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Abstract: An injectable bio polymeric scaffold to deliver lsgk a novel approach developed in recent years in
the field of cardiac tissue engineering. Injectadnid degradable polymer-based materials, callathtbgelling
polymers, which are sensitive to temperature, walersol-gel transition at 37°C, are promising édaugs in
this field. Injectable formulations offer specifadvantages such as: possibility of a minimally sive
implantation, an ability to fill a desired shap@daeasy incorporation of various therapeutic agdntghis
work, a novel class of two-component hydrogel ngn@Hitosan and Polyethylene Glycol (PEG) was preghar
in various combinations.. The prepared hydrogel efaacterized using FTIR, TGA and was subjecteith to
vitro degradation studies. Fourier transform irdth(FTIR) spectral analysis was used to confirmpifesence
of various functional groups in the hydrogel form&tdermal stability of the hydrogel was establisheihg the
thermo gravimetric analysis.
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1. Introduction

Chitosan, an amino polysaccharide obtained from\tukeacetylation of chitin, is known to have good
biocompatibility, biodegradability, low immunogeitic and biological activities. It has been showattit is a
potential injectable scaffold that can be useddlivdr stem cells to an infarcted myocardium. It @Gacrease
cell retention and microvascular density and preseardiac function after myocardial infarction.(On the
other hand, PEG is a neutral, water soluble, ngittpolymer. It is one of only a small number ohthetic
polymers approved by the FDA for a wide range ohiedical applications (2). PEG based hydrogel leas b
investigated as a permanent tissue integratedoddafi an infarcted heart (3). In this study, Chdo-PEG
based injectable, thermoreversible hydrogel is ldgesl and the synthesised hydrogel is charactetizaty
FTIR and TGA. The degradation rate of the hydragielso investigated.

1.1. Experimental Procedure
1.11. Materials

Chitosan was purchased from HiMedia (Mumbai, Indid)h an average molecular weight of 4,00,000
Da. PEG was purchased from Sisco Research Labes{dlumbai, India) with an average molecular weigh
of 9000 Da. All other chemicals were of analytigedde and used as received.
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1.1.2. Preparation of Chitosan-PEG mixture

A clear solution of chitosan was obtained by digisgl 5g of chitosan in 3% (v/v) glacial acetic acid
2.5% PEG solution (w/v) was prepared in deionizedieww Then the Chitosan solution was added drop teis
the PEG solution under constant stirring for 30utés. The mixture was left overnight at 4°C and centrifdg
to remove air bubbles for 20 minutes. Approximatatyl of the solution was stored in a 15ml tube tgltly
capped. Hydrogel was formed when the solution wam®ed to 37°C. The hydrogels formed from varying
ratios of Chitosan-PEG solution is shown in fig. 1.

Fig.1. Hydrogels formed from different Chitosan-PEG ratios

1.1.3. Sol-Ge€l transition behaviour

The sol-to-gel transition was determined by the tiélse inverted method (4). Tubes containing 5ml of
fresh chitosan-PEG mixture were kept in a hot @mowhich was heated at 37°C. Each sample wasdegais
a gel in the event of no flow being observed. Gatatime was determined by tilting the tube at 86gle for 1
min till no flow.

1.1.4. In vitro degradation studies

Two Chitosan-PEG hydrogels of 60/40 ratio of vagyimeights were kept in phosphate buffered saline
(PBS) at pH 7.4 for 3 weeks at room temperaturehEay weight loss percentage was calculated aynepdn
was plotted. The weight loss percentage was caémifeom the formula (5):

Weight loss (%) = | W= W | x 100/ W, whereW, — Initial sample weighiVgz — Sample weight after period
of degradation (Dried Weight).

1.1.5. Characterization techniques

The hydrogel formed was subjected to characteomatchniques such as FTIR (Fourier Transform
Infrared Spectroscopy) and thermal analyErse functional groups of Chitosan-PEG hydrogel warefirmed
by recording the FTIR spectrum in the range of 4800 cm-1 using Perkin-Elmer FTIR spectrometer
(Spectrum RX1, Version 5.2.0) by the KBr pellet heiciue. The thermal stability of the hydrogel was
established by thermo gravimetric analysis (TGAIgsSDT Q600 analyser. The sample was analysed
between the temperatures 81 and 800°C at a heat®gf 10°C/min.

3. Results and Discussions
3.1. Fourier transform infrared spectr oscopy

The FTIR spectrum of (60/40) Chitosan-PEG hydrdgethown in Fig.2.The spectrum showed the
main characteristic bands of chitosan at 3774.99H and 1641.1 c¢cmwhich could be assigned to the
saccharide structure of the Chitosan that is th linding, C-O stretching and N-H bending respebtivlhe
peaks at 3902.7, 2476.6 and G88-1 corresponding to hydrogen bonding, alkyne grand monosubstituted
aromatic ring, showed the presence of PEBe peaks at 2107.5 and 1563 coould be attributed to the
alkyne group and N—H bending respectively. The baid3453.5, 2691.7 and 2359 tare attributed to the H
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bonded O-H stretching carboxylic acithe C-H in plane bending vibration has been obskard 413 cril.
3.2. TGA analysis

The thermal stability of the (60/40) Chitosan-PEgGIdogel was established by TGA analysis and the
thermogram is depicted in Fig.3. From the thermavignetric curve, the material exhibits sharp weilgisis
starting at 81.67°C. Hence the compound is stapte 81.67°C. The first stage weight loss was olekrv
between 81.67 and 147.54°C with the eliminatio@@B9 % of the material. The second stage weigi# \as
noticed between the temperature 276.37 and 31C0& fncurs a weight loss of 4.501% of the mateifhe
final stage weight loss was noted as 10.66% betweetemperature 379.33 and 428.23° C. From tha DT
trace, it is observed that there is an endothepmak starting at 106.7°C. This is followed by twaletherm
peaks at 293.40°C and 396.99°C, which may be at&ibto the second and third decomposition temperst
of the hydrogel respectively.

3.3. Invitro degradation studies

In vitro degradation of two (60/40) Chitosan-PEGingel of varying weights was studied and the
weight loss % was plotted against time (days) wigckhown in Fig.4. The plot suggested that bottirbgel 1
(0.9890 g) and hydrogel 2 (0.8649 g) degradedeastime rate and there was no significant differéificbe
2" week of the study.lt was observed that the weligbg % of hydrogel 2 slightly increased aftel" tiy.
The shape of both the hydrogels was well maintatileti8" day of the study.Thus at the end &f\8eek the
degradation rate was approximately between 40-4&nththey are expected to degrade fully within rizxt
weeks.
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Fig.2. FTIR Spectrum of (60/40) Chitosan-PEG hydrogel

Weight (%)
1

Derty. Weight(%/C)

Fig.3. TGA of (60/40) Chitosan-PEG hydrogel
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Fig.4. Invitro degradation profile of (60/40) Chitosan-PEG hydr ogel

4.Conclusion

In summary,the results of this study indicate tagemperature responsive hydrogel can be formed
from a combination of natural (Chitosan) and sytith@EG) biomaterials. The formed hydrogel wagected
to characterization technigues namely FTIR and TW@#ch gave satisfactory results.The in vivo degtiata
was also analysed. Future work should focus onmntbde of delivery and biocompatability to illustrates
efficacy of Chitosan-PEG hydrogel to regeneratdieartissue after Myocardial Infarction.
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