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Abstract

The present research work reported in air synthesis of a three-dimensional poly-
meric network of hydrogels by grafted copolymerization technique of Moringa gum
and carboxymethyl cellulose by using acrylamide as a monomer, N, N-methylen-
ebisacrylamide and ammonium persulphate as a cross-linker-initiator system. Dif-
ferent reaction parameters were used to optimize the synthesized hydrogel such as
backbone ratio, pH of the reaction, temperature, volume of solvent, concentration
of initiator, monomer and cross-linker with respect to the percentage swelling. The
maximum percentage swelling 1244% was found at volume of solvent (17 mL),
backbone ratio (2:1), cross-linker concentration (0.000032 molL ") and temperature
(60 °C) and concentration of monomer (0.000042 molL™"), and pH of 7. Mechani-
cal strength and antibacterial properties of synthesized polymer networks are also
evaluated. The confirmation of the synthesized hydrogel has been accomplished by
using FTIR, FESEM, EDX, XRD, TGA and DSC characterization techniques. The
synthesized hydrogels were evaluated as drug delivery carriers for in vitro release
of antibiotic drug amoxicillin at pH of 2, 7 and 7.4. The drug release was com-
pared between polymer matrices loaded with drug only and the polymer matrices
loaded with Inclusion complex of B-Cyclodextrin and Amoxicillin. The controlled
drug release has been found that is 99.25 ppm in 24 h in inclusion complex loaded
polymer matrices, while the 75.472 ppm drug is released in just 8 h in the polymer
matrices loaded directly with the drug. The Peppas-Sahlin equation holds good for
release of amoxicillin at pH of 2 and 7, which further confirmed the diffusion and
relaxation of polymer matrix are accountable the release of amoxicillin.
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Introduction

Hydrogels have been extensively explored for their potential in drug delivery sys-
tems [1], tissue engineering, wound healing, biosensors and many other areas
[2]. Their ability to capture and release therapeutic agents in a controlled manner
makes them ideal candidates for drug delivery applications [3]. Hydrogels can be
designed to respond to definite stimuli, such as pH, light, temperature, or electrical
signals allowing for precise modulation of drug release kinetics. This unique prop-
erty enables targeted and controlled delivery of drugs, minimizing side effects and
improving therapeutic outcomes [4, 5]. Numerous drug delivery devices have been
used for targeted drug delivery in the last decades. A few of them are polymeric
hydrogel material [6-8], polypeptides, polymeric nanoparticles [9], gold nanoparti-
cles [10], silica [11, 12], nanocomposites [13], and nanogels [14]. Among all drug
delivery devices, the stimuli-responsive hydrogel networks as drug carriers have
fascinated researchers. The pH-responsive drug delivery systems have the abil-
ity to release the drug molecules selectively at the desired pH range area. From the
last decade, a large number of pH-responsive hydrogel materials have been used as
drug carriers for site-specific drug delivery as they possess the desired properties
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like biocompatible, biodegradable, cheap, and non-hazardous and can exhibit better
acquiescence with the body of organism [15-17]. Among all drug delivery carriers,
polysaccharide-based drug delivery systems have emerged as the most reliable carri-
ers for the drug [18-22]. Various studies have been reported in the literature, where
the polysaccharide-based hydrogel materials have been utilized as drug delivery sys-
tems like chitin, chitosan, carboxymethyl cellulose, pullulan, xanthan gum, dextrin
and many more [21, 23-25].

Moringa Oleifera is a wild plant found in numerous tropical and subtropical
countries. The Moringa Oleifera tree’s stem produces a gum referred to as Moringa
Oleifera gum (MOG), which starts off as white but modifies to brownish-black col-
our on exposure. When immersed in water, it forms a very sticky solution [26]. The
composition of MOG includes D-galactose, D-mannose, and D-glucuronic acid,
D-xylose, L-arabinose and L-rhamnose. It offers various health benefits, containing
minerals, nutrients and a range of antioxidants. In India, MOG is commonly known
as Sajna gum [27]. MOG and its derivatives exhibited enormous applications in var-
ious fields, including drug delivery, wastewater treatment, and as a pharmaceutical
excipient [28-31]. In drug delivery applications, Singh and Kumar has synthesized
dietary fibre Moringa gum-based hydrogels by grafting the polyvinyl pyrrolidine
and evaluated the synthesized hydrogels for the release of the antibiotic drug mero-
penem [29]. Moringa gum and Sterculia gums were used to synthesize hydrogels by
grafting polyacrylamide by the same research group and evaluate the same wound
dressings by incorporating antibiotic drug levofloxacin. Moringa and polyacrylic-
based hydrogels were also synthesized and utilized for the release of antibiotic
levofloxacin [26]. The wound healing properties of moringa gum attracts scientists
to utilize it in the synthesis of various formulations for drug delivery. MOG was
exploited to form hydrogels by grafting (2-methacryloyloxy) ethyl trimethylammo-
nium chloride and evaluated for ofloxacin release for wound healing [32]. Therefore,
the literature available on MOG-based hydrogels, confirmed the utilization of MOG
hydrogels as a drug release carrier in traditional drug delivery only. Carboxymethyl
cellulose (CMC) is anionic and water-soluble derivative of cellulose and has various
applications in dermal tissue engineering, drug delivery, protein delivery, scaffolds,
artificial organs, wastewater treatment, cosmetics, plastics, paper industry [24, 33,
and 34]. Because of its tuneable physical properties and polyelectrolytic nature, it
has been utilized as an outstanding superabsorbent. Its biocompatibility, high stabil-
ity, biodegradable properties, and binding capacity against pharmaceutically active
compounds like enzymes and drugs make it a suitable candidate for drug delivery
[24, 35, and 36]. Over the last few years, hydrogel materials of CMC have been
explored for the delivery of a variety of drugs, including antibiotics, and anti-
inflammatory and anticancer drugs agents [24, 35, 37-39]. Chemical cross-linking
or blending of the biopolymers like CMC with other polymers either synthetic or
natural improves the properties like chemical stability and mechanical strength [34].
Therefore, in this research work, CMC and MOG were selected as backbones and
blended. In the present study, an attempt has been made to explore hydrogel materi-
als synthesized from CMC and MOG by grafting the polyacrylamide chain for the
drug release studies of antibiotic Amoxicillin (AMX). To the best of my knowl-
edge, no work has been reported on the MOG/CMC-based cross-linked hydrogel
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networks by incorporating preformed inclusion complexes of p-Cyclodextrin ($-CD)
and AMX drug. There are some drawbacks associated with traditional drug delivery,
including less drug loading capacity and less control over the mechanism of drug
release. However, to overcome these issues, CMC and MOG-based hydrogel mate-
rial was synthesized and was assessed as a carrier for AMX drug for controlled drug
delivery. Therefore, the novelty also lies in the drug release studies from inclusion-
loaded AMX were compared with the traditional drug delivery of AMX through the
synthesized polymer matrices. Thus, the current effort highlights the synthesis and
utilization of MOG and CMC-based hydrogel materials, as an efficient and promis-
ing candidate for the controlled drug delivery of AMX.

Materials and methods
Materials

Carboxymethyl cellulose sodium salt with medium viscosity (400-800 cps) was
brought from HiMedia, India. Acrylamide, Ammonium persulphate and N-N’ meth-
ylene bisacrylamide were purchased from HiMedia Laboratories Pvt. Ltd., Mumbai,
India. Moringa Oleifera gum was collected from Srinagar, Uttarakhand, India. All
the chemicals procured were used as such without any further purification.

Methods for preparation of hydrogel
In air synthesis of CMC and MOG-based hydrogel networks

The hydrogel has been synthesized using CMC and MOG as backbones and acryla-
mide as a monomer. Hydrogel was prepared by dissolving 0.40 g of CMC in dis-
tilled water. Further, 0.20 g MOG was added to the reaction mixture with constant
stirring. The reaction mixture was mixed continuously till the formation of a uni-
form mixture. For the initiation of the reaction, initiator APS of 0.000219 molL !
was added. The addition of acrylamide (0.00042 molL.~") was followed by the cross-
linker MBA (0.00032 molL™") and the reaction mixture was mixed thoroughly to
homogenize. The reaction mixture was placed at 60 °C in a hot air oven for the
completion of the reaction. After the formation of hydrogel, washed with ethanol
to remove unreacted materials and drying of hydrogel was done at 40 °C. The opti-
mization of various reaction parameters such as initiator concentration (molL™1),
cross-linker concentration (molL™"), time taken to complete the reaction (hrs), the
volume of solvent (mL), temperature (°C), monomer concentration (molL™"), and
pH was varied to maximize the fluid uptake capacity or percentage swelling. The
hydrogel networks are synthesized with or without incorporating inclusion com-
plexes of f-CD with the drug Amoxicillin.
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Microwave method (MW) for the preparation of inclusion complex (IC)

The preformed inclusion complexes of AMX and B-CD by microwave method were
taken, the work already published by our research group [40]. In brief, the f-CD
(1.314 g) was dissolved in distilled water at 45 °C and the AMX (0.419 g) was dis-
solved in ethanol. A molar ratio of 1:1 was taken for AMX and p-CD. The reactants
are transferred to the microwave for the completion of the reaction. It takes 90 s. The
precipitated form of ICs of AMX and f-CD were filtered. The product obtained was
washed with ethanol to discard unreacted material. The powdered form of the prod-
uct was kept in a vacuum oven to dry and stored for further studies.

Characterization of MOG/CMC-g-PAAM (IA) hydrogels

Numerous characterization techniques like FTIR, XRD, FESEM and EDS were uti-
lized to characterize the synthesized sample and backbones used. The FTIR spectra
of MOG, CMC, and MOG/CMC based Hydrogel networks, with a scanning range
of 4000 —400 cm™' on Perkin Elmer spectrophotometer using KBr pellets. UV-VIS
analysis of AMX release from hydrogel matrices was accomplished on a systronics
double beam UV-VIS Spectrophotometer (2201). Powder X-ray diffraction patterns
of the samples were taken by scanning from 5 to 80° at a rate of 2° per minute to
produce a diffraction pattern of MOG, CMC, and MOG/CMC by using panalyti-
cal X Pert Pro multipurpose diffraction (MPD) with Cu-Ka radiation of wavelength
1.54 A° at 298 K. Energy-dispersive spectroscopy (EDS) and field emission scan-
ning electronic microscopy (FESEM) techniques were used to confirm the elemental
composition and morphology of the surface of samples (MOG, CMC, and MOG/
CMC based hydrogels) under various magnifications on SIGMA 500VP field emis-
sion scanning electron microscope with EDS and EBSD sensors. The thermal stud-
ies of the synthesized samples and all the backbone was carried out using a SII
EXSTAR 6000 TGA/DTA/DTG thermal analyser in an inert atmosphere at a heat-
ing rate of 10 °C/ min within temperature range of 30-750 °C.

Swelling percentage studies

To evaluate the swelling characteristics of the synthesized hydrogel network, the
dried and pre-weighed sample of hydrogel was put in 100 mL distilled water at room
temperature. After a regular interval of time, the hydrogel was taken out and surface
adhered water was removed by using filter paper. The dried sample was weighed.
After attaining the equilibrium, the percentage swelling of the synthesized polymer
networks was calculated by using equation one.

. _ Ws - Wd
%Swelling = ———— x 100, e))
Wy

where W, and W are the weight of swollen and dry polymer respectively.
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Antibacterial studies

An antibacterial analysis was performed to validate the use of synthesized MOG/
CMC-g-PAAM (IA) hydrogel matrices as drug delivery devices. Antibacterial
characteristics of the hydrogel were performed by using the Agar well diffu-
sion method [41] against the two strains of bacteria, Staphylococcus aureus and
Escherichia coli.

Mechanical properties

Max stress (Pa) and percentage elongation at break (%E) of the MOG/CMC-
based hydrogels without grafting and MOG/CMC-g-PAAM (IA) were tested in
a universal testing machine (Lloyd Instruments) at a crosshead speed of 20 mm/
min at 25 °C. ASTM D638 method was utilized to find the Max stress. The ten-
sile stress was applied until the failure of the sample.

Drug delivery studies
In vitro drug release studies

The known concentrations of AMX solutions were prepared and the absorbance
was determined at 217.0 nm on a UV-visible spectrophotometer. The standardi-
zation curve was plotted for the same. A pre-weighed sample of hydrogel (the
Inclusion complex carrying hydrogel matrix or the directly loaded drug into the
hydrogel matrix) was taken and immersed in 100 mL of releasing medium of dif-
ferent pH (2, 7 and 7.4) at 37 °C. After one hour, the 5 mL of sample is with-
drawn and the concertation is measured concerning the standardization curve.
The readings were noted down until the equilibrium was attained.

Release kinetics of AMX

It is quite difficult to predict the true mechanism of the release of drugs from
a swelled hydrogel matrix. Water uptake capacity, diffusion, erosion of polymer
matrix and relaxation are the different factors to govern the drug release studies.
The drug release kinetics is studied by exploring four different models already
stated in the literature [42—44]. These models are shown in the equations from 2
to 5.

Higuchi equation [45]

M,/M, = k.t*’ 2
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Here, Eq. 2, represents the Higuchi equation. Here, the fraction of the drug
released (M/M,,) is plotted against release time (t7). This equation explains
about Fickian diffusion.

Ritger—Peppas equation [46]

Equation 3, represents the Ritger-Peppas equation. In this equation, M,/M, is plot-
ted against t". In this ‘n’, represents the diffusion exponent and it helped to determine
the mechanism of the drug (AMX) release. If the slope (n) from the plot was found
to be 0.5, the normal Fickian diffusion will be accountable for the drug release. But,
if ‘n’ was calculated between 0.5 and 1, the non-Fickian diffusion is responsible for
the drug release. If the value of ‘n’ is equal to 1, the drug release was the case of
case-1I diffusion which corresponds to zero-order kinetics.

M,/M, = k.t" (3)

Zero-order equation [47]

Equation 4, represents the Zero-order kinetics. The graph is plotted between fraction
of the drug release and time (t) and ‘k’ is a kinetic constant.

M/M,_, = k.t 4)

Peppas—Sahlin equation [48]

Equation 5, represents Peppas-Sahlin equation. The k; is diffusion constant and k, is
relaxation constant. The values of ‘m’ are taken differently for the different shapes.
In thin film samples, the value of m is taken as 0.5 and it has been taken as 0.5 for
cylindrical hydrogel samples.

M,/ M, =k .t" +k,.*" 6))

Using the calculated values of k; and k, from Eq. 5, the ratio of relaxation (R) to
Fickian (F) contributions was estimated [49] using Eq. 6 as

R/F = (ky/k;)t" (6)

Results and discussions
Optimization parameters (Effect of different parameters on percentage swelling)
Temperature: Temperature has a remarkable effect on the percentage swelling of the

hydrogel. The temperature range was kept from 40° to 80 °C. The swelling percentage
was found maximum at 60 °C (Fig. 1a). The percentage swelling was enhanced with the
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increase in temperature initially and after reaching the maximum value it decreased, this
might be due to the over-crosslinking of the polymeric chains at the higher temperature
leads to the denser network which leads to lesser water uptake capacity.

Volume of the solvent: The volume of solvent is varied from 15 to 19 mL (15, 16, 17, 18,
and 19 mL) and the percentage of swelling was studied. With the increase in the amount
of solvent, the percentage swelling increases (Fig. 1b) to a certain extent due to a diffu-
sion-controlled phenomenon, after which it decreases upon further increasing the amount
of solvent [50]. The solvent provides a medium for interactions of different functional
groups but after an optimal value, the percentage swelling decreases might be due to the
movement of more ions into the medium that can interact with the cross-linking density
of the polymer matrix. Therefore, the most optimized volume of solvent was 16 mL and
swelling were 1244%.

Backbone Ratio: The backbone ratio (CMC: MOG) plays a crucial role in deciding
the fluid uptake capacity of the synthesized hydrogel material. The amount of CMC
and MOG taken is varied from 1:1, 2:1, 3:1, and 1:2. 1:3. The maximum percent-
age swelling of the synthesized hydrogel material was 2: 1 (Fig. 1c), therefore, the
most optimized ratio was observed as 2:1 (CMC: MOG). This might be due to an
increase in hydrophilicity of the polymer matrix at 2:1 which results in appropriate
electrostatic and hydrogen bonding interactions among the polymeric chains in the
polymeric matrix. But on further increasing the ratio to 3:1, the percentage swelling
decreases might be due to the extra functional sites present in the polymeric matrix
resulting in lesser effective interactions and poor hydrogen bonding.

The Concentration of cross-linker: The percentage swelling was increased upon
increasing the concentration of MBA initially might be due to the synthesis of porous
structure which enabled more liquid uptake into the polymer matrix. The most optimized
concentration of MBA is 0.000032 moIL~! (Fig. 1d). On further increasing the concen-
tration of MBA, the percentage swelling decreases might be out to the more crosslinking
may lead to the compact structure of the polymer network which cannot accommodate
the more liquid molecules inside the polymer matrix [29].

The Concentration of monomer: The effect of monomer concentration was stud-
ied at the preoptimized condition of the volume of solvent (17 mL), backbone
ratio (2:1), cross-linker concentration (0.000032 molL™!) and temperature (60 °C).
The most optimized concentration of AAM is 0.000042 molL~! (Fig. le). Further
increase in monomer concentration results in the decline in the percentage swell-
ing, which might be due to the higher concentration of monomer may result in more
grafting which ultimately leads to more cross-linking density and provides less room
to incoming water molecules into the polymer matrix.

The Concentration of initiator: The effect of the initiator was studied on pre-

optimized conditions volume of solvent (17 mL), backbone ratio (2:1), cross-linker
concentration (0.000032 molL"") and temperature (60 °C) and concentration of
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monomer (0.000042 molL~"). The most optimized concentration of APS was found
0.000219 molL~! as shown in Fig. If.

pH: The swelling studies have been performed at different pH ranges (2 to 11).
The synthesized hydrogel exhibited the maximum percentage swelling at neutral
pH (Fig. 1h) and was found to be pH-responsive. The percentage swelling was
less at a pH of 2, which might be due to more electrostatic repulsion in the acidic
medium as the hydrogel gets protonated. As pH increases, the percentage swelling
increases and found maximum at neutral pH might be due to the deprotonation
of functional groups present in polymer matrix leading to more hydrogen bond-
ing among polymeric chains which can accommodate more water inside it around
hydrogen-bonded groups and capillary pores, resulting in maximum swelling. At
basic pH, deprotonation of functional groups leads to a decrease in the degree
of ionization which leads to the formation of a compact structure owing to the
extensive hydrogen bonding which results in a lesser percentage swelling [51].

Proposed reaction mechanism for hydrogel formation

The synthesis of MOG/CMC-g-PAAM (IA) hydrogel network has been synthe-
sized by free radical polymerization mechanism. The physical appearance of
MOG, CMC and synthesized hydrogel is given in Fig. 2. The APS first gener-
ates a free radical anion of sulphate by thermal decomposition as shown in step
I, which further reacts with water to generate hydroxyl free radical. The hydroxy
free radicals further generate active sites or free radicals on CMC and MOG. The
free radicals further attack the double bond of acrylamide and generate free radi-
cals which copolymerized to form a long chain and the chain is propagated by
grafting on polymeric chains. Further, the cross-linker, MBA also generates the
free radicals and cross-linked the different polymeric chains as shown below in
the mechanism.

Carboxymethyl cellulose Moringa Gum powder Synthesized Hydrogel sample

Fig.2 Physical appearance of CMC, Moringa Gum and MOG/CMC-g-PAAM (IA) hydrogel
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Characterization
Fourier transform-infrared spectroscopy

In the FT-IR of CMC (Fig. 3a), there are characteristic peaks at 1600 cm™! for the
carbonyl group of acid [35], 2920 cm™! for C-H stretch of methylene, 1041 cm™!
for C—O—C (ether), 1409 cm™! for deformations in methylene and a broad band was
observed at 3282 cm™! for the presence of —OH groups [39]. In FT-IR of Moringa
Oleifera gum (Fig. 3b), the absorption peak at 3390 cm™! represents the C-H stretch
of alkynes, whereas alkanes are represented by the peak at 2927 cm™!. The peak at
1713 cm™! represents the C=0 stretch of ester, whereas the O =C—-O-C stretch at
1244 cm™! represents another class of ester. By considering the FT-IR of most opti-
mized hydrogel, it is seen that the peak at 1600 cm™! is absent, which indicates at
removal of the C=C bond. Also=C-H Stretching at 3000 cm™! is absent (Fig. 3c).
The absence of these two peaks confirms that acrylamide is grafted on the poly-
meric chain.

X-Ray diffraction studies

X-ray diffraction studies are utilized as one of the significant tools to witness hydro-
gel formation. The diffraction profile of CMC (Fig. 4a) is almost amorphous with
crystalline three sharp peaks [34]. The broad large peaks present in the XRD of
MOG (Fig. 4b) confirmed the amorphous nature of MOG. The inoculation of three
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sharp peaks of CMC and the broad peak of MOG in the diffraction pattern of hydro-
gel (Fig. 4c) confirmed the formation of hydrogel from Moringa gum and CMC.

Field-emission scanning electron microscopy (FESEM)

The FESEM images of the CMC, moringa gum and MOG/CMC-g-polyacrylamide
Hydrogel have been shown in Fig. 4. From the FESEM data, it is clear that CMC
has a rough surface (Fig. 5a). The surface of Moringa gum (Fig. 5b) is also rough.
But on grafting the acrylamide on the polymeric chains of moringa gum and CMC,
the surface becomes more porous, rough, and heterogeneous as can be seen in the
FESEM image of the synthesized hydrogel (Fig. 5¢).

EDS studies

The EDS spectrum of CMC (Fig. 5d) confirmed the presence of Na, C and O. The
EDS spectrum of Moringa gum (Fig. 5e) confirmed the presence of C and O. The
EDS spectrum of synthesized hydrogel network CMC/MOG-g- PAAM (Fig. 5f) has
revealed the occurrence of all the elements present that is C, O, Na, and a very small
peak of N in between C and O which confirmed the grafting of polyacrylamide on
the chains of Moringa gum and CMC and cross-linking with MBA.
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TGA studies

Figure 6a shows the percentage weight loss in MOG, CMC and CMC/MOG-g-
PAAM (IA) as a function of temperature. It is clear from the TGA curve, MOG
has expressed three-stage decomposition. The first stage of decomposition lies in
the range of 50-130 °C with a weight loss of 15.57% due to the loss of moisture
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Fig.5 (continued)

bound to the saccharide part of MOG and dehydration owing to the loss of
hydroxyl groups present on the polysaccharide chain [52, 53]. The second stage
of decomposition lies in the range of 139-301 °C with a weight loss of 38.37%.
The final stage of decomposition ranged from 305 to 615 °C with a weight loss
of 46%. This is attributed to the breakdown of the polymeric chain and pyrolytic
decomposition with the loss of small molecules like CO, CO,, and CH,. MOG
degraded completely around 615 °C. The GA curve of CMC has also shown
the three-stage decomposition. The first stage lies from 50 to 105 °C with 10%
weight loss, the second stage lies from 122 to 287 °C with 30% and the third
stage lies from 305 to 661 °C with 56% weight loss. The final decomposition
temperature of CMC was found to be 661 °C with a 96% weight loss. The TGA
curve of CMC/MOG-g-PAAM (IA) has revealed the four-stage decomposition.
The first stage of decomposition lies from 40 to 140 °C with a weight loss of
12%. The second stage lies from 147 to 238 °C with 28% weight loss, the third
stage lies from 240 to 456 °C with 30% weight loss and the final stage lies from
460 to 771 °C with 39% degradation. The degradation rate slow down from 500
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to 600 °C with weight loss of only 6%. The final decomposition temperature of
the synthesized polymer matrix was 771 °C with 99% weight loss which is higher
than both the MOG (615 °C) and CMC (661 °C) from which it has been synthe-
sized. The TGA studies confirmed the synthesized hydrogels were found to be
thermally more stable due to the covalently bonded crosslinking among the poly-
meric chains of MOG, CMC and PAAM.
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DSC studies

Thermal transitions of the backbones and synthesized polymer materials were
analysed by using the DSC technique. Glass transition temperature is very impor-
tant for amorphous and semicrystalline materials to decide their application in
different fields. DSC results have been shown in Fig. 6b. DSC thermogram of
MOG revealed a broad endothermic peak and two small exothermic peaks in
accordance with the literature [54]. The glass transition endothermic peak was
observed around 90 °C, which onsets around 35 °C and ends around 200 °C. The
two exothermic peaks appeared at 333.67 and 378.4 °C. The DSC thermogram
of CMC has shown its glass transition temperature (Tg) around 45 °C and an
endothermic peak around 226 °C has revealed its melting point (Tm), therefore
the presence of Tg and Tm both in the DSC thermograph of CMC confirmed ita
semicrystalline nature and supports the results obtained from XRD. The DSC
thermograph of the hydrogel has shown two broad endothermic peaks (one broad
and the other small) and one small exothermic peak. The broad endothermic peak
observed around 95 °C which onsets around 35 °C and ends around 245 °C and a
small endothermic peak starts 246 °C and ends at 301 °C. The exothermic small
and broad peak was observed around 350 °C.

Antibacterial studies

Figure S1 demonstrated the antibacterial results of the CMC/MOG-g-PAAM (IA)
for gram-positive bacteria S. aureus and gram-negative bacteria E. coli. The anti-
bacterial properties of the synthesized matrices were found might be due to the
presence of MOG and CMC in the polymer matrices. The zone of inhibition was
measured 18 mm for S. aureus and 13 mm for E. coli. The antibacterial analy-
sis of the hydrogel matrices revealed its ability to combat bacterial infections. It
confirmed the utilization of the synthesized hydrogels in the controlled release of
AMX is innocuous.

Mechanical properties

The tensile strength of MOG/CMC hydrogels without grafting of polyacrylamide
and MOG/CMC-g-PAAM (IA) hydrogels was found to be 7.25+0.55 Pa (NM~2)
and 9.25+0.35 Pa (NM~2), respectively. The elongation at break was found to
be 33.65+0.45% and 37.8 +0.5% for MOG/CMC and MOG/CMC-g-PAAM (IA)
hydrogels respectively. The results obtained are comparable to the mechanical
properties of MOG-based hydrogels in the literature [28]. The increase in the ten-
sile strength and elongation at break in the MOG/CMC-g-PAAM (IA) is might be
due to grafting of the polyacrylamide chains onto the MOG and CMC that results
in the enhancement in the roughness of the surface of the polymer matrix as com-
pared to the un-grafted polymer matrix.
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Release kinetics of AMX from the synthesized polymer matrix

Figure 7, establishes the AMX release patterns through the ICs-loaded polymer
matrices and directly loaded polymer matrices with AMX containing CMC/MOG-
g-PAAM (IA). The graph (Fig. 7a) shown the release of AMX through directly
loaded matrices CMC/MOG-g-PAAM: AMX (IA) was burst type and the total
(75.472 ppm) AMX release occurred in just 8 h at pH of 7. But the AMX loaded
through inclusion complexes get released (90.25 ppm) CMC/MOG-g-PAAM-B-CD:
AMX (IA) in 24 h which showed the controlled release. The reason for controlled
release might be due to AMX release from the B-CD hollow void to the matrices of
the polymer network followed by the release from matrices to the releasing medium.
Figure 7b exhibited the release pattern of AMX through CMC/MOG-g-PAAM-
p-CD: AMX (IA) at pH 2, 7, 7.4 and 37 °C. The release pattern at pH of 4.6 and
6.8 pH is also compared with the pH of 2, 7 and 7.4 in Fig. S2. Initially, the AMX
release after 2 h interval was found (Fig. 7b) as 5.5 ppm, 23.77 ppm, and 4.55 ppm
at pH of 2, 7 and 7.4 respectively. After 24 h, the total drug release was found to
be 99.25 ppm, 95.45 ppm and 75.87 ppm at a pH of 2, 7 and 7.4 respectively. So,
the descending order of AMX release was acidic medium > neutral > basic medium
which was further confirmed from Fig. S2 too, which includes the drug release data
performed at pH of 4.6 and 6.8 along with the pH of 2, 7 and 7.4. The kinetics
were applied to the drug release data obtained at 2, 7 and 7.4. The value of diffusion
exponent (Table 1 and Fig. 7c—e) was found to be 0.665, 0.701 and 1.154 at pH off
2,7 and 7.4 CMC/MOG-g-PAAM-B-CD: AMX (IA). The value of diffusion expo-
nent lies between 0.5 and 1, confirming the non-Fickian diffusion of AMX from
the polymer matrix at pH of 2 and 7. The value of diffusion exponent was found to
be 1.154 at pH of 7.4 confirming the super case II transport. The values of K, were
found to be more than the K, values (negative) in the Peppas-Sahlin equation con-
firmed the diffusion suppresses the relaxation process in AMX release. The data fits
well into the Peppas -Sahlin equation for the AMX release at pH of 2 and 7. But no
equation out of these four holds good for the drug release at pH of 7.4. A graph is
plotted between the ratio (R/F) fraction of AMX released (Fig. 7f). Thus, it revealed
the order of the rate of relaxation among the polymeric chains at different pH values
thatis 7.4>2>17.

Table 1 Fitting of AMX release to diverse models through MOG/CMC-g-PAAM/BCD: AMX (IA)
Hydrogels

pH  Higuchi Ritger Peppas Peppas Sahlin Zero-order
k (hf().S) R2 n 1% (hfn) RZ kl (hf().S) k2 (hfl) R2 k" (hfl) R2
0.2024  0.780 0.665 -—1.841 0.776 0.351 —-0.03 0989  0.0291  0.630
0.2199  0.840 0.701 -1.925 0.806 0.3290 -0.0224 0.990  0.0319  0.693
74 03178 0915 1.154 -3336 0956 0.0639 0.0370  0.9738 0.0439  0.870
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Conclusions

In the present research work, the hydrogel networks of MOG and CMC were suc-
cessfully synthesized and optimized in air conditions. The most optimized hydrogel
networks exhibited a percentage swelling of 1244% at pH of 7 and 60 °C tempera-
ture. The hydrogels were loaded with the ICs of the drug and evaluated for AMX
release studies and compared with the directly loaded AMX in the polymer matrix.
The AMX release was found to be highest in the acidic medium (99.25 ppm) fol-
lowed by the neutral medium (95.45 ppm). It was found lowest in the basic medium
(75.87 ppm). The release of AMX was found to be 75.472 ppm in just 8 h in directly
loaded drugs at neutral pH but the drug release through the ICs of AMX and B-CD
has revealed the controlled release of AMX (95.45 ppm) in 24 h. The drug release
of AMX fits well with the Peppas -Sahlin equation at pH of 2 and 7. Therefore, the
synthesized CMC/MOG-g-PAAM-B-CD: AMX (IA) hydrogel is an effective con-
trolled drug delivery system to release the drug AMX in the pH range from acidic to
neutral (2-7) medium.
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