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A crosslinked sodium alginate (SA)/carboxymethyl xanthan gum (CMXG) hydrogel was prepared by blending an
equivalent weight ratio of SA and CMXG, followed by crosslinking using CaCl,. Moreover, two nanocomposites were
prepared by in situ dispersion of two different concentrations of silver nanoparticles (AgNPs) into the matrix of the
prepared hydrogel. The analysis displayed that the order of COX-2 inhibition by the tested samples was SA < CMXG <
crosslinked SA/CMXG hydrogel < SA/CMXG/AgNPs1% < SA/CMXG/AgNPs3% < Celecoxib. AgNP composites
exhibited a potent inhibition tendency, and their activity increased with increasing the AgNPs content. The recorded
MIC values revealed that the MIC values that cause 50% inhibition (ICsy) of COX-2 enzyme activity were 14.2 and 3.6
ug/mL for SA/CMXG/AgNPs1% and SA/CMXG/AgNPs3%, respectively, corresponding to 0.28 pg/mL for the
standard drug Celecoxib. Moreover, SA/CMXG/AgNPs composites showed a greater inhibition efficiency of H. pylori
than their parent SA/CMXG hydrogel. Their inhibitory efficiency increased with increasing their AgNPs content;
SA/CMXG/AgNPs1% and SA/CMXG/AgNPs3% exhibited 100% inhibition against H. pylori growth at MIC of 3.9
and 1.95 pg/mL, respectively. The anti-H. pylori activity of SA/ICMXG/AgNPs 3% was higher than that of the standard
drug Clarithromycin, especially at the low concentrations ranging from 0.24 to 0.98 pg/mL. These results make
SA/CMXG/AgNPs3% a promising anti-H. pylori agent.

Keywords: crosslinked sodium alginate/carboxymethyl xanthan gum hydrogel, silver nanoparticles, anti-inflammatory
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INTRODUCTION

Non-steroidal anti-inflammatory drugs Thus, the selective inhibitors of the COX-2

(NSAIDs) have been widely used for treatment of
fever and rheumatoid arthritis.'> NSAIDs have
pharmacological impacts that lead to inhibition of
membrane enzyme Cyclooxygenase (COX). In
the kidney, there are two isomers of COX; COX-1
and COX-2. COX-1 governs the essential
functions of the cells and has a responsibility to
produce the prostaglandin (PG) for protecting the
kidney and gastrointestinal tract cells. So, its
inhibition causes renal feebleness and peptic
ulcer. Meanwhile, COX-2 is a proinflammatory
enzyme that arises via inflammatory stimuli.**

participate in the beneficial anti-inflammatory
properties of typical NSAIDs, without occurrence
of damage effects on both the gastrointestinal
tract and kidney.’ So, many researchers have
shown interest in finding out effective and
selective inhibitors for COX-2, which can supply
anti-inflammatory drugs associated with slight
health risks, such as Celecoxib and SC-558.%7
Helicobacter pylori (H. pylori) is a
microaerophilic and neutrophilic spiral-shaped
Gram-negative bacterial pathogen, associated
with gastric diseases."” Infection by H. pylori
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causes the direct or indirect dyspepsia, peptic
ulcer disease, gastric mucosa-associated lymphoid
tissue lymphoma, chronic gastritis, gastric
adenocarcinoma and duodenal ulcer.! H. pylori
catalyzes factors of growth, like inflammation
modulators (COX-2) and granulocyte—
macrophage colony-stimulating factor (GM-
CSF).® The patients infected by H. pylori and the
experimentally infected Mongolian gerbils
suffered from increased expression of COX-2
within their gastric mucosa.” H. pylori activates
the epidermal growth factor receptor (EGFR) in
primary gastric epithelial cells, leading to an
increase in the expression of COX-2.
Enhancement of COX-2 expression leads to an
increase in PGs secretion, resulting in death of the
attenuated cells infected with H. pylori, which
may contribute to carcinogenesis created via this
pathogen over protracted time intervals of
colonization."’

One of the priorities of current medicine and
pharmacology researches is the investigation of
the  biological characteristics of  metal
nanoparticles associated with a considerable
recent progress in nano-medicine and nano-
pharmacology.'’ Now nano-technologies are used
in the medicine practices for diagnosing, treating
and preventing numerous diseases.'” The drugs
impregnated with silver nanoparticles (AgNPs)
acquire a specific importance.” They have been
utilized as anti-inflammatory and antiseptic agents
for very long periods of time.' AgNPs are
deemed to be one of the most important metal
nanoparticles that display a distinguished
inhibitory efficacy against various strains of
pathogenic microorganisms, such as bacteria and
fungi, and also showed antioxidant and anticancer
effects.’”” They can be applied in coating the
ceramic filters of water, wound dressings,
cosmetic products, catheters, children’s toys, air
filters and antibacterial sprays,'® creams and
ointments for healing skin burns.'” Generally, the
large specific surface areas of AgNPs increase the
contact regions between them and bacteria or
fungi, enhancing remarkably the antimicrobial
activities of AgNPs. However, some drawbacks
appear during the practical application of AgNPs,
the most important of which is the fabrication of
the silver particles within a standard nano-size
range, besides building up of stabilized colloidal
systems, which prohibit the nanoparticles from
agglomeration. Although searching for the most
favorable stabilizer for nanoparticles is the most
difficult mission, there are numerous routes for
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approaching it.'"® Due to biodegradability,
biocompatibility and non-toxicity of natural
polymers, these are more effective as stabilizers
and dispersion media for AgNPs than synthetic
polymers. Natural polymers, such as the structural
polysaccharides of plants, are some of the most
favorable stabilizers for a prospective use with
AgNPs, in addition to their wide spectrum of
biological ~ properties.”” The polysaccharide
alginate, obtained from the seaweed, is an
efficient  stabilizer, which supplies high
stabilization to AgNPs." In recent years, AgNPs
could be synthesized through green methods
using natural polysaccharides, such as chitosan,
alginate, agar and xanthan gum, which act as non-
toxic reducing agents depending on the hydroxyl
groups on their backbones.” To fully boost the
antibacterial characteristics of AgNPs, their
dispersion on the polymer surface without any
aggregation should be achieved.”

Sodium alginate (SA) is a linear
polysaccharide obtained from the marine algae. It
is composed of different contents of a-L-
guluronate and B-D-mannuronate linked by 1-4
glycosidic bonds. It possesses some interesting
properties, such as water solubility, non-toxicity,
biological compatibility and reproducibility.”> SA
can be converted into hydrogels or its insoluble
polymers via the reaction with divalent and
trivalent ions, particularly Ca(Il) ions, to expand
its usage in both food and non-food industries.”

Xanthan gum is the most commonly used gum
as it is available and possesses outstanding
rheological characteristics. It has other interesting
properties as well, such as high viscosity even at
low concentrations, a high degree of pseudo-
plasticity, a wonderful solubility and stability at
basic and acidic conditions and an excellent
thermal stability at elevated temperatures.** It can
be used in the food and cosmetic industries, in
bioproducts and pharmaceutical formulations, as
emulsifying and thickening agents for controlling
both the micro-structure and texture, as well as for
improving both the stability and the viscosity of
ultimate products. Due to its functionality and
unique structure, it could be applied in the
biomedical domains, in comparison with the
synthetic materials.”

SA, xanthan gum and carboxymethyl xanthan
gum (CMXG) are useful biopolymers that can be
used in the fabrication of biologically degradable
films.'® They can be applied in numerous
domains, such as textiles, pharmaceutical and
food industries.”® Ag/gum and  Ag/SA



nanocomposites were investigated for their
antimicrobial activity in wound healing, water
treatment and drug delivery, as biosensors and gas
sensors, |6:2022.24

In the present work, to combine the advantages
of AgNPs, SA and CMXG, we have prepared a
crosslinked SA/CMXG hydrogel, using Ca(Il)
ions for the crosslinking process, to be used as a
green reducing agent for AgNO; to produce
AgNPs. The hydrogel restrains the aggregation of
AgNPs, acts as a good stabilizer for the AgNPs
and allows homogenous distribution of the
AgNPs on and into the hydrogel matrix. The
structure of the prepared hydrogel and its AgNP

composites was characterized using FTIR
spectroscopy, X-ray diffractometry, scanning
electron microscopy, energy-dispersive X-ray
spectroscopy  and  transmission  electron

microscopy. Furthermore, we investigated the
anti-inflammatory and anti-Helicobacter pylori
activity of the prepared hydrogel and its AgNP
composites in order to examine their suitability to
be used as potential materials for biomedical
applications.

EXPERIMENTAL
Materials

Sodium alginate (SA) was purchased from Alpha-
Chemika (India). Xanthan gum was obtained from
Sigma-Aldrich ~ (Germany). Sodium  hydroxide,
monochloroacetic acid, acetic acid, methanol and other
chemicals were of analytical grade, provided by
Aldrich, and used as received.

Methods

Preparation of carboxymethyl xanthan gum (CMXG)
Xanthan gum (1 g) was stirred in aqueous sodium

hydroxide solution (20 mL, 7.5% w/v) at room

temperature for 45 min to be swelled and alkalized. To

the resulting suspension, monochloroacetic acid (1.5 g)

dissolved in 10 mL of deionized water was gradually
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added under stirring. The temperature of the reaction
was then raised to 70 °C and stirring was continued for
2 h. The resulting suspension was cooled and filtered.
The product (CMXG) was immersed in methanol (85%
v/v) overnight, neutralized to pH 7 using acetic acid,
filtered, rinsed many times with methanol (85% v/v)
and dried.”’

Preparation of crosslinked SA/CMXG hydrogel

In brief, equal amounts of SA and CMXG (1 g)
were added to 100 mL deionized water at room
temperature and stirred well to form a homogeneous
solution. The resulted polymer blend solution was
crosslinked by gradual addition of CaCl, solution (50
mL, 0.05 mol/L) till complete precipitation was
attained. The precipitated crosslinked SA/CMXG
hydrogel (Scheme 1) was separated from the liquor,
washed with distilled water, and then dried in an oven
at 60 °C.”

In situ preparation of crosslinked SA/CMXG/AgNP
composites

Equal quantities of both SA and CMXG (1 g) were
stirred in deionized water (100 mL) till complete
dissolution. To the obtained homogenous solution,
silver nitrate solution (10 mL) was gradually added
and stirred at 50 °C for 3 h. The color of the reaction
mixture gradually changed to brown as a result of the
green reduction of Ag+ ions to silver nanoparticles
(AgNPs) by the action of the OH groups on the
polymers’ backbone. Afterwards, CaCl, solution (50
mL, 0.05 mol/L) was gradually added to the reaction
solution with constant stirring till complete
precipitation of the SA/CMXG/AgNPs composite,
which was filtered, washed with water and dried in the
oven for 6 h at 60 °C. Two different concentrations of
silver nitrate (1 wt% and 3 wt% based on the total
polymers’ weight in the blend) were used to obtain two
AgNP composites, designated as
SA/CMXG/AgNPs1% and SA/CMXG/AgNPs3%,
respectively. Scheme 2 shows the steps of preparation
of SA/CMXG/AgNPs composite.'*?’
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Scheme 1: Structure of the crosslinked SA/CMXG hydrogel
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Scheme 2: Schematic representation of preparation of SA/CMXG/AgNPs composite

In vitro Cyclooxygenase (COX) inhibition assay

The evaluation of the capacity of the crosslinked
SA/CMXG hydrogel and its AgNP composites for
inhibition of ovine COX-2 (ICs, values, mM) was
carried out using an enzyme immunoassay (EIA) kit
(catalog number 560101, Cayman Chemical, Ann
Arbor, MI, USA). Prostaglandin H2 (PGH2) was
catalyzed by Cyclooxygenase in the first stage of the
arachidonic acid (AA) biosynthesis. The measurement
of PGF2a, synthesized from PGH2, was performed
using the enzyme immunoassay (ACE competitive
EIA) by SnCl, reduction. In brief, to 960 pL of buffer
solution (0.1 M Tris HCI, pH 8.0, containing 5 mM
EDTA and 2 mM phenol) 10 pL of COX-2 enzyme, in
the presence of 10 pL of heme, were added. This assay
depended on the competition between PGs and a PG-
acetylcholinesterase conjugate (PG tracer), for a little
quantity of antiserum of PG. The complex of the
antibody-PG linked with a mouse anti-rabbit
monoclonal antibody, which was earlier tied to the
well. Cleaning of the plate was done to get rid of
unbounding reagents, and afterwards the Ellman
reagent, which contains acetylcholine esterase
substrate, was added to the well. A characteristic
yellow color was produced from this enzymatic
reaction, which was measured spectrometrically at 406
nm. The color intensity is proportional with the
quantity of PG tracer linked to the well, which is
inversely proportional to the quantity of PGs existing
in the well during the incubation: Absorbance of [PG
Tracer bound] al/PGs. The inhibition (%) was
measured by comparing samples treated with different
control incubations. The sample concentration that
induces 50% inhibition (ICs;, mM) was determined
from the curve of the concentration inhibition response
(duplicate determinations).”>%

Cytotoxicity evaluation using viability assay

For the cytotoxicity assay, in 100 pL of growth
medium, normal human lung fibroblast cells (WI-38
cell line) were seeded at a cell concentration of 1x10*
cells per well in a 96-well plate. Serial doubling
dilutions of the chemical compound tested were added
to the convergent cell monolayers dispensed in 96
well, flat-bottomed microliter plates (Falcon, NI,
USA), with a multichannel pipette. For each test
sample concentration, three wells were used, the
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control cells were incubated without a test sample,
with or without DMSO. The little percentage of
DMSO present in the wells (maximal 0.1%) was found
not to affect the experiment; the yield of viable cells
was determined by the colorimetric method after
incubation of the cells. All experiments were
performed in triplicates and a calculation was made of
the cell cytotoxic effect of each tested compound. The
optical density was determined using a microplate
reader (SunRise, TECAN, Inc, USA) to assess the
number of viable cells and the viability percentage was
calculated as [(ODt/ODc)] x100 percent, where ODt is
the mean optical density of wells treated with the
sample and ODc is the mean optical density of
untreated cells. The cytotoxic concentration (CC50),
the concentration needed to cause toxic effects in 50%
of intact cells, was determined for each concentration
from graphic plots of the dose response curve, using
Graphpad Prism (San Diego, CA. USA) software.”

Measurements

A Tescan Shimadzu FTIR spectrophotometer
(Model 8000, Japan) was used for recording the FTIR
spectra of the crosslinked SA/CMXG hydrogel and its
AgNP composites in the range of 400-4000 cm™'
utilizing potassium bromide discs.

Brucker’s D-8 Advanced Wide-Angle X-ray
diffractometer was employed to inspect the inner
entities of the crosslinked SA/CMXG hydrogel and its
AgNP composites. The samples were scanned at a
diffraction angle from 4° to 60° at a speed of 8° min™".

A Hitachi Scanning Electron Microscope (SEM)
(Model S-450) was utilized for observing the surface
and porosity of the crosslinked SA/CMXG hydrogel
and its AgNP composites. The samples were coated
with sputtering gold before their photographing.

A Transmission Electron Microscope (JEM-HR-
JEOL-JEM 2100) was wused to inspect the
morphological structure of the suspended solution of
the SA/CMXG/AgNPs3% composite.

RESULTS AND DISCUSSION
Preparation of crosslinked SA/CMXG
hydrogel and its AgNP composites

A new crosslinked SA/CMXG hydrogel was
prepared by blending an equivalent weight ratio
of SA and CMXG, followed by crosslinking the



yielded blend using calcium chloride at room
temperature (Scheme 1). To modify the
characteristics of the prepared hydrogel, two
AgNP composites were prepared. This is achieved
by heating an equivalent weight ratio of SA and
CMXG together with AgNO; at 50 °C with
continuous stirring for 3 h, followed by
crosslinking using CaCl, solution. The reaction
included reduction of the Ag ions to Ag metal
nanoparticles by the action of the OH groups on
the polymers backbone (Scheme 2). Two different
concentrations of silver nitrate (1 wt% and 3 wt%
based on the total polymers weight in the blend)
were used to obtain two AgNP composites
designated as SA/CMXG/AgNPsl%  and
SA/CMXG/AgNPs3%, respectively.

Characterization of crosslinked SA/CMXG
hydrogel and its AgNP composites
FTIR spectroscopy

Figure 1(a) shows the FTIR spectra of CMXG
and SA. For CMXG, the following absorption
peaks were displayed: (1) at around 3421 cm’
(intensive and broad), corresponding to the
hydrogen bonded OH of alcoholic and carboxylic
groups; (2) at 2847-2913 cm’, related to the
stretching vibration of the C-H bond (symmetrical
and asymmetrical); (3) at 1617 and 1537 cm’,
assigned to the stretching vibration of the C=0
group of the carboxylic groups (symmetrical and
asymmetrical); (4) at 1438 cm’', attributed to the
bending vibration of the C-H bond; (5) at 1379
cm’l, referring to the free CH; of the acetate
group; (6) at 1147 and 1099 cm'l, ascribed to the
C-O of the ester and carboxylic groups; (7) at
1011 cm’l, related to the C-OH groups; and (8) at
617 cm’, referring to the C-H out-of-plane
bending vibration.”’ For SA, the following
absorption peaks appeared: (1) at around 3435
cm’ (strong and broad), related to the stretching
vibration of the hydrogen bonded OH groups; (2)
at 2928 cm’l, attributed to the stretching vibration
of the C-H groups; (3) at 1616 cm’” (strong),
corresponding to the symmetric C=0 vibration of
the carboxylate groups; (4) at 1420 cm™ (strong),
due to the C-H bending vibration overlapped with
the asymmetric vibration of the C=0 groups; (5)
at 1091 and 1031 cm’, assigned to C-O of
carboxylate and alcoholic groups, respectively.
The peak of lower intensity at 944 cm™' referred to
the overlapped -C-C-H, C-OH (bending) and C-O
groups, while that at 619 cm™ represented the C-
H out-of-plane bending vibration.™

Hydrogel

The FTIR spectra of crosslinked SA/CMXG
hydrogel and its AgNP composites are
represented in Figure 1(b). The crosslinked
CMXG/SA hydrogel combined the bands of both
SA and CMGX, with a shift of some vibrations to
lower frequencies, as a result of crosslinking with
Ca(Il) ions. The peak that corresponded to C-O of
ester at 1147 cm™ shifted to 1117 cm™, whereas
the peak that related to the carboxylic OH group
at 1099 cm’ shifted to 1040 cm™.

The results of FTIR analysis for
SA/CMXG/AgNPs1% and SA/CMXG/AgNPs3%
clearly revealed the presence of a shift in the peak
vibration frequency of the OH groups to a lower
value, due to the electrostatic interaction between
the AgNPs and the OH groups of the crosslinked
SA/CMXG hydrogel matrix, as illustrated in
Figure 1(b). The peak at 3432 cm™, related to the
hydrogen bonded OH, shifted to 3415 and 3404
cm” and that at 1040 cm™ shifted to 1034 and
1030 cm™', while the peak related to the C-O of
the carboxylate groups at 1117 cm™ shifted to
1116 and 1112 cm’ in the spectra of
SA/CMXG/AgNPs1% and
SA/CMXG/AgNPs3%, respectively. It seems that
the hydrogel function groups enclosed the Ag
nanoparticles via electrostatic interaction and van
der Waals forces into the hydrogel matrix. This
confirms the formation of the nanocomposites.'®*'

Powder X-ray diffraction (XRD)

The XRD technique was employed to
investigate the inner structure of the polymers
individually, their blend crosslinked with Ca(II)
ions and the composites with AgNPs, as shown in
Figure 2. Both SA and CMXG showed a
crystalline inner structure, resulting from the
formation of a lot of hydrogen bonds between the
polymer chains. Two crystalline peaks at 20 =
13.7° and 23.0° appeared in the XRD pattern of
SA, whereas the pattern of CMXG showed two
relatively low intensity crystalline peaks at 20 =
20.43° and 34.1°. These peaks completely
disappeared after crosslinking with Ca(Il) ions
and the crosslinked SA/CMXG hydrogel has a
completely amorphous inner structure. This may
be attributed to the destruction of the inter- and
intra-chain hydrogen bonds after crosslinking the
polymeric chains with Ca(Il) ions, resulting in an
increase in the inner space between the chains of
the polymers. The existence of AgNPs in the
XRD patterns of the AgNP composites is
confirmed by the appearance of the new peaks at
20 = 27.8° 32.19°, 46.13° and 56.0°
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Figure 1: FTIR spectra of (a) SA and CMXG, and (b) crosslinked SA/CMXG hydrogel
and its AgNP composites
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Figure 2: XRD patterns of the SA, CMXG, crosslinked SA/CMXG hydrogel and its AgNP composites

Scanning electron microscopy (SEM)

The fine structure and the surface morphology
of the CMXG, SA, crosslinked SA/CMXG
hydrogel and its AgNP composites were inspected
using SEM (Fig. 3). The SEM images of
unblended CMXG and SA showed a compact
surface, with a bulk of lumps, because of the
presence of a high number of intra- and inter-
chain hydrogen bonds. Crosslinking of CMGX
and SA with Ca(Il) ions in the crosslinked
SA/CMXG hydrogel destroys a significant
amount of these hydrogen bonds, thus separates
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the chains from each other and creates a great
number of pores spread along the hydrogel
matrix. The SEM images of SA/ICMXG/AgNP1%
and SA/CMXG/AgNP3% composites show
uniform distribution of in situ generated AgNPs in
the composite matrix. The density of the
dispersed AgNPs on the surface
SA/CMXG/AgNP3% is more than that on
SA/CMXG/AgNP1%. The homogenous
dispersion of AgNPs as light spherical spots,
without agglomeration or aggregation into the
polymeric substrate, indicates the high efficiency



of the polymeric substrate to stabilize of the
AgNPs. This may be ascribed to the interaction
between the functional groups on the polymer
matrix and AgNPs via van der Waals forces,
resulting in an adequate homogeneous distribution
of the created AgNPs. Thus, SEM analysis
confirms the in-situ formation of the AgNPs.

Additionally, the energy dispersive X-ray
spectroscopy (EDX) was performed during SEM
observations to detect the elements in the
SA/CMXG/AgNP  composites. The EDX
diagrams (Fig. 4) show the existence of the silver
element in the SA/CMXG/AgNP composite
matrix, with a silver weight percent of 4.43% in
SA/CMXG/AgNPs3%, corresponding to 3.01% in
SA/CMXG/AgNPs1%. The existence of other
elements, such as C, O, Cl, Na and Ca, was also
confirmed (Fig. 4).

Hydrogel

Transmission electron microscopy (TEM)

An additional morphological observation of
the nanocomposites using TEM was performed
for describing the structural characteristics of the
AgNPs inside the crosslinked SA/CMXG
hydrogel matrix. Figure 5 (a and b) shows the
TEM micrographs of the SA/CMXG/AgNPs3%
composite, at different magnifications, in which
the AgNPs appear in a spherical, regular shape,
with different sizes, ranging from 13 to 26 nm.
TEM micrographs also show uniform distribution,
with no aggregation of the AgNPs inside the
composite matrix, due to the attachment of
AgNPs to the functional groups of the polymers.
This indicated the stabilizing effect of the
polymers on the silver nanoparticles. The
homogeneous distribution and the particle size of
the AgNPs in the hydrogel matrix is evidenced by
atomic force microscopy images in Figure 6 (a
and b).

CMXG

SAICMXG/AgNPs1%

SAICMXGIAgNPs3%

Figure 3: SEM images of CMXG, SA, crosslinked SA/CMXG hydrogel and its AgNP composites
at 8000x magnification
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Evaluation of in vitro anti-inflammatory
activity of crosslinked SA/CMXG hydrogel and
its AgNP composites against COX-2

The prostaglandins are a class of lipid
compounds that have physiological activity. They
are called eicosanoids and have varied effects like
hormones in animals. Prostaglandins exist in
almost each tissue of humans and animals.
Enzymatically, prostaglandins originate from the
arachidonic fatty acid. They are the main
metabolites of the cyclooxygenase enzymes
(COX), which are found in two different
isoforms: COX-1 and COX-2. It is believed that
COX-1 is accountable for regulation of the
tissues’ normal physiological functions, whereas
COX-2 is inducible in fibroblasts, macrophages,
as well as sundry other cell types by pro-
inflammatory stimuli.**** Moreover, COX-2 is
accountable for producing large quantities of pro-
inflammatory prostaglandin at the sites of
inflammation.

Inflammation represents the complex response
of the immune system to infections and injuries.
This leads to removing the offending factors and
regaining both the structure and physiological
function of the tissues.”® The inflammation
symptoms display as heat, pain, swelling, redness
and functional loss. They are categorized, based
on the inflammatory interaction duration, into two
main types: acute or chronic. Although they start
as a protective phenomenon, regulation loss of
this complex process results in developing
different inflammatory disorders.

Amongst the wide variety of available
nanoparticles, AgNPs have attracted much
attention due to their distinct biological activities
for prospective applications. Silver was anciently

==SA == CMXG ==—=Cross-linked SA/CMXG hydrogel

= SA/CMXG/AgNPs1% === SA/CMXG/AgNPs3%

(a)

COX-2 inhibitory (%)
2

Concentration (Hg/mL)
Figure 7: Anti-inflammatory activity against COX-2 of: (a) SA, CMXG, crosslinked SA/CMXG hydrogel and its AgNP
composites, and (b) standard drug Celecoxib

Hydrogel

utilized to treat inflammations and wounds.
AgNPs were developed to have potent antioxidant
properties” and efficient anti-inflammatory
activity.***

Due to the weak biological properties of both
alginate and xanthan gum, they have been
modified via inclusion of antimicrobial
nanoparticles, for example AgNPs, or by
incorporating antimicrobial moieties’>*** into
their matrices to improve their anti-inflammatory
and antimicrobial properties.

In this study, the anti-inflammatory effect of
SA/CMXG/AgNPs was evaluated by calculating
the value of inhibition against the COX-2
enzyme, which is responsible for inflammation in
the human body. Figure 7 shows the behavior of
the tested samples against COX-2 enzyme
activity. The analysis revealed that the order of
COX-2 inhibition by the tested samples was SA <
CMXG < crosslinked SA/CMXG hydrogel <
SA/CMXG/AgNPs1% < SA/ICMXG/AgNPs3% <
Celecoxib. It is observed that the crosslinked
SA/CMXG hydrogel has a significant inhibitory
activity, compared with its individual components
(SA and CMXG), while its AgNP composites
exhibit a potent inhibition tendency and their
activity increased with increasing the AgNPs
content. The recorded MIC values revealed that
the values that cause 50% inhibition (ICsy) of
COX-2 enzyme activity were 14.2 and 3.6 pg/mL
for SA/CMXG/AgNPs1% and
SA/CMXG/AgNPs3%, respectively,
corresponding to 0.28 ug/mL for the standard
drug Celecoxib, as illustrated in Table 1. Thus,
these nanocomposites can be regarded as
promising natural ant-inflammatory agents.
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Table 1
ICs5 of samples against COX-2 activity
Samples
P (ng/mL)
SA >125
CMXG 76.9
Crosslinked SA/CMXG hydrogel 26.8
SA/CMXG/AgNPs1% 14.2
SA/CMXG/AgNPs3% 3.6
Celecoxib 0.28
- Clarithromycin - Cross-linked SA/CMXG hydrogel
« SA/CMXG/AgNPs1% e ——
- - SA/CMXG/AgNPs3% -
E € ) (a)
b
S 3 (b) g o
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Figure 8: Anti-H. pylori activity of (a) SA, CMXG and SA/CMXG hydrogel, and (b) SA/CMXG/AgNP composites and
standard drug Clarithromycin

Table 2
Minimum inhibitory concentration (MIC) of the tested samples against H. pylori

MIC

Samples (ug/mL)

SA >125

CMXG 31.25

Crosslinked SA/CMXG hydrogel 15.81

SA/CMXG/AgNPs1% 39

SA/CMXG/AgNPs3% 1.95

Clarithromycin 1.95

Crosslinked SA/CMXG hydrogel and its AgNP
composites as potential anti-Helicobacter pylori
agents

The activity of SA, CMXG, crosslinked
SA/CMXG hydrogel and its AgNP composites
against H. pylori was determined by the micro-
well dilution method, using the tetrazolium salt
(MTT) assay to evaluate H. pylori proliferation. It
depends on the change of MTT color, which is a
measure to the metabolic activity of bacterial
cells. The reduction of the purple color is an
indication of better inhibitory activity of the tested
samples. The results of SA, CMXG and
crosslinked SA/CMXG hydrogel shown in Figure
8 and Table 2 indicate that the crosslinked
SA/CMXG hydrogel has a higher inhibition
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activity towards the growth of H. pylori than its
individual components (SA and CMXG).
Meanwhile, the minimum inhibitory
concentration (MIC) value that resulted in 100%
growth inhibition of H. pylori was 15.81 pg/mL
for the crosslinked SA/CMXG hydrogel,
compared to 31.25 and >125 pg/mL for CMXG
and SA, respectively (Table 2).

On the other hand, the SA/CMXG/AgNPs1% and
SA/CMXG/AgNPs3% exhibited 100% inhibition
against H. pylori growth at MIC of 3.9 pg/mL and
1.95 pg/mL, respectively, compared to 15.81
pg/mL for the crosslinked SA/CMXG parent
hydrogel (Table 2). It is worth mentioning that the
anti-H. pylori activity of SA/CMXG/AgNPs3%
was higher than that of the standard drug



Clarithromycin, especially at low concentrations
ranging from 0.24 to 0.98 ug/mL. These results
make SA/CMXG/AgNP composites promising
anti-H. pylori agents.

Evaluation of cytotoxicity of
SA/CMXG/AgNPs3% on normal human cells

The cytotoxic activity of the
SA/CMXG/AgNPs3% composite was studied

against normal human lung fibroblast cells (WI-
38 cell line), using concentrations ranging from 0
to 500 pg/mL (Table 3). The results showed that
the viability of the normal cells is affected by
SA/CMXG/AgNPs-3% at a concentration of 15.6
pg/mL, while it had no inhibitory activity below
this concentration. The half calculated cytotoxic

Table 3

Hydrogel

concentration (CCsp), the concentration causing
toxic effects in 50% of intact cells, for
SA/CMXG/AgNPs3% was 93 + 2.62 pg/mL.
From Tables 1 and 2, it was deduced that the
nanocomposite SA/CMXG/AgNPs3% exhibited
high COX-2 activity and anti-H. pylori activity,
with MIC values lower than the cytotoxic
concentrations of the composite (15.6 pg/mL),
indicating that these Ag nanocomposites are safe
for normal human cells and can be used with high
efficiency as anti-inflammatory and anti-
Helicobacter  pylori agents in biological
application. Microscopic examination of normal
human lung fibroblast cells incubated for 24 h
with SA/CMXG/AgNPs3% samples at 62.5
pg/mL is shown in Figure 9.

Inhibitory activity of SA/CMXG/AgNPs3% against human lung fibroblast normal cells (WI-38 cell line)

Sample conc. (ug/mL)  Viability (%) Inhibition (%) SD (%)
500 10.93 89.07 1.89
250 23.17 76.83 2.71
125 38.65 61.35 3.47
62.5 61.49 38.51 2.35
31.25 83.18 16.82 1.46
15.6 96.41 3.59 0.83
0 100 0 0

Untreated cells

L I, ST
>

Treated human lungfibroblast normal cells

Figure 9: Microscope examination of normal human lung fibroblast cells (WI-38 cell line) incubated with
SA/CMXG/AgNPs3% samples at 62.5 pg/mL for 24 h, compared with untreated cells (control cells)

CONCLUSION

A blend composed of an equivalent weight
ratio of SA and CMXG was successfully
crosslinked using CaCl, to obtain a crosslinked
SA/CMXG hydrogel. Two AgNP bio-composites
were also prepared by in situ dispersion of two
different concentrations of AgNPs into the matrix
of the prepared hydrogel. FTIR, XRD, SEM,
EDX and TEM techniques were utilized to
confirm the structure of the hydrogel and its
AgNP composites. The analysis displayed that the

order of COX-2 inhibition by the tested samples
was SA < CMXG < crosslinked SA/CMXG
hydrogel < SA/CMXG/AgNPs1% <
SA/CMXG/AgNPs3% < Celecoxib. AgNP
composites exhibited a potent inhibition tendency
and their activity increases with increasing the
AgNPs content. The recorded MIC values
revealed that the MIC values that cause 50%
inhibition (ICsp) of COX-2 enzyme activity was
14.2 and 3.6 pg/mL for SA/CMXG/AgNPsl%
and SA/CMXG/AgNPs3%, respectively,
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corresponding to 0.28 pg/mL for the standard
drug Celecoxib. SA/CMXG hydrogel exhibited
higher inhibition efficiency against H. pylori than
its individual components (CMXG and SA). Only
15.81 pg/mL of SA/CMXG hydrogel is sufficient
to kill 100% of the H. pylori, while the
concentrations of CMXG and SA were 31.25 and
>125 ug/mL, respectively.  Furthermore,
SA/CMXG/AgNP composites are more potent in
inhibiting H. pylori than their parent SA/CMXG
hydrogel. The inhibition efficiency increased with
increasing the AgNPs content — only 3.9 and 1.95
pg/mL of SA/CMXG/AgNPs1% and
SA/CMXG/AgNPs3%, respectively, can inhibit
100% of the H. pylori growth. SA/ICMXG/AgNPs
3% was found to be more potent in inhibiting H.
pylori than the standard drug Clarithromycin,
especially at low concentrations ranging from
024 to 098 pg/mL. These results make
SA/CMXG/AgNPs3% a promising anti-H. pylori
agent. Thus, it can be concluded that the
integration of SA, CMXG and AgNPs into one
system results in a remarkable enhancement in
efficiency, in comparison with that of both SA
and CMXG taken individually. These findings
open the way for acquiring promising systems
that could compete with classical antibiotic drugs.
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