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The current work aims to develop and evaluate hydrogel containing silver nanoparticles with Withania
coagulans aqueous extract. The silver nanoparticles and silver nanoparticles with Withania coagulans were
prepared by a green synthesis approach using 0.1 mM silver nitrate solution and a 1 % aqueous extract of
Withania coagulans. The silver nanoparticles were used for characterization purposes, whereas the silver
nanoparticles with Withania coagulans were incorporated in the hydrogel formulation containing carbopol
971P NF of different concentrations, propylene glycol, triethanolamine and distilled water of appropriate
amount. The silver nanoparticles were evaluated for their particle size (Zavg), polydispersity index, surface
morphology by scanning electron microscopy and high-resolution transmission electron microscopy. The
prepared hydrogels were assessed for physical appearance, pH, viscosity, syneresis, spreadability, occlusivity,
and drug-excipient compatibility. The synthesized silver nanoparticles were stable and spherical in shape
with an average particle size of 174.9+0.062 nm, indicating the particles were in the nano range and the
polydispersity index value of 0.174+0.054 showed the homogeneity of particle size distribution. The scanning
electron microscopy and high-resolution transmission electron microscopy data reflected the spherical and
smooth surface of silver nanoparticles. Energy-dispersive X-ray analysis spectra of silver nanoparticles showed
a strong spectral signal of silver. The crystalline nature of the silver nanoparticles was confirmed from the
spot pattern obtained by selected area electron diffraction. The silver nanoparticles with Withania coagulans
loaded hydrogel formulations (F1, F2 and F3) were found to be yellowish-brown in color, homogeneous
in nature, with pH of 6.24+0.047-6.78+0.082 and percentage syneresis from 0.46+£0.074 to 1.47+0.12. The
spreadability data (4.83+0.08-6.4+0.124 cm) indicated the easily spreadable nature of hydrogel and the
viscosities in the range of 41840+257.07-87538+389.87 cp were found to be suitable for topical application.
The percntage occlusiveness of the prepared hydrogel was found to be 54.43+1.24 to 74.82+2.48. The drug
excipient compatibility by attenuated total reflectance-fourier transform infrared spectroscopy spectroscopy
revealed the compatibility of the extract with the hydrogel formulation components.
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Plant-based medicament has a long history of
curing a variety of diseases. In the last few years,
there has been a tremendous elevation in the
use of herbal medicine. As per the World Health
Organization (WHO) report, most of the world's
population relies on drugs from natural origins for
their primary health care needs!!. Nanoparticles are
colloidal particulate structures with sizes between
1 to 1000 nm in at least one dimension; however,
the common size range of nanoparticles is 1 to 100
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nm!?. Among various metallic nanoparticles, silver
and gold were considered valuable metals. Chemical
reduction methods using dimethylformamide,
hydrazine hydrate, ethylene glycol, etc., have been
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used previously for the preparation of metallic
nanoparticles, which are toxic and hazardous in
natureB). Thus, new approaches have to be taken to
synthesize metallic nanoparticles without using any
toxic chemicals as reductants. Preparation of silver
nanoparticles (AgNPs) via biological method has
been found to be safer, cost-effective as well as eco-
friendly in nature!. Microbes and plant materials
can be used instead of toxic reductants to synthesize
metallic nanoparticles®”. The use of plant parts in
metallic nanoparticle synthesis is termed the “green
synthesis” approach®™. It has drawn great attention
because of its eco-friendliness, rapid and facile
synthesis, one-step, non-pathogenic, and easy scale-
up ability.

AgNPs have the potential to facilitate wound
healing by reducing inflammation through cytokine
modulation®. Its antimicrobial effect is due to several
mechanisms, including enzyme inactivation!'”
and plasma membrane destabilization!'!!. Different
factors that affect the formation of AgNPs by plant
extracts include concentration, pH, temperature, and
time of reaction!'?!. The most important characteristic
of AgNPs is their antimicrobial activity against
both Gram-positive as well as Gram- negative
bacteria, fungi, and viruses!!¥). The bactericidal
activity of AgNPs depends upon dose, size, shape,
concentration, etc.'. The plant extract-derived
AgNPs facilitate wound healing through tensile
strength enhancement, epithelization process, and
induction of low inflammation!'?!.

Hydrogels have a great advantage for delivering
herbal medicines due to their high biocompatibility as
well as negligible toxicity, tunable release property,
sustainability, and ability to load ingredients with
various hydrophilicity!'®. Among various existing
wound dressings, the hydrogel has the desirable
properties and may be considered an ideal dressing
formulation!”!. Tt can be used as a suitable carrier for
nanoparticle loading and facilitate wound healing
in all stages, i.e., vascular response (hemostasis),
inflammatory response (inflammation), proliferative
phase (granulation, epithelialization), and
maturation phase (reconstruction phase)!'*l. Metallic
nanoparticles-incorporated hydrogel is the three-
dimensional polymeric structure of a hydrophilic
network containing metal nanoparticles, widely
used in the field of pharmaceutical, biomedicine,
catalysis, optics, etc.['). The AgNPs loaded hydrogel
dressings have been widely studied®2%. Both silver
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and AgNPs are incorporated into topical gels and
ointments to prevent infection against open wounds
and burns®?!. AgNPs loaded hydrogel formulation
is a promising approach for dermal delivery. Again,
there is no requirement to use high pressure, energy,
or temperature for nanoparticle synthesis. The
nanoparticles improve the therapeutic efficiency due
to their smaller size and surface properties.

Diabetic wounds are mostly associated with a variety
of connective tissue abnormalities, such as prolonged
inflammation, impaired neovascularization,
decreased synthesis of collagen, increased amount of
proteases, and defective macrophage activity, which
cause a delay in the wound healing processes!??. The
delayed wound healing in diabetes has become one of
the major issues attributed to an imbalance between
oxidant and antioxidant defense mechanisms,
causing lipid peroxidation, DNA damage, enzyme
inactivation, tissue damage, etc.

Withania coagulans Dunal. (Solanaceae), It
should be commonly known as a cheese maker,
has shown to possess variety of pharmacological
properties, such as hypoglycemic®), wound
healing*+251, antibacterial®, anthelmintic?7],
antifungal®®, free radical scavenging, adaptogenic,
anti-inflammatory!?°-3%, hepatoprotective!”,
hypolipidemicB!, cardiovascular®?, antitumor and
cytotoxic activities334, The fruits of W. coagulans
are highly enriched with bioactive steroidal lactones
(withanolides)™!. Major withanolides in the plant
include withanolide K, withanolide A, withaferin A,
withacoagulin H, withanolide J, coagulanolide, and
withanolide®>3%, The present study describes the
development and evaluation of hydrogel containing
AgNPs with W. coagulans aqueous extract.

In our earlier study, the wound healing potential of
W. coagulans in diabetic wound models has already
been reported?*?*]. Based upon that, the prepared
hydrogel containing AgNPs with W. coagulans
aqueous extract can be used for diabetic wound
dressing application.

MATERIALS AND METHODS

Materials:

Silver nitrate (AgNO,) was obtained from S.D. Fine
chemicals (Mumbai, India), Carbopol 971P NF
obtained from Lubrizol Corporation (Wickliff, OH,
USA). Propylene Glycol (PG) was purchased from
Sisco Research Laboratory (SRL). Triethanolamine
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(TEA) was purchased from Sigma-Aldrich. All the
aqueous solutions and reagents were prepared by
using Millipore water.

Plant material collection and authentication:

The dried fruits of W. coagulans were purchased
from the local herbal market (Varanasi, Uttar
Pradesh, India) and authenticated by Prof. V. K.
Joshi, Department of Dravyaguna, Institute of
Medical Sciences, Banaras Hindu University. The
voucher specimen (CHV/2017/01) was deposited in
the Department of Pharmaceutical Engineering and
Technology, IIT (BHU) Varanasi.

Preparation of plant extract:

W. coagulans fruits were crushed to obtain coarse
powder and subjected to extraction by cold
maceration method. Accurately 1 kg of crushed fruit
was soaked with 2 1 of water for 24 h and filtered
with muslin cloth followed by Whatman No.1 filter
paper (25 um). The aqueous extract was stored at 4°
for further use.

Synthesis of AgNPs and AgNPs with W. coagulans
(WCAgNPs)

Different concentrations of aqueous plant extract (1
%, 2 %, 3 %, 4 % and 5 %) and aqueous AgNO,
solution of different molarity (0.1, 0.5, 1, and 2
mM) was selected for finding the best combination
solution for synthesis of AgNPs. Initially, 10 ml of
each concentration of AgNO, solution was added
to 500 pl aliquots of different concentrations of
aqueous W. coagulans extracts. The reaction was
allowed to take place in 25 ml volumetric flasks at
room temperature. The solutions were placed on a
mechanical shaker for 24 h and continuously observed
for color changes, which is an indication of the
synthesis of AgNPs. Simultaneously, aliquots were
taken and analyzed for absorbance from 200 to 800
nm in a Ultraviolet (UV)-visible spectrophotometer
(Shimadzu UV 1800, Japan). After the synthesis of
AgNPs, the solution was centrifuged at 20 000 rpm
(Remi centrifuge instrument, Mumbai) for 15 min,
and the supernatants were discarded. Nanoparticles
were washed with 10 ml of Millipore water, followed
by centrifugation, decantation of supernatant,
and further washing. Finally, AgNPs pellet was
redispersed in 10 ml of Millipore water. The washing
off of the extract was used only for obtaining purified
AgNPs for their characterizations. In all other cases
(formulation development of hydrogel), the washing

July-August 2023

step was avoided in order to prepare WCAgNPs that
will retain the therapeutic effect of both AgNPs and
aqueous W. coagulans extract.

Evaluation of AgNPs:

UV-visible spectral analysis: The absorption spectra
were recorded within the wavelength range of 200-
800 nm utilizing UV-visible spectrophotometer
(Shimadzu UV 1800, Japan) with 1 cm pathlength
Quartz cuvette.

Particle size and polydispersity index: The particle
size and polydispersity index of AgNPs were
measured by a Dynamic Light Scattering (DLS)
method (Malvern Zetasizer Nano S-90, Malvern
Instruments, UK) at 25°. Samples were diluted
ten times with Millipore water before analysis and
filtered through a 0.2 um syringe filter (Pall-Gelman
Supor Acrodisc®). Each sample was analyzed in
triplicate at a scattering angle of 173°U7],

Scanning Electron Microscopy (SEM): The surface
morphology of AgNPs was visualized using a
scanning electron microscope (Carl Zeiss EVO-
18) at 20 kV. The High-Resolution Transmission
Electron Microscopy (HR-TEM) grid after HR-TEM
analysis was subjected to SEM analysis. The film of
the sample was prepared on a carbon-coated copper
grid by dropping a small amount of diluted AgNPs
solution and allowed to dry prior to measurements.
The extra solution was removed using a blotting
papert,

Energy-Dispersive X-ray Analysis (EDAX): In order
to carry out EDAX analysis, the AgNPs were dried
on a carbon-coated copper film and performed on a
Carl Zeiss EVO-18 SEM instrument equipped with
Thermo EDAX attachmentst®.

HR-TEM: The prepared AgNPs were evaluated
for surface morphology by HR-TEM using FEI
instrument (FEI Company, TECNAI G2). AgNPs
samples were prepared by diluting nanoparticles
ten times with Millipore water, and one drop of the
samples was placed on a carbon-coated copper grid.
The excess water was removed with clean filter paper
and dried to remove the trace amount of water. The
images were captured with a HR-TEM instrument at
200 kVEB7,

Preparation of
WCAgNPs:

topical hydrogel containing

The hydrogel containing WCAgNPs was prepared
by aqueous dispersion method utilizing Carbopol
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971 P NF of various concentrations, PG, TEA and
Millipore water. The blank hydrogel formulations
were prepared by dispersing the required quantity
of Carbopol-971 P NF in 20 ml of Millipore water
with continuous stirring and allowing hydration for
24 h. After that, 10 ml of WCAgNPs (prepared from
1 % aqueous extract and 0.1 mM AgNO3 without
the washing off of extract) was added to each blank
gel with continuous stirring till it dispersed in gel
completely. Based upon the smaller particle size and
low PDI value of AgNPs prepared from 1 % aqueous
extract and 0.1 mM AgNO,, the corresponding
WCAgNPs was selected for incorporation into the
hydrogel. A required quantity of PG as a humectant
was added to the hydrogel. Lastly, the TEA was added
dropwise to adjust the pH of the gel formulation®.
The prepared gels were packed in a wide-mouthed
glass jar covered with the screw-capped plastic lid
after covering the mouth with an aluminum foil and
were stored in a dark and cool place. The composition
of hydrogel prepared from WCAgNPs is presented in
Table 1.

Evaluation of WCAgNPs loaded hydrogel:

Physical appearance: The color, consistency, and
homogeneity of prepared hydrogel formulations
were observed visually.

pH: The pH of the formulated gel was determined
using a digital pH meter (PC 700, Eutech Instrument,
Singapore) which was previously calibrated using pH
4, pH 7, and pH 10 buffer solutions. 1 g of gel was
accurately weighed, dispersed in 10 ml of Millipore
water, evaluated for its pH in triplicates at ambient
temperature, and average values were reported*’.

Viscosity: The spreadability and adhesiveness
property of hydrogel depend upon the viscosity™!l.
The viscosity of gel was measured by Brookfield
viscometer using spindle S64 (Model-LVDVE,
Brookfield Engineering Laboratories, MA, USA).
The measurements were performed in triplicate at 10
rpm at room temperature.

Syneresis measurement: Syneresis is the shrinkage
and contraction of the gel upon storing and separation
of water from the gel“?. In this test, the prepared
hydrogel was kept in a cylindrical plastic centrifuge
tube with perforations at the bottom and covered with
filter paper (Whatman No. 41). Tubes were placed
in a centrifuge and centrifuged for 15 min at 2000
rpm. The percentage of syneresis was evaluated as
follows!*.

Percentage of syneresis=Weight of liquid separated
from AgNPs/ Total weight of hydrogel before
centrifugationx100

Spreadability measurement: About 0.5 g of each
formulated gel and standard marketed gel (Silver X,
Sun Pharma Laboratories Ltd.) was placed within a
circle of 1 cm diameter pre-marked on a glass plate.
A second plate is placed over it, and the weight of
500 gm is kept on it for 5 min. The minimum three
diameters of each circle were measured in cm, and
the average of three diameters was calculated. The
increase in the diameter due to the spreading of
hydrogel was observed and noted for all formulations
separately in a triplicate manner*+#!,

Occlusion test: The occlusion test for prepared
hydrogel was evaluated as per the method by Rai et
al.™1 In this method, three beakers of 100 ml volume
were selected and each was filled with 50 ml of water.
All the beakers were covered by cellulose acetate
filter paper (90 mm thickness, cutoff size: 4-7 um).
A gel sample of 200 mg was spread with a stainless-
steel spatula on the filter paper surface (19.63 cm?),
leading to a 10.19 mg/cm? applied amount. A visible
thin film formed on the filter paper. The sample was
preserved at skin temperature (32°) for a period of 48
h at 50-55 % Relative Humidity (RH). The sample
weight was taken at 6, 24, and 48 h to evaluate the
quantity of water loss due to evaporation (water loss
through the filter paper). A beaker covered with filter
paper without application of sample was taken as a
reference. The experiment was conducted in triplicate
(n=3). The occlusion factor F was calculated as:

TABLE 1: COMPOSITION OF HYDROGEL FORMULATIONS CONTAINING WCAGNPS

Ingredients F1 F2 F3

Carbopol-971 P NF 0.5 gm 1gm 1.5gm

Water up to (ml) 20 ml 20 ml 20 ml

WCAgNPs 10 ml 10 ml 10 ml

PG 1 ml 1 ml 1 ml
Triethanolamine (TEA) q.s q.s q.s
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F=A-B/Ax100

where A is the amount of water loss without a sample
(reference) and B is the amount of water loss with
the sample. An occlusion factor of O indicates no
occlusive effect as compared to the reference, and
100 is the maximum occlusion factor.

Extract excipient compatibility study: The extract
excipient interaction can be identified by Attenuated
Total Reflectance- Fourier Transform Infrared
Spectroscopy (ATR-FTIR, Alpha II, Bruker Co.
Germany). The FTIR spectra of aqueous extract,
WCAgNPs, and nano hydrogel formulations were
recorded on a spectrometer in the frequency range
4000-500 wavenumbers (cm™') with 50 number scans
and 4 cm™! spectral resolution™7.,

RESULTS AND DISCUSSION

The solution of aqueous extract after suitable
dilutions was scanned between 200-800 nm range,
and A was found at 280 nm. Different peaks
obtained from the scan of aqueous extract were given
in Table 2 with respective absorbances. Different UV
absorption peaks with 0.1 mM AgNO, and various
concentrations of plant extract (1 %-5 %) was shown
in fig. 1 (a-g). On mixing plant extract with the silver
nitrate solution, a change in the solution color from
pale yellow to yellowish-brown was observed after
24 h which indicates the reduction of silver ions and
the formation of AgNPs. The AgNPs solution showed
yellowish-brown color due to excitation of surface
plasmon vibrations!**l. The strong and broad surface
plasmon peak was observed between 450-460 nm for
AgNPs formulations containing 0.1 mM AgNO, and
1 % or 2 % aqueous solution of plant extract (fig. 1c
and fig. 1d).

The average particle size and polydispersity index
data are shown in fig. 2. The formulation with 0.1
mM AgNO, and 1 % aqueous extract was found to
have a minimum particle size of 174.9£0.062 nm
among all AgNPs preparations. The PDI value of
0.17440.054 reflected the homogenous population
with a narrow size distribution.

SEM analysis data of nanoparticles shows that
synthesized WCAgNPs were spherical in shape and
uniformly distributed (fig. 3). The image obtained
from SEM analysis was processed through Image
J software (version 1.41o, Java 1.6.0 10, Wayen
Rasband, U.S. National Institutes of Health,
Bethesda, MD, USA) for measuring the diameter
of AgNPs. The particles were found to be within
85.78 to 178.89 nm (fig. 3). Some nanoparticles were
bigger in size, which may be due to the overlapping
of the particles on the grid during sampling.

The EDAX spectra of AgNPs are shown in fig. 4. The
spectra clearly showed a strong spectral signal due to
silver at 3 keV due to surface plasmon resonance!®!.
Other signal of carbon suggests the presence of
phytochemicals adjacent to WCAgNPs. The HR-
TEM photomicrograph of the AgNPs is shown in fig.
Sa. The result clarified that synthesized AgNPs are
spherical in shape and uniformly distributed with a
smooth surface. The crystalline nature of the AgNPs
was confirmed from the spot pattern obtained from
SAED analysis (fig. 5b). Similar SAED results of
AgNPs have been reported previously™.

The results of the evaluation studies of the
WCAgNPs loaded hydrogel are given in Table 3.
From visual inspection, it was observed that all the
prepared WCAgNPs hydrogel formulations were
yellowish-brown in color, smooth, homogenous, and
free from any lumps (Table 3). The pH of the topical
formulations should be suitable for skin pH in order
to avoid irritation or disruption of the skin®!!. The pH
values of hydrogel formulation were found to be in a
range of 6.24-6.78 (Table 3) after the addition of the
required quantity of TEA to the prepared hydrogel.
The pH of all the formulations was within the range
of acceptable range for topical application.

The results of viscosity studies of all formulations
are shown in Table 3. The viscosity of F1 was found
to be less in comparison to other formulations. An
increase in the concentration of Carbopol-971 P
NF shows an increase in viscosity. The results of
viscosity indicated the hydrogel formulations were
consistent, i.e., neither too thick nor too thin.

TABLE 2: THE WAVELENGTH AND CORRESPONDING UV ABSORBANCES RECORDED FOR THE

AQUEOUS EXTRACT OF W. coagulans

Peak No. Wavelength (nm) Absorbance

1 299.41 0.478

2 280 0.659

3 213.7 1.589
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AgNO, and different concentrations (1 % to 5 %) of aaueous extract
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Fig. 5: HRTEM and SAED analysis of AgNPs (a) HRTEM photomicrograph at 200 nm scale and (b) SAED pattern of AgNPs

TABLE 3: PHARMACEUTICAL CHARACTERIZATION OF HYDROGEL FORMULATIONS

Formulations F1 F2 F3
Colour Yellowish brown Yellowish brown Yellowish brown
Homoginity Homogeneous Homogeneous Homogeneous
Constistancy Excellent Excellent Excellent
pH 6.24+0.047 6.4320.067 6.78+0.082
Viscosity (cp) 41840+257.07 58786+210.83 87538+389.87
Syneresis (%) 1.47+0.12 0.82+0.058 0.46x0.074
Spreadability (cm) 6.4:0.124 5.4+0.081 4.83+0.08
Occlusion test value 54.43+1.24 67.67+2.37 74.82+2.48

The minimum syneresis represents better hydrogel
stabilityl®?. The percentage syneresis of formulations
was found to range from 0.46+0.074 to 1.47+0.12.
The results of the syneresis are shown in Table 3.
This indicated that the F3 had the lowest syneresis
in comparison to other formulations. The lower
syneresis represented the good gelling stability of the
hydrogel formulation.

The ease of application of the topical hydrogel-
based product depends on its spreadability. From
the patient compliance point of view, spreadability
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is an essential property of topical formulation. Good
spreadability provides uniform application of gel to
the skin. It mainly depends upon the concentration
and type of gelling agent used in the formulation®".
The results of spreadability shown in Table 3
are comparable and quite nearer to the marketed
formulation (spreadability 5.87 cm) Silver X, Sun
Pharma Laboratories Ltd., representing its suitability
for topical application.

The occlusive effects of the tested hydrogels are
given in Table 3. The occluding nature of the topical
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gel favors the permeation of the AgNPs to the
deeper site of the skin. This is due to hydration of
the stratum corneum in which water associates with
the polar head groups of the lipid bilayers present in
the intercellular spaces through hydrogen bonding.
The formation of a hydration shell loosens the lipid
packing, reduces the intermolecular forces, and
increases the fluidity of the bilayer region!*3l.

The ATR-FTIR spectra of formulation components
and the hydrogel formulations (F1, F2, and F3) are
shown in fig. 6. The FTIR spectrum of the pure
aqueous extract showed the characteristic bands at
3424.99, 1708.44, and 1640.86 cm™! ascribed to -OH,
o, P-unsaturated o&-lactone, and carbonyl groups,
respectively. A similar result was previously found by
Youn et al.’*. The spectra of WCAgNPs showed the
-OH group at 3300.83 cm™ and the carbonyl group at
1612.04 cm™, reflecting the integrity of the chemical
groups in WCAgNPs. However, the intensity of FTIR
peak due to o, Punsaturated o-lactone at 1725.24
cm™ was diminished in the WCAgNPs formulation,
which might be due to the lower concentration of
extract in the WCAgNPs. In all WCAgNPs hydrogel
formulations (F1, F2 and F3), the presence of all the
prominent peaks of extract represents its chemical
integrity in the hydrogel formulations. So, all the
formulation components used in the formulations are
compatible with each other.

4000 3500 3000 2500 2000

The green synthesis approach to nanoparticle
production has gained growing demand. Among the
different metallic nanoparticles, AgNPs are regarded
as excellent antibacterial agents due to their non-
toxic effect on human cells. Due to the presence of
numerous bioactive phytoconstituents in medicinal
plants, they have been used as a home remedy since
ancient times. The phytoconstituents in plants have
the tendency to reduce the silver ions and facilitate
the synthesis of AgNPs from plant extracts without
using harmful, toxic, and hazardous chemicals.
Again, these AgNPs have a strong binding tendency
with many functional groups of the plant extracts.
The present study revealed a simple, rapid, economic,
eco-friendly method to synthesize AgNPs utilizing
aqueous fruitextract of W. coagulans. The synthesized
WCAgNPs were incorporated into a gelling agent
for ease of application and better retention at the site
of application. The formulated WCAgNPs topical
gels were transparent, non-greasy, and pleasant in
appearance. The diabetic wound healing activity of
W. coagulans has already been reported earlier. The
activity is ascribed to the presence of withaniolides
in the fruits. The hydrogel containing AgNPs with .
coagulans aqueous extract will retain the therapeutic
property of bpth AgNPs and aqueous extract, thus
may produce a synergistic effect. Hence WCAgNPs in
hydrogel base may be used as a suitable formulation
for the healing of the diabetic wound.
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