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Abstract

Introduction Drugs have been shown to adversely affect
male fertility and recently anti-hypertensive drugs were
added to the list. The anti-fertility effects of nifedipine and
similar calcium channel blockers are well-illustrated in in
vitro experiments but not in vivo.

Purpose The present study was designed to experimen-
tally elucidate the sub-chronic effect of nifedipine, verap-
amil and diltiazem on sperm functions and reproductive
hormone levels in vivo.

Methods Male rats (150-200 g) were divided into four
groups of ten rats each. Group 1 (control) received distilled
water; Group 2 received nifedipine 0.57 mg/kg BW; Group
3 were given verapamil 3.40 mg/kg BW and Group 4 were
given diltiazem 2.57 mg/kg BW. Each drug-treated group
had its own recovery group from which treatment was
discontinued for 30 days before the animals were sacri-
ficed. Blood samples were collected for hormonal assay of
FSH, LH and testosterone. Semen evaluation was done and
the testes, seminal vesicle, epididymis and prostate were
removed, and weighed immediately.

Results Nifedipine, verapamil and diltiazem significantly
decreased (P < 0.05) sperm count and motility in drug
treated groups. The weight of the epididymis was signifi-
cantly reduced (P < 0.05) in the drug treated rats. Semen
parameters and other associated changes were restored
after 30 days of drug withdrawal.
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Conclusion Calcium channel blockers appear to have a
reversible anti-fertility effect on male rats which does not
occur through inhibition of the pituitary-gonadal axis.
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Introduction

The development of normal, mature sperm is the key to
male fertility, though once formed, this mature sperm, must
also have the ability to induce conception in females [1]. In
males, fertility depends upon adequate production, storage
and transport of spermatozoa. An impairment of male
fertility may arise because of germinal failure, leydig cell
failure or failure of transport of normally-formed sperma-
tozoa [2]. Many other factors have equally been implicated
in the pathology of infertility in males. These include age,
substance abuse, genetic factors, environmental assaults,
drugs, exposure to heavy metals, testicular exposure to
overheating and radiation treatment.

Drugs have been previously shown to have deleterious
effect on male fertility. For instance, hormonal drugs,
androgenic drugs [3]; antimetabolites and other cytotoxic
drugs such as colchian, cimetidine, nitrofuranotoxin [4];
anticonvulsants and opioids [5]; antimalarials such as
chloroquine [6, 7], pyrimethanine [8], and artemether [9]
have all been reported to have antifertility effects on male
rats. These effects are mediated via inhibition of leydig cell
steriodogenesis, depression of spermatogenesis, destruction
of the germinal cell, inhibition of sperm function and
metabolism.

Antihypertensive drugs such as calcium channel blockers
(CCB) have also been implicated in infertility in males.
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There have been reports of reversible functional defects in
sperm, and inability to fertilize eggs with standard semen
analysis parameters in hypertensive patients taking CCB
[10, 11]; however, a contrary report exists [12]. The anti-
fertility effects of nifedipine and similar CCB are well-
understood in in vitro experiments [13—15]. Juneja et al. [16]
showed the ability of verapamil (a CCB) to cause partial
arrest of spermatogenesis, marked decrease in sperm density,
sperm motility and cellular energy content (ATP) in guinea
pigs. Similarly, nifedipine has been reported to adversely
impact spermatogenesis in peripubertal mice [17]. Amlo-
dipine treatment has equally been demonstrated to have
deleterious effects on the reproductive function of male rats
evidenced by decreased follicle stimulating hormone (FSH),
testosterone, and sperm density [18]. The present study was
therefore designed to elucidate the individual sub-chronic
effect of nifedipine, verapamil and diltiazem on sperm
functions and reproductive hormone levels in adult rats.

Materials and methods
Animals and drugs

Forty young male rats weighing 150-200 g obtained from
the animal house of the College of Medicine, University of
Lagos, were used for the study. The animals were randomly
divided into four equal groups and treated as described in the
dose regimen. They were kept in a well-ventilated and
photoperiod-controlled (12 h light:12 h dark) animal house.
The animals were housed in clear polypropylene cages lined
with wood chip bedding. They were fed a standard pellet diet
(Livestock Feeds, Lagos, Nigeria) and water ad libitum. The
animals were allowed to acclimatize for a period of two
weeks before the commencement of the study. Nifedipine,
verapamil and diltiazem obtained from a local pharmacy
were used in the study. The concentration of these drugs was
prepared by dissolving known milligrams in known volumes
of distilled water based on comparisons between human
dosage and body weight of animals.

Study protocol

A total of forty male rats divided into four groups were
treated as follows: Group 1 (control group) received dis-
tilled water which was the vehicle of the drug, Group 2
(nifedipine group) were given nifedipine (0.571 mg/kg
BW) orally and Group 3 (Verapamil group) were given
verapamil (3.40 mg/kg BW) and Group 4 (diltiazem group)
were given diltiazem (2.57 mg/kg BW). Treatment was
done intra-gastrically via oral cannula for 30 days. Each
drug treated group had its own recovery group from which
treatment was discontinued for 30 days before the animals

@ Springer

were sacrificed. Subsequently, the epididymis, seminal
vesicle, prostate and testis were removed, cleared of
adherent tissue and weighed immediately after sacrifice.
Blood was collected from each animal via cardiac puncture
and used for hormonal assay.

Sperm analysis

Sperm analysis was done on samples derived from the cauda
epididymis by conventional methods [19]. Briefly, sperm
motility was assessed immediately after autopsy and expres-
sed as percent motility. Epididymal sperm counts were made
using the haemocytometer and were expressed as million/ml
of suspension. The sperm viability was also determined using
eosin/nigrosin stain. Semen was smeared on microscopic
slides and two drops of stain were added. Live (motile) sperm
cells were stained while dead sperm cells remained unstained.
Sperm cells were counted by hundreds from a well prepared
uniform smear per slide in order to estimate the percentage
live/dead ratio. Sperm morphology was determined from a
count of 400 spermatozoa in sperm smear prepared with Wall
and Ewas stain and examined under the microscope using
X100 objective under oil immersion. The abnormal sperm
cells were counted and expressed as percentages.

Hormonal assay

Blood samples were spun at 2500 rpm for 10 min in a tabletop
centrifuge. Serum samples obtained were assayed for follicle
stimulating hormone (FSH), luteinizing hormone (LH) and
testosterone using the tube-based enzyme immunoassay (EIA)
method. The EIA kits were manufactured by Immunometrics
(UK) Limited and meet the WHO standards in research pro-
gramme for human reproduction. The intra and interassay
variations were 10.02 and 10.05%, respectively, for FSH; 9.80
and 10.06% for LH; and 10.02 and 10.08% for testosterone.
The optical density was read at wavelengths between 492 and
550 nm on a spectrophotometer.

Statistical analysis

Data are expressed as “mean == SEM” and were analyzed
using the Students 7 test. A P value of <0.05 was consid-
ered statistically significant.

Results

Effect of nifedipine, verapamil and diltiazem
on sex organs weight in male rats

There was no significant change in the mean weights of the
testis, seminal vesicle and prostate gland in the both the
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drug treated and recovery groups when compared with
their respective control groups. However, the weight of the
epididymis was significantly reduced (P < 0.05) in the
drug treated groups (nifedipine, verapamil and diltiazem)
compared with control. The epididymal weight was normal
in all the recovery groups (Table 1).

Effect of nifedipine, verapamil and diltiazem
on sperm functions

There was a significant decrease (P < 0.05) in the sperm
count in the drug treated rats compared with controls.
However, sperm count in the recovery group was not sig-
nificantly different when compared with the control group
(Fig. 1). The sperm motility was significantly decreased
(P < 0.05) in the nifedipine group (60%), verapamil group
(69%) and diltiazem group (54%) compared with the
control group (83%). The recovery group showed normal
sperm motility with percentage motility of 83, 80, 81
and 78% for the control, nifedipine, verapamil and diltia-
zem groups, respectively (Fig. 2). The viability of the

spermatozoa (i.e., percentage live) and normal morphology
remained within control values in the drug treated groups.
Similarly there was no significant difference (P > 0.05) in
the viability and normal sperm morphology in the recovery
groups when compared with the control group (Figs. 3, 4).

Effect of nifedipine, verapamil and diltiazem
on serum hormonal level

There were no significant differences in the serum levels of
FSH, LH and testosterone in drug treated rats compared with
control rats. The serum concentration of FSH was 9.5 + 0.37,
9.89 £ 0.24, 9.7 + 0.22 and 9.48 &+ 0.26 iu/l in the control,
nifedipine, verapamil and diltiazem groups, respectively.
Serum LH concentration for the control, nifedipine, verapamil
and diltiazem groups were 2.61 4+ 0.04, 2.56 + 0.04,
2.48 £ 0.08 and 2.52 % 0.09 iu/l, respectively. Serum tes-
tosterone concentration for the control was 0.45 £ 0.01 ng/ml;
nifedipine 0.42 £ 0.01 ng/ml, verapamil 0.44 £ 0.01 ng/ml
and diltiazem 0.43 + 0.01 ng/ml. The recovery groups
exhibited normal FSH, LH and testosterone hormone levels
(Table 2).

Table 1 Effect of nifedipine, verapamil and diltiazem on weight of sex organs

Organ Control Nifedipine Verapamil Diltiazem

Testis 1.13 £+ 0.03 1.24 £+ 0.06 1.17 £ 0.03 1.16 &+ 0.02
(1.29 £ 0.03) (1.13 £ 0.02) (1.28 £ 0.02) (1.28 £ 0.01)

Prostate 0.17 &£ 0.01 0.18 £ 0.02 0.18 + 0.01 0.19 + 0.01
(0.21 £ 0.01) (0.20 + 0.01) (0.22 + 0.01) (0.21 £ 0.01)

Epididymis 0.63 £ 0.02 0.55 &+ 0.02* 0.47 £ 0.03* 0.48 + 0.01*
(0.66 £ 0.02) (0.68 £ 0.02) (0.66 £+ 0.03) (0.67 £ 0.03)

Seminal vesicle 0.76 £ 0.02 0.73 £ 0.02 0.68 &+ 0.05 0.73 £ 0.01
(0.79 £ 0.02) (0.86 & 0.02) (0.72 £ 0.03) (0.76 + 0.02)

Values are expressed as mean == SEM; n = 5 per group. *P < 0.05 compared with control. Recovery values are in parenthesis. All units in
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Discussion

effects are reversible. While the mechanisms of action of

these drugs in terms of inhibition of calcium ion influx in

In this study it has been shown that nifedipine, verapamil
and diltiazem considerably impair sperm motility and

the muscle cells of the heart and blood vessels are well
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Table 2 Effect of nifedipine, verapamil and diltiazem on FSH, LH and testosterone hormone levels

Hormones Control Nifedipine Verapamil Diltiazem

FSH (iu/l) 9.50 &+ 0.37 9.88 + 0.24 9.70 &+ 0.22 9.48 + 0.26
(9.83 + 0.42) (9.74 £ 0.31) (10.13 £ 0.29) (9.56 £ 0.34)

LH (iu/l) 2.61 £+ 0.06 2.56 + 0.04 2.48 + 0.08 2.52 £ 0.09
(2.62 £+ 0.06) (2.63 £ 0.03) (2.54 £ 0.05) (2.59 £ 0.07)

Testosterone (ng/ml) 0.45 £ 0.01 0.42 + 0.01 0.44 £+ 0.02 0.43 + 0.01
(0.44 £ 0.02) (0.43 £ 0.02) (0.45 £ 0.01) (0.44 £ 0.01)

Values are expressed as mean == SEM; n = 5 per group. Recovery values are in parenthesis

documented [20, 21], it is highly likely that there are other
non-specific effects which are contributing to impairment
of sperm motility and reduced sperm count.

Sperm functions such as count and motility are key
indices of male fertility, as these are prime markers in
testicular spermatogenesis and epididymal maturation. The
reduction of these parameters by CCB treatment in our
study is in agreement with the findings of others, where
decreased sperm count and motility were observed [16,
18]. Motility of ejaculated spermatozoa has long been
recognized as an extremely important functional charac-
teristic that must be evaluated as an integral part of semen
analysis [27] and poor motility had been correlated with
infertility. Due to the presence in spermatozoa of high
affinity binding sites for dihydropyridines [22, 23], drugs
which block calcium entry in somatic tissues [24], and
because the calcium ion is vital for the activation of sperm
motility [25, 26], it appears there is inhibition of calcium
entry into sperm membranes, thereby affecting the flagella
motility of the sperm cell. Secondly, CCB may mimic
gossypol, a binaphthalendialdehyde extracted from cotton
seeds in its effects on sperm function. Gossypol as an anti-
fertility agent has an efficacy rate of 98.9% and does not
affect production of testosterone and luteinizing hormones
[11]. Because of the lipophilic nature of gossypol, it
interacts directly with the phospholipid bilayer of biologi-
cal membranes altering membrane structure, electrostatic
charges and transmembrane ion fluxes. When studied in
animal models, gossypol has been shown to inhibit calcium
ion uptake, Ca*"Mg>"-ATPase and Ca®"-ATPase activi-
ties in ram and bull sperm plasma membrane vesicles [13].
In many respects, CCB effects changes on sperm mem-
brane structure and functions similar to those of gossypol
[10, 11]. These changes include blocking mannose lectins
(an important binding protein on the sperm membrane)
from moving to the surface of the cell membrane thereby
leading to excess cholesterol on the sperm head and stiff-
ening of the membrane, thus affecting the normal move-
ment of the sperm [10, 11, 28].

Although in vivo drug administration resulted in reduced
sperm count and motility in this study, reproductive

hormones (LH, FSH and testosterone) are unaffected. LH and
FSH are required for the initiation and maintenance of sper-
matogenesis in rats and for qualitatively normal spermato-
genesis [29]. In males, LH stimulates the production of
testosterone from the leydig cells and testosterone is abso-
lutely required for spermatogenesis. It is known that potent
anti-fertility agents do not necessary affect production of
testosterone and luteinizing hormones [11]. Therefore, it
appears that the primary site of action of these calcium channel
blockers is not on the hypothalamic-pituitary-testicular axis,
but rather may be directly on the reproductive tissues and cells.
In conclusion, nifedipine, verapamil and diltiazem have a
deleterious effect on reproductive functions in male rats which
is, however, reversible after drug withdrawal.
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