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ABSTRACT

Liver diseases represent a major health problem globally as its clearance function or elimination of toxins causes’
tissue damage. Chitosan is a safe natural constituent of bacteria and crustaceans exoskeleton. Thioacetamide
(TAA) is one of the best well established liver toxic agent. The present study was conducted to evaluate the
correlation between the hypolipidemic effect and the anti-oxidant activity of chitosan in TAA-induced toxicity in
male Wistar rats. Fifty rats were divided into 5 groups and treated as follow; groupl: served as control; group2
was injected with TAA (300 mg/Kg b.wt once); group 3 received 5% chitosan in diet for 14 days; group 4 fed 5%
chitosan-diet for 14 days before TAA-injection; group 5 intoxicated with TAA prior to fed on 5% chitosan- diet
for 14 days. TAA group showed deteriorated serum lipid profile pattern, decreased liver glutathione level and
increased hepatic nitric oxide (NO) and lipid peroxidation (MDA) levels. However, feeding of rats on 5%
chitosan-supplemented dies 14 days before or after TAA-intoxication showed ameliorated lipid profile levels close
to normal levels, significantly increased hepatic glutathione level and significantly reduced liver NO and MDA
levels. The correlation and linear regression analyses revealed a negative correlation among glutathione level and
serum cholesterol, LDL-cholesterol and triglycerides levels while NO was positively correlated with these
markers. These results highlighted that hypolipidemic action of chitosan could be mediated different mechanisms,

mainly by its anti-oxidant property.
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INTRODUCTION

Liver disease is a main cause of morbidity and mortality.
In 2017, World health organization reported that liver
diseases represents one fifth of annual deaths in Egypt.
Being responsible of xenobiotic metabolites, makes the
liver subjected to continuous injuries from the
environment. Liver continuous exposure to viruses, fat,
alcohol, and biotransformed materials can cause liver
injury which by turn results in liver inflammation and
degeneration.!’  Regardless of liver disease etiology,
oxidative stress and inflammation are the key
mechanisms of liver damage. However, oxidative stress
and inflammation are not always a bad event; as they
help phagocytes to trap and destroy pathogens and
trigger signaling mechanism by redox modulations.
Indeed, extended imbalance in the liver between the
produced free radicals and their eliminations by
antioxidant results in the damage of vital biomolecules
within the cells.!!

Thioacetamide (TAA) was used extensively to induce
acute and chronic liver toxicity in rats. It has a two-step
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bioactivation process which is modulated by the
microsomal (CYP) 2E1. The first metabolite is
thioacetamide sulphoxide (TASO) which is further
metabolized to an active metabolite thioacetamide-S-
dioxide (TASO,), a reactive metabolite that initiates
cellular necrosis. TAA has the ability to activate nitric
oxide synthase (iNOS).E! Additionally, it was reported
that single intravenous injection of TAA alters liver
biochemical and pathological pattern, in addition to the
induction of pro-inflammatory cytokines changes.
Besides TAA injection increased blood GOT, GPT, total
bilirubin, direct bilirubin, NH3 levels and decreased
platelet, hemoglobin, and albumin levels in a dose
dependent manner. Moreover, TAA injection increased
white blood cells count, TNF-a and IL-6.[*

Many antioxidant therapies were proposed for protecting
liver from oxidative stress.”) From the well established
antioxidant agents is chitosan. Chitosan is a naturally
occurring polysaccharide consisting of linking N-
acetyl2-amino-2-deoxy-D -glucopyranose (glucosamine)
and  2-amino-2-deoxy-D-glucopyranose  (N-acetyl-
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gluamine) linked by different numbers of (1-4)-
glycosidic bonds. Chitosan has gained much extensive
studies as a biomedical substance. It showed a variety of

biological activities such as antiallergic effects,
anticoagulant effects, antitumor activities,
immunostimulating effects, hemostatic agent,

antimicrobial effects, hypocholesterolemic effects, anti-
inflammatory  activities, free radical scavenging
activities, antibacterial effects, antiviral activity,
antifungal activities and wound-healing.! Chitosan was
found to suppress hydroxyl radical, hydrogen peroxide,
and the reactive oxygen species (ROS). Chitosan was
found also to suppress membrane lipid peroxidation, or
chelate the accumulated lipid peroxides. Moreover,
chitosan have the ability to adsorb ion-exchange and
chelate metal ions. Chitosan structure contains many
hydroxyl groups (OH) and amino groups (NH) which
mediates its antioxidant activity.®!

In spite of the well-established hypolipidemic and
antioxidant actions of chitosan, yet no studies was
conducted to test the correlations between the antioxidant
activity and the hypolipidemic function. The current
study was conducted to test the hypothesis that does the
hypolipidemic action of chitosan is mediated by its anti-
oxidant action. The hyperlipidemic and oxidative
statuses were induced by the acute exposure to TAA
which is a well-established hepatotoxin.

MATERIALS AND METHODS

Chemicals

Thioacetamide (TAA) was purchased from Sigma-
Aldrich Co., (St Louis, Missouri, USA) as a pure crystal,
it was dissolved in saline and freshly prepared prior to
injection. Chitosan (CS) was collected from local
Egyptian chemical shops. Cairo, Egypt. CS, an
important polysaccharide of marine origin, is prepared
from the shells of crustaceans and is being used as a new
source of dietary fiber in drug development due to its
intrinsic safety when taken orally. It was added to diet
with 5% ratio.

Animals and experimental design

The experimental protocol of this study was approved by
Ethics Committee of the National Research Centre
(FWA 00014747) that follows the recommendations of
the National Institutes of Health Guide for Care and Use
of Laboratory Animals. Fifty adult male Wistar albino
rats, weighing 120-1509, were obtained from the Animal
House Colony, National Research Centre, Cairo, Egypt.
The animals were housed in polypropylene cages in an
environmentally controlled clean air room with a
temperature of 25+1°C, an alternating 12h light/12h dark
cycle, a relative humidity of 60 + 5% and free access to
tap water and a standard rodent chow. Rats were allowed
to adapt to these conditions for two weeks before starting
the experiment. After the acclimatization period, the
animals were divided into five groups (10 rats each) as
follow: Group (1) served as control and received saline
solution as a vehicle for TAA, group (2) comprised of
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healthy rats injected intraperitoneally with TAA
dissolved in normal saline in a single dose (300 mg/kg
b.wt) according tot”? and fed standard basal diet for 14
days, group (3) comprised of healthy rats fed chitosan
mixed basal diet at ratio of 5% (509 chitosan+950g basal
diet) for 14 days according to the previous work of'®
group (4) comprised of normal rats fed chitosan mixed
basal diet at ratio of 5% for 14 days prior to
intraperitoneal intoxication with a single dose (300
mg/kg b.w) of TAA dissolved in 0.9% normal saline, and
group (5) comprised of normal rats fed chitosan mixed
basal diet at ratio of 5% for 14 days after intraperitoneal
intoxication with a single dose (300 mg/kg b.w) of TAA.

Body weight of each rat was recorded at begin and every
week of the study period to monitor body weight change
and to adjust the dose; at the end of experimental period,
animals were fasted 12 hours and anaesthetized with
diethyl ether; blood samples were collected from retro
orbital venous plexus in centrifuge tubes, left to clot and
cool centrifuged at 3000 rpm for 15 minutes; then the
sera were separated, divided into aliquots and stored at -
20°C for further biochemical analysis.

After blood collection, the animals were sacrificed by
cervical dislocation, and the whole liver of each rat was
rapidly excised and thoroughly washed with isotonic
saline; then a portion of the liver of each animal was
rolled in a piece of aluminum foil and frozen at -80°C for
homogenization and determination of oxidative stress
markers.

Preparation of liver homogenate

A specimen from the liver organ was homogenized in
ice-cold phosphate buffer (50 mM, pH 7.4) to give 10%
homogenate (w/v) using ultrasound homogenizer; the
homogenate was centrifuged at 5000 rpm for 20 minutes
to remove the nuclear and mitochondrial fractions; the
supernatant was divided into aliquots and stored at -80°C
till the measurement of the markers of oxidative status as
soon as possible.

Biochemical analysis

Serum triglycerides, total cholesterol, high density
lipoprotein-cholesterol (HDL-c) and low density
lipoprotein-cholesterol ~ (LDL-c) were  determined
spectrophotometrically using reagent kits obtained from
Biodiagnostic Co, Egypt.

The level of malondialdehyde (MDA), the most
abundant individual aldehyde resulting from lipid
peroxidation breakdown in biological systems and used
as an indirect index for lipid peroxidation, was
determined chemically as described by™ through MDA
reaction with thiobarbituric acid (TBA) forming a pink
complex that can be measured photometrically; In this
method, 0.5 ml liver homogenate supernatant was added
to 4.5 ml working reagent (0.8 g TBA was dissolved in
100 ml percloric acid 10%, and mixed with trichloro
acetic acid 20% in a volume ratio 1 : 3, respectively);
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then in a boiling and shaking water bath, the sample-
reagent mixture was placed for 20 minutes, then carried
to cool at room temperature and centrifuged for 5
minutes at 3000 rpm; finally, the absorbance of the clear
pink supernatant was measured at 535 nm against
reagent blank (0.5 ml distilled water + 4.5 ml working
reagent); MDA level (nmol/g tissue) was calculated
according to the following formula: MDA (nmol/g
tissue) = [{Asssx 10° / (1.56 x 10°) x 10°} x AD] x 10.
Where, 1.56x105 M™L'cm™ is MDA extinction
coefficient and AD is assay dilution (10).

Hepatic reduced glutathione (GSH) and nitric oxide
(NO) levels were determined using conventional
spectrophotometric technique and reagent Kits obtained
from Biodiagnostic Co, Egypt as guided by the
manufacturer instructions.

Statistical Analysis

Data in the present study were expressed as mean £SEM.
Statistical significance of difference, at level of p < 0.05
was determined using analysis of variance (One way
ANOVA) followed by post hoc comparisons using LSD
test. Pearson’s correlation was used to find correlations
between the studied parameters.

European Journal of Biomedical and Pharmaceutical Sciences

RESULTS
As shown in Table (1), intoxication of rats with
thioacetamide significantly increased the levels of serum

total cholesterol and triglycerides, while rats fed
chitosan-supplemented  basal diet (5%) showed
insignificant change in serum cholesterol and

triglycerides levels when both groups were compared
with the control group. Comparing with TAA-intoxicated
rats group, the animals that fed chitosan-supplemented
basal diet 14 days before or after intoxication with TAA
group showed significant reduction in serum cholesterol
and triglycerides levels.

Additionally, significant decrease in serum HDL level
was detected in the TAA-intoxicated group, while
animals’ group fed chitosan-supplemented basal diet for
14 days showed insignificant change in serum HDL level
when both groups were compared with the control group.
Interestingly, feeding of rats on 5% chitosan-mixed basal
diet 14 days prior to or after TAA-intoxication showed
significant improvement in serum HDL level when both
groups were compared with the TAA-intoxicated group.

Also, the data of this study revealed that feeding of rats
on 5% chitosan-mixed diet didn’t disturb serum LDL
level, while TAA-intoxication resulted in a significant
increase comparing both groups with the control one.
Interestingly, feeding of rats on 5% chitosan-
supplemented died before or after injection with TAA
led to significant decrease in serum LDL level, as
compared with TAA-intoxicated group.

Table (1): Serum lipid profile of control, thioacetamide-intoxicated and chitosan-fed animals’ groups.

. Chitosan TAA
Control TAA Chitosan then TAA then chitosan
Cholesterol(mg/dl) 55.9+1.3 85.2 +055% | 50.17+0.9 62.6+0.4° 72.9 +0.45°
HDL-Chol (mg/dl) 35.7+15 20.3+0.26% | 309 +0.7 315 +04° 29.3+0.44°
LDL-Chol (mg/dl) 15.22+2.08 | 50.12+0.47% [ 1421+1.01 | 21.97+0.5 33.36 +0.48°
Triglycerides (mg/dl) | 349 +1.0 68.9+0.58°% | 35.3+1.0 45.65 + 0.8° 51.2+0.6°

All data are presented as the mean +SEM (n=10). Within the same raw, superscript letter “a” is a significant
difference from control; while superscript letter “b” represents a significant difference from TAA-intoxicated

group.

The results of this study illustrated that there was a
significant depletion in hepatic GSH level in TAA-
intoxicated group, while feeding of rats on 5% chitosan-
supplemented diet showed insignificant change in
hepatic GSH level as both groups were compared with
the control group. Feeding of rats on chitosan-mixed diet
14 days before intoxication with TAA group resulted in a
significant improvement in hepatic GSH level compared
with TAA-injected group. Moreover, a significant
improvement in GSH level was recorded in the group
that fed chitosan-mixed diet after TAA-intoxication as
both groups were compared with TAA-intoxicated group
(Figure 1).

Furthermore intoxication of rats with TAA significantly
increased the level of hepatic NO; while rats fed
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chitosan-supplemented  basal diet (5%) showed
insignificant change in its level when both groups were
compared with the control group. Comparing with TAA-
intoxicated rats group, animals that fed chitosan-
supplemented basal diet 14 days before intoxication with
TAA group showed a significant reduction in serum NO
level; meanwhile a significant decrease in serum NO
level was recorded by animals’ group that fed chitosan-
supplemented basal diet 14 days after intoxication with
TAA as shown in Figure (1).

The data illustrated in Figure (2) shows a significant rise
in liver MDA level in the TAA-intoxicated group,
whileas rats fed chitosan-supplemented basal diet (5%)
showed insignificant change in serum MDA level in
comparing both groups with the control one. In a
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favorable manner, animals group that fed chitosan- 0z
supplemented basal diet 14 days before intoxication with 018 - a
TAA showed a significant reduction in liver MDA level, ® 016
meanwhile a significant drop in its level was recorded in B ooawmq
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Figure (1). The effect of TAA-intoxication and 5%
chitosan-supplemented basal diet on hepatic levels of
GSH and NO (All the values are presented as the
mean = SEM). “a” is a significant difference from
control; while superscript letter “b” represents a
significant difference from TAA-intoxicated group.

Control TAA group chitosan

thenTaA  thendhlitosan
Figure (2). The effect of TAA-intoxication and 5%
chitosan-supplemented basal diet on hepatic MDA
level (All the values are presented as the mean +
SEM). “a” is a significant difference from control;
while superscript letter “b” represents a significant
difference from TAA-intoxicated group.

The data illustrated in Table (2) revealed a significant
negative correlation among hepatic GSH level and each
of serum total cholesterol (r = - 0. 650, p = 0.0001),
LDL-c (r = - 0.700, p = 0.0001) and triglycerides (r= -
0.711, p=0.0001) coupled with insignificant positive
correlation with serum HDL-c in chitosan treated groups.
Similarly, a significant positive correlation was noticed
among liver nitric oxide and serum total cholesterol (r=
0.793, P= 0.0003), LDL-c (r=0.753, p =0.001) and
triglycerides  (r=0.789, p=0.0001), matched with
insignificant negative relation with HDL-c (r=- 0.394,
p=0.146). Hepatic level of MDA recorded insignificant
positive relation with serum total cholesterol, LDL-c, and
triglycerides, associated with insignificant negative
relation with HDL-c.

Table (2).Correlation among oxidative stress markers (GSH, NO and MDA) and lipid profile indexes (total
cholesterol, HDL-c, LDL-c and triglycerides).

Total Cholesterol HDL-c LDL-c Triglycerides
GSH R= - 0.650 R=0.350 | R=-0.700 R=-0.711
P=0.0001 P=0.058 | P=0.0001 P =0.0001
Sig NS Sig sig
R =0.793 R=-0.394 | R=0.753 R=0.789
NO p = 0.0003 p=0.146 P =0.001 P =0.0001
Sig NS sig Sig
R =0.326 R=-0.347 R=0.338 R=- 0.323
MDA p=0.078 p =0.060 p = 0.068 p=0.082
NS NS NS NS
DISCUSSION total cholesterol, triglycerides and LDL-c were

Depending on its promising biological activities,
chitosan was used extensively in many studies to propose
a therapeutic option for different liver diseases. In the
current study, an acute liver toxicity was induced using
thioacetamide which is a well-established hepatotoxin.
The present study aimed to evaluate the protective and
curative efficiency of chitosan against lipid distortion as
a complication of thioacetamide-induced hepatotoxicity.
Besides the anti-lipidemic potential, the oxidative stress
statuses as well as their correlation were investigated.
TAA-intoxication deteriorated lipid profile in rats where
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significantly increased while HDL-c was si%nificantly
decreased. These finding is in accordance with™! and.™!
The deteriorated lipid profile may be a result of liver
toxicity which resulted in deteriorated lipid metabolic
function. In case of deteriorated liver function, liver is
disabling to metabolize lipids leading to hepatocyte
death. However, feeding of rats on chitosan-mixed diet
either as preventive (before TAA-intoxication) or
curative (after TAA-intoxication) resulted in a marked
amelioration in serum lipid pattern where cholesterol,
triglycerides, and LDL-c levels were decreased with
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concomitant increase in HDL-c level. These findings are
consistent with;!*2 ;I and M The later found that
chitosan was able to reduce the absorption of dietary fat
and cholesterol in vivo, this in turn ameliorated
hyperlipidemia and fatty liver in the rats. Other vary
mechanisms of chitosan mediated cholesterol lowering
effect were postulated; one of them suggests that
chitosan may affect cholesterol  metabolism,
independently of absorption and synthesis, another
mechanism implies that chitosan exerts its action based
on general characteristics of fibers which cause delayed
gastric emptying, reduction in appetite, increased satiety,
and modulation of secretion; by its capability of forming
a high viscous gel, chitosan cause delaying of gastric
emptying leading to increased satiety. Another
mechanism is based on the antibacterial effects of
chitosan which affect colonic fermentation result in
increased short chain fatty acid production, leading to
reduced cholesterol synthesis via propionic acid.
Moreover, one mechanism depends on the established
chitosan antioxidant activity.**"

Moreover, chitosan was found to increase hepatic LDL -
c receptor through the up regulation of LDL - ¢ mRNA
receptor expression in rat liver leading to improved liver
function and decreased cholesterol levels. Depending on
its strong positive charge, chitosan binds to fatty acids
and bile acids, which are negatively charged. Bile acids
are produced from LDL-c in the liver. So, chitosan
binding to bile acids enhances LDL -c loss and
consequently LDL- ¢ to HDL- c ratio is improved. The
more the binding of chitosan and bile acids, the lesser the
fat are solubilized which prevents its digestion and
absorption. Another mechanism suggests that chitosan
forms a net using its fibers and wraps around fat droplets
preventing its digestion by lipid enzymes.*?

On the other hand, results of the current study revealed
that TAA-injection resulted in a significant reduction in
hepatic GSH level concomitant with significant
elevations in liver Nitric oxide (NO) and MDA levels.
GSH depletion was reported to be initiation factor that
facilitate lipid peroxidation and finally increase MDA
levels. NO forms free radicals, peroxynitrites, which is
capable of peroxidizing the protein, LDL- ¢, and may
affect other biological molecules. Peroxynitrites
enhances the activation of poly (ADP-ribose) polymerase
(PARP-1) resulting in up regulating the expression of
some inflammatory genes. The increased inflammatory
response increases the risk of cell death by the reduction
of NAD" and ATP cytosolic stores.*® Promisingly, fed
on chitosan as protective or curative regimens
significantly elevated hepatic GSH levels and reduced
liver NO and MDA levels. Lipid peroxidation,
inflammation and necrosis of hepatocytes could be
suppressed by GSH. GSH can modulate its antioxidant
functions in many ways; it may act directly as a free
radical scavenger by reacting with free oxygen,
superoxide and hydroxyl radical; besides, it could
stabilize membrane structure through acyl peroxides
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eradication. eI

Reported that chitosan has a strong positive charge and
consequently it could bind to cell membranes and initiate
important biological interactions with cell membrane.
The currently established antioxidant properties of
chitosan is in accordance with the findings of%*?? and.®
Antioxidants can inhibit the damaging effects of reactive
oxygen species on protein, lipids and DNA in addition to
preventing the formation of free radicals.!®!

Moreover, it was reported that chitosan ingestion
significantly inhibited liver thiobarbituric acid reactive
substances and increased catalase and superoxide
dismutase as an endogenous antioxidant enzymes./*!
Besides, it was reported that hydroxyl radicals lipid
peroxidation of phosphatidylcholine and linoleate
lipiosomes was suppressed by the scavenging effect of
chitosan in vitro.?*! Additionally, chitosan is capable to
scavenge hydroxyl and oxygen radical.!”

Negative correlation among hepatic glutathione level and
serum cholesterol, LDL-c and Triglycerides levels was
detected in this study; this findings are in accordance
with™™? who postulated that chitosan-lipids lowering
effect depends on the established chitosan antioxidant
activity. This may partially be consistent with the finding
of® who reported that HDL-c concentration negatively
correlates with the concentrations of MDA and LDL-c
which is the major source of oxidized LDL-c and is more
atherogenic than LDL-c. Similarly,”® found that high
level of MDA is associated with low level of HDL-c and
high level of LDL-c. As mentioned previously, low GSH
level leads to oxidative stress and consequently increased
lipid peroxidation and MDA level. Moreover, NO was
negatively correlated with total cholesterol, and
correlated positively with LDL-c and triglycerides levels.
This could be explained as a negative feedback
mechanism of NO to dilate the blood vessels. This could
suggest that chitosan anti-oxidant activity is significantly
associated with its hypolipidemic effect in TAA-treated
rats.

CONCLUSION

Our study concluded that chitosan possesses a markable
lipid lowering potential as it succeeded in lowering non-
useful serum lipid indexes and restoring the antioxidant
battery in the hepatic tissues of the thioacetamide-
induced acute hepatotoxicity. The liver antioxidant
markers and serum lipid profile indexes have different
significant correlations in chitosan-fed rats groups. All
together suggest that the hypolipidemic effect of chitosan
is mediated mainly by its antioxidant activity.
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