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Abstract: This study was carried out to investigate the effect of prolonged intake of calcium-

channel blocker amlodipine, an antihypertensive drug on gonadal steroid hormone (testos-

terone) of male albino rats. Three different concentrations of amlodipine (0.01, 0.02 and 

0.03 mg/kg body weight) was administered orally to three different groups (B, C, and D) of 

experimental male Wistar albino rats (n = 8) for six weeks. Group A rats were fed normal diet 

without amlodipine (n = 8) served as the control. The administration of amlodipine significantly 

reduced testosterone level in the following order, group A (0.22 ± 0.01)  B (0.18 ± 0.01)  

C (0.14 ± 0.01)  D (0.10 ± 0.01). The reduction in testosterone levels corresponded with 

an increase in the concentration of amlodipine administered to male Wistar albino rats. The 

observation in this study reveals that long-term treatment of male Wistar rats with calcium-

channel blocker and antihypertensive (amlodipine) produces a significant reduction in the 

level of testosterone a hormone associated with decreased ability of men to enjoy sex and 

to develop good quality erections. There is the need for a large scale study to investigate the 

potential effect of long-term antihypertensive therapy with amlodipine on sexual dysfunc-

tion in men.

Keywords: calcium-channel blocker, amlodipine, antireproductive, antihypertensive drugs, 

gonadal steroid, and low libido

Introduction
Amlodipine (as besylate, mesylate. or maleate) is a long-acting calcium-channel 

blocker (dihydropyridine) class used as an antihypertensive and in the treatment of 

angina. Like other calcium-channel blockers, amlodipine acts by blocking trans-

membrane calcium influx through the calcium channel resulting in the relaxation of 

the smooth muscle in the arterial wall, decreasing peripheral resistance and hence 

reducing blood pressure.1 In angina it increases blood flow to the heart muscle.2 

Calcium is vital in many biological processes including hormonal secretion, mitosis, 

reproduction, fertility, and regulation of gene expression. However the effects of 

calcium-channel blockers to a large extent remain confined to the heart and vascular 

smooth muscles.3 Despite exhibiting substantial cardiovascular selectivity, reports 

exist which suggest that calcium-channel blockers may have anti-reproductive effects 

in males on long-term treatment.4–7

Problems with sexual function have been a long-standing concern in the treatment 

of hypertension and may influence the choice of treatment regimens and decisions to 

discontinue drugs. The Treatment of Mild Hypertension Study8 (TOMHS) provides an 

excellent opportunity for examination of sexual function and the effects of treatment 
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on sexual function in men and women with stage I diastolic 

hypertension. TOMHS was a double-blind, randomized 

controlled trial of 902 hypertensive individuals treated with 

placebo or one of five active drugs (acebutolol, amlodipine 

maleate, chlorthalidone, doxazosin maleate, or enalapril 

maleate). The results from this study showed that long-term 

incidence of erection problems in treated hypertensive men 

although low is higher with chlorthalidone treatment. The 

rate of reported sexual problems in hypertensive women is 

low and does not appear to differ by type of drug. Sexual 

dysfunction associated with antihypertensive therapies can 

negatively impact the ability of patients to stay on therapy 

on a long-term basis and can lead to deterioration in patient 

quality of life.9,10

Testosterone is a steroid hormone from the androgen 

group. In mammals, testosterone is primarily secreted in 

the testes of males and the ovaries of females, although 

small amounts are also secreted by the adrenal glands. It 

is the principal male sex hormone and an anabolic steroid. 

 Testosterone plays a key role in health and well-being as well 

as preventing osteoporosis. On average, an adult human male 

body produces about forty to sixty times more testosterone 

than an adult human female body, but females are, from a 

behavioral perspective (rather than from an anatomical or 

biological perspective), more sensitive to the hormone.11 

Andropause, a condition in which the testosterone level 

slowly declines with age, also decreases a man’s ability 

to enjoy sex and to develop good quality erections.12,13 In 

 addition to experiencing a decrease in sexual desire and 

erectile dysfunction, men with a lowered testosterone level 

may also notice changes in mood and emotions. However, 

the overall ranges for male and female are very wide, such 

that the ranges actually overlap at the low and high ends, 

respectively.

The purpose of the present study was to investigate 

whether treatment of male rats with the calcium antagonist 

amlodipine, used in the treatment of hypertension and angina, 

interferes with the gonadal steroid–testosterone levels of male 

Wistar albino rats.

Materials and methods
Thirty-two adult male Wistar albino rats (170–200 g) 

used in this study were obtained from the Animal House, 

Department of Biochemistry, University of Port Harcourt, 

and Port Harcourt, Nigeria. They were housed in standard 

cages (Griffin and George Modular Cage System) and 

left to acclimatize for seven days to laboratory conditions 

before the commencement of the experiment. During the 

 acclimatization, the animals were fed with pelleted rat 

chow and water ad libitum. The rats were weighed and 

randomly assigned into four study groups of eight rats per 

group. They were kept under adequate ventilation at room 

temperature and relative humidity of 28 ± 2 °C and 46%, 

respectively.

The 32 rats were arranged into four groups of eight 

 animals each: group A was given normal feed only; group 

B received feed and 0.01 mg amlodipine/kg body weight; 

group C received feed and 0.02 mg amlodipine/kg body 

weight; and group D received feed and 0.03 mg amlodipine/

kg body weight.

Experimental design
Animals in group A were fed normal diet and served as 

control group. Groups B, C, and D consisted of rats placed 

on normal diet and administered different concentrations 

(0.01, 0.02 and 0.03 mg) of amlodipine/kg body weight. 

The amlodipine was administered in the food pellets. Six 

weeks after the feeding trials, the animals were sacrificed 

by suffocation using chloroform and dissected. Blood was 

collected by cardiac puncture using sterile syringe/needle 

and transferred to lithium heparin anticoagulant bottles. 

Clear serum samples were obtained by centrifuging the 

whole blood samples.

statistical analysis
Statistical analysis was analyzed using Statistical Package for 

Social Sciences (version 10; SPSS Inc., Chicago, IL), which 

was used to generate frequency distribution and percentage 

prevalence of the various parameters. Descriptive analyses 

of percentages of categorical variables were reported. 

 Comparisons were assessed using mean and chi-square test. 

A P-value of 0.05 was considered statistically significant 

in all statistical comparison.

Biochemical assay
Estimation of testosterone level of the experimental rats was 

carried out using the method employed in microplate auto-

mated reader using Clinotech enzyme-linked immunosorbent 

assay (ELISA) hormonal assay kits (Clinotech Diagnostic, 

Richmond, Canada). The Clinotech enzyme immunoassay test 

is intended for the quantitative determination of testosterone in 

serum. The testosterone enzyme immunoassay (EIA) is based 

on the principle of competitive binding between testosterone 

in the test specimen and testosterone conjugate for a constant 

amount of rabbit anti-testosterone. The test is highly sensitive. 

The minimum concentration of the testosterone ELISA assay 
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as measured by 2 standard deviations from the mean of a zero 

standard is estimated to be 0.05 ng/mL.

Results
The effect of prolonged administration of amlodipine on serum 

levels of gonadal steroid (testosterone) of male albino rats is 

as shown in Table 1. Result indicates that treatment of male 

rats with different concentrations (0.01, 0.02, and 0.03 mg/kg 

body weight) of amlodipine significantly (P  0.01) reduced 

gonadal steroid when compared to control rats. The reduction in 

gonadal steroid (testosterone) corresponded with increase in the 

concentration of amlodipine. This was evidenced by a marked 

reduction in the levels of testosterone of male rats treated with 

0.03 mg/kg body weight when compared to rats treated with 

lower concentration and the rats in the control group.

Discussion
The principal finding of this study is that amlodipine reduces 

gonadal steroid in male albino rats. It was generally observed 

that an increase in the concentration of amlodipine caused a 

decrease in serum levels of gonadal steroids. A decrease in 

the level of testosterone caused by corresponding rise in the 

concentration of amlodipine administered to rats was an indi-

cation that prolonged administration of the calcium-channel 

blocker, amlodipine had a negative effect on sexual reproduc-

tion in male rats. The result of this study is in agreement with a 

previous report by Almeida and colleagues,14 which observed 

that treatment with a dose of 0.04 mg amlodipine besylate/

rat/day for 30 days decreased plasma follicle-stimulating 

hormone and testosterone but not luteinizing hormone or 

prolactin concentrations. The decrease in testosterone lev-

els in the serum of albino rats was attributed to prolonged 

intake of the antihypertensive drug which affected the gonad 

causing low libido and low sperm count. The result of this 

study is however in contrast with the findings of Reaven and 

colleagues15 and Nafziger and colleagues16 who argued that 

amlodipine, in addition to reducing blood pressure, improves 

glucose tolerance, diminishes hyperinsulinemia, increases 

serum adrenal androgens (DHEA-S and androstenedione), 

and decreases serum adrenal glucocorticoid (cortisol) levels. 

The physiological effects of decreased serum levels of 

DHEA and DHEA-S are not well understood. It has been 

suggested that in the context of severe chronic illness, there 

is a shift in adrenal steroid synthesis which may be necessary 

for survival.17 However DHEAS was found significantly 

 associated with coital frequency and desire for sex and sexual 

functions in men in a previous study.18

The effects of the antihypertensive drug, amlodipine, 

a calcium-channel blocker, in this study is consistent 

with previous report which observed cases of infertility 

and reduced libido in men with history of long-term use 

of calcium-channel blockers.4–6 The exact mechanism of 

 calcium-channel blockers in causing infertility remains to 

be completely elucidated. However a previous report by 

Rabia and colleagues7 suggests that long-term treatment with 

amlodipine might be associated with significant testicular 

regression and reduction in serum testosterone. Similarly 

Garko and colleagues8 reported that sexual dysfunction is 

associated with hypertension or antihypertensive therapies 

and that it may negatively impact the ability of patients 

to stay on therapy and lead to deterioration in patient’s 

quality of life. In a previous report, Ferrario and colleagues 

suggested that it may be important for practitioners to 

become familiar with the wide variation in sexual side 

effects produced by antihypertensive agents and to discuss 

the potential occurrence of these side effects with their 

patients.9 Problems with sexual function have been a long-

standing concern in the treatment of hypertension and may 

influence the choice of treatment regimens and decisions 

to discontinue drugs. The Treatment of Mild Hypertension 

Study (TOMHS) provides an excellent opportunity for 

examination of sexual function and the effect of treatment 

on sexual function in men and women with stage I diastolic 

hypertension. TOMHS was a double-blind, randomized 

controlled trial of 902 hypertensive individuals treated with 

placebo or one of five active drugs (acebutolol, amlodipine 

maleate, chlorthalidone, doxazosin maleate, or enalapril 

maleate). The study concluded that long-term incidence of 

erection problems in treated hypertensive men is low but is 

higher with chlorthalidone treatment.10

This present study has shown that long-term treatment 

of male Wistar rats with calcium-channel blockers and 

 antihypertensive (amlodipine) produces a signif icant 

 reduction in the level of testosterone a hormone associated 

Table 1 Effect of prolonged intake of amlodipine on gonadal steroid 
of male albino rats

Groups Treatment Testosterone χ2 
(ng/mL)

P-value

A normal feed 0.22 ± 0.01a88.24 P = 0.01

B 0.01 mg/kg BW Amlodipine 0.18 ± 0.01b

c 0.02 mg/kg BW Amlodipine 0.14 ± 0.01c

D 0.03 mg/kg BW Amlodipine 0.10 ± 0.01d

Notes: Values are means ± sEM. n = 8 rats in each group. Means with different 
superscript letters (a, b, c, d). Amlodipine induced a dose-dependent decline in 
 testosterone level (P = 0.01).
Abbreviations: BW; sEM, standard error of mean.
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with decreased man’s ability to enjoy sex and to develop good 

quality erections. There is the need for a large scale study to 

investigate the potential effect of long-term antihypertensive 

therapy with amlodipine on sexual dysfunction in men.
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