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ABSTRACT 
 

Nanotechnology has become an extensive area of study due to the peculiar properties of 
nanoparticles. Chitosan is considered the most promising material for future applications. The 
purpose of this study was to highlight the antimicrobial and hepatoprotective properties of Chitosan 
nanoparticles (CTS), as well as their efficacy against multidrug-resistant pathogens and various 
applications as a natural antioxidant in the biomedical field. CTS were prepared with or without 
surfactant (L-α-lecithin, Tween 80) based on inotropic gelation of chitosan with sodium alginate. 
The nanoparticle obtained displayed a spherical shape with a particle size ranging from 54.3±20.8 
to 1256±16.8 nm, zeta potential ranging from 24±1.2 to 30.8±1.1 mV, and polydispersity index 
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ranging from 0.274±0.09 to 0.553±0.06. Minimum inhibitory concentration (MIC) and minimum 
bactericidal concentration (MBC) calculations were used to evaluate the antibacterial activity of 
CTS against four human pathogens: Bacillus subtilis ATCC6633, Staphylococcus aureus NRRLB-
767, Escherichia coli ATCC25955, and Pseudomonas aeruginosa ATCC101455. The MIC values 
were 156.3, 39.4, 78.1, and 78.1 ug/mL, while the MBC values were 500,156.3, 312.5, and 312.5 
ug/mL, respectively. S.aureus was the most susceptible, while B. subtilis was the most resistant. 
The hepatoprotective effect was determined by measuring antioxidant, antiapoptotic, and 
inflammatory biomarkers, histopathological and immunohistochemical studies. Hepatoprotective 
results showed a remarkable ameliorative effect against hepatotoxicity induced by CCl4. 
 

 
Keywords: Chitosan nanoparticles (CTS); antimicrobial activity; pathogenic microorganisms; 

hepatoprotective effect; histopathology; immunohistochemical studies. 
 
1. INTRODUCTION 
 
Chitosan discovered by Rouget [1] is the world’s 
second most abundant natural polymer after 
cellulose, mainly composed of 1,4- β-linked 
residues of glucosamine and N-acetyl-
glucosamine. The primary source of commercial 
chitosan is substantial deacetylation of the parent 
polymer chitin, which is found in green algae, 
Zygomycetes class fungus cell walls, crustacean 
exoskeleton [2], Panarthropoda cuticle 
(Arthropoda, Onychophora, Tardigrada) [3], and 
Plumatella repens (Bryozoa) [4].  
 
Chitosan is regarded as one of the most 
promising materials for future applications due to 
its unique macromolecular structure, 
biocompatibility, biodegradability, and other 
intrinsic functional properties such as 
physicochemical, antimicrobial, and biological 
qualities, as well as its bioactivity that is safe for 
humans [5].  Over the last two decades, chitosan 
has gotten a lot of interest in disciplines like 
dentistry, ophthalmology, biomedicine, and 
biotechnology [5,6]. In 2017 Chitosan has been 
approved as GRAS (General Recognized as 
Safe) by US-FDA and EU for dietary use and 
medical uses such as bandages and drug 
encapsulation. 
 
Scientific evidence has recently become useful in 
supporting the concept of micro/ nanocarriers, 
particularly nanoparticles and nanofibers [7]. 
Nanoparticles have unique properties when 
compared to their bulk counterparts because of 
their atomic-scale reduction [8]. In biotechnical 
applications, chitosan nanofiber can be 
generated from the fly Drosophila melanogaster 
via electrospinning synthesis [9].  
 
The characteristics of materials alter at the 
nanoscale. This is because bulk materials have 
generally consistent properties regardless of their 

size, but as the size lowers the percentage of 
surface atoms increases in comparison to the 
bulk content. This enables nanoparticles to have 
a wide range of properties [10]. Nanomaterial 
has recently developed as the most promising 
therapeutic remedy for infectious microbes that 
are resistant to conventional therapies. Antibiotic 
drugs are no longer effective against microbes 
that have developed resistance to them, so 
nanomaterials have emerged to address these 
growing microbe infection-related issues. In the 
1990s, publications documenting the 
antimicrobial capacity of chitosan and its 
derivatives, which exhibit a broad range of 
activities for human pathogens and food-borne 
species, heralded the new age of chitosan 
research [11-14]. Chitosan and its derivatives' 
range of antimicrobial activity extend to include 
filamentous fungi, yeasts, and bacteria, being 
more active against Gram-positive than Gram-
negative bacteria [1,15]. 
 
The antimicrobial mode of action is affected by 
many factors, including intrinsic, environmental, 
microbe, and physical state affecting chitosan-
mediated inhibition [16]. Chitosan's most 
common proposed antibacterial function is by 
binding to the negatively charged bacterial cell 
wall that causes cell disruption, thus altering the 
permeability of the membrane, followed by 
attachment to DNA that causes DNA replication 
inhibition and subsequently cell death [17]. 
 
An in vivo study was conducted to scout the 
protective effect of chitosan against carbon 
tetrachloride CTS.  
 
Carbon tetrachloride (CCl4) is a standard 
xenobiotic that can induce acute and chronic liver 
toxicity in a time and dose manner. Inside the 
body, CCl4 is metabolized through cytochrome 
P450 in the liver endoplasmic reticulum to 
trichloromethyl and trichloromethyl peroxyl 
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radicals which are considered as critical forms for 
the devastating effects of CCl4 [18]. In parallel 
with oxidative stress, CCl4 can also alleviate liver 
inflammation which is mediated by pro-
inflammatory cytokines, tumor necrosis factor 
(TNF-α), and interleukin -1β (IL-1β) [19]. The 
nuclear factor Kappa B (NF-κβ) which is induced 
because of oxidative stress is the most abundant 
factor controlling the body immune response to 
external xenobiotics and thus the expression of 
cytokines is regulated by NF-κβ. This makes it 
very interesting for researchers to find drugs 
targeting NF-κβ as a promising approach for the 
treatment of liver inflammations. 
 
The goal of this study was to create Chitosan 
nanoparticles, characterize their physicochemical 
properties, and assess their antimicrobial activity 
to combat the era of multi-drug resistance in 
pathogenic medical organisms, as well as to 
assess biomedical parameters in liver tissue and 
the potential protective role of chitosan 
nanoparticles (CTS) in regulating CCl4 induced 
by rat hepatotoxicity. 
 

2. MATERIALS AND METHODS 
 

2.1 Material 
 
Chitosan medium molecular weight, 
deacetylation degree 75-85 % were purchased 
from Sigma Aldrich Chemical Co. (St. Louis, MO, 
USA), Sodium alginate was purchased from 
Himedia company (Mumbai, India). L-α-lecithin 
(Acros organics, USA). Carbon tetrachloride 
purchased from Sigma, St. Louis – USA, other 
chemicals were of analytical grades. Luria-
Bertani agar medium (LB) was purchased from 
Merck, Germany. Muller Hinton Agar was 
purchased from Difco Laboratories Detroit 
Michigan USA. 
 
2.2 Microorganisms 
 
Four different human pathogens two Gram-
positive bacteria, Bacillus subtilis ATCC6633,  
Staphylococcus aureus NRRLB767, and two 
Gram-negative bacteria, Escherichia coli ATCC 
25955, Pseudomonas aeruginosa ATCC101455 
were obtained from the University of AL-Azhar, 
Faculty of Medicine, Cairo, Egypt, and used for in 
vitro chitosan nanoparticles antimicrobial activity 
testing. Bacillus subtilis, a Gram-positive 
bacterium found in the soil and the 
gastrointestinal tract of ruminants and humans. It 
was chosen because of the enhanced resistance 
of Gram-positive bacteria to the bactericidal 

action of chitosan compared to Gram-negative 
bacteria, except for E. Coli. Staphylococcus 
aureus, a Gram-positive bacterium that is a 
common cause of skin infections, respiratory 
infections, and food poisoning, is an opportunistic 
pathogen. It is also one of the five most common 
causes of infections acquired from the hospital. 
Escherichia coli is a Gram-negative bacterium 
and, based on its infectious characteristics, has 
been selected in comparison to other genera. 
Pseudomonas aeruginosa is a multidrug-
resistant Gram-negative pathogen associated 
with severe diseases such as ventilator-
associated pneumonia and multiple sepsis 
syndromes, which are hospital-acquired 
infections. 
 

2.3 Methods 
 
2.3.1 Preparation of chitosan nanoparticles 

(CTS) 
 
Three separate reported methods [20-22] (with a 
minor modification) were used to prepare CTS. 
Briefly, In the first method, chitosan was 
dissolved in 1 % acetic acid. L-α-lecithin solution 
was prepared by dissolving in absolute ethyl 
alcohol to prepare 50 mg/mL solution at room 
temperature. The nanoparticle suspension was 
prepared while stirring at 1000 rpm by dripping of 
L-α-lecithin solution into the chitosan solution. To 
prepare a 10 mg/mL solution. The prepared 
solution was dripped into 10 mg/mL alginate 
solution in ratio 6:4. The second and third 
formulations were prepared by ionotropic 
gelation of sodium alginate as a core and then 
polyelectrolyte complexation with chitosan with or 
without surfactant. In short, 12 mg/mL chitosan 
solution was prepared by dissolving in 2% acetic 
acid and the pH of the solution was changed to 
4.8 using 1N HCL and 1N NaOH. The chitosan 
solution was splinted into two parts, adding 0.3% 
Tween 80 to the first part under continuous 
stirring for 2 h at 60°C to create a homogeneous 
solution. By dissolving sodium alginate in distilled 
water at a concentration of 6 mg/mL, an alginate 
solution was prepared and the pH was adjusted 
to 5.2. The alginate solution was kept overnight 
at room temperature. The chitosan solutions 
were dripped into the alginate solution under 
stirring at 1000 rpm in both formulations. Using a 
probe sonicator (Branson, Sonifier 250, Mexico) 
the three formulations were homogenized for 15 
min at 20 kHz frequency, to minimize the particle 
size. The final concentration of                 
chitosan was 6mg/ml in the three       
formulations 
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2.4 Methods of Analysis 
 
2.4.1 Characterization of chitosan 

nanoparticles (CTS) 
 
Particle size (mean diameter), size distribution 
(polydispersity index, PDI), and zeta potential 
were assessed for the freshly prepared 
nanoparticle suspensions through dynamic light 
scattering using (Zetasizer Nano ZS, Malvern 
Instruments, Worcestershire, UK). The 
morphology of nanoparticles was estimated by 
an optical microscope (Olympus, Germany) fitted 
with an ocular reticulum and connected to a 
computer-connected polaroid camera through 
Am scope software v4.8.15934. All of the 
measurements were performed in triplicate. 
 

2.5 Microbiological Studies 
 
2.5.1 Activation of microorganisms 
 
Luria-Bertani medium (LB) is a semi-synthetic 
medium used for all indicators for general 
cultivation. All cultures were incubated at 37 ° C 
and were all activated by incubation for 24 hours. 
 
2.5.2 Determination of the antibacterial 

activity of CTS 
 
The agar well diffusion method was used as 
described by Catchpole [23]. The Mueller-Hinton 
agar plates were heavily seeded with a 0.1 mL 
broth culture of the test species. Wells 6 mm in 
diameter were punched with a sterile cork drill 
over the agar plates. The floors of the wells were 
formed in the broken wells by casting 50-100 μL 
of molten muller-Hinton. CTS solution was 
applied to various wells in the plate with a 
micropipette. These plates were then held for 
exactly 3 hours at a low temperature (4 °C) to 
allow diffusion of the substances and then 
incubated for 24 hours at 37 ° C. Absence or 
presence of inhibition zones as well as their 
diameters, were recorded. 
 
2.5.3 Determination of chitosan nanoparticles 

(CTS) MIC and MBC on the pathogenic 
bacteria 

 
The broth dilution method [24] used Bacillus 
subtilis, Staphylococcus aureus, Escherichia coli, 
and Pseudomonas aeruginosa as indicator 
species to assess the MIC and MBC values of 
nano-chitosan: 

a) Different CTS concentrations, previously 
prepared at serial two-fold concentrations, 

were placed in LB broth medium tubes for 
this process.  

b) One ml of pathogenic organism inoculum 
(2 × 10

5
 CFU/m L) was applied separately 

to tubes containing CTS growth media in 
serial two-fold dilution (4.9, 9.8, 19.7, 39.4, 
78.1, 156.3, 312.5, 625 ug/mL broth 
medium). The control tube was CTS-free. 

c) Turbidity tubes were analyzed after 24 
hours as a growth indicator. The lowest 
CTS concentration that inhibits the growth 
of the organism, as detected by lack of 
visual turbidity, is considered the minimum 
inhibitory concentration (MIC) compared to 
control. 

d) The MBC (minimum bactericidal 
concentration) was defined as the lowest 
concentration of test compounds that did 
prevent any visible bacterial growth on LB 
agar plate after 24 h incubation at 37 °C. 
MBC was determined by assaying the live 
microorganisms in those tubes from the 
MIC test that showed no growth. A loop full 
of each of those tubes was inoculated on 
LB agar and examined for growth signs. 
Bacteria growth indicates the presence of 
these bacteria in the initial tube. On the 
contrary, the initial tube did not contain any 
living bacteria [25].  

 
2.6 Pharmacological Studies 
 
2.6.1 Animals 
 
 Forty male Wistar rats (250-350 g) were 
purchased from the animal breeding unit at the 
National Research Centre -Dokki- Giza – Egypt. 
Animals were housed in cages with water and 
food ad libitum, and the animal room temperature 
was kept at a constant temperature of 20 ± 1°C 
on a 12-hour light/12-hour dark cycle. Adequate 
measures were taken to minimize the pain or 
discomfort of the animals.  
 
2.6.2 Experimental protocol 
 
Forty rats were divided randomly into four 
groups; Group 1: is kept as control negative (n = 
10), Group 2, 3, and 4  were injected 
intraperitoneally with carbon tetrachloride (CCl4) 
in a dose of 1.5 mg/kg dissolved in paraffin oil 
(1:1 w/v) twice a week for 2 weeks [26]. Group 3: 
administered CTS 10mg/kg daily for 15 days 
concurrently with CCl4. Group 4: administered 
CTS 20mg/kg daily for 15 days concurrently with 
CCl4. 48 hours after the end of the experiment, 
blood samples were taken from the retro-orbital 
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plexus under a low dose of ketamine anesthesia 
for estimation of liver function test in serum (AST 
and ALP). Animals were sacrificed by cervical 
dislocation under anesthesia and livers from all 
rats were extracted and divided into two parts. 
One part is kept in -80̊ C for determination of 
malondialdehyde (MDA), reduced glutathione 
(GSH), catalase (CAT), superoxide dismutase 
(SOD), caspase-3 (Casp-3), tumor necrosis 
factor (TNF-α), and IL-1β using ELISA kits (TNF-
α; Biolegend Inc®, USA), interleukin-1β (IL-1β; 
Cohesion Biosciences, UK) and following the 
instruction of the manufacturer. The other part 
was kept in formalin 10% for histopathological 
examination and immunohistochemical studies. 
 
2.6.3 Determination of serum biochemical 

parameters 
 
Biochemical parameters (AST and ALP) were 
determined calorimetrically in serum using 
specific kits (Biodiagnostic, Egypt) and following 
manufacturer procedures. 
 
2.6.4 Preparation of tissue samples 
 
Liver sections were homogenized (MPW-120 
homogenizer, Med instruments, Poland) in PBS 
to obtain 20% homogenate and kept overnight at 
–80°C. The homogenates were centrifuged for 5 
minutes at 5000 x g using a cooling centrifuge 
(Sigma and laborzentrifugen, 2k15, Germany). 
The supernatant was taken immediately, and 
used for oxidative stress biomarkers MDAGSH 
and CAT using chemical methods. SOD using 
commercial kits (Randox Laboratory, Crumlin, 
Ireland), apoptotic markers Caspase-3 (Casp-3), 
and inflammatory cytokines (TNF-α and IL-1β) 
using ELISA kits. All results are calculated 1mg 
total protein. 
 
2.6.5 Determination of oxidative stress 

markers 
 
Malondialdehyde (MDA), reduced glutathione 
(GSH), catalase (CAT), and superoxide 
dismutase (SOD) were determined according to 
the following methods [27-30] respectively. 
 
2.6.5.1 Determination of MDA [27] 
 
Malondialdehyde (MDA) a reactive aldehyde that 
is a measure of lipid peroxidation, was 
determined using a spectrophotometer. Mix 0.5 
ml serum or organ homogenates, 0.5 ml 
physiological solution and 0.5 ml 25% 
trichloroacetic acid and centrifuged at 2,000 rpm 

for 20 min. A 1 ml of protein-free supernatant 
was mixed with 0.25 ml 0.5% thiobarbituric acid 
and heated at 95°C for 1 h. After cooling, the 
intensity of the pink color of the end fraction 
product was determined at 532 nm.  
 

2.6.5.2 Determination of GSH [28] 
 

Reduced glutathione (GSH) assessment is 
based on the reduction of 5,5-dithiobis-2-
nitrobenzoic acid to produce a yellow compound. 
Tissue was deproteinized with 2 mol/l perchloric 
acid, centrifuged for 10 min. at 1000 ×g and the 
supernatant was neutralized with 2 mol/l 
potassium hydroxide. The reaction medium 
contained 100 mmol/l phosphate buffer (pH 7.2), 
2 mmol/l nicotinamide dinucleotide phosphate 
acid, 0.2 U/ml glutathione reductase, 70 µmol/l 
5,5-dithiobis (2-nitrobenzoic acid). To determine 
reduced glutathione, the supernatant was 
neutralized with 2 mol/l potassium hydroxide, 
reacted with 70 µmol/l 5,5-dithiobis (2-nitro 
benzoic acid), and read at 420 nm. 
 

2.6.5.3 Determination of CAT activity [29] 
 

Briefly, 10 μL of the sample was incubated with 
100 μmol/mL of H2O2 in 0.05 mmol/L Tris-HCl 
buffer pH = 7 for 10 min. The reaction was 
terminated by rapidly adding 50 μL of 4% 
ammonium molybdate. The yellow complex of 
ammonium molybdate and H2O2 was measured 
at 410 nm. One unit of catalase activity was 
defined as the amount of enzyme required to 
decompose 1 μmol H2O2 per min. 
 

2.6.5.4 Determination of SOD [30] 
 

SOD activity was estimated on tissue 
homogenate using commercially available kits 
(Randox Laboratory, Crumlin, Ireland). 
Erythrocytes were hemolyzed by the addition of 
redistilled water and vigorous vortexing. 
Estimation of SOD activity was based on the 
generation of superoxide radicals produced by 
xanthine and xanthine oxidase, which react with 
2-(4- iodophenyl)-3-(4-nitrophenol)-5-
phenyltetrazolium chloride to form a red 
formazan dye. SOD activity is then determined 
by the degree of inhibition of this reaction. 
 

2.6.6 Determination of apoptotic marker 
caspase-3 (Casp-3) 

 
Caspase-3 was quantified in liver homogenate 
using a rat caspase-3 ELISA kit (Invitrogen, 
USA). The optical density (OD) of all samples at 
450 nm was measured using a Spectramax (M2, 
Molecular Devices, USA). 
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2.6.7 Determination of inflammatory 
cytokines 

 
TNF-α was assessed using a rat TNF-α kit 
(Invitrogen, USA) and (IL-1β) was determined 
using a rat (IL-1β) kit (R&D Systems, USA) in 
liver homogenates. The optical density (OD) 
used was 450 nm and measured using a 
Spectramax (M2, Molecular Devices, USA).  
 
2.6.8 Histopathological examination 
 
Different sections from the liver of normal control 
and other treated groups were fixed in 10% 
neutral formalin and routinely processed. Tissue 
sections of 5 µm thickness were stained with 
H&E for histopathological examinations. 
Additionally, the sections were stained with 
Masson trichrome stain for the demonstration of 
fibrous tissue and collagen fibers.  For 
assessment of liver damage, the tissues were 
semi quantitively assessed according to Knodell, 
R.G. method [31], with some modifications. The 
assessment of hepatic damage was carried out 
in ten random low power fields per group. 
 

2.6.9 Immunohistochemical analysis 
 

Immunohistochemical staining of hepatic tissues 
for the demonstration of COX2 and NF-kꞵ was 
carried out according to the method of Abd 
Eldaim et al [32]. Briefly, the formalin-fixed 
hepatic and renal sections were deparaffinized, 
hydrated in alcohol solutions, and incubated in 
3% H2O2. After that, the sections were 
incubated with rabbit polyclonal anti-COX2 
(ab15191, Abcam, USA) and rabbit polyclonal 
anti- NF-kꞵ (ab16502 Abcam, USA) as primary 
antibodies. The immune reactivity was visualized 
by using diaminobenzidine (DAB; Sigma 
Chemical Co., USA). Immunohistochemical 
expression of COX2 and NF-kꞵ in the hepatic 
tissues was semi-quantitatively assessed in ten 
random high power fields (40X) according to the 
percentage of immune positive cells per high 
power fields as reported in a recent study [33].  

2.7 Statistical Analysis 
 
The effects of surfactant presence and 
surfactant type on particle size, PDI, and Zeta 
potential have been assessed. The variance 
analysis and interaction were conducted using 
Minitab software and SPSS software. Using 
Minitab tools, the desirability factors were 
analyzed. 
 
Statistical analysis for the microbiological study 
was performed using the Statistical                  
Package for Social Sciences (SPSS) software 
and Mstat-c Program. Descriptive statistics and 
ANOVA (One Way analysis) for the parametric 
variables were tested followed by LSD. All 
measurements are repeated three times (n=3) 
[34-35]. 
 
Hepatoprotective studies represented as mean ± 
SE. Statistical analysis was done by one-way 
analysis of variance (ANOVA) followed by  
Turkey test for confirmation and multiple 
comparisons.  
 

3. RESULTS 
 

3.1 Size, Zeta Potential, and Morphology 
of CTS 

 
CTS was prepared using various techniques. 
Table 1 displays the average particle size (nm), 
zeta potential (mV), and polydispersity index 
(PDI) of the nanoparticles collected. Particle size 
results as presented in Table 1 & Fig1 showed 
that the mean nano-suspension diameter was 
between 54.3±20.8 and 1256±16.8 nm. Fig 1A 
showed that the nanoparticles prepared with L-α-
lecithin (F1) displayed the largest particle size of 
1256.3±16.8 nm followed by nanoparticles 
prepared with Tween 80 as a surfactant (F2) of 
712.7±9.1 nm (Fig. 1B), followed by 
nanoparticles prepared with sodium alginate 
without any surfactant (F3), displaying the lowest 
particle size of 54±20.8 nm (Fig. 1C).  

 
Table 1. Mean particle size, polydispersity index (PDI), and zeta potential of  CTS  of different 

formulas 
 
Formula code SAA type HLB PS (nm) PDI ZP (mV) 
F1 L-α-lecithin 4 1256.3±16.8 0.274±0.09 24±1.2 
F2 Tween 80 15 712.7±9.1 0.259±0.008 29.5±0.8 
F3   54±20.8 0.553±0.06 30.8±1.1 

HLB: hydrophilic-lipophilic balance, PS, particle size; PDI, polydispersity index; ZP, zeta potential. values are 
listed as mean ±SD 
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Fig. 1. The size distribution of CTS  by diffraction light scattering in (nm). Fig A represent 
Formula 1(F1), Fig B represent Formula 2 (F2) and Fig C represent Formula 3 (F3) 

 
Optical microscopy revealed that the particles 
were regular in shape with no assemblage for 
formula 3(F3) (Fig. 2C), then formula 1(F1) (Fig. 
2A), and formula 2(F2) (Fig 2B).  
 
For all formulations, the zeta potential ranged 
from 24±1.2 to 30.8±1.1. The zeta potential of 
Formula 3 (F3) was 30.8±1.1 mV (Fig. 3C), 
which is greater than that of 24±1.2 mV Formula 
1 (F1) (Fig. 3A) and 29.5±0.8 mV Formula 2 (F2) 
(Fig. 3B). This high value of (F3) indicates a 
positively charged particle surface that 
emphasizes its good stability due to high 
electrostatic repulsion between positively 
charged particles, so that particle suspension 
stability is strongly affected. The higher positive 
charge of the nanoparticles also promotes in-vivo 
interaction, allowing the absorption of 
nanoparticles and their passage through the cell 
membrane channels of the bacteria, which are 
usually negatively charged.  

Statistical analysis of the findings shown 
graphically in Fig. 4 (A) showed that the 
surfactant type had only an effect on particle size 
(significant P<0.05), where the use of L-α-lecithin 
(F1) resulted in a particle size greater than that of 
Tween 80 (F2), followed by nano-suspension 
prepared without surfactants (F3).  
 
The surfactant type did not affect either PDI or 
zeta-potential as shown in Fig. 4(B) and Fig 4(C). 
Homogenous dispersion is shown by the PDI 
values for all samples. The optimal response was 
to decrease the particle size, PDI and increase 
the zeta-potential, based on the physicochemical 
properties of the nanoparticles, and the analysis 
of the effect of different surfactants and their 
effects on the desirability factor, as shown in 
Fig.5, using Minitab software, according to these 
conditions. The method of inotropic gelation was 
found to be appropriate in the preparation of 
chitosan alginate nanoparticles and formula 3 



that had the smallest particle size, acceptable 
PDI and highest zeta-potential, ensuring stability 
and improving their passage through the cell 
 

Fig. 2. CTS image
 

 
Fig. 3. Zeta potential distribution of CTS; 

Formula 2 (F2) and Fig C represents Formula 3 (
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that had the smallest particle size, acceptable 
potential, ensuring stability 

and improving their passage through the cell 

membrane and ensuring that high                  
residence time was chosen for furt
evaluation. 

 
CTS image by optical microscopy, (A) F1, (B) F2, (C) F3 

a potential distribution of CTS; Fig A represents Formula 1 (F1), Fig B represents 
Formula 2 (F2) and Fig C represents Formula 3 (F3) 
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membrane and ensuring that high                  
time was chosen for further                   

 

 

Fig A represents Formula 1 (F1), Fig B represents 



 
Fig. 4. The effect of Surfactant types on (

 

Fig. 5. The desirability factor of different formulas of chitosan nanoparticles
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The desirability factor of different formulas of chitosan nanoparticles
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The desirability factor of different formulas of chitosan nanoparticles 
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3.2 Antimicrobial Studies 
 

3.2.1 Evaluation of Chitosan nanoparticles 
(CTS) antimicrobial activity 

 

Screening the antibacterial effect of CTS against 
Gram-positive (Bacillus subtilis-ATCC6633, 
Staphylococcus aureus NRRLB-767,) and Gram-
negative (Escherichia coli ATCC-25955, 
Pseudomonas aeruginosa -ATCC 101455) 
bacteria revealed the appearance of inhibition 
zones around all the tested microorganisms, 
while no inhibition zones were observed in the 
chitosan nano particle-free treatment (control) 
(Fig 6). 
 

3.2.2 Measurements of inhibition zone 
diameter 

 

The means of three measurements of inhibition 
zone diameter of CTS for B.subtilis  S.aureus,    
E. coli, Ps.aeruginosa  are summarized in Table 
2 and represented in Fig 7. Results indicate a 
highly significant difference between the different 
chitosan nanoparticles (CTS) concentrations in 
their antibacterial effects against the pathogenic 
bacteria being studied. As CTS doses increased, 
the inhibition zones of all isolated bacteria grew 
larger. The highest inhibition zones were 
obtained with a high CTS dose (150 µg/mL), and 
a decrease in concentration resulted in a 
decrease in the growth inhibition region. The 
lowest zones of inhibition by the CTS were found 
at a dose of 25 µg/mL (α = 0.05). 
 

3.2.3 Determination of minimum inhibitory 
concentration (MIC) and minimum 
bactericidal concentration (MBC) 

 
The minimum inhibitory concentration (MIC) of 
CTS was quantitatively investigated using the 
turbidity method for the development of 
pathogenic organisms. The data presented in 
Table 3 showed that normal microbial growth 
inhibition behaviors were achieved; their 
antimicrobial activities were increased by 
increasing levels of the polymers studied.  
Statistical analysis of the results revealed a 
highly significant difference in the antibacterial 
effect of the various concentrations of CTS 
relative to the tested pathogenic bacteria, 
including those resistant to multiple antibiotics. 
MIC and MBC were ranged between 39.4 to 
156.3 µg/mL and 156.3 to 500 µg/mL 
respectively at α = 0.01 level. S. aureus obtained 
the highest inhibitory effect at concentrations of 
39.4 µg/mL, but there is no significant difference 
between (156.5 µg/mL, (312.5 µg/mL) and (620 
µg/mL). The lowest inhibitory effect was obtained 

against B. subtilis at 156.3 µg/mL, moreover, 
there is a significant difference between the 
results. Table 4 shows the MIC and MBC of CTS 
against the tested microorganisms. At 500, 
156.5, 312.5, and 312.5 µg/mL, CTS displayed 
full inhibition of B. subtilis, S. aureus, E. coli, and 
Ps. aeruginosa, respectively. 
 

3.3 Hepatoprotective Studies 
 
3.3.1 Measurement of liver biochemical 

parameters 
 
Liver enzymes (AST and ALP) were measured in 
serum (Table 4). Results showed a significant 
elevation (aP ≤ 0.05) in AST and ALP 
concentrations in CCl4 induced group (52.2±0.18 
and 54.3±0.2 U/L respectively) when compared 
to the control -ve group (42.13±0.05 and 
34.5±0.5 U/L respectively).  Oral concurrent 
treatment of CCl4 induced rats with CTS (10 
mg/kg) showed no significant reduction (

b
P ≤ 

0.05) in AST level (51.1±0.3U/L) as compared to 
CCl4 induced, on the other hand, the same dose 
showed a significant reduction (

b
P ≤ 0.05) in ALP 

level (49.5±1.6U/L) when compared to CCl4 
induced group.  Oral concurrent treatment of 
CCl4 induced rats with CTS (20 mg/kg) showed a 
significant reduction (

b
P ≤ 0.05) in AST and ALP 

levels (47.03±0.4 and 42.2±0.5 U/L respectively) 
when compared to CCl4 induced group. These 
results indicate that CTS (20 mg/kg) might have 
a regenerative effect on liver function by reducing 
AST and ALP biomarkers in the CCl4 induced rat 
model. 
 
3.3.2 Determination of oxidative stress 

parameters 
 
Oxidative stress markers (MDA, GSH, CAT, and 
SOD) were determined in the liver homogenate. 
Results illustrated in Table (5) showed a 
significant increase (aP ≤ 0.05 )  in MDA and on 
contrary a significant decrease (

a
P ≤ 0.05 )  in 

(GSH, CAT, and SOD) concentrations in CCl4 
induced group (14.8±0.3 nmol/mg total protein, 
0.35±0.015 nmol/mg total protein, 2.54±0.06 
U/mg total protein, and 8.63±0.5U/mg total 
protein respectively). As compared to the control 
-ve group (5.7±0.05 nmol/mg total protein, 
0.7±0.018 nmol/mg total protein, 4.6±0.04 U/mg 
total protein, and 17.46±0.4 U/mg total protein 
respectively), showing a percentage increase in 
MDA concentration to 156.07%  and a 
percentage decrease in GSH, CAT and SOD 
concentrations to (50.46, 45.14 and 50.57 % 
respectively) in CCl4 induced group as compared 
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to control -ve group.  Oral concurrent treatment 
of CCl4 induced rats with CTS (10 mg/kg) 
showed significant reduction (

b
P ≤ 0.05) in MDA 

level and a significant increase (bp ≤ 0.05) in 
GSH, CAT and SOD level (11.8±0.5 nmol/mg 
total protein, 0.56±0.015 nmol/mg total protein, 
4.37±0.2 U/mg total protein, and 15.7±0.2 U/mg 
total protein respectively) as compared to CCl4 
induced. Oral concurrent treatment of CCl4 
induced rats with CTS (20 mg/kg) showed 

significant reduction (
b
P ≤ 0.05) in MDA level and 

a significant increase (bP ≤ 0.05) in GSH, CAT 
and SOD level (10.08±0.3 nmol/mg total protein, 
0.6±0.01 nmol/mg total protein, 4.45±0.5 U/mg 
total protein, and 17.4±0.1 U/mg total protein 
respectively) as compared to CCl4 induced.  
These results indicate that CTS (20 mg/kg) 
restored the CAT and SOD, which are enzymes 
capable of protecting cells from radical attack to 
their normal levels in the CCl4 induced rat model. 

 

 
 

Fig. 6. Inhibition zone produced by CTS using agar well diffusion method 
 

Table 2. Inhibition zones (mm) of bacterial growth on MH agar at different doses of CTS 
(µg/mL) after 24-h incubation at 37 °C 

 
Conc. (µg/mL) B. subtilis S. aureus E. coli Ps aeruginosa 
25 12.33

c
±0.58 16.33

d
±1.53 16.67

c
±1.53 16.33

b
±2.08 

50 19.33b±1.15 18.33cd±1.53 21.67b±1.53 16.67b±2.08 
75 18.67

b
±1.15 19.67

cd
±2.52 22.00

b
±1.00 14.67

b
±1.53 

100 18.33
b
±1.53 20.00

bc
±2.00 23.00

b
±1.73 16.33

b
±1.15 

125 19.67b±0.58 23.33ab±2.08 26.33a±2.08 24.00a±1.73 
150 27.00

a
±1.00 26.00

a
±2.00 27.00

a
±1.00 26.00

a
±1.00 

Values are represented as means ± standard deviation (SD) of at least three experiments (n = 3).  Means with 
different superscripts are significant (α = 0.05) level and means without superscripts in common are not 

significant (α = 0.05) 

 
Table 3. Effect of CTS different concentrations on the growth inhibition of   B. subtilis,  

S. aureus, E. coli, and Ps. aeruginosa using Turbidity method at 620 nm 
 
Chitosan conc µg/mL B. subtilis S. aureus E. coli Ps. aeruginosa 
 0 1.440a±0.027 1.400a±0.010 1.360a±0.061 1.300a±0.090 
4.9 1.363

ab
±0.003 1.307

b
±0.021 1.224

b
±0.004 1.124

b
±0.002 

9.8 1.200b±0.178 1.160c±0.040 1.024c±0.001 0.950c±0.015 
19.7 1.230

b
±0.080 1.000

d
±0.020 0.919

d
±0.007 0.850

d
±0.015 

39.4 0.920c±0.020 0.800e±0.020 0.730e±0.046 0.670e±0.040 
78.1 0.730

d
±0.020 0.610

f
±0.020 0.530

f
±0.040 0.430

f
±0.040 

156.3 0.360
e
±0.040 0.000

g
±0.000 0.210

g
±0.020 0.180

g
±0.040 

312.5 0.176f±0.020 0.000g±0.000 0.000h±0.000 0.000h±0.000 
620 0.000

g
±0.000 0.000

g
±0.000 0.000

h
±0.000 0.000

h
±0.000 

Values are means ± standard deviation (SD) of at least three experiments (n = 3. Means with different 
superscripts are significant (α = 0.01) and means without superscripts in common are not significant (α = 0.01) 
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Fig. 7. Antibacterial activity of CTS against B.subtilis , S.aureus, E. coli,  and Ps. aeruginosa 
Values are represented as means ± standard deviation (SD) of at least three experiments (n = 3).  Means with 

different superscripts within each column are significant (α = 0.05) level and means without superscripts in 
common are not significant (α = 0.05) 

 

Table 4. Values of MIC and MBC (µg/mL) of CTS against tested microorganisms 
 

Microorganisms    MIC concentration µg/mL MBC concentration µg/mL 
B. subtilis   156.3  500  
S.aureus 39.4  156.3  
E.coli 78.1  312.5 
Ps. aeruginosa 78.1  312.5  

  
Table 5. Effect of CTS (10 mg/kg and 20 mg/kg) on liver biochemical parameters in CCl4 

induced rat model of hepatotoxicity 
 
Groups AST (U/L) ALP (U/L) 
Control -ve 42.13±0.05 34.5±0.5 
CCl4 (1.5 ml/kg:i.p) 52.2±0.18

a
 54.3±0.2

a
 

CTS (10 mg/kg)  51.1±0.3a 49.5±1.6ab 
CTS (20 mg/kg) 47.03±0.4

ab
 42.2±0.5

ab
 

Results were represented as (mean ± SE), (n = 10). Statistics were done using one-way (ANOVA) followed 
by Tukey’s multiple comparison post hoc tests for confirmation. CCl4, Carbon tetrachloride; CTS, Chitosan 

nanoparticles; AST, Aspartate aminotransferase; ALP, Alkaline Phosphatase; 
a
P ≤ 0.05 represents a significant 

difference from the control negative group; 
b
P ≤ 0.05 represents a significant difference from the CCl4 group. 

 

Table 6. Effect of CTS (10mg/kg and 20 mg/kg) on oxidative stress markers in CCl4 induced rat 
model of hepatotoxicity 

 
Groups MDA(nmol/mg 

total protein) 
GSH (nmol/mg 
total protein) 

CAT (U/mg 
total protein) 

SOD(U/mg 
total protein) 

Control -ve 5.7±0.05      0.7±0.018     4.6±0.04 17.46±0.4 
CCl4 (1.5 ml/kg:i.p) 14.8±0.3

a
 0.35±0.015

a
 2.54±0.06

a
 8.63±0.5

a
 

CTS (10 mg/kg)  11.8±0.5ab 0.56±0.015ab 4.37±0.2b 15.7±0.2ab 
CTS (20 mg/kg) 10.08±0.3

ab
 0.6±0.01

ab
 4.45±0.5

b
 17.4±0.1

b
 

Results were represented as (mean ± SE), (n = 10). Statistics were done using one-way (ANOVA) followed 
by Tukey’s multiple comparison post hoc tests for confirmation. CCl4, Carbon tetrachloride; CTS, Chitosan 

nanoparticles; MDA, Malondialdehyde; GSH, reduced glutathione; CAT, Catalase; SOD, Superoxide dismutase; 
a
P ≤ 0.05 represents a significant difference from the control negative group; 

b
P ≤ 0.05 represents a significant 

difference from the CCl4 group
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3.3.3 Determination of apoptotic marker 
caspase-3 (Casp-3) 

 

The effect of CTS (10mg/kg) and (20mg/kg) on 
Casp-3 apoptotic marker was detected in the 
liver homogenate. Results illustrated in Fig. (8) 
showed a significant increase (

a
P ≤ 0.05) in 

Casp-3 level in CCl4 induced group (2.33±0.04 
ng/mg total protein) when compared to the 
control -ve group (1.4±0.1 ng/mg total protein).  
Oral treatment of CCl4 induced rats with CTS 
(10mg/kg) and (20mg/kg) showed a significant 
reduction (bP ≤ 0.05) in Casp-3 level (1.95±0.1 
and 1.81±0.06 ng/mg total protein respectively) 
as compared to CCl4 induced group These 
results indicate that CTS (10mg/kg) and 
(20mg/kg) might improve the liver apoptosis 
induced by CCl4. 
 

3.3.4 Determination of inflammatory 
cytokines 

 

Inflammatory cytokines (TNF-α and IL-1β) were 
determined in the liver homogenate and the 
results represented in Table (6) showed a 
significant increase (aP ≤ 0.05) in TNF-α and IL-
1β concentrations in CCl4 induced group 
(216.5±8.4 and 269.2±10.5 Pg/mg total protein 
respectively) as compared to the control -ve 
group (117.8±0.7 and 129.7±4.5 Pg/mg total 
protein respectively).  Oral concurrent treatment 
of CCl4 induced rats with CTS (10 mg/kg) 
showed a significant reduction (bP ≤ 0.05) in 
TNF-α Oral concurrent treatment of CCl4 induced 
rats with CTS (10 mg/kg) showed a significant 
reduction (

b
P ≤ 0.05) in TNF-α and IL-1β levels 

(173.6±11.2 and 154.6±1.1 Pg/mg total protein 
respectively) as compared to CCl4 induced 
group. (173.6±11.2 and 154.6±1.1 Pg/mg total 
protein respectively) as compared to CCl4 
induced group. Oral concurrent treatment of CCl4 
induced rats with CTS (20 mg/kg) showed a 
significant reduction (bP ≤ 0.05) in TNF-α and IL-
1β levels (164.2±8.6 and 141.3±2.04 Pg/mg total 
protein respectively) as compared to CCl4 
induced group. These results indicate that CTS 

in a dose of (10 and 20 mg/kg) can exert their 
protective effect via inhibition of cytokine release. 
 

3.4 Histopathological Studies  
 
No histopathological lesions were demonstrated 
in the liver of the normal control group, in which 
normal hepatocytes with round vesicular nuclei 
(Fig 9a& 9b) and normal portal area (Fig 9c) 
were observed. Additionally, no inflammatory 
cellular infiltrates or fibroblastic proliferation was 
demonstrated in the portal area as confirmed by 
MTC stain (Fig 9d). On the contrary, remarkable 
histological alterations, varying from centrilobular 
hepatocellular necrosis, which is infiltrated by 
macrophages and lymphocytes to bridging 
necrosis associated with fibroblastic proliferation, 
were demonstrated in the CCl4-treated group 
(Fig 9e & 9f). Portal areas were mildly infiltrated 
by mononuclear cells in addition to a hyperplastic 
proliferation of biliary epithelium (Fig 9g). 
Fibroblastic proliferation with collagen deposition 
extending into hepatic parenchyma was also 
demonstrated. The collagen fibers appeared blue 
in MTC-stained sections (Fig 9h). Marked 
attenuation of the histopathological lesions was 
recorded in CTS (10mg/kg) group, in which 
hepatocellular necrosis which is infiltrated by 
macrophages was confined to a focal area 
around the central vein and the remaining 
hepatocytes showed vacuolar degeneration (Fig 
9i & 9j). Mild inflammatory cellular infiltrates were 
demonstrated in the portal area (Fig 9k). 
Additionally, in MTC-stained sections, no 
collagen deposition was demonstrated in this 
group (Fig 9l). Pronounced amelioration, with a 
significant decrease of the pathologic lesion 
scoring, was demonstrated in CTS (20mg/kg), in 
which hepatocellular necrosis was demonstrated 
in few hepatocytes surrounding the central vein, 
with no evidence of bridging necrosis (Fig.            
9m & 9n). Minimal mononuclear cells were 
demonstrated in the portal area (Fig. 9o) without 
fibroblastic proliferation as confirmed in MTC-
stained sections (Fig 10p). 

 

Table 7. Effect of CTS (10mg/kg and 20 mg/kg) on inflammatory cytokines in CCl4 induced rat 
model of hepatotoxicity 

 

Groups TNF-α (Pg/mg total protein) IL-1β  (Pg/mg total protein) 
Control -ve 117.8±0.7 129.7±4.5 
CCl4 (1.5 ml/kg:i.p) 216.5±8.4a 269.2±10.5a 
CTS (10 mg/kg)  173.6±11.2

ab
 154.6±1.1

ab
 

CTS (20 mg/kg) 164.2±8.6ab 141.3±2.04b 
Results were represented as (mean ± SE), (n = 10). Statistics were done using one-way (ANOVA) followed 
by Tukey’s multiple comparison post hoc tests for confirmation. CCl4, Carbon tetrachloride; CTS, Chitosan 

nanoparticles; TNF-α, Tumor necrosis factor; IL-1β, Interleukin-1β; 
a
P ≤ 0.05 represents a significant difference 

from the control negative group; 
b
P ≤ 0.05 represents a significant difference from the CCl4 group 
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Fig. 8. Effect of CTS (10mg/kg and 20 mg/kg) on the apoptotic marker (Casp-3) in CCl4 induced 
rat model of hepatotoxicity 

All data are presented as mean ± SE (n=10), 
a� value of ≤ 0.05 was assumed to denote statistical significance. 

aP ≤ 0.05 Compared to the control -ve, 
b
P ≤ 0.05 vs CCl4 group. CCl4, Carbon tetrachloride; CTS, Chitosan 

nanoparticles 

 

 
 

Fig. 9. Liver of , (a,b,c,d) normal control rats showing normal hepatocytes with round vesicular 
nuclei (arrow)  (a & b) and normal portal area (c) with normal weakly stained  fibrous tissue in 

the portal area ( arrow) (d), (e,f,g,h) CCl4-treated rats showing  bridging necrosis (black arrows) 
associated with fibroblastic proliferation (red arrow) (e & f ), hyperplastic proliferation of biliary 

epithelium (arrows) (g) and intense blue stained collagen fibers extending into hepatic 
parenchyma (arrows) (h), (I,j,k,l) CTS (10mg/kg) group showing  focal hepatocellular necrosis 

infiltrated by macrophages (black arrows) and vacuolar degeneration of the surrounding 
hepatocytes (red arrows) (I & j), mild inflammatory cellular infiltrates in the portal area (arrow) 
(k) and normal blue-stained fibrous tissue in portal area (arrow) (l), (m,n,o,p) CTS (20mg/kg) 
group showing few necrotic hepatocytes surrounding the central vein with no evidence of 
bridging necrosis (arrows) (m & n), minimal mononuclear cells infiltrating  the portal area 
(arrow) (o) and normal blue-stained fibrous tissue in portal area (arrow) (Stain: H&E for all 

photomicrograph except for d, h,l and p, the stain is MTC; Scale bar=100 µm) 
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3.5 Immunohistochemical Studies  
 

3.5.1 COX2 immunohistochemical expression 
 

No COX2 expression was demonstrated in the 
liver of the normal control group (Fig 10a). In 
contrast, a significant increase of COX2 
expression was recorded in the liver of the CCl4-
treated group, which showed an increased 
percentage of positively stained cells with strong 
cytoplasmic staining of hepatocytes and renal 
tubular epithelium (Fig 10b). Additionally, COX2 
expression was also demonstrated in the 
infiltrating inflammatory cells.  Treatment with 
CTS showed a significant decrease of COX2 
expression in the liver in a dose corresponding 
manner, with a significant difference between 
them (Fig 10c & 10d, respectively). 
 

3.5.2 NF-kꞵ immunohistochemical expression 

 
The Liver of the normal control group showed 
normal weak cytoplasmic staining of hepatocytes 
without nuclear staining (Fig 11a). On the 
contrary, a significant increase of NF-kꞵ 
expression was recorded in the liver of the CCl4-
treated group, in which nuclear translocation with 
strong nuclear staining was demonstrated (Fig 
11b). On the other side, a significant                
decrease of NF-kꞵ expression with a decreased 
percentage of positive cells with positive nuclear 
staining has been recorded in the liver of the 
CTS (10 mg/kg) group (Fig 11c). A Significant 
difference was recorded in CTS (20mg/kg) 
group, in which nuclear staining was 
demonstrated in the infiltrating inflammatory cells 
(Fig 11d). 

 
4. DISCUSSION 
 
Nanotechnology has grown in popularity because 
of the unique properties of nanoparticles, which 
allow new applications. Using different 
techniques, CTS has been prepared, formula 3 
showed the best fitted to nanoparticles. Results 
showed that the nanoparticles prepared with L-α-
lecithin (F1) displayed particle size of 1256.3 ± 
16.8 nm, 24 ± 1.2 mV for zeta potential ,and 
0.274 ± 0.09 for PDI, this may be attributed to the 
different ionic nature of L-α-lecithin (anionic) and 
chitosan that has a cationic nature that leads to 
the high attraction between them, the 
electrostatic linkage between the protonated 
amine group of chitosan at acidic pH with the 
strong negatively charged amine group of L- α-
lecithin may be the reason for increasing particle 
size and lowering the zeta potential [36-38]. 

This result was diverse from those of Alkholief 
[21] in particle size 157.67 ± 2.65nm, while the 
zeta-potential and PDI were comparable to 
28.144± 0.84 mV and 0.271 ± 0.008 respectively. 
 

The nanoparticles prepared using Tween 80 as a 
surfactant (F2) showed particle size 712.7  ± 9.1 
nm, zeta-potential 29.5 ± 0.8 mV, and PDI 0.259 
± 0.008. This may be due to the formation of 
hydrogen bonds between oxyethylene moieties 
of Tween 80 and hydroxyl groups of chitosan 
[39]. 
 

This result was close to the particle size 554.2 ± 
40.46 nm of Sukmawati et al. [40], while PDI was 
0.44   ± 0.12. 
 
The least particle size 54±20.8 nm, zeta-potential 
30.8±1.1 mV, and PDI 0.553±0.06 were shown 
by the nanoparticles prepared by ionotropic 
gelation with sodium alginate without any 
surfactant (F3), the higher charge of the 
nanoparticles of chitosan (F3) may be attributed 
to the interactions between alginate as a core 
and chitosan undergoing polyelectrolyte 
complexion. The amine groups on chitosan in 
aqueous solutions were positively charged at a 
pH ranging from 4 to 5.5. In addition, alginate 
was negatively charged in a neutral pH solution 
where the carboxylate groups were charged. 
Approximately chitosan amino groups interacted 
with carboxylate alginate groups in aqueous 
solutions at pH 5 to form a polyelectrolyte 
complex, which gave an opalescent suspension 
with a positive zeta potential of approximately 
30.8±1.1 mV suggesting high nano-suspension 
stability without particle aggregation [41]. 
 

This result was close to that of Thai et al. [42] 
whose particle size ranged from 50-80 nm, 
although it is different from the result shown by 
Katuwavila [20], whose particle size was 100 ± 
28 nm, while the zeta-potential and PDI were 
comparable to 36 ± 3 mV, 0.414 ± 0.065 
respectively so that the optimum formula F3 is 
the one prepared without any surfactant using 
ionotropic gelation technique. This study 
documented a method of preparing chitosan 
nanoparticles based on cationic chitosan 
inotropic gelation and polyelectrolyte complex 
formation between two polymers, this method is 
simple, rapid, and straightforward. 
 

Emerging antibiotic resistance calls for new 
therapeutic approaches to be established. This 
has forced scientists to look for eco-friendly 
antimicrobial agents that show beneficial effects 
against pathogenic microorganisms resistant to 
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antibiotics. Several studies have established the 
antibacterial activity of chitosan nanoparticles as 
a precise and sensitive technique to monitor a 
variety of bacterial, fungal, and viral diseases 
[43-46]. Regularly, antimicrobial agents and 
disinfection have been researched for 

prospective application in a variety of hospital 
settings and labs [47-48], to sterilize medical 
surroundings and equipment and prevent the 
transmission of infectious diseases, which has 
resulted in thousands of deaths due to hospital-
acquired infections [49]. 

 

 
 

Fig. 10. photomicrograph showing COX2 immunohistochemical expression in the liver of 
normal control rats showing no COX2 expression the liver (a), CCl4-treated rats showing the 

increased percentage of positively stained cells with strong cytoplasmic staining of 
hepatocytes (arrows) (b), CTS (10mg/kg) group showing the decreased percentage of 

positively stained hepatocytes (arrows) (c) and  CTS (20mg/kg) group showing  few COX2 
positively stained cells in the hepatocytes and inflammatory cells (arrows) (d) (COX2 

immunohistochemical staining; Scale bar=100µm) 
 

 
 

Fig. 11. photomicrograph showing NF-kꞵ immunohistochemical expression in the liver of 
normal control rats showing normal weak cytoplasmic staining of hepatocytes (arrows) (a), 

CCl4-treated rats showing a significant increase of NF-kꞵ expression with strong nuclear 
staining of hepatocytes (arrows) (b), CTS (10mg/kg) group showing a significant decrease of 
NF-kꞵ expression with a decreased percentage of positive cells with positive nuclear staining 

in the hepatocytes (arrow) (c) and CTS (20mg/kg) group showing nuclear staining in the 
infiltrating inflammatory cells and most hepatocytes (arrows)  (d). (NF-kꞵ 

immunohistochemical staining; Scale bar=100µm) 
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CTS was investigated for antibacterial activity 
against four pathogenic bacteria: B.subtilis, 
S.aureus, E.coli, and Ps. aeruginosa. The results 
of this investigation back up the role of chitosan 
nanoparticles in previous strain inhibition, 
demonstrating that the inhibition zone was 
directly proportional to chitosan nanoparticle 
concentrations, resulting in bacteriostatic or 
bactericidal inhibition. According to the literature, 
chitosan possesses antimicrobial activity against 
many Gram-negative [50-51] and Gram-positive 
bacteria [52-53]. Minimum inhibitory 
concentration (MIC) and minimum bactericidal 
concentration (MBC) were used to quantify the 
antibacterial activity of chitosan nanoparticles 
against the tested organisms. The CTS MIC and 
MBC values ranged from 39.4 to 156.3 µg/mL 
and 156.3 to 500 µg/mL, respectively. Higher 
CTS MIC’s were reported by Younes et al. [53], 
who found that their range for K. pneumoniae, E. 
coil, S. typhi, S. aureus, and M. luteus was 0.01-
1.0 mg/mL. Benhabiles et al. [51] indicated that 
the range of MIC for E. coli Ps. aeruginosa and 
B. cereus was 0.1–0.5mg/mL.  S.aureus 
obtained the highest inhibitory effect with MIC 
and MBC of 39.4 µg/mL and 156.3 µg/mL, 
respectively .E. coli and Ps. aeruginosa had the 
best concentration, 312.5 µg/mL, which provided 
maximum inhibition and zero OD (MBC), while 
MIC was 78.1 µg/mL for both. for both. This 
could be because a peptidoglycan-layered 
exterior gram-positive bacterial membrane is 
insufficient to allow bacteria to thrust [6]. In this 
regard, Jeon et al. [54] revealed that chitosan 
was more effective against Gram-positive than 
Gram-negative bacteria. In comparison with our 
findings, Omura et al. stated that the chitosan 
preparations tested were reasonably resistant to 
B. subtilis, P. aeruginosa, and E. coli [55]. CTS 
was found to have stronger antibacterial effects 
against Gram-negative bacteria E. coli and Ps. 
aeruginosa (78.1 µg/mL) than Gram-positive 
bacteria B. subtilis (156.3 µg/mL) in the current 
investigation. As a consequence of this 
inference, Gram-negative bacteria possess an 
outer membrane containing lipopolysaccharide, 
which provides a hydrophilic surface for the 
bacterium, and peptidoglycan and teichoic acid 
are part of the cell wall of Gram-positive bacteria. 
This negative charge of Gram-negative bacteria 
was greater on the cell surface, these results in 
more chitosan adsorbed and higher inhibitory 
activity on Gram-negative bacteria than that on 
Gram-positive bacteria. In a separate article, 
Allan and Hardwiger stated that chitosan had a 
wide range of activities and a high degree of 
inhibition against both Gram-positive and Gram-

negative bacteria [56]. Furthermore, Schnurch 
[57] documented the bacteriostatic and 
bactericidal activity of chitosan. This is because 
chitosan appears to disrupt the bacterial cell's 
outer membrane, penetrates the cell, and 
collapses materials inside the cell (Mohy-Eldin et 
al.,) [58]. Although the exact mechanism of 
chitosan's bactericidal action is unknown, its 
antibacterial activity in an acidic environment 
may be related to its polycationic structure, which 
is induced by the protonation of -NH2 on the D-
glucosamine repeat unit's C-2 position. Chitosan, 
which is positively charged, can bind to the 
negatively charged bacterial cell surface and 
disrupt normal membrane functions, such as 
allowing intracellular component leakage or 
preventing nutrient transfer into cells [25]. 
Chitosan is a potential, naturally occurring 
preservative that can protect a variety of 
materials from microbial attack, albeit at low pH 
values. Because of their high antibacterial activity 
and acceptable biocompatibilities, chitosan 
nanoparticles are expected to be widely used as 
antimicrobial agents in medicine. 
 
CCl4 is used as a source of reactive oxygen 
species intracellular. The hepatotoxicity induced 
by CCl4 is thought to be dependent on the partial 
pressure of the reactive oxygen species inside 
the liver cells, where the low partial pressure 
results in the production of CCl3 and CHCl2 free 
radicals while the high partial pressure is the 
leading cause for the release of CCl3-OO free 
radicals which in turn causes lipid peroxidation, 
that damages the hepatocellular membrane and 
steatosis that leads finally to cell apoptosis [59]. 
The apoptosis was also assessed in our study by 
measuring the apoptotic factor Casp-3 which 
showed a significant increase as a response to 
CCl4 in rats as compared to the control -ve 
group. Our current findings were in line with 
these previous studies, where we reported that 
the CCl4 caused an impairment in the natural 
antioxidant defense mechanism, presented by a 
significant increase in MDA level and on the 
other hand a severe decrease in GSH as well as 
a significant decrease in CAT and SOD. CAT 
and SOD are considered the first-line defense 
strategy in response to superoxide anion radical 
(aO2) which is perpetually generated via 
mitochondrial energy production pathway 
(MEPP) aiming to protect cells from radical 
attack and thus maintain cell membrane integrity 
and cellular viability [60]. This oxidative stress is 
usually followed by proinflammatory cytokine 
release viz TNF-α and interleukins. TNF-α and 
IL-1β are produced inside Kupffer cells as a 
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response to the oxidative stress induced by CCl4  
which in turn will exacerbate inflammation and 
end in cell apoptosis [61]. It has been reported 
previously that GSH deficiency also occurs as a 
result of the susceptibility of liver cells to TNF-α 
[62]. In parallel to these studies, our results 
showed that the group injected with CCl4 only 
showed a significant increase in TNF-α, IL-1β, 
and COX2 as compared to the control -ve group. 
These results indicated hepatic cell injury 
represented by elevation in liver biomarkers as 
AST and ALP as a result of CCl4 induced 
hepatotoxicity as these markers are released in 
serum as a result of liver cells degeneration, 
increased cell membrane permeability, and liver 
cell necrosis [63]. The same results were 
reported by Dutta et al., [62]. The oxidative 
stress, inflammatory and apoptotic effect of CCl4 
had been ameliorated by oral administration of 
CTS nanoparticles in two doses (10 and 20 
mg/kg) concurrently with an injection of CCl4 for 
15 consecutive days. Both doses showed a 
significant decrease in MDA level as well as a 
significant elevation of GSH, CAT, and SOD in 
liver homogenate. CTS nanoparticles (10 and 20 
mg/kg) also showed a significant decrease in the 
apoptotic biomarker; Casp-3 as well as a 
significant decrease in proinflammatory cytokines 
release (TNF-α and IL-1β). A previous study was 
done to investigate the effect of CTS against 
non-alcoholic fatty liver disease (NAFLD) 
induced in rats and results showed amelioration 
of TNF-α and IL-6 levels and thus exerting an 
anti-inflammatory effect [64].  All these findings 
indicated an improvement in liver function that 
was also confirmed by the amelioration of AST 
and ALP in sera. A previous study showed that 
administration of CTS reversed the elevated liver 
AST and ALP induced by CCl4 and the 
researchers attributed this effect due to the 
inhibition of hepatic satellite cells (HSCs) [65]. All 
our findings were confirmed with 
histopathological studies that showed a 
prominent ameliorative effect of CTS in a dosed 
manner against the hepatocyte damage that 
occurred as a result of CCl4 toxicity. Therefore, 
the study is a strong demonstration of the 
applicability of CTS as an efficient antimicrobial 
and hepatoprotective agent. 
 

5. CONCLUSION 
 
CTS was prepared by the ionotropic gelation 
method. The physicochemical characteristics of 
nanoparticles were analyzed using Zetasizer and 
optical microscopy. The development of new 
therapeutic strategies is being forced by 

antibiotic resistance. As a result, the antibacterial 
activity of CTS against multidrug-resistant 
pathogens such as Bacillus subtilis, 
Staphylococcus aureus, Escherichia coli, and 
Pseudomonas aeruginosa was assessed using 
the minimum inhibitory concentration process 
(MIC). The chitosan nanoparticles used in this 
analysis emphasize CTS’ therapeutic ability as 
an antimicrobial against the pathogens 
examined. Concurrent treatment of CTS in both 
dose levels (10 and 20 mg/kg) with CCl4 for 14 
successive days succeeded to reduce the CCl4 
induced hepatotoxicity via ameliorating the liver 
enzymes in serum (AST & ALP), oxidative stress 
(MDA, GSH, CAT, and SOD), apoptotic 
(Caspase-3) and the inflammatory (TNF-α and 
IL-1β) elevated biomarkers in liver tissues. 
Additionally, the histopathological and 
immunohistochemical studies showed a 
prominent regenerative effect on liver 
cells. Accordingly, we can attribute the significant 
hepatoprotective impact of chitosan 
nanoparticles to its antioxidant and anti-
inflammatory effects.  
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