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Abstract

Background: Oxidative stress has been implicated as important cause of Methotrexate (MTX)
induced liver toxicity. Recently nebivolol and aliskiren have been described to posses antioxidant
properties.

Objective: This study was designed to investigate the hepatoprotective potentials of Nebivolol and
Aliskiren on MTX induced hepatotoxicity.

Materials and methods: A total of 32 rabbits were randomized into 4 equal groups. Group 1 received
no treatment (control) while group 2,3 and 4 received MTX, MTX+Nebivolol or MTX+Aliskiren
respectively for 8 weeks. At the end of 8" week al anima's were sacrificed and liver function tests
(SGOT, SGPT, ALP, bilirubin, TSP and PT) were measured. Liver tissues were used for
measurement of MDA and GSH level s and for histopathological evaluation.

Results: MTX treatment caused significant impairment in liver function profile. MTX aso induced
significant increase in MDA and significant decrease in GSH levels in liver tissues. Nebivolol and
aliskiren significantly improved liver function profile. Both drugs also reduced MDA leves and
elevated GSH levels. Furthermore hisological evaluation of liver sections confirmed the hepatotoxicity
of MTX and the improvement with the combination treatment of nebivolol or diskiren. These findings
suggested that both drugs have promising hepatoprotective potential against MTX induced liver
toxicity.
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Introduction enzyme by inhibiting the synthesis of
ethotrexate (MTX), an tetrahydrofolate, which is required for
antimetabolite drug, acts as a DNA synthess. MTX is effective

dihydrofolic acid analogue that binds trestment modality largely used in

to the dihydrofolic acid reductase rheumatoid arthritis, psoriasis,
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leukemias and some autoimmune
disorders[1]. Nowadaysit is also used
for sarcoidosis, inflammatory bowel
diseases, vasculitis and  sever
refractory asthma [2]. With this
enlarged spectrum of clinical use for
MTX, its toxicity on the liver has
gained much more importance. MTX-
asociated  hepatotoxicity is  a
significant clinical problem that affect
the compliance with MTX-containing
treatment regimens. The development
of MTX-induced liver toxicity is not
rare and mainly depends on the
duration and the dose of drug. Renal
insufficiency, obesity, alcohol
consumption, diabetes, and older age
are other contributing factors [3].
Prolonged use of MTX leads to
accumulation of polyglutamate forms

of the drug in hepatocytes. The
presence of higher levels of
polyglutamates causes a longer

intracellular presence of the drug, and
this has been suggested as a
mechanism for MTX hepatotoxicity
[4]. Recently, hydrogen peroxide
molecules were reported to act as
mediators both in the therapeutic and
toxic effects of MTX [5]. Oxidative
stress and lipid peroxidation mediated
by oxygen free radicas has been
implicated as important cause of MTX
induced liver toxicity [6] .

Nebivolol is a long acting B-1-
adrenoceptor-blocking agent, newest
of third generation beta-blockers. It is
a racemic mixture of d/I-enantiomers
that displays negative inotropic as
well as direct vasodilating activity [7].
Besides these effects, the nitric oxide
(NO)-releasing B-blocker, nebivolol
has antioxidant  activity [8,9].
Interventions to enhance NO activity
in liver disease have produced
promising results. L-arginine and
severd NO donors have demonstrated
hepatoprotective benefits in animal
models of liver injury [10]. These
findings suggest that use of NO-
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modulating  therapies be
hepatoprotective.

Aliskiren, the first in a new class of
non-peptide oraly effective direct
renin inhibitors, is approved for the
trestment of hypertenson. It is
effective in reducing blood pressure in
the general population of hypertensive
patients and in special patient groups
such as obese persons, and has a
tolerability and safety profile similar
to placebo [11,12]. Aliskiren has
renoprotective, cardioprotective and
anti-atherosclerotic effects in animal
models that appear to be independent
of blood pressure lowering. Anti-
inflammatory, antioxidant and
antifibrotic effects of aliskiren have
adso been demonstrated in some
experimental studies [12,13]. This
study was designed to investigate the
hepatoprotective effects of Nebivolol

may

and Aliskiren on MTX induced
hepatotoxicity

Materialsand Methods

Animals

This study was conducted in

Department of Pharmacology and
Therapeuticsg’ College of Medicine/ Al
Qadisiyah University/ Irag. A total of
32 New Zedland White Mae Rabbits
aged 3-4 months weighing 1.5 — 2 kg,
were used in this study. The rabbits
were housed in an isolated room under
standard conditions  (controlled
temperature (25+2 °C), ambient
humidity and a 12-h light/dark cycle)
and had free access to standard food
pellets and water throughout the study.
They kept for acclimation to the
environment for one week before the
experiment was started

Drugs

Methotrexate was given i.m to the
rabbits in a dose of 0.25 mg/kg/day
once daily (EBEWE pharma, Austria)
[14]. The tested drugs that used in the
study were Nebivolol (Vasoxen
tablets, Berlin-Chemie, Turkey, batch
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no. 92155) and Aliskiren (Rasilex
tablets, Novartis, Switzerland, batch
no. S0107). Drugs were suspended in
0.25% carboxy methyl celulose
(CMC) in 0.9% saline suspension, and
were freshly prepared prior to
administration. The dose of nebivolol
was 0.5 mg/kg/day orally [15] while

the dose of  Alisiren was 40
mg/kg/day orally [16].

Experimental Hepatotoxicity:
Induction of hepatotoxicity was

carried out by administration of MTX
to the rabbit in a dose of 0.25 mg/kg
/day i.m for 8 weeks[14].
Experimental protocol:

The animas were randomly divided
into 4 equa groups (n=8) and the
following processes were performed
for 8 weeks:

Group (1): served as a control which
received no treatment.

Group (2): served as postive
(hepatotoxic) control, which received
MTX only

Group (3): received MTX+ Nebivolol
Group (4): received MTX+ Aliskiren
At the end of 8" week all rabbits were
sacrificed under ether anesthesia,
blood was withdrawn directly from
the heart and divided into two parts.
Serum was obtained to assay the
activities of Glutamate oxaloacetate
transaminase  (SGOT), Glutamate
pyruvate transaminase (SGPT) and
alkaline phosphatase (ALP) and to
measure the levels of bilirubin and
total serum protein (TSP). The plasma
was prepared to measure prothrombin
time (PT). The livers were isolated for
biopsy and kept at —80 °C until the
determination of malondialdehyde
(MDA) or reduced glutathione (GSH).
Assessment of liver function: Blood
sample was centrifuged at 3 000 r/min
at 4 °C for 10 minutes to obtain the
sera. Activities of SGOT, SGPT and
ALP and levels of bilirubin and TSP
in serum were tested

spectrophotometrically by  using
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Roche clinical test kits. PT was
measured using kit supplied by Bio-
Merieux.

Assessment of
Malondialdehyde
Glutathione (GSH):
Liver tissue sample was homogenized
with ice-cold trichloracetic acid (1 g
tissue plus 10 mL 10% TCA) in an
Ultra Turrax tissue homogenizer (T25
Janke & Kunkd GMBH, IKA-
Labortechnik, Germany). MDA levels
were assayed for products of lipid
peroxidation by monitoring
thiobarbituric acid reactive substance
formation as described previously
[17]. Lipid peroxidation is expressed
in terms of MDA equivaents using an
extinction coefficient of 1.56 x105 M-
1 cm-1 and the results are expressed
a nmol MDA/g tissue GSH
measurements were performed using a
modification of the Ellman procedure
[18]. Briefly, after centrifugation at
2000 g for 10 min, 0.5 mL of
supernatant was added to 2 mL of 0.3
mol/L Na2HPO4.2H,O solution. A
0.2 mL solution of
dithiobisnitrobenzoate (0.4 mg/mL 1%
sodium citrate) was added and the
absorbance at 412 nm was measured
immediately after mixing. GSH levels
were calculated using an extinction
coefficient of 1.36 x 10* M cm™. The
results are expressed in pmol GSH/g
tissue.

Histological examination of theliver
Tissue samples were isolated from
each lobe of the liver. The tissue was

tissue

(MDA) and

fixed in 10% neutra formalin,
dehydrated with graduating
concentrations of ethanol solutions

from 50% to 100% and embedded in
paraffin, then cut into 5 pum thick
sections, stained with hematoxylin-
eosin and observed under a
photomicroscope  [19]. Hepatic
damage was classified by assessing
the following observations (dilatation
of portal tract, inflammatory cell
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infiltration, necrosis and fibrosis) as
no abnormality, mild, moderate and
severe.

Statistics

All data are expressed as mean +
SEM. Groups of data were compared
with  an andyss of variance
(ANOVA) followed by LSD test. Chi-
square test was aso used. Values of P
< 0.05 were regarded as significant.

Reaults

Effects of additive drugs on liver
function

As shown in table 1, treating a MTX
to rabbits for eight weeks resulted in
significant changes in liver function
parameters, as compared to the control
group. SGOT, SGPT, ALP, and
bilirubin were significantly higher
than those of the control group (p<
0.001). In addition MTX treatment
produced significant (p< 0.01)
prolongation in PT. Adding nebivolol
or aliskiren to MTX was found to be
significantly (p< 0.001) reduced these
vaues. The TSP levels showed a
marked reduction in MTX group (P <
0.001) as compared to that of control
group. Nebivolol or  aliskiren
treatment caused significant increase
in TSP (P < 0.001).

Effects of additive drugs on
oxidative stress

The MDA levels in the liver were
found to be significantly higher in the
MTX group (72.9 £ 1.32 nmol/g; P <
0.001) compared to that of control
group (33.9+1.57 nmol/g). The
hepatic GSH level showed a marked
reduction in the MTX group (0.8 +
0.03 pmol/g; P < 0.001) compared to
that of the control group (2.8+0.09
pmol/g). Compared to MTX group,
significant decreases in MDA levels
were found in hepatic tissues of
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MTX+nebivolol (46.6+1.16 nmol/g;
P < 0.01) and MTX+aliskiren (56.6 +
1.02 nmol/g; P < 0.01) treated groups.
On the other hand, GSH levels was
significantly higher in livers of
MTX+nebivolol (2 + 0.05 umol/g; P <
0.001) and MTX+aliskiren (1.5+ 0.04
pmol/g; P < 0.01) treated groups.
MDA and GSH levels were
significantly different between
nebivolol, aiskiren and control groups
(p<0.01 for both).

Effects of additive drugs on liver
histopathology

Histopathological evaluation of liver
tissues of the control group revealed a
regular  morphology  of  liver
parenchyma with intact hepatocytes,
sinusoids and portal tract (Fig. 1A).
However, in MTX group, liver tissues
showed disorganized hepatic cords
and significant hepatocyte necrosis.
Inflammation and fibrosis was aso
evident in the form of delicate bands
around the acini (Fig 1B). As shown
in table 2, the median hepatic change
was highest in MTX only group
(severe) and lowest in the control
group (no abnormality). On the 2
types of additives to MTX, each one
was associated with a median hepatic
change that is significantly lower than
the MTX only group. Though the
hepatic changes difference between
nebivolol and diskiren treated groups
not reached statistical significance,
from the 2 additives nebivolol was
associated with the lowest median
hepatic change (no abnormality)
which was sgnificantly lower than
that of aliskiren group (mild).
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Figure 1 Photomicrograph of liver section of normal findings (no abnormality) (A)
and severe findings (porta tract dilatation, inflammatory cell infiltration, sinusoidal
dilatation, necrosis and fibrosis) (B). Stained with haematoxylin and Eosin (X 40).

Table 1 The difference in mean of selected liver function test parameters between

study groups.
Groups
Parameters
Untreated . L
control MTX only MTX+Nebivolol MTX+Aliskiren
SGOT U/L 61+2.28 1735+ 4.13 115.4+3.14" 1365+ 1.24"
SGPT U/L 50.3+1.96 108.5+ 3.07 65.6+1.22" 785+ 0.91”
SALP U/L 19.5+0.93 69.9+ 227 36.1+0.91" 423+1.31"
TSP g/ 7.6+0.38 35+0.15 6.2£0.1" 4.3:0.14"
Bilirubin mg/d 0.6+0.05 49+0.18 24+01" 29+0.04"
PT (sec) 11.8+ 0.5 17.9+ 0.55 13.9+0.35 " 14.7+0.3"

***P < 0.05, compared to untreated control;
P < 0.05, compared to positive control (MTX only)

Table 2 The difference in median histopathologic grading of hepatic damage
between the 4 study groups after 8 weeks treatment.

Histopathological | Untreated . Alikiren+
Gradipng ° of | control MTX only | Nebivolol +MTX MTX
hepaticdamage |N | % N % N % N %
No abnormality 8 100 0 0 4 50 3 37.5
Mild 0 0 0 0 3 37.5 4 50
Moderate 0 0 1 125 |1 12.5 1 12.5
Severe 0 0 7 875 |0 0 0 0
Totd 8 100 8 100 |8 100 8 100
Median grade ’a\lb%orm ality Severe No abnormality Mild
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Discussion

In this study we found MTX induces
significant impairment in the liver
function. Serum bilirubin, SGOT,
SGPT, ALP levels were significantly
raised while serum levels of protein
were reduced. Increases in
prothrombin time were also noticed.
These findings are in agreement with
the reports by Suleyman et al., 2008
and Assma [6,20]. Moreover in the
present study we demonstrated that
MTX treatment causes dgnificant
increase in MDA and  dgnificant
decrease GSH levels in the liver tissue
as compared to control.  Similar
findings were reported by Kaplowitz,
2000 and Suleyman e @ d.,
2008[6,21].The finding of elevated
MDA in our study suggesting the
presence  of enhanced lipid
peroxidation due to MTX treatment.
However, although the study of Harun
et al. [22] reported that GSH levels
increased with the administration of
MTX, we found tha GSH leves
decreased. Possible explanation is that
MTX decreases intracellular levels of
reduced nicotinamide adenine
dinucleotide phosphate (NADPH).
NADPH is necessary for glutathion
reductase, which protects the levels of
GSH, key cytosolic antioxidant [23].
Histopathologically, MTX toxicity
was observed by disorganized
hepatic cords, hepatocyte necrosis,
inflammation and fibross.

Lipid peroxidation, mediated by
oxygen free radicals (ROS), might to
be an important cause of hepatic
damage and dteration in liver
function profile. The lipid
peroxidation causes disruption of the
memberane bilayer and cdl integrity
and eventually hepatic necrosis that
leads to leakage of liver (cytoplasmic)
enzymes into the blood [4,21]. The
altered levels of bilirubin and protein
are possibly due to increased
production of free radicals. The
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reduction in protein concentration may
be due to disruption in proten
structures and formation of protein
adducts with ROS and aso the
possible involvement of
nephrotoxicity that caused loss of
protein through the renal route [24].
In accordance with previous reports,
our results also support the notion that
oxidative stress is one of the magor
contributors in  MTX  induced
hepatotoxicity.

In this study we observed that adding
nebivolol to MTX was found to
produce a significant decrease in liver
enzyme activities, bilirubin level and
shortening in PT and a significant
increase in TSP levels compared to
postive control (MTX a lone). We
aso demonstrated that the
combination of MTX and nebivolol
significantly decreases MDA and
increases GSH in hepatic tissue. Our
observations are consistent with
previous studies that showed nebivolol
atenuates lipid peroxidation and
enhances anti oxidant  capacity
[8,9,15]. A reasonable explanation is
the direct free radica scavenging
effect and antioxidant properties of the
NO-releasng B-blocker, nebivolol
[8,9, 25].

This study showed that combination
trestment of aiskiren and MTX
significantly improved liver function
profile. A significant reduction in liver
enzyme activities (SGPT, SGOT,
ALP), bilirubin level, PT value and
significant increase in TSP levels were
observed, compared with hepatotoxic
group. It was aso noted that adding
diskiren to MTX favorably affect
tissue oxidative stress indices. While
MDA levels were significantly
reduced, GSH levels were
significantly increased by aliskiren
cotreatment. However, one recent
study by Azhar et al reported that
aliskiren could protect against
oxidative stress mediated
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cardiotoxicity [26], to date, no studies
have been announced to describe the
hepatoprotective potentia of aliskiren.
These protective effects of aliskiren
could be attributed to the restoration
of oxidative status (improved NO
availabilityy a wdl as anti-
inflammatory properties [16].
Furthermore the histological analysis
of liver has demonstrated that both
nebivolol and aliskiren prevented
MTX induced changes. The findings
of our present study suggest that
nebivolol and aliskiren seem to be a
highly promising agents in protecting
hepatic tissue against oxidative
damage dueto MTX.
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