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ABSTRACT

Objective: The main objective of this work was to formulate and evaluate Closite-30B/nanoAg filled hydrogel composites which are further
intentended to be used for the study of drug delivery,antibacterial, and anticancer activity

Methods: In this study, Cloisite-30B (C-30B) clay dispersed biopolymer sodium alginate (SA)-grafted-poly (acrylamide [AAm]-co-lignosulfonic acid)
hydrogel composites were synthesized by free radical in situ polymerization reaction technique using SA, AAm, and lignosulfonic acid biopolymers
in different proportions in combination. which are subjected to invitro drug delivery and Minimum inhibitory concentration(MIC) method for
antibacterial activity study by using Streptococcus faecalis (S.faecalis) and Escherichia coli (E. coli)bacteria. The biocompatibility of the prepared gels
were determined by standard protocol HaCaT-cells and MCF-7 cell lines further the prepared hydrogel composites were characterized for particle
size,encapsulation efficiency,swelling properties,compatibility studies by FTIR etc.

Results: The formulated hydrogels were characterized by X-ray diffraction (XRD) to analyze the particles size and crystallinity. The presence of
functional groups and their chemical interaction with the drug, C-30B, and silver nanoparticles (AgNPs) were confirmed by the FTIR spectroscopy.
Furthermore, the presence of AgNPs in the matrix was confirmed by ultraviolet/visible spectroscopy. Thermogravimetric analysis was performed to
find out the thermal degradation, thermal stability, and the percentage of weight loss at various temperatures. Swelling studies revealed that C-30B
and AgNPs induced composites exhibited higher swelling ratio than pure hydrogels. The hydrogels with C-30B/AgNPs displayed excellent antibacterial
activity against both Gram-positive and Gram-negative bacteria. Further, these hydrogel composites were loaded with the drug paclitaxel (PT), and drug
release study showed that the sustained release of the drug from C-30B/Ag hydrogel matrix compared to rest of other samples. Hydrogel composites
were cytocompatible in nature (with HaCaT cells) and the cell viability decreased (with MCF-7cells) with the presence of lignosulfonic acid as well as
C-30B and AgNPs in the samples as evaluated through 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide to its insoluble formazan assay.

Conclusion: The synthesized hydrogel composites were successfully characterized and eavaluated for sustained release of paclitaxel drug delivery at
different pHs and temperatures and it is found that C30B/Ag filled composites exhibits contolled release of drug with higher rate, especially at lower
pH (pH2) and higher temperature (370C) and the same formulations which exhibits better anitbcterial and anticancer activity compared to the virgin
samples So the prepared C30B/AgNPs hydrogels composites used in drug dlivery for the effective treatment of cancer and used against bacterias and
cancerous cells.

Keywords: Hydrogel composites, Silver nanoparticles, Cloisite-30B clay, Lignosulfonic acid, Antibacterial activity, Drug delivery, Anticancer studies,
Sodium alginate, Biopolymer, Acrylamide.
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INTRODUCTION fluids and that can absorb and retain aqueous solutions up to hundreds
of times their own weight in the presence of metal nanoparticles
(MNP) and nanoclay [6,7]. The formation of MNP-induced materials
in combination with nanoclays has clinical and scientific interests in
research in recent years because of their extraordinary and flexible
characters. Those characteristics are important for silver as ions,
nanoparticles, compounds, etc., and a lot of works have been carried out

to study their applications in restricting the entry of microbes in packing

In this study, Cloisite-30B (C-30B) clay dispersed biopolymer sodium
alginate  (SA)-grafted-poly  (acrylamide  [AAm]-co-lignosulfonic
acid) hydrogel composites were synthesized by free radical in situ
polymerization reaction technique using SA, AAm, lignosulfonic acid
biopolymers in different proportions in combination. At present,
nanotechnology is very crucial in day-to-day life and improved studies
attention on nanocomposite hydrogels due to their hydrophilic

nature and their possible biocompatibility and uses in the field of
biomedical sciences such as implants, drug delivery systems, and tissue
engineering [1-4]. Several distinct systems and strategies were evaluated
for drug targeted on to cancer cells over the years. Most commoly used
systems comprise of polymers, hydrogels, polymer beads, micells,
naoparticles, nanoclays and antibodies are the few instances in passive
drug targeting, active drug targeting to cancer cells [5].

Nanocomposite hydrogels may be described as three-dimensional
polymer networks slightly crosslinked, swollen with water or organic

materials, drug transport, and water purification. As heavy metallic,
Ag’, Ag' ions are accountable for inactivation of proteins in microbes
through reacting with thiol groups (-SH) of the bacterial membrane
results in the death of microbial cells [8-10]. The biological activity,
inclusive of the antibacterial activity of Ag’, relies upon on its size. For
that reason, silver nanoparticles (AgNPs) have to be small enough to
penetrate into the cell membrane [11]. Ag ions can kill bacteria right
away using ultimate their enzymatic breathing structures, without
inflicting any harm to human cells. Even though nanocomposites
having MNP have well-designed features. Due to high surface free
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energy, homogeneous distribution of MNP is difficult, which may root
to agglomeration. Therefore, research on such nanocomposites with
preferred property is an important issue.

Thus, to prepare such nanocomposites with AgNPs of controlled
size could be achieved by reduction of metal ions into MNP in the
hydrogels [12-14]. SA is a salt of alginic acid, natural, biodegradable
polymer, obtained from seaweeds and consists of 1-4, linked
D-mannuronic acids and L-glucuronic acid residues set as blocks of
either type of unit or as an arbitrary distribution of each type [15].
Moreover, extensively used as a hydrogel constituent because of its
improvements in hydrophilicity, high swellability, nontoxicity, and
easy preparation [16,17]. SA is used extensively used in drug delivery
applications due to its remarkable physical properties such as, high
water retention capacity which enhance the hydrophilic diffuse surface,
and low interfacial tension which reduces the transport resistance for
the absorption or release of solutes [18-21]. But SA hydrogels having
inadequate strength under physiological environment. Inconvenient
and not suitable for sensible use and by having restricted strength under
physiological environment [22]. For antibacterial activities targeted
toward in vivo, the mechanical strengths are vital due to the fact they
ought to possess sufficient mechanical elasticity and versatility to face
up to compression forces from the encircling tissues in vivo without any
damage. To enhance its mechanical strength, SA is blended with another
polymer such as lignosulfonic acid (LSA). LSA is a natural polymer
formed from the byproduct of plant resources; however, it is a sulfite
cooking of timber and is a waste product from pulp and paper industry.

C-30B, montmorillonite (MMT) isamember of the smectite group minerals
(belongs to the class of 2: 1 phyllosilicate clays) which has a layered silicate
platelets. MMT has been significantly implemented for extended release of
drugs as it could hold large amounts of the drug due to its excessive cation
exchangeability. The surface adsorption of various drugs to MMT clay
improves their solubility rate. The hydrophilic and swelling properties
of MMT in aqueous media help to ease the wetting of hydrophobic drug
substances. This clay eventually improves the bioavailability of drugs [23].

Paclitaxel (PT) is an anticancer drug separated from the bark of the
Pacific yew tree, Taxus brevifolia [24]. It has been used in lots of cancers
treatments which include breast cancer, ovarian cancers, lung cancer,
head and neck carcinomas, and acute leukemia. It binds to the $-subunit
of the tubulin heterodimer resulting in the length of the cell partition
cycle between the prophase and anaphase degrees, later principal to
apoptosis of the most cancers cells [25]. Due to its limited solubility, PT
in an adjuvant known as cremophor EL, which leads to graveside effects
inclusive of hypersensitivity reactions, nephrotoxicity, neurotoxicity,
and cardiotoxicity [26,27]. Lately, type of restrained release pattern was
proven to increase its dissolution and reduce the ill effects further to
prevent the usage of the poisonous adjuvant [28-31].

In this study, hydrogel composites of SA, LSA, and poly AAm (PA) were
successfully synthesized by means of in situ polymerization reaction by
dispersing C-30B into the solution. The consequent composite hydrogels
are used as nanoreactors for the synthesis of AgNPs. This is a totally an
innovative method of research for the formation of AgNPs from C30B
clay induced SA-PA-LSA blend polymer matrix or network and try to
intercalate or exfoliate the polymer chains in to the gallery of clay
platelets in order to improve its drug delivery,antibacterial properties
as well as anticancer activity and very littele work has been done so far
in this particular field as per literature servey. Further, these composites
were effectively used in the swelling, antibacterial, anticancer, and
drug delivery studies and further characterized by Fourier transform
infrared (FTIR), X-ray diffraction (XRD), thermogravimetric analysis
(TGA), and ultraviolet (UV) techniques.

EXPERIMENTAL

Materials
Sodium  alginate, lignosulfonic acid, Acrylamide(AAm), N,N’-
methylenebisacrylamide (MBA) as crosslinking agent, N,NN,N'-
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Tetramethylethylenediamine (TEMED) as an accelerator, potassium
persulfate (KPS) as an initiator, sodium borohydride (NaBH, ), methanol and
commercial modified nanoclay (C-30B), and silver nitrate (AgNO,) all the
chemicals were procured from Sigma-Aldrich Bangalore, Karnataka, India
is used in this experiment as received without any further purification and
always double-distilled water (DDW) was used throughout this experiment.

Methods

Dissolve 3 g of SA in 100 ml of DDW stirred for 2 h using the magnetic
stirrer to get SA (SA-solution) stock solution. Another stock solution
of LSA was prepared by dissolving 600 mg of LSA in 50 ml of DDW
separately using magnetic stirrer for 30 min to get LSA-solution, later
about 30 ml of SA-solution (0.9 g in 30 ml DDW), LSA-solution, (180 mg
of LSA in 20 ml of DDW). In the ratio (SA:LSA) 1:0.5 are mixed together
to form SA-LSA solution. Further 5% wt./wt. the ratio of C-30B (45 mgin
10 ml of DDW separately magnetically stirred for 1 h followed by 30 min
ultrasonication), dispersed in SA-solution and SA-LSA solution separately
[32]. For the resulting solutions, KPS (130 mgin 5 ml DDW), 1 g of AAm in
5 ml of DDW, MBA (130 mg in 5 ml of DDW), and TEMED (130 mg in 5 ml
of DDW) are mixed thoroughly and stirred using magnetic stirrer with a
gradual increase in temperature, when the temperature reaches about
65-70°C. The entire mixture undergoes in situ free radical polymerization
reaction to form hydrogels. The obtained hydrogel samples are recovered
and cut into desired shapes and left undisturbed in fresh distilled water
for 2 days to remove the unreacted chemical constituents, later some of
the samples are loaded with AgNPs by allowing them in 0.01N AgNO,
solution for overnight. The AgNO, is diffused into pores of hydrogels
and converted into silver ions and they, in addition, have interaction
with polymer chains and clay groups. This is ensured by the conversion
of hydrogels from whitish to reddish brown color which confirms the
formation of silver ions (Ag' ions) in the gel networks, further, these
silver ions are converted to AgNPs inside the gel network in the presence
of NaBH, reducing agent. After 30 min, the appearance of dark gray gels
indicates the complete reduction of Ag* ions into AgNPs (Ag atoms),
further, these hydrogels are washed with distilled water and followed by
methanol and dried at ambient temperature and used for drug delivery,
antibacterial study, and other characterizations.

RESULTS AND DISCUSSION

Swelling studies
Results

The swelling property of C-30B clay supported SA-PA, SA-PA-LSA/C-30B,
and SA-PA-LSA/C-30B/AgNPs hydrogel composites as shown in Fig. 1
The graph is plotted % of swelling fraction versus various samples such
as SA-PA, SA-PA-LSA/C-30B, and SA-PA-LSA/C-30B/Ag composites. The
pre-weighed piece of gel samples (0.1 g) of each were immersed in a
50 mL of de-ionized water and were equilibrated in distilled water at
25°C for 3 days until equilibrium swelling was achieved. The swelling
ratio (Q) of the gels was calculated from the Equation (1) [33].
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% Swelling Fraction (SR)

SA-PA SA-PA-LSA SA-PA-LSA-Ag

Samples

Fig. 1: Effect of swelling behavior of cloisite-30B clay supported
sodium alginate (SA)-polyacrylamide (PA), SA-PA-lignosulfonic
acid (LSA), and SA-PA-LSA-silver
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Where Q is the swelling ratio,
W, are the weight of water in the swollen hydrogel
and W/, is the dry weight of the hydrogel.

Here we study the water absorbency of hydrogel composites in terms of
swelling ratio and swelling percentage. After swelling, the whole gel is
gently wiped on both sides using filter paper. The values of W, W, and
Q are calculated.

Discussion

The sample SA-PA (pure hydrogels) indicates least swelling ratio of
around less than 3%, this is because absence of both C-30B and AgNPs
in them makes much less porous and hence holds less water, whereas
SA-PA-LSA with C-30B shows 17-18% of swelling fraction when
compared to pure SA-PA hydrogel samples.

This indicates that the presence of hydrophilic clay improves the pore
sizes in crosslinked hydrogel networks thereby absorbs and holds more
water [34]. Consequently, the sample SA-PA-LSA/C-30B/Ag suggests,
the higher swelling ratio compared to rest, again the influence of C-30B
and AgNPs together in the SA-PA-LSA/C-30B/Ag hydrogel composites
which are responsible for the further increase in the percentage of
swelling ratio up to 20%. Which may be due to more porous nature of
the resulting hydrogel composites caused by the presence of C-30B/
AgNPs.

Antibacterial activity

The antibacterial activities for all the samples SA-PA, SA-PA-LSA/C-30B,
and SA-PA-LSA/C-30B/AgNPs, have been studied for Streptococcus
faecalis and Escherichia coli were shown in Fig. 2.

Results

The minimum inhibitory concentration (MIC) was determined by
the following CLSI procedure for the broth microdilution method
[35]. The bacterial lines have been cultured onto Luria Bertani
Agar medium (containing 0.5% peptone, 0.5% yeast extract, 1%
NaCl and 1.5% Agar, at pH 7.5%0.2). The reserve solution was
obtained by allowing the 10 mg of gel in 10 ml phosphate buffered
saline (PBS) (phosphate buffer 67 mM, pH 7.4, 0.05% Tween 20,
and 0.02% sodium azide) filled in small vials. The gel particle
solutions have been incubated at 37°C underneath mixing for
24 h [36]. Supernatant samples of 500 pl have been accrued by
centrifugation and saved at 4°C before screening for antimicrobial
activities. Chloramphenicol, an antibiotic, was used as the best
manipulate and PBS was used, because of the -ve charge. The
resulting cultures were added to the sterilized Mueller-Hinton
Broth (MHB) (containing 30% red meat extort 1.75% casein acid
hydrolysate and 0.15% starch, pH 7.4+0.2).

The MIC was determined by means of the use of serial twice diluted
in the medium (MHB) having 1.95-1000 pg/ml of the trial samples.
To every well of 96 well microtiter plate, 150 pl of medium (MHB)
was used as the spare sample, to which 10 pl of 0.5 McFarland
(1.5x108 CFU/ml) cultured microorganisms from MHB has been
introduced. The inoculated plates had been incubated at 37°C
for 24 h. After incubation, the bacterial growth was monitored
by measuring the turbidity of the culture using microtiter plate
optical colorimeter (OD600). The MIC became determined as the
lowest concentration of compound at which the visible growth
of the organisms becomes completely inhibited. The results of
experimental assays were expressed as mean value + standard error.
Student test or one-way analysis of variance followed by Duncan’s
multiple range tests was performed using SPSS18 software to
compare the variations in various parameters at a significance level
of difference (p<0.05).
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Discussion

In Fig. 2 it is found that sample SA-PA-LSA/C-30B/AgNPs indicating
higher antibacterial activity (p<0.05) against both the bacteria S. faecalis
and E. coli (MIC is 1.14+0.74 pg/mL) compared to S. faecalis (MIC is
3.25+1.13 pg/mL) because AgNPs are the most used antimicrobial
particles in polymeric nanocomposites [37] as shown in Table 1.

This is due to the release of ions from the surface of nanoparticles
and bacteria dies as the ions bind to the cell membrane. The Ag+ ions
released from the surface of the nanoparticles may interact with the
thiol groups present in the proteins leads to loss of their replicability,
inactivation of bacteria and condensation of DNA molecules [38].

Nano Ag appears to be significantly more efficient in mediating their
antimicrobial activities [39]. It is observed from the data presented in
Table 1, the antibacterial activity of SA-PA-LSA/C-30B is comparatively
less compared to SA-PA-LSA/C-30B/Ag because the presence of C-30B/
Ag with LSA causes more activity, while in the case of the pure sample
which shows the least activity against both the bacteria because of the
absence of AgNPs as well as C-30B/LSA in the sample. The antibacterial
activity follows the following order with respect to various samples are
SA PA-LSA/C-30B/Ag >SA-PA-LSA/C-30B>SA-PA.

UV/visible (UV-Vis) spectroscopy

The UV-vis absorption spectra for the formation of SA-PA, SA-PA-LSA/
C-30B, and SA-PA-LSA/C-30B/Ag composite as proven in Fig. 3a-c. In
Fig. 3¢, the intensity of surface plasmon resonance absorption peak
corresponding to AgNPs was steadily expanded with a mild shift in
the wavelength of the peak 410-420 nm [40]. This absorption peak
indicates the formation of AgNPs of smaller length with narrow size
distribution [41]. Whereas no such peaks are observed for other two
samples SA-PA and SA-PA-LSA/C-30B which indicates the absence of
Ag nanoparticles in them. The SA-PA-LSA impacts the reduction as

20.00
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iiiii,‘a i

4.00
2.00
SA-PA-LSA-Ag

MIC (pg/mL) £ Standard deviation

SA-PA SA-PA-LSA

Formulation

m Streptococcus faecalis m Escherichia coli

Fig. 2: Antibacterial activity of sodium alginate polyacrylamide
(SA-PA), SA-PA-lignosulfonic acid (LSA)/C-30B, SA-PA-LSA/
cloisite-30B (C-30B)/silver Escherichia coli, and Streptococcus
faecalis. Data are expressed as the mean+standard deviation
(n=3) *p<0.05

Table 1. Antibacterial activity data of SA-PA, SA-PA-LSA/C-30B,
SA-PA-LSA/C-30B/Ag

Sl. No Formulations MIC (ng/mL)*Standard
deviation
S. faecalis E. coli
1 SA-PA 13.02+4.51 6.51+2.26
2 SA-PA-LSA/C-30B 2.60+1.13 3.25%1.13
3 SA-PA-LSA/C-30B/Ag 3.25+1.13* 1.14+0.74*

Data are expressed as the mean+standard deviation (n=3). *p<0.05.

SA: Sodium alginate, PA: Polyacrylamide, LSA: Lignosulfonic acid,

C-30B: Cloisite-30B, MIC: Minimum inhibitory concentration, E. coli: Escherichia
coli, S. faecalis: Streptococcus faecalis
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well, because of the stabilization of AgNPs in the presence of inorganic
reducing agent NaBH4.

In Fig. 3¢, it is observed that formation of Ag nanoparticles in the
network of SA-PA-LSA hydrogel is readily reduced by NaBH, and
immediately turn into brown color. Itindicates that the Ag nanoparticles
were formed and entrapped inside the polymeric SA-PA-LSA hydrogel
networks.

FTIR spectroscopy studies

FTIR spectra of SA-PA, SA-PA-LSA/C-30B, and SA-PA-LSA/C-30B/Ag
hydrogels were shown in Fig. 4a-c. The band at about 3736.6/cm is due
to the -OH stretching vibrations indicating the presence of H-bonding
between SA-PA-LSA polymers causing OH/NH, stretching [42]. The
band at 1653.7/cm is assigned to carbonyl stretching conjugated with
the aromatic ring. At the 1637/cm H-O-H bending, typically, H- bond
occurred between proton donor and proton acceptor atoms. The
lone pair of electrons -O- of PA may seek interaction with -H atoms
of SA and formed intermolecular asymmetrical stretching vibrations
at 1653.77/cm in SA showed the presence of -COO group. The
characteristic band at 1647 /cm was due to amide group (-CONH2) of
PA (>C=0 stretching) [43]. The intermolecular hydrogen bond provides
an additional mechanical strength to the grafted polymer; these
differences supported the successful grafting of AAm in SA. Absorption
at 1438.7 /cm indicates the C-H deformations. The bands at 1103.4/cm
and 955.16/cm are the representative vibrations of the sulfonic group.
The absorption peaks at 1308.6/cmimply C-O stretch and the existence
of the peak at 1308/cm due to the complexation between the amino
groups of the SA-PA and SA-PA-LSA/C-30B/Ag composites. The band
at 1202/cm represented the C-N stretching vibration of hydrogel units.
The absorption band at 1036.4/cm is due to the vibrational stretching
of the -SO3H group of SA-PA-LSA unit [44,45].

The absorption peaks at 2927.0/cm indicate C-H stretch. The Ag
nanoparticles loaded SA-PA-LSA hydrogels Fig. 4 have proven all the
above functional peaks with a slight shift of the height 132-1352/cm
corresponding to amide III bands. In addition, the stretching vibration
at 3180.5/cm similar to OH/NH2 groups, has shifted to 3423/cm,
indicating that the silver particles are bonded to the functional groups
present each in SA, PA, and LSA polymer chains. However, in the case of
AgNPs loaded hydrogels and SAPA there may be a slight change in the
vibrational frequencies (Fig. 4a and c). The characteristic features of the
spectrum of Ag nano hydrogel composites are all most very similar to
those of plain polymer [46].

XRD analysis

XRD characterization of the structure of nanocomposites is evaluated
by means of XRD dimension. XRD patterns were considering a Bruker
AXS D8 Advance Diffractometer with Cu, radiation at a wavelength of
A=1.5406 A°, at 40 kV and 30 mA. Configuration vertical 26, Angle range
360°, usable angular range 3°-135°and detector used Si (Li) PSD. SA-
PA-LSA/C-30B/Ag hydrogel composites were scanned over the range
of diffraction angle 26=1-80°, with a scan speed of 1°/min at room
temperature. Powder samples were pressed into a tablet-shaped disc
before XRD analysis.

Results

The XRD spectroscopy patterns form of SA-PA, SA-PA-LSA, and SA-
PA-LSA/Ag hydrogel composites which are obtained from in situ free
radical polymerization synthesis technique are as shown in Fig. 5a-c.
The XRD patterns were composed of 5°-80° (20). It can be seen that
C-30B shows some characteristic peaks at 26=9.09° (0.97 nm), 19.83°
(0.45 nm), 28° (0.32 nm), 35° (0.26 nm), 43° (0.21 nm), and 62°
(0.15 nm), respectively.

Discussion

The XRD spectrum of pure C-30B indicates a strong peak at 26=9°which
corresponds to a basal spacing of 0.98 nm [47]. After the reaction, this
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peak has almost disappeared, and other diffraction peaks are similar
to those of pure C-30B, and 26 remains unchanged. In other words,
we detected no peak for the composites prepared from C-30B, which
implies that they all possess exfoliated structures in the composite.
Similar results are obtained in some reported papers [48,49]. Results
obtained indicate that MMT has been finely dispersed in the polymer
matrix, and the copolymerization reaction is performed on the surface
of C-30B. These results are consistent with the results obtained from
scanning electron microscopy.

Further the peaks appear at 26 values of 27.41, 31.72, 37.71, 43.94,
45.86,57.12, 62.76, and 77.0 corresponded to the planes (111), (200),
(220), (222), and (311) of SA-PA, SA-PA-LSA/C-30B and SA-PA-LSA/C-
30B/Ag composite [50]. The diffraction peaks at 26 of 37.7° and 43.94°,
which can be ascribed to the (111) and (200) crystallographic planes of
face-centered cubic silver crystals, respectively [51].

The average particles sizes of SA-PA, SA-PA-LSA/C-30B, and SA-PA-LSA/
C-30B/Ag hydrogel composites were sited to be 19.8, 19.0, and 14.2 nm
that is calculated using Debye Scherrer equation [52] as shown in Table 2.

TGA

The thermal stability of hydrogels composites of SA-PA, SA-PA-LSA/C-
30B hydrogel, and SA-PA-LSA/C-30B/Ag have been investigated by way
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Fig. 3: Ultraviolet-visible spectra for (a) sodium alginate (SA)-
polyacrylamide (PA), (b) SA-PA-lignosulfonic acid (LSA) (c) SA-PA-
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Fig. 4: Fourier-transform infrared spectra of (a) sodium alginate
(SA)-polyacrylamide (PA) (b) SA-PA-lignosulfonic acid (LSA)/
cloisite-30B (C-30B) (c) SA-PA-LSA/C-30B/silver
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of TGA as shown in Fig. 6a-c. In Fig. 6, the first stage of decomposition
is attributed to the weight reduction of residual moisture, and the
initial decomposition of the hydrogel chains took place around 230°C.
About 80% weights the reduction took place at 420-430°C for both the
hydrogel composites, besides SA-PA hydrogel. A clear distinction has
been determined in TGA experiments, in that SA-PA-LSA/C-30B/Ag
hydrogel composites shows better thermal stability than the pristine
hydrogel. The difference in thermal decomposition of the pure hydrogel
and the C-30B/silver nanocomposite hydrogels are found to be ~15%,
which shows that the formation of AgNPs within the hydrogel network.
A large number of AgNPs modified into shape inside the hydrogel. It
has been found from the graphs, SA-PA exhibits least thermal stability
as this sample is free from both C-30B and AgNPs. Some reported
works [53,54] give another reason for the higher thermal stability of
the nanocomposite hydrogel in comparison with the clay-free hydrogel
composites, namely, that thermal stability is attributed to crosslinking
formation between the clay and growing chains of the polymer and
shows 60% weight reduction at 400°C due to thermal decomposition of

* -Cloisite-30B

Intensity(cps)

T
10 20 30 40 50 60 70 80
2 Theta

Fig. 5: XRD spectra of (a) sodium alginate (SA)-polyacrylamide
(PA) (b) SA-PA-lignosulfonic acid (LSA)/cloisite-30B (C-30B) (c)
SA-PA-LSA/C-30B/silver

] M -sA-PA
60 @ -SA-PA-LSA
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Fig. 6: Thermogravimetric analysis curves of (a) sodium alginate
(SA)-polyacrylamide (PA) (b) SA-PA-lignosulfonic acid (LSA)/
cloisite-30B (C-30B) (c) SA-PA-LSA/C-30B/silver

Table 2: Average crystallite size of SA-PA, SA-PA-LSA/C-30B, and
SA-PA-LSA/C-30B/Ag

Sample FWHM (rad) Average crystallite
size (nm)

SA-PA 0.42 19.88

SA-PA-LSA/C-30B 0.4 19.0

SA-PA-LSA/C-30B/Ag 0.59 14.2

SA: Sodium alginate, PA: Polyacrylamide, LSA: Lignosulfonic
acid, C-30B: Cloisite-30B, Ag: Silver
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polymer chains of both SA, LSA, and PA with the evaporation of embedded
water molecules [55]. Further, it is observed that there are four levels of
(multistage) degradation; the first stage is likely due to moisture present
in the sample that is absorbed from an external environment, across the
temperature of a 180°C. The second stage of thermal degradation starts
at 200°C and end up with the temperature of 250°C. This may be due to
the decomposition of crosslinks between the SA, LSA, and PA [56,57].
The next stage (third stage) of decomposition begins at 250°C and ends
up with 330°C and, finally, the last major stage which (fourth stage)
starts at 330°C and stops at 400°C ascribed to complete decomposition
of polymer chains and confirms the formation of ash with carbon
content indicated by constant and linearity remains same for the graph
line. 50% of weight loss was observed when the temperature increases
up to 800°C (range of temperature is 400-800°C). Hence, a similar type
of thermal decomposition pattern is observed in other two samples such
as SA-PA-LSA/C-30B and SA-PA-LSA/C-30B/Ag [58].

Drug delivery study
Encapsulation efficiency

The dried samples of hydrogel composites are kept in PT drug solution
overnight so that the composites swell within the drug solution and
resulting swollen hydrogel composites dried atan ambient temperature,
further which is used in vitro drug release study. PT encapsulation
efficiency is calculated, and PT encapsulation efficiency depends on
the polymer type and the physical state of the drug for the duration
of processing. The loading efficiencies have been decreased with the
presence of clay as well as AgNPs as shown in Table 3.

In case of SAPA, the drug encapsulation efficiency became 72.4+3.17%
which is significantly higher in comparison to SA-PA-LSA/C-30B/Ag
(p<0.05). The higher % of encapsulation efficiency may be due to the
absence of crosslinking density which is caused by the presence of C-30B
[32,59]. The most of the pores are occupied by AgNPs and cross-linking of
C-30B with polymer chains results in absorption of less amount of drug
and decreases the encapsulation efficiency in the case of SA-PA-LSA/C-30B
and SA-PA-LSA/C-30B/Ag hydrogel composites. Hence, this may be due to
the fact that the presence of LSA, C-30B, and AgNPs in SA-PA influences
on encapsulation efficiency and hence more amount of drug is absorbed
by SA-PA hydrogel composite. Hence, the encapsulation efficiency was
decreased to 62.5+6% in the case of SA-PA-LSA/C-30B. Further after
the formation of AgNPs in the hydrogel composite network whereas, the
encapsulation efficiency is further reduced to least value 56.5+4.

In vitro drug release study: Effect of pH, temperature, and time on
drug release

Results

The effect of pH on PT drugrelease at pH 2 and pH 7.2 with temperature
25°C and 37°C for SA-PA, SA-PA-LSA/C-30B, and SA-PA-LSA/C-30B/Ag
hydrogel composites were shown in Fig. 7a-d. Indicates that there is an
increase in PT release profile at various timings (duration of PT release)
for all formulations at pH 2 (gastric media) and 7.2 (intestinal fluid)
at the temperature 37°C. The initial burst release of PT was observed
within 4 h which is about 28%. This indicates that some part of PT is
primarily associated with nanocomposites remain on their surfaces
by weak interaction forces between SA-PA-LSA/C-30B/Ag composite
hydrogels and PT.

Table 3: Percentage of encapsulation efficiency of SA-PA,
SA-PA-LSA/C-30B, and SA-PA-LSA/C-30B/Ag

Sl. No. Code Encapsulation efficiency (%)

1 SA-PA 72.4£3.17
2 SA-PA-LSA/C-30B 62.5%6
3 SA-PA-LSA/C-30B/Ag  56.5+4*

Data were expressed as mean value+standard deviation (n=3).*p<0.05.
SA: Sodium alginate, PA: Polyacrylamide, LSA: Lignosulfonic acid,
C-30B: Cloisite-30B, Ag: Silver
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Cumulative release reports show increasing the pH from 2 to 7.2, the
considerable decrease in the cumulative release of the drug is observed
from all the formulations. The release of drug PT after 8 h from all
formulations at pH 2 is ~36.17% while drug delivery after 12 his ~47.06%,
drug release after 24 h is ~60.3%, drug delivery after 42 h is ~67.41%,
and drug delivery within 72 h is ~ 81.3% at pH 2, and it is found from the
graphs linearity has been established from 42 h to 72 h which suggests that
drug release remains regular and constant during at that period at pH 2
(% of drug release after 8, 12, 24, 42, and 72 h is in the order ~36.17%,
~47.06%, ~60.3%, ~67.41%, and ~ 81.3%, respectively, at pH 2).

The discharge of drug PT after 8 h from all formulations at pH 7.2 is
~35.3%, drug release after 12 h is ~44.62%, drug release after 24 h
is ~54.65 %, drug release after 42 h is ~64.7%, and drug release
within 72 h is ~76.39%, and it is found from the graphs linearity has
been achieved from 42 h to 72 h which indicates that the drug release
remains constant and steady during that range of time and at pH7.2
(% of drug release after 8, 12, 24, 42, and 72 h, is in the order ~35.3%,
~44.62% ~54.65%, ~64.7%, and ~76.39%, respectively).

Discussion

Effect of pH

The increasing order of drug release at pH 2 and pH 7.2 is in the
following order, SA-PA-LSA/C-30B/Ag>SA-PA-LSA/C-30B> SA-PA. In
contrast to SA-PA, because of the absence of both C-30B and AgNPs in
SA-PA which makes the hydrogel composite less porous and decrease
in crosslinking density which is responsible for less swelling of SA-PA
hydrogel composite in the buffer media and hence less amount of PT is
released from SA-PA with slower rate compared to other formulations.
And also it was hypothesized that incorporation of drug moiety within
these polymeric carriers is able to deliver the drug in a sustained
manner [60]. Further the higher rate of PT release at pH 2 compared to
pH 7.2 may be due to the presence of AgNPs and the negative charges on
the clay (C-30B) decreases with the decrease in pH, it has also been well
reported that more chain relaxation took place in the basic environment
compared with acidic conditions [61,62]. Which indicates that drug,
binds firmly to clay/AgNPs and loosely to SA-PA polymer amide chains
and therefore it is released slightly faster and more quantity from
SA-PA-LSA/C-30B and SA-PA-LSA/C-30B/Ag at pH 2. The presence of
C-30B and AgNPs in SA-PA hydrogel matrix influenced the interaction
of drug PT with SA-PA and accelerated the release of drug from SA-PA-
LSA/C-30B and SA-PA-LSA/C-30B/Ag hydrogel composites.

Thus, drug release was comparatively faster from the hydrogel composite
than pure SA-PA hydrogels at both the pHs. And also the nanocomposite
hydrogel containing silver (AgNPs) showed profound PT release in
acidic (pH 2) medium than intestinal medium (pH 7.2). This suggests
that the drug release within the pure SA-PA hydrogel and SA-PA hydrogel
composites can be virtually used in the acidic gastric environment.

Effect of temperature

Temperature has some effect on the drug release property of the SA-PA-
LSA/C-30B/Ag composite hydrogels. At 25°C, the hydrogel composites
are, however, in a swollen condition, and the PT release especially is
based on at the diffusion, and the drug delivery from all formulations is
pretty slow. At 37°C, PT delivery from the all the formulations is quicker
than at 25°C. The prolonged drug release at 37°C is attributed to the
collapse of the hydrogel shell. Moreover, the loaded PT drug became
squeezed (together with water) and comes out of the composite
hydrogels. And consequently, these composites are pH sensitive and
temperature sensitive which proficiently promises the anticancer PT
drug delivery.

Fig. 7 % cumulative release of paclitaxel through sodium alginate (SA)-
polyacrylamide (PA), SA-PA-lignosulfonic acid (LSA), SA-PA-LSA-silver (Ag)

(a) at pH=2, temperature 37°C, (b) at pH=2, room temperature 25°C (

c) at pH=7.2, temperature 25°C, (d) at pH=7.2, room temperature 25°C
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The effect of time

For all formulations as time increases the release profile of PT also increases
exponentially from 4 to 72 h at all pH and temperatures. All formulations
show an initial burst release of PT within 4 h ~28% whereas ~36.4% of PT
is released from all formulations within 8 h, after 12 h 48.84% of PT release
was observed, drug release after 24 h, is 57.47%, while drug release after
42 h,is 66.52% and drug release within 72 h, is 78.83%. Hence, the time
has some influence on PT release, ie., as the time increases the release rate
of PT also increases exponentially until a particular time.

About 27% PT is released from all hydrogel composites at pH 7.2
within four h, whereas much <30% of the drug is delivered at
pH 2 within 4 h. It looks as if the discharge profile suggests the
preliminary burst release which shows that a sizeable amount of PT
in the bigining which is associated with nanocomposites remained
on their surfaces with the aid of weak interaction forces between
SA-PA-LSA/C-30B/Ag hydrogel composites and PT. the discharge half
of time T50 at temperature 37°C (time required for releasing 50 wt%
of drug) for the SA-PA, SA-PA-LSA/C-30B, and SA-PA-LSA/C-30B/Ag
hydrogel composites are 14.32 h, 12.34 h, and 12 h, respectively, at
pH 7.2 and the SA-PA, SA-PA-LSA/C-30B, and SA-PA-LSA/C-30B/Ag
hydrogel composites are 12.55 h, 12.46 h, and 12.13 h, respectively,
at pH 2 and at 37°C. In addition the discharge half of time T50 at
temperature 25°C for the SA-PA, SA-PA-LSA/C-30B, and SA-PA-
LSA/C-30B/Ag hydrogel composites are 24.86 h, 13.7 h, and 13.73 h,
respectively, at pH 7.2 and the SA-PA, SA-PA-LSA/C-30B, and SA-PA-
LSA/C-30B/Ag hydrogel composites are 13.59 h,13.1 h, and 12.1 h,
respectively, at pH 2.

Drug release kinetics

The drug delivery kinetics of SA-PA, SA-PA-LSA/C-30B, and SA-PA-LSA/
C-30B/Ag hydrogel composites had been proven in Tables 4 and 5. The
in vitro drug discharge had been shown in Tables 4 and 5. The in vitro
drug discharge have been measured the use of various kinetic models
which include zero-order (Equation 1) acquired through measuring the
cumulative amount of drug release versus time, first-order (Equation 2)
obtained by means of measuring log cumulative percent of drug release
versus time, and Higuchi’'s model (Equation 3) obtained through
measuring the cumulative percentage of drug release versus square
root of time.

C=Kt @8]
Where K is the zero-order rate constant expressed in units of
concentration/time and t is the time in hours.

A graph of concentration versus time would produce a straight line with
a slope equal to K and intercept the origin of the axes [32,63].

Kt
2.303

logC=1logCy — (2)
Where C is the initial concentration of the drug, k is the first-order
constant, and t is the time.

1
=Kt= 3
Q=Kt- 3)
Where in K is the constant, indicates the steady reflecting design

variables of the system and t is the time in hours.

For this reason, drug delivery rate is proportional to the reciprocal of
the square root of time [64].

Mechanism of drug release (data analysis)

The drug release of SA-PA, SA-PA-LSA/C-30B, and SA-PA-LSA/C-30B/
Ag hydrogel composites was plotted (Equation 4) as log cumulative
percent of drug release versus log time, and the exponent n was
calculated through the slope of the straight line [65].
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Fig. 7 % cumulative release of paclitaxel through sodium alginate (SA)-polyacrylamide (PA), SA-PA-lignosulfonic acid (LSA), SA-PA-LSA-
silver (Ag) (a) at pH=2, temperature 37°C, (b) at pH=2, room temperature 25°C (c) at pH=7.2, temperature 25°C, (d) at pH=7.2, room
temperature 25°C

Table 4: Fitting in vitro drug release data of different samples according to various mathematical models

Sample EE % pH=7.2
Zero-order First order Higuchi Hixon Crowell Korsmeyer-Peppas
R? K, R? K, R? K, R? K. R? n
SA-PA 72.3 0.893 0.815 0.966 0.0165 0.976 8.324 0.946 0.02 0.963 0.457
SA-PA-LSA/C-30B 62.5 0.832 0.974 0.949 0.0211 0.962 9.320 0917 0.024 0.956 0.436
SA-PA-LSA/C-30B -Ag 56.5 0.821 0.969 0.947 0.0216 0.957 9.303 0.912 0.025 0.963 0.410

Drug release exponents (n), Korsmeyer-Peppas release constant (K,,), correlation coefficient (R?), zero-order release rate constants (K0), first-order release
constant (K,) of different models. SA: Sodium alginate, PA: Polyacrylamide, LSA: Lignosulfonic acid, C-30B: Cloisite-30B, Ag: Silver

Table 5: Fitting in vitro drug release data of different samples according to various mathematical models

Sample EE % pH=2
Zero-order First order Higuchi Hixon Crowell Korsmeyer-Peppas
R? K, R? K, R? K, R? K. R? n
SA-PA 72.3 0.834 0.965 0.964 21.25 0.605 0.141 0.918 0.024 0.768 0.727
SA-PA-LSA/C-30B 62.5 0.866 0.904 0.964 0.247 0.831 9.322 0.942 0.024 0.963 0.412
SA-PA-LSA/C-30B-Ag 56.5 0.880 1.00 0.973 0.021 0.975 0.453 0.950 0.025 0.984 0.517

SA: Sodium alginate, PA: Polyacrylamide, LSA: Lignosulfonic acid, C-30B: Cloisite-30B, Ag: Silver

M,
M,,

=kt"

Where M,/M_, is the fractional solute release,

tis the discharge time,

4

Kis a kinetic constant characteristic of the drug/polymer system, and n
is an empirical value, symbolize the discharge method.

Using least square method, we have calculated the values of n and K
for all of the three formulations and that information which is shown

335



Reddy et al.

Asian ] Pharm Clin Res, Vol 11, Issue 3, 2018, 329-338

10000 H100% W50% m25% ©1250% m6%

8
8

Cell viability (%)
8 8
8 8

S
8

1=
8

SA-PA SA-PALSA

10000
90,00
~ 80.00
g 7000
Z 60.00
3 5000 . 1
H 4000 i 7
3 3000
9 2000
1000
000
00% | S0% k% | 1250% | 6%
HSAPA 04 | 8192 | 825 | 844 | 869
HSAPALSA 6866 | 7467 | 7801 | 811 | 815
1 SAPAID 488 | 4950 | 5151 | 5568 | 5687
SAPALSAID | 3553 | 4092 | 4367 | 4625 | 482
EISA-PA-ISA-MW 391 | 3499 | 3816 | 4118 | 4267

Fig. 8: (a) Cell viability of sodium alginate (SA)-polyacrylamide (PA), SA-PA-lignosulfonic acid (LSA) and media at 100% were used as a
control. (b) SA-PA, SA-PA-LSA, SA-PA+D, SA-PA-LSA+D, SA-PA-LSA-silver (Ag)+D. Data were expressed as mean valuexstandard deviation

in Tables 4 and 5. The values of K and n have proven a reliance on the
encapsulation performance and nature of the polymer matrix. Values
of “k” for composites prepared by means of with and without C-30B,
AgNPs ranged from 0.024 to 0.025 in pH 2 and 0.020 to 0.025 in pH 7.2,
respectively. However, the drug-loaded composites exhibited “n” values
ranging from 0.412 to 0.727 in pH 2 (Table 4) and 0.410 to 0.457 in
pH 7.2 (Table 5).

The above values of n and k are indicating swift from Quasi-fickian
diffusion type mechanism to non-fickian diffusion (Anamouls) type
of mechanism [66]. And the best linearity has been achieved in all
models except zero-order kinetic model and samples of SA-PA at pH 2
in Korsmeyer-Peppas method (R?= 0.956-0.984) and the diffusion
exponent “n” was between 0.412-0.727at pH2 and 0.41-0.457 which
seems to indicate the diffusion mechanism is non-fickian diffusion. And
suggests that the drug release turned into controlled through more
than one system (each diffusion and dissolution) [67].

However, further SA-PA, SA-PA-LSA/C-30B, and SA-PA-LSA/C-30B/Ag
hydrogel composites samples follow Higuchi model, which indicates
that the drug release is controlled by diffusion of drug through the
pores. The mean diffusion exponent value (n) was found to be ranged
from 0.410 to 0.457 at pH 7.2 and 0.412 to 0.727 at pH 2 [68]. It is worth
to say that the discharge mechanism of a drug would depend on the
dosage form, pH, nature of the drug, fillers, and polymer used.

Cytocompatibility assessment by MTT assay
Results

The effect of test nanocomposite hydrogel materials on the cellular
proliferation and viability was determined using MTT assay
method [69]. The biocompatibility of the prepared gels was determined
by the following standard protocol with slight modifications [65].
Briefly, HaCaT and MCF-7 (breast cancer cell lines) cells were procured
from NCCS, Pune, India, and the cells were grown in DMEM medium.
After 80% confluency, the cells were trypsinized, and 3000 cells/well
were seeded in 96 well plates and kept in a CO, incubator at 37°C.
In the meantime, the prepared hydrogels were cut into small pieces
(1 cmx1 cm) and kept inside a dialysis bag, and both the ends were
sealed. The dialysis bag was immersed in 20 ml of PBS and was kept
in constant stirring at 100 rpm for 24 h. The leachats were from the
hydrated hydrogels and were diluted serially with the DMEM media
(0%, 12.5%, 25%, 50%, and 100%), and then 200 mL of extracting
and the diluted solution was added in a 96-well plate. For the control,
100% media were used to compare among the dilution. The addition of
leachats the 96 well plates were subsequently kept in a CO, incubator
at 37°C. To detect the cell viability, MTT working solution was prepared
from a stock solution of 5 mg/mL in growth medium without FBS to the

final concentration of 0.8 mg/mL. 100 uL of MTT solution was added
and incubated for 4 h. After 4 h of incubation, the MTT solution was
discarded, and 100 pL of DMSO solvent was added in each well under
dark followed by an incubation of 15 min and the optical density of
the formazan product was read at 595 nm in a microplate reader
(PerkinElmer, Waltham, MS, USA).

Discussion

In this examine, the cytocompatibility of the organized hydrogels has
been tested in normal epithelial HaCaT mobile strains. Fig. 8 suggests the
relative proliferation charge of the two cellular lines at the same time as
assessed through MTT assay. NAD (P) H-based mobile oxidoreductase
enzyme in the mitochondria has the capability to reduce the MTT dye
(3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide) to
insoluble formazan [70].

Fig. 8: (a) Cell viability of sodium alginate (SA)-polyacrylamide (PA), SA-
PA-lignosulfonic acid (LSA) and media at 100% were used as a control.
(b) SA-PA, SA-PA-LSA, SA-PA+D, SA-PA-LSA+D, SA-PA-LSA-silver (Ag)+D.
Data were expressed as mean value+standard deviation

The formation of formazan is predicated on the rate of cellular
metabolism, so the cells handled with the specific leachant % need to
theoretically have a normal fee of metabolism. These precise gels were
cytocompatible in nature. No visible difference turned into observed
in the cell morphology, suggesting the absence of the detrimental
impact of the leachants on mobile proliferation. Instead, the organized
formulations supported the growth of HaCaT cellular line to a certain
stage in assessment to the control. Again, cell viability decreases with
the presence of LSA/C-30B as well as in the presence of Ag’ in the
hydrogel composites (in MCF-7 cell lines). In Fig. 8a, the MTT assay was
used to measure the viability of HaCaT cells at various dilute extract
solution concentrations Fig. 8b, the MTT assay was used to measure the
viability of MCF-7 cells at various dilute extract solution concentrations.

CONCLUSION

The average particle size of AgNPs in synthesized SA-PA-LSA/C-30B/Ag
hydrogel composites was found to be 19.8,19.0, and 14.2 nm and SA-PA-
LSA/C-30B/Ag indicated the highest swelling ratio compared to other
samples. The SA-PA-LSA/C-30B/Ag composites show more antibacterial
activity against both the bacteria S. faecalis and E. coli as well as for
anticancer activity. From UV absorption spectroscopy wavelength
around 410-420 nm confirmed the presence of AgNPs in composites.
TGA analysis indicates the decomposition commences at 250°C and
ends at 330°C showed that complete decomposition of polymer
chains. The presence of LSA, C-30B, and AgNPs indicate absorption of
less amount of drug and decrease in the encapsulation efficiency. The
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sustained drug release was faster and higher in SA-PA-LSA/C-30B/Ag
composites compared to other formulations at the temperature 37°C,
PT release rate from all of the formulations become faster at 37°C in
comparison to room temperature, ensures the SA-PA-LSA/C-30B/Ag
composites efficiently deliver the anticancer drug. The drug-loaded
composites exhibited “n” values ranging from 0.412 to 0.727 in pH 2
and 0.410 to 0.457 in pH 7.2 indicating the change from Quasi-fickian
diffusion type of mechanism to non-fickaian diffusion (Anamalous)
type of mechanism and release mechanism of PT drug depends on the
dosage form, pH, nature of the drug, fillers, and polymers used.
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