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Abstract : Recently, the utilization of renewable resources for the fabrication of bio-based polymeric
hydrogels have been explored because of it is eco friendly nature. Polysaccharide based hydrogels has
been used enthusing in food industry, pharmaceutical and dental applications due to the availability of
natural properties such as gelling agent, thickening agent, soft fragile, non-toxic, biocompatible and
biodegradable nature. In this study, Sodium alginate-Triethylene glycol-Acrylic acid hydrogels have
been prepared via solventless greener method. Surface morphology and structure of hydrogel evaluated
by SEM and FT-IR respectively. Swelling is the most vital parameter for drug delivery, tissue
engineering, wound healing and other biomedical applications. Hydrophilic three-dimensional network
of bio polymeric hydrogels renders them capable of imbibing large amounts of water molecules due to
their ability to swell, when put in contact with a environmentally compatible solvent. Swelling percent,
swelling equilibrium, equilibrium water content and swelling in biological fluids can also be
investigated in biopolymer by green approach.
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Introduction

Natural polysaccharide was chosen for the preparation of biopolymeric hydrogels due to their low cost
and eco friendly, non-toxicity to humans. Ability to form insoluble hydrogels have become more and more
significant in various industrial and medical applications, because of plenty of functional groups, they can be
simply tailored to yield superior materials**®. Hydrogels have the ability to absorb large amounts of water with
maintaining their dimensional stability®®. A class of hydrogels which alter its shape, solubility, surface
characteristics under the effect of different external conditions such as pH, temperature, ionic strength, solvent
composition, light, or electric field, is considered to be a “smart hydrogels” ®’. All smart pH sensitive
hydrogels are polyelectrolyte contain acidic or basic groups that either accept or release protons in response to
changes in pH®. Carboxyl groups or amino groups respond to the pH changes by changing their size in the
swollen state of biopolymeric hydrogels. At low pH values, the carboxyl containing anionic polymers exhibit
minimum ionization and hence reduced hydration of hydrogel. Once the pH of the swelling medium increases
in high pH, the carboxyl groups start to ionize and hydrate rapidly, which resulted the expansion and hence it
caused higher swelling®*°,

Sodium alginate (SA) derived from brown algae is an anionic linear polysaccharide composed of poly-
B-1, 4-D-mannuronic acid (M units) and a poly-a-1, 4-L-glucuronic acid (G units) in varying proportions by 1—
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4 linkages. SA is hydrophilic, biocompatible, and relatively economical due to abundant, renewable, non-toxic,
water-soluble and biodegradable®. It has been widely used in medical application such as wound dressings,
scaffolds materials and environmental related problem such as toxic metal ion and dye removal applications.
Tri ethylene glycol (TEG) possessing good flexibility and biocompatibility'. Some hydrogels based on poly
(ethylene glycol) (PEG) can be considered potential applications due to their excellent biocompatibility and
transparency ‘>4,

Acrylic acid (AA) was used to synthesis a hydrogel with pH-responsive behaviour. Many assessments
have shown that AA interactions enhanced the swelling behaviour of hydrogels, particularly in drug delivery
systems applications®*>*®1"819 ' AA enhances electrolyte properties due to the carboxyl groups of AA and the
ionized carboxylic groups of SA%.

Our earlier contributions biopolymeric hydrogel synthesised among sodium alginate-ethylene glycol-
acrylic acid (SEA) were synthesized". The structure and morphology of the biopolymeric hydrogels were
characterized by FTIR and SEM. The swelling properties like swelling percent, swelling equilibrium,
equilibrium water content and swelling in biological fluids were also systematically evaluated. In the present
investigation triethylene glycol based hydrogels synthesised and characterized thoroughly.

Experimental
Materials and methods

Sodium alginate (SA) (Viscous - average M.Wt: ~ 200,000) was procured from Sigma- Aldrich
Company (Bangalore, India). Tri Ethylene glycol (TEG) and Acrylic acid (AA) were purchased from Merck,
Pvt. Ltd., India. Demineralised and other chemicals were used without any further purification.

Synthesis of STA biopolymeric hydrogels

Synthesis of hydrogel involved in two steps according to our previous contribution®2 In brief, the
synthesis of SA based biopolymeric pH-sensitive hydrogel was done by condensation polymerization followed
by free radical polymerization. The polymerization was carried out in a 100 mL three necked flask fitted with a
condenser, thermometer, and nitrogen inlet was stirred with a magnetic stirrer. The required amount of sodium
alginate and triethylene glycol were dissolved in distilled water. The content was stirred for 1 hr at 80° C in N,
atmosphere. The completion of the reaction was observed by the formation of pre-polymer. Further, acrylic acid
was added to continue the stirring vigorously for next 3 hr in N, atmosphere. The formation of yellowish glassy
gel implied the completion of the reaction. The resultant hydrogels were submerged in excess distilled water for
2-3 days to remove unreacted monomer and impurities. Then the gel was allowed to dry in oven at room
temperature conditioning for 72 hr. The obtained dried hydrogel were collected and stored in air tight container
at room temperature till further uses.

Characterization

Sodium alginate and sodium alginate-Triethylene glycol-Acrylic acid (STA) hydrogels were
characterized by the following techniques:

Fourier Transform Infrared Spectroscopy (FTIR)

FT-IR spectra of sodium alginate and sodium alginate-Triethylene glycol-Acrylic acid (STA), were
recorded in FT-IR spectrophotometer 8400 S.Shimadzu spectrophotometer.

Field Emission Scanning Electron Microscope (FESEM)

To investigate and compare the surface morphology of sodium alginate and sodium alginate-
Triethylene glycol-Acrylic acid (STA), SEMs were taken Hitachi SU6600 variable pressure Field Emission
Scanning Electron Microscope (FESEM). The samples were mounted on the base plate and gold-sputter coated
to render them electrically conductive, the scanning was synchronized with a microscopic beam to preserve the
trifling size over a large distance relative to the specimen.
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Swelling Studies

The amount of water absorbed by a material is a crucial property, which it has been contributes to
biocompatibility and biodegradability. The dried gel swelling experiments were performed in phosphate buffer
solutions (PBS) of various pH values ranging from4.0 to 10.0. Swollen gels were removed from the swelling
medium at regular time intervals and dried with filter paper, weighed. Known amounts of the dried hydrogel
were immersed in solutions of different pH, and the swelling degree and equilibrium swelling were calculated
with equation 1 and 2.

s =M Wa 100 )
W

d

W,, —W,
Seq% =W—><100 (2)

d
Where, Wy, W, and W, are the weights of the sample in the dried state, swollen state

at time ‘t” and swollen at equilibrium, respectively. The values of S % increased with time, but reached constant
value. This value of swelling is called equilibrium swelling (Seq %) .

Equilibrium Water Content

The significance of water content in hydrogels at equilibrium is one of their basic properties. A
hydrogel with higher water content is generally more advantageous in increasing permeability and bio-
compatibility. A lot of work has been dedicated to various aspects such as the swelling and shrinking of non-
ionic and ionic gels in aqueous solution, phase transition in gels, the elastic properties of gels and the structure
of solvents inside a gel”®. The water absorbed by the gel is quantitatively represented by the equilibrium water
content, EWC (%).

M — M,
EWC% = ——* x100 3)

eq
Where

My is the dry weight of the hydrogel and Mg is the hydrated weight of the hydrogel.
Swelling in biological fluids

The swellings of SA based hydrogels in distilled water (DW) and biological fluids such as
physiological saline solution(0.89% NaCl), (PS), isoosmotic phosphate buffer in pH 7.4, (PB), artificial (urea)
(UR) and the aqueous solution of glucose(1% glucose) (GL) were studied at 37 °C . Swollen gels, removed
from the biological fluids at regular time intervals, were dried superficially with filter paper, weighed. The
degree of swelling, S, was calculated as # in eqn (2)

Results and Discussion

In this investigation, the SA condensed with TEG to form pre-polymer and then STA yellowish glassy
hydrogel produced through the free radical polymerization of AA. These TEG can interact sodium atoms from
SA chains to form insoluble pre-polymer. Later, the vinyl groups of AA were prompted onto pre-polymer (SE)
pendant backbone to form STA 3D hydrophilic polymeric network. During the polymerization process, AA
vinyl groups with initiator K,S,04g can entangle through SA chains to form crosslinked insoluble hydrogels, and
the electrostatic interaction and hydrogen-bonding interactions were vital role for the formation of hydrogel.
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Fig.1. Swelling studies (Seq%o) of STA hydrogel at pH 4.0 to 10.0

Swelling Studies

Equilibrium Swelling (Seq%) for various STA biopolymeric hydrogel values was represented in Fig.1.
Polyfuncional groups on the SA chains (Eg., carbonyl, carboxyl and hydroxyl) involved the solvent and
hydrogel interaction. The (Seq %) values was better with time up to certain level (6 hours), then levels off. This
values of swelling might be called equilibrium Swelling (Se%). Previously, our research group has reported the
pH-sensitive hydrogels of Citric acid (CA) and TEG between 4.0 to 10.0. The S¢q(%) of tri ethylene glycol
(TEG) based hydrogels were pH 4.0=260.00, pH 6.0=368.00, pH 7.4=1000.00, pH 8.0=1020.00, pH
10.0=1450.00 % respectively®. The STA biopolymeric hydrogels have demonstrated the pH dependencies of
equilibrium swelling at higher pH than lower pH. Swelling behaviour of STA at present investigation were
observed in different composition with different pH range from 4.0 to 10.0. The S¢q (%) value of STA at pH
4.0=120.00,pH 6.0=620.00,pH 7.4=1060.00, pH 8.0=1102.00, and pH 10.0=1800.00 % respectively. The
enhanced swelling was observed due to the polyfunctionality and formation of ester linkage in biopolymeric

hydrogel.
Equilibrium Water Content

Fig.2. was showed the one of the fundamental properties of hydrogel contains water in itself at
equilibrium. Biocompatibility of hydrogel generally more water content due to the hydrophilic and crosslinked
nature of the biopolymer. The water transport was strappingly caused by the presence of ionisation of
biopolymeric hydrophilic functional groups, such as -OH, -COOH, —-CONH,,—~CONH, or —SOzH, along the
hydrogel network®. Increasing pH of swelling media resulted in deprotonation of sodium alginate carboxylic
groups. Many research work has been devoted to different aspects such as swelling, flexible nature and
favourable permiselectivity of water inside a hydrogel %*%’. The equilibrium fluid content, EWC (%) of STA
and its series of hydrogels fluids were calculated by using equation (3). The value obtained in the range of EWC

(%) is 65 to 96 %.
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Fig.2. Studies of equilibrium water content (EWC%) in STA hydrogel
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Fig.3. Swelling studies of STA hydrogel in biological fluids

Swelling in biological fluids

The swelling equilibrium has been performed at room temperature in different physiological body
fluids such as distilled water (DW), and simulated body fluids such as artificial (urea) (UR), physiological
saline (0.89%NaCl solution) (PS), and isoosmotic phosphate buffer in pH 7.4 (IP).The influence of
physiological body fluids on its swelling ratio was also observed. Fig.3. was clearly illustrated that the presence
of solutes (physiological body fluids) in swelling medium suppress the swelling equilibrium. It is mainly due to
the decrease in osmotic pressure of external solution. The Sq (equilibrium swelling) can also be calculated
using equation (1). The swelling equilibrium was observed in the following order: DW> IP> UR> PS > GL
respectively. This investigation was elucidating the biopolymeric material, when it comes in contact with
biological body fluids for the utilization as a scaffold, bone, tissue engineering and drug delivery. Fig.3. are
depicted that the swelling ability of hydrogel gradually increased with the increase in time %.

FT-IR studies
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Fig.4. FT-IR spectrum of sodium alginate (SA) and STA hydrogel

The FT-IR spectrum of the pure SA and STA biopolymeric hydrogel were depicted in Fig. 4. The broad
stretching peak were observed at 3289 cm™ in SA, corresponds to presence of —O—H stretching vibration of the
hydroxyl group in the SA backbone. More broadening of 3409 cm™ stretch obviously states intermolecular
hydrogen bond formation within STA biopolymeric hydrogel. The intermolecular hydrogen bonding provides
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additional network strength to biopolymeric hydrogel. These differences supported the successful fabrication of
triol and acrylic acid onto sodium alginate. Alteration of 1149 cm™* stretching band of SA into a small peak
1030 cm™ absorption stretch in peak of -CH-OH in cyclic alcohol C-O-C stretching present in the FT-IR
spectrum of SA are accredited to its polysaccharide ring structure. Asymmetrical stretching vibration at 1602
cm * in SA showed presence of ~COO group. Pure SA exhibits the well-known peaks of C=0 of the carboxylic
group at 1745 cm* and the important characteristic peak of free hydroxyl group was observed in the range of
3289 cm® %, The spectrum of STA biopolymeric hydrogel were confirmed by a shift in the C=0 peak
from1745 cm-1 in the pure SA to 1712 cm* for the tailored hydrogel. To find out changes in peak intensity or
peak shifting that could reveal interaction between atoms. This shift might be due to the ester formation of -C—
O- bond and the interaction of hydroxyl group of TEG with COOH group of AA. Such a changes in the
spectrum confirmed the successful synthesis of biopolymeric hydrogel %
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Fig .5. SEM image of STA hydrogels

SEM

Representative SEM images of STA dry hydrogels were presented in Fig.5. The inter connected cavity
surface arrangement was present throughout the hydrogels . The uneven rough surface was also observed in
STA hydrogel. The morphology of the external surface of STA biopolymeric distorted from smooth surface
(Fig. 5a). Also, the SEM images (Fig. 5b) consign the presence of some enlarged aperture of the interior surface
of STA hydrogel. Compared with other SA based hydrogels, STA based biopolymeric hydrogels offered a more
hydrophilic and precise the microstructure. The cavities and hollowness morphological properties were inclined
to offer moderate surface changes, which could be provide a better contact between solution and hydrogels,
allowing easier solution uptake and better swelling behaviour.

Conclusion

Polysaccharide biopolymeric STA hydrogel were successfully synthesized by green approach method.
The fabrication of cavities hydrogels to enhance the water holding and other solvent absorbing ability. The FT-
IR spectrum of STA hydrogel well supported for the formation of hydrophilic network. The results of the
Swelling percent, swelling equilibrium, equilibrium water content, swelling in biological fluids measurements
and SEM observations consistently confirmed that the polysaccharide hydrogels has been posses’ quicker
swelling behaviour than the other hydrogels. Swelling has the most vital parameter for drug delivery, tissue
engineering, wound healing and other biomedical applications. These kind of the biomaterials recommended
that sodium alginate based biopolymeric hydrogels as new materials utilized enthusing in food industry,
pharmaceutical, dental and environmental applications.
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