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Abstract

Methotrexate (MTX) is a folic acid antagonist that is widely used as a cytotoxic chemotherapeutic
agent for treatment of leukemia and other malignancies and as anti-inflammatory and
immunosupressive agent in non-neoplastic diseases such as psoriasis, arthritis and SLE. MTX and its poly
glutamated metabolite (7-OH-MTX) stored in hepatocytes for long period causes oxidative stress and
lipid peroxidation in liver and renal tissue by increase the generation of reactive oxygen and nitrogen
species. Candesartan Cilexetil (CC) is an orally active and selective angiotensin Il (Ang II) type one
receptor blocker with anti-inflammatory and antioxidant effect and it is widely used for the treatment of
hypertension and heart failure. This study was designed to evaluate the possible protective effects of
candesartan cilexetil against methoteraxte induced hepatotoxicity in rabbits. The animal groups were
divided into five groups involve control group , Methoteraxte induction groups received 20mg/kg and
100 mg /kg a single intra-peritoneal dose at day 4 to induced hepatotoxicity. These groups served as
positive control of liver damage. Candesartan + Methoteraxte groups (pre and post group) in which
rabbits treated with Candesartan1o mg /kg orally for 10 days with MTX 20mg/kg and or 100 mg/kg a single
dose intra-peritoneal at day 4. The animals were sacrificed on day 10. then estimation of serum levels of
(AST), (ALT) and (ALP). Also the liver tissue homogenate was prepared to evaluate tissue levels of
malondialdehyde (MDA) and glutathione (GSH). Finally, liver tissue sections were prepared by using
paraffin sections technique and stained with hematoxylin and eiosin for histological evaluation.
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Introduction

Cancer chemotherapy remains an intriguing area
of pharmacology. On one hand, the use of anticancer
drugs produces high rates of cure of the disease in
which without chemotherapy, result in extremely
high mortality rates. On the other hand, some types
of cancer are barely affected by currently available
drugs'. Methotrexate (MTX) is an anti-metabolite
anti foliate chemotherapeutic agent that introduced
for therapeutic application in the1950s. It s
commonly prescribed for various cancers and
autoimmune diseases that is widely used as a
cytotoxic chemotherapeutic agent for treatment of
leukemia and other malignancies and as anti-
inflammatory and immunosupressive agent in non-
neoplastic diseases such as psoriasis, arthritis and
SLE”. In the liver the conversion of MTX to its major
extracellular metabolite (7-hydroxy MTX) occurred
where it is oxidized by a soluble enzymatic system.
Inside hepatocytes MTX is stored in a poly
glutamated form in which long term drug
administration can cause accumulation of MTX poly
glutamates causes a longer intracellular presence of
the drug and decreased foliate levels result in de
novo inhibition of purine and pyrimidine synthesis
leads to DNA, RNA defects which results in apoptosis
this has been suggested as a mechanism for MTX
hepatotoxicity>*. Moreover, MTX causes oxidative
stress and lipid peroxidation in liver tissue by increase
the generation of reactive oxygen and nitrogen
species like nitric oxide (NO*) an inorganic free radical
gas produced from L-arginine by nitric oxide
synthase (NOS) appears to be intimately involved in
super oxide mediated tissue injury >. The concurrent
production of mitochondrial superoxide and
cytoplasmic (NO-) leads to the rapid formation of
peroxy nitrites (ONOO-) é; the major toxic product
leading to much of the damage through oxidation of
cellular structures including DNA and causes lipid
peroxidation  that increased activities  of
malondialdehyde (MDA)”8. Candesartan Cilexetil
(CQ) is an orally active and selective angiotensin II
(Ang 1) type one receptor blocker and it is widely
used for the treatment of hypertension and heart
failure®. Ang Il is the main effector molecule of the
rennin-angiotensin system (RAS) in which its binding
to the AT1 receptor leads to activation of several
classic second messenger systems that induce the

following actions™ (Pro-oxidative effects of Ang I
and Aldosterone, Pro-inflammatory and Pro-
fibrogenic actions, Ang Il induce vasoconstrictor
effect, Stimulation of cell proliferation).

Methods

Thirty domestic rabbits of both sexes, weighing
1.5-2 kg were used in this study will be randomly
divided into five groups each of six animals. The
animals were fed commercial pellets and tap water.
Groups of animals utilized in this study were kept in
separate cages .The experimental protocol for this
study are: Group I: (control group) apparent healthy
rabbits were received tap water and the animals
were anesthetized by ether and then were sacrificed
on day 10. Group II-A: (First induction group) rabbits
received at day 4 a single intra-parenteral dose of
MTX (20mg/kg i.p) in order to induce hepatotoxicity.
These animals were anesthetized by ether and then
were sacrificed on day 10. This group served as first
positive control of liver damage. Group II-B:(First
treatment group) in which rabbits received a single
daily dose of candesartan(1omg/kg) orally for 10 days
(pre and post) and received at day 4 a single dose of
MTX (2o0mg /| kg ip) . These animals were
anesthetized by ether and then were sacrificed on
day 10. Group IlI-A: (Second induction group) rabbits
received at day 4 a single dose of MTX (10omg/kg i.p)
in order to induce hepatotoxicity. These animals
were anesthetized by ether and then were sacrificed
on day 10. This group served as second positive
control of liver damage. Group IlI-B: (Second
treatment group) in which rabbits received a single
daily dose of candesartan1io mg/kg orally for 10 days
(pre and post) and received at day 4 a single dose of
MTX (100 mg/kg i.p). These animals were
anesthetized by ether and then were sacrificed on
day 10.

Before the animals have been anesthetized by
ether, the blood was collected by intra-cardiac
puncture then centrifuged at 3000 rpm for 15 minute
the supernatant was used for the estimation of
serum levels of (AST, ALT and ALP) . Also the liver
tissue homogenate will be prepared to evaluate
tissue levels of malon-dialdehyde (MDA) and
glutathione (GSH).

Finally, liver tissue sections were prepared
according to the method of Junqueira et al in 1995 by
using paraffin sections technique and stained with
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hematoxylin and eiosin for histological evaluation ™.
The liver damage severity was semi-quantitatively
assessed were based on intensity and diffusion of
degeneration in hepatocytes, hepatocytes with
eosinophilic cytoplasm, hydropic degeneration
(cytoplasmic  vacuolization and swelling of
hepatocyte), proliferation in bile duct, inflammation
in portal space and parenchymal necrosis. At the end,
Microscopic damage was identified in accordance to
the scoring®; as follows: [(0): normal , (1):mild, (2):
moderate, (3): sever ,(4): very sever] for each
criterion.

Results

1. Effects of oral candesartan (1omg/kg/day) for 10
days on the serum levels of aspartate
aminotransferase (AST), alanine aminotransferase
(ALT) and alkaline phosphatase (ALP) against
methoterxate (MTX) induced hepatotoxicity in
rabbits:

Data of all groups are expressed as (Mean + SEM)
, in group 1A (GP-1IA) rabbits treated with a single
dose of MTX (20mg/kg) showed a significant increase
in the serum levels of AST, ALT and ALP [(69.82%5.5)
, (105.9%2.25) , (64.23+2.69)] respectively compared
to control group (GP-1) [(28.86+3.97), (68.63+4.39),
(40.37%2.24)] (P<0.05) . While in group 1B (GP-11B)
rabbits treated with oral candesartan (1omg/kg/day)
for 10 days prior to and during intra-peritoneal
administration of MTX (20mg/kg) produced a
significant reduction in the serum levels of AST, ALT
and ALP [(43.01%6.11), (81.19%3.8), (46.1%¥3.32)]
respectively compared to that observed in group-ll1A
(GP-11A) (p<o0.05) But all showed non-significant
difference compared to control group (p>0.05) (GP-
). Table (1), Figures: (1,2,3).

Also in group HIA (GP-IIIA) rabbits treated with a
single intra-peritoneal dose of MTX (100mg/kg)
showed asignificant elevation in the serum levels of
AST, ALT and ALP
[(83.96+5.81),(111.5+4.09),(88.22+3.85)] respectively
compared to control group (GP-1) [(28.86%3.97),
(68.63+4.39), (40.37%2.24)] (P<0.05). While in group
1B (GP-IlIB) rabbits received oral candesartan
(1romg/kg/day) for 10 days prior to and during intra-
peritoneal administration of MTX (100mg/kg)
produced a significant reduction in the serum levels
of AST, ALT and ALP [(36.95%2.48), (72.44* 5.14),

(45.82 #2.79)] respectively compared to that
observed in group-IlIA (GP-IIIA) (p< 0.05), but all
showed non-significant difference compared to
control group (GP-1) (p>0.05), Table (1) , Figures:
(1,2,3). Finally there is a significant elevation in the
serum levels of (AST, ALT and ALP) between the two
induction groups (GP-11A and GP-111A).

2. Effects of oral candesartan (1omg/kg/day) for 10
days on the Lipid Peroxidation (MDA) Levels and
Glutathione (GSH) Levels against methoterxate (MTX)
induced hepatotoxicity in rabbits:

Group IIA (GP-lIA) rabbits treated with a single
intra-peritoneal dose of MTX (20mg/kg) showed a
significant elevation in the levels of lipid peroxidation
end product (MDA) (52.47+3.55) with a significant
reduction in the levels of glutathione(GSH)
(6.53+2.25) in liver tissue homogenate compared to
control group (GP-1) [MDA(26.49+2.26)
,GSH(24.04#2.1)] (p<0.05) .While in group IIB (GP-1IB)
rabbits received oral dose of candesartan (1omg/kg/
day) for 10 days prior to and during intra-peritoneal
administration of MTX (20mg/kg) produced a
significant reduction in (MDA) levels (34.39+3.26)
and a significant elevation in (GSH) levels
(19.02+1.88) in liver tissue homogenate (p<0.05)
compared to that observed in group IIA (GP-lIA)
,these values showed non-significant difference
compared to control group (GP-I) (p>0.05). Table (1)
, Figures: (4,5) .

Group IlIA (GP-1lIA) rabbits treated with a single
intra-peritoneal dose of MTX (10omg/kg) showed a
significant elevation in the levels of MDA (61.72+5.53)
and a significant depletion in the levels of GSH
(4.37£0.91) in liver tissue homogenate compared to
control group (GP-1) [MDA (26.49+2.26) ,
GSH(24.04+2.1)] (p<0.05) , While in Group 1lIB (GP-
[11B) rabbits treated with oral candesartan
(1omg/kg/day) for 10 days prior to and during intra-
peritoneal administration of MTX (100mg/kg)
produced a significant reduction in MDA levels
(28.46+2.98) and a marked significant elevation in
GSH levels (20.69+1.36) in liver tissue

homogenate at (p<0.05) compared to that observed
in group A (GP-IlIA) ,these values showed non-
significant difference compared to control group
(GP-1) (p>0.05). Table (1), Figures: (4,5). Finally, there
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is a significant elevation in the levels of (MDA) and a
significant reduction in the levels of (GSH) between
the two induction groups (GP-1I1A and GP-I11A).

3. Histopathological Changes of Liver Tissues:

The mean of histopathological scores for rabbits
treated with a single dose of MTX (20mg/kg i.p.) in
liver tissue of group (GP-1IA) showed a moderate
score level [score number (3)] that include scattered
hepatocyte, moderate hydropic degeneration with
obvious piecemeal necrosis, bile duct proliferation
and inflammatory portal cells infiltration around
portal area and it is found to be significantly
increased compared to control group (GP-I) (p<0.05).
Table (2), Figures: (1,2).

In (GP-1IB) rabbits treated with oral candesartan
(1omg/kg/day) for 10 days prior to and during intra-
peritoneal administration of MTX (20mg/kg) showed
a mild score level [score number (2)] of histopatho-
logical changes that involve dis-appearance of
hydropic degeneration with mild traditis and no bile
duct proliferation which significantly decreased in
comparison with (GP-1IA) (p<0.05) and non-
significant changes compared to control group (GP-
). Table (2) ,Figure (3) .

The mean of histopathological scores in group IlI-
A (GP-IIIA) for rabbits treated with a single dose of
MTX (10omg/kg i.p.) showed severe to very severe
score level that include severe hydropic
degeneration of hepatocyte with feathery cytoplasm
and port portal bridging with scattered hepatocytic
vaculation [score number-4], loss of architecture
with piecemeal hepatocyte necrosis and nuclear
fragmentation  (karyorrhexis) and both are
significantly increased in comparison to both (GP-I
and GP-llIA) (p<0.05), these histo-pathological
changes are showed in table (2) . Figure (4).

In group [11B (GP-111B) the mean of score level for
rabbits received oral candesartan (1omg/kg/day) for
10 days prior to and during intra-peritoneal
administration of MTX (10omg/kg) showed mild
hydropic degeneration with less feathery changes
[score number (2); Figure(s5) and it is significantly
decreased compared to (GP-IIA) (p<0.05) and non-
significantly different compared to control group
(GP-1) At the end; there was a significant increased
between score means of (GP-IA and GP-llIA)
(p<0.05).Table (2).

Discussion

Antitumor drugs are being increasingly utilized for
patients at high risk for recurrent disease 4. Further
drugs used for cancer chemotherapy are well known
to produce side effects in multiple organ systems the
most common target organs are tissues that contain
self-renewing  cell populations such as
gastrointestinal tract, bone marrow, kidney, mucosal
membranes, and hair follicles (%),

MTX a folic acid antagonist is widely used anti-
metabolite cancer chemotherapy and in many
diseases like rheumatologic, dermatologic, and
hematologic successfully. It is known to have the
major toxic effects due to oxidative reactions that
take place during its metabolism in the liver (67,
There is substantial evidence for a role of reactive
oxygen metabolites in mediating hepatic and renal
toxicity of some xenobiotics and the pathogenesis of
organ failure®®. A previous study showed that
oxygen free radicals and hydrogen peroxides are
linked with the development of several pathological
processes associated with chemotherapy(.The
severity of methotrexate associated liver and renal
injuries is related to both the dose and duration of
the treatment® .

In the present study; it has been shown that a
single (i.p.) dose of MTX 20mg/kg in (GP-1IA) caused
toxic effects on the liver provoking a significant
notable elevation in the serum levels of AST, ALT
compared to control group (GP-1).These enzymes
are liver specific and present in cytoplasm of
hepatocyte and are involved in the breakdown of
amino acids into a keto acid which is routed for
complete metabolism through the Krebs cycle and
electron transport chain®).The increment in these
enzymes levels reflected impaired liver function
which indicate leakage in plasma membrane
permeability resulting in leakage of large quantities
of enzymes into the blood stream which is often
associated with cell death, massive damage or
necrosis of hepatocytes®.

This elevation in serum hepatic enzymes indicated
deterioration in hepatic function due to parenchymal
injury after MTX administration and this is in harmony
with previous reports 329,

Also in the present study, a single (i.p.) dose of
MTX 20mg/kg significantly raised serum level of ALP
compared to control group(GP-I). This indicated
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significant damage to the body tissues by MTX
resulting in liberation of ALP in serum®) and this
increment was observed with the cholestatic
features which is a form of liver injury that results
from either decrease in the volume of bile formed or
an impaired secretion of specific solutes into bile and
it is characterized biochemically by a sharp elevation
in serum activities of enzymes localized into bile
ducts particularly alkaline phosphatase (ALP). In
addition to the elevation of serum levels of bile salts
due to defect in liver secretion ability, so that ALP is
used as indicator for assessment of hepatic excretory
action®®,

Oxidative stress or oxidative cellular damage with
its dual of free radical generation and profound lipid
peroxidation are hallmarks of acute methotrexate
toxicity and also it has been implicated as a common
link between chronic liver damage and hepatic
fibrosis @7). Since reactive oxygen molecules (ROS)
mainly originate from many inflammatory cells such
as neutrophils and macrophages ; these species lead
to cellular damage by peroxidation of membrane
lipids, sulfhydryl enzyme inactivation, protein cross-
linking and DNA breakdown and it could be
concluded that these cells might also have an impact
in MTX-induced cellular toxicity @®.

In the present study, it has been shown that a
single (i.p.) dose of MTX 20 mg/kg caused toxic
effects on the liver that was suitable for studying the
oxidative injury. This dose altered the oxidant
/antioxidant balance that is significantly increases the
level of lipid peroxidation (MDA) in the liver , these
changes result from accumulation of MTX poly
glutamates (7-OH MTX) causes a longer intracellular
presence of the drug in the hepatic tissues and
decreased foliate levels via inhibition of Di-hydro
foliate reductase enzyme (DHFR) result in de novo
inhibition of purine and pyrimidine synthesis leads to
DNA, RNA defects which results in apoptosis this has
been suggested as a mechanism for MTX
hepatotoxicity®93°),

In addition to several reports demonstrating that
MTX produce high levels of (ROS) lead to increased
lipid peroxidation, modulation of intracellular
oxidized states, DNA and cell membrane damage,
altered gene expression and apoptosis in different
body tissues. In fact a relationship between ROS and
apoptosis has been established by many
experimental findings and studies have reported that

antioxidants can suppress or delay apoptosis by
acting as scavengers of ROS in different systems
(1,32)

It was reported that under normal condition
glutathione (GSH) could have a role in maintaining
activity of the pentose phosphate cycle at a level
which is appropriate for the severity of the oxidative
challenge as well as for the capacity of the cellular
antioxidant defenses®3), which in its reduced form
(reduced GSH) is necessary for the detoxification of
xenobiotics ; so that a decline in the constitutive GSH
levels and capacity for GSH synthesis adversely
affects cellular thiol-redox balance and potentially
sensitize the cells and made them susceptible to a
number of internal and environmental stresses G4 .
As a result this dose of MTX caused a significant
decreases in GSH levels in liver. The reduction in GSH
levels promoted by MTX represents an alteration in
the cellular redox state in which under normal
conditions NADPH is used by glutathione reductase
enzyme (GSH reductase) to maintain the reduced
state of cellular glutathione an important cytosolic
antioxidant, previous study demonstrated that the
cytosolic nicotinamide adenosine di-phosphate
(NADP) dependent dehydrogenases and NADP malic
enzyme are inhibited by MTX suggesting that the
drug could decrease the availability of NADPH
(nicotin amide adenosine diphosphate hydrogen) in
cells that lead to inhibition of glutathione reductase
(GSH reductase) activity and finally an inhibition of
GSH cycle 6%, Other reports explained this reduction
in GSH level might be due to the increased utilization
of the hepatocytes in scavenging toxic free radicals
of MTX . It has been reported that most covalent
binding of toxicant to hepatic protein occurs only
after depletion of GSH and the severity of hepatic
necrosis was related to the degree of covalent
binging, thus lead to the cells could be more sensitive
to reactive oxygen metabolites and leads to a
reduction of effectiveness of the antioxidant enzyme
defense system %37, On the other hand, Rouse et al.
suggested that intravenous glutamine protects liver
cells from methotrexate induced oxidant injury by
increasing intracellular GSH metabolism G®. In the
present study administration of oral candesartan
(tomg/kg/day) for 10 days prior to and during
parenteral administered (MTX 20mg/kg) to the
rabbits in group IIB significantly prevented AST and
ALT elevation and Improved liver functions. In this
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view the reduction in the serum levels of AST and ALT
which may be a consequence of plasma membrane
regeneration and indicates of the ability of
candesartan for stabilizing plasma membrane as well
as the repair of hepatic tissue damage caused by MTX
induced oxidative stress via ROS, this effect is
agreeable with the commonly accepted view in
which serum levels of transaminase return to normal
with the healing of hepatic parenchyma and
regeneration of hepatocytes and this suggested that
candesartan may have direct effect on fibrosis rather
than indirect effect mediated by hepatoprotection
(39)

Furthermore, the ability of candesartan for
reducing the serum level of ALP could be explained
by reducing the noticeable damage that induced by
MTX that affected the endothelial cells lining the
blood sinusoids and blood vessels in the portal tracts
which are considered to be the main sites at which
the ALP acts and suggests the stability of the biliary
dysfunction in rabbit liver during injury induced by
MTX (4°),

In group (GP-1IB) candesartan anti-oxidative
effect significantly decreased lipid peroxidation level
(MDA) and increased glutathione level (GSH) in the
liver tissues compared with MTX (20 mg/kg) treated
animals suggesting the antioxidant and free radical
scavenging activity of candesartan may reduce the
toxic effects of MTX . The antioxidant and anti-
inflammatory effect of candesartan was attributed
to blockade of angiotensin receptor and inhibition of
Ang-ll induced generation of ROS via activation of
(NADPH-oxidase) enzyme which is a major source of
ROS and oxidative stress in different tissues that
mediates tissue damage “"4?). Other explanation
include candesartan attenuated tissue damage by
suppressing transforming growth factor-b1(TGF-B1)
mRNA and decreasing production of extracellular
matrix proteins that is similar to anti-oxidant effects
of candesartan were reported by previous study 3.

In the present study the inductive dose of MTX
(20mg/kg) was not sufficient to induce renal damage
at this short period of time and not produced
significant changes in renal tissues because of MTXis
an acidic compound that its highly eliminated in
alkaline urine of rabbits so that it not precipitated in
renal tubules and cause toxic damage at low doses
44), So that different replicated doses of MTX were
gradually selected (40mg/kg, 6omg/kg, 8omg/kg and

10omg/kg) and were done a pilot study of two
animals for each dose to detect the degree of tissue
damage in the hepatic and renal tissues. After that
the mean of each biochemical parameter for each
selected dose was calculated and compared them
with the mean of control group (GP-1), then found
that both doses of MTX (40mg/kg , 6omg/kg) caused
a significant elevation in serum levels of AST, ALT,
ALP and non-significant changes in serum levels of
urea, creatinine, TSP and albumin. While the dose of
MTX (8omg/kg) produced a significant elevation in
serum levels of AST, ALT, ALP and a mild significant
elevation in serum levels of urea, creatinine, TSP and
albumin (49,

In the present study, it has been shown that a
single (i.p.) dose of MTX 10omg/kg in (GP-llIA)
produced toxic effects on the liver tissue apparently
as notable as significant elevation in the serum levels
of AST, ALT and ALP compared to control group. The
elevation in the level of these enzymes reflect
impaired liver function which is previously explained
at the dose of MTX (20mg/kg) >

Also in this group (GP-11IA), this dose of MTX has
been altered the oxidant/antioxidant balance and
produced oxidative tissue damage in the liver of
rabbits that caused significant elevation in the levels
of lipid per-oxidation end product (MDA) in liver
tissue homogenate compared to control group (GP-
). Several reports demonstrating that methotrexate
induces oxidative stress in the liver tissue %3, this
change in MDA level was previously explained at the
dose of MTX (20mg/kg).

As we previously explained glutathione (GSH) in
its reduced form is an important cytosolic
antioxidant that is necessary for the detoxification of
xenobiotics that caused cellular oxidative damage
(334) So that in group-llIA rabbits received a single
(i.p.) dose of MTX(10omg/kg) showed a significant
depletion in the levels of GSH in liver. For the same
reasons that explained in the inductive toxic dose of
MTX (20mg/kg) the significant reduction in GSH
levels promoted by methotrexate at this dose
(10oomg/kg) represents an alteration in the cellular
redox state that caused inhibition of glutathione
reductase activity and finally an inhibition of GSH
cycle B9, this lead to the cells could be more sensitive
to reactive oxygen metabolites and leads to a
reduction of effectiveness of the antioxidant enzyme
defense system G%37),
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In the present study, in group-IlIB rabbits treated
with of oral candesartan (1omg/kg/day) for 10 days
prior to and during (i.p.) administration of MTX
(1roomg/kg) produced a significant reduction in the
serum levels of AST, ALT, ALP and improved liver
functions; this reduction in the serum levels of liver
enzymes reflecting the ability of candesartan for
stabilizing plasma membrane as well as repair of
hepatic tissue damage caused by oxidative stress and
the reasons for that are previously explained in
group-lIB.

Also in this group (GP-llIB) the effect of
candesartan in hepatic tissues provoked a significant
reduction in the levels of lipid peroxidation end
product (MDA) and a significant elevation in the
levels of glutathione (GSH) in compared with
methotrexate treated animals (GP-IIIA) , these
events are briefly discussed in group-IIB. Finally, the
biochemical changes induced by MTX treatment
were confirmed histopathologically #5). In which the
effects of MTX on the liver of rabbits that received
(20mg/kg) in group 1A showed cytoplasmic
vacuolation of the hepatocyte with moderate
hydropic degeneration and obvious piece meal
necrosis with bile duct proliferation. While the
histopathological changes in rabbits received a single
(i.p.) of MTX (100mg/kg) in group IlIA showed sever
hydropic degeneration with hepatocyte hydropic
feathery and port portal bridging with scattered
hepatocytic vacuolation and loss of architecture with
piece meal hepatocyte necrosis and nuclear
fragmentation (karyhexis).

These histopathological findings in liver are in
agreement with the biochemical findings like
increased levels of AST, ALT and ALP in which MTX
has a direct participation in liver structures
alterations and causes the cytotoxicity of
hepatocytes with vacuolation of hepatic cytoplasm.
These changes in the hepatic tissues might be due to
hypoxia as a result of anemia which causes moderate
to severe reversible changes in parenchymatous
organs are in agreement with previous studies (649,

Rabbits  treated with oral candesartan
(romg/kg/day) for 10 days prior to and during (i.p.)
administration of MTX (20mg/kg) in group-lIB
showed disappearance of hydropic degeneration
with mild traditis with normal bile duct. While in
group 1B, showed mild hydropic degeneration with
less feathery changes. These histopathological

findings in liver is in agreement with the biochemical
findings like reduced serum levels of AST, ALT and
ALP. These changes occurred firstly due to blockade
of angiotensin receptor by candesartan that cause
inhibition of Ang-ll induced generation of ROS via
activation of NADPH-oxidase which is a major source
of ROS and oxidative stress in different tissues that
mediates tissue damage (#?). Secondly candesartan
attenuated tissue damage by suppressing
transforming growth factor-b1(TGF-31) mRNA and
decreasing production of extracellular matrix
proteins 43,
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Table 1:
GROUP AST ALT ALP MDA-LIVER GSH-LIVER
(N=6) u/lL U/L u/L Mmol /g. tissue | Mmol /g. tissue
(GROUP1) 28.86 £3.97 68.63 + 4.39 40.37 £2.24 26.49 £2.26 24.04 + 2.1
(GROUPIIA) 69.82£5.5 105.9 £ 2.25 64.23 £2.69 52.47 + 3.55 6.53 +2.25
a a a a a
(GROUPIIB) 43.01% 6.11 81.19+3.8 46.1£3.32 34.39 £ 3.26 19.02 +£1.88
NS, b NS, b NS, b NS, b NS, b
(GROUP IIIA) 83.96 * 5.81 111.5 * 4.09 88.22 +3.85 61.72 £5.53 4.37 £0.91
a a a a a
(GROUP 11IB 36.95 +2.48 72.44 *+5.14 45.82+2.79 28.46 +2.98 20.69+1.36
) c,N.S ¢, N.S ¢, N.S ¢, N.S. c, N.S.

Data are presented as Mean + SEM , N = number of animals per group , Group | : control group, Group II-A: MTX 20mg/kg,
Group II-B : (MTX 20mg/kg + CAND. 1omg/kg) , Group IlI-A: MTX 100omg/kg , Group I11-B : (MTX 100 mg/kg + CAND. 1omg/kg), a :
p < 0.05 significant in compare to control group, b : Significant to MTX 20 mg/kg , c: Significant to MTX 100 mg/kg, NS : Non
Significant to control group
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Table 2:
GROUP (N=6/group) Liver Score (Mean + Std. Error of Mean (SEM))
GP-l 0.00 * 0.00
GP-lIA 2.45+0.21(a)
GP-1IB 1.27 £ 0.15 (3,b)
GP-llIA 3.81+0.16 (a)
GP-111B 1.74 + 0.28 (3,c)

Data are presented as Mean + SEM , N = number of animals per group , Group | : control group , Group IIA : MTX 20mg/kg ,
Group 11B: (MTX 20mglkg+CAND.1omg/kg) , Group IIIA:MTX100mg/kg , Group I11B: (MTX 100 mg/kg+CAND.1omg/kg), a: p<0.05
significant in compare to control group, b:Significant to MTX20 mg/kg , c: Significant to MTX100 mg/kg
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Figure 1: Effects of candesartan treatment on the serum levels of AST in rabbits compared to control and MTX
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Figure 2: Effects of candesartan treatment on the serum levels of ALT in rabbits compared to control and MTX
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Figure 3: Effects of candesartan treatment on the serum levels of ALP in rabbits compared to control and MTX
induction groups
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Figure 4: Effects of candesartan treatment on the levels of MDA in liver tissue homogenate in rabbits compared to
control and MTX induction groups
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Figure 5: Effects of candesartan treatment on the levels of GSH in liver tissue homogenate in rabbits compared to
control and MTX induction groups
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Figure (1): Section of liver of group | (control group) shows normal central vein (blue arrow) and normal hepatocytes (
yellow arrow) - score number (1) . H&E (40X)
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Figure(2): Section of liver of groupll-A (MTX 20mg/kg) shows scattered hepatocyte vacuolization moderate hydropic
degeneration(green arrow),obvious piecemeal necrosis(blue arrow), bile duct proliferation (yellow arrow) score
number (3) . H&E (40X) .

Figure (3): Section of liver of grouplI-B (Candesartan 1omg/kg/day for 10days with Methotrexate 20mg/kg) shows
disapperrance of hydropic degeneration with mild traditis(blue arrow) with normal bile duct (yellow arrow) score
number (2). H&E (40X) .
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Figure (4): Section of liver of group 1A (MTX 10omg/kg) shows sever hydropic degeneration with hepatocyte
hydropic feathery (yellow arrow) and port portal bridging (blue arrow) with scattered hepatocytic vacuolization
(green arrow) - score number (4) . H&E (40X).

Figure (5): Section of liver of group 111B (Candesartan 1omg/kg/day for 10days with MTX 100mg/kg) shows mild
hydropic degeneration (yellow arrow) with less feathery changes- score number (2). H&E (40X)
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