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Cimetidine-induced Male Reproductive Defects in Piroxicam-in-

duced Gastric Ulcerated Wistar Rats and Their Amelioration by 

Melatonin

Cimetidine is a known reproductive toxicant due to its adverse effects on testicular function. Mel-
atonin is an antioxidant that has a role in mitigating any disorders that could affect spermato-
genesis. Therefore, this study evaluated the ameliorative potential of melatonin on the adverse 
reproductive effects of cimetidine in piroxicam-induced gastric ulcerated male rats. Thirty rats 
were randomly divided into six groups (n=5), including normal control (distilled water), ulcerat-
ed and non-treated, ulcerated and treated with cimetidine (200mg/kg day), ulcerated and treated 
with cimetidine and melatonin (10mg/kg), treated with cimetidine and melatonin without ulcer-
ation, and ulcerated rats treated with only melatonin. All treatments were done orally per day for 
14 days. On the 15th day, rats were sacrificed, and blood samples were collected for hormone and 
antioxidant assays. Then, the sperm parameters were analyzed according to standard procedures. 
Co-administration of melatonin to piroxicam-ulcerated rats treated with cimetidine showed a 
significant increase (p < 0.05) in sperm count and epididymal glutathione peroxidase compared 
to piroxicam-ulcerated rats treated with only cimetidine. Melatonin increases the serum level of 
Testosterone, FSH, and LH.  Melatonin ameliorates the adverse reproductive effects of cimetidine 
through its antioxidant properties. Therefore, co-administration of melatonin with cimetidine in 
male ulcer patients is recommended.

Antioxidants, Cimetidine, Gastric ulcer, Mela-
tonin, Sperm parameters.
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Introduction  
Gastric ulceration (GU) is the most prevalent gas-

trointestinal tract condition common among men and 
animals, with a global mortality rate of 1 out of every 
1,000 complications every year [1]. It is a disruption 
or wound on the epithelial lining of the gastrointesti-
nal tract. It is a benign injury to the mucosal wall of 
the intestine caused by the action of excessive stom-
ach acid and pepsin on the mucosal epithelium, which 
can be acute or chronic in duration [2]. Helicobacter 
pylori infection and the use of nonsteroidal anti-in-
flammatory drugs are the most common predisposing 
factors for GUs [3].

Cimetidine is an FDA-approved drug that reduc-
es gastric acid secretion, relieving symptoms such as 
peptic ulcers, gastroesophageal reflux, and hyperse-
cretory disorders [4]. It works as an H2 receptor an-
tagonist, blocking the action of histamine and inhibit-
ing gastric acid secretion.

In addition to its primary action in reducing gas-
tric acid secretion, cimetidine competitively blocks 
dihydrotestosterone (DHT) receptors in various tis-
sues, such as the pituitary gland, hypothalamus, and 
accessory glands, including the prostate and seminal 
vesicles, thereby impacting male hormone function 
and causing side effects such as loss of libido and im-
potence [5]. Cimetidine affects testicular function, re-
duces testicular weight, alters tubular structure, and 
causes the loss of germ cells [6]. It primarily targets 
peritubular cells and induces apoptosis. It can also 
cause testicular vascular atrophy and damage the tes-
ticular microvasculature.

Results  

Furthermore, cimetidine interferes with the nu-
clear factor (NF)-κB pathway, impacting inflamma-
tion, immune responses, and apoptosis [7]. It affects 
the expression of cyclooxygenase (COX)-2 and induc-
ible nitric oxide (NO) synthase (iNOS), which are in-
volved in the inflammatory process and produce NO 
and reactive oxygen species, which in turn cause cell 
death and lipid peroxidation [8].

Melatonin is a hormone produced in the pine-
al glands of all mammals and is chemically named 
N-acetyl-5-methoxytryptamine. It is responsible for 
regulating the circadian rhythm sleep-wake cycle of 
mammals. Melatonin plays various additional roles, 
including its ability to mitigate inflammation, inhib-
it cell proliferation, and promote apoptosis. Further-
more, it modulates the immune system and plays a 
pivotal role in regulating glucose levels [9].

Melatonin functions in the release of gonado-
tropins from the anterior pituitary gland and gonads 
[10]. The antioxidant capacity of melatonin is crucial 
for preserving testicular function and preventing con-
ditions that impair spermatogenesis. This is due to 
its ability to reduce the concentration of free radicals 
(ROS and NO), which can result in oxidative stress 
and destruction of the testicular epithelium, which is 
responsible for spermatogenesis. It serves as an anti-
oxidant to improve sperm cell motility and membrane 
integrity. It also serves as a scavenger for the presence 
of ROS and NO in spermatocytes [9, 11]. This study 
was designed to evaluate the corrective potential of 
melatonin on the adverse reproductive effects of ci-
metidine in piroxicam-induced gastric ulcerated male 
rats.

Body weight and relative organ weight
Melatonin increases the percentage of body 

weight. A higher percentage increase in BW was ob-
served in the rats treated with melatonin (UCM+ML, 
CM+ML, and UML). The highest increase was found 
in the UML group (Table 1). Figure 1 shows the effects 
of melatonin coadministration on the relative organ 
weights of piroxicam-treated male Wistar rats. There 
was no significant difference in the relative weight of 
the right testis, left testis, epididymis, prostate gland, 
pituitary gland, or seminal vesicles among the exper-
imental groups. 

Sperm parameters
Melatonin improves the sperm parameters of 

piroxicam-ulcerated rats treated with cimetidine. 
Cimetidine treatment of piroxicam-treated rats 

resulted in a significant (p < 0.05) reduction in sperm 
count and motility compared with those of ulcerat-

Abbreviations - cont'd

iNOS: Inducible Nitric Oxide synthase
ROS: Reactive Oxygen Species
UERC/FVM: University Ethical Review Committee/Faculty of Veteri-
nary Medicine
DW: Distilled water
 ML: Melatonin
U: Ulcerated
UCM: Ulcerated treated with Cimetidine
UCM+ML: Ulcerated treated with Cimetidine and Melatonin
UML: Ulcerated and treated with melatonin
CM+ML: treated with cimetidine and melatonin
SOD: Superoxide Dismutase
CAT: Catalase, GPx: Glutathione Peroxidase
ALP: Alkaline Phosphatase
LDH: Lactose Dehydrogenase
ELISA: Enzyme-Linked Immunosorbent Assay
H&E: Hematoxylin and Eosin
ANOVA: Analysis of Variance
BW: Body weight
MBW: Mean Body Weight
ASM: Abnormal Sperm Morphology
StAR: Steroidogenic Acute Regulatory Protein Factor
SF1: Steroidogenic factor 1.
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Table 1.
Melatonin increased the percentage of body weight

%MBW day 
14

MBW day 
14 (g)

%MBW 
day 8

MBW day 8 (g)
MBW day 

1 (g)
GROUPS

1.22184.753.01188.00182.50DW

2.81206.201.50203.40200.40U

0.10195.801.53198.60195.60UCM

3.22192.404.73195.00186.20UCM+ML

3.07212.003.16212.00205.50CM+ML

3.90189.80-1.10180.40182.40UML
n=5 for all the groups.
Keywords: MBW- Mean body weight, DW-Distilled water (control group), U-Ulcerated rats, 
UCM-Ulcerated rats administered cimetidine, UCM+ML-Ulcerated rats administered cimeti-
dine and melatonin, CM+ML-Rats administered cimetidine and melatonin, UML-Ulcerated rats 
administered melatonin.

Table 2.
Melatonin improves the sperm parameters of piroxicam-treated rats treated with cimetidine

UMLCM+MLUCM+MLUCMUDWParameters

62.00 ± 4.47b70.00 ± 0.0066.00 ± 5.47a64.00 ± 8.94b70.00 ± 7.0783.75 ± 11.09Sperm motility [%]

101.40 ± 11.08b108.80 ± 9.935a110.40 ± 13.58a,c103.40 ± 11.22b112.80 ±  9.757a138.00 ± 18.26
Sperm count [x106 

cells/ml]

76.20 ± 38.4495.20± 3.2796.20 ± 1.64 96.20  ± 1.64 94.20 ±  5.36 96.80 ± 1.64Sperm viability %

13.96 ± 0.5613.05±0.8213.17 ± 0.8313.45 ± 1.1713.00 ± 1.4512.17 ± 0.57% ASM
ASM: Abnormal sperm morphology, a p  < 0.05 significant reduction compared with DW, b p < 0.05 significant decrease in com-
parison with U, c p < 0.05 significant difference compared with UCM

DW: Distilled water.
U: Ulcerated rats.
UCM: Ulcerated and 
treated with cimetidine
UCM+ML:  Ulcerated 
treated with cimetidine 
and melatonin.
CM+ML: rats treated 
with cimetidine and 
melatonin.
UML: Ulcerated rats 
treated with only 
melatonin.
n=5 for each group

Figure 1.
Changes in the relative weights of the reproductive organs and pituitary following the coadminis-
tration of melatonin to ulcerated rats treated with cimetidine.
 

ed rats not given cimetidine. Compared with that in 
piroxicam-ulcerated rats treated with only cimetidine 
(UCM+ML), the sperm count in piroxicam-ulcerated 
rats treated with cimetidine (UCM) was significantly 
greater (p < 0.05) than that in piroxicam-ulcerated rats 

treated with only cimeti-
dine (UCM). There were 
no significant changes in 
the percentage of sperm 
with abnormal morpholo-
gy, as shown in Table 2.

Antioxidant status 
in the pituitary, epi-
didymis, and testis of 
piroxicam-ulcerated 
rats treated with ci-
metidine and mela-
tonin

The effects of mela-
tonin on the antioxidant 
profiles of the pituitary, 
epididymis, and testis of 
piroxicam-ulcerated rats 
treated with cimetidine are 
shown in Figure 2. The pi-
tuitary glutathione peroxi-
dase (GPX) level was sig-
nificantly lower (p < 0.05) 
in the ulcerated group (U), 
ulcerated rats treated with 
cimetidine (UCM), and 
ulcerated rats treated with 
cimetidine and melatonin 
(CM+ML) than in the rats 
treated with distilled water 
(DW). Compared with rats 
treated with distilled water 
(DW), ulcerated rats treat-
ed with only melatonin 
(UML) presented a signif-

icant (p < 0.05) increase in pituitary catalase activity, 
as did ulcerated rats without any treatment (U). There 
was no significant difference in the pituitary SOD lev-
el between the treated groups and the control group.

Compared with ulcerated rats treated with only 



67

RESEARCH ARTICLEIRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

Melatonin protects against repro-toxicity by cimetidineBasiru et al., IJVST 2025; Vol.17,  No.1                            
DOI:10.22067/ijvst.2025.90142.1432

Fi
gu

re
 2

.
 M

el
at

on
in

 im
pr

ov
es

 th
e 

an
tio

xi
da

nt
 st

at
us

 in
 

th
e 

pi
tu

ita
ry

, e
pi

di
dy

m
is,

 a
nd

 te
st

is 
of

 u
lc

er
at

ed
 

ra
ts

 tr
ea

te
d 

w
ith

 ci
m

et
id

in
e

D
W

-D
ist

ill
ed

 W
at

er
 [c

on
tr

ol
 g

ro
up

], 
U

-U
l-

ce
ra

te
d 

ra
ts

, U
C

M
-U

lc
er

at
ed

 ra
ts

 a
dm

in
is-

te
re

d 
ci

m
et

id
in

e, 
U

C
M

 +
 M

L-
U

lc
er

at
ed

 ra
ts

 
ad

m
in

ist
er

ed
 ci

m
et

id
in

e 
an

d 
m

el
at

on
in

, C
M

 
+ 

M
L-

U
lc

er
at

ed
 ra

ts
 a

dm
in

ist
er

ed
 ci

m
et

id
in

e 
an

d 
m

el
at

on
in

, U
M

L-
U

lc
er

at
ed

 ra
ts

 a
dm

in
is-

te
re

d 
m

el
at

on
in

, G
Px

-G
lu

ta
th

io
ne

 p
er

ox
id

as
e, 

C
AT

-C
at

al
as

e, 
SO

D
-S

up
er

ox
id

e 
di

sm
ut

as
e.

a 
p 

< 
0.

05
 si

gn
ifi

ca
nt

 d
iff

er
en

ce
 co

m
pa

re
d 

w
ith

 
D

W
, b

 p
 <

 0
.0

5 
sig

ni
fic

an
t d

iff
er

en
ce

 co
m

-
pa

re
d 

w
ith

 U
, c

 p
 <

 0
.0

5 
sig

ni
fic

an
t d

iff
er

en
ce

 
co

m
pa

re
d 

w
ith

 U
C

M
, d

 p
 <

 0
.0

1 
sig

ni
fic

an
t 

di
ffe

re
nc

e 
co

m
pa

re
d 

w
ith

 U
C

M
, e

 p
 <

 0
.0

5 
sig

ni
fic

an
t d

iff
er

en
ce

 co
m

pa
re

d 
w

ith
 U

M
L,

 f 
p 

< 
0.

01
 si

gn
ifi

ca
nt

 d
iff

er
en

ce
 co

m
pa

re
d 

w
ith

 D
W

, 
g 

p 
< 

0.
01

 si
gn

ifi
ca

nt
 d

iff
er

en
ce

 co
m

pa
re

d 
w

ith
 

U
, h

 p
 <

 0
.0

1 
sig

ni
fic

an
t d

iff
er

en
ce

 co
m

pa
re

d 
w

ith
 U

.



68

RESEARCH ARTICLE IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

Melatonin protects against repro-toxicity by cimetidine Basiru  et al., IJVST 2025; Vol.17, No.1                             
DOI:10.22067/ijvst.2025.90142.1432

Male reproduction is a complex process subject-
ed to hormonal interplay regulated by the hypotha-
lamic-pituitary-gonadal axis. Certain antiulcer drugs 
negatively impact the male reproductive system and 
result in infertility and subfertility in male species 
[22]. One of these drugs is cimetidine, an H2-receptor 
antagonist that is commonly used as an antiulcer drug 
[23]. Melatonin involves multiple mechanisms to 
control cellular physiology, including via membrane 
receptors, nuclear binding sites, and interaction with 
cytosolic molecules. Melatonin acts through receptor 
and non-receptor pathways in testicular tissues, where 
it scavenges reactive oxygen species and increases the 
antioxidant body systems.  Several studies have shown 
that sperm parameters (concentration, motility, and 
morphology) were positively correlated with exoge-
nous administration of melatonin [24]. Several stud-
ies have shown that melatonin effectively ameliorates 
infertility in male humans and invariably in animals 

Discussion  

cimetidine, ulcerated rats treated with cimetidine and 
melatonin presented a significant increase (p < 0.05) in 
the level of epididymal glutathione peroxidase, where-
as the SOD level was not significantly affected by mel-
atonin coadministration. Coadministration of mela-
tonin to ulcerated rats treated with cimetidine caused 
a significant increase (p < 0.05) in epididymal catalase 
activity (UCM vs UCM+ML). Coadministration of 
melatonin to ulcerated rats treated with cimetidine 
caused a significant increase (p < 0.05) in testicular 
glutathione peroxidase (UCM+ML vs UCM). There 
was also a significant increase (p < 0.05) in testicular 
SOD activity in ulcerated rats treated with cimetidine 
and melatonin (UCM+ML) compared with untreated 
ulcerated rats (U). Melatonin administration to ul-
cerated rats (UML) caused a significant increase (p < 
0.05) in testicular catalase activity compared with that 
in ulcerated rats treated with melatonin (UCM). 

Testicular alkaline phosphatase and lactose 
dehydrogenase levels

Melatonin increases testicular alkaline phospha-
tase and lactose dehydrogenase. Melatonin adminis-
tration to piroxicam-treated rats treated with cimeti-
dine caused a significant increase (p < 0.05) in the 
testicular levels of alkaline phosphatase and lactose 
dehydrogenase, as shown in Figure 3.

Histopathological changes in the testes and epi-
didymides of ulcerated Wistar rats treated with 
cimetidine and melatonin

The ductus epididymides of piroxicam-ulcerated 
rats treated with cimetidine presented empty pockets 

Figure 3.
Testicular levels of lactose dehydrogenase and alkaline phosphatase
DW-Distilled Water [control group], U-Ulcerated rats, UCM-Ulcerated rats treated with cimetidine, UCM+ML-Ulcer-
ated rats treated with cimetidine and melatonin, CM+ML-Rats treated with cimetidine and melatonin, UML-Ulcerated 
rats treated with melatonin, LDH-Lactose dehydrogenase, ALP-Alkaline phosphatase.
a p < 0.05, significant reduction compared with DW; b p < 0.05, significant difference compared with U; c p < 0.05, 
significant difference compared with UCM; d p < 0.01, significant difference compared with UCM. 

characterized by complete absence to reduce sperm 
activity, as shown in Figure 4. Coadministration of 
melatonin to piroxicam-ulcerated rats treated with 
cimetidine (UCM+ML) caused the epididymis to 
be filled with a few sperm cells. The epididymides of 
piroxicam-ulcerated rats treated with only melatonin 
(UML) presented with sperm-filled ductus. Mela-
tonin reversed the marked cellular degeneration and 
reduced spermatogenic activity observed in the pho-
tomicrograph of the testes of piroxicam-treated rats 
treated with cimetidine.
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based on its antioxidant properties and ability to reg-
ulate the circadian rhythm [25, 26]. The antioxidative 
properties of melatonin have been shown to amelio-
rate the toxic effects of tramadol, including hepatox-
icity, cholecystitis, and cholelithiasis, either by acting 
directly as an antioxidant or indirectly by increasing 
the concentration of other antioxidants in the body 
[14]. Because melatonin is lipophilic and hydrophil-
ic, it is capable of crossing cell membranes, including 
the blood-testis barrier, thereby exerting its antioxida-
tive influence on the reproductive system. Alcoholic 
patients exhibit a reduction in the endogenous mela-
tonin blood concentration, resulting in stress-related 
disorders and other alcohol-related diseases. How-
ever, treatment with exogenous melatonin has been 
shown to mitigate these effects [27].

The findings of our study showed that melatonin 
consumption significantly improved feed consump-
tion and invariably increased body weight.

The analysis of the mean body weight gain across 
all groups revealed an increase on days 8 and 14 com-
pared with the mean body weight on day 1, except in 
the UML group, which later experienced a percent-
age increase in body weight on day 14. It was expect-

ed that there would be an in-
crease in the body weight of 
rapidly growing rats adminis-
tered the right feed in the right 
quantity and quality. Another 
study revealed that melatonin 
attenuated body weight gain 
in old female mice [28]. More-
over, the absence of melatonin 
led to overweight in rats [29]. 
The rat group with the low-
est growth rate, as measured 
by the percentage increase in 
mean weight, was ulcerated 
and treated with cimetidine 
(UCM); on day 14, the percent-
age increase was 0.1%. In con-
trast, the three groups with the 
highest growth rates were the 
UML group [ulcerated rats ad-
ministered melatonin – 3.9%], 
the UCM+ML group (ulcer-
ated rats administered cimeti-
dine and melatonin – 3.22%), 
and the CM+ML group (rats 
administered cimetidine and 
melatonin – 3.07%).

Cimetidine, an H2-recep-
tor blocker, has been shown to 
cause oxidative stress in sperm 
cells, resulting in abnormal-

ities in vital sperm parameters such as sperm mor-
phology, sperm motility, and sperm count [23]. There 
was a significant reduction in the sperm motility of 
the ulcerated rats in the cimetidine (UCM) group, 
the ulcerated rats in the cimetidine and melatonin 
(UCM+ML) group, and the ulcerated rats in the mel-
atonin (UML) group. There was a significant reduc-
tion in the sperm count in the U, UCM, UCM+ML, 
CM+ML, and UML groups.

LH, testosterone, and FSH are the three primary 
endocrine hormones that control testicular functions 
in mammals [19, 30]. LH in the pituitary activates 
the Leydig cells of the testes to produce testosterone, 
which then works with FSH to stimulate Sertoli cells 
and aids in initiating spermatogenesis. This promotes 
the progression of germ cells into spermatozoa and 
the nourishing of developing sperm cells [19]. In our 
study, the LH levels of ulcerated rats treated with mel-
atonin and cimetidine (UCM+ML), rats treated with 
cimetidine and melatonin (CM+ML) and ulcerated 
rats treated with melatonin only (UML) were greater 
than those of unadministered melatonin. These find-
ings indicate that melatonin aids in improving LH 
levels and thus aids in enhancing spermatogenesis. 

Figure 4.
Changes in the relative weights of the reproductive organs and pituitary following the 
coadministration of melatonin to ulcerated rats treated with cimetidine.
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Chemicals and consumables
The following chemicals were purchased: Piroxicam capsule 

(Wintech Pharmaceuticals, Plot No. 45--46, Stice, Musalgaon, 
Nashik, Maharashtra, India, 422112. Mfg Llc. No. NKD-66, NAF-
DAC reg No. B4-7357), and cimetidine tablets (Manufactured by 
New Divine Favour Pharmaceutical Industries LTD, Anambra 
State, Nigeria. BN: NDF/NCC/0037, NAFDAC Reg. No: A4-218), 
melatonin powder (Glentham Life Sciences, UK. Batch number: 
001ZDK), ethanol, diethyl ether, eosin/nigrosine stains, wells and 
agar stains, phosphate buffer solution, and ethylene diamine tetra 
acetic acid (EDTA). The following kits were also used: a Testos-
terone ELISA kit (Calbiotech, Catalogue no: TE187S, USA), Lu-
teinizing Hormone (LH) ELISA kit (Calbiotech, Catalogue no: 
LH231F, USA), Follicle Stimulating Hormone (FSH) ELISA kit 
(Calbiotech, Catalogue no: FS046F, USA), Rat PRL (Prolactin) 
ELISA Kit (Elabscience, Catalogue No: E-EL-R3006, USA), SOD 
Fortress diagnostic kit (Fortress Diagnostics Limited, UK, prod-
uct code: BXC0173), CAT Fortress diagnostic kit (Fortress Diag-
nostics Limited, UK, product code: BXC0173), GPx Fortress diag-
nostic kit (Fortress Diagnostics Limited, product code: BXC0551), 
ALP Fortress diagnostic kit (Fortress Diagnostics Limited, UK, 
product code: BXC0183A), LDH Biorex diagnostic kit (Biorex 
Diagnostic Limited, UK product code: BXC0242), ELISA plate 
reader (UV/VIS 752, Pec Medical, USA), and Electronic balance 
(Golden-Mettler®, USA).

Animal Care
Thirty (30) adult male Wistar rats were housed in a perforated 

This mechanism involves the suppression of Leydig 
cell apoptosis through the targeted action of mela-
tonin on the mitochondrial apoptotic Bax/Bcl2 path-
way, as indicated by signal transduction analysis [31]. 
Studies have shown that melatonin can improve sper-
matogenesis by mediating the upregulation of genes 
linked to testosterone synthesis, such as steroidogenic 
acute regulatory protein factor (StAR), steroidogenic 
factor 1 [SF1], and the transcription factor GATA-4, 
in Leydig cells [31].

The antioxidative property of melatonin is based 
on its ability to directly scavenge free radicals in body 
tissues [32] or indirectly scavenge free radicals by 
stimulating the activities of antioxidative enzymes. 
Superoxide dismutase (SOD) is the first line of an-
tioxidant defense in the body and catalyzes the dis-
mutation of O2- to H2O2. Catalase then abates oxi-
dative stress by neutralizing H2O2 to H2O and O2 
[33]. SOD is considered the most important antioxi-
dant enzyme in spermatozoa, where it plays a key role 
in sperm motility [34]. GPx maintains cellular lipid 
integrity by catalyzing the reaction of hydrogen per-
oxide with glutathione to form glutathione disulfide 
[33].

The antioxidant enzyme catalase (CAT) level in 
the pituitary gland was greater in ulcerated rats treat-
ed with melatonin (UML) than in the other groups. 
These findings reveal the role of melatonin in mod-
ulating CAT for antioxidative action. Catalase is an 
antioxidant present in almost all tissues, especially 
tissues that use oxygen, and it catalyzes the decompo-
sition of H2O2 to H2O and O2. The presence of catalase 
in the pituitary is because it can cross the blood-brain 
barrier, where it exhibits antioxidative properties [35].

Compared with those in the other groups, the 
level of GPx in the epididymis of ulcerated rats treat-
ed with cimetidine and melatonin (UCM+ML) was 
greater. The antioxidative properties of catalase in the 
epididymis were greater in the UCM+ML group [ul-
cerated rats treated with cimetidine and melatonin] 
and CM+ML group [rats treated with cimetidine and 
melatonin]. These findings indicate that melatonin 
plays a major role in alleviating the effects of oxidative 
stress present in the epididymis.

In the testes, the GPx level was higher in the 
rats co-administered melatonin, i.e., UCM+ML 
(ulcerated rats administered cimetidine and mela-
tonin), CM+ML (rats administered cimetidine and 
melatonin) and UML (ulcerated rats administered 
melatonin only), but it was lower in the rats treated 
with cimetidine. This result is consistent with stud-
ies showing decreased levels of antioxidant enzymes 
in testicular and epididymal tissues due to oxidative 
stress generated by cimetidine [23]. The rats in the 
UML group presented the highest GPx activity; this 

Materials & Methods  

finding highlights the antioxidative properties of mel-
atonin in modulating glutathione peroxidase activity. 
SOD, CAT, and LDH levels in the testes were greater 
in ulcerated rats coadministered melatonin (UML) 
than in the other groups, further revealing the anti-
oxidative properties of melatonin through the modu-
lation of SOD, CAT, and LDH in the testes. Alkaline 
phosphatase is an important enzyme needed for the 
biosynthesis of macromolecules, as well as for detox-
ification and the regulation of metabolic processes 
[33]. The alkaline phosphatase (ALP) level in the tes-
tes was greater in non-ulcerated rats concurrently ad-
ministered cimetidine and melatonin (CM+ML) than 
in any other group.

In conclusion, the administration of cimetidine 
to piroxicam ulcerated rats induced oxidative stress in 
the epididymis, pituitary gland, and testis while also 
reducing the epididymal sperm count and motility. 
Cimetidine also disrupts the histological structure of 
the epididymis and testis. Melatonin coadministration 
reversed the alterations in the antioxidant system and 
improved the sperm parameters and histoarchitecture 
of the epididymis and testis. Therefore, melatonin co-
administration with cimetidine is recommended for 
male ulcer patients who are in active reproductive life.
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plastic cage with wood bedding at an optimum room temperature 
of 24°C +/- 2°C to acclimatize the Wistar male rats to laboratory 
conditions. The rats were obtained from the Biochemistry Depart-
ment Faculty of the Faculty of Life Sciences, University of Ilorin. 
The rats were fed commercial pelletized grower feed (Vital® feeds), 
and portable water was provided ad libitum. This study was ap-
proved, and ethical approval no (UERC/FVM/15/32TA010) was 
assigned by the faculty of veterinary medicine ethical review com-
mittee.

Experimental design
Preliminary ulcer induction
Three rats were randomly chosen for the preliminary study of 

ulcer induction. The mice were administered 30 mg/kg of piroxi-
cam and then sacrificed after 14 days. Ulcer indices were then 
measured, and it was confirmed that piroxicam could induce ul-
cers in rats treated with 30 mg/kg piroxicam [12].

Dosing protocol
The rats were randomly assigned to six groups (five rats each). 

The first group served as a control and was administered distilled 
water only (DW 3 ml/kg BW). Group 2 (U) was ulcerated with 
piroxicam at 30 mg/kg BW. Group 3 (UCM) was ulcerated with 
30 mg/kg piroxicam and treated with 200 mg/kg cimetidine [13]. 
Groups 4 (UCM+ML) and 5 (CM+ML) were treated with 200 mg/
kg cimetidine and 10 mg/kg melatonin [14], but only group 4 was 
ulcerated with 30 mg/kg piroxicam. Group 6 (UML) was ulcerated 
with 30 mg/kg piroxicam and treated with only melatonin (10 mg/
kg BW) [15]. The duration of this treatment lasted for fourteen 
days.

Sperm analysis
Sperm collection: The epididymis was excised, and the caudal 

epididymis was squeezed as described by [16] and then placed in 
a Petri dish. Before the evaluation of the sperm parameters, the 
diluted sperm were incubated for 10 minutes at 32 °C in physio-
logical saline.

Sperm parameter evaluation: Sperm motility, the live‒dead 
ratio, the sperm count, the sperm volume, and morphology were 
determined on the basis of the principles of [17] and [18]. Sperm 
motility was assessed with a microscope [Olympus®] at 40x mag-
nification. Motile and nonmotile spermatozoa were counted. 
Sperm motility was determined on the basis of the percentage of 
motile to total spermatozoa counted [18]. The epididymal sperm 
count was determined with the aid of a haemocytometer. Five 
milliliters [5 mL] of the diluted sperm was placed on the central 
square of the Neubauer counting chamber. The sperm cells were 
counted by viewing [at 40× magnification]. The 5 squares of the 
Neubauer counting chamber were observed under a microscope. 
The result was expressed as a 1 million/1 ml sample size [18]. The 
sperm morphology was determined by smearing the sperm on a 
glass slide and allowing it to air dry overnight. The sperm were 
further stained with 1% eosin-Y/5% nigrosine. The specimen was 
then viewed under a microscope at 100x magnification for the 
observation of spermatozoa with abnormal morphology, such as 
headless tails, looped tails, rudimentary tails, curved tails, curved 
midpieces, and bent midpieces [18].

Blood collection and serum preparation
Blood was drawn into an EDTA-filled sample bottle from ex-

perimental rats that had been anesthetized with a combination of 
xylazine and ketamine via their orbital sinus. The collected blood 
was kept undisturbed for half an hour on the laboratory bench. 

After that, the mixture was centrifuged at 2000 × g for 10 minutes. 
The supernatant was collected with a pipette and kept at -4 °C 
until use.

Tissue sample preparation
The tissue samples were placed into a table mortar and 

pounded with a pestle to form a homogenate before they were 
subsequently placed in plain sample bottles and spun at 5000 rpm 
for 30 min via a centrifuge [Axiom Medical Ltd., UK). The super-
natants were dispensed into Eppendorf tubes via a Pasteur pipette 
and then analysed for antioxidant levels.

The antioxidant levels of superoxide dismutase [SOD], cata-
lase [CAT], and glutathione peroxidase [GPx] in the epididymis, 
testes, and pituitary gland were assessed. SOD, CAT, and GPx 
were analysed by using a SOD Fortress diagnostic kit [Fortress 
Diagnostics Limited, UK; product code: BXC0173], a CAT For-
tress diagnostic kit [product code: BXC0173], and a GPx Fortress 
diagnostic kit [product code: BXC0551], respectively, following 
the guidelines of the kit manufacturers.

An alkaline phosphatase [ALP] Fortress diagnostic kit [pro-
duced by Fortress Diagnostics Limited, UK; product code: BX-
C0183A] was used to measure ALP. The rate at which p-nitro-
phenol is formed through the reaction of alkaline phosphatase 
and p-nitrophenyl phosphate is closely correlated with alkaline 
phosphatase levels.

A lactate dehydrogenase [LDH] Biorex diagnostic kit [Biorex 
Diagnostic Limited, UK product code: BXC0242] was used to 
measure lactate dehydrogenase.

Hormone assay
Serum levels of testosterone, follicle-stimulating hormone, 

luteinizing hormone, and prolactin were measured via an en-
zyme-linked immunosorbent assay (ELISA) kit that is specific 
for each hormone to be assayed [19]. The ELISA kit manual was 
strictly adhered to during the procedure. Briefly, the ELISA prin-
ciple is based on the following antigen-antibody response: the an-
tigen, which is the blood sample, and the antibody, which is the 
precoated microwell for the specific ELISA hormone kit. Serum 
was added with the aid of an automatic pipette into the precoat-
ed microwells and then allowed to rest for an hour for the anti-
body-antigen reaction to take place before the plate was loaded 
into the automatic plate reader.

Histopathology
For histopathological changes, the testes and epididymides 

were first fixed in 10% buffered formaldehyde, dehydrated with 
increasing ethanol concentrations, and embedded in molten par-
affin wax. Thin sections of the paraffin-embedded tissue were cut, 
collected on glass slides coated with glycerin egg albumin, and 
labelled. These sections were dried, stained with hematoxylin 
and eosin [H&E], dehydrated, and cleaned. A glass coverslip was 
placed over the tissue sections with a mounting medium, and the 
slides were examined under a light microscope and photographed 
to identify any histopathological changes [20].

Body weight and organ weight determination
The mean body weight was determined via a Metler balance 

on days 1, 8, and 14 across all groups, and the percentage mean 
body weight was calculated.

The mean organ weights of the right testis, left testis, left epi-
didymis, liver, spleen, kidney, pituitary gland, prostate gland, and 
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