MAJOR PROJECT

SYNTHESIS AND CHARACTERIZATION OF NOVEL
XANTHAN GUM-BASED pH-SENSITIVE HYDROGEL
FOR METFORMIN HYDROCHLORIDE RELEASE

A PROJECT WORK
SUBMITTED IN THE PARTIAL FULFILLMENT OF THE
REQUIREMENT FOR THE AWARD OF THE DEGREE OF
MASTER OF SCIENCE (M.Sc.)
In
CHEMISTRY

Submitted by
TUSHAR YASH SARASWAT
[2K21/MSCCHE/47] [2K21/MSCCHE/50]

Under the supervision of

Prof. S.G. WARKAR

Department of Applied Chemistry
Delhi Technological University
Delhi-110042




DELHI TECHNOLOGICAL UNIVERSITY
(Formerly Delhi College of Engineering Bawana Road, Delhi-110042)

CANDIDATE DECLARATION

We Tushar (2K21/MSCCHE/47) and Yash Saraswat (2K21/MSCCHE/47) students of M.Sc.
(Chemistry) hereby declare that the project Dissertation titled **Synthesis and characterization of
novel Xanthan Gum-based pH-sensitive hydrogel for metformin hydrochloride release”
which is submitted by us to the Department of Applied Chemistry, Delhi Technological University,
Delhi in the partial fulfillment of the requirement for the award of the degree of Master of Science,
is original and not copied from any source without proper citation. This work has not previously
formed the basis for the award of any Degree, Diploma, Associateship. Fellowship or other similar

title or recognition.

PLACE- DELHI
DATE- 23/05/2023

Tushar Yash Saraswat
(2K21/MSCCHE/AT) (2K21/MSCCHE/50)




Department of Applied Chemistry
DELHI TECHNOLOGICAL UNIVERSITY
(Formerly Delhi College of Engineering) Bawana Road, Delhi-110042

CERTIFICATE

I/We hereby certify that the Project Dissertation titled "Synthesis and characterization of novel
Xanthan Gum-based pH-sensitive hydrogel for metformin hydrochloride release” which is
submitted by Tushar (2K21/MSCCHE/59) & Yash Saraswat (2K21/MSCCHE/47), Department of
Applied Chemistry, Delhi Technological University, Delhi in partial fulfillment of the requirement
for the award of the Master of Science, is a record of the project work carried out by the students
under my supervision. To the best of my/our knowledge, this work has not been submitted in part

or full for any Degree or Diploma to this University or elsewhere.

PLACE- DELHI
DATE- 23/05/2023
PROF. S.G. WARKAR
(SUPERVISOR)




ACKNOWLEDGEMENT

The success and outcome of this project required a lot of guidance and assistance from many people

and We are extremely fortunate to have got this all along the completion of this project work.

We wish to express our gratitude towards my project supervisor, Prof. S.G. WARKAR, Department
of Applied Chemistry, Delhi Technological University, who provided us with a golden opportunity
to work under their able guidance. Their scholastic guidance and sagacious suggestions helped me

to complete the project on time.

We wish to thank Prof. Anil Kumar, Head of the Department of Applied Chemistry, at Delhi

Technological University for his constant motivation.

We are thankful for and fortunate enough to get constant encouragement, support, and guidance
from all teaching staff of the Department of Applied Chemistry, which helped me in completing
my project work. We are also thankful to Ph.D. scholar Priyanka Meena for her constant support

and motivation.

Finally, yet importantly, We would like to express our heartfelt thanks to our beloved family and

friends who have endured our long working hours and whose motivation kept us going.

Tushar & Yash Saraswat




ABSTRACT

In the current study, the synthesis of hydrogel based on carboxymethyl tamarind kernel gum
(CMTKG), poly sodium acrylate (PSA), xanthan gum (XG), and its loading with Metformin
hydrochloride (Metformin HCI) was successfully carried out and characterized using various
techniques. Further, the optimization of hydrogel was done by varying the amount of CMTKG,
MBA, or KPS, and their influence on the swelling ratio was examined. The fabricated hydrogels
were characterized by Attenuated Total Reflection-Fourier Transform Infrared Spectroscopy
(ATR-FTIR), Powder X-ray Diffraction (PXRD), and Scanning Electron Microscopy (SEM),
whereas thermal stability was confirmed by Thermogravimetry Analysis (TGA). The hydrogels'
swelling ratio and drug release studies were assessed in pH 1.2 and 7.4 buffer solutions and showed
better results in alkaline pH. The drug release profile of Metformin-loaded CMTKG/PSA/XG
hydrogel obeyed the Korsmeyer-Peppas model and follow non-fickian diffusion in pH 7.4 and
fickian diffusion mechanism at pH 1.2. This pH-dependent behavior of the Metformin HCI- loaded
CMTKG/PSA/XG hydrogel could be applicable for site-specific release of Metformin HCI.

Keywords CMTKG, Biopolymer, Metformin HCI, pH-sensitive hydrogel, Kinetic Modeling
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1. Introduction and Literature Survey

Earlier in the 1960s, Wichterle and Lim developed hydrogels for biomedical applications by cross-
linking hydrophilic poly(2-hydroxyethyl methacrylate) polymers into a network to produce a
contact lens®. Several studies and attempts have been made in the past and present to enhance and
broaden the prospects associated with hydrogels. Hydrogel innovation, constantly evolving, has
dramatically changed the biomedical and pharmaceutical sectors 2. Interms of the definition,
hydrogels are three-dimensional structured polymeric networks that have a high absorption
capacity for biological or aqueous fluids. Hydrophilic groups like -OH, -CONH2, -SO3H, etc., are
found in polymers that form hydrogel structures, and these groups are considered responsible for
the polymers' propensity to absorb water 3. These polymeric networks share a unique feature with
living tissues, which is related to their smooth and porous consistency, low adhesion strength with
water or biological fluids, and excessive water content 4. A hydrogel's water content governs its
specific physicochemical characteristics. Because of the vital cross-links in the hydrogel structure,
they exhibit a swelling tendency despite having a high attraction for water that prevents them from
dissolving in the aqueous environment °.

The term "stimuli-sensitive hydrogels" refers to hydrogels that respond to various physical and
chemical stimuli including light, temperature, pH, etc.®. The most promising stimulant to enhance
the hydrogel's swelling properties among all of them is pH. The pH-responsive hydrogels are either
anionic or cationic. Anionic hydrogels are ionized at a pH greater than the pKa of the hydrogel and
thus swollen. Cationic hydrogels are ionized at a pH lower than the polymer network's pKa ’. pH-
responsive anionic hydrogels are used in gastrointestinal drug delivery systems to safeguard drugs
from gastric breakdown and inactivation at low pH and to release drugs in target sites 8.
Polysaccharides are one of the most commonly used organic biopolymers, as they have significant
applications in many physiological and biomedical processes. Researchers prefer biopolymers as
pharmaceutical formulations because of their biodegradable, low toxic, and biocompatible behavior
9. Xanthan gum is one of the most significant biopolymers made by bacterial fermentation. Xanthan
gum's core qualities of being biodegradable and biocompatible make it possible for it to be used in
biomedical applications?. Due to its solid matrix and resilience to any pH fluctuation, xanthan gum

is stable in acidic and alkaline situations 3.

Another biopolymer that shows its potential in drug delivery applications is CMTKG which is a
derivative of tamarind kernel gum (TKG). TKG is a biopolymer acquired from the Tamarindus
Indica L. tree's seeds., and it has a good ability for water retention 4. As TKG and its derivatives

are non-toxic and susceptible to bacterial decomposition, they have been employed as promising




biopolymers for hydrogel formation *°. Numerous TKG-based modified products are used in
industries, paper, food, plywood, and medicine 6. The TKG derivative CMTKG is one such
example; comparatively, it has outstanding properties to TKGY. Its molar ratios of galactose,
xylose, and glucose are 1:2:3 in total . The addition of a carboxylic group gives CMTKG an
anionic property because of carboxylate ions, enabling the development of interpolymer complexes
with cationic polymers. The carboxymethylation of tamarind kernel gum results in increased
stability, solubility, and biodegradability of the biopolymer 8. For enhancing the structural
properties, stability, swelling ratio, and drug release, poly sodium acrylate has been used as a
synthetic polymer with highly absorbent properties®®. Poly sodium acrylate is a polyacrylic acid
sodium salt having the molecular formula [-CH2-CH(COONa)] n. It can soak up 200 to 300 times
its weight in water. %°. Poly sodium acrylate is an anionic polyelectrolyte with negatively charged
carboxylic groups in the functional group, enabling them to respond to different pH 2. The positive
anionic charge of the many sequences of acrylate compounds that constitute poly sodium acrylate
sodium attractsthe conjunction of water-based molecules, creating Na polyacrylate, a highly

absorbent substance 22

A disease called diabetes mellitus has the potential to increase mortality and morbidity. It is also
regarded as a dangerous illness in many nations around the World. This could shorten the life span
and make people more vulnerable to diseases 3. One of the most widely prescribed drugs for treating
type 2 diabetes mellitus is metformin HCI. It functions as an antihyperglycemic drug used to treat
diabetes mellitus that is insulin-resistant 24, Within 24 hours, about 30% to 50% of metformin is
eliminated in the urine, and about 30% in sludge. The release kinetics of metformin has incomplete
absorption 2°. Therefore, Metformin HCI-loaded hydrogel has been developed to improve adherence
and reduce adverse effects.

Poly sodium acrylate and xanthan gum are being employed with carboxymethyl tamarind kernel
gum (CMTKG) for the first time, to the extent that we are aware of. This work involves synthesis,
swelling, drug release, and kinetic modeling of Metformin-loaded CMTKG, PSA, and XG-based
hydrogels




Table 2. Literature on bio-polymer based hydrogel used in controlled drug delivery systems

Hydrogel Application Reference
Chitosan/PEG Cefixime release https://doi.org/10.1016/j.ijbiomac.2015.06.044
Chitosan/Guar Gum Paracetamol release https://doi.org/10.1016/j.ijbiomac.2017.12.008

MAA/PEO-PVP

Metaprolol release

https://doi.org/10.1080/00914030802461899

Chitosan/PVP

Diclofenac Sodium release

https://doi.org/10.1016/j.ijbiomac.2020.06.133

Xanthan Gum/Starch/PAA

Paracetamol and Aspirin
release

https://doi.org/10.1007/s10570-020-03082-0

ASP/ALPAA Ibuprofen release https://doi.org/10.3390/gels7020068
Sodium Alginate/PVA Chloramphenicol release https://doi.org/10.1002/mawe.201900163
NaAlg/NaCMC Metformin HCl release https://doi.org/10.1016/j.ijbiomac.2015.03.019
Chitosan/GeIMA Aspirin release https://doi.org/10.3389%2Ffchem.2022.874985

Sodium Alginate/PVA

Diclofenac Sodium release

https://doi.org/10.1016/j.ijbiomac.2010.03.004



https://doi.org/10.1002/mawe.201900163

2. MATERIALS AND METHODS

2.1 Materials

Hindustan Gum and Chemicals Ltd., Bhiwani, Haryana, kindly provided CMTKG, which has 0.20°
of substitution. Sodium hydroxide (Fischer Scientific, Mumbai), Xanthan gum (s d fine chem. Ltd.),
Potassium per sulfate (KPS, Fischer Scientific, Mumbai), Acrylic acid (AA, CDH,New Delhi), and
N, N'-methylene bis(acrylamide) (MBA, Merck, Germany), were consumed as provided. For the

preparation of the solutions, distilled water was employed.

2.2. Synthesis of CMTKG/PSA/XG Hydrogel and Metformin HCI- loaded
CMTKG/PSA/XG Hydrogels

The hydrogels based on PSA, CMTKG, and XG were fabricated by free radical polymerization with
KPS as the initiator and MBA as the cross-linker, as presented in Fig.1. This reaction procedure
was conducted by combining NaOH and Acrylic acid while keeping the pH neutral. The desired
amount of CMTKG and XG was then diluted with distilled water and poured into the following
mixture, and then stirred. Then, a predetermined quantity of MBA and KPS was introduced and
magnetically stirred. After that resultant solution was poured into the test tubes and placed in a hot
water bath at 60°C. The hydrogels were recovered from the test tube and sliced. The hydrogel slices
were then left to dry in the oven at 50 °C till completely dried 6. The various combination of
Metformin HCl-loaded CMTKG/PSA/XG Hydrogels has been formulated using the same
procedure with minute changes. Metformin HCL was introduced with KPS and MBA addition, and
the rest of the procedure was the same. The proportion of the reactants used in the synthesis of

hydrogels is presented in Table 1 2°

£ NaOH PS
£ Acrylic acid & DR, B

g Distilled water (€ IV X Gy £ Metformin-HC1
= X | 4 LJ b | 4 X

Fig 1: Demonstration of the formation of Metformin HCI-loaded Hydrogels




Table 1: The proportion of reactants used in hydrogel formation.

Sample CMTKG Acrylic NaOH MBA KPS XG Metformin

Swelling Ratio (%6)

code © ’(*rf]‘l‘;' @ (mg) (mg) (mg) Z'n%') oH74 pH 12
S-1 0.1 5 2 20 35 20 50 801 689
S-2 0.2 5 2 20 35 20 50 809 716
S-3 0.3 5 2 20 35 20 50 899 767
S-4 0.4 5 2 20 35 20 50 937 790
S-5 0.5 5 2 20 35 20 50 1033 838
S-6 0.5 5 2 25 35 20 50 773 725
S-7 0.5 5 2 30 35 20 50 650 600
S-8 0.5 5 2 35 35 20 50 640 564
S-9 0.5 5 2 40 35 20 50 549 528
S-10 0.5 5 2 20 20 20 50 723 620
S-11 0.5 5 2 20 25 20 50 808 684
S-12 0.5 5 2 20 30 20 50 824 699
S-13 0.5 5 2 20 40 20 50 826 809
S-14 0.5 5 2 20 35 20 00 1002 827




3. EXPERIMENTAL SECTIONS

3.1. Swelling Studies

By using gravimetric analysis, the swelling studies of synthesized hydrogels were analyzed.
Weighed precisely, thoroughly dried hydrogel samples were submerged in pH 1.2 and pH 7.4
solutions. After a preset amount of time, the swollen hydrogels were removed and weighed after
the surface water had been wiped off with filter paper %°. The swelling ratio was determined by
applying the equation formula:

Swelling Ratio (%) = (Ws- Wq)/Wyq
where Wy is the dry hydrogel's initial weight and Ws is the swollen hydrogel's weight 3L,

3.2 Metformin HCI Loading (%) and encapsulation efficiency (%0)

The drug loading and encapsulation efficiency were found out for formulation S-5 as it shows the
highest swelling of 1033% in pH 7.4. A 0.1g hydrogel disc was submerged in pH 7.4 buffer
solutions for 24 hours at 37°C. At a particular time, the 3ml solution was withdrawn, a fresh buffer
was added to maintain the volume, and a UV-vis spectrophotometer was used to detect the
absorbance of the solution at Amax 233 nm. A calibration curve was used to measure the amount of

the drug 2. The formula used to calculate the drug loading (%).;

Amount of drug in hydrogel disc

I .
Drug Loadlng (/0) weight of hydrogel disc 100
The formula used to calculate encapsulation efficiency;
Drug encapsulation efficiency (%) = ——Amount of drug In hydrogeldisc __ 4 1,

Theoretical drug amount in hydrogel disc




3.3 In vitro release of Metformin HCI

The in vitro investigation of Metformin HCI was performed in HCI buffer and phosphate buffer
saline for formulation S-5 as it shows the highest swelling. The release investigation was evaluated
in an orbital incubator by placing 0.1 g of the hydrogel disc loaded with Metformin HCI in 100 mL
of pH 1.2 and 7.4 solutions at 37°C and 150 rpm shaker. After each 3 mL sample was taken out at
regular intervals, an equivalent fresh buffer solution was added. A UV spectrophotometer
(Model: Cary 300 UV-Vis) was used to measure the absorbance of the solution at Amax 233 nm. By

constructing a calibration curve, the amount of drug release was ascertained .

3.4 Kinetic Modeling of Metformin HCI

Numerous mathematical simulations have been utilized to interpret drug release mechanisms,
including the Zero Order, First Order, Korsmeyer-Peppas, Higuchi, and Hixson-Crowell models. The
model's coefficient of determination (R?) values was compared for each model following the fitting

of the release data to it. To be called the best fit, the model's R? value must be near 1.3*




4. Characterization

4.1 Powder X-Ray Diffraction (PXRD)

Using a Bruker D8 diffractometer at 20 range of 5 to 70°C with Cu K-a radiation, the diffraction
patterns of Metformin HCIl, CMTKG/PSA/XG hydrogel, and Metformin HCI loaded-
CMTKG/PSA/XG hydrogel were captured.

PXRD is employed to assess the substance crystallinity and analyze the drug dispersion into the
polymeric network. The X-ray diffraction patterns of Metformin HCl, CMTKG/PSA/XG hydrogel,
and Metformin HCI-loaded CMTKG/PSA/XG hydrogel are illustrated in Fig. 4.

The sharp peak of Metformin HCI at 26 values of 17.64, 23.2, 24.36, 29.4, 32.56, and 45.68 reflects
the crystalline nature of Metformin HCI¥. In x-ray patterns of Metformin HCl-loaded
CMTKG/PSA/XG hydrogel, no peak associated with the drug is noticed, which denotes drug is
evenly distributed throughout the hydrogel *°.

Metformin HCI

N I\ b itann

—CMTKG/PSA/XG Hydrogel

Intensity (a.1.)

Metformin HCl-loaded CMTRKG/PSA/XG Hydrogel

10 20 30 40 50 60 70
20

Fig 2: PXRD pattern of Metformin HCI, CMTKG/PSA/XG, and Metformin HCI -loaded

CMTKG/PSA/XG Hydrogel.




4.2 ATR-FTIR Spectroscopy

The ATR-FTIR spectrum of CMTKG/PSA/XG hydrogel, Metformin HCI-loaded
CMTKG/PSA/XG hydrogel, and MBA were recorded using an ATR-FTIR spectrophotometer
(Model: Nicolet iS50 FTIR).

ATR-FTIR spectra of synthesized CMTKG/PSA/XG hydrogel, Metformin HCI-loaded
CMTKG/PSA/XG, and MBA have been shown in Fig. 5. For CMTKG/PSA/XG hydrogel and
Metformin HCIl-loaded CMTKG/PSA/XG hydrogel, the -OH stretching peak has been seen at
3322cm* and 3324cm™. The COO symmetric stretching vibrations are recorded at 1394cm™ and
1398cm™. In contrast, the COO- asymmetric vibration bands correspond to peaks at 1567cm™ and
1569cm™t respectively 2°. The asymmetric stretching peak of the C-H bond was noticed at 2937cm
L and 2942cm. For the glycosidic linkage corresponding to the C-O-C bond, the peakis noticed at
1041cm™ and 1043cm™ 36,

In the spectrum of MBA, the peak associated with C-N is observed at 1307cm, which shifted to
1317cm? in the CMTKG/PSA/XG hydrogel and at 1319cm™ in Metformin HCl-loaded
CMTKG/PSA/XG hydrogel, signifies a reduction in conjugation due to cross-linking. Hence,
cross-linked CMTKG/PSA/XG hydrogel has been successfully formulated . In Metformin HCI-
loaded CMTKG/PSA/XG, the characteristics -C=N band of Metformin HCI is observed at 1631cm"
1 which signifies that the drug is entrapped into the hydrogel. No new band other than the drug was
recorded in the drug-loaded hydrogel, which denotes the hydrogel and drug's physical contact
(hydrogen bonding) *°.

Transmittance (%)

T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm’l)

Fig 3: ATR-FTIR spectrum of the(a) MBA, (b) CMTKG/PSA/XG, (c) Metformin HCI-

loaded CMTKG/PSA/XG hydrogel.




4.3 Thermogravimetric Analysis (TGA)

With a PerkinElmer TGA 4000 using a nitrogen environment at a steady heating rate of 10°C/min
from 30°C to 850°C, the thermogravimetric analysis of CMTKG/PSA/XG hydrogel and Metformin
HCI loaded- CMTKG/PSA/XG hydrogel was recorded.

TGA was done to understand the hydrogel and drug interaction and their stability pattern. TGA
curve of synthesized CMTKG/PSA/XG hydrogel and Metformin-HCI loaded CMTKG/PSA/XG
hydrogel has been displayed in Fig. 6. Weight loss in both the hydrogels was found in the four
steps. Initially, by the vapourization of a molecule of water from the hydrogel matrix, weight
loss of 7.4% and 5.7% from 30-215°C was seen in the CMTKG/PSA/XG hydrogel and Metformin
HCl-loaded CMTKG/PSA/XG hydrogel. Then secondly, weight loss of 20.6% and 19.7% from
215-422°C was found due to the polymer backbone's breakdown, because of the loss of
carboxymethyl and hydroxyl group of the hydrogel. In the third step, weight loss of 22.8% and
22.1.% from 422-514°C was seen due to the loss of cross-link in the hydrogel. Lastly, because of
the complete breakdown of the hydrogel, weight loss of 20.7% and 19.8% from 514-850°C was
observed.

The TGA graphs of CMTKG/PSA/XG hydrogel are relatively similar to that of
Metformin HCI-loaded CMTKG/PSA/XG hydrogel means that there was only physical interaction
(hydrogen bonding) between Metformin-HCI and the polymer network. Hence, stability is not much
affected %,

Metformin HC-loaded CMTRG/PSAXNG Hydrogel
CMTKG/PSA/XG Hydrogel

80 4

60 +

Weight (%)

40

20 +

T T

T T T T T
100 200 300 400 s00 600 700 800
Temperature (°C)

Fig 4: TGA curve of the CMTKG/PSA/XG, Metformin HCI- loaded CMTKG/PSA/XG

hydrogel.




4.4 Scanning Electron Microscopy (SEM)

Using SEM (Model: JEOL Japan Mode: JSM 6610LV), the surface composition of
CMTKG/PSA/XG hydrogel and Metformin HCl-loaded CMTKG/PSA/XG hydrogel was
examined.

SEM images of CMTKG/PSA/XG hydrogel and Metformin HCl-loaded CMTKG/PSA/XG
hydrogel were shown in Figures 7(a) and (b). The CMTKG/PSA/XG hydrogel has a very irregular
and porous surface, which permits the hydrogel to effectively load drug molecules. Whilein a

SEM microgram of Metformin HCI-loaded CMTKG/PSA/XG hydrogel, aregular surface, and fewer

pores are viewed, as metformin HCI occupies the pore .

SEl  20kV WD13mm  SS300
Sample

Fig 5: SEM micrograms of (a) CMTKG/PSA/XG hydrogel, (b) Metformin HCI- loaded

CMTKG/PSA/XG hydrogel.




5. Results and Discussions

5.1 Overview of CMTKG/PSA/XG hydrogel and Metformin HCI-loaded
CMTKG/PSA/XGhydrogel synthesis.

As shown in Table 1, various hydrogels are produced employing various compositions of CMTKG,
KPS, and MBA. Scheme 1 demonstrates the overall proposed methodology. At 60°C,the initiator
KPS initially decomposes to create the persulfate radicals. These persulfate radicals breakdown the
vinylic bond of the sodium acrylate to produce radicals on sodium acrylate. The sodium acrylate
radical then attacks another sodium acrylate monomer, and the chain propagation step continues,
which leads to polysodium acrylate (PSA) formation. Further, the MBA radical forms cross-linking
via the -OH group of CMTKG, -OH group of XG, and a vinylic group of PSA to form the network.
The hydrogen bonding occurs between Metformin-HCland PSA. This resulted in forming a three-
dimensional network of Metformin HCI-loaded CMTKG/PSA/XG hydrogel.

H <oH

CH-OCH-COOH
o,
H_~ H | F oNa
© oOH H I
n
o

CMTEG Sodium Acrylate

}
[ LS <
=gl H
S
T

Scheme 1: Reaction mechanism of Metformin HCI-loaded CMTKG/PSA/XG hydrogeL




5.2 Swelling studies

Swelling studies were done at pH 1.2 and pH 7.4 for all hydrogels. Figure 3 depicts the influence
of biopolymer, initiator, and cross-linker concentration on the hydrogel's swelling ratio.

5.2.1 Influence of Biopolymer

The different CMTKG amounts significantly impacted the ability to absorb water. This
phenomenon might be explained as the CMTKG rose from 0.1g to 0.5g, and the COO" groups along
the polymer network rose tremendously. The repulsion of similarly charged COO" groups enhances
the chain relaxation and free space in the network increase leading to high swelling. Additionally, it
should be mentioned that attempts were made to synthesize hydrogel with even elevated
concentrations of biopolymer. However, in those instances, the solution tended to become quite
dense and was, therefore, very tricky to swirl .

The synthesized hydrogel with sample code S-5 exhibits a higher swelling ratio among all the
formulations as seen in Fig. 2. In the S-5 sample, the swelling ratio was higher for alkaline pH
ranges than for acidic pH ranges. The deprotonated COO™ ion of the polymeric chain initiates the
rise of swelling at pH 7.4. The COO" ion experiences anion-anion repulsion; as a result, polymeric
chains relax, and greater space for water absorption occurs *¢. But at pH 1.2, hydrogen bonding
between PSA, CMTKG, and XG exists, which tends to shrink the hydrogel network and reduces its
capacity to absorb water 3.

1100
—m—pH 74
1000-| —@—pH 12
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Fig 6: Swelling analysis of Metformin HCI-loaded CMTKG/PSA/XG hydrogel (S-5) in pH
7.4. and 1.2 buffer solution




5.2.2 Influence of cross-linker

As per Flory's network theory, cross-linking density is crucial in hydrogel swelling. As seen
in Fig. 3, a slight alteration in the number of crosslinkers induces significant variations in the
swelling percentage (c). The hydrogel swelling ratio declined when the MBA concentration was
elevated from 20 to 40 mg. A greater cross-linker concentration  minimizes free space inside the
hydrogels, reducing swelling. As a consequence, the resulting stiff structure cannot expand, and
swelling reduces.A jelly like sample was generated when the quantity of MBA was less than 20 mg

because of the absence of a sufficient cross-linked network®®.

5.2.3 Influence of Initiator

By producing numerous active sites on the polymer chains, the initiator impacts the swelling ratio
of hydrogels. While maintaining the cross-linker at 20mg, the concentration of the initiator, KPS,
was changed, and the swelling results were examined. As the initiator amount was raised, the
swelling initially grew and then decreased. High fluid absorbance was reported at 35mg ofthe
initiator’s concentration. The swelling was found to drop rapidly below 35 mg. This is an outcome
of a high amount of unreacted soluble monomer, resulting in a loose hydrogel network, which
minimizes swelling. Since the increased collisions between monomer free radicals caused by the
reaction's rapid velocity, a drop in swelling were once more seen above 35mg of an initiator. This

is an outcome of the solubility of oligomeric components, which did not promote swelling *.
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Fig 7: Influence of (a) CMTKG, (b) MBA, and (c) KPS on swelling ratio.




5.3 Loading of Drug and Encapsulation Efficiency

The drug loading and encapsulation efficiency (%) was calculated for the Metformin HCI- loaded
CMTKG/PSA/XG hydrogel (S-5), which shows the highest swelling ratio. Loading of drug and

encapsulation efficiency (%) was 16.23% and 62.96%, respectively.
5.4 In vitro Release Study of Metformin HCI

To determine the amount of the drug released from the synthesized hydrogels, in vitro release
analysis was carried out for Metformin HCI- loaded CMTKG/PSA/XG hydrogel (S-5) in pH
1.2 and pH 7.4 buffer solutions for 24 hours at 37°C as given in Fig. 8.

A high percentage of the drug is released at pH 7.4 compared to pH 1.2 because of the larger
concentration of deprotonated COO" groups. This COO™ group of the XG and CMTKG exhibits
electrostatic repulsion, which widens network gaps. Due to this, the swelling ratio increases,
increasing the drug's loading and release. The maximum release of Metformin HCI was noticed to
be 72.2% in 24 hours at pH 7.4. At pH 1.2, the carboxylate ion, however, becomes protonated and
forms a hydrogen bond, which causes the hydrogel network to contract. As a result, the swelling
ratio drops, which lowers the percentage of drug release and loading of the drug. 15.8% Metformin
HCI release was noticed in 24 hours in pH 1.2. Thus, it may be concluded that the CMTKG/PSA/XG

hydrogel works as an ideal system for the oral delivery of Metformin HCI in alkaline pH 28
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Fig.8 Drug release profile for Metformin HCI-loaded CMTKG/PSA/XG hydrogel in pH 7.4 and
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5.5 Kinetic Modelling of Metformin HCI

The drug release mechanism for the Metformin HCl-loaded CMTKG/PSA/XG hydrogel (S-5)was
studied using a variety of models, including the Zero-order, Hixson-Crowell, Korsmeyer-Peppas,
Higuchi, and First-order model as can be seen in Table 2. Based on the "R?" value's proximity to 1,
an appropriate model was selected. The release exponent "n" value determines the type of diffusion.
The R2-value was greater for the Korsmeyer-Peppas model among all. The R?-value for the
Korsmeyer-Peppas model at pH 7.4 is determined to be 0.9941, and the n-value is 0.5389, indicating
non-Fickian diffusion. While the R? value in pH 1.2 wasdetermined to be 0.9876, and the n value
was 0.2830, indicating Fickian diffusion. Hence,the non- fickian diffusion mechanism was followed
in pH 7.4 and the fickian mechanism in thecase of pH 1.2, as illustrated in Fig.9(a) and (b),
respectively 2.

Model Mechanism Equation pH 7.4 pH 1.2 Ref.
n R? n R?
Zero Order Rate is independent of Wi = Wt Wt - 0.8249 - 0.9296 | G2
drug concentration
Higuchi Fickian diffusion F = WJ/W,, = kgt” - 0.9358 - 0.9725 | [
followed kn = kinetic constant
First Order The amount of the drug | | ogW; = Log W+ — - 0.6963 - 0.8527 | [
and its release rate is Kk =rate constart -
directly proportional.
Hixson-Crowell | Erosion (W)™ -(W)P=Kpct - 0.7454 - 0.8829 | B3
Kuc = Hixson Crowell
constant
Korsmeyer—Peppas |1. Fickian Diffusion F = Wy/W.,, = kt" 0.5389 0.9941  |0.2830 0.9876 53]
(n<0.5) k =kinetic constant
2. Non-Fickian n = diffusion exponent
Diffusion
(0.89>n>0.5)
3. Case Il transport
(n>0.89)

Table 3. Kinetic modeling data of Metformin HCI using various models
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Fig.9(a) Release kinetic of Metformin HCI in accordance to the Korsmeyer—Peppas model in

pH-7.4, (b) 1.2.




5.6 Conclusion

In this work, pH-sensitive Metformin HCl-loaded EMTKG/PSA/XG hydrogel was fabricated using
a free radical mechanism. The fabricated hydrogel was characterized using ATR-FTIR, PXRD,
SEM, and TGA. In addition, the influence of the amount of CMTKG, MBA, and KPS on the
swelling ratio of developed hydrogel was also studied. It was seen that as the amount of CMTKG
rises, high swelling was observed at alkaline pH due to interionic repulsions between COO"anions
resulting in relaxation of the polymeric chains. With the increase in the amount of crosslinker MBA,
the swelling ratio decreased as crosslinking minimizes the free volume of the polymeric network.
Furthermore, when the initiator’s amount was raised, the swelling initially increases and then
decreased because of a high amount of unreacted monomer, resulting in a loose hydrogel network

which minimizes swelling.

The swelling and in vitro drug release analysis were conducted at pH 1.2 and 7.4, and observed to
be higher at pH 7.4. The in-vitro release kinetics of Metformin HCI concludes that the release data fits
well in the Korsmeyer-Peppas model in both pH 1.2 and 7.4 and follows the Fickian mechanism of
diffusion release at pH 1.2 indicating only diffusion whereas non-Fickian-diffusion is noticed at pH
7.4 which implies that both polymers chain relaxation as well as diffusion occurs. The developed
hydrogels showed good metformin HCI release ability at pH 7.4 and temperature of 37°C. Hence,
the results showed that the CMTKG/PSA/XG hydrogel could be employed for pH-dependent and

controlled drug release of Metformin HCI.
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