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1. Introduction

ABSTRACT

Objective: To study the physical, chemical and biological properties of composite chitosan-
gelatin transdermal film along with silver nanoparticles as binding agent and determine the
compatibility of the prepared amalgamation towards wound management.

Methods: Transdermal film preparations were done by solvent casting method containing
different concentrations of biological synthesized silver nanoparticles. The films were
characterized by using scanning electron microscope for their morphology and the
determination of silver metal was done by using inductively coupled plasma atomic emission
spectroscopy. Then a quantity of silver nanoparticles was further proceeded by physiochemical
parameters (weight, thickness, temperature, solubility, absorption, tensile strength, in vitro drug
release and skin permeation) and biological parameters studies (anti-microbial, cytotoxicity
and reactive oxygen species).

Results: The film prepared by utilizing 2 g of gelatin and 0.5 g of chitosan exhibited better
results. The physiochemical parameters studies revealed higher concentration of silver
nanoparticles would give better results. In vitro drug release studies through dialysis and
skin permeation showed the release of drug versus time (h). These films had shown excellent
inhibition against Streptococcus and Escherichia coli species. Cytotoxicity study by MTT
indicated the mild toxicity existed as the concentration of silver nanoparticles increased.
Reactive oxygen species generation studies of transdermal film by using 2'7'-dichlorofluorescein
diacetate assay demonstrated that the fluorescent cells were found in the higher concentration,
which indicated cell damage (reactive oxygen species generated).

Conclusions: Based on these observations, in vitro performances against various characteristics
of transdermal film, would be utilized as a distinct dressing material and patches accessible in
market.

of optimal wound healing is to minimize tissue damage, provide

adequate tissue perfusion, oxygenation, proper nutrition, and moist

Skin is an external barrier that provides us with a complete
protection against bacterial infections, there by maintaining
homeostasis of the body. Skin loss occurs frequently as a result
of burns, trauma, and disorders as skin is the first organ coming
in contact with the external factors. Commonly, wounds are
distinguished into three categories such as superficial wound, partial

thickness wound, and full thickness wound(1]. The basic principle
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wound healing environment to restore its biological function[2,3].

Traditionally, there are a lot of therapeutic options are available
to treat wounds, but it takes prolonged time to heal. Due to recent
advancements in the field of drug delivery, a rapid recovery can
be observed against infections. The transdermal drug delivery is a
new kind of drug delivery system that is being developed during
recent times. Transdermal patch containing different constituents of
drug substances pressed onto the skin is a non-invasive, convenient,
and painless method for drug delivery and can also avoid major
toxicities such as gastrointestinal toxicity[4.5].

Since 1960s, mushroom and its medicinal uses have been studied
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in detail for its medicinal value in traditional Chinese and Japanese
medicine. The healing effects of mushrooms were recognized for
thousands of years ago. For example, mushrooms like reishi, maitake,
shitake, and Brazilian mushrooms have a long history of medicinal
usel6]. Similarly, many medicinal mushrooms and their extracts
have been widely studied for treating various disorders. Ganoderma
lucidum (G. lucidum), a medicinal mushroom used in traditional
Chinese medicine is known to have many beneficial effects and
denoted as “healing mushroom”. Especially its bioactive compounds
possess strong anti-inflammatory properties[7-10].

Chitosan is the second most abundant natural biopolymerf11]. It
has been used over a wide range of applications like wound healing
agents, drug carriers, chelating agents, membrane filter for water
treatment, and biodegradable coating or film for food packaging. It
is also used as a potential biomaterial which can be used for nerve
repair. Due to its film forming property, the chitosan solution can
be easily fabricated to the nerve conduits and thereby promoting the
repair of the peripheral nervous system[12].

Gelatin-based films are transparent, biodegradable and flexible.
It is a suitable material to be blended with chitosan because of
its ability to form hydrogen bonding with chitosan as it contains
carboxyl groups on its backbone chain[11]. Silver nanoparticles are
incorporated to enhance the antimicrobial properties and to increase
the sterilization properties. In this study, we have developed the
transdermal patch with chitosan-gelatin composite (C-GC) film
embedded with silver nanoparticles to enhance the flexibility and to

increase the strength of cross links, respectively.

2. Materials and methods

2.1. Chemicals, materials and samples

Gelatin and silver nitrate were purchased from Himedia
Laboratories Pvt. Ltd. Glycerol, sodium hydroxide, hydrogen
chloride, acetic acid, dithiothreitol, sodium dodecyl sulfate,
ethylenediaminetetraacetic acid, glutaraldehyde and acetone were
purchased from Fisher Scientific (Thermo Electron LLs India Pvt.
Ltd.). Bacterial culture was purchased from American Type Culture
Collection and the Fenneropenaeus indicus (Indian prawn) used in

the experiment was collected from the local fish market, Chennai.

2.2. Isolation, extraction and purification of chitosan

The exoskeleton of the prawn shell was removed separately
and rinsed thrice with tap water and twice with distilled water,
respectively. They were then dried in the hot air oven for about 24
h at 55 °C. The sample obtained was soaked in 4% boiling sodium
hydroxide by using a 1000 mL beaker for 1 h. The sample was
then allowed to cool at room temperature for 30 min. After that,
they were crushed further to small pieces of length 0.5-5.0 mm([13].

The obtained sample was demineralized by using 1% hydrochloric
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acid with 4 times its quantity and then soaked for 24 h to remove
minerals. The above samples were treated with 50 mL of 2% sodium
hydroxide for 1 h and the remains of them were washed with
deionized water and then drained off(14]. The process was repeated
by adding 50% sodium hydroxide to the obtained sample and
boiling it for 2 h at 100 °C. The sample was allowed to cool at room
temperature for 30 min, and subsequently washed continuously with
50% sodium hydroxide. The obtained sample was filtered and filtrate
was oven dried for 6 h at 110 °C to obtain the crude chitosan(15].
After that the obtained chitosan was purified to make it suitable for
use. The purification process was designed in three steps; removable
of insoluble with filtration, reprecipitation of chitosan with 1N

sodium hydroxide and demetallization of retrieved chitosan[16].

2.3. Biosynthesis of silver nanoparticles

2.3.1. Preparation of G. lucidum extract

G. lucidum mushroom was collected (Indian Institute of
Technology, Chennai), washed and dried till it was hard. The
mushroom was shredded and mixed with double distilled water in
the proportion of 20 g in 100 mL. Then the obtainded solution was
conducted to boil for 2 min and subsequently filtered and stored at 4
°C until further use(17].

2.3.2. Preparation of the silver nanoparticles

A total of 35 mg of silver nitrate was added to 250 mL of water and
the solution was uniformly mixed. To obtain silver colloids, 10 mL of
the mushroom extract and 90 mL of the silver nitrate solution were
mixed and incubated for 1 h at room temperature. The confirmation
of silver nanoparticles was confirmed by the appearance of light
yellow colour to dark brown on complete reduction. The pH of the
solution was adjusted to around 7.5. Sample was read under UV-
visible spectrometer for the presence of silver nanoparticles[18,19].
The confirmation of silver nanoparticles was done by using various
analytical techniques such as transmission electron microscopy (TEM),

energy dispersive X-ray analysis (EDAX), and X-ray diffraction (XRD).

2.4. Preparation of C-GC transdermal film

A series of C-GC transdermal films was prepared by varying the
ratio of constituents[20]. The values obtained were then optimized
(Table 1).

Table 1
Value optimization of C-GC transdermal film.

Composition Varied concentrations

Cl C2 C3 C4 C5 C6 C7
Chitosan (g) 0.5 1.0 1.5 2.0 2.5 3.0 3.5
Glycerol (uL) 100 200 400 800 1000 1200 1400
Gelatin (g) 0.5 1.0 1.5 2.0 2.5 3.0 3.5
Silver NPs (uL) 100 200 400 800 1600 3200 6400
Water (mL) 10 15 20 25 30 35 40

NPs: Nanoparticles; C1-C7: A series of C-GC films with different
concentrations.
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2.5. Characterizations

Fixation of the C-GC transdermal film was done with 4%
glutaraldehyde for 2 h. Then it was implemented by serial washes
and finally kept for drying. The surface morphology of the
C-GC transdermal film was analyzed by using scanning electron
microscope (SEM) and determination of silver metal by using
inductively coupled plasma atomic emission spectroscopy (ICP-

OES).

2.6. Physiochemical properties of C-GC transdermal film
2.6.1. Size and thickness/weight

The film thickness was measured by using a digital vernier screw
gauge (Ultra Science Aids, Bangalore, India) at various areas of the

films and the average thickness was calculated[21].

2.6.2. Water solubility

The water solubility of each film was determined by immersing
a small piece of the film in distilled water for 24 h. The samples
were cut randomly from each film and placed in different test tubes
containing 1 mL of distilled water. Readings were noted at every

consecutive hours[21].

2.6.3. Water absorptivity and humidity

Six different films each of 1 cm were weighed (initial weight)
separately and equilibrated with distilled water for 1 week. Three
films were exposed to ambient conditions of humidity and the
other three were exposed to saturation humidity conditions at room
temperature for 2 days. Then weight of each film (final weight) was
determined to calculate the gained weight of each film[21]. Percent
moisture absorption was calculated by using the following equation:
(Final weight - initial weight) x 100

Percent moisture absorption = — -
P Initial weight

2.6.4. Temperature and pH

The capacity of the C-GC transdermal film to withstand the
temperature was determined by placing the film in a hot water bath
with varying temperature (10-100 °C) and pH was also recorded for
withstand capability.

2.6.5. Tensile strength

The tensile strength and elongation of each film—type sample
were determined with an Instron universal testing machine (Model
5565, Instron Engineering Corporation, Canton, USA). Rectangular
specimens (2.54-15.00 cm) were cut by using a precision double-
blade cutter (Model LB.02/A, Metrotec, S.A., San Sebastian,
Spain). Initial grip separation was set at 50 mm/min, and cross-head
speed was set at 50 mm/min. The tensile strength and elongation
measurements for each type of film were taken as follows: one sheet
of each type of film was used with two to three specimens cut from

each sheet of film and then the graph was recorded[211.
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2.6.6. Folding endurance

The folding endurance of the C-GC transdermal film was evaluated
individually by folding and opening the transdermal film repeatedly
for 250 times at the same place or until a break developed in the

place of folding.

2.6.7. Invitro drug release
The in vitro drug release method was done to determine the
percentage/concentration of the drug released from the transdermal

film through the skin and here little modification was made[22-24].

2.6.8. In vitro skin permeability

The skin permeability study was done here with chicken skin. The
fat and hair of the chicken skin was removed by soaking it into 0.32
mol/L of ammonia solution for about 1 h. The skin was then kept in
contact with the phosphate buffer saline (PBS) on a 1000 mL glass
beaker. And on top of the skin, the transdermal film was kept. Then
1 mL of PBS solution was taken at the interval of every 4 h to study
the permeability of the drug towards the skin. The measurement was

taken at 376 nm by UV-vis spectrophotometer.

2.6.9. In vitro release of drug from the polymer

The in vitro release of drug from the biopolymer was investigated
with the help of dialysis bag. The phosphate buffer was prepared and
all components of the film were added in liquid form into the dialysis
bag and then the dialysis bag was tied at both the ends where one
was tied to the magnetic stirrer and the other end was left free so that
it could be also rotate along with the stirrer. Then 1 mL of phosphate
buffer solution was taken at the interval of every 4 h to study the
release of the drug from the polymer. The measurement was taken at

376 nm by UV-vis spectrophotometer.

2.7. Biological properties of C-GC transdermal film

2.7.1. Antibacterial studies by well diffusion and disc diffusion
assays

The antibacterial assays were done on human pathogenic bacteria.
The nutrient agar medium was poured into Petri plates. After allowing
the medium to solidify, 1 mL of bacterial inoculum was placed on the
plates and spread with cotton swabs. In well diffusion method, 6 wells
around 10 mm diameter were cut out aseptically with the help of a
cork borer. Each well was filled with different concentrations of C-GC
transdermal film. In disc diffusion method, different concentrations of
C-GC transdermal film were placed on the plates. Plates were incubated

at 37 °C for 24 h and zone of inhibition was noted[19].

2.7.2. Cell line maintenance

The Vero cell line was obtained from King’s Institute, Chennai,
and 3T3-L1 fibroblast cell line was obtained from National Center
for Cell Sciences, Pune. The cell line was maintained in Dulbecco’s

modified Eagle medium supplemented with 10% fetal bovine serum,



978
100 pg/mL penicillin and 100 pg/mL streptomycin and then placed

in CO, incubator.

2.7.3. MTT assay

The MTT dye reduction assay was performed to determine the
cytotoxic effect of the C-GC transdermal films. The assay depended
on the reduction of MTT by mitochondrial dehydrogenase, an enzyme
present in the mitochondria of viable cells, to a blue formazan product.
The cell concentration was adjusted to 1 x 10° cells/mL and plated
onto 96-well flat bottom culture plates with different concentration of
C-GC transdermal film. All cultures were incubated for 24 h at 37 °C
in a humidified incubator. After 24 h of incubation (37 °C, 5% CO, in
a humid atmosphere), 10 mL of MTT (5 mg/mL in PBS) was added
to each well and the plate was incubated for a further 4 h at 37 °C.
The resulting formazan was dissolved in 100 mL of dissolving buffer
(provided as part of the kit) and absorbance of the solution was read
at 595 nm by using an ELISA reader. All determinations were carried
out in triplicate. Concentrations of transdermal films showing 50%

reduction in cell viability (i.e., ICs, values) was then calculated[25).

2.7.4. 2’7 -dichlorofluorescein diacetate (DCF-DA) dye
preparation

A total of 5 mmol/L of DCF-DA was diluted in 5 mL of
dimethylsulfoxide, then mixed with 0.1 mmol/L of Evans blue dye.

It was stored at -20 °C under dark condition.

2.7.5. Reactive oxygen species (ROS) generation assay

The most common probe used for the detection of intracellular
ROS formation is DCF-DA. DCF-DA was cell permeable, trapped
with the cells and converted to 2',7’-dichlorofluorescein (DCF), a
fluorescent molecule. The fibroblast cell line was taken with 60%—
70% confluence for the studies and each well was substituted by
different concentrations of C-GC transdermal film. One well left as
control and another well processed as negative control that induced
by H,0, incubated for 6 h at CO, cell incubator. After incubation,
2 mL of DCF-DA dye was added and kept for 30 min at 37 °C, the
sample was then rinsed by PBS and air dried and viewed under a
fluorescence microscope (blue filter, 485-590 nm, WL)[26].

2.8. Statistical analysis

Data pertaining to physiochemical properties and applications of
transdermal films were expressed as mean + SEM, n = 6 and the data
were analyzed by One-way ANOVA using GraphPad Prism version
6.00 for Windows (GraphPad Software, La Jolla California, USA). In

all the analysis, P < 0.05 was considered as statistically significant.
3. Results
3.1. Synthesis and characterization of silver nanoparticles

Approximately after 30 min of incubation along with G. lucidum
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the silver nitrate started to reduce into silver nanoparticles that
demonstrated by change of colour from yellow to intense brown
colour (Figure 1). At that point the change of colour in the samples
was read by double beam spectrophotometer from 300-700 nm, the

most prominent peak was observed at 418 nm (Figure 2).

LVER NITRATE SO! UTION

-~

Figure 1. The reduction of silver nitrate to silver nanoparticles by

addition of mushroom extract.

12 G. lucidum

1.0
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0.0
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Wavelength
Figure 2. UV-vis absorbance spectra of silver nitrate solution with aqueous

Absorbance

extracts of sample after their reduction.

Photographs from TEM, confirmed the spherical shape of silver
nanoparticles synthesized by G. lucidum (Figure 3A). The silver
nature of crystalline nanoparticles was confirmed by selected
area electron diffraction (SAED) pattern (Figure 3B) and at higher
magnification, the nanoparticles were clearly recognized and the size

of each nanoparticle crystal domain was around 10-50 nm.

(220)

2 (200)

(111)

Figure 3. TEM image of silver nanoparticles.
A: The spherical shape of silver nanoparticles; B: The silver nature of
crystalline nanoparticles confirmed by SAED pattern.
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The EDAX of silver nanoparticles confirmed the elemental
composition of nanoparticles as silver (Table 2 and Figure 4). The
biosynthesized silver nanoparticles were further subjected to XRD.
The XRD pattern showed three distinct peaks at respective 20 value
known for zero-valent face centered cubic silver representing the
(111), (200), (210) crystal planes due to that Bragg’s reflections
were present and hence confirmed the shape of the sample (face
centered cubic). The average size of nanoparticles was calculated
by Scherer formula and found to be 75 nm size. In addition to the
Bragg peaks, unassigned peaks were also observed suggesting
that the crystallization of bio-organic phase occured on the
surface of the silver nanoparticles (Figure 5). Fourier transform
infrared spectroscopy (FTIR) spectroscopy was used to determine

the functional groups present during the biosynthesis of silver

Spectrum 2

G. luctdum

T T
05 1.0 15
1 pm 'Electron image 1 Full scale 11577 cts Cursor: 0.000

Figure 4. Image taken in EDAX (a) and the graph showed the components (b).

nanoparticles (Figure 6). The spectrum revealed the band at 50
1645.9 cm™ that corresponded to amide I and II bands of amino
acids and proteins, while corresponding bands were indicated at *
40
2929.3, 2370.4, 2065.5, 3452.3, 3750.1 cm™; symmetric and
asymmetric CH; stretching and NH stretching, respectively. Then
two bands were observed at 1101.4 and 1464.8 cm™ assigned to 2 30
o ¥ =
CO stretching, CH, bending and CH;. - = *
Table 2 = 207
Components present in G. [ucidum. | r g
Element Weight (%) Atomic (%) | | J @ s
OK 1.37 2.37 10 Q
NaK 0.15 0.19 ]
AlK 89.45 91.71 1
KK 0.61 0.43
AcM 0.89 0.11 20 (Degree)
Totals 100.00 100.00 Figure 5. XRD spectrum of silver nanoparticles from G. lucidum.
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Figure 6. FTIR spectrum of silver nanoparticles + G. lucidum.
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3.2. Analysis of physiochemical properties and characterization
of chitosan

Chitosan was isolated from prawn shell as mentioned above, and
the yield of chitosan from prawn shell was found to be 57.69% after
purification. The results of physicochemical and functional properties
of the prepared chitosan were moisture content 4%, ash value 1.86, loss
on drying 2%, pH 6.7, solubility was by 2%-4% acetic acid.

The FTIR studies showed the major absorption band between 1220
and 1020 cm™ which represented the free amino group (-NH,) at C2
position of glucosamine, a major group present in chitosan. Further,
the sample showed the absorption bands at the various peaks 712,
880.6, 1026, 1432, 1576.2, 1652.8, 2927.0, 3446.4 which were
similar to standard chitosan. This confirmed the presence of chitosan
(Table 3).

Table 3
Wavelength of main bands obtained from chitosan.

Vibration modes Standard Indian prawn

NH out-of-plane bending 752 712.0
Ring stretching 896 880.6
Co stretching 1026 1026.0
CH, bending and CH; deformation 1418 1432.0
Amide IT band 1563 1576.2
Amide I band 1661 1652.8
Symmetric CH; stretching & Asymmetric CH; stretching 2930 2927.0
NH stretching 3268 3446.4

XRD studies were also done to confirm the formation of chitosan
and to determine the nature of chitosan powder. XRD patterns of
chitosan are illustrated in Figure 7 and exhibited broad diffraction
peaks at 26 = 10° and 21°.

1852

100
907
80

Intensity (cps)

10 20 30 40 50 60 70
26 (Degree)
Figure 7. XRD pattern of chitosan.

3.3. Formation of C-GC transdermal film

All transdermal films prepared were colourless and transparent
(Figure 8). The morphology of the chitosan-gelatin film was
analyzed by SEM, the photograph showed a smooth surface with tiny
particles that might be silver nanoparticles which had been coated
(Figure 9). ICP-OES was used to determine the concentration of

silver nanoparticles incorporated into C-GC film (Table 4).
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VEGA3 Tescan
View field: 19.9 ym
SEM MAG: 6.38 kx

Det: SE 5 pm
Date(m/d/y):03/12/14

Nanotech, ANNA University

Figure 9. SEM image of the transdermal film.

Table 4
The concentration of silver nanoparticles by ICP-OES .

Samples  Elemental symbol Concentration of silver nanoparticles (mg/L)
Cl1 328.068 0.245
Cc2 328.068 0.491
C3 328.068 0.986
C4 328.068 1.967
C5 328.068 3.935
Co6 328.068 7.870
C7 328.068 15.740

3.4. Optimization studies

Optimization studies with varying concentration of compounds
(chitosan, gelatin, glycerol, silver nanoparticles, distilled water) were
studied to check the stability, elongation and stress holding capacity of
chitosan-gelatin transdermal. The standard results showed in Table 5.

Table S
Results of the various values optimized.

Composition Varied concentrations

Cl C2 C3 c4 C57  c6 C7
Gelatin® (g) 2 2 2 2 2 2 2
Chitosan” (g) 05 05 05 05 05 05 0.5
Glycerol” (uL) 400 400 400 400 400 400 400
Distilled water” (mL) 30 30 30 30 30 30 30
Silver NPs (uL) 100 200 400 800 1600 3200 6400

NPs: Nanoparticles; : Standard value.
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3.5. Physiochemical properties

The weight and thickness/size of the film were taken from
different perimeters of the film to determine the uniformity of drug
distribution in the film. In Figures 10 and 11, there is little non

uniformity of drug in the film observed.
2507
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504

Average weight (mg)

Cl Cc2 C3 C4 C5 Co6 C7
Groups
EaC4 EECS ECo EacCy

Figure 10. The average weight of film at different concentrations.
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Figure 11. The average size/thickness of film at different concentrations.

Folding endurance parameter taken in account of determining
the maximum stress managed by the film at the maximum number
of times it was folded and at the point it broked. From Figure 12,
we can observe that as the concentration of silver nanoparticles

increasing, the stability of the film was significantly increased (P <
0.05).

4007

(9%
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(=)
1
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—_
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(=)
1

Cl C2 Cc3 C4 C5 Co6 C7
Groups

ENC ENC2 ESIC3 EC4 BCs ESdCo EECT

Figure 12. The folding endurance of film at different concentrations.

Humidity parameter study was done to determine the humidity
absorption from the environment. The humidity of film increased
significantly (P < 0.05) with the increasing of concentration (Figure
13). Temperature and pH were checked to determine the degree or
pH at which the film was soluble/stable (Tables 6 and 7).

1001
804

604

Humidity (%)

40+

204

Cl C2 C4 C5 Co6 C7
Groups
EEC ESC ERIC3 [ERC4 ECS BS8 C6 [l C7

Figure 13. The humidity of film at different concentrations.

Table 6
The temperature of film at different concentrations.
Varied Varied temperatures (°C)

concentration = 20 30 40 50 60 70 80 90 100

Cl NS NS NS SS SS D S S S
C2 NS NS NS SS SS D S S S
C3 NS NS NS SS SS D S S S
C4 NS NS NS SS SS D S S S
G5 NS NS NS SS SS D S S S
Co6 NS NS NS NS NS NS D D D
C7 NS NS NS NS NS NS NS D D

NS: Not soluble; SS: Semi-soluble; D: Dispersed; S: Soluble.

Table 7

The pH of film at different concentrations.

Varied Varied pH values

concentration ™1 )53 374 45 56 67 7-8 89 9-10
Cl SS SS SS SS SS S L L L
C2 SS SS SS SS SS S IL, L L
C3 SS SS SS SS SS S L L L
C4 SS SS SS SS SS S L L L
C5 SS SS SS SS SS S L L L
C6 SS SS SS SS SS S L L L
Cc7 SS SS SS SS SS S L L L

SS: Semi-solid and film formed was delicated; S: Solid and proper film was
formed; L: Film formed was hard/brittle.

The film’s absorption of water and the solubility in the water were
determined to check the distribution of drug to the site (Figures
14 and 15). The tensile study was done to show the strength,
elongation and maximum tearing capacity of the film. The higher
the concentration of the silver nanoparticle, the higher the elongation
and flexibility of the sample would be, and silver also acted as strong

cross linker in the formation of film (Figure 16).
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Figure 14. The solubility of the film at different concentrations.
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Figure 15. The absorbance of film at different concentrations.

3.6. In vitro release of drug from the polymer and in vitro skin
permeability study

In vitro studies of drug released from the polymer and the skin
permeation were done to determine the percentage of drug release
through the dialysis membrane or skin and the time taken for the
release was noted (Figures 17 and 18). The rate of release of silver
nanoparticles obeying zero order kinetics and the release of drug
from film were significantly increased (P < 0.05), expressed or

released versus time (h).

2.0

Absorbance
=)
L

0.5 4

0.0 L] L] L] L] L] L] L] T
0 1 2 4 6 10 16 24
Time (h)
Figure 17. In vitro release of drug from the polymer film at different
concentrations.
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Figure 18. In vitro skin permeation of film at different concentrations.

3.7. Antimicrobial assay

The antimicrobial properties of chitosan-gelatin films incorporated
with silver nanoparticles were presented in Figure 19 and Table
8. C-GC films showed an inhibition towards Escherichia coli (E.
coli ) and Streptococcus sp. of the tested microorganism. The more
prominent zone was seen at the higher concentration of silver

nanoparticles embedded in transdermal film.

Figure 19. Viability of C-GC film incorporated with silver nanoparticles

against various pathogenic microorganisms.

Table 8

Zone of inhibition of C-GC transdermal film. mm.

MTCC culture Cl Cc2 C3 Cc4 C5 C6 C7
E. coli - 8 10 11 14 14 14
Streptococcus sp. - <8 <8 8 8 10 12

3.8. In vitro cytotoxicity assay

The assay was used to evaluate the cytotoxicity effect of
transdermal film against the Vero cell line. The different
concentrations of C-GC transdermal film samples (C1-C7) were
used. After 24 h incubation, cell viability was determined by MTT
assay. The cytotoxicity was fully dependent on the concentration of
gradient as the concentration increased mild toxicity was illustrated
(Table 9).
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Figure 16. Tensile study of C-GC film (C1-C7) incorporated with silver nanoparticles.
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Table 9
In vitro cell toxicity study by using Vero cell line.
Concentration  Optical density Cell inhibition Cell viability
value (%/mL) (%/mL)
Cl 0.204 21.0 79.0
C2 0.169 39.0 61.0
C3 0.173 40.3 59.0
Cc4 0.142 49.9 50.0
C5 0.103 63.7 36.3
C6 0.700 753 24.7
C7 0.025 91.0 8.8
1C4, value C4 (800 pL)

3.9. DCF-DA assay

In this assay, the ROS generation was observed by substituting the
different concentrations of transdermal film in the fibroblast cell
line and the negative control was run by H,O,. Positive control was
maintained with fresh media. In Figure 20, positive control cells didn’t
show any fluorescence, whereas negative control (induced by H,0,)
cells showed almost 90%—-99% ROS generation which means cell
damage. The cells treated with samples C2, C4 and C6, respectively,
C2 and C4 showed no signs of fluorescence cells, whereas in C6
fluorescence cells were observed at the range of 50%—60% and non-
fluorescence were in the range of 40%—50%. Therefore, the higher
concentration might prove toxic to the cells but average concentration

showed no signs of toxicity. Hence, it could be taken for further studies.

Figure 20. DCF-DA assay was done on 3T3-L1 (Fibroblast) cell line.

a: Positive control (cells + media); b: Negative control (cells + H,0,); c: C2
(cells + chitosan-gelatin transdermal film); d: C4 (cells + chitosan-gelatin
transdermal film); e: C6 (cells + chitosan-gelatin transdermal film).

4. Discussion

There are several methods for synthesizing silver nanoparticles. In
this study, biosynthesis of silver nanoparticles was carried out by using
G. lucidum extract. The mushroom extract incubated with deionized
water (positive control) retained its original colour (pale yellow) but
silver nitrate treated with mushroom extract turned to brown colour
after 30 min incubation due to deposition of silver nanoparticles.
The colour development of the extract is due to excitation of surface
plasmon resonance in the metal nanoparticles27]. The colour of the

solution was changed to intense brown after 24 h of incubation. The
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extract was also stable for maximum 2 months.

The progress of the reaction between metal ions and the extracts
was examined by UV-vis spectra of silver nanoparticles in aqueous
solution. The intensity of the colour increased with incubation time.
Nanoparticles size can also be determined by the change in the colour
of the reactant[28,29]. The smaller the size of nanoparticles greater the
colour shifts towards reddish brown.

Transmission electron microscope photographs showed well
documented size and shape of biosynthesized silver nanoparticles and
also revealed the nature of silver crystalline by SAED pattern; signified
by 3 different planes (111, 200, 220). The elemental composition of
the nanoparticles was further confirmed by the EDAX. The peaks of
silver around 3 keV observed in EDAX of the sample corresponded to
the binding energies of silver. The result indicated that the synthesized
product was composed of silver nanoparticles encapsulated by
bioactive compounds present in the mushroom. The reduction of silver
nanoparticles was due to the presence of relatively large amount of
polyphenols present in the sample. Similar type of study was carried
out by using Aloe vera and reported that polyphenolic compounds were
responsible for the reduction of silver ions[29]. The morphology and
nanocrystallite size were determined by the characteristic peak obtained
from XRD image. The observed results of FTIR spectra confirmed the
presence of aliphatic amines or alcohols representing the presence of
polyphenolic compounds. The peaks between 3250-3450 cm™ and
lesser than 700 cm™ corresponded to the primary aliphatic and aromatic
compounds[30], and the peaks round 1000-1200 cm™ indicated C-O
single band and peak of the carboxyl groups from polyphenolic
compounds(31,32].

An attempt has been made to extract the chitosan from chitin isolated
from Fenneropenaeus indicus (Indian prawn) by various chemical
processes and to study the physiochemical properties of prepared
chitosan along with commercial chitosan, compared with Korea Food
and Drug Administration[33,34]. FTIR analysis represented free amino
groups at C2 position of glucosamine, a major band of chitosan(14],
therefore confirmed as the chitosan compound. An XRD analysis
exposed the typical fingerprints of semi-crystalline chitosan as shown
in the results[35]. Yen and Mau found that fungal chitosan showed
two crystalline reflections at 9.7° and 19.9°[36]. Kittur et al.[37], found
that the wide-angle XRD patterns of shrimp chitosan showed two
major characteristic peaks at 26 = 9.9-10.7° and 19.8 -20.7°. It was
also reported that the two characteristic crystalline peaks with slightly
fluctuated diffraction angles found in the wide angle-X-ray diffraction
patterns indicated that two types of a- and y-chitosan exhibited
comparable degree of crystallinity and had two consistent peaks of
9-10° and 19-20°371.

The transdermal films were prepared with chitosan-gelatin
amalgamation with silver nanoparticles. Chitosan is second abundant
biopolymer given by nature and has been used in the preparation of the
film to give flexibility and rigidity nature. Gelatin is one of hydrolysed
compounds of collagen (biopolymer) and animal protein.It gives the

elasticity to the film. Glycerol is a moisturizing and plasticizer agent
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used in the film preparation. Silver nanoparticles used as binding agent,
cross linker and as well as drug provide complete the protection for the
film. Then standard values of compounds obtained were then optimized
according to the preparation of film. Tensile analyses showed that at a
higher concentration of silver nanoparticles, films had higher strength
and lower elongation, suggesting that silver salts enhanced cross linking
in these films. Glycerol is used as plasticizer for the extension of this
film. The reason is that with the increase in plasticizer content, the
mobility of chains increases, improving the extensibility and flexibility
in the films. The decrease in elongation at 40% plasticizer might be due
to the dominating effect of a large proportion of plasticizer decreasing
the tensile strength[38].

Physiochemical properties of transdermal film was portrayed by
different parameters such as weight and thickness, folding endurance,
humidity, absorption and solubility to determine the various
characteristics of film towards the wound healing. Uniformity of drug
distribution in the film is mandatory to determine the amount of drug
released into the wounded site; folding endurance, temperature and pH
show the stability of film; humidity and absorption indicate the capacity
of film in the absorbing of wound exudate; solubility of film shows the
dispersion of drug along with other compound through the wounded
site giving the complete protection against the environment and helps
in speedy recovery[39-41].

Along with time, the drug released from transdermal film was
observed and the release of drug through the dialysis membrane
was higher than that in skin permeation study. All data were found
to be anomalous diffusion[42]. The transdermal film shows more
prominent zone according to the higher concentration of silver
nanoparticles. Therefore it shows good zone of inhibition against
pathogenic organism, consequently showing the protective role around
the wounded area. The MTT assay revealed mild cytotoxicity in the
Vero cell line as the concentration of silver nanoparticles increases
in the transdermal film. Comparative sort of studies were depicted
by using different extracts to compare toxicity[43]. ROS drastically
increased during the environmental stress causing damage to living
cells. Fluorescent microscope photographs demonstrated the extent
of ROS generated. Once the DCF-DA dye diffused into cell line, it is
deactelyated into non fluorescent (2',7'-dichlorodihydrofluorescein) but
ROS converts into fluorescence compound (2',7'-dichlorofluorescein)
[26]. Therefore, in our studies, transdermal films with the higher
concentration of silver nanoparticles may prove induction of ROS
generation in cells but average concentration shows no signs of ROS
generation. Hence, transdermal film is proved as a protective role
during inflammation and against ROS generation[44]. Subsequently, it
can be taken for further studies.

In conclusion, new transdermal films were prepared with chitosan-
gelatin. Biosilver nanoparticles play a binding agent role between both
chitosan and gelatin, thus, giving flexibility, stability and prolonged
life span for the transdermal film. The film has shown improved water
absorption, folding endurance, and also temperature withstanding

ability. Silver nanoparticles synthesized from G. lucidum gives

nanoparticles ranging below 80 nm. The dissolution data indicate
the release of the drug determined by the size of nanoparticles. The
silver nanoparticles synthesized would be stable in pharmaceutical
preparation and it can be easily targeted to specific cells. This gives
complete protection to infected site and relives high potentiality against

various pathogenic bacteria.
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