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ABSTRACT 

Aim: Assessment of the possible Hepato-protective effects of Montelukast against hepatotoxicity 

induced by MTX in rat model.  

Materials and methods: A 24 Albino Wister rats were included in this study, they were randomly 

divided into 4 groups each of 6. Group 1: control group (administered 0.9% N/S 1ml/kg/d ip) for 5 

days. Group 2: MTX group (received MTX in a dose of 20mg/kg/day ip) as a single dose at day 1 and 

observed till day 5 of the experiment. Group 3: Montelukast group (received MTX in a dose of 

20mg/kg/d ip as a single dose then Montelukast 10 mg /kg/ d ip for 5days). Group 4: vehicle group 

received 1ml/kg ip for each rat (10%DMSO + 40%PEG300 + 5% Tween400 + 45% Normalsalin) 

vehicle solution for 5 days. At day 5 all animals were sacrificed, serum was aspirated for the 

assessment of ALT, AST, ALP, TSB levels by colorimetric assay. Liver was removed and divided 

into 2 parts for histopathological examination and for assessment of tissue TNF-alpha, caspase-3, 

MDA, total antioxidant capacity, and TLR4 levels by ELISA method.  

Results: Mean serum levels of ALT, AST, ALP and TSB as well as tissue MDA, TNFα, TlLR4, 

Caspse3 were significantly increased in MTX group compared with the control and vehicle groups 

together with significant reduction in total antioxidant capacity and obvious histological damage. 

Whereas meanwhile treatment of rats with  Montelukast together with MTX resulted in significant 

reduction in mean serum levels of ALT, AST, ALP and TSB as well as tissue MDA, TNFα,TlLR4, 

Caspse3 together with significant increment in total antioxidant capacity and  near normal restoration 

of hepatic tissue architecture.  

Conclusion: Montelukast has Hepatoprotective effect against MTX induced hepatotoxicity by its 

antioxidant, anti-inflammatory, and anti- apoptotic properties. 
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INTRODUCTION 

Methotrexate is the first-line therapy for the 

treatment of variable malignant diseases and 

connective tissue disorders such psoriasis, 

juvenile idiopathic arthritis, rheumatoid arthritis 

(RA), vacuities, multiple sclerosis, and systemic 

lupus erythematous, as well as in virally induced 

arthritis. Methotrexate, a folic acid antagonist 

binds a specific carrier molecules on the cell, 

when enters the cell it changes into the 

methotrexate-polyglutamate molecule, which 

inhibits the enzyme dihydrofolate reductase, that 

turns dihydrofolate into tetrahydrofolate (the 

active form of folic acid) [1]. Tetra-hydrofolate 

deficiency will prevent the synthesis of nuclear 

proteins like DNA and RNA [2]. Glucarpidase 

detoxifies extracellular MTX and eliminates it, 

preventing its buildup. The hepatotoxicity of 

MTX, a significant and well-known adverse 

reaction that complicates its therapeutic use, 

frequently makes it difficult to utilize the drug 

[3]. MTX causes hepatotoxicity through a 

number of pathways, including inflammation, 

oxidative stress, and apoptosis. Induced by 

Methotrexate Hepatotoxicity by way of its 

cellular impact [4] Methotrexate is transported 

out of the cell through the ATP-binding cassette 

(ABC) family of transporters as a polyglutamate 

that inhibits the DHFR enzyme after entering the 

cell connected to the folate transporter. The 

production of pyrimidine and purine is decreased 

by methotrexate of methionine from 

homocysteine as an indirect effects. Oxidative 

stress, lipid peroxidation and reactive oxygen 

radicals all are implicated in hepatic toxicity 

together with homocysteine overload, hepatic 

tissue infiltration with fat, and release of 

proinflammatory cytokines with consequent liver 

fibrosis [5]. Inflammation is also implicated in 

the mechanism of Methotrexate induced 

hepatotoxicity, pro-inflammatory signaling 

pathways and cytokines produced by MTX-PG 

include tumor necrosis factor, nuclear factor 

kappa B, and IL-1 and IL-12[9] as well as 

increase the level of IL6 [6].  Apoptosis also has 

been involved in the mechanism of Methotrexate 

induced hepatotoxicity, Caspase-3 is activated by 

both intrinsic and extrinsic pathways. Both paths 

cause the intracellular enzymes such as proteases 

and endonucleases, which are involved of cell 

disintegration, to become active. The extrinsic 

pathway necessitates activation of a death 

receptor, such as the Fas receptor, which causes 

the creation of a signaling complex that causes 

death with FADD and procaspase-8 or -10 [7]. 

Montelukast is a selective and orally active 

leukotriene receptor antagonist that inhibits the 

cysteinyl leukotriene CysLT 1 receptor. 

Montelukast is successfully counteracts the 

cytotoxic and inflammatory effects of cysteinyl 

leukotrienes (CysLTs). It has antinflammatory 

and antioxidant characteristics with a variety of 

secondary anti-inflammatory effects. Cysteinyl 

leukotrienes (CysLTs) mostly produced by mast 

cells, eosinophil, and basophils. Liver, airways, 

and other organs have CysLT receptors .Many 

disease conditions such as experimental colitis, 

burn and sepsis-induced multiorgan damage, and 

renal ischemia reperfusion injury have all been 

found to be improved by CysLT1 antagonists [8]. 

Montelukast works by preventing neutrophil 

infiltration, maintaining a good level of 

antioxidants, and reducing the production of 

inflammatory mediator [9]. In the treatment of 

intestinal ischemia-reperfusion injury, 

Montelukast reportedly protects against heart 

harm and has an antioxidant effect [10]. 

Montelukast binds and blocks the cysteinyl 

leukotriene receptor for leukotrienes D4 and E4 

with great affinity. Leukotriene Involved in the 

inflammatory process that may result in the signs 

and symptoms of asthma and allergic rhinitis [11-

12]. It has been demonstrated that Montelukast 

increases antioxidant mechanisms, decreases 

lipid peroxidation, and oxidative stress 

indicators. Montelukast has been shown to 

increase antioxidant mechanisms, decrease lipid 

peroxidation, and diminish oxidative stress 

markers. Administration of Montelukast may 

decrease the liver damage caused by MTX due to 

its anti-inflammatory and antioxidant properties 

[13-14] Montelukast reduces the liver damage 

caused by MTX and decreases the damage to 

hepatocytes caused by LTD4 production. 

Montelukast significantly reduces liver damage, 

according to new studies, by lowering JNK l and 

NFB levels, p65 expression, and blocking pro-

inflammatory cytokines (TNF- and IL-6) TLR4 

contributes negatively to a variety of hepatic 

insults brought on by various causes. Pro-

inflammatory cytokine cascades are triggered by 

TLR activation, and they play a role in the 

pathogenesis and clinical outcome of severe liver 

damage.  
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Innate immune cells and liver parenchymal cells 

express and activate TLRs, which are sensors of 

microbial and endogenous danger signals. TLR4 

signaling pathway plays an important role in the 

progression of liver inflammation and fibrosis, by 

triggering the expression of pro-inflammatory 

cytokines through activation of IκB kinase 

(IKK), which activates the transcription factor 

(NF-κB) which is normally kept inactive in the 

cytosol complexes with the inhibitory protein 

IκBα [15-20].  In this study we will investigate the 

potential Hepatoprotective effects of 

Montelukast against MTX induced 

hepatotoxicity since it have a favorable 

pleotropic properties and we will investigate its 

possible ameliorating effect on TLR4 expression 

since there is no previous study investigated the 

effect of MNK on hepatic tissue TLR4.   

 

MATERIALS AND METHODS 

Animals 

A total of 24 adult Wister Albino rats with age of 

7-8 weeks, weighting 150-250 g were obtained 

from Animal house at the Kufa University. The 

study protocol was approved by the central 

bioethical Committee of Kufa University. 

Animals were settled in the animal house of 

university of Kufa in a temperature-controlled 

(22 + -2 C) with alternating 12hr light: 12hr dark 

cycles, animals had free access to water and chow 

diet until the start of the experiments. 

 
Design of study 

After two weeks of acclimatization, the rats were 

randomized into 4 groups (n = 6) as following 

Control group 1: Rats received 0.9% sodium-

chloride (1ml/kg/day, via IP route) for 5 days. 

MTX treated group 2: Rats received MTX 

(20mg/kg/day, via IP route) for 5 days 

Mont-treated group 3: Rats received MTX 

(20ml/kg/day, via IP route) + Montelukast 

(received Montelukast sol (10 mg/kg/day, ip) for 

5 days  

Vehicle group 4: 1ml/kg from the stock 

suspension was administrated ip for each rat 

(10% DMSO + 40% PEG300 + 5% Tween400 + 

45% Normalsalin) for 5 days [22-23]. At day 5 

blood samples were obtained for assessment of 

Serum ALT, AST, ALP, TSB levels by 

colorimetric assay. Tissue MDA level, Tissue 

TNFα level, Tissue Caspas3 level, Tissue TLR4 

level, and tissue TAC level all were calculated by 

ELISA method together with histopathological 

examination of liver tissue sections.  

 
Procedures 

Blood Sample preparation 

At day 5 Ketamine 100mg/kg and xylazine 

10mg/kg were given IP according to the weight 

of rats [24-25]. Following this, blood samples 

were drawn directly from the left ventricle of the 

heart via a cardiac puncture. Blood samples were 

then placed in tubes containing clot activator gel 

and allowed to coagulate at 37C before being 

centrifuged at 3000 rpm for 10 minutes to extract 

the serum [21]. The subsequent serum collected 

is used to determine the levels of total serum 

bilirubin (TSB), alkaline phosphatase (ALP), 

aspartate aminotransferase (AST), and alanine 

aminotransferase (ALT). 

 
Hepatic Tissue Preparation For Elisa 

Measuring Of Tlr4, Tnfα, Mda, 

Caspse3, And Tac Activities 

Liver was rinsed with sodium chloride solution 

0.9% to remove the clots and then placed in a 

deep freezer at -80 degrees Celsius. Following 

that, a liver segment was removed and 

homogenized using a high-intensity ultrasonic 

liquid processor in phosphate buffered saline that 

is 1:10 W/V and contains 1% Triton X-100 and 

1% protease inhibitor cocktail. According to the 

manufacturer of the Elisa kits, the homogenates 

were centrifuged at 3000 rpm for 20 minutes at 4 

centigrade, and the supernatant was used to 

determine the levels of measuring of TLR4, 

Caspase3, MDA, TAO and TNF- α (Bioassay 

Technology Laboratory) [22-23] 

 
Preparation of Hepatic tissue samples for 

histopathology 

Liver tissue were kept in 10% formalin and fixed. 

Then the samples were immersed in ethanol for 

two hours for each concentration (70, 80, 90, and 

100%). The samples were then cleaned using 

xylene (an organic solvent) and prepared for 

examination. The samples were then cleaned 

using xylene (an organic solvent) which was used 

to remove the alcohol from the samples so that 

they could soak in paraffin wax (an embedding 

agent).  
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Histological sections from all groups were 

analyzed, and the histopathology test was 

performed in X100 to semi-quantify the 

difference in liver damage [24-25]. 

Score of the percentage of tissue damage as 

follows: 

Score 0:   No damage, 

normal architecture 

Score 1 (mild):  Less than 25% damage 

Score 2 (moderate):  25-50% 

damage 

Score 3 (severe):  50-75% 

damage 

Score 4 (highly severe): 75-100% damage. 

 
Statistical Analysis 

Data were analyzed using SPSS programmer 

version20.Statistical analysis of the experimental 

results was conducted according to graph pad 

prism where one way (ANOVA) were used to 

assess the significance of differences between 

groups . The data were expressed as mean ± 

standard errors (SE) and P value<0.05 was 

considered statistically significant. 

 

RESULTS 

Effect of Methotrexate, Montelukast on Toll 

like Receptor (TLR4) 

In this study, we observed that the amount of 

TLR4in hepatic tissue was substantially higher in 

the Methotrexate group p ≤ 0.01 than in the 

control and vehicle groups, while in MK treated 

group there was significant reduction in TLR4 

level, figure (1). 

 

 
FIGURE 1: Mean tissue level of TLR4 (ng/l) of 

the four groups (number of rats in each group is 

6) 

Values of ≤ 0.05 were considered statistically 

significant  

 

*Significant 

** Significant  

 
Effect of Methotrexate, Montelukast on 

inflammatory parameter (TNF -α) 

In this study, we observed that the amount of 

TNF-α), in hepatic tissue was significantly higher 

in the Methotrexate group p ≤ 0.01 than in the 

control and vehicle groups whereas in 

Montelukast group TNF level was significantly 

reduced, figure (2) 

 

 
FIGURE 2: Mean tissue level of (TNF -α) 

(ng/l) of the four groups Values of ≤ 0.05 were 

considered statistically significant 

*Significant 

** Significant 

 

The oxidative stress in hepatic tissue (MDA and 

TAC) 

Effect of Methotrexate, Montelukast on 

oxidative stress MDA 

In this study, we observed that the amount of 

MDA in hepatic tissue was substantially higher 

in the Methotrexate group p ≤ 0.01 than in the 

control and vehicle groups, whereas in  

Montelukast group the MDA level was 

significantly decreased, figure (3) 

 
FIGURE 3: Mean stissue  level of MDA (ng/l)  

of the four groups  Values of ≤ 0.05 were 

considered statistically significant 
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*Significant 

** Significant  

 
Effect of Methotrexate, Montelukast total 

antioxidant capacity (TAC) 

In this study, we observed that the amount of 

TAC in hepatic tissue was substantially lower in 

the Methotrexate group p ≤ 0.01 than in the 

control and vehicle groups while in  Montelukast 

group TAC level was significantly higher than in 

MTX intoxicated group, figure (4) 

   

 
FIGURE 4: Mean tissue level of TAC (U/L) of 

the four Values of ≤ 0.05 were considered 

statistically significant 

 
*Significant 

** Significant  

 
 

Effect of Methotrexate, Montelukast on the 

apoptotic parameter caspase-3 

The amount of casp-3 in hepatic tissue was 

substantially higher in the Methotrexate group (p 

≤ 0.01) than in the control and vehicle groups, 

whereas in   Montelukast group it was 

significantly reduced, figure (5)   

 

 
FIGURE 5: Mean tissue level of CASP-3 (ng/l) 

of the four groups Values of ≤ 0.05 were 

considered statistically significant 

*Significant  

** Significant  

 

Effect of methotrexate, Montelukast on liver 

biochemical markers (ALT, AST, ALP, TSB) 

In this study, we observed that the amount of 

serum (ALT, AST, ALP, TSB) levels were 

significantly higher in the Methotrexate group (p 

≤ 0.01) than in the control and vehicle,  in 

Montelukast group their levels were significantly 

decreased, figures (6-9)   

 

 
FIGURE 6: Mean serum level of ALT (U/l) of 

the four groups 

 

 
FIGURE 7: Mean serum level of AST (U/l) of 

the four group 

 

 
FIGURE 8: Mean serum level of ALP (U/l) of 

the four groups 
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FIGURE 9: Mean serum level of (U/l) of the 

four groups Values of ≤ 0.05 were considered 

statistically significant 

 
*Significant 

**Significant  

 
Effect of Methotrexate, Montelukast on hepatic 

histopathology 

The histology of the hepatic tissue in control 

group showed normal  morphological appearance 

according to histological results. Rat liver tissue 

in the Methotrexate treated group displayed 

significant histological abnormalities that 

included hepatic cellular necrosis, invasion of 

mononuclear cells, hepatic abnormalities 

including sinusoidal enlargement, mononuclear 

cell infiltration, and an increase in the number of 

kupffer cells. In the Montelukast -treated group 

reduced Focal mononuclear cell infiltration, 

sinusoid enlargement with inflammatory cell 

presence, together with an increase in hepatocyte 

mitotic activity were all observed. There was 

significant improvement in the histopathology to 

degree that preserving hepatocyte 

histoarchitecture in Montelukast treated groups 

near normal, figures (10-15). 

 

 
FIGURE 10: Percentage of tissue damage in 

each group Values of ≤ 0.05 were considered 

statistically significant 

 

*Significant 

**Significant  

 

 
FIGURE 11: Control group the histological 

section in the liver of rat in control group shows 

normal histological texture the tissue is stained 

by H&E stain and captured using light 

microscope at 10X magnifier scale 

 

 
FIGURE 12: MTX group 

 
The histopathological section in the liver shows 

clear damage in the hepatocytes 

(liquefactive necrosis, Black arrows). The tissue 

is stained by H&E stain and the section is 

captured using light microscope at 10X magnifier 

scale 

 

 
FIGURE 13: MTX group 

 
The histopathological section in the liver shows 

clear blood vessels congestion (Black arrow) and 

hypertrophy of hepatocytes (Blue arrows) 

 

 
FIGURE 14: Montelukast group 
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The histological section in the liver shows mild 

fatty changes fat droplet infiltration, Black 

arrows with reduction in vascular congestion and 

inflammatory cell infiltration. The tissue is 

stained by H&E stain and the section is captured 

using light microscope at 10X magnifier scale. 

 

 
FIGURE 15: DMSO vehicle group 

 
The histopathological section in the liver shows 

mild fatty changes (fat droplet infiltration, Black 

arrows) with inflammatory cell infiltration 

 

DISCUSSION 

Methotrexate (MTX) is a common anti-

metabolite medication used in chemotherapy and 

disturbed immunity disorders as an 

immunosuppressant agent. Hepatotoxicity is a 

major recognizable adverse reaction of MTX that 

hinders its wide clinical use, it ranges from mild 

hepatitis and cholestasis to rapid onset liver 

failure and cirrhosis [26]. In order to minimize 

this major side effect of MTX and in order to be 

administered safely, adjuvant substances 

carrying Hepatoprotective potentials must be 

found. Many researches demonstrates the  

powerful antinflammatory, anti-oxidant, and 

anti-apoptotic properties of Montelukast in vitro 

and in vivo studies in addition to that the drug is 

available, with low cost and relatively nontoxic, 

all these features rendering it a good choice in 

managing and protecting against hepatic toxicity.  

 
Effect of MTX, Montelukast on TLR4 level in 

hepatic tissue 

In our investigation, TLR4 levels in liver tissue 

were significantly higher in the Methotrexate-

treated group. MTX may cause inflammation by 

activating the TLR4 NF-B signaling system and 

increasing the production of inflammatory 

mediators in a variety of organs. Our findings are 

consistent with previous studies [32, 33], who 

reported that MTX induced an inflammatory 

response in cardiac and hepatic tissues via up-

regulation of TLR4 and NF-Kappa B as well as 

additional activation of the Nucleotide-binding 

domain receptor family (inflammasome). 

Montelukast is an antinflammatory drug widely 

used as a leukotriene inhibitor and proved to have 

anti-inflammatory properties, in our results 

Montelukast significantly reduced the TLR4 

hepatic tissue level in MTX intoxicated rats. The 

evidence of Montelukast in reduction of TLR4 

level recently found by a researcher [27] who 

stated that Montelukast reduce TLR4-NFkB, and 

MyD88 expression in animal model of asthma. 

There is no other study about the effect of MK on 

TLR4 expression 

 
Effect of Methotrexate, & Montelukast on 

inflammatory parameter (TNFα) 

Treatment of  rats with MTX  In our study TNF 

Alfa was significantly increased in MTX 

intoxicated rats which is evidenced by [35-37] 

who all showed that MTX induced hepatotoxicity 

is accompanied by increment in TNF-Alpha 

level.MK showed significant reduction in the 

level of TNF in hepatic tissue which was also 

documented by many other studies [28-29] who 

found that Montelukast  treatment reduced TNF 

level in hepatic tissue during ischemia 

reperfusion injury and Endotoxaemia 

respectively [30] who found that Montelukast 

reduced TNF level in gut tissue by its 

antinflammatory effects. 

 
Effect of Methotrexate & Montelukast on 

oxidative stress MDA and total antioxidant 

capacity (TAC) 

While the TAC was significantly decreased in the 

MTX group, this is consistent with [31-32] who 

found that treatment of rats with MTX resulted in 

a significant reduction in TAC [33]. Hepatic 

tissue toxicity in the MTX intoxicated group 

showed increased MDA tissue level, which is 

attributed to increased oxidative stress due to the 

drug effect, while the TAC was significantly 

higher in comparison to the MTX In our study 

Montelukast treatment to  MTX group showed 

increment in antioxidant characteristics 

associated with MK.-mediated protection against 

MTX-induced hepatic damage [34-35]. TAC 

level increased significantly in Montelukast + 

MTX treated group, when compared to MTX 

group, due to significant reduction in lipid 

peroxidation, suppression  of ROS production 

and preservation of the antioxidant status of the 

liver tissue as indicated by reduction in MDA 

level and elevation of TAC level . 
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Effect of Methotrexate &Montelukast on 

apoptotic (Caspase3) 

Similar findings were made by [36], who 

discovered that administering MTX to rats 

caused an increase in caspase3 level, hence 

accelerating the process of apoptosis. Treatment 

with MTX resulted in a significant rise in the 

incidence of the apoptotic marker caspases 3. In 

the same way meanwhile treatment of rats with 

Montelukast led in beneficent reduction in the 

level of caspases 3 since Montelukast has 

antiapoptotic properties as documented by [37] 

where Montelukast reduced caspases 3 in an IRI 

mouse model as well as decreased caspase3 level 

in experimental model of Parkinson disease 

where treatment with MK declined the 

expression of caspases-3 which resulted in 

neuronal tissue preservation. 

 
Effect of MTX & Montelukast on liver function 

test 

Effect of MTX on liver function test 

In the present study, MTX treatment for 5 day has 

been shown to induce liver dysfunction, which 

was distinguished by a significantly increased 

serum level of liver enzymes ALT, AST, ALP 

and TSB in contrast to the monitoring collective. 

Since these enzymes are found in the cytosol and 

released into the blood after liver damage, this 

spike is attributed to damaged liver cells. This 

outcomes was in agreement with the results 

reported by [38-39]. The elevation in Liver 

enzyme since they are located in the cytoplasm 

and released into the bloodstream following 

cellular damages signaling the development of 

hepatotoxicity, level has been linked to the 

damage to the structural integrity of the liver 

 
The Effect of Montelukast on liver function test 

(ALT, AST, ALP and TSB) 

In the current study, Montelukast treatment for 5 

day caused a significant reduction in   the 

parameters of liver function test (ALT, AST, 

ALP and TSB) compared with MTX group. This 

result agreed with the result of the previous 

studies [40] who showed that treatment of rats 

with caused reduction in these enzyme after 

MTX over dose. Proof for the protective action 

of Montelukast the reduction of these 

antihepatotoxic impact would be responsible for 

marker enzymes returning to close to normal 

values of Montelukast. It binds to receptors 

present on the cell membranes, inhibiting the 

binding of toxins in these sites, reducing drug-

induced hepatocellular damage thus reduce the 

levels of (ALT,AST,ALP and TSB) in the liver. 

This outcomes was reported by [41-42] who was 

demonstrated that the membrane structure and 

integrity of the liver cells were preserved in 

Montelukast treated group which would 

otherwise have been destroyed by MTX Hepatic 

tissue in the control group had a normal 

morphological appearance according to 

histology. Significant histological abnormalities 

in the rats' livers of the MTX group included 

hepatocellular damage evidenced by hydropic 

degeneration, congestion of the central vein, 

dilatation of the sinusoid, inflammation, bile duct 

injury, and necrosis, which is consistent with [43] 

who discovered the same histopathological 

alterations that are in line with the numerous 

earlier studies of MTX-induced hepatotoxicity in 

rat models, in which the Methotrexate group 

displayed significant histological abnormalities, 

including hepatic cellular necrosis and an 

invasion of mononuclear cells, along with 

sinusoidal enlargement, mononuclear cell 

infiltration, and an increase in the number of 

kupffer cells of kupffer cells. In MK treated 

group, there was Reduction in the inflammatory 

cell infiltration, vascular  

 
Effect of MTX and Montelukast on liver 

histology 

Montelukast congestion, and vaculation, in 

addition to increased hepatocyte mitotic activity, 

with in central venous congestion and active 

kupffer cell infiltration to degree that preserving 

near normal hepatocyte histoarchitecture which 

was agreed with [43] who documented that MK 

has a protective level in the hepatic tissue and can 

reduce the extent and severity of hepatic injury 

induced by various pathological insults. 

 

CONCLUSIONS 

Montelukast has a Hepatoprotective effects 

against MTX induced hepatotoxicity via its 

antioxidants, antinflammatory, and antiapoptotic 

properties with an ameliorating effect on the level 

of hepatic tissue TLR4. 
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