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Asthma is a chronic disease affecting more than 300 million people worldwide. Rising
asthma rates have fuelled a demand for more effort to focus on the possible effects of anti-
asthma therapies. Montelukast, a leukotriene receptor antagonist was shown to be an essential
mediator of asthma. It has a dual mechanism of action, acting as a bronchodilator and anti-
inflammatory. However, such therapy is associated with harmful effects. This study aimed to
determine the short term effects following montelukast treatment. A total of twenty female rats
were assigned into two equal groups. The control group received vehicle 0.2 ml of saline
solution (0.9%), while the treated group received 10 mg/kg/day of montelukast diluted in saline
solution 0.9% for five consecutive days. The haematological, biochemical and histopathological
analyses were studied. There were no significant differences in haematological analysis and
liver enzymes compared with control group. However, there were significant reductions in the
levels of total cholesterol, triglyceride and high density lipoprotein compared with control
group. Also, several histopathological alterations in rat liver tissues and kidney following
montelukast treatment were observed. In conclusion, montelukast has harmful effects even after
short treatment periods.
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INTRODUCTION

Several medications, such as sodium
cromoglycate, theophylline, and
glucocorticoids, are used to treat asthma.
Montelukast, (MTK) a new anti-inflammatory
medication, that directly interferes with
leukotriene  synthesis  and/or  reception
(leukotriene receptor antagonists)’. Several
mediators have been known as crucial players
in mucus hyper secretion such as leukotrienes,
acetylcholine, histamine, tachykinins and
platelet  activating factor>.  The high
susceptibility of MTK is due to its role in
improving the recruitment of eosinophils and
the vascular permeability in asthmatic patient.
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Therefore, it is commonly and efficiently used
in treating many conditions including
respiratory disorders and allergic rhinitis®.
Interestingly, number of researches have
revealed the anti-inflammatory, antioxidant and
anti-apoptotic features of MTK*4% Also, the
useful impact of MTK has documented in
various investigational of liver damage
models®® Despite these effects, many side
effects have been recorded for this drug such as
gastrointestinal disturbances, headache, sleep
disorders, rashes, eosinophilia, neuropathy with
a potential increase in suicidal behavior and
aggression, agitation, dream abnormalities,
anxiousness, tremor, hallucinations,
depression, irritability, and restlessness in
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addition hardly Churg Strauss syndrome®.
Epidemiological researches have shown that
people with asthma had higher levels of
inflammatory biomarkers and a higher risk of
cardiovascular disease'®®. Allayee et al.
showed a clinical pilot study for the effects of
MTK and theophylline on cardiovascular
disease (CVD) hazard aspects, such as
biomarkers of lipid and inflammation. Their
findings prove a drop the levels of C-reactive
protein, other than decreased levels of all lipids
parameters in people receiving MTK compared
to that in placebo. Although the decline of
HDL levels, their findings propose a reduction
in CVD-associated inflammatory and lipid
parameters in the asthmatic patient group
taking MTK?®. Although much research on the
long-term effects of MTK is available in the
literature, the short-term impact of MTK is still
unclear and not fully explained. In order to
address this need, the current study goals to
investigate the short term effects of MTK on
body weight, blood parameters, lipid profile,
some of liver enzymes and histopathological
alterations in several organs in female rats.

MATERIALS AND METHODS

Animals

Twenty female albino rats of nine weeks
age and weighing 100g — 120 g were obtained
from animal center of Veterinary College /
Basrah University. The care and use of
experimental animals used in the current study
were approved by the ethical committee of
Basrah University for animal research. The
animals were housed under controlled
conditions and adapted for two weeks prior the
beginning of the experiment. Then the animals
were distributed to two groups: control, treated
with vehicle 0.2 ml of saline solution 0.9%.
While the other group treated with 10
mg/kg/day of MTK (Pioneer Co. for
pharmaceutical industries-lraq) diluted in
saline solution 0.9% administered by
intraperitoneal injection (0.2 ml) for five
consecutive days?’.

Evaluation of the body and relative organs
weight

At the beginning and end of the
experiment, the body weights were reported.
For relative weight analysis, livers, lungs,
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kidneys, hearts, thymus glands and ovaries
were properly separated and weighed on an
analytical balance using the formula:

organ weight (g)/animal weight (g) X 100

Hematological analysis

On the sixth day from the start of the
experiment, we used chloroform to anesthetize
the rats; cardiac puncture was used to collect
blood samples in tubes have
ethylenediaminetetraacetic acid. A complete
blood picture was estimated by flow- cytometry
using SYSMEX XT-2000i (Hoffman la Roche,
Japan).

Biochemical analysis

In order to obtain the serum to perform all
biochemical tests from the blood drained from
rats, it must be transferred to tubes without
anticoagulant then we carry out a separation
process for them using centrifuge (Genex,
Florida, USA) at 4000 rpm for 20 min. To
measure the levels of aspartate and alanine
aminotransferases, triglycerides, high-density
lipoprotein, and total cholesterol, the analytical
commercial kits (JOURILABS, Ethiopia) were
used; the Friedwald formula Gebrie et al. was
used to measure the low- and very low density
lipoproteins concentrations?®.

Histological analysis

Following dissection, liver, kidney and
lung were carefully removed then preserved in
10% neutral formalin. All the removed organs
were dehydrated and cleared. Afterward, they
were fixed in paraffin and the paraffin block
was sectioned at the thickness of Spum. All the
histological ~ slides were stained with
haematoxylin and eosin (H&E) for
histopathological evaluation using a light
microscope equipped with a digital camera
(LCD light microscope)®.

Statistical analysis

Research data were analyzed using Graph
Pad Prism 5 for windows (San Diego, CA,
USA). The statistical comparisons were
analyzed using one-way analysis of variance
(ANOVA), Bonferroni's multiple comparison
tests (MCT) and Student’s t-test. The results
were reported as Mean + Standard Error of



Mean (SEM) and considered significant when
P-values < 0.05.

RESULTS AND DISCUSSION

Results
Effect of MTK on body and relative organs
weight

The current findings observed that there
were no statistically significant differences in
the body weights and relative organs including
liver, lung, kidney, thymus gland and ovary of
MTK group as compared with untreated group

(Fig. 1).

Hematological evaluation
Haematological analysis was studied to
measure the short-term effects of MTK on

hematological parameters in female rats.
Results of the CBC analysis did not show any
significant differences in blood parameters

(Fig. 2).

Biochemical evaluation
Effect of MTK on serum parameters of liver
damage

The levels of specific liver enzymes such
as ALT and AST that change in hepatic
conditions and toxic damage in liver cells were
estimated. The current findings revealed that
serum levels of studied liver enzymes had not
shown any significant differences in MTK
group compared with untreated group (Fig. 3).
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Fig. 1: Effect of MTK on body weight and relative organs weight.
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Fig. 2: Effect of MTK on hematological biomarkers. The graphs (A) represent the white blood cells parameters
(WBCs, lymphocytes, Monocytes & Granulocytes percent), the graphs (B) represent red blood cells
parameters (RBCs, HGB, PCV, MCV, MCH & MCHC) and the graphs (C) represent platelets
parameters (PLT, MPV, PDW & PCT). No significance; one-way ANOVA, Bonferroni’s post-test with

error bars representing SEM.
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Fig. 3: Effect of MTK on serum biomarkers of liver damage. The graphs show, (A) aspartate aminotransferase
activity (AST) and (B) alanine aminotransferase activity (ALT). There were no significant differences
in ALT and AST between treated and control groups. Student’s t-test; all data are presented as means +

SEM. Error bars represent SEM.

Effect of MTK on serum lipid profiles

The concentrations of serum lipid were
examined to study the short-term effects of
MTK in female rats. The findings revealed
significant decreased (P< 0.01) levels of TC
and TG in MTK group compared control group

(Fig. 4 A and B). However, HDL and VLDL
levels were significantly reduced (P < 0.05) in
animals treated with MTK compared with
control group (Fig. 4 C and E). While the levels
of LDL cholesterol does not show any
significant differences in rats treated with
MTK compared with control grou p (Fig. 4 D).
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Fig. 4: MTK Effect on serum lipid. (A) the total cholesterol (TC), (B) the triglycerides (TG), (C) high-density
lipoprotein (HDL) cholesterol, (D) low-density lipoprotein (LDL) cholesterol and (E) very low-density
lipoprotein (VLDL). One-way ANOVA, Bonferroni's post-test with error bars representing SEM, *P <

0.05, **P < 0.01 versus control group.
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Histopathological findings

Liver histopathological analysis in control
group (Fig. 5A) showed integral hepatocytes
architecture. However, several morphological
variations were noticed in animals treated with
MTK. These variations were displayed by fat
vacillation, congested and dilated hepatic vein.
Moreover, the hepatic lobe showed irregular
localization of liver (Fig. 5B). Furthermore,
lung tissue photomicrographs showed no
evident histopathological variations in treated
animals comparing with untreated animals. The
control and treated groups have normal

architecture of lung tissue bronchioles
exhibited normal and the alveoli structure have
normal thin inter-alveolar walls (Fig. 6).
Histological analysis of the kidney tissue in the
untreated group showed normal glomeruli and
tubules with normal thickness of the capillary
walls. In contrast, the kidneys’ sections of
MTK group demonstrated destructive changes
including bleeding and congestion in the blood
vessels, dilation of the glomerular capillaries,
shrinkage of the glomeruli, necrosis in the
epithelial tissue of tubules and enlargement of
the Bowman’s space (Fig. 7).

Fig. 5: Histopathological effects of MTK on rats liver tissue. (A) Untreated group showed normal liver
histology: normal structure of hepatocytes (black arrow), normal central vein (cv) and normal sinusoid
(blue arrow). (B) MTK treated group elucidated dilated in central vein and sinusoid infiltration (red
arrow) and loss normal structure of hepatocytes (L). H&E stain and magnifications 100x and 400x for

main and inset images respectively.
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Fig. 6: Histopathological effects of MTK on rat’s lung tissue. (A) Untreated group showed normal lung tissue
with normal structure of the alveoli covered by thin septa (a and black arrow) and normal bronchiole
(b). (B) MTK treated group elucidated normal structure lung histology as in control group. H&E stain
and magnifications 100x and 400x for main and inset images respectively.
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Fig.7: Histopathological effects of MTK on rat’s kidneys tissue. (A) Control group displayed normal kidney
tissue with normal glomerulus (gl), proximal (p) and distal tubules (d). (B) MTK treated group showed
shrinkage in the glomerular (red arrow), enlargement in Bowman'’s space (white arrow), and necrosis in
tubular (tn), in addition to dilation and congestion in the blood vessels (blue star). Using H&E stain

and magnifications 100x and 400x for main and inset images respectively.
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Discussion

The present study was designed to
investigate the short-term effects of MTK on
some  physiological,  biochemical  and
histopathological parameters. The findings
demonstrated that MTK did not show any
effect on body and organs weight. The possible
explanation of these results is might be due to
the short treatment period. Similar results were
observed in previous studies?®®. Also, the
findings for MTK demonstrated there were no
significant hematological alterations compared
with control group. These findings are conflict
with previous studies?®?2, For example,
Tugtepe and colleagues demonstrated that
MTK reduced neutrophil recruitment and
promoted the resolution of inflammation via
antagonizing the effects of leukotrienes, which
are effective stimuli for WBCs infiltration?.
The elevation levels of liver enzymes such as
ALT and AST are main factors for the progress
of liver diseases?. The results of a previous
study suggest that there was a strong
relationship between elevated in the ALP, ALT
and AST enzymes levels in rats with hepatic
diseases and liver cells damage?®. The Hepatic
enzymes that are usually associated with
hepatotoxicity are AST and ALT, which are
considered biomarkers for hepatic toxicity?.
Further, the current study showed a non-
significant increase in the ALT and AST levels
in rats treated with MTK as compared control
group. These findings are broadly in line with
previous study?’. Interestingly, several studies
have demonstrated the antioxidant, anti-
inflammatory, and antiapoptotic properties of
MTK. Moreover, the valuable effects of MTK
have been documented in experimental models
of liver damage?. The current study also found
a reduction in the serum lipid concentrations of
total cholesterol and triglyceride in rats treated
with MTK compared with control group. The
possible justification that may account for
these outcomes is could be due to the
antioxidant and anti-inflammatory activities of
MTK. These results are in agreement with
previous report”®. However, Saibal and
colleagues suggested in an infrequent case that
MTK induced hypercholesterolemia, severe
hypertriglyceridemia and acute pancreatitis in a
22 years old male patient®*. Importantly, it has
been demonstrated that the administration of
MTK can protect the liver from

lipopolysaccharide-induced oxidative damage,
as evidenced by decreased liver marker
enzymes, protein oxidation, and neutrophilic
infiltration markers as well as an increased
antioxidant cascade®. In the context of lipid
profile results, the current study showed
reductions in serum lipid levels of the MTK
treated group compared with control group.
This finding might has an interesting
implication. For instance, asthma patients
taking montelukast may benefit from low levels
of some lipid profiles such as TC, and TG to
counter signs of hyperlipidemia. These results
are in agreement with previous study which
was conducted by Hooman et al., they were
observed that asthmatic patients receiving
MTK have lower lipid levels?®. However, the
reduction of HDL cholesterol levels is of
concern, the undesirable impacts of MTK on
HDL levels raise a vital question that needs
more investigation. Also, it would be of
importance to investigate the biochemical
mechanisms by which MTK impacts lipid
metabolism. The present histological analysis
confirmed the protective effect of the lung in
MTK group. While in liver organ, there were
some changes, but the most affected organs
was the kidney. The present findings suggested
that the continuous treatment with this drug
may be caused several health problems such as
kidney and hepatic diseases. However, Serdar
et al., (2015) results established that treatment
with MTK ameliorated the negative effects of
obstructive jaundice on liver histology®. In
conclusion, to the best of our knowledge, the
current work highlighted the safe effect of
MTK on each of body weight, blood
parameters, liver function and lipid profile.
However, MTK has harmful effects on the
kidneys. Therefore, more research is required
to shed further light on the MTK effect in
asthmatic patients and evaluate the efficacy of
MTK on kidney function.
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