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Introduction

Cadmium (Cd) is one of  the commonest toxic heavy metal in 
the surroundings and forms with other heavy metals one of  the 
oldest environmental health problem [1]. It is extensively used 
in many industries as rechargeable batteries, pigments, radiation 
screens, etc. In addition, natural health and pharmaceutical prod-
ucts may be sources of  Cd exposure. So, we could be exposed 
to this metal environmentally, occupational and by diet. Cd has 
serious health hazards that affect most of  the tissue types of  the 
human body including reproductive function [2] liver [3] pancreas 
[4], heart [5] and nervous system [6]. It has been classified as class 
I human carcinogenic agent [1]. 

Although, the evidenced high deleterious effect of  Cd on the 
body; there is a shortage in its effective treatment. The standard 
management of  heavy metal intoxication; chelators may have a 
minor role in Cd toxicity as these therapies have little ability to 
penetrate cells where most of  Cd was stored [1, 7]. With increas-
ing evidence of  oxidative stress as a possible mechanism of  Cd 
toxicity [8], variable antioxidants have been tried as possible pro-

tective agents in Cd toxicity for example zinc [9] selenium [10], 
vitamin C and E [11]. 

Montelukast (ML) is an anti-inflammatory drug with selective re-
versible cysteinyl leukotriene D4-receptor blocking effect that is 
used mainly for managing asthmatic patients. Recent workers have 
tested ML for its antioxidant properties in various conditions and 
obtained encouraging results as regarding this effect [12]. Most 
of  the studies used ML for acutely intoxicated conditions without 
looking for subchronic or chronic cases. Also, up to our knowl-
edge, there is no research regarding its protective effect on heavy 
metal toxicity. So, in this study, we investigated the protective and 
antioxidant effect of  ML on a highly sensitive organ to Cd toxic-
ity; pituitary gland. Hormonal, structural, and antioxidant effects 
were used to evaluate the toxic effect of  Cd and the protective 
properties of  ML.

Materials and Methods

Adult male Sprague rats weighting (220 ± 30gm) were purchased 
from Faculty of  Agriculture, Minia University Egypt.  Experimen-
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tal procedures followed the guidelines of  Minia University Ethical 
Committee for care and manipulation of  animals used for the 
research. Animals were left for 1 week in the same experimental 
conditions with free access to food ad libitum for acclimatization. 
Another week was left in the same condition to calculate the water 
consumption of  rats. Rats consumed water about 20ml/day.

Cadmium chloride was obtained from Merck®, Egypt. CdCl2 an-
hydrous (99.995%-Cd pure white powder, 25gm package) was 
prepared by dissolving 50 mg into one liter of  distilled water. ML 
as Singulair® (5mg tablets) produced by Global Napi Pharmaceu-
ticals (GNP) - Egypt. Animals were divided into 4 groups (10 rats 
each) as follow: the control group received distilled water. Group 
2 received ML diluted in distilled water at a dose of  10 mg/kg/
day orally [13]. Group 3 received Cd at 3 mg CdCl2/kg/ day (50 
mg/l CdCl2) (this dose produces neuroendocrinal disruption) 
[14]. Group 4 received both ML plus Cd at a dosage like group 
2 and 3. This regimen was followed for 1 month. Rat water con-
sumption does not change throughout the experiment. At the end 
of  the experimental period, animals were killed by decapitation. 
Trunk blood was collected in tubes containing EDTA and plasma 
was obtained after centrifugation of  the samples at 1,500×g for 
15 min at 4°C. Samples were kept frozen at −20°C until hormone 
measurements. Pituitary gland was removed and frozen for fur-
ther examination.

For oxidative stress assessment, a part of  the pituitary gland was 
homogenized in cold sodium phosphate buffer (pH 7.4) contain-
ing 1mmol/L ethylene diamine tetra acetic acid. The homoge-
nates were then centrifuged at 9000 g for 15 min at 4°C. The 
supernatants were separated and used for oxidative stress analysis. 
Four markers were examined to test the antioxidant activities of  
ML. One of  the extensively used tools for evaluating oxidative 
stress is malondialdehyde (MDA) [15]. Thiobarbituric acid (TBA) 
method was used to determine MDA level according to Ohkawa 
et al., (1979) [16]. Three antioxidant enzymes levels were as-
sayed; namely glutathione reductase (GSH), superoxide dismutase 
(SOD) and catalase (CAT) according to McGowan (1989) [17], Lu 
et al., (2013) [18] and Aebi (1984) [19] respectively.

Biopsies from pituitary tissue samples were dehydrated and em-
bedded in paraffin using the routine histological procedures. Se-
rial cross sections of  6 µm were prepared. The sections were 
mounted and stained with hematoxylin-eosin.

Immunohistochemical Staining

The steps and methods used in immunohistochemical staining 

were the same followed by Hsu et al., (1981) [20]. In brief; 6µ 
thickness sections of  pituitary tissue and fixed by poly-1-lysine 
and left for 12 h at 56C. Sections were deparaffinization by Xy-
lene. 3% H2O2 in distilled water was used for inhibiting endog-
enous oxygenase enzymes. Then sections were washed with phos-
phate-buffered saline (PBS). Blocking the nonspecific binding of  
antibodies was done by incubation of  the sections in normal coat 
saline and then rinsed with PBS. Lastly; incubation of  the sections 
with p53 antibodies overnight at 4C.

A semi-quantitative method for evaluation toxic effect of  Cd and 
protective effect of  ML is apoptotic index (AI). AI was deter-
mined by counting at least 1000 cells per slide subdivided in 10 
fields chosen randomly at x400 magnification. P53 stained nu-
cleus appears dark brown. (Xu et al., 2007) [21].

AI = (number of  p53 labeled cells/total number of  cells) X 100

Hormonal assay was done using the commercial radioimmu-
noassay kits. The data were statistically analyzed using SPSS Ver-
sion 22 software. All data were expressed as means ± standard 
errors. Data of  different groups were compared using ANOVA 
followed by Mann–Whitney Rank. Differences at p < 0.05 were 
considered significant. 

Results

Table (1) summarizes the effect of  Cd on pituitary hormones. 
Serum prolactin was diminished on rats drinking water contain-
ing Cd with high significant change when compared with control 
group of  rats. Other pituitary hormones namely LH, FSH, and 
GH are also, inversely affected by Cd. It is significantly lower than 
that of  the control. In the administration of  ML with Cd, all the 
examined hormones showed significantly elevation to approxi-
mate the normal level, these hormones become insignificantly 
different from that of  control rats.

As regard the oxidative stress effect of  Cd, MDA level was signifi-
cantly higher that of  the control in the pituitary tissue. Antioxi-
dant enzymes GRH, CAT, and SOD have significantly depleted in 
pituitary tissues in rats received Cd. In rats received ML with Cd, 
there was significantly correction of  the oxidative stress produced 
by Cd in the previous group. This appeared from the corrected 
MDA and antioxidant enzymes levels (Table 2). 

Figure (1) showed the normal histological structure of  pituitary 
gland. Pars distalis forms the main bulk of  the anterior pituitary 
gland. It is formed of  acidophils which form the main compo-

Table 1. The Effect of  CD and CD plus ML on Serum Levels of  Pituitary Hormones.

LH (ng/ml) FSH (ng/ml) GH (ng/ml) Prolactin (ng/ml)
CONTROL 14.3 ± 2.3 8.5 ± 2.1 15.45 ± 3.23 1.2 ± 0.098

ML 13.6 ± 2.1 8.7 ± 2.4 14.78 ± 4.54 1.1 ± 0.099
Cd 9.4 ± 3.2*# 6.7 ± 2.1*# 10.64 ± 3.23*# 0.7 ± 0.21**#

Cd +ML 13.9 ± 2.3 8.3 ± 2.5 14.12 ± 3.79 1.01 ± 0.099

Data was expressed as mean ±SD.
* significantly different from control group (p ˂ 0.05).

** high significant different from control group (p ˂ 0.001).
#  significantly different from CD +ML group.
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nent (secrete GH and prolactin), basophils (secrete LH, FSH, 
and TSH), and chromophobes. In rats received Cd, there were 
congested sinusoids all over the pituitary gland with decreased 
density of  acidophils and basophils (Figure 2). In rats that were 
co-administered with ML plus Cd, there was an almost correction 
of  the toxic effect of  Cd on the pituitary histopathology. There 
was no congestion with restoring the density of  the cellular ele-
ments of  the anterior pituitary gland (Figure 3).

As regard immunohistochemistry, Figure (4a) shows no immu-
nolabeled cells. Cd received rats, showed an increased number of  
immunolabeled cells with decreased cell density (Figure 4b). In 
group received ML and Cd, there were decreasing in the num-
ber of  immunolabeledcells (Figure 4c). These findings reflected 
on the calculated AI (Figure 5). AI was significantly higher in 
Cd group in comparing with control group. In rats received ML 
plus Cd; AI is significantly decreased to nearly that of  the control 
group.

Discussion

Cadmium (Cd) is a ubiquitous heavy metal that is widely distrib-
uted in the environment. It is situated in the Periodic Table be-
tween zinc (Zn) and mercury (Hg) and has similar chemical char-
acteristics as that of  Zn. It usually exists as a divalent cation as 
CdCl2. It is widely used in industry. Smoking represents the most 
important source of  human exposure [22]. Cd widely affects both 
animal and human health. It affects liver, kidney, vascular, bone, 
haemopoietic, and pancreatic system (3). In addition, it has car-
cinogenic properties [23]. In comparison with other toxic agents, 
Cd occupies the 8th position in the highly toxic 20 chemicals [24]. 
Results of  this study confirmed the detrimental effect of  Cd on 

the pituitary hormones. It suppressed serum prolactin, LH, FSH, 
and GH. This was in agree with other studies in both human [4] 
and animal [24]. Also, Cd produced oxidative load on the pitui-
tary gland cell. This appeared from depleted antioxidant enzymes 
GRH, CAT and SOD that were significantly diminished in rats 
received Cd. There was significant increase in lipid oxidation by-
product, MDA level. This was the same as found by different re-
search [25, 26] in the pituitary gland and on other tissues [27-29].

Cd toxicity produced also, histological changes in rat pituitary tis-
sues. These changes were reported in different studies [30, 31].

As regard immunohistochemical examination, there wasa signif-
icant increase in the expression of  p53 protein in rat pituitary 
gland exposed to Cd in comparing with that of  the control. This 
finding appeared from both microscopic examinations of  immu-
nohistologically stained sections and AI calculation. The apop-
totic effect of  Cd was reported by different authors on pituitary 
gland [32, 33] and other tissues [34-36].

Apoptosis or programmed cell death is a gene regulated mecha-
nism that various genes control it. P53 gene is one of  them. It pre-
sents at a low level in the normal cellular environment but under 
stressful conditions as excess reactive oxygen species and DNA 
damage, p53 increases to stop cell growth, repair DNA or if  fail, 
cell death occurs [37]. There are several mechanisms involved in 
the apoptotic effect of  Cd. Oxidative stress and disturbed calcium 
influx in the cell are the main mentioned causes in the literature 
[38]. Another mechanism was described by Tokumoto et al., and 
Lee et al., [39, 40]. They found that Cd suppressed gene expres-
sion of  the ubiquitin-proteasome system which is responsible for 
the rapid destruction of  this protein system and hence increased 

Table 2. Effect of  CD and CD plus ML on the Oxidative System on the Pituitary Tissue.

MDA (nmol/g protein) GRH (µg/100 mg tissue weight) SOD (U/mg protein) CAT (U/g protein)
CONTROL 3.8 ± 1.02 56.3 ± 6.3 19.9 ± 3.1 49.2 ± 5.8

ML 4.12 ± 1.7 61.2 ± 7.4 18.3 ± 4.2 50.6 ± 4.5
Cd 7.23 ± 2.6**# 43.9 ± 6.8*# 12.4 ± 4.5*# 32.6 ± 4.7*#

Cd +ML 5.02 ± 2.8 53 ± 4.1 17.9 ± 5.2 47.1 ± 8.3

Data was expressed as mean ± SD.
* significantly different from control group (p ˂ 0.05).

** high significant different from control group (p ˂ 0.001).
#  significantly different from CD +ML group.

      Figure 1. Photomicrographs of  rat pituitary gland of  control and ML groups showing: a) pars distalis of  the adenohy-
pophysis (PD), Pars Intermedia (PI), and pars nervosa (PN) of  the neurohypophysis. b) different celltypes of  PD: acido-

phils (circle), basophils (blue arrow), and chromophobes (black arrow). Notice large sinusoidal capillaries (s). H&E aX 10, 
bX100.
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Figure 2. Photomicrographs of  the Pituitary gland of  CD group showing: a) pars distalis of  the adenohypophysis (PD) 
with congested and dilated sinusoids (arrows), Pars Intermedia (PI), and pars nervosa (PN) of  the neurohypophysis. b) 

PD showing decreased cell amount and congested and dilated sinusoids(s). Acidophils (circle), basophils (blue arrow), and 
chromophobes (black arrow). H&E aX 10, bX100.
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           Figure 3. Photomicrographs of  the pituitary gland of  rats received ML plus Cd showing: a) pars distalis of  the ad-
enohypophysis (PD), Pars Intermedia (PI), and pars nervosa (PN) of  the neurohypophysis. b) PD with aberrant normal cell 
amount and sinusoids with no congestion(s). Acidophils (circle), basophils (blue arrow), and chromophobes (black arrow). 

H&E aX 10, bX100.
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        Figure 4. Rat pituitary glands labeled for p-53 in a) control and ML groups showed no detectable immunolabeled 
cells. b) Cd group showed immunolabeled cells (arrows). Notice decreased cellular density. The inset showed immunola-

beled cells and p-53-labeled remnants of  apoptotic material around and within a sinusoidal lumen (arrows); most probably 
macrophages phagocytosing remnants of  apoptotic cells. c) ML plus Cd showing very few immunolabeled cells (arrow). 

Immunohistochemistry, counterstained with H x 100.
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p53 concentration with subsequent cell death.

Montelukast is an oral selective leukotriene receptor antagonist 
that inhibits cysteine leukotriene. It is widely used as antiasthmatic 
therapy for chronic asthma and seasonal allergies with high tolera-
bility in both children and adults [41, 42]. It was tested for various 
pathological conditions as spinal cord injury [43], hippocampal 
ischemia [44], and hemorrhagic shock [45]. A few years ago, it at-
tracted scientists to be evaluated as a protection for various toxic 
agents. It gave good results in different acute toxicities in differ-
ent organs. Examples of  these agents are carbon tetra-chloride 
induced liver injury [46], methotrexate in kidney [47], dioxin and 
paracetamol in liver [12, 48], gentamicin in kidney [41], indometh-
acin-induced gastric ulcer [49], paraquat in lung [50], and radioio-
dine hepatic toxicity [13] but it is not tested against metal-induced 
toxicity. This study investigated if  ML could protect Cd-induced 
pituitary toxicity. Cd is endocrinal distributors affecting all pi-
tuitary hormones also, this gland is highly sensitive to oxidative 
stress caused by it [25].

In rat exposed to Cd, this work found that ML could abolish all 
endocrinal, oxidant, and apoptotic effects of  Cd. All tested pi-
tuitary hormones; prolactin, GH, LH and FSH were restored to 
normal levels by co-administration of  Cd and ML. Pituitary gland 
levels of  MDA, GSH, SOD, and CAT were returned to its healthy 
concentrations by ML. Lastly, ML succeeded in preserving the 
histological structure of  pituitary exposed to Cd and corrected 
the AI.

The key feature which enabled ML to abolish Cd toxicity may be 
attributed to its antioxidant properties. MDA concentration in the 
pituitary gland which produced due to increased lipid peroxida-
tion was restored. The antioxidant enzymes which were depleted 
by oxidative stress of  Cd were restored by ML. the antioxidant 
effects of  ML were reported by other authors [12, 51, 52]. ML 
has direct free radical scavenger ability in addition to the anti-
inflammatory properties which itself  diminish the oxidative stress 
effect on tissues. The anti-inflammatory effect appeared from the 
disappearance of  congested sinusoids in the pituitary gland of  
rats exposed to Cd and ML. Saad et al., stated that leukotrienes 
play roles in inflammation and oxidative stress [44]. 

ML has antiapoptotic properties. This ability was noticed from 
the corrected AI in pituitary tissues received Cd plus ML. This 
effect may be attributed to the antioxidant characteristics of  ML.  
Several studies confirmed the fact of  the ability of  antioxidants to 
protect the cells from apoptosis [43, 53]. Another mechanism of  
antiapoptotic properties of  ML is through inhibition of  inflam-
mation [54]. 

Conclusion

This is the first study to reveal the neuroprotective effect of  ML 
on a heavy metal-induced toxicity. ML has both antioxidant and 
antiapoptotic protective properties against Cd deleterious effects 
on the pituitary gland. Further studies are needed to reveal more 
about the mechanism by which ML protect against Cd-induced 
toxicity and if  it has any beneficial effect on other metals poison-
ing.
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