized AuNPs was examined. The peak was seen between 400 and 600 nm in
wavelength (Ahmad et a/, 2017).

Transmission Electron Microscope (TEM)

Using a TEM (Techni-G2-300 kV), the size of green AuNPs was examined. On the
carbon-coated copper grid, a tiny layer of test AUNPs solution was applied before being
vaporized for five minutes using a mercury vapour lamp. Last but not least, a 2D
micrograph of test AuNPs displaying the size was noticed (Ahmad et al, 2017).

In-vitro studies of AuNPs

Antibacterial Activity

The agar well diffusion assay was used to assess the antibacterial activity of AuNPs
(Ahmad et al, 2017). In sterile petri plates, autoclaved nutrient agar (Sigma-Aldrich,
Germany) was added. Using an 18 — 24 hour-old culture and a sterile borer, a uniform
bacterial lawn was created on petri plates. In each well, 100 uL of a stock solution (3
mg/mL) of AuNPs in dimethyl sulphoxide (DMSO, 1%) was added. Both DMSO and
amoxicillin were utilized as controls, with DMSO serving as the positive control. Zones of
inhibition (mm) were measured after 24 hours of incubation at 37 °C, and percent

inhibition was computed using the provided formula.
% inhibition = Zone of inhibition of sample(mm) « 100
° ~ Zone of inhibition of positive control (mm)

Antifungal Activity

AuNPs' antifungal activity was assessed using the agar tube dilution assay (Ahmad et a/,
2017). AuNPs stock solution (24 mg/ml) was made in DMSO. Sigma-Aldrich Germany's
Sabouraud dextrose agar, 4 ml, was placed in test tubes and autoclaved at 121°C for 15
minutes at 21 psi. After the tubes had cooled to room temperature (50 °C), 70 uL of
stock solution was added, and it was left to harden in a slanting posture. Fresh cultures
of test fungi were inoculated at designated slants using a sterile inoculating loop. As
positive and negative controls, respectively, miconazole and DMSO were used. For 5 -7
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days, all the test tubes were incubated at 28 °C. The visible linear growth inhibitions of

the fungus strains were calculated in comparison to controls after incubation.
L Linear growth of fungi in test sample(mm)
% inhibition = — — x 100
Linear growth of fungi in standard (mm)

Results

Spectroscopic characterization of Phyto-synthesized AuNPs

Ultraviolet-Visible Spectrophotometery

According to UV-Vis spectrophotometer study, the Amax absorbance for AuNPs is at
550 nm, which supports the accurate synthesis of AuNPs. In comparison, the Amax
absorbance peak was missing in the aqueous extract of W. coagulans leaves. Fig. 1 and
Fig. 2 present a summary of the findings.
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Fig. 1. UV-Vis analysis of aqueous leaves extract
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Fig. 2. UV-Vis analysis of green AuNPs
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Transmission Electron Microscope (TEM)

According to TEM examination, the bio-reduced AuNPs are generally spherical in shape.
A few aberrant morphologies were also discovered, which could be the result of nano-
spheriods aggregation. The average size of these nano-spherical AuNPs was in the 20 -
100 nm r ig.3 (a, b).

[

@) _3(a, b). TEM analysis of green A (b)

In-vitro studies of AuNPs

From the comparative in-vitro assays of AUNPs and aqueous leaves extracts, following
results were observed;

Antibacterial Assay

The comparative antibacterial activity of aqueous extracts of leaves and AuNPs revealed
that AuNPs have good bactericidal activity against S. aureus (63%), moderate activity
against £ coli (40%), S. pyogenes (45%), and K. pneumonia (54%), and poor activity
against P. aeruginosa (22%) and S. typhi (26%). Aqueous extract of leaves, on the other
hand, displayed limited action against all of the test bacterial species except P.
aeruginosa, which was resistant. The results are displayed in Fig. 4.4.
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Fig. 4.4. Comparative antibacterial assay of AuNPs and crude aqueous extract from
leaves of W. coagulans

Antifungal Assay

In the comparative antifungal testing, AuNPs effectively inhibited all of the test fungal
growth. The highest levels of inhibition were seen in £. solani (92%), F. oxysporum (91%),
and M. furfur (90%).Similar inhibition pattern was observed in C albicans and
Penecillium spp. showed a similar growth inhibition pattern, with 89% inhibition. 7.
harizanum (75%) and A. flavus (74%), both had high antifungal activity. The aqueous
leaves extract, on the other hand, had moderate to good efficacy against all of the test
fungus species. Penecillium spp. (69%) and F. oxysporum (67%), had the strongest
inhibitory activity. While A. flavus was only 29% inhibited. Fig. 5.
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Antifungal assay
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Fig. 5. Comparative antifungal assay of AuNPs and crude aqueous extract from leaves of
W. coagulans

DISCUSSION

Nanobiotechnology, often known as nanobiology, is a trendy branch of science that
focuses on manipulating atoms to shape into desirable products. Currently, nano-
biologists have combined engineering, agriculture, and therapeutics with
nanotechnology to create efficient commodities such as biofertilizers, tailored
biosensors and medications, diagnostic tools, and even nano-infused coatings (Xiao et
al, 2019). There are effective chemical and physical ways for mass-producing these
nanostructures. However, the majority of these treatments are highly toxic, expensive,
and not cost-effective (Khan et al, 2019). Switching to a green process that uses
microorganisms, plants, and enzymes is a positive step forward for the industry
(Rodriguez-Luis et al, 2016).

Metal nanoparticles bio-reduced from their ionic state to particle form utilizing
plant extracts produced excellent results in past years. These phyto-synthesized metal
nanoparticles, including silver, gold, zinc, and copper, have been used to assist mankind
in a variety of nanodevices (Ramalingam et a/, 2019). Gold nanoparticles synthesised
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from plant extracts are chosen over traditional methods because they are
environmentally benign, cost effective, and have great therapeutic effects (Pissuwan et
al, 2020). Many plants, including Aloe vera, Bauhinia purpurea, Cinnamomum camphora,
Dodonaea, Musa acuminata, Mentha longifolia, and Emblica officinalis, have been
studied for their ability to create AuNPs. These nano-gold particles have a solid
crystalline structure and range in size from 10 to 100 nm.

The AuNPs had round and oval morphologies and may agglomerate during a
prolonged incubation period (Rauf et a/, 2021). Similarly to the current study, the leaves
of W. coagulans contain phenolic chemicals and reducing sugars, which mediate the
cost-effective and environmentally friendly synthesis of AuNPs. AuNPs have the same
morphology as previously manufactured AuNPs, i.e. 100 nm. Few irregular objects were
also typically spherical in shape with sizes ranging from 20 — 100 nm.

It has recently been shown that green AuNPs have enormous therapeutic effects
ranging from cosmetic enhancement to the treatment of chronic malignancies. It was
previously discovered that aqueous leaf extracts of Opuntia ficus-indica, Anacardiium
occidentale, Bauhinia tomentosa, Chenopodium album, Dracocephalum kotschyi and
Camellia sinensis have potentials to biosynthesize AuNPs. These AuNPs were observed
to lie in the range between 10 — 200 nm. These fabricated nanoparticles were
investigated to act in synergism with that of plant extracts to treat many bacterial
infections. The AuNPs were found to be active against £ colj, Staphylococcus aureus,
Pseudomonas and Salmonella species (Nadeem et al, 2017). Similar to current study,
leaves mediated AuNPs of W. coagulans were observed to be active against
Staphylococcus aureus, Klebsiella pneumonia, E. coli and Streptococcus species.

The green AuNPs were observed previously to efficiently possess antifungal
properties. It was previously evidenced that AuNPs synthesized using aqueous leaves
extract of Punica granatum, Pistacia integerrima and Nepenthes khasiana can inhibit the
mycelial growth of Candida albicans, Aspergillus flavus and Microsporum gypseum
(Amina et al, 2020). Similar like the current study, AuNPs fabricated using aqueous
leaves extracts of W. coagulans can inhibited the fungal proliferation of 7. harizanum, F.
solani, M. furfur, F. oxysporum, Penecillium and Aspergillus flavus.

REFERENCES
Ahmad, B., Hafeez, N., Bashir, S.,, Azam, S., Khan, I, & Nigar, S. (2015). Comparative
analysis of the biological activities of bio-inspired gold nano-particles of

Phyllantus emblica fruit and Beta vulgaris bagasse with their crude extracts. Pak J

Bot, 247), 139-46.

Page 1722 of 15


https://pakjmcr.com/index.php/1/about

Vol. 4 No. 3 (2025)

Pakistan Journal of Medical & Cardiological Review
https://pakjmcr.com/index.php/1/about

Online ISSN Print ISSN

Hag et al., 2025 3007-2387 3007-2379

Ahmad, B., Shireen, F., Bashir, S., Khan, I, & Azam, S. (2017). Green synthesis,
characterisation and biological evaluation of AgNPs using Agave americana,
Mentha spicata and Mangifera indica aqueous leaves extract. /ET
nanobiotechnology, 10(5), 281-287.

Akintelu, S. A., Yao, B., & Folorunso, A. S. (2021). Green synthesis, characterization, and
antibacterial investigation of synthesized gold nanoparticles (AuNPs) from
Garcinia kola pulp extract. Plasmonics, 16, 157-165.

Aljabali, A. A., Akkam, Y., Al Zoubi, M. S., Al-Batayneh, K. M., Al-Trad, B., Abo Alrob, O.,
and Evans, D. J. (2018). Synthesis of gold nanoparticles using leaf extract of
Ziziphus zizyphus and their antimicrobial activity. Nanomaterials, 83), 174.

Balashanmugam, P., Durai, P, Balakumaran, M. D. & Kalaichelvan, P. T. (2016).
Phytosynthesized gold nanoparticles from C roxburghii DC. leaf and their toxic
effects on normal and cancer cell lines. Journal of Photochemistry and
Photobiology B: Biology, 165, 163-173.

Beigomi, M, A. Mohammadifar, M.Rohani, M.G.Senthil and K. Valizadeh. (2014).
Biochemical and rheological characterization of a protease from fruits of Withania
coagulans with a milk-clotting activity. Food Sci. and Biotech., 23(6): 1805-1813

Dang, H., Fawcett, D., & Poinern, G. E. J. (2019). Green synthesis of gold nanoparticles
from waste macadamia nut shells and their antimicrobial activity against
Escherichia coli and Staphylococcus epidermis. International Journal Of research
in medical sciences, 7/4).

Folorunso, A. Akintelu, S., Oyebamiji, A. K., Ajayi, S., Abiola, B., Abdusalam, I, &
Morakinyo, A. (2019). Biosynthesis, characterization and antimicrobial activity of
gold nanoparticles from leaf extracts of Annona muricata. Journal of
Nanostructure in Chemistry, 9, 111-117.

Ganesan, R. M., & Prabu, H. G. (2019). Synthesis of gold nanoparticles using herbal
Acorus calamus rhizome extract and coating on cotton fabric for antibacterial and
UV blocking applications. Arabian Journal of Chemistry, 12(8), 2166-2174.

Gopinath, K., Kumaraguru, S., Bhakyaraj, K., Mohan, S., Venkatesh, K. S., Esakkirajan, M., ...
& Arumugam, A. (2016). Green synthesis of silver, gold and silver/gold bimetallic
nanoparticles using the Gloriosa superba leaf extract and their antibacterial and
antibiofilm activities. Microbial pathogenesis, 107, 1-11.

Gupta, Prakash Chandra. Withania coagulans Dunal-an overview." International Journal
of Pharmaceutical Sciences Review and Research 12, no. 2 (2012): 68-71

Gurav, D. D, Jia, Y. A, Ye, J,, & Qian, K. (2019). Design of plasmonic nanomaterials for
diagnostic spectrometry. Nanoscale Advances, 1(2), 459-469.

Page 1723 of 15


https://pakjmcr.com/index.php/1/about

Vol. 4 No. 3 (2025)

Pakistan Journal of Medical & Cardiological Review
https://pakjmcr.com/index.php/1/about

Online ISSN Print ISSN

Hag et al., 2025 3007-2387 3007-2379

Hemalatha, S., Kumar, R, & Kumar, M. (2008). Withania coagulans Dunal: A review.
Pharmacognosy Reviews, 24), 351.

Hu, X.,, Zhang, Y., Ding, T., Liu, J., & Zhao, H. (2020). Multifunctional gold nanoparticles: a
novel nanomaterial for various medical applications and biological activities.
Frontiers in Bioengineering and Biotechnology, 8 990.

Iravani, S. (2011). Green synthesis of metal nanoparticles using plants. Green Chemistry,
713(10), 2638-2650.

Islam, N. U., Khan, I, Rauf, A, Muhammad, N. Shahid, M., & Shah, M. R. (2015).
Antinociceptive, muscle relaxant and sedative activities of gold nanoparticles
generated by methanolic extract of Euphorbia milii. BMC complementary and
alternative medicine, 715(1), 1-11.

Kaarunya., S, R. Siriporn, and C. Kei. (2019). Small-intestine-specific delivery of
antidiabetic extracts from Withania coagulans using polysaccharide-based
enteric-coated nanoparticles. ACS Omega. 4(7): 12049-12057

Kean, W. F, & Kean, . R L (2008). Clinical pharmacology of gold.
Inflammopharmacology, 16(3), 112-125.

Khan, M. I, Magsood, M., Saeed, R. A., Alam, A,, Sahar, A, Kieliszek, M., ... & Aadil, R. M.
(2021). Phytochemistry, food application, and therapeutic potential of the
medicinal plant (Withania coagulans): A review. Molecules, 26(22), 6881.

Khan, T., Ullah, N., Khan, M. A., & Nadhman, A. (2019). Plant-based gold nanoparticles; a
comprehensive review of the decade-long research on synthesis, mechanistic
aspects and diverse applications. Advances in colloid and interface science, 272,
102017.

Khan, U., Zaib, A., Khan, I, & Nisar, K. S. (2021). Insight into the dynamics of transient
blood conveying gold nanoparticles when entropy generation and Lorentz force
are significant. /nternational Communications in Heat and Mass Transfer, 127,
105415.

Klebowski, B., Depciuch, J., Parlinska-Wojtan, M., & Baran, J. (2018). Applications of noble
metal-based nanoparticles in medicine. /nternational journal of molecular
sciences, 1912), 4031.

Kumara, V., S. M. Jelastinand K.S. Prakashb. 2019. Green synthesis of gold nanoparticles
using Croton caudatus Geisel leaf extract and their biological studies. Materials
Letters., 236(2019): 19 - 25

Liny, P, M. P. Das, M. S. Kumar, P. Anbarasi, S. Sindhu, E. Sagadevan and P. Arumugam.
2022. Green synthesis and characterization of gold nanoparticles from Nigella

Page 1724 of 15


https://pakjmcr.com/index.php/1/about

Vol. 4 No. 3 (2025)

Pakistan Journal of Medical & Cardiological Review
https://pakjmcr.com/index.php/1/about

Online ISSN Print ISSN

Hag et al., 2025 3007-2387 3007-2379

sativa and its application against UTI causing bacteria. /. Acad. Ind. Res., 3(1): 405-
410.

Mata, R., Bhaskaran, A, & Sadras, S. R. (2016). Green-synthesized gold nanoparticles
from Plumeria alba flower extract to augment catalytic degradation of organic
dyes and inhibit bacterial growth. Particuology, 24, 78-86.

Maurya, R. (2010). Chemistry and pharmacology of Withania coagulans. an Ayurvedic
remedy. Journal of pharmacy and pharmacology, 62(2), 153-160.

Millan, A., Del Toro-Sanchez, C. L., Ramos-Enriquez, J. R., Carrillo-Torres, R. C., Zavala-
Rivera, P., Esquivel, R, ... & Lucero-Acufa, A. (2019). Biosynthesis of gold and
silver nanoparticles using Parkinsonia florida leaf extract and antimicrobial activity
of silver nanoparticles. Materials Research Express, 6(9), 095025.

Nadeem, M., Abbasi, B. H., Younas, M., Ahmad, W., & Khan, T. (2017). A review of the
green syntheses and anti-microbial applications of gold nanoparticles. Green
Chemistry Letters and Reviews, 10(4), 216-227.

Nino, J. C,, Contreras-Martinez, C. A., Solis Pacheco, J. R, Zamudio Ojeda, A., Aguilar
Uscanga, B. R, & Cavazos-Garduno, A. (2020). Optimization of the byosynthesis
of gold nanoparticles using Hypericum perforatum and evaluation of their
antimicrobial activity. Revista Mexicana de Ingenieria Quimica, 192), 673-686.

Pissuwan, D., Gazzana, C., Mongkolsuk, S., & Cortie, M. B. (2020). Single and multiple
detections of foodborne pathogens by gold nanoparticle assays. Wiley
Interdisciplinary Reviews.: Nanomedicine and Nanobiotechnology, 12(1), e1584.

Poojary, M. M., Passamonti, P., & Adhikari, A. V. (2016). Green synthesis of silver and
gold nanoparticles using root bark extract of Mammea suriga. characterization,
process optimization, and their antibacterial activity. BioNanoScience, 6, 110-120.

Ramalingam, ., F. M. Romero and N. Bastus. 2019. Small gold nanparitcles synthesized
with sodium citrate and heavy water: Insights into the reaction mechanism. J.
Phys. Chem., C114:1800-1804

Rauf, A, Tabish, T. A, lbrahim, I. M., ul Hassan, M. R, Tahseen, S., Sandhu, M. A, ... &
Pandey, S. (2021). Design of Mannose-Coated Rifampicin nanoparticles
modulating the immune response and Rifampicin induced hepatotoxicity with
improved oral drug delivery. Arabian Journal of Chemistry, 149), 103321

Rodriguez, L. M. D. L, Hemar, Y., Cornish, J., & Brimble, M. A. (2016). Structure-
mechanical property correlations of hydrogel forming B-sheet peptides. Chemical
society reviews, 45(17), 4797-4824.

Page 1725 of 15


https://pakjmcr.com/index.php/1/about

Vol. 4 No. 3 (2025)

Pakistan Journal of Medical & Cardiological Review
https://pakjmcr.com/index.php/1/about

Online ISSN Print ISSN

Hag et al., 2025 3007-2387 3007-2379

Saleem, B., Islam, M., Saeed, H., Imtiaz, F., Asghar, M., Saleem, Z, ... & Naheed, S. (2018).
Investigations of Acacia modesta Wall. leaves for in vitro anti-diabetic,
proliferative and cytotoxic effects. Brazilian Journal of Pharmaceutical Sciences, 54.

Sharma., AV. Singh, G. Singh and K. Pati, (2013). First report of leaf spot disease in
Withania coagulans caused by Alternaria alternata in India.Plant Dis., 97(3): 420 —
431.

Slocik, J. M., Naik, R. R, Stone, M. O., & Wright, D. W. (2005). Viral templates for gold
nanoparticle synthesis. Journal of Materials Chemistry, 15(7), 749-753.

Srikanth, S., Dudala, S., Jayapiriya, U. S., Mohan, J. M., Raut, S., Dubey, S. K., ... & Goel, S.
(2021). Droplet-based lab-on-chip platform integrated with laser ablated
graphene heaters to synthesize gold nanoparticles for electrochemical sensing
and fuel cell applications. Scientific Reports, 71(1), 1-12.

Sulaiman, G. M., Waheeb, H. M., Jabir, M. S., Khazaal, S. H., Dewir, Y. H., & Naidoo, Y.
(2020). Hesperidin loaded on gold nanoparticles as a drug delivery system for a
successful biocompatible, anti-cancer, anti-inflammatory and phagocytosis
inducer model. Scientific reports, 1(1), 9362.

Tayo. 2017. A review on biosynthesis of nanoparticles and their biocidal properties. J.
Nanobiotechnology, 16(14): 1 - 12.

Wen, L, Lin, Z., Gu, P., Zhou, J., Yao, B., Chen, G., & Fu, J. (2009). Extracellular biosynthesis
of monodispersed gold nanoparticles by a SAM capping route. Journal of
Nanoparticle Research, 11, 279-288.

Xiao, F., A. P. Soleimany, J. Dudani, Y. Lin, A. Najer and A. Bekdemir, 2019. Renal clearable
catalytic gold nanoclusters for /n vivo disease monitoring. Nat. Nanobiotechnol,

14:883-890.

Page 1726 of 15


https://pakjmcr.com/index.php/1/about

