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Proton pump inhibitors (PPIs) are frequently prescribed as gastric acid-suppressing agents. Nevertheless, there is limited evidence
supporting the risk of detrimental effects of PPIs on male fertility. The purpose of the current study was to evaluate the effect of
subchronic use of proton pump inhibitors on male fertility. Seventy adult male Wistar rats were assigned into seven groups. The
normal control group orally received solvent only. Groups 2, 3, and 4 were orally given esomeprazole while groups 5, 6, and 7
received lansoprazole at 2.5, 5, and 10 mg/kg/day, respectively. After 45 days of treatment, blood samples, epididymis, and testis
were collected. Sperm count, motility, and morphology were determined. The level of hormones such as testosterone, follicle-
stimulating hormone (FSH), and luteinizing hormone (LH) and oxidative status of testis tissue, such as superoxide dismutase,
catalase, reduced glutathione, malondialdehyde (MDA), and nitric oxide (NO) were estimated. Results demonstrated a significant
decline in sperm count, motility, morphology, testosterone, and catalase at 10 mg/kg/day and GSH at 2.5 mg/kg/day. A significant
increase in FSH, LH, and MDA at 10 mg/kg/day and NO at 2.5 mg/kg/day was found as compared to the control group. The
pathological alterations specifically dilation of Leydig cells, vacuolization, and degeneration of the seminiferous tubules were also
evident. It is concluded that PPIs had caused male reproductive toxicity in Wistar rats due to altered levels of hormones such as
testosterone, FSH, and LH, elevated levels of NO, and oxidative stress.

1. Introduction

Approximately 15% of couples of reproductive age are
globally affected by infertility [1]. Although the etiology of
50% of cases of male infertility remains idiopathic, the major
underlying causes of male infertility are impaired semen
quality, oxidative stress-mediated sperm damage, endocrine
disorders, congenital dysplasia, sexually transmitted infec-
tions, varicocele, testicular dysfunction, immune problems,
genetic, lifestyle and environmental factors and certain
medications such as antidepressants, antiepileptics, calcium

channel blockers, a-blockers, antibiotics, and antiretroviral
therapy [2].

The most significant parameters of sperm quality are
sperm motility, sperm count (millions/ml), and sperm
morphology [3]. Abnormalities contributing to male in-
fertility include asthenospermia i.e., poor sperm motility,
oligospermia, and teratospermia, i.e., irregular sperm
morphology [4, 5]. Numerous studies showed that any
developmental defect in the flagellum, alteration of seminal
pH, abnormalities of sperm protein, and lack of acrosome
formation had been associated with asthenospermia [6].
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Additionally, an excess of seminal reactive oxygen species
(ROS), potential genetic mutations, and a high intake of
dietary fatty acids also contribute to reduced sperm motility,
thereby causing male infertility [7, 8]. In addition to over-
production of ROS, failure of head and tail attachment,
inadequate acrosome formation, and alterations in sperm
cytoskeleton promote the formation of morphologically
abnormal sperms [9, 10]. In males, hypothalamus-pituitary-
gonadal (HPG) axis regulates reproductive hormones, in-
cluding gonadotropin-releasing hormone (GnRH), follicle-
stimulating hormone (FSH), luteinizing hormone (LH), and
testosterone. In males, LH is responsible to stimulate Leydig
cells, which consequently produce testosterone. In contrast,
FSH exerts its actions on the Sertoli cells and seminiferous
tubules and plays an important role in the regulation of
spermatogenesis [11]. The deficiency of GnRH in men
resulted in hypogonadism characterized by a lack of tes-
tosterone and impaired spermatogenesis. Several studies
revealed that Klinefelter’s syndrome, Kallmann syndrome,
Y-chromosome microdeletions, testicular trauma, hyper-
prolactinemia, certain medications such as ketoconazole and
opioids, chemotherapy, and radiation are intimately related
to the male hypogonadism [12].

Elevated level of ROS has a drastic effect on human
spermatozoa and a positive correlation with male infertility.
About 30-80% of male infertility issues are associated with
pathological levels of ROS. Studies suggested that the
structural and functional strength of the sperm membrane
were particularly impaired by elevated levels of ROS
resulting in increased sperm membrane permeability. ROS
also has a direct detrimental effect on sperm DNA and
morphology [13]. Additionally, excessive reactive nitrogen
species (RNS) such as nitric oxide (NO) have been impli-
cated in inducing testicular dysfunction, abnormal sperm
parameters, and reduced gonadotropins secretion [14]. The
exact mechanism of oxidative stress-mediated decline in
sperm parameters is still unknown but is primarily attrib-
uted to lipid peroxidation followed by the production of
malondialdehyde (MDA) and DNA fragmentation [15].

Proton pump inhibitors (PPIs) are broadly used medi-
cations over the past several decades. Currently, PPIs are
available for the management of gastric and duodenal ulcers,
erosive esophagitis, gastroesophageal reflux disorders
(GERD), as prophylactically for nonsteroidal anti-inflam-
matory drugs (NSAIDs) mediated bleeding, Helicobacter
pylori infection and for hypersecretory conditions such as
Zollinger-Ellison syndrome. These agents act primarily on
hydrogen/potassium ATPase (H"/K"- ATPase) pump in the
gastric parietal cells, resulting in reduced production and
secretion of gastric acid [16]. Several studies suggested an
association between long-term use of PPIs and potential
adverse effects, including iron and vitamin B12 deficiency,
hypomagnesemia, risk of bone fracture, particularly hip
fracture, Clostridium difficile infections, cognitive impair-
ment, and dementia in elder patients [17]. Other studies
commented that PPIs can substantially affect sperm quality
parameters including sperm count, sperm motility, sperm
viability, and capacitation which can lead to male infertility
[18].
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The deleterious effects of the most widely used PPIs such
as esomeprazole and lansoprazole on male reproductive
health have been poorly investigated. This inadequacy of
data suggests the need for an enhanced investigation of male
fertility considering the association between PPIs and male
reproductive function. Thus, the current study was carried
out to investigate the reproductive toxicity of subchronic
exposure to esomeprazole and lansoprazole in male rats and
to assess the possible underlying mechanisms of repro-

ductive toxicity associated with esomeprazole and
lansoprazole.
2. Materials and Methods

2.1. Drugs and Chemicals. Carboxymethyl cellulose (CMC),
sodium bicarbonate (NaHCO3), hydrogen peroxide (H,0,),
chloroform (CHCl;), copper sulphate (CuSO,), sodium
chloride (NaCl), potassium phosphate dibasic (K,HPO,),
potassium dihydrogen phosphate, sodium carbonate, tri-
chloroacetic acid (TCA), dithiobis nitrobenzoic acid
(DTNB), thiobarbituric acid (TBA), naphthylethylene di-
amine dihydrochloride (NEDD), phosphoric acid, sodium
potassium tartrate, pyrogallol, formalin, eosin, nigrosin, and
methanol were obtained from Sigma-Aldrich Co., USA.
Esomeprazole and lansoprazole were acquired from Wuhan
Kailun Chemical limited and DMS chemical pharmaceutical
limited, China, respectively.

2.2. Experimental Animals. Healthy seventy Wistar male
rats, 10-12 weeks old, weighing 155+20g, were acquired
and kept under standard laboratory conditions in the animal
house at a room temperature (25+2°C) and humidity of
50-70% with proper ventilation with 12h light and dark
cycle. The animals were given a standard rodent pellet diet
and water ad libitum. The animal experiments were con-
ducted in accordance with regulations of the University
Research Ethical Committee, REC/RIPS-LHR/2017047.

2.3. Experimental Design. Male Wistar rats were allocated
into seven groups with each group having ten rats (n = 10).
The control group received 1ml/animal/day of 0.5% w/v
CMC. Groups 2, 3, and 4 were given esomeprazole treatment
at 2.5, 5, and 10 mg/kg/day, respectively, whereas Groups 5,
6, and 7 were given lansoprazole treatment at 2.5, 5, and
10 mg/kg/day, respectively, for consecutive 45 days. All
doses with a strength of 0.5, 1, and 2 mg/ml were freshly
prepared in a solvent containing 0.5% w/v of CMC with the
addition of 0.2% w/v of NaHCOj to alkaline the gastric pH
of the rats and prevent the degradation of esomeprazole and
lansoprazole in acidic media [19]. The doses were admin-
istered orally using a gavage tube once daily in a fasting
condition which further assisted in enhancing the gastric
stability of both esomeprazole and lansoprazole.

2.4. Sample Collection. 24h post administration of last ad-
ministered doses, the animals were anesthetized with diethyl
ether and blood was withdrawn from each animal via cardiac
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puncture in plain vials. The serum was separated and stored
at —20°C until the measurements of testosterone, FSH, and
LH [20]. The anesthetized rats were sacrificed and the cauda
epididymis of each rat was immediately removed for analysis
of sperm parameters. The right and left testis were also
removed for histological and oxidative stress biomarkers
evaluations. The left testis of each animal was weighed,
placed in phosphate buffer saline (PBS) of pH 7.4, and kept
at —20°C until the analysis of oxidative stress biomarkers.
The right testis of each animal was placed in a 10% formalin
solution for histological analysis.

2.5. Sperm Analysis. The sperms were released from the
separated cauda epididymis in a prewarmed petri dish
carrying 1 ml PBS and allowed to disperse in the buffer for
1 min [21]. The sperm suspension obtained was then used for
the analysis of sperm motility, sperm count, morphology,
and viability.

2.6. Sperm Motility. A 10yl semen suspension was trans-
ferred on a slide (prewarmed at 37°C), and a computer-
assisted semen analysis (CASA) System (Minitube®, Ger-
many) with a phase-contrast microscope (Olympus Life
Science®, Japan) was used to immediately assess the sperm
sample at 40 x magnification [22]. About 500 sperms from
minimum four different fields were examined in each sample
for motility parameters. The data generated by the CASA
system regarding motility parameters included sperm count,
total and progressive motility, curvilinear velocity (VCL),
straight-line velocity (VSL), average path velocity (VAP),
and linearity (LIN) [23].

2.7. Sperm Morphology and Viability. A 10ul of semen
suspension was stained with 10 ul of 1% eosin stain. After
158, 20 ul of 10% nigrosin stain was added and mixed to-
gether. A smear was formed by sliding another slide over it
[24]. The air-dried slides were placed under a light micro-
scope at 40 x magnification. A total of two hundred sperms
were randomly analyzed to detect the morphological ab-
normalities and viability of sperms.

2.8. Reproductive Hormonal Analysis. The serum concen-
tration of testosterone in ng/ml was obtained by following
the directions supplied with the Access Testosterone assay
kit (Elab Science, China) [25]. The detection range and
sensitivity of the testosterone assay kit were 0.31-20 ng/ml
and 0.17 ng/ml, respectively, with insignificant reactivity and
interference with its analogues. On the other hand, the
serum concentrations of FSH and LH were determined
according to the directions provided with rat FSH (CAT No.
E-EL-R0391) and (CAT No. LH E-EL-R0026) assay Kkits
(Elab Science, China). The absorbance values of both FSH
and LH were taken at 450 nm on a UV-Vis spectropho-
tometer and the concentrations were calculated by a stan-
dard equation. The detection range and sensitivity of the
FSH assay kit were 3.13-300ng/ml and 1.88ng/ml, re-
spectively, while the detection range for the LH assay kit was

1.56-10 MIU/ml and 0.94 MIU/ml with insignificant intra-
and interassay variability. All samples were analyzed in
triplicate.

2.9. Oxidative Stress Biomarkers Analysis. The testis tissues
were isolated and weighed. Then, these tissues were ho-
mogenized in PBS (1:10 w/v) with a homogenizer followed
by the centrifugation at 3000 rpm for 10 min. The super-
natant fraction was separated and subsequently used for the
analysis of superoxide dismutase (SOD), catalase (CAT),
reduced glutathione (GSH), malondialdehyde (MDA), and
NO. Moreover, the protein content in testis tissue ho-
mogenate was determined by the Lowry method [26].

2.10. MDA Level. MDA level is a widely used biomarker for
the detection of lipid oxidation and is determined by TBA
reagent [27]. For assessment of MDA level, 1 ml of sample
supernatant was mixed with 3 ml of TBA reagent, heated for
0.5h at 95°C, and then cooled in an ice bath. Following
centrifugation at 3000 rpm for 10 min, the supernatant layer
was removed to determine the absorbance at 532 nm using a
UV-Vis spectrophotometer. The MDA values were
expressed as nmol/ml of protein.

2.11.SOD Activity. Free radical scavenging SOD activity was
determined by a method previously reported [28]. For
measurement of SOD activity, 2.8 ml of PBS was transferred
to 0.1 ml of tissue homogenate followed by mixing with
0.1 ml pyrogallol solution. Changes in absorbance were
measured at 325 nm after every half minute for 5 min with a
UV-Vis spectrophotometer. SOD activity was determined by
using a regression equation and the result values were in-
dicated as U/mg of protein.

2.12. GSH Level. For assessment of GSH level, 1 ml each of
supernatant of testis homogenates and 10% TCA were added
and mixed with 4 ml of PBS and 0.5 ml of DTNB reagent.
The absorbance was recorded at 412nm using a UV-Vis
spectrophotometer. The values of GSH level were expressed
as nmol/ml [29].

2.13. CAT Activity. It was determined by a previously
established method [30]. For assessment of CAT, 5ul of
supernatant and 1.95mL of PBS were admixed with 1 mL of
hydrogen peroxide (30 mM). Changes in absorbance were
taken at 240nm at 15§ interval for the 30 S with UV-Vis
spectrophotometer. CAT activity was determined by the
regression equation, and the result values were expressed as
U/mg of protein.

2.14. NO Level. The level of NO was measured by mixing
1 ml of testis homogenate supernatant and 1 ml of Griess
reagent and incubation for 10 min while the absorbance was
determined at 540 nm using a UV-Vis spectrophotometer.
NO level was estimated by the regression equation, and the
result values were indicated as ymol/mg of protein [31].



2.15. Histopathological Analysis. Right testis from animals
was embedded in paraffin wax after being fixed in 10%
formalin. Thin sections of 4 ym of paraffin-embedded tissues
were cut longitudinally and then stained with hematoxylin-
eosin. The prepared slides were examined under a light
microscope at 40x magnification, and microphotography
was done for histopathological analysis [32]. These slides
were evaluated for Johnsen Scoring [33]. Complete sper-
matogenesis was scored as 10. Several spermatids in semi-
niferous tubules were scored as 9 while score 8 was allocated
to a few late spermatids with disrupted epithelium. Semi-
niferous tubules showing no late spermatids but early
spermatids were allocated a score 7, whereas those with a few
early spermatids and arrested spermatogenesis were scored
6. Johnsen scores of 5 and 4 were allocated to seminiferous
tubules without spermatids but presenting many and a few
spermatocytes, respectively. Seminiferous tubules which
showed only spermatogonia and Sertoli cells were assigned
Johnsen score 3 and 2, respectively. Johnsen score 1 was
given to seminiferous tubules without any epithelial cells
[33].

2.16. Statistical Analysis. The data were presented as
mean + standard deviation and analyzed by one-way
ANOVA followed by Tuckey’s post hoc test for multiple
comparisons with the level of statistical significance set at
P <0.05, using GraphPad prism 8 (San Diego, CA) software.
The statistical differences between the control and treatment
groups as well as among the treatment groups were
determined.

3. Results

Male rats exposed to esomeprazole and lansoprazole at a
dose of 2.5, 5, and 10 mg/kg/day for 45 days showed that
there was an insignificant change in diet and water uptake of
all animal groups. There was no change in the general signs
and symptoms such as respiration rate, body weight,
physical activity, sleep, salivation, and reactivity to touch.
The effects of esomeprazole and lansoprazole on sperm
parameters including sperm count, motility, morphology
and viability, reproductive hormones, and oxidative stress
biomarkers are given here.

3.1. Sperm Motility. Animals treated with esomeprazole at
2.5, 5, and 10 mg/kg/day exhibited a significant (P < 0.0001)
decline in total as well as progressive motility contrary to the
control group. A significant reduction was noticed in sperm
velocity parameters including VCL, VSL, and VAP in rats
treated with esomeprazole at 2.5 mg/kg/day. However, there
was a significant increase in LIN in animals treated with all
dosage levels of esomeprazole in contrast to the control
group as shown in Table 1. Insignificant differences were
detected for VCL, VSL, and VAP in animals receiving
esomeprazole 5 mg/kg/day in contrast to the control group.
A significant reduction was observed in the VCL and VAP in
animals treated with esomeprazole at 10 mg/kg/day contrary
to the control group. The results obtained from epididymis
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sperm parameters posttreated with esomeprazole and lan-
soprazole are summarized in Table 1.

Animals treated with lansoprazole at all dosage levels
showed a significant decline in total as well as progressive
motility in contrast to the control group as shown in Table 1.
There were insignificant differences in animals treated with
lansoprazole at 2.5 and 10 mg/kg/day for VCL, VSL, VAP,
and LIN in comparison to the control group. Treatment with
lansoprazole at 5 mg/kg/day showed a significant reduction
in sperm velocity parameters including VCL, VSL, and VAP
than the control group. However, treatment with lanso-
prazole 5 mg/kg/day did not reduce LIN as compared to the
normal control group.

3.2. Sperm Count and Testes Weight. A significant
(P <0.0001) reduction in sperm count was noticed in all
animals treated with esomeprazole at 2.5, 5, and 10 mg/kg/
day. However, treatment with esomeprazole at 10 mg/kg/day
exhibited the most significant decline (28 + 2 million/ml) in
sperm count in comparison with the normal control group
as shown in Table 2.

A significant (P <0.0001) decline in sperm count was
detected among all groups treated with lansoprazole at 2.5, 5,
and 10 mg/kg/day. However, treatment with lansoprazole at
10 mg/kg/day showed the most pronounced decline (32 +2
million/ml) in sperm count in contrast to the control group.
The results obtained from the sperm count of different rat
groups after treatment with esomeprazole and lansoprazole
are summarized in Table 2. Moreover, there was an insig-
nificant difference in the testes weight among all groups. The
effect of treatment with esomeprazole and lansoprazole on
testes weight is shown in Table 2.

3.3. Sperm Viability and Morphology. In animals treated with
esomeprazole and lansoprazole, the dead sperms appeared
with pink coloration of the head, while the live sperms
appeared with a whitish or colorless head. Significant head
and tail morphological abnormalities in animals treated with
esomeprazole and lansoprazole at all dosage levels were
observed and classified as bent neck, banana head, detached
head, bent tail, and headless tail as shown in Figures 1 and 2.

Bent neck and tail sperm abnormalities were seen in
animals treated with esomeprazole 2.5 mg/kg/day. Animals
exposed to esomeprazole at 5 mg/kg/day exhibited detached
head, bent neck, and tail abnormalities. Furthermore, ba-
nana head, headless tail, and bent tail abnormalities were
noticed in animals receiving esomeprazole at 10 mg/kg/day
in comparison to the normal control group as shown in
Figure 1. Bent neck (34%) and bent tail (31%) were the most
common abnormalities in esomeprazole-treated rats fol-
lowed by banana head (26%) and headless tail (6%),
respectively.

Detached head and banana head abnormalities were
evident in animals receiving lansoprazole 2.5mg/kg/day
contrary to the control group. Treatment with lansoprazole
at 5mg/kg/day exhibited amorphous sperm head with a
broken tail and bent tail abnormalities. Furthermore,
double-headed and bent tail sperm abnormalities were
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TaBLE 1: Effect of treatment with esomeprazole (ES) and lansoprazole (LN) on sperm motility in male rats.

Total motility Progressive Curvilinear velocity =~ Straight line velocity Average path velocity . .
Groups (%) motility (%) (pm/s) (um/s) (pm/s) Linearity (%)
Control 77.60+0.83 63.73+1.47 151.26 +23.84 110.04 + 15.76 11527 + 15.87 0.73+0.01
E;/éfy Mg 456742207 291641414 79.40 + 10.05**** 63.88+9.90** 66.62+10.19*** .80+ 0.02***
g:ys mgkg/ 3 14p189 405340227 124.72 +2.53 99.10 +5.26 102.66 +7.23 0.79+0.01***
E; /égymg/ 50.27 + 1.99%***  41.60 + 0.34**** 110.72 +3.53* 85.92 +2.42 89.49 +2.67* 0.77 +0.005*
13; dza; M8/ 60,56+ 1.74°* 49314 1.51" 135.32 +5.26 101.91 +5.71 105.72 +5.78 0.75+0.01
1&2 dsa ;ng/ 62.19+2.06*"** 4325+ 1.17**** 96.78 +12.77** 75.18 + 12.07** 79.04+11.79** 0.77 +0.02*
1&2 dli;mg/ 61.20+2.38%**  47.58+2.56"*** 121.86 +19.80 90.93 +15.38 94.98 +15.61 0.74 +0.005

Results are shown as mean * standard deviation. *, **, ***, and **** showed significant results at P <0.05,0.01,0.001, and 0.0001 in contrast to the normal
control group.

TaBLE 2: Effect of treatment with esomeprazole (ES) and lansoprazole (LN) on sperm count and testes weight in male rats.

Treatments Sperm count (millions/ml) Testes weight (g)
Normal control 74+2 0.930+0.172
ES 2.5 mg/kg/day 46 3%+ 0.853+0.170
ES 5 mg/kg/day 4237 0.863 +0.134
ES 10 mg/kg/day 28427+ 0.856 +0.152
LN 2.5 mg/kg/day 45407 wr 0.894 +0.162
LN 5 mg/kg/day 40 2%+ 0.882+0.133
LN 10 mg/kg/day 32427 0.786 +0.146

Results are shown as mean + standard deviation. ****P <0.0001 showed statistical difference in contrast to the normal control group.

()

(d) (e)

FIGURE 1: Sperm morphology of esomeprazole-treated rats at 2.5, 5, and 10 mg/kg/day (40 x). (a) Normal sperm, (b) bent neck sperm,
(c) bent tail sperm, (d) headless tail sperm, (e) banana head sperm, and (f) detached head.
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FIGURE 2: Sperm morphology in lansoprazole treated rats at 2.5, 5, and 10 mg/kg/day (40 x). (a) Normal sperm, (b) banana head sperm,
(c) bent tail sperm, (d) amorphous head with a broken tail, (e) detached head, and (f) double head.

noticed at lansoprazole at 10 mg/kg/day as shown in Fig-
ure 2. Bent neck (38%) and bent tail (33%) were the most
common abnormalities in lansoprazole-treated rats followed
by banana head (22%) and headless tail (7%), respectively.

3.4. Reproductive Hormones. The effects of esomeprazole
and lansoprazole treatment on mean serum testosterone,
FSH, and LH levels are summarized here.

3.5. LH Level. Treatment with esomeprazole showed a sig-
nificant (P<0.001) rise in LH level at 10mg/kg/day
(19.05 + 1.57 mIU/ml) as depicted in Figure 3. There was an
insignificant difference in LH level of animals treated with
esomeprazole at 2.5 mg/kg/day (8.80 + 0.76 mIU/ml protein)
and 5 mg/kg/day (13.16 + 1.66 mIU/ml) on the contrary to
the control group.

On the other hand, the LH level also significantly
(P <0.001) increased in animals exposed to lansoprazole at
10 mg/kg/day (50.36 + 1.43 mIU/ml) on the contrary to the
control group. No significant difference was seen on the LH
level in animals exposed to lansoprazole at 2.5 mg/kg/day
(15.17 £ 2.07 mIU/ml protein) and 5 mg/kg/day
(15.54+£1.29mIU/ml) in comparison with the control
group. The effect of 45 days of treatment with esomeprazole
and lansoprazole on LH level is shown in Figure 3.

3.6. FSH Level. A significant (P <0.0001) rise in FSH level
was noted in all animals treated with esomeprazole at all
dosage levels in contrast to the control group. Treatment
with esomeprazole at 10mg/kg/day showed the most

significant increase (640.40 + 14.89 mIU /ml) in FSH level in
comparison with the control group as presented in Figure 3.

A significant (P <0.0001) rise in FSH level was also
detected in animals treated with lansoprazole at 10 mg/kg/
day (458.40 £ 9.85mIU/ml) in contrast to the control group
as shown in Figure 4. However, FSH level significantly
decreased in animals treated with lansoprazole at 2.5 mg/kg/
day  (106.40+12.84mIU  /ml) and 5mg/kg/day
(150.40 + 14.74 mIU /ml) in contrast to the control group
(Figure 3).

3.7. Testosterone Level. It was observed that the testosterone
level had reduced in all animals treated with esomeprazole at
2.5, 5,and 10 mg/kg/day in comparison to the control group.
Treatment with esomeprazole at 10 mg/kg/day exhibited the
most significant decline (0.55+0.27 ng/ml) in testosterone
level contrary to the control group as shown in Figure 3. A
significant (P <0.0001) reduction in testosterone level was
also noticed in animals which received lansoprazole 2.5 mg/
kg/day (0.70 + 0.28 ng/ml) and 10 mg/kg/day (0.50 + 0.34 ng/
ml) in comparison to control group. Animals treated with
lansoprazole at 5mg/kg/day revealed a significant
(P <0.001) decrease in testosterone level (0.64 + 0.28 ng/ml)
in contrast to the control group as shown in Figure 3.

3.8. Oxidative Stress Biomarkers. After dissection, the left
testicles from rats were removed and weighed. Rat testicular
tissue (1g) was homogenized in PBS to obtain the super-
natant fraction that was used to measure biomarkers of
oxidative stress. The overall effect of esomeprazole and
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meprazole/lansoprazole 2.5 mg/kg/day. ¥, ¥, and “*** showed significant results at P < 0.05, 0.01, and 0.0001 on contrary to esomeprazole/

lansoprazole 5 mg/kg/day.
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FiGure 4: Effect of esomeprazole (ES) and lansoprazole (LN) treatment on oxidative stress biomarkers in rat testis. *, **, ***, and ****

showed significant results at P <0.05,0.01,0.001, and 0.0001 on contrary to control group. *, **, and ****
P<0.05,0.01, and 0.0001 on contrary to esomeprazole/lansoprazole 2.5 mg/kg/day.”,
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P <0.05,0.01, and 0.0001 in contrary to esomeprazole/lansoprazole 5 mg/kg/day.

lansoprazole treatment on the biomarkers of oxidative stress
in testis is summarized here.

3.9. MDA Level. A significant (P < 0.0001) rise in MDA level
in rat testis was noticed in esomeprazole-treated groups at
2.5 and 10mg/kg/day in contrast to the control group.
However, treatment with esomeprazole at 10 mg/kg/day
showed the most significant (0.0019 +0.00025 nmol/ml)
increase in MDA level contrary to the control group. An
insignificant difference in the MDA level in animals treated
with esomeprazole at 5mg/kg/day was observed in com-
parison with the control group as presented in Figure 4.

MDA level also significantly (P < 0.0001) increased in rats
exposed to lansoprazole at 2.5mg/kg/day (0.0019 +
0.00025 nmol/ml), 5mg/kg/day (0.0023 +0.0002 nmol/ml),
and 10 mg/kg/day (0.0022 +0.00045 nmol/ml) in contrary to
the control group. However, lansoprazole-treated animals at 5
and 10 mg/kg/day showed the most significant increase in MDA
level in contrast to control group. The effect of 45 days of
treatment of lansoprazole on MDA level is demonstrated in
Figure 4.

3.10. SOD Activity. SOD activity was significantly (P <0.01)
raised in esomeprazole-exposed animals at 10 mg/kg/day
(215.32+35.84 U/mg protein) in comparison with the
control group. The rest of the groups did not show any
significant difference, but a trend of increased SOD activity
was observed contrary to the control group. Treatment with
esomeprazole 2.5mg/kg/day was insignificantly different
from esomeprazole 5mg/kg/day as presented in Figure 4.
Furthermore, the SOD activity also significantly (P < 0.05)
increased in lansoprazole-treated animals at 5mg/kg/day
(193.05+13.47 U/mg protein) in contrast to the control
group. Insignificant differences in SOD activity of animals

treated with lansoprazole at 2.5 and 10 mg/kg/day were
observed in comparison with the control group as presented
in Figure 4.

3.11. GSH Level. The level of GSH was significantly reduced
in animals that received esomeprazole 2.5mg/kg/day
(13.11 £ 1.59 nmol/ml) and 5 mg/kg/day (14.13 +2.16 nmol/
ml) in contrast to the control group. There were insignifi-
cantly different GSH levels in animals that received eso-
meprazole 10 mg/kg/day  (42.81+3.29nmol/ml) in
comparison with the control group. The effect of 45 days of
treatment with esomeprazole on GSH level in rat testis is
shown in Figure 4.

In addition, the lansoprazole treatment also exhibited
significant (P < 0.0001) reduction in GSH level at 2.5 mg/kg/
day (13.52+7.32 nmol/ml) in comparison with the control
group as shown in Figure 4. There was an insignificant effect
on the GSH level in animals treated with lansoprazole at
5mg/kg/day (31.95+5.31nmol/ml) and 10mg/kg/day
(48.67 + 3.10 nmol/ml) on the contrary to the control group
(Figure 4).

3.12. CAT Activity. The CAT activity was significantly
(P<0.05) elevated in animals treated with esomeprazole
2.5mg/kg/day  (0.000343 +0.000025 U/mg protein) in
comparison with the control group as shown in Figure 4.
There was insignificantly different CAT activity in animals
treated with esomeprazole 5 mg/kg/day
(0.000293 + 0.000055U/mg protein) and 10mg/kg/day
(0.00026 + 0.00004 U/mg protein) in contrast to the control
group.

Moreover, CAT activity also significantly elevated in
lansoprazole-treated animals at 5mg/kg/day
(0.00046 £0.00012U/mg  protein) and 10 mg/kg/day
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(0.00042 + 0.00007 U/mg protein) in comparison with the
control group. There was insignificantly different CAT ac-
tivity in animals treated with lansoprazole at 2.5 mg/kg/day
(0.00022 + 0.00002 U/mg protein) in comparison with the
control group. The effect of lansoprazole treatment on CAT
activity in rat testes is displayed in Figure 4.

3.13. Nitric Oxide Level. The level of NO significantly in-
creased in testicles of animals treated with esomeprazole at
2.5mg/kg/day (67.28 £1.97 ymol/ml) and 10mg/kg/day
(61.58 £2.20 ymol/ml) as compared to control group. The
insignificant effect of esomeprazole 5mg/kg/day on nitric
oxide level was observed in contrast to the control group as
depicted in Figure 4.

Furthermore, the NO level was significantly elevated in
all animals exposed to lansoprazole at 2.5mg/kg/day
(67.15 £ 1.59 ymol/ml), 5 mg/kg/day (66.44 + 1.82 ymol/ml),
and 10 mg/kg/day (61.27+1.96 ymol/ml) in contrast to
control group as shown in Figure 4.

3.14. Histopathological Features. Different sections from the
testicles were prepared by staining with hematoxylin-eosin
stain and observed under a light microscope. Oligospermia,
vacuolization, and dilation/swelling of sperm cells were
detected in animals treated with esomeprazole at 2.5 mg/kg/
day in contrast to control group as shown in Figure 5. On the
other hand, oligospermia was seen in animals treated with
lansoprazole at 2.5 and 5mg/kg/day. Vacuolization and
dilation/swelling of sperm cells were detected in all animals
treated with lansoprazole at all dosage levels.

Furthermore, dilation of the seminiferous tubules and
swelling of Leydig cells was noticed in lansoprazole-treated
animals at 5 mg/kg/day. Animals treated with lansoprazole
at 2.5 mg/kg/day showed degeneration in seminiferous tu-
bules. Animals treated with lansoprazole at 5 and 10 mg/kg/
day also exhibited necrosis in the seminiferous tubules
(Figure 5).

It was demonstrated by quantitative histopathological
scoring that there was an insignificant reduction of scores in
animals treated with esomeprazole 2.5 and 5 mg/kg/day, and
lansoprazole 2.5 mg/kg/day in comparison to normal con-
trol. Animals treated with esomeprazole 10 mg/kg/day, and
lansoprazole 5 or 10 mg/kg/day showed significant histo-
pathological anomalies as depicted by lower Johnsen scores
as compared to the normal control group. The effects of
treatment with esomeprazole and lansoprazole on Johnsen
scores in rats are demonstrated in Figure 6.

4. Discussion

The prevalence of male infertility has an unpleasant impact
on the quality of life [34]. Several studies have reported a
strong correlation between male infertility and drug-related
undesirable effects [35]. In the current study, the harmful
effects of PPIs on sperm function and male fertility were
evaluated. The most commonly used PPIs, esomeprazole and
lansoprazole, were orally administered at 2.5, 5, and 10 mg/
kg/day dosage to male Wistar rats for 45 consecutive days to

demonstrate their effects on sperm parameters, sex hor-
mones, oxidative stress, and testicular histology.

The sperm parameters including sperm count and
motility are important predictors of male infertility and are
responsible for fertilization. The current study indicated a
significant reduction in total as well as progressive sperm
motility of animals exposed to esomeprazole and lanso-
prazole at all dose levels. CASA-based sperm velocity
analysis also showed a significant decline in VSL, VCL, VAP,
and LIN parameters in animals exposed to esomeprazole.
Increased sperm velocity (VSL, VCL, VAP) and decreased
linearity (LIN=VSL/VCL) are related to hyperactivated
motility, thus, important for initiation of capacitation and
acrosomal reaction [23]. The underlying mechanism for
reduced sperm motility could be the inhibitory action of
esomeprazole and lansoprazole on the choline acetyl-
transferase enzyme responsible for the biosynthesis of
acetylcholine (Ach). Previous in vitro study indicated that
the reduction in sperm motility was due to reduced synthesis
of Ach, a chemotactic agent for sperm motility [36]. There
was an insignificant decrease in sperm motility parameters at
low and high doses of esomeprazole in the current study. It
was found that esomeprazole had shown a significant decline
in all sperm motility parameters on subchronic exposure,
which was in accordance with a previous ex vivo study of
PPIs on human sperm motility [37].

In the present study, the sperm count in rats significantly
declined post administration of esomeprazole and lanso-
prazole at all dose levels. It was revealed that both esome-
prazole and lansoprazole had exhibited the most significant
decline in sperm count at the maximum administered dose
of 10 mg/kg/day. The crucial role of PPIs in reducing sperm
count was the result of excessive production of nitric oxide
[24]. A high level of nitric oxide caused oxidative stress
leading to sperm damage and infertility [38]. The other
mechanism involved in reduced sperm count could be the
direct effect of PPIs in increasing the gastric pH, resulting in
reduced uptake of water-soluble vitamins and other nutri-
ents essential for spermatogenesis [39].

The presence of any morphological abnormality in
sperms adversely affects sperm quality and fertility [40]. In
the current study, significant morphological abnormalities
were seen in animals treated with esomeprazole and lan-
soprazole at all dose levels. Possibly, the induction of head
and tail abnormalities of sperm could be due to the vul-
nerability of spermatozoa to oxidative stress-induced DNA
damage which agrees with previous in vivo study on male
infertility [41]. The ROS also target the polyunsaturated fatty
acids for detrimental peroxidation leading to decreased
membrane permeability and increased structural defects of
sperms [10].

Altered level of serum testosterone and gonadotropins
(FSH and LH) is often associated with abnormal sper-
matogenesis. It is well documented that an adequate level of
testosterone plays a pivotal role in sperm cell development
and spermatogenesis [42]. Studies also indicated that serum
FSH and LH levels have an inverse relation with sperm
concentration. In the current study, esomeprazole and
lansoprazole treatment indicated a significant decline in
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F1GURE 5: Photomicrograph of sections of seminiferous tubules and interstitial cells in esomeprazole (ES) and lansoprazole (LN) treated rats
under magnification 100 x. (a) Control rats showed normal seminiferous tubules, (b) ES at 2.5mg/kg/day showed oligospermia,
vacuolization, and dilation/swelling of sperm cells, (c) ES at 5mg/kg/day showed dilation of seminiferous tubules, (d) esomeprazole at
10 mg/kg/day showed swelling of Leydig cells, (e) control rats showed normal seminiferous tubules, (f) LN at 2.5 mg/kg/day showed
oligospermia, vacuolization, dilation/swelling of sperm cells, and degenerated seminiferous tubules, (g) LN at 5 mg/kg/day showed dilation
of seminiferous tubules, oligospermia dilation/swelling of sperm cells, vacuolization, necrosis, and swelling of Leydig cells, and (h) LN at
10 mg/kg/day showed vacuolization, dilation/swelling of sperm cells, and necrosis.
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FiGgure 6: Histopathological scoring of testes from esomeprazole
(ES) and lansoprazole (LN) treated rats. *P<0.05 and
****P <0.0001 showed a significant difference from the normal
control group.

serum testosterone level at all dose levels which led to
impaired spermatogenesis. Both esomeprazole and lanso-
prazole showed the most significant decline in serum tes-
tosterone levels at the maximum concentration of 10 mg/kg/
day. Conversely, this study also indicated a significant in-
crease in serum gonadotropins (FSH and LH) in animals
exposed to esomeprazole and lansoprazole at the maximum
concentration of 10 mg/kg/day. It is further known that the
testosterone synthesis by Leydig cells is dependent upon the
actively functioning mitochondria where the ATP genera-
tion occurs as a consequence of pH differential potential due
to proton gradient generated by the pumping of protons
from matrix to an inter-membranous region of mitochon-
dria through proton pumps. The decreased level in testos-
terone of animals exposed to PPIs in the current study can be
attributed to the inhibition of proton pumps by esome-
prazole and lansoprazole [43].

Reduction in serum testosterone and an increase in
serum FSH and LH were considered useful indicators of
impaired spermatogenesis, testicular damage, and oligo-
zoospermia [44]. These outcomes are suggested to be caused
by the esomeprazole- and lansoprazole-induced hepatic
metabolism of testosterone resulting in reduced levels of
serum testosterone [45]. Simultaneously, the serum level of
FSH and LH were raised due to disturbance in the negative
feedback mechanism in the HPG axis [46]. Intracellular pH
of Sertoli cells plays a pivotal role in spermatogenesis
modulation which is carried out by various proton trans-
porters and co-transporters. This intracellular pH regulates
the cellular metabolism and differentiation of Sertoli cells.
Inhibition of these proton pump cells by PPIs could be one
of the mechanisms for the reduction in spermatogenesis of
Sertoli cells [47].

Oxidative stress is an imbalance between the generation
of reactive ROS and the antioxidant ability of cells [48]. The
oxidative stress in testicles is strongly correlated with male
infertility. In a previous study, elevated levels of ROS had
negatively impacted the normal sperm function by inducing

11

oxidative stress [49]. It is well known that sperms are vul-
nerable to ROS because the cell membrane of sperm
comprises a high level of polyunsaturated fatty acids while
the reduced amount of ROS neutralizing enzyme is present
in the cytoplasm [48]. Results of the current study showed
that esomeprazole and lansoprazole treatment caused a
significant decrease in CAT activity (10 mg/kg/day) and GSH
level (2.5 mg/kg/day). In contrast, both esomeprazole and
lansoprazole treatment exhibited a significant increase in
MDA (at 10 mg/kg/day) and NO level (at 2.5 mg/kg/day).

Furthermore, the SOD activity was significantly raised in
animals exposed to esomeprazole treatment (10 mg/kg/day)
and lansoprazole treatment (5 mg/kg/day). An elevated level
of MDA in esomeprazole and lansoprazole treatment groups
was an indicator of lipid peroxidation, which is in accor-
dance with the previous study [50]. It was also reported that
oxidative stress was related to significantly decrease GSH
levels and increased activity of SOD to cope with an in-
creased ROS. Additionally, there are many supportive
studies indicating that oxidative stress is coupled with an
elevated level of NO [51]. Aside from a reduced generation of
ATP, elevated NO causes sperm cell apoptosis, inhibition of
Leydig cell steroidogenesis, decreased sperm viability, and
altered morphology via peroxidative damage to the sperm
membrane [14]. In another study, PPIs were also shown to
induce oxidative stress in human melanoma cells which
support the current findings [52]. It is established that the
FSH acts on Sertoli cells to induce spermatogenesis, in
addition to purinergic signaling through adenosine and
ATP. Oxidative stress alters purinergic signaling and ac-
tivities of cholinesterase, chymotrypsin, and other enzymes
through the generation of oxidative metabolites and thus
adversely impacts Sertoli cell functioning even in the
presence of FSH [53]. Moreover, reduced spermatogenesis
by Sertoli cells even in the presence of testosterone and FSH
support indicates idiopathic infertility [54].

In this study, esomeprazole- and lansoprazole-treated
rats exhibited vacuolization, oligospermia, degeneration of
seminiferous tubules, swelling of Leydig cells, and necrosis
in seminiferous tubules. This testicular damage and reduced
sperm cells could be due to the elevated level of ROS and
decreased level of serum testosterone [55]. The possible
mechanisms of PPIs induced deleterious effects on male
fertility include inhibition of choline acetyltransferase, in-
hibition of vas deferens contractility, and production of NO
[37].

5. Conclusion

In conclusion, 45 days of administration of esomeprazole
and lansoprazole induced the reproductive adverse effects in
male rats. Subchronic exposure to these agents had reduced
male fertility indicated by the impaired sperm quality, ab-
normal sperm morphology, reduced sperm count, and
motility. Reproductive toxicity of PPIs was mediated
through an elevation in NO, FSH, and LH levels, and a
reduction in serum testosterone. Moreover, these drugs
induced oxidative stress in testicular tissues through re-
duction of CAT activity and GSH level, and increased lipid
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peroxidation. Considering these findings and the wide-
spread use of PPIs, further studies are needed specifically in
clinical settings to monitor sperm parameters and repro-
ductive hormone levels in patients using PPIs.
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