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Abstract

Background and Objective: Sepsis is a universal that represents a physiologic, pathologic and biochemical abnormalities disorder
stimulated by infection. The present study aimed to synthesize and apply silver/chitosan/ascorbic acid Nanocomposites (Ag-CS-AA NC)
on septic rats induced by cecal ligation and puncture. Materials and Methods: The synthesized Ag-CS-AA NC were characterized by
UV-visible spectroscopy, XRD, XPS, FTIR and TEM. H,0, scavenging and antibacterial activities of Ag-CS-AA NC were analyzed. Eighteen
rats were randomly divided into three groups: Sham group, CLP-induced sepsis and septic rats treated with Ag-CS-AA NC. Results: The
synthesized Ag-CS-AA NC showed in vitro potent antioxidant and antibacterial activities against Gram-positive and Gram-negative
bacteria. Ag-CS-AANCadministration to septic rats showed a reduction in alanine aminotransferases, aspartate aminotransferase, alkaline
phosphatase, gamma-glutamyltransferase and concentrations of total proteins, albumin, creatinine, urea, uric acid, nitric oxide, while
glutathione reduced and catalase increased. The histopathological investigation showed clear improvement in the hepatic and kidney
architecture. Conclusion: The data provide the first experimental demonstration that green synthesize Ag-CS-AA NC has a therapeutic
effect against sepsis-induced liver and kidney damage through its antibacterial and antioxidant activities.
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INTRODUCTION

Sepsis is one of the biggest global health problems that
can quickly develop severe complications for a patient if it is
not dealt with early'. Sepsis is defined as the systemic
response resulting from acute infection, especially for Gram-
positive or Gram-negative bacteria which represents a
physiologic, pathologic and biochemical abnormalities
disorder stimulated by infection?. Staphylococcus aureus,
Streptococcus pyogenes, Klebsiella spp., Escherichia coli and
Pseudomonas aeruginosa are among the most commonly
isolated bacteria in sepsis’. While Candlida species are
responsible for about 17% of sepsis, with Aspergillus and
other fungi accounting for the remaining 2-3%?*. The number
of sepsis cases annually is estimated to exceed 30 million and
lead to the death of about 6 million people’. Sepsis causes
immune effector cells to die through apoptosis, suppresses
the expression of MHC class I molecules, increases the
expression of negative costimulatory molecules, increases
anti-inflammatory cytokines and increases the number of
regulatory T cells and myeloid-derived suppressor cells. The
leading causes of organ injury in sepsis tend to be
inflammatory cascades and the release of cytokines, especially
Tumour Necrosis Factor (TNF), Interleukin 6 (IL-6) and free
radical Nitric Oxide (NO)’.

The capacity of the substance to restrain or eliminate
cells of bacteria is called antibacterial activity®. Worldwide,
antibiotics have been used to treat many bacterial diseases
but recently, there has been considerable interest in
antimicrobial resistance problems®. Therefore, alternatives to
conventional antibiotics are urgent.

The development of nanotechnology in various fields
represents a potential tool in treating different diseases''2.
Nanoparticles consider now a viable alternative to antibiotics
and seem to have a high potential to solve the emergence of
bacterial Multidrug Resistance (MDR)™. Silver is a chemical
element with antibacterial activity and its trends in clinical use
are rising'. One of the most well-known nanoparticles as
antibacterial are silver nanoparticles (AgNPs)'s. Moreover,
AgNPs have proven their antibacterial ability against the MDR
bacteria such as Pseudomonas aeruginosa, Erythromycin-
resistant Streptococcus pyogenes and ampicillin-resistant
Escherichia coli**. AgNPscan interact physically with the
bacterial cell wall, which leads to their penetration and thus
destroying the bacteria'.

The synthesis of silver nanoparticles using an
environmentally friendly method is vital in nanotechnology'®.
Green silver nanoparticle syntheses have recently gotten
much attention because they are clean, eco-friendly, cost-
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effective and easy to scale up'?2. Nanocomposites are high-
performance composites in which at least one of the phases
shows dimensions in the nanometer range (1 nm=10"°m)%,
Incorporating a small concentration of nanoparticles into a
Nanocomposite is expected to provide maximum antibacterial
properties and minimal toxicity. The synthesis of AQNPs from
chitosan sources as both reducing and stabilizing agents has
been paid great attention because itis considered a non-toxic,
biodegradable, biocompatible and environmental-friendly
material with many superior properties®*. Besides, chitosan
exhibitions antimicrobial activity against both Gram-positive
and Gram-negative bacterial strains?®>. Because of their
antimicrobial activity, Silver/Chitosan Nanocomposites are
effective ingredients for wound healing and coating for
medical devices?.

Through a previous study?, the high efficacy of silver/
chitosan/ascorbic acid Nanocomposites (Ag-CS-AA NCQ)
against microbes was proved with no cytotoxicity for human
cells in vitro. Thereby, the present study aimed to synthesize
and apply Ag-CS-AA NCon septic rats induced by Cecal
Ligation and Puncture (CLP).

MATERIAL AND METHODS

Study area: The study was carried out at Department of
Zoology, Faculty of Science, Cairo University, Egypt from May,
2019-March, 2020.

Chemicals: Chitosan with medium molecular weight
(1278£10) and varying deacetylation degrees (>80) were
purchased from India Sea Foods, Kochi, India. Acetic acid
(>99%), silver nitrate (AgNO; >99%), ascorbic acid (>99%)
and sodium hydroxide (>99%) were supplied by Sigma-
Aldrich. Biochemical Kits were purchased from Bio-diagnostic
Company (Dokki, Giza, Egypt).

Synthesis of silver/chitosan/ascorbic acid Nanocomposites
(Ag-CS-AA NC): Ag-CS-AA NC was synthesized according to
the method of Rigel-Futyra?’. One gram of chitosan was
added to 100 mL acetic acid and heated up to 95°C using an
oil bath. Then, 7 mM AgNO; and T mM ascorbic acid solutions
were added drop-wise in volume ratio (chitosan:AgNO;:
ascorbic acid, 100:20:20). The prepared mixture was kept
under heating and stirring for 12-15 hrs. The mixture was dried
in an electric oven (Pol-Eko) at 60°C until complete solvent
evaporation. A mixture was neutralized with 1% NaOH
solution and washed with deionized water in a final step. The
neutralized mixture was dried and kept in the dark until
further use.
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Characterization of Ag-CS-AA NC

UV-Visible spectral analysis: The synthesis of AgNPs was
confirmed by UV-Vis absorption spectra. The reduction of the
Ag+ionsinthe solution was observed by periodic sampling of
the reaction mixture. A UV-Vis spectrophotometer (Shimadzu
UV-1601) was used to scan the maximum absorption in the
wavelength range 200-700 nm ata 10 nm interval.

X-Ray Diffraction (XRD) analysis: A Bruker D2 diffractometer
analyzed the XRD patterns at 40 kV and 50 mA. The secondary
graphite monochromated Co K alpha radiation (I=1.7902A°)
was used and the measurements were recorded at a high
angle (20) in a range of 5°-90° with a scan speed of 0.01°.

Transmission Electron Microscopy (TEM) analysis: The TEM
technique was used to detect the morphology and the size
of the synthesized AgNPs. A JEOL JEM-2100 transmission
electron microscope operating at 200 kV was used. TEM grids
were prepared by placing a drop of the particle solution on a
carbon-coated copper grid and drying it under a lamp.

FTIR analysis: The material was crushed with KBr pellets for
FTIR analysis and examined using a Shimadzu (model 8400)
spectrum analyzer. A disk of 50 mg of KBr was prepared with
amixture of 2% finely dried sample and then examined under
IR-Spectrometer. The infrared spectrum was recorded in the
region of 500-4500 cm™".

X-rayPhotoelectron Spectroscopy (XPS): The chemical states
of the functional groups were determined using XPS. The
Alpha 110 instrument from Thermo Fisher Scientific (East
Grinstead, UK) was used to collect XPS data with
monochromatic Al-k a (hu = 1486.7 eV) radiation and a pass
energy of 20 eV. Due to ambient pollution, the binding energy
of the spectra was calibrated with the C 1s peak of carbon at
284.8 eV.

Determination of silver concentration in Ag-CS-AA: Silver
concentrations were measured by the Atomic Absorption
Spectrophotometer (AAS) (VARIAN, Australia, model AA240
FS). The wavelength to measure absorbance was 328.1 nm.
For the dissolution of nanosilver, equal volumes of the
suspension and HNO; (69%) were used. Then, the solution
was diluted by Milli-Q water until the Ag concentration
became within the linear measuring range of the atomic
absorption spectrophotometer. Analysis were performed in
triplicates and the instrument detection limit for silver was
36 ug L.
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Antibacterial activity: The agar disc diffusion method was
employed for the determination of the antibacterial activity
of the Ag-CS-AA NC?%. Agar medium (Mueller-Hinton) was
prepared by adding beef infusion solids (0.2 g), starch (15 g),
casein hydrolysate (1.75 g) and agar (1.7 g) in 100 mL distilled
water. Then the agar medium was sterilized by autoclaving
(15 psi pressure and 120°C) for 30 min. The medium was
transferred into sterilized Petri dishes in laminar airflow. After
solidification of the media, overnight culture of 100 pL
Escherichia coli O: 157 (ATCC 93111), Escherichia coli (ATCC
35218), Staphylococcus aureus (ATCC 25923), methicillin-
resistant Staphylococcus aureus (MRSA)(ATCC 43300) and
Salmonella typhimurium (ATCC 14028), Clostridium
perfringens and veiflonella were spread separately on the
solid surface of the media. Anaerobic bacteria were cultured
on Schaedleranaerobic blood agar (bioMérieux, Marcy—I'EtoiIe,
France), vancomycin-kanamycin laked blood agar and egg
yolk agar for 48 hrs, at 37°Cin an anaerobic chamber (Perkin
Elmer, Waltham, MA, USA) under anaerobic conditions (85%
N,, 10% CO,, 5% H,). Sterile discs were kept on these
inoculated plates with the help of sterile forceps. Ag-CS-AANC
(10 yb) solution was placed on these discs and incubated
at 37°Cfor 24 hrs in a bacterial incubator. Interpretation of
the results was performed according to the NCCLS? to
determine if the strain is resistant or susceptible to the tested
antibiotics. Ag-CS-AANC was suspended in 1T mL of deionized
water and subjected to sonication for getting homogenized
suspension®, The effect of Ag-CS-AA NC was compared with
that of the Polymyxin (disc loaded with 130 unit) and
Kanamycin (disc loaded with 30 ug) as positive reference
standard drugs. The breakpoint for susceptibility was a zone
of inhibition of >11 mm. All of the NCCLS breakpoints for
interpreting antibiotic susceptibility were used.

Hydrogen peroxide scavenging (H,0,) assay: H,O,solution
(40 mM) is prepared in phosphate buffer (50 mM pH 7.4). The
concentration of hydrogen peroxide is determined by
absorption at 240 nm using a spectrophotometer®'. Graded
concentrations of the Ag-CS-AA NC (10-60 pg mL™") in
distilled water are added to H,0, and absorbance at 240 nm is
determined after 1 min against a blank solution containing
phosphate buffer without H,0,. The percentage of H,0,
scavenging is calculated as follows:

A -A
Scavenged H,0, (%) = ‘sz 100

where, A, is the absorbance of control and A, is the
absorbance of the test.
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Experimental animals: The experimental animals used in this
study were male albino Wistar rats (Rattus norvegicus,
weight, 150+10 g) obtained from the National Research
Center (Dokki, Giza, Egypt). The Rats were maintained under
a 12:12-hrs light: dark cycle at 22-25°C in a well-ventilated
animal facility (Department of Zoology, Faculty of Science,
Cairo University). Autoclaved water and a commercial diet
(Laboratory Rodent Diet 5001, Lab Diet, St Louis, MO) were
provided without restriction. The animals were grouped
(six per cage) and housed in static polycarbonate plastic cages
(height, 20 cm, floor space, 860 cm?).

Experimental procedures: Rats were subjected to either
Cecal Ligation and Puncture (CLP) or sham operation using
aseptic techniques, according to Liu et a/* Eighteen rats
were divided into two main groups, the sham-operated
control (6 rats) and the CLP group (12 rats). Sodium
pentobarbital (50 mg kg~ b.wt.) was used to anaesthetize
rats. The rat surgical area was sterilized with Betadine
followed by a midline laparotomy. The cecum was identified,
exteriorized and ligated just to the ileocecal valve to avoid
intestinal obstruction. Afterligation, the cecum was punctured
using an 18-gauge needle to create two pores and squeeze
gently torelease a small amount of faecal content. Afterwards,
the cecum was returned to the peritoneal cavity and then the
muscle and skin were sutured using sterile suture (Black
Braided Silk sutures 3/0, England). After the surgery, the
animals were injected with 1 mL of saline subcutaneous for
fluid restoration. Meanwhile, the sham-control rats were
exhibited in the same procedures of CLP but the cecum was
neither ligated nor punctured.

After 24 hrs of surgery, the CLP group was further divided
into two subgroups (6 rats/subgroup). Subgroup one was
administered distilled water, while subgroup two was
administered 0.25 mg kg' b.wt,, Ag-CS-AA NC* daily for
3 days. Animals were euthanized on the 4th day of treatment
under deep anaesthesia with an overdose of sodium
pentobarbital (100 mg kg™ b.wt.)* and exsanguinated.
Blood was collected for serum biochemistry, while liver and
kidney tissues were collected for histology and biochemical
analysis.

Biochemical analysis: The serum Aspartate Aminotransferase
(AST) and Alanine Aminotransferase (ALT) were measured
according to the method of Reitman and Frankel, serum
Alkaline Phosphatase (ALP), serum y-glutamyltransferase
(GGT), serum creatinine, serum urea and serum uric acid were
determined according to the manufacturer’s instructions
using Bio-diagnostic kits (Giza, Egypt).
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Malondialdehyde (MDA), glutathione reduced (GSH),
Nitric Oxide (NO) and Catalase (CAT)were determined in the
liver and kidney homogenate supernatants according to the
manufacture’s instructions using Bio-diagnostic kits (Giza,

Egypt).

Histopathological examination: The liver and kidney tissues
were removed immediately, washed and fixed in neutral
buffered formalin (10%) for further processing by the ordinary
routine work: Dehydration, clearing and embedding. The
paraffin-embedded blocks of the liver and kidney tissues
were cut by using microtome in 4 um-thick tissue sections.
Hematoxylin and eosin (H and E) were used to stain tissue
slices. The tissue sections were assessed under light
microscopy independently by two investigators in a blinded
way. The severity of tissue injury was scored 0: Absent, 1: Few,
2: Mild, 3: Moderate, to 4: Severe for each parameter. The
parameters are cell vacuolization, nuclear fragmentation and
cell necrosis®. The histopathology scores were expressed as
the sum of the individual scores. Ten high-power fields per
sample were scored and averaged to represent each animal.

Statistical analysis: All results were expressed as
Means=®Standard Deviation (SD) of six animals. For variances
estimation between the groups, one-way analysis of
variance (ANOVA) with the Duncan post hoc test was used
to compare between-group means using SPSS (SPSS Inc,,
Chicago, IL, USA) software. Values of p<0.05 were considered
statistically significant.

RESULTS AND DISCUSSION

UV-visible spectral analysis: The absorption spectrum of
the dark brown AgNPs suspension represented in Fig. 1a
showed a surface Plasmon absorption band with a peak of
425 nm, which indicates the formation of Nano-sized particles
of silver.

X-Ray Diffraction (XRD): XRD carried out the analysis of the
crystalline size and structure of the Ag-CS-AA NC was shown
in Fig. 1b. The numbers of Bragg reflections with 2 values of
38.30°, 44.61°, 64.67°and 77.73° indicated that the AgNPs
were spherical structured and crystalline, while chitosan
showed Bragg reflection with 2 values of 20°3,

Transmission Electron Microscopy (TEM) analysis: The TEM
analyses of AgNPs showed that the nanoparticles have
spherical shapes and the size is ranged between 8 and 10 nm,
as shown in Fig. 1c.
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Fig. 1(a-c): Characterization of (a) AgNPs using UV-Visible spectral analysis, (b) XRD and (c) TEM analysis
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Fig. 2: FT-IR spectra of Ag-CS-AA NC

FTIR analysis: The FTIR spectrum of Ag NPs revealed
absorption peaks at 3430, 1635, 1390, 1274 and 556 cm™,
which correspond to amide linkage groups (Fig. 2). Moreover,
the peaks around 3431 cm™' corresponded to OH group
stretch vibrations. Because of the carbonyl stretch in proteins,
the band at 1635 cm™! corresponded to amide I. The peak at
1390 cm™' denoted the symmetric deformation vibration
mode of CH; and the one at 1274 cm™' corresponded to
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the C-O stretching vibration of carboxylic acids. The peak at
556 cm~! belonged to the C-Br stretch of alkyl halides. The
result identified the involvement of primary amino groups in
the interaction with a metal surface and the amino groups
were acted as capping sites for the Ag NPs stabilization®’.

XPS analysis: XPS analysis is used to examine the interaction
of electron angular momentum with its spin and orbital
angular momentum. The main elements of the Ag-CS-AA NC
are carbon, oxygen, nitrogen and silver, which are presented
in the wide spectrum. The spectrum was fitted by multiple
Gaussians and normalized as indicated in Fig.3a-d. Upon
ionization, Ag 3d region is characterized by two peaks due to
their spin-orbital splitting that corresponds to Ag 3ds,, and
Ag 3d;,,levels. For the metallic silver, the lines are observed at
the Binding Energy (BE) of 368.2 and 374.2 eV.In the case
of Ag-CS-AA NG, two lines appeared with lower BE as 366.6
and 372.2 eV, suggesting the presence of Agions (Fig. 3a). The
C-Cand C-H have peak was observed in C 1s spectrum at
285 eV (Fig. 3b). The bond AgO has a peak at 530.9 eV (Fig. 3¢),
while NH, groups have a peak at 397.8 eV (Fig. 3d), indicating
that all nitrogen atoms are in the same vale. The nitrate ions
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Fig. 3(a-d): XPS spectra of the biosynthesized Ag-CS-AA NC
(a) Ag 3d, (b) C 1s spectra, (c) O 1s spectra and (d) N 1s spectra
Table 1: Effect of AQNPs on serum biochemical parameters of septic rats
Bilirubin Proteins Albumin Creatinine Urea Uric acid
Groups AST (UL™") ALT (UL™) ALP (UL™) GGT (U L™ (mgdL™") (gdL™) (gdL™) (mgdL™") (gdL™) (mgdL™)
Sham  150.37%£5.52 114.88+855 94.05t443 17.52%+193 071+0.01 538%+032 266+049 0.73£0.11 27.90+£4.98 1.84%0.11
CLP 260.92+6.04* 188.73+6.33° 165.43+8.83° 43.73+538° 0.84*0.08° 6.66*+0.63° 328+0.38  132*0.15°  4553%1.50* 2.36+0.29°
AgNPs  199.65+83c 157.89+7.86° 115.58+6.89° 19.51+276> 0.71+£0.02° 453+0.84°> 2.53+0.35° 0.80%0.13° 38.09+3.12° 2.00£0.25°

CLP: Cecallligationand puncture, AUG: Augmentin, Values are Mean = SD (n=6), a: Indicates statistical significance of compared to control group, b: Indicates statistical
significance of compared to CLP group, c¢: Indicates statistical significance of compared to both control and CLP groups

that remain from the silver nitrate precursor®® are
responsible for the additional peak at 405 eV (Fig. 3d). The
interaction of Ag with the chitosan matrix may be the cause of
Ag+ formation in the Ag-CS-AA NC. As a result of the XPS
study, the Ag-CS-AA NC contains both Ag 3d and N Ts,
confirming the presence of metal and chitosan in the
Nanocomposite.

Ag-Measured concentration: The Nominal concentration for
Ag-CS-AA NC was 8.45 mg Ag L' were corresponding to the
measured concentration of AgNPs 0.25 mg Ag L.

Antibacterial activity: Ag-CS-AA NC exhibits broad
antibacterial activity against Gram-positive and Gram-negative
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bacteria. The inhibition zone that appeared around the disc
was measured and recorded as the antibacterial Ag-CS-AANC,
as shown in Fig. 4a.

H,0, scavenging activity: H,O, scavenging activity
represents the antioxidant activity of the substances.
Ag-CS-AA NC showed H,0, scavenging activity which
increases with an increase in the concentrations
(Fig. 4b).

Biochemical analysis: Enzyme activities of ALT, AST, ALP,
GGTand concentrations of total proteins, albumin, creatinine,
urea and uric acid of the CLP group showed a significant
increase (p<0.05) as compared to the Sham group (Table 1).
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Table 2: Effect of AQNPs on liver oxidative stress parameters of septic rats
MDA (nmol g~' tissue) NO (umol L") GSH (mg g~ protein) CAT (U g~' protein)
Groups Liver Kidney Liver Kidney Liver Kidney Liver Kidney
Sham 3.59+0.25 2.84+0.25 16.70£0.73 11.69£0.90 12.23£0.72 9.18+5.03 34.42%1.66 28.00+3.74
CLP 5.13+0.94 3.42%0.14° 21.86+0.81° 15.18£0.912 8.29+0.74° 6.201+2.99° 26.89+3.06° 23.48+2.952
AgNPs 3.77£0.28° 2.93£0.16° 19.39£0.57¢ 13.27£0.26° 1047£2.16° 8.81£4.75° 31.26%£2.20¢ 28.60t4.59°

CLP: Cecalligation and puncture, AUG: Augmentin, Values are Mean £ SD (n=6), a: Indicates statistical significance of compared to control group, b: Indicates statistical
significance of compared to CLP group, ¢: Indicates statistical significance of compared to both control and CLP groups

While administration of Ag-CS-AA NC produced a significant
decrease (p<0.05) in ALT, AST, ALP, GGT and concentrations
of total proteins, albumin, creatinine, urea and uric acid
compared with the CLP group.

Oxidative stress biomarkers: Liver and kidney MDA and NO
concentrations were increased significantly (p<0.05) in the
CLP group compared to the Sham group. However,
significant decreases (p<0.05) in CAT activity and
concentration of GSH were observed (Table 2). After three
days of Ag-CS-AA NC treatment, there was a significant
decrease (p<0.05) in the liver and kidney MDA and NO
concentrations compared to the CLP group. Nevertheless, a
significantincrease (p<0.05)in CAT activity and concentration
of GSH was noticed (Table 2).
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Histopathological study: The liver section of Sham
groups is formed of the classic hepatic lobules. Hepatocytes
appeared polygonal in shape with rounded vesicular
nuclei. Blood sinusoids were seen separating the cords of
the liver cells and lined by flattened endothelial cells and
Von Kupffer cells (Fig. 5a). Liver sections of septic rats
revealed necrosis, apoptosis and loss of hepatic lobular
(Fig. 5b). However, a liver section of septic rats treated
with Ag-CS-AA NC showed improvement in the hepatic
architecture and hepatic cells (Fig. 5c). Histologic liver injury
scores of septic rats were significantly increased (p<0.05)
compared to the Sham group. On the other hand, liver injury
scores were significantly decreased (p<0.05) after the
treatment with the Ag-CS-AA NC as compared to the CLP
group (Fig. 5d).
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Fig. 5(a-d): Photomicrographs of liver sections
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Histological investigation for a kidney is represented in
Fig. 6a-d. Sham groups showed the typical architecture of
the kidney with normal glomeruli (G) (Fig. 6a). Numerous
alternations were observed in the kidney of septicratsinclude
glomeruliendothelial cell proliferation, renal tubules epithelial
cell degeneration and brush border loss (Fig. 6b). Besides, the
score of kidney injury increased significantly (p<0.05) in the
CLP group compared to the Sham group. After the treatment
with Ag-CS-AA NC, an improvement in kidney histology of
septic rats was noticed (Fig. 6¢). Furthermore, a significant
decrease (p<0.05) in a score of kidney injury was observed in
the Ag-CS-AANC treated group as compared to the CLP group
(Fig. 6d).

Sepsis is recognized as a global public health problem
caused by a dysregulated host response to infection. Using
Nanocomposite as a new therapeutic strategy for sepsis
treatment was described®. The present study evaluated
the therapeutic efficacy of chitosan-ascorbic acid-silver
nanocomposites films against hepatorenal injury induced by
CLP in rats. The present investigation used two essential NP
formulation toxicity screening strategies to evaluate the
safety and efficacy of the synthesized chitosan-ascorbic
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acid-silver  nanocomposites. The first one is the
physicochemical characterization (size, surface area, shape,
solubility). The second one is the elucidation of biological
effects (/n vivo studies)*'.

Direct toxicity of newly synthesized compounds results
from their chemical composition and surface reactivity*.
Chitosan is usually used to synthesize metallic nanoparticles
as it was a perfect example of a green and environmentally
friendly synthesis?” 2. In the present study, chitosan serving as
a reducing and stabilizing agent for silver nanoparticles
(AgNPs), where AgNPs are bound to the chitosan-functional
groups preventing NPs agglomeration?’. On the other hand,
ascorbic acid was used as a reducing agent due to the
presence of a large number of amino and hydroxyl groups,
which decreased the time of reduction and growth thanks to
many nucleation seeds?. Thus, chitosan with ascorbic acid
gave films with a uniform distribution of AgNPs.

The current study demonstrated the antibacterial activity
of Ag-CS-AA NC against drug-resistant Gram-positive and
Gram-negative bacteria. AgNPscan cause physical changes in
the structure of the bacterial cell membrane, which leads to
the destruction of these cells®. Perhaps the silver link with the
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Fig. 6(a-d): Photomicrographs of kidney sections
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bacterial cells is due to the attraction between the positive
charge of silver and the negative charge of the bacterial cell
wall*. Also, AgNPs ability to form free radicals is another way
that silver uses to kill bacterial cells*. Besides, chitosan itself is
a well-known antibacterial*. Chitosan's antibacterial ability is
due to its binding to the outer cell protein A and destroying
the cell wall¥. It is binding with bacteria mRNA, causing
inhibition of protein synthesis®,

It was observed that the effect of Ag-CS-AANC during the
current study on Gram-negative bacteria is higher than that of
the Gram-positive, which could be due to the differencein the
thickness of the bacterial cell wall as the thickness of the
Gram-positive cells is much less than that of Gram-positive
cells®.

The induction of sepsis in rats by CLP is one of the most
widely used models because it mimics sepsis in humans 2. The
liver is one of the most affected organs during infection, as it
is involved in the disposal of infectious agents/products®'.
Hepatic impairment resulting from sepsis was confirmed in
the current study by an increase in the levels of AST, ALT, ALP,
GGT and bilirubin, with associated histological changes in the
liver tissue. Systemic disturbances and inflammatory cytokines
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and endotoxin effect are the leading causes of hepatic
impairment during sepsis induction2.

The present study revealed that total proteins and
albumin concentrations increased in septic rats comparing
to Sham rats. Our results were in agreement with many
previous studies®*>4. The increase in total proteinsin septic rats
resulted from an increase in the synthesis of albumin and
acute-phase proteins (such as al-acid glycoprotein,
complement component C3 and transferrin)>>. The septic rats
also demonstrated increased protein synthetic capacity
and increased translational efficiency, which is indicated
by increased RNA activities®. Similarly, Vary and Kimball**
indicated that the translation phase of protein synthesisin the
liver increased 100% in sepsis than Sham. The secretory
hepatic protein syntheses after induction of sepsis play a role
in host defence®.

On the other hand, the treatments with Ag-CS-AA NC
restore the liver function parameter near normal level, which
may be related to the potent antibacterial activates of these
films. Additionally, ascorbic acid (vitamin C) is a powerful
antioxidant that improves the antioxidant defence system of
animals.
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One of the most common organs affected during sepsis
is the kidneys, resulting in sepsis associated-acute kidney
injury that contributes to the morbidity and mortality of
sepsis®®. Our results confirm that sepsis-induced kidney
dysfunction increases serum creatinine, urea and uric acid
concentration in the septic rat. The pathophysiological
mechanisms of sepsis-associated acute kidney injury include
renal hypotension and associated ischemia, tubular cellinjury,
inflammation and apoptosis®. The hemodynamic fluctuations
such as hypotension and reduced renal blood flow caninduce
renal ischemia and tissue hypoxia, leading to a decrease
glomerular filtration rate®®. Besides, the oxidative stress
leading to cell death may be the primary physiopathological
process involved in sepsis-induced acute kidney injury'. The
damage in the kidney of septic rats was confirmed by
histopathological examination of kidney sections. On the
other hand, the antibacterial activity of AgNPs and chitosan
and antioxidant activity of ascorbic acid are the primary
responses behind the improvement in the renal function
parameters and histopathological section of the kidney in the
treated septic rats.

Oxidative stress is one of the most important
mechanisms associated with many diseases such as infection
sepsis®2. Oxidative stress results when the equilibrium
between the internal antioxidant system and both Reactive
Oxygen Species (ROS) and Reactive Nitrogen Species (RNS) is
lost®3, The oxidative stress status of sepsis was confirmed in
the current study by a significantincrease in Malondialdehyde
(MDA) and Nitric Oxide (NO) with a simultaneous decrease in
the Glutathione reduced (GSH) and Catalase (CAT) activities in
the tissues of the liver and kidney. During sepsis, ROS cause
impairment of cells and organs by modulating the innate
immune signalling cascade®. Further damage due to oxidative
condition results from NO's over-production, which known
inhibitor of the mitochondrial electron transport chain®.

The antioxidant activity of Ag-CS-AA NC may be due to
the presence of ascorbic acid. Firstly, this suggestion was
supported /n vitro via the H,0, scavenging activity of the
Ag-CS-AANC. Secondly, the antioxidant activity of the studies
Ag-CS-AA NC was supported /n vivo by decreasing MDA and
NO concentrations and increasing GSH level and CAT activity
in septic rats. Thus, inhibition of the bacterial activity and
improvement of the antioxidant system is considered the
main pathway for treating sepsis in rats using Ag-CS-AA NC.

CONCLUSION

Ag-CS-AA NC showed powerful antibacterial and
antioxidant activities against sepsis in rats. The main
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therapeutic pathways of these Nanocomposites include
inhibition of bacterial growth using of AgNPs and chitosan
and improve the antioxidant defence system of rats by
ascorbic acid.

SIGNIFICANCE STATEMENT

This study discovers the antiseptics activities of
Silver/chitosan/ascorbic acid Nanocomposites that can be
beneficial for sepsis-induced by cecal ligation and puncture in
rats. This study will help the researcher to uncover the critical
area of septicemia that many researchers were not able to
explore. Thus, a new theory on these Nano-materials
combinations and possibly other combinations, may be
arrived at.
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