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4. It has been significantly used as an excellent tool for pressure

sensitive adhesion and transdermal drug delivery systems.
Abstract

A novel dynamic Chitosan (CS)-Snail shell based bionanocomposite Thin
Film Nanogels (TNG)s were developed and optimized in order to obtain films
possessing the optimal functional properties (flexibility, resistance, and bio-
adhesion) to be applied on skin. The functionalization of CS was designed
2-Hydroxyethyl Methacrylate (HEMA) and Acrylic Acid (AA) onto CS via redox
initiator system of Ammonium Persulfate (APS) and complex catalyst CuSO4/
glycine (1:1) in the presence of foaming agent sorbitol was designed. The CS-g-
P(HEMA-co-AA)/snail shell a novel thin film was prepared from the combination
of CS-g-P (HEMA-co-AA) polymers with the modified snail shell, (nano-CaO)
as a nanofiller, then the so prepared CS-g-P(HEMA-co-AA)/nano-CaO nanogel
thin film is used to encapsulate active compounds in drug release systems.
Characterization of TNGs was done by FT-IR, XRD, TGA, and FESEM. In
addition to their in vitro drug release study in pH progressive media, TNGs are
potentially suitable for use as Pressure-Sensitive Adhesives (PSAs) and super
absorbents exhibiting good biodegradability.
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Introduction covalent cross-linking of the polymer chains through micro- or mini-
emulsion or from self-assembled nano aggregates [9]. The systemic
drug administration through the skin holds several advantages such
as the maintenance of constant drug levels in the blood, decrease of
side effects and improvement of bioavailability by circumvention
of hepatic first pass metabolism and increased patient compliance
10. In the present work, chitosan was selected as a starting material
because of its good film-forming properties, wound-healing
benefits, bacteriostatic effects and bioadhesive properties [11,12-
16]. Chitosan based thin film gel especially plays a very essential role
in mucoadhesion (adhesion to the mucosal surface) or PSA. The
chitosan based nanoparticle thin films are used to encapsulate active
compounds in drug release systems.

Chitosan (CS) is a natural polysaccharide with good biomaterial
properties being biocompatible, biodegradable, non-toxic, non-
antigenic [1-3]. It is an ecologically interesting and promising carrier
for sustained drug release [4]. All these important properties make
chitosan a very interesting component of hydrogels in the medical
and pharmaceutical fields. These have been applied for advanced
drug delivery. Nanohydrogels are a three-dimensional swollen
cross-linked network of polymer chains with particle sizes in the
nanometer range [5,6]. However, nanogels with particle size between
10 and 200 nm are very efficient for showing adequate performance in
intravenous drug delivery [7]. Nanohydrogels are widely categorized
as chemically and physically cross-linked networks [8]. Chemically
cross-linked nanohydrogels are produced by internal or external The thin film is used as adsorbent surface for drug release. PSA,
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designed for enhanced transdermal delivery of drugs and being
compatible with drugs of different physicochemical properties does
not act as a barrier to drug diffusion and is non-toxic as well [17-19].
Nanogels have potential activity similar to the natural living tissue
more than any other class of artificial biomaterials due to their high
water content and soft stability comparable to natural tissue [20].The
high water content and large pore sizes of the most hydrogels often
result in comparatively fast drug release, over few hours to a few days.
The surface modification of nano scale fillers plays a significant role in
the preparation of nanocomposite based thin film nanogel especially
for drug delivery.

Polymer-porous nano-CaO represents a new class of materials
with high performance and is of great academic and industrial
interest [21].

Rashid A et al, demonstrated drug delivery of
2-hydroxyethylmethacrylate-co-acrylic acid hydrogels for greater
therapeutic efficiency in PSA [22]. However, our aim is to design a
hydrophilic PSA to keep the hydrophilic nature of the skin delivery
system because this type of adhesive offers several advantages over
the hydrophobic ones: improved skin adhesion, compatibility with
a higher variety of drugs and excipients, and expanded capability to
control adhesion-cohesive properties [23].

Materials and Methods

Materials

Diclofenac sodium was purchased from Ranbaxylaboratories
Ltd. The deacetylated chitosan and initiator, Ammonium Persulfate
(APS), purchased from Himedia Mumbai, India. HEMA and AA
ware SRL India, orthophosphoric acid, ethanol, and sorbitol were
purchased from Qualigen India Ltd. Snail shells were collected from
the rice field and washed with thrice with distilled water, oven dried.

Diclofenac sodium based TNG

TNG possesses a degree of flexibility very similar to natural
tissue, due to their significant water content. Diclofenac 0.1-5% w/v
concentrations of polymeric TNG dispersions were made separately.

Preparation of copolymer, Poly(HEMA-co-AA)
Desired quantity of monomers HEMA and AA, surfactant

sorbitol, complex catalystCuSO,/glycine (1:1) and distilled water
were taken in a reaction vessel. There action temperature was carried
out at 55°C in the N, atmosphere. Then initiator APS was added with
continuous stirring. The reaction was ceased after 3 h by quenching
the reaction vessel in ice water. The sample was coagulated with the
non-solvent and then washed with hot water for three times and then
oven dried at 65°C for 3 h. Then the copolymer [P(HEMA-co-AA)]
was kept in the desiccator for 1 h and weighed.

Preparation of nano-CaO

The clean and dry rice field snail shell was cleaned from dirt and
sticking flesh, then sun dried. The oven dried sample crushed and
grinded by an attritor, then the powdered snail shell was treated with
ortho phosphoric acid followed by heating in a furnace at 1000°C to
produce the desired nano-CaO compound. After cooling, the sample
was stored in desiccators [24,25].

Preparation of chitosan-g-Poly(HEMA-co-AA)copolymer thin
filmgel (TG) and chitosan-g-Poly(HEMA-co-AA)/nano-CaO Thin
Film Nanogel (TNG)

Desired quantity of chitosan (1.2g), monomers HEMA and AA
and sorbitol as surfactant along with distilled water were taken in a
reaction vessel and heated with a temperature maintained at 55°C
in an inert atmosphere. Later the initiator APS along with complex
catalyst CuSO,/glycine (1:1) in the presence of sorbitol was added with
constant stirring. After 3 h the reaction was stopped by quenching the
experimental set up in ice water slowly. Lastly, the synthesized sample
was coagulated with the non-solvent followed by washing with hot
water for three times and then dried in oven at 65°C for 4 h. Then the
graft copolymer chitosan-g-[Poly(HEMA-co-AA)] was kept in the
desiccator for 1 h and weighed.

For preparation of the grafted nanogel (TNG13 to TNG21),
chitosan (1.2g), monomers HEMA, AA, initiator (APS) and desired
quantity of CaO (nanoclay), surfactant sorbitol (0.05g), and complex
catalyst were added sequentially to the reaction vessels. The reaction
was carried out as per the method of the homopolymer and the
copolymer mentioned earlier.

Calculation of Grafting Parameters

By using the following expression the grafting parameters
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calculation for the chitosan copolymers is given as follows:

Grafting yield (%) = [(wt. of the graft copolymer — wt. of chitosan)/
wt. of chitosan] x100 ...(1)

Scheme of TNG

Scheme 1.
Characterization

The characterization of the pure chitosan, chitosan-copolymer
and nano-CaO snail shell-based grafted bionanocomposite were
carried out by FTIR spectra, XRD, FESEM and TGA etc.

Fourier Transform Infrared (FTIR) analysis was carried out
for characterization of grafting of Poly(HEMA-co-AA) onto the
chitosan and incorporation of nano-filler on Perkin Elmer Paragon
500 FT IR Spectrophotometer with KBr pellets in the optical range
of 400-4000 cm™.The dispersion of grafted copolymer into nano
snail shell based thin film and drug incorporation in thin film was
studied using the XRD with diffraction angle 26 from10° to 90° on a
Bruker D8 Discover (Germany) instrument at 25°C. A Field Emission
Scanning Electron (FESEM) Microscope GEMINI'FE-SEM was used
for investigation of the nanoscale pattern of the grafted samples in
order to examine the surface morphology after gold coating and a
low beam energy of 1 kV was operated to eradicate the possibility
of any thermal damage to the prepared samples. Ultrathin section
(the edge sample sheets perpendicular to the compression molds) of
the grafted samples having a thickness of 100 nm was microtomed
at -80°C. The Thermogravimetric Analysis (TGA) for measuring the
thermal stability of the nano polymer thin films using a Shimadzu
DTA-500 system was done in the inert N2-atmosphere from normal
room temperature to 600°C at a 10°C/min heating rate.

Result and Discussion

FT IR Analysis of TNG

The graft binding of Poly(HEMA-co-AA ) and nanoCaO filler
onto the surface of chitosan was investigated by the FTIR spectral
analysis as shown in Figure 1. From the Figure. 1(E) of chitosan-g-
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Figure 1: Fourier Transform Infrared spectra of (A) Snail shell, (B) Chitosan,
(C) P(HEMA-co-AA), (D) Chitosan-g-P(HEMA-co-AA), (E) Chitosan-g-
P(HEMA-co-AA)/nano-CaO TNG.

Poly(HEMA-co-AA ) /nano-CaO segments, the ester (-CO-O-CH,-)
gives C=0 functional group band at 1745 cm™,C-O binding site at
1185cm™, NH-CH grafting site at 1340cm™ and Ca-O-Ca peak at
895.5 cm™ respectively, so the intercalation of the snail shell (nano-
CaO) layer into the copolymer matrix layer has been confirmed.
A peak 1196.5 cm™ for C-O stretching in the Figure 1(D) of the
chitosan-copolymer indicates the spectra for amide I and amide II
bands of chitosan -g- Poly(HEMA-co-AA) located at 1645 cmand
1593 cmrespectively, the elongated variation of peak is due to the
linkage of pure chitosan with the copolymer Poly(HEMA-co-AA )
and other interactions as well. In Figure 1(C) Spectra of the copolymer
Poly(HEMA-co-AA ) shows the peak at 3150 cm™ arising due to C-H
stretching frequency and 1745 cm™ due to ester group frequency.
Hence, the shifting of the peak to lower frequency may be is assumed
as the result of the hydrogen bonding formation between the -NH,
group of chitosan and the carbonyl group of the hanging bunch of
the chitosan backbone. In Figure 1(C) Spectraof Poly(HEMA-co-AA)
shows the peak at 3150 cm-laccounts for C-H stretching vibration
and1745 cm-1for ester group. Figure 1(B) for Chitosan, it shows
the peak at 3365 cm™ which is due to the -NH, group, 1645 cm™
indicates the amide and 1010 cm™ for the C-O-C linkage respectively.
In Figure 1(A) for snail shell, the Ca-O bond resembles the 910 cm™
as the stretching frequency and the bending frequency region of two
frequency ranges such as 780cm™, 460 cm™ respectively.

XRD spectra of TNG

The crystallinity of samples like nano-CaO, chitosan-g-
Poly(HEMA-co-AA) and chitosan-g-Poly(HEMA-co-AA)/nano-
CaO,chitosan-g-Poly(HEMA-co-AA)/nano-CaO TNG after drug
delivery were investigated by XRD study. Crystallinity and the phases
of the so formed powders were investigated by the powdered XRD
and its Microstructures were also confirmed. In XRD analysisof the
samples in the Figure 2(A) is the X-ray pattern of snail shell indicating
sharp peaks due to its crystalline nature. The crystalline pattern
at around 20=100and 200, indicates lower degree of crystallinity
[26,27]. However, in Figure 2(B) chitosan-g-Poly(HEMA-co-AA),
the copolymer shows a broader pattern due to gel nature of a novel
material appearing as smooth broad curve. Non-appearance of sharp
peak indicates its amorphous nature In Figure 2(C), the chitosan-
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Figure 2: X-Ray Difraction of (A) Snail shell, (B) Copolymer, (C) TNG and (D)
TNG after drug delivery.

1. Uniform larger spherical shaped snail shell (nano Ca0) at 204 mm (A) and smaller sucface at 1um (8]

11 smooth surface induced copolymer hydrogel at 100 am (C ) and induced rupture surface at 1um (D)

(V) After biodegradation of Chitosng-P(HEMAco-)/-CaO TNG (G)

Figure 3: FESEM of (I) Nano-CaO (A&B), (Il) Copolymer (C&D), (lll) TNG
(E&F) and (IV) TNG after biodegradation TNG (G).

g-Poly(HEMA-co-AA)/nano-CaO TNG confirms the intercalation
of polymer matrix in the sheets of snail shell. Hence, it is proved
that the grafted copolymer has been properly embedded inside the
sheets of CaO matrix of the snail shell. In Figure 2(D), chitosan-g-
Poly(HEMA-co-AA)/nano-CaO TNG after drug delivery, clearly
indicated that the spherical porous material nano-CaO based TNG
also adsorbed the drug.

FESEM of TNG
The FESEM micrographs of the nano-CaO (I),the copolymer

without nano-CaO (II) and the copolymer with nano-CaO TNG (III)
and after biodegradation of Chitosan-g-P(HEMA-co-AA)/nano-CaO
TNG (IV) are illustrated in Figure 3 at various magnifications like
2x10°KX, 1pum 1x10°KX respectively. The surface morphology graphs
revealed the uniform intercalation of the synthesized copolymer into
the layers of the snail shells as cleanly given in Figure 3 (E&F). The
chitosan based TNG is used in biomedical application due to their
microporosity. The surface modification by activated sludge water
after biodegradation has been obtained as shown in Figure 3(G).
It is due to the biodecomposition or the ample mass growth by the
bacteria and fungi on the chitosan-g-Poly(HEMA-co-AA)/nano-
CaO TNG which results in the roughness of the surface as compared
to the plane surface that of before biodegradation (Figure 3). So, the
synthesized unique TNG is environmental friendly in nature.

TGA of TNG

The thermal decay of (A) nano-CaO, (B) chitosan-g-Poly (HEMA-
co-AA), (C) chitosan-g-P(HEMA-co-AA)/nano-CaO TNG and (D)
chitosan-g-Poly(HEMA-co-AA)/nano-CaO TNG after drug delivery
were considered by the thermal analysis as given in Figure 4. The
primary decay of both the samples occurs which is due to the existence
of ample of moisture and amorphous nature of TNG material. The
decay of the chitosan-g-Poly(HEMA-co-AA) copolymer at 120°C
temperature and that of the chitosan-g-Poly(HEMA-co-AA)/nano-
CaO(TNG) at 160°C is examined. It is due to the fact that the higher
thermal decay of the chitosan-g-Poly(HEMA-co-AA)/nano-CaO
TNG has been ascribed for the intercalation of the Poly(HEMA-
co-AA) through the sheets of the nano-CaO layer. It is a beneficial
property for this TNG as it can persist the higher temperature because
the CaO is thermally stable and highly resistant.

Equilibrium Water Content (EWC)

The crosslinked copolymer and the crosslinked TNG were dipped
in separate pH buffers along the solutions at (i.e pH 3.5 to 11) loaded
with different nano-CaO load (0.10,0.25, 0.5, 1.0, 1.25, 1.5 g) for 24h to
reach equilibrium swelling. The samples which have got swollen were
drawn from the buffers until more buffers onto the polymer matrix
washed off through the filter papers, then weight of the samples were
taken. Then the sample’s Equilibrium Water Content (EWC) was
evaluated by the given following formula as under:

100~

104

Welght loss(%o)

T T T T T T T T T
1] i&lﬂ 200 300 400 560 ao0
Temperature °C

Figure 4: TGA thermograms of (A) Nano-CaO (B) Copolymer (C) TNG and
(D) TNG after drug delivery.
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Figure 5: EWC study of chitosan-g-Poly(HEMA-co-AA)( TG) and chitosan-g-
P(HEMA-co-AA)/nano-CaO TNG ( TNG13toTNG18).

Equilibrium Water Content (EWC)(%) = [Ws - Wd/Ws | x
100...(2) [28]

Where, Ws and Wd are the weights of the polymer sample at
the equilibrium swelling and dry states accordingly. The equilibrium
water content at various pH were examined in order to get the working
efficiency of the TNG i.e., to evaluate the most selected hydrophilic
absorption drug into the pendant copolymer graft. The sample swells
off in buffer solutions and it is increased from pH 7.0 to 8.7 and then
slows down as shown in Figure 5. Further, the measurement of EWC
of TNG also indicates the swelling of the grafted samples is sensitive
towards pH .i.e., the grafted TNG is less porous in nature at lower pH
and it is maximum porous at pH 8.7. Here, the prepared TNG has
shown better EWC than that of the copolymer TG. It is attributed
due to the fact that the porosity of the sample is maximum at the load
of 1gm nano-CaO and at a higher of pH = 8.7 (Figure 5). The water
swell ability of the microsphere at pH 8.7 was better than those at pH
7 and pH 3.5. Thus, this enhancement is attributed due to the change
of group from COOH in acidic condition (pH 3.5) to COO- group in
alkaline condition (pH=8.7) of TNG [29,30] and also the ionic nature
leads to increase in swelling of gel and drug release at higher pH 8.7
[31]. In addition, the protonated amino group changed to unionized
amino group, which led to decrease in swelling of gel and drug release
[32]. The higher crosslinking density of the TNG results less porosity,
so it may get less space to absorb water in its template and at lower
pH<7.0 the strength of the internal gel structure may be very less to
retain the water.

Biodegradation by activated sludge

Biodegradation of cross-linked copolymer hydrogel and cross-
linked TNG were studied under sludge water in order to compare
the extent of biodegradation at different conditions. The sludge
water having various microbes those are responsible degradation
the TNGs. A polypropylene container was used to collect the sludge
in which sludge water was fully filled and then it was closed [33,34].
The samples (0.5g) were dipped in the sludge water and kept an in
incubator together in a vessel sterilized well at room temperature
(27+2°C) for 15, 45, 90 days.

It can see that the nano-CaO consisting TNGs showed better
biodegradability those of the copolymer sample TGs. It may be due
to the developed hydrophilicity and porosity in the snail shell based
TNG that could enhance the water insertion along with various
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Figure 6: Biodegradation of chitosan-g-Poly(HEMA-co-AA)(TG4) and
chitosan-g-Poly(HEMA-co-AA)/nano-CaO TNG ( TNG13to TNG18).
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Figure 7: Drug release in the skin during adhesion with time intervals for TNG
of different thickness.

microbes into the biopolymer graft. It was further confirmed from
the FESEM (Figure 3G) micrographs. Hence, the TNG in Figure 3(G)
has given better biodegradability than the other TGs comparatively
because of more hydrophilicity and massive colony growth of the
microbes. From Figure 6, the TNG16 sample showed maximum
degradation among the samples.

Peel adhesion study

TNGs have applications as pressure sensitive tapes on aluminium,
tin and skin as shown in (Table 2). It has good results for pressure
sensitive adhesion to higher energetic surfaces like aluminium and
skin. The surface adhesion is mainly due to its polar carbonyl group.
On wet aluminium and tin surfaces the forces of adhesion is not same
as that of the skin surface. There is no correlation between these three
surfaces. It is because both the aluminium and tin surfaces are flat
and rigid and thus the initial contact with such surfaces is very much
unusual than that with skin, which is a soft tissue. The TNG16 sample
shows good adhesion over skin than other monomer feed ratio TNGs.
It is endorsed to the extra addition of the acrylic acid monomer and
chitosan composition ratio attracting the hydrophilic nature of the
Pressure sensitive adhesive films, so it can bind the skin more easily
than other biopolymers. On contact with the skin, a better force of
adhesion is produced at surface of the interface, which needs a greater
tensile strength to cleavage the bond.
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Table 1: Variation of [HEMA],[AA] in chitosan-g-Poly(HEMA-co-AA) copolymer thin film gel(TG) and chitosan-g-Poly(HEMA-co-AA)/nano-Ca0O thin film nanogel (TNG),

their % grafting and % EWC at pH=8.

_ _ Snail Shell %. EWC
Sample Code Chitosan, g [HEMA] mol/L [AA] mol/L [APS] mol/L Sorbitol, g NanoG-CaO % Grafting at p’H —g7
TG1 1.2 0.071 0.034 0.01 0.05 - 83+1.33 314
TG2 1.2 0.071 0.068 0.01 0.05 - 86+1.33 321
TG3 1.2 0.142 0.087 0.01 0.05 - 92+1.33 341
TG4 1.2 0.178 0.104 0.01 0.05 - 98+1.33 365
TG5 1.2 0.178 0.122 0.01 0.05 - 94+1.33 343
TG6 1.2 0.214 0.034 0.01 0.05 - 91+1.33 335
TG7 1.2 0.142 0.034 0.01 0.05 - 93+1.33 342
TG8 1.2 0.071 0.104 0.01 0.05 - 89+1.33 331
TG9 1.2 0.178 0.087 0.01 0.05 - 91+1.33 335
TG10 1.2 0.142 0.122 0.01 0.05 - 93+1.33 342
TG11 1.2 0.214 0.104 0.01 0.05 - 96+1.33 359
TG12 1.2 0.071 0.139 0.01 0.05 - 91+1.33 335
TNG13 1.2 0.178 0.104 0.01 0.05 0.10 - 409
TNG14 1.2 0.178 0.104 0.01 0.05 0.25 - 415
TNG15 1.2 0.178 0.104 0.01 0.05 0.50 - 426
TNG16 12 0.178 0.104 0.01 0.05 1.00 - 434
TNG17 1.2 0.178 0.104 0.01 0.05 1.25 - 421
TNG18 1.2 0.178 0.104 0.01 0.05 1.50 - 417
TNG19 1.2 0.071 0.068 0.01 0.05 1.00 - 393
TNG20 1.2 0.142 0.087 0.01 0.05 1.00 - 412
TNG21 1.2 0.071 0.104 0.01 0.05 1.00 - 376

Evaluation of in vitro drug release by dynamic method

Separate three films of various thicknesses, i.e., 100um, 150pm
and 200um (Figure 7) are prepared for 1.5w/w of drug, Diclofenac
sodium, on 300um thick skin between each application. Stabilizing
adhesion methodology is being carried out with a period of 1 h.
During adhesion, it is seen that the release of drug is stable for 100pm
thick film, 1.8ug/cm? to 1.92ug/cm? for 150pm thick film, as shown
in figure 7 the drug release is moderate, 2.1jug/cm? to 3.1 pg/cm? for
200pm thick film, the drug release study shows an interesting result,
2.2ug/ecm’ to 4.12ug/cm? i.e., large increase in drug release occurred
during both the 2™ and 3™ hour and then a stable curve is obtained.
It is attributed to the increase of film thickness, the reason for higher
quantities of drug release.

Conclusions

The  chitosan-g-Poly(HEMA-co-AA)/nano-CaO  of  snail
shell based TNGs were prepared with persulphate initiator under
inert atmosphere and the samples were characterized by different
instrumental techniques. Finally, the TNG being intelligently
sensitive to pH might be considered as an excellent tool to design
novel material in surgical implantation, spherical skin development
culture and drug delivery. The spherical porous size exhibits
maximum pressure sensitive adhesion and increases the water uptake
in a polymeric nano matrix in thin film. Preliminary results of the
synthesized TNGs are studied with a view to their novel applications
as pressure sensitive adhesive and in drug delivery systems in future.

Table 2: Monomer composition ratio and corresponding adhesive forces at
contact time 60s.

Sample Monomer Force in mN/cm?on

Code Ratio (HEMA:AA) Aluminum Tin Skin
G1 100:0 143.51 104.54 11.18

TNG20 57:43 291.13 211.18 26.19

TNG19 50:50 261.08 224.13 39.16

TNG16 54.5:45.5 312.14 302.17 43.43
G5 0:100 193.75 167.12 15.11
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