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In the literature, the produced p-chitin samples are in powder or flake forms but there is no natural 3-chitin
based film. Also, the commercially available transdermal patches are produced from synthetic polymers. In this
regard, we produced natural 3-chitin-protein complex (CPC) film from the waste shells of Ensis spp. The obtained
natural film was characterized by FTIR, TGA and SEM. Additionally, swelling, thickness, contact angle and antiox-

idant tests were done to learn more about the films. After production and characterization of the film, capsaicin,
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which is commonly used for pain relief was loaded into the film. The loading capacity was recorded as 5.79%. The
kinetic models were studied in three different pH, then the results were fitted with Higuchi model with high cor-
relation at pH 7.4. After considering all the obtained results, the capsaicin loaded CPC film may be an alternative
candidate for transdermal patch instead of the synthetic ones.

© 2020 Elsevier B.V. All rights reserved.

1. Introduction

Transdermal patches are various pharmaceutical materials compris-
ing active drug substance, preferred for rapid release, protecting skin or
wound from microorganisms, absorbing body secretions, cost-effective
synthetic based polymers [1,2]. However, considering the adverse ef-
fects of these synthetic materials on human health, their use is limited
compared to natural polymers. For this purpose, the focus has been on
the development of functional bio-based patches, which are more suc-
cessful in clinical results than synthetic patches due to their faster
healing, microbial control, minimizing toxicity or side effects [1,3]. In
addition, biological patches are biodegradable and biocompatible as
well as have strong thermal and mechanical properties. Previous studies
are generally based on synthetically obtained chitosan hydrogels, algi-
nate, poly (lactic-co-glycolic acid) (PLGA) or dextran. However, there
has been no study for transdermal drug release by using a natural
patch, which is obtained directly from the organism by keeping its nat-
ural three-dimensional structure.

Natural polymers, especially chitin-based biological films, have
attracted greater attention than other films because of their applicability
to foods and drugs, and also thanks to their biodegradable [4], non-toxic
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[5], antimicrobial [6] and biocompatible features [7]. In the literature,
there are also composite film studies made by adding chitin to synthetic
polymers such as N - lithium chloride/N dimethylacetamide (LiCl/
DMAC) [8,9]. However, this situation does not eliminate toxic effects,
but increases the cost and also causes chitin films to lose some of their
functions, so it limits the use of the films [10]. Because of these limita-
tions, chitin based films obtained by preserving the natural structure
of organisms and avoiding chemicals have gained importance in recent
years [10].

Converting bio-waste from marine organisms into value added ma-
terials has been one of the most interesting subjects of recent times. In
this context, a potential organism for evaluation is razor shell (Ensis
spp.), a member of the aquatic ecosystem (Bivalvea, Mollusca) charac-
terized by long and fragile shells. So far, 22 species have been identified
in this group. The geographical distribution of Ensis species extends
from the European coast and the tropical region of West Africa to the
Asian and American coasts [11-13]. Ensis species has an economic
value used both as food [14] and feed in fishing and shrimp cultures
[15]. As a result of this use, different studies have been carried out on
the waste razor shells. For example, razor clam shells were used as cal-
cium oxide (Ca0) source for transesterification in biodiesel production
[16], nano-bioceramic material to replace artificial bone [17], removal
of heavy metals and dyes from industrial waste water [18,19]. In the lit-
erature, chitin has been defined in some species of Bivalvia (oyster,
clam, etc.) and there is no chitin study for Ensis species belonging to
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this class. Studies on Ensis species were limited to taxonomy [12], mo-
lecular identification [20], morphology [21], cytogenetics [22], anatomy
[23], mechanical [24] and elasticity properties [25]. In the present study,
razor shells was selected as CPC film source because of the following
reasons; i) high survival rate, ii) easy cultivation, iii) worldwide distri-
bution and iv) becomes completely bio-waste after consumption as
food/feed.

Capsaicin (trans-8-methyl-N-vanilyl-6-nonenamide) is an alka-
loid in the group of capsaicinoids and it has various pharmacologi-
cal effects such as anti-inflammatory [26], anti-obesity [27],
antioxidant [28] and antibacterial [29]. In addition, due to its strong
analgesic effect, it is frequently used as a painkiller [30]. Capsaicin is
readily soluble in methanol, ethanol, alkali aqueous solutions and
chloroform, but is almost insoluble in water. Capsaicin has limited
clinical use due to its short half-life (about 2 h), strong temperature
and burning sensation. However, in some clinical studies, low doses
of capsaicin have been shown to have moderate efficacy in the
treatment of musculoskeletal and peripheral neuropathic pain syn-
drome [31,32]. In another clinical study, it was found that capsaicin
patches (5-10%) used to prevent pain after postherpetic neuralgia
herpes zosterin treatment significantly reduced pain in
2-12 weeks [33].

In this study, for the first time, natural CPC film was obtained by pre-
serving the natural three-dimensional structure of the razor shells.
Then, physicochemical features were determined by swelling proper-
ties, contact angle, film thickness, FT-IR, TGA and SEM analyzes. The an-
tioxidant activity of capsaicin loaded film was also evaluated. After that
capsaicin was loaded into CPC film and releasing properties were
reported.

2. Material and methods
2.1. Sample collection and materials

Waste shells of individuals belonging to Ensis species were collected
from a local fisher in July 2019 in Izmir, Turkey. Shell samples (24 indi-
viduals) were washed repeatedly with distilled water to remove the
dust and particles and then dried at room temperature for one week.
During the experiment, chemicals used for film isolation; HCI and
NaOH were obtained from Merck and Capsaicin (CAS Number: 404-
86-4) was purchased from Sigma Aldrich. The chemicals used in capsa-
icin loading and release studies (methanol, chloroform and acetic acid)
were purchased from Sigma Aldrich, and NaCH3COO, Na,HPO4*12H,0,
NaH,PO4*2H,0 and NaCl from Merck. DPPH (2,2-diphenyl-1-
picrilhydrazil) (CAS Number: 1898-66-4) used for the antioxidant
study was purchased from Sigma-Aldrich. Distilled water was used in
all the experiments.

2.2. Method for chitin film isolation

In order to produce natural CPC film from the shells of the Ensis
spp., minerals and proteins from the structure of the shells were re-
moved using a reported method from our previous study with
some modifications [34]. First, the samples were treated with 1 M
HCI solution for demineralization at room temperature for 2 h.
The samples were then washed with distilled water until reaching
neutral pH. The demineralized samples were then treated with
1 M NaOH solution for deproteinization at 40 °C for 5 h.
Deproteinization was carried out using a low molar NaOH solution
to maintain the three-dimensional structure of natural films with-
out stirring and boiling under extremely gentle conditions. Ensis
spp. samples were then washed with distilled water until reaching
neutral pH. Finally, the obtained films were dried at room temper-
ature for two days.

2.3. Characterization of natural CPC film

2.3.1. Appearance and thickness of natural CPC films

The images of the obtained natural CPC films were examined by light
microscope (Leica Z6 APO). The thickness of the films were measured by
digital micrometer (Mitutoyo). The average of the measurements taken
from different parts of the films was used to determine the thickness of
the natural film.

2.3.2. Fourier transform infrared spectroscopy (FI-IR)

FT-IR analysis was performed to determine the structure of the CPC
film. Also FT-IR results were used to show capsaicin loading into the
film. The absorption bands were recorded over the frequency range of
4000-600 cm™! with Perkin-Elmer FT-IR spectrometer at the resolution
of4cm™ 1.

2.3.3. Scanning Electron Microscopy (SEM)

The surface morphology of the films were examined using SEM with
5 kV and magnification from 10,000-40,000x. Film samples were coated
with gold / palladium by Sputter Coater (Cressingto Auto 108) and then
recorded with the FEI Quanta FEG 250 SEM instrument.

2.3.4. Thermogravimetric analysis (TGA)

The thermal stability of the CPC film sample was analyzed using the
EXSTAR S11 7300 Thermogravimetric Analyzer. The sample was heated
from 30 °C to 650 °C at a heating rate of 10 °C min~! under nitrogen
atmosphere.

2.3.5. Water contact angle measurements

The water contact angles of the films were determined using the
Data Physics video-based contact angle measurement system (contact
angle OCA30). Following the Owens, Wendt, Rabel ve Kaelble (OWRK)
Method, the mean of ten different measurements was obtained to mea-
sure the hydrophobicity of the film samples.

2.3.6. Swelling test

The swelling ratio of the natural CPC film was measured using the
weighing method. The previously dried film samples were cut to a
size of 1 cm x 1 cm and dry weights were taken. After taking 20 mL of
each buffer solution (pH 4.0, pH 5.5 and pH 7.4), weighed film samples
were added. The film samples were separately stored for 3 h and 24 h at
25 °Cand 37 °Cin the buffer solutions. Finally, the film samples were re-
moved from buffer solution carefully and the surface waters were re-
moved with filter paper and then the films were weighed. Swelling
ratio was calculated using the following equation;

W _Wd

SR (%) = =77
d

x 100 (1)

SR; swelling ratio, W, (g); the dry weight of the film and W; (g); the
weight of the film swollen in buffer solution.

2.4. Method for capsaicin loading

24.1. Capsaicin loading

The passive loading technique used in a previous study was modi-
fied and used to load capsaicin into the natural CPC film [35]. In this
technique, 100 mg of capsaicin was dissolved in 8 mL of methanol for
10 min using a sonicator. After adding 200 mg of natural CPC film to
this solution, it was vortexed for 10 min and then was incubated at
120 rpm in a shaker at room temperature for 48 h. The samples were
then filtered with filter paper having a pore size of 110 um. Capsaicin
loaded films were dried for 24 h at 50 °C.
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2.4.2. Capsaicin loading efficiency

The quantitative determination of capsaicin loaded on natural CPC
film was performed by modification of a previously reported method
[36]. The concentrations of different standards; 5 pg/mL, 10 pg/mL,
15 pg/mL, 20 pg/mL and 25 pg/mL were prepared to obtain the calibra-
tion curve. The absorbance of these solutions was measured at 280 nm
for capsaicin using UV-vis spectrophotometer. In the loading efficiency
studies, 2 mL of chloroform was added to the natural CPC film loaded
with 10 mg of capsaicin and vortexed for 10 min. The samples were
then centrifuged for 5 min at 9000 rpm. The clear solution was taken
and measured using UV-vis spectrophotometer at 280 nm wavelength
and the amount of capsaicin loaded was calculated. The following equa-
tion is used to calculate the loading efficiency;

Capsaicin loading efficiency (%)
__ Calculated capsaicin loading
" Theoretical capsaicin loading

100 )

2.5. Method for capsaicin release

In vitro release studies of capsaicin loaded natural CPC films by pas-
sive loading technique were performed at acetate buffer (pH 4) and
phosphate buffer (pH 5.5 and pH 7.4). Since the physiological pH is ac-
cepted as 7.4 and the skin pH is accepted as 4.0-7.0, these pH values are
preferred [37]. In vitro, capsaicin release studies were performed using
the dialysis method which is the most commonly reported method in
the literature for release studies [38], encapsulation and controlled re-
lease of bioactive compounds in lactoferrin-glycomacropeptide
nanohydrogels: curcumin and caffeine as model compounds, chitosan/
fucoidan [39,40]. Five mg of CPC films containing capsaicin in dialysis
bags were added to 5 mL of pH 4.0 buffer. The samples were then placed
in 50 mL of their own buffer solution (pH 4.0) in the dialysis bag for the
diffusion of capsaicin into the outer media and simulation of the in vivo
environment [38]. It was stirred in a water bath at 37 °C at 120 rpm for
120 h. Then, to calculate the amounts of capsaicin released from the nat-
ural CPC films loaded with capsaicin in the dialysis bag, 2 mL of pH 4.0
buffer was withdrawn at different time intervals (5 min, 15 min,
30 min, 1h,2h,4h,6h,12h,24 h,48 h, 72 h, 96 h and 120 h) and
the same amount of fresh pH 4.0 buffer solution was added to the me-
dium. The amount of capsaicin released into the medium was measured
using UV-vis spectrophotometer at 280 nm. In addition, 5 mg of pure
capsaicin was added to pH 4.0 buffer solution as a control group and
the same procedures were performed. Additionally, the same proce-
dures for pure capsaicin and CPC film were performed for pH 5.5 and
pH 7.4 buffers. The following equations are used to calculate the cumu-
lative percent release of capsaicin;

Amount of Capsaicin (mg)
= (Concentration x Dissolution bath volume) (3)

Sample taken volume (mlL)
Bath volume (mL)

Cumulative release (%) = XxP(t—1)+Pt (4)

Pt is the rate of free release at time t, and P (t - 1) is the rate of free
release before t.

2.6. Capsaicin release kinetics

Numerous mathematical models are widely used for in vitro release
studies of loaded drugs. These models are; zero order, first order,
Higuchi, Hixson-Crowell, Korsmeyer-Peppas, Baker-Lonsdale, Weibull,
Hopfenberg, Gompertz and regression models [41].

In this study, zero order, first order and Higuchi kinetic models were
used to compare capsaicin release kinetics of natural CPC film. Zero-
order model is preferred to determine release in transdermal systems,

first-order model in porous matrices, and Higuchi kinetic model dissolu-
tion of drugs in some transdermal systems and matrices.

The zero order kinetic model was calculated by the following equa-
tion;

Q: = Qo + kot )

Q; is the amount of cumulative capsaicin released at time t, Qo is the
initial amount of capsaicin in the matrix, ko is constant with zero release
and t is time. In order to determine the release kinetics of capsaicin, the
cumulative value of the released capsaicin was determined by plotting
the quantity-time graph.

The first order kinetic model is expressed by the equation given
below [42];

logQ, = logQq + k1t/2.303 ©6)

Q; is the cumulative amount of capsaicin released at time t, Qo is the
initial amount of capsaicin in solution, k; is the first-order release con-
stant, t is time and k;/2.303 is the slope of the line. In order to explain
the release kinetics of capsaicin released from natural CPC films, the
daily cumulative percentage value of capsaicin - time is indicated by
plotting.

The Higuchi kinetic model is based on the Fickian diffusion mecha-
nism and is expressed by the simplified square root of the time equation
[43].

Q0 = Qo+ kut!2 (7)

kg is the Higuchi constant and ¢ is the time. In order to explain the
release kinetics of capsaicin, the cumulative amount of drug released -
square root of time is plotted.

2.7. Antioxidant activity

DPPH radical scavenging activity of the control and capsaicin-loaded
natural CPC films were determined by modification of the method pre-
viously reported by Bersuder et al. [44]. First, the film samples were di-
vided into small pieces (10 mg) and placed in test tubes. Then 1.0 mL of
DPPH solution prepared at a concentration of 6 x 10~> M was added to
each film sample and incubated for 10 min in dark at room temperature.
At the end of incubation, samples were measured using UV-vis spectro-
photometer at 517 nm wavelength. The test was carried out in triplicate
and the DPPH radical scavenging activity was calculated using the fol-
lowing equation;

Acontrol—A
Inhibition (I%) = (M)x 100 (8)

Acontrol

Acontrol 1S the absorbance of DPPH while Asgmpie is the absorbance of
CPC film + DPPH.

3. Results and discussion
3.1. Thickness

The thickness of the CPC film is an important parameter in order to
determining the physical properties and application area of the film.
In this study, it is shown that homogeneous natural CPC films have pre-
served the three-dimensional structure, which derived directly from the
organism and has visually transparent structure relatively (Fig. 1). The
average of the measurements taken with micrometer from 10 different
regions of the natural CPC film which obtained in three dimensions was
recorded as 26.9 4 3.1 um. It is observed that natural CPC film has a finer
structure in comparison to synthetically obtained chitosan films in ear-
lier studies [45-48].
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Fig. 1. The isolation process of natural CPC film, including gathering of Ensis spp. shells (A), debris removal and chemical process (B), natural CPC film obtained by preserving three-

dimensional structure (C).

3.2. FI-IR

In order to determine the loading of capsaicin into the natural CPC
film, FT-IR analysis was carried out via comparison of the specific
peaks of the capsaicin, CPC film and capsaicin loaded CPC film. The spec-
tra of films and pure capsaicin are given in Fig. 2.

The first spectrum is belonging to pure capsaicin. Phenolic OH
bond of capsaicin was observed at the 3310.86 cm™! as a sharp
peak. The C—H aliphatic stretching peaks of the chain structure
and alkoxy group (O-CH3) were recorded in the range of the
2959.51-2861.38 cm™~'. The stretching of the carbonyl group and
N—H bending of amide group were observed at 1627.25 and
1514.87 cm™ !, respectively. C—O stretching vibration of methoxy
group bonded to the aromatic ring was recorded at 1202.20 cm ™.

Chitin is found in three different forms including «, 3 and . In the
FT-IR spectrum, B-chitin gives a sharp peak at around 1640 cm ™! be-
cause of the hydrogen bonds formed between the molecules [49]. Ac-
cording to literature, the amide II band gives a peak at around the
1550 cm ™~ [50]. In this study, as seen from the FT-IR spectrum of the
isolated natural CPC film, a single and undivided sharp peak was ob-
served at 1631.93 cm ™. However, the amide Il band was recorded at
lower wavenumber at 1513.71 cm™ . This is because of the intermolec-
ular interactions between chitin and remaining protein. To preserve the
film shape of the material, the protein is not completely removed from
the structure. The stretching vibration of the functional group (C=0) of
the chitin gives a peak at 1632 cm™" in the pure 3-chitin. However, in
the CPC film spectrum, this C=0 peak was shifted to 1627.25 cm™!
due to the hydrogen bonding between the chitin and protein. In another
words, the formation of hydrogen bond shifted the lower wavenumber.
In addition, the absence of clear bands at around 1000 cm ™' which is re-
sponsible for sugar ring demonstrate the presence of protein in the film
structure.

In the natural CPC film, some changes formed at the molecular struc-
ture with the loading of the capsaicin due to the intermolecular interac-
tions. After capsaicin loading to CPC film, the observed changes are;
i) the intensity of O—H band recorded at 3290.44 cm™" increased due
to the new H-bonds, ii) the intensity of C—H stretching peaks observed
at around 2851.19-2954.06 cm ™! increased with the effect of the ali-
phatic chain of the capsaicin, iii) amide I and amide II bands of chitin
shifted to the different wavenumbers and iv) some of the specific
peaks of capsaicin recorded in the range of the 1457.29-1048.73 cm ™!
were observed as low intensity. Consequently, the results confirmed
that the capsaicin was successfully loaded to natural CPC film.

3.3.SEM

The SEM analysis was used to show the surfaces morphology of the
newly obtained film and capsaicin loading on its surface. The surface
morphology of the CPC film obtained by preserving its natural three-

A

3500 3000 2500

2000 1500 1000

4000

Wavenumber (cm-1)

Fig. 2. The FT-IR spectra: pure capsaicin (A), natural CPC film (B), capsaicin loaded natural
CPC film (C).
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dimensional structure and the change in surface after capsaicin loading
are shown in Fig. 3. Slightly visible and smaller nanofibers observed on
the surface of the natural film indicate that the structure is 3-chitin as
clarified in previous studies (Fig. 3A) [49]. This result supports the fact
that the form of the chitin is 3 with TGA analysis in the current study.
In Fig. 3B, it is observed that the nanopores formed between smaller
nanofibers are filled with loaded capsaicin. This figure shows that capsa-
icin was loaded successfully.

34.TGA

The three-dimensional structure of natural CPC films derived from
Ensis spp. was preserved. TGA and DTG thermograms are shown in
Fig. 4. Two major mass losses were observed in the TGA curve of the
CPC film. The first of these was recorded at 51.7 °C, which is attributed
to the evaporation of trapped water in the film [51]. The second mass
loss occurred at 331.6 °C. Previous studies have shown that DTG .y
values recorded between 250 and 350 °C are B-chitin [5,52,53]. The
mass loss at 331.6 °C can be attributed to the dehydration of chitin sac-
charide rings and the degradation of acetylated units of the film [54]. In
previous studies on the chitin, two mass losses have been similarly re-
ported in the recorded TGA and DTG results [53]. In the present study,
it was shown that the thermograms obtained for the natural CPC film
showed compatible results with the previous studies and its form was
[-chitin.

3.5. Contact angle

The water contact angle is an analysis performed to demonstrate the
affinity of the material to water. The result of the analysis is determined
by considering the angle formed by a drop of water sent to the surface of
the material. In the event this angle rises above 90°, the material is con-
sidered hydrophobic. If the angle goes below 90°, the material is consid-
ered hydrophilic [55]. The mean water contact angle measurements
from 10 different regions of the CPC film were measured as 105.8° +
1.96, which indicates that the surface of the natural CPC film has a hy-
drophobic character (Fig. 5). In previous studies, chitin has a relatively
high hydrophobicity compared to the films produced synthetically
from nanofibrils [46,56], whereas it has similar results with chitin film

100

90

80

70

100 300 500 700
Temperature (°C)
60

Weight loss (%)

50F

Degredation Peak
(°C)

40 Ensis spp. 517 3316

30

1 1 1 1 1 1
100 200 300 400 500 600 700
Temperature (°C)

Fig. 4. TGA and DTG thermograms of natural CPC film.

obtained naturally from the cockroach wing in the literature [34].
With this hydrophobic property, the CPC film has potential for use in
the medical field. This potential use is further supported by the success-
ful capsaicin carrier study.

3.6. Natural CPC film swelling test through buffer uptake

The swelling behavior of films of biological origin is a substantial fea-
ture for drug release studies. The swelling properties of natural CPC film
at different temperatures and times in PBS and acetate buffer solutions
at different pH values were investigated and the obtained results are
given in Table 1. The results showed that the film samples incubated
in PBS (pH 7.4) at 25 °C for the swelling test were swollen 20% in
0-3 h and 22.24% in 0-3 h when incubated at 37 °C. The swelling rate
did not change in the incubation medium from 3 to 24 h. Samples incu-
bated in PBS (pH 5.5) were swollen 42.85% and 27.28% at 25 °C and
37 °Cin 0-3 h period of the time respectively. From 3 to 24 h no change

Fig. 3. Scanning electron micrographs (SEM): natural CPC film (A), capsaicin loaded natural CPC film (B).
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Fig. 5. Contact angle measurement of natural CPC film.

was determined at 25 °C whereas slight swelling was observed at 37 °C.
The film samples in acetate buffer (pH 4.0) swelled to 50% at both 25 °C
and 37 °C from 0 to 3 h. Swelling continued slightly from 3 to 24 h at
both temperatures. The highest swelling ratio of the natural CPC film
was recorded at pH 4.0 and the acidic medium was found to have a sig-
nificant effect on the swelling behavior of the film. This can be explained
by the fact that H ions can easily penetrate between 3-chitin layers in
acidic medium and disrupt the present interactions in 3-chitin. In the
literature, it is explained that the B-chitin chains do not contain H
bonds that bind these layers together in the layered arrangement [57].
Thus, polar solvents such as water and alcohol allow the B-chitin to eas-
ily enter between the layers and exhibit swelling behavior [57]. The
swelling behavior of chitin in different buffer solutions was investigated
previously and it was found that aminoethyl chitin tends to swell better
in acidic environments rather than in alkaline mediums [58].

Thanks to the high swelling capacity of natural CPC film, it has po-
tential as an alternative natural material for medical applications such
as sorption wound dressing.

3.7. Loading capacity

The capsaicin loading capacity of the natural CPC film was deter-
mined to be 5.79%. The loading capacity of the natural film is not very
high. However, when the irritating properties of very low quantities of
capsaicin are taken into consideration, this is unlikely to limit the use
of natural CPC film as a patch.

3.8. In vitro capsaicin release

The release of drugs from carrier systems depends on certain param-
eters such as pH, surface properties and temperature. In this study, the
release properties of capsaicin from natural CPC film were investigated
invitro at pH 4.0, 5.5 and 7.4 values. Pure capsaicin (CP) was also used as
a control. The release profiles for CPC-CP and CP are given in Fig. 6. Pure
capsaicin completely released at all three pH values. However, in the
CPC film, capsaicin remained stable for 120 h and the release rate was
prolonged. The maximum capsaicin release for pH 4.0, pH 5.5 and
pH 7.4 was determined as 50.49% (48 h), 59.81% (72 h) and 59.02%
(96 h) respectively.

Table 1
Swelling ratios in buffer solution with different pH values of natural CPC film (%).
Buffer solution 0-3 h 3-24 h
25 °C 37 °C 25 °C 37 °C
PBS (pH 7.4) 20.00 22.24 20.00 22.24
PBS (pH 5.5) 42.85 27.28 42.85 36.40
Acetate (pH 4.0) 50.00 50.00 62.50 60.00

There is no H bond between the 3-chitin polymeric chains and small
molecules such as water and alcohol can easily enter between the
chains and cause the crystal structure to swell. In addition, the H
bonds in the layers begin to break during the swelling. It has been re-
ported that the swelling property of B-chitin in water or alcohol is re-
versible, but it is irreversible in acid solutions where intracellular H
bonds are broken [57,59]. Accordingly, water entering between the 3-
chitin film chains both facilitates the diffusion of entrapped capsaicin
molecules and burst release as a result of the release of capsaicin,
which is retained by weak interactions on the surface. Thus, the release
of capsaicin from the carrier system is initially close to pure capsaicin.
However, after 6 h, capsaicin release slows down and then a fixed re-
lease is observed. The least release rate was found at pH 4.0. This may
be due to the increase in the swelling capacity (Table 1) of the film as
the pH decreases and the binding of capsaicin molecules to the swollen
film structure with strong intermolecular bonds such as H bonds in
acidic medium. Consequently, it can be said that the CPC film obtained
naturally from razor shell can be used as a drug delivery system.

3.9. Release kinetics

The kinetic parameters given in Table 2 were calculated by applying
zero-order, first-order and Higuchi models to explain the release mech-
anism of capsaicin released from the CPC film. The Higuchi model is
based on Fickian diffusion and identifies the release kinetics of a drug
from an insoluble matrix [60]. When the results of release kinetic stud-
ies are examined, it is seen that the correlation coefficient (R?) of
Higuchi model is highest for all pH values. Thus, the release kinetics of
capsaicin from the film are compatible with the Higuchi model.

The release kinetics of transdermal systems are also explained by the
Higuchi model [42]. In addition, the drug release kinetics of swelling
systems are generally Fickian diffusion-controlled [61]. Capsaicin re-
lease kinetics results from CPC film, which is a swelling carrier system
found to be in accordance with the literature. The natural CPC film
used in this study shows the highest swelling rate at pH 4.0.

3.10. Antioxidant

Antioxidant activities of natural CPC film obtained from Ensis spp.
and capsaicin loading on the same film were evaluated by determining
DPPH radical scavenging activity. According to the data obtained in the
test, the natural CPC film showed 22.09% inhibition while the radical
scavenging activity of capsaicin loaded CPC film increased to 83.43%.
Capsaicin is an herbal active secondary metabolite from the alkaloid
group with good antioxidant activity [62]. In a previous study, a signifi-
cant increase was observed in the antioxidant activities of the films ob-
tained by adding capsaicin to the polyurethane film [63]. In another
study, the inhibition rate of DPPH increased from 31.72% in the control
group to 94.40% by adding different amounts of capsaicin to chitosan-
based films [64]. According to the data obtained in the present study,
free radical removal and antioxidant activity of the CPC film was in-
creased by loading capsaicin in accordance with previous studies.

4. Conclusion

In this study, a potential value added product was evaluated from a
bio-waste material. Specifically, a natural CPC film was obtained from
Ensis spp. bio-waste shells successfully keeping its original shape. The
physicochemical properties of the obtained films were determined.
Then, capsaicin loading and releasing experiments indicated that this
natural CPC film may have biomedical application as a dermal patch
after completing in vivo studies. In addition, the produced CPC film
could be improved for other bioengineering applications in further
studies.
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Fig. 6. In vitro capsaicin release profiles for CPC-CP and CP at pH = 7.4, pH = 5.5 and pH = 4.0.

Table 2
Kinetic parameters of capsaicin loaded natural CPC film.
Kinetics models Zero-order First-order Higuchi
R? ko R? I3 R? ki
PBS (pH = 7.4) 0.943 0.378 0.946 0.002 0.978 3.200
PBS (pH = 5.5) 0.671 0.303 0.670 0.002 0.715 0.026
Acetate (pH = 4.0) 0.468 0.194 0.469 0.001 0.608 1.350
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