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Proton pump inhibitors are the most commonly used drugs for the treatment of acid peptic disorder,
GERD, NSAID induced mucosal injury Z.E.syndrome and for H.pylori infection. They have been
recommended to limit the extension of malignancy and reduce chemoresistance due to their property
of inhibiting V- ATPases. PPIs inhibit V-ATPase and promote amyloid beta peptide formation which
results in to Alzheimer disease. Infertility rate due to male counterpart is increasing. Epididymal
luminal acidic pH is essential for keeping sperms in quiescence during their storage and maturation to
prevent their premature entry and activation in to seminal vescicles which leads to sperm dysfunction.
Specific subunits of V-ATPases present in clear cells of cauda epididymis play a crucial role in
luminal acidification. These subunits are B,a4,A and E2 which are highly expressed in the clear cells
of human epididymis whose inhibition by drugs like PPIs can result in to male infertility. Acrosomal
membrane of sperm possess E1 and a2 isoforms of V-ATPase which are essential of intra acrosomal
acidic pH necessary for processing protease zymogen needed for sperm penetration and fertilization
of ovum. Their inhibition by PPI can also lead to male infertility. Long term use of PPIs is known to
reduce Vit B 12 absorption which in turn affects sperm function. Many studies have observed positive
effect of Vit B 12 supplementation on sperm count, morphology, maturity, motility and their DNA. It
reduces reactive oxygen species in the sperms and prevent their malfunction. Vit B 12 deficiency
results in to hyper homocysteinemia reduces no generation and sperm function. Thus long term use of
PPIs can lead to male infertility.
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INTRODUCTION
Proton pump inhibitors are commonly used drugs for treating
acid peptic disorders like peptic ulcer, gastro oesophageal
reflux disorders, NSAID induced mucosal injury, Zollinger
Ellison syndrome and Helicobactor pylori infection.1 They are
also recommended in the treatment of malignancy to limit the
tumour invasion and reduce the chemo-resistance due to their
ability to inhibit vacuolar ATPases [V-ATPases] 2Studies have
demonstrated that PPIs can interfere with the degradation of
amyloid beta peptide [Aβ peptide] in Alzheimers disease.3
Clearance of fibrillar Aβ by microglia depends upon its pH
and is induced by the acidification of lysosomes. PPIs are
known to inhibit microglial V-ATPase proton pumps which
are essential for acidic environment and result in to reduced
Aβ degradation and increased Aβ levels which are the
pathological features of Alzheimer’s disease.4-6V-ATPase are
large multi subunit proton pumps present in eukaryotic cells.
These are essential for the housekeeping acidification of
membrane bound compartments of these cells. Housekeeping
functions of mammalian V-ATPases include acidification of
endosomes, lysosomes, phagosomes. They also acidify

compartments for uncoupling receptors and ligands,
autophagosomes and certain elements of golgi apparatus. 7-9
Mammalian V-ATPase is composed of 13 subunits which are
divided in to 8 peripheral called as V1 and 5 membrane
intrinsic called as V0. Subunits of V1 contain A,B,C,D,E,F,G
and H which are also labeled as ATP6V1A[A], ATP6V1B[B],
ATP6V1C[C] ,ATP6V1D[D], ATP6V1E[E], ATP6V1F[F],
ATP6V1G[G], ATP6V1H[H]. Subunits of V0 are as followsa,c”,c,d and e which are also expressed as ATP6V0a[a],
ATP6V0b[c”], ATP6V0c[c], ATP6V0d[d] and ATP6V0e[e]
10

Throughout the world human fertility rate has declined in the
last 3 decades11 which poses a major health problem. Large
percentage of infertility is attributed to male counterpart as a
result of poor sperm motility and its interaction with oocyte.12
The sperms are formed in testicular sertoli cells under the
influence of FSH. They are transported to the epididymis for
storage and maturation.13 Epididymis is morphologically and
functionally divided into- initial segment, caput, corpus and
cauda.14 Epithelial linings of epididymal lumen is formed by
four types of cells- narrow, clear, principle and basal cells.
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Each cell plays an important role in the concentration,
maturation, storage and viability of spermatozoa.15,16
Epididymal luminal acidic pH is essential for keeping sperms
in quiescence during their storage and maturation in
epididymis.17 Acidic pH helps the sperms to remain in dormant
state by inhibiting the activation of sperm specific calcium and
potassium channels.18,19 High levels of bicarbonate in
seminal vesicle fluid and in the female reproductive tract
activates sperm bicarbonate sensitive adenyl cyclase and
elevate cAMP in the sperm and increases their motility.20.21
Thus pH and bicarbonate regulate sperm function. Defective
acidification in epididymal lumen leading to elevation of pH
and bicarbonate affects sperm maturity and enhances it’s
premature activation resulting into sperm dysfunction and
male infertility. Clear cells are numerous in cauda epididymis
and play a crucial role in the acidification in lumen where
spermatozoa are stored. Specific subunits of V-ATPase like B,
a4, A and E2 are highly expressed isoforms in the clear cells.22
In additions to rat and mice, clear cells in human epididymis
also express V-ATPase and their malfunction leads to sperm
dysfunction and male infertility.17 E1 and a2 isoforms of VATPase are located in the acrosomal membrane of the sperm.
These V-ATPase isoforms are essential for intra acrosomal
acidic pH which is necessary for processing protease zymogen
required for sperm penetration and fertilization of ovum.
Acrosome is the acidic secretory vesicle which contains
hydrolytic enzymes that play a crucial role in the passage of
sperm across the zona pellucida of ovum. Assembly of VATPase and presence of specific isoforms E1 and a2 are
responsible for acrosomal acidification. 23,24
The V-ATPase is a multi subunit enzyme which couples ATP
hydrolysis to the pumping of protons across plasma
membranes in eukaryotic cells. It is ubiquitously expressed. It
governs the acidification of highly differentiated organelles
including golgi apparatus, endosomes and secretory vesicles.2527
It is also found in high concentration in the plasma
membrane of specialized epithelial cells. They play an
important role in renal acidification, 27 bone resorption,28 and
spermatozoa capacitation.5 Subtype of V-ATPase – ATP6 v0a2
/ a2 in spermatozoa has an important role in the fertilization.29
It is highly expressed in normal spermatozoa and weakly in
spermatozoa of infertile men and also highly expressed in
motile spermatozoa than in immobile one. It was found that
expression of this subtype is greater in the eggs fertilized by
spermatozoa than in the unfertilized eggs.29 It was found to be
localized predominantly in the acrosomal region of human
normal spermatozoa and is involved in pH modulation of
spermatozoa.29 Plasma membrane V- ATPase regulates pH of
intracellular organelles which play a role in the motility of
spermatozoa.30 and is responsible for acidification of
acrosomal region.31 ATP6v0a2 possibly plays a role in sperm
function as pH sensor.32 Plasma membrane V-ATPase
functions in renal pH homeostasis, bone resorption and sperm
maturation. It plays role in tumour metastasis also.33,34 VATPase is localized in the apical membrane of epidydymal
clear cells and plays an important role in keeping seminal
fluid at low pH which is essential for normal maturation and
storage of sperm.5 PPIs are known to inhibit VATPases. By
inhibiting epididymal V-ATPases and raising intra luminal pH
locally, they can adversely affect sperm maturation, function
and fertility. Components of renin angiotensin systemangiotensin I [ANG I] and angiotensin II [ANG II] are present
in epididymal lumen. Angiotensin converting enzyme [ACE]

exists in two forms.35,36 These are testicular [tACE] also called
as germinal ACE and somatic ACE. ANG I is converted in to
ANG II by enzyme ACE. Male mice were found to be infertile
due to the absence of tACE. This was as a result of sperm
dysfunction and not due to its production which points towards
dysfunction at post testicular tract. 37 Testicular ACE is bound
to immature sperm and then gets released in to luminal fluid
when sperm starts moving along epididymal fluid in the
epididymal tubule.38 Luminal ANG II interacts with ANG II
type receptors and stimulates clear cells. This is followed by
activation of nitric oxide [NO] cGMP pathway. Subsequently
the apical accumulation of V-ATPase is triggerd by elevated
cGMP in the microvilli.39PPIs have been shown to inhibit NO
synthesis in epididymis. Apical accumulation of V-ATPases is
dependent on NO c-GMP pathway. Hence PPI can affect NO
c-GMP pathway and apical accumulation of V-ATPase
reflecting into intra luminal
pH rise in epididymis and
affecting sperm motility and function. Long term use of PPIs
have been associated with adverse effects like
hypochlorhydria, achlorhydria, interstitial nephritis, gastro
intestinal infections like that of clostridium difficile,
osteoporosis and fractures, increased cardiovascular mortality
due to inhibition of NO synthesis, dementia and decreased
absorption of Vit B12,iron and magnessium .1,40-42
Role of Vitamin B12 in semen quality-Vitamin B12 is an
important component of human cellular metabolism, and is
essential for DNA synthesis.43 Gastric achlorhydria and
decreased availability of intrinsic factor results into the
decreased Vit B12 absorption and its deficiency. Vit B12 is a
co enzyme for methionine synthase enzyme which is required
for synthesis of methionine from homocysteine to complete Sadenosyl methionine (SAM) cycle.44 Conversion of SAM to
S–adenosyl homocysteine results into methylation of
functional units of human cells like DNA, RNA, amino acids
proteins, lipids and neurotransmitters.44,45 Vit B12 deficiency
can arise as a result of malabsorption, malnutrition and due to
drugs like proton pump inhibitors which elevate intragastric
pH and decrease absorption of Vit B12.
In humans, Vit B12 plays an important role in spermatogenesis
and in maintaining quality of semen.46,47 It was observed that
plasma Vit B12 concentration was lower in infertile men.48,49
Various studies have confirmed the positive effect of Vit B12
on the parameters like sperm count, its motility, morphology
and sperm DNA.50-52 In these human studies, Vit B12 was
administered in the form of methyl cobalamine in the dose of
1500 microgram per day. In two studies dose of 6000
microgram per day was also administered.48,51Animal studies
done with dose of methyl cobalamine 1000microgram per kg
has resulted into marked increase in sperm count in
oligospermic male rats.53 Methyl cobalamine was also found to
protect against the testicular damage induced by ethylene
oxide.54 Low levels of Vit B12 reduce the catalytic activity of
methionine synthase which is required for conversion of
homocysteine to methionine resulting into hyper
homocysteinemia.55 Hyper homocysteinemia affects sperm
quality negatively. It is also found to reduce NO production in
humans by inhibiting NO synthase pathway.56 NO synthase is
present in human spermatozoa and is crucial for adequate
sperm motility.57 Thus it is possible that Vit B12 deficiency
resulting into hyper homocysteinemia and reduced NO
production can decrease sperm function. Increased reactive
oxygen species in human semen result into enhanced oxidative
injury to the sperm and its reduced count and function.58
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Decreased Vit B12 levels in semen correlates with the
increased reactive oxygen species which affect the semen
quality.59,60 Antioxidant effect of Vit B12 was found to prevent
lipid peroxidation of sperm membrane under stressful
conditions.61 Studies have found powerful antioxidant activity
of Vit B12.62In human body creatine is synthesized from the
amino acids like arginine and glycine, the combination of
which produce guanidinoacetate which gets methylated with
the help of SAM, this being a methyl donor and produce
creatine.63,64 In human spermatozoa adenosine tri phosphate
(ATP) is generated from chemical shuttle between creatine and
creatine phosphate using creatine kinase.65 Vitamin B 12 is
crucial for synthesizing methionine which is a precursor of
SAM. Reduced amount of SAM and amount of creatine due to
low Vit B12 levels can alter sperm function by affecting rapid
buffering and regeneration of ATP. Systemic inflammation is
known to be associated with the reduced sperm count, sperm
motility and it’s abnormal morphology.66 Supplementation of
Vit B12 was found to be beneficial in the management of
systemic inflammation. This suggests that Vit B12 can be
beneficial to attenuate inflammation induced impairment of
semen quality.67 Similarly Vit B12 supplementation was found
to control transcription factor nuclear kappa B. which is the
regulator of inflammation and immune response in the sertoli
cells of testis and thus prevents the excessive germ cell death
and sperm loss.67-69
PPIs induce hypo or achlorhydria resulting in to decreased Vit
B 12 absorption which is essential for sperm maturation,
motility and function. Thus PPIs may affect sperm function
and male fertility. Thus the long term use of PPIs in young
males during their fertile age needs a careful administration of
these drugs as they can affect male fertility adversely by
decreasing serum levels of Vit.B 12 and by inhibition of VATPases in the epididymis and sperm acrosomal membrane.
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