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Abstract---The study aimed to investigate the effect of amlodipine on 

Sex hormones and sperm parameters in white male rats. The study 

was conducted in the animal house of the College of 

Pharmacy/University of Karbala, And on October 31, 2021 until 
January 30, 2022. Twenty (20) adult white rats, a three-month-old 

male, with weights ranging from (300-200) g. Male rats were randomly 

divided into two main groups, the first group was a control group that 
included (10) rats, It was dosed orally and daily with physiological 

saline solution (NaCl 0.09%), As for the second group, it was dose it  

orally the amlodipine at a concentration of (10 mg/kg) for 60 day. 
study showed a significant decrease (P≤ 0.01) in the sperm 

concentration in the caudal epididymis  And in the percentage of live 

sperm in the caudal epididymis  and sperm motility as well as in the 
viability of sperm, Also, there was a significant increase (P≤ 0.01) in 

the percentage of upnormal sperms in the caudal epididymis when 

compared to the control group. The results of the current study 

showed a significant decrease (P≤0.01) (P≤0.05) for (Follicle-
Stimulating hormone (FSH) and Luteinizing hormone (LH) and 

Testosterone hormone).  

 
Keywords---Amlodipine, Rats, sperm motility, sperm viability, 

Testosterone. 
 

 

Introduction  
 

Infertility and impotence are among the biggest of these problems in couples, as it 

has been recorded in the past few years about 30% of cases of infertility in 
couples, which are due to male factors (Isidori et al., 2006), There are many 

reasons that can interfere with the process of sperm synthesis and reduce their 

quality and production, the most important of which is drug treatment, 
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Chemotherapy, air pollution, toxins and lack of vitamins taken. Which can cause 

harmful effects on the process of synthesis and natural production of sperm 

(Mosher & Pratt, 1991). Calcium ions are found in germ cells and contribute 

mainly to the main processes that regulate or determine male fertility, including 
regulation of the blood-testis barrier , Testosterone synthesis by Leydig cells 

Regulating the function of secretory  Sertoli cells, spermatogenesis, sperm motility 

and endosome interactions, spermatogenesis, And the penetration of the ovumes 
by sperm and others. Amlodipine is a commonly used drug. It is a vasodilator 

drug used to treat patients suffering from high blood pressure and angina 

pectoris , It belongs to the family of calcium channel blockers , Which works to 
prevent the flow of calcium ions in the blood vessels smoothly in the muscle cells 

and reduce their blood pressure by reducing the resistance of peripheral blood 

vessels , Amlodipine is a long-acting calcium channel blocker (dihydropyridine 
class) used as an antihypertensive and in the treatment of angina pectoris, Like 

other calcium channel blockers . The current study aims to know the effects of 

amlodipine to know the extent of its effect on male sex hormones and sperms by 

knowing:  
- Estimation of the level of testosterone hormone (T), luteinizing hormone (LH), 

and follicle-stimulating hormone (FSH). 

- Studying Sperm parameters, which included estimating the number of sperm 
counts, and the percentage of sperm motility, sperm viability, distorted sperm. 

 

Materials and Methods 
  

In this study, (20) white male rats were used, which were in a healthy condition, 

sexually mature at the age of three months, with weights ranging between (200-
300 g). The laboratory animals were brought from the College of Pharmacy / 

University of Karbala, and placed in the animal house of the College of Pharmacy 

/ University of Karbala in plastic cages. And they were taken care of under 

laboratory conditions of good lighting (11 hours of light / 13 hours of darkness), 
good and regular ventilation and appropriate temperatures ranging between (27-

23) degrees Celsius, Appropriate bedding was placed in the cages and cleaned 

twice a week. As for feeding the animals, they were given water and food suitable 
for growth, which contain a high percentage of protein Throughout the 

experiment , Rats were divided into two groups: The first group: the control 

group, which included (10) adult male rats, as these animals were dosed (1ml) 
Normal Saline for 60 consecutive days, The second group: The group that was 

dosed orally with the drug Amlodipine at a dose of (10 mg/kg) for (60) days, which 

included (10) adult male rats, and the dose was done using a sterile oral gavage 
for (60) days. After 24 hours of the last day of dosing, all animals were sacrificed 

by anesthetizing the animals using anesthetic (chlorofoam) by placing a cotton-

tipped cotton container on the anesthetic in a large box containing the rat to be 

partially anesthetized by breathing. To ensure that the heart remains working 
hard enough when blood is drawn directly from the heart with a Heart Puncture , 

By means of 5 ml wine medical syringes, then the blood is placed in dry, sterile 

tubes, free of anticoagulant, and the blood is left for an hour to take sufficient 
time to clot, after which the blood is transfused, To a centrifuge to separate it at a 

speed of 5000 rpm for 5 minutes to obtain the serum, which was placed in special 

tubes (Appendrof tube) and kept in the refrigerator at a temperature of -20°C until 
hormones were measured. The concentrations of hormones in the blood serum 
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were measured using a measuring kit (KIT) by an ELISA reader manufactured by 

Monobind- Inc., of American origin, By using an enzyme-linked immunosorbent 
assay (ELISA) The levels of hormones in the serum were estimated, and the 

absorbance was read at a wavelength of 450 nm, as the concentrations of the 

following hormones were measured, (Testosterone hormone (T)- follicle 
stimulating hormone (FSH)-luteinizing hormone (LH). After postmortem of the rats 

and extracting the testes and epididymis, the sperms were collected from the left 

tail of the epididymis, where the sperms were placed in (10ml) of physiological 

solution in a Petri dish, after that we perform the sperm count by placing a drop 
on the glass slide and examining it under a light microscope (Elbetieha et 
al.,2009). Sperms Motility: A drop of semen is placed on a warm slide at a 

temperature of 37 degrees Celsius and examined under a microscope with a 
power of X400. The active movement of sperm is expressed by the following 

equation:  (percentage of motilty % = number of motilty sperms / total number of  

sperms) x100. according to the method of (Silverbege  and Turner ,2001) Sperm 
concentration : The sperm concentration was calculated according to the method 

(Hinting , 1989). Sperm Viability Percent: Mix a drop of sperm with a drop of 

eosin and necrocin dye. After that, the sperm, eosin and necrocin are mixed using 
a fixed angle slide. Then a part of the mixture is taken at the tip of the second 

slide as well as the third slide, to make a light smear. Leave the third slide to dry 

at room temperature, then check. The slides, where the dead sperm take the dye, 

while the live sperm are not dyed, and the percentage of the live sperm is 
calculated. (Number of live sperm / total number of sperm) x 100. (Hafez,1987). 

Abnormal Sperm Percent: The sperm was examined and the normal appearance 

was distinguished from the distorted by the head or tail or both to calculate the 
abnormal sperm. The same slide was used that was used to calculate the dead 

and live sperm, and to determine the abnormal appearance of the sperm, the 

following equation is calculated:    (Deformation% = Abnormal number of sperms 
/ Total number of sperms X 100), (Dale and Edler, 1997), (Damascono et al, 

2008). 
 

Results and Discussion   
 

The results of the statistical analysis of the current study are shown in Table (3-4) 
There are significant differences in concentrations (Testosterone hormone (T) - 

follicle stimulating hormone (FSH)-luteinizing hormone (LH), Where a significant 

decrease (P≤0.01) was observed for each of the luteinizing hormone(LH) and 
follicle stimulating hormone (FSH), And a significant decrease at (P≤0.05) for 

Testosterone hormone. For the group of animals treated with amlodipine (10 

mg/kg) for two months And on a daily basis when compared to the control group. 
 

Table (3-4) study the effect of amlodipine (10mg/kg) on hormone levels in male 

rats dosed orally for (60) days compared to the control group 
 

 

     hormones 

 

                   groups  

Averages ± Standard Error 

FSH 

 (mlU/ml) 

LH 

 (mlU/ml) 

Testosterone (mlU/ml) 

treatment group 14.93 ± 1.44  3.17± 0.23  0.68± 0.03  

control group 53.66 ± 6.47  6.92± 0.62  2.06 ± 0.49  
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Morale ** ** * 

** (P≤0.01)                          * (P≤0.05) 

 

The results of the current study showed a significant decrease in the level of the 
hormone (FSH, LH, Testosterone), and this is similar to what was reached 

(Alshebli 2013) Which conducted a study in Al-Sadr Teaching Hospital on males 

who use amlodipine , Also, the results of our study agree with (Onwuka, F et al., 
2010) who conducted an experiment on white male rats using amlodipine for 6 

weeks. . The results also agreed with what was obtained (Rabia Latif et al., 2008), 

which recorded a decrease in testosterone during its study on rats dosed with 
amlodipine for 50 days. The reason for the decrease in these hormones is due to 

calcium channel blockers such as amlodipine, which caused blockage of the 

calcium channel and inhibiting the entry of calcium into the gonadotrophs. Which 
leads to the suppression of the expression of the genes LHB and FSHB, which 

leads to the inhibition of the synthesis of luteinizing hormone (LH) and follicle-

stimulating hormone (FSH) and the reduction of testosterone, The release of 

GNRH from the pituitary glands is calcium dependent, so the 
induction/repression of the LHB and FSHB genes depends on the calcium influx 

(Haisenleder et al., 2003). Calcium plays an important role in the secretion of the 

hormone GnRH directed to stimulate the hormones LH, FSH (Taranta et al., 
1997). The hormonal stimulation of testicular development and testosterone 

secretion involves the influx of calcium, possibly through calcium channels in 

Lydeck cell membranes (Manna et al, 1999). A decrease in the level of 
testosterone in the blood due to the drug amlodipine can either be a direct effect 

of the drug on the Lydc cell or an indirect effect through the disturbance of the 

hormonal environment in the pituitary gland axis, which causes inhibition of the 
release of the hormone LH and FSH and reduce its levels. Thus reducing the 

testosterone hormone ( Weinbauer et al,.1991). also mentioned (Benoff S.1998) 

that amlodipine is one of the drugs that prevents the flow of calcium ions through 

calcium channels, which have a vital role in the secretion of sex hormones from 
the pituitary glands and testicles, Thus, the activity of these hormones decreases . 

The presence of calcium channel blockers reduces the release of GNRH from 

hypothalamic neurons, which leads to a decrease in the secretion of LH and FSH 
and thus a decrease in the level of testosterone (Bourguignon et al,.1987). An in 

vivo study showed that amlodipine is able to inhibit gonadotropin secretion, as 

well as decrease the release of LH and FSH hormones in response to GNRH 
inhibition, and as a result, the level of testosterone also decreased (Barbarino et 

al, 1982).  

 

And The results of the statistical analysis of the current study as shown in Table 
(4-4) showed significant differences (P≤ 0.01), it was clear that there was a 

significant decrease in the rate of sperm concentration in the tail of the 

epididymis and a significant decrease in the percentage of live sperm in the tail of 
the epididymis and percentage of motile sperm, As well as in the degree of sperm 

activity, for the group dosed with amlodipine at a concentration of (10 mg/kg) for 

two months and on a daily basis compared to the control group. Also, the 
treatment of rats with amlodipine resulted in a significant increase (P≤ 0.01) in 

the percentage of homozygous sperms in the caudal epididymis when compared 

to the group that was not given the drug.  
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Table (4-4) study the effect of amlodipine (10mg/Kg) on sperm parameters in male 

rats dosed orally for (60) days compared to the control group 

 

 

Sperm 

criteria 

Averages ± Standard Error 

Sperm 
concentration  

Sperm 
Viability % 

abnormal 
sperm%  

sperm 
motility% 

Sperm 
activity%  

Treatment 
Group  

20.4±6.5  19.2±1.48 85.6± 1.96 1.40± 0.98 0.20±0.02 

control 
Group 

78.8±2.08 89.6±2.77 9.0± 0.71 89.6±0.75 65.6± 6.62 

 ** ** ** ** ** 

 ** (P≤ 0.01)   

 

The results of this study agreed with (AVDATEK, F. 2016) and (Almeida et al, 
2000), Also, our current study agreed with the findings, (ds.Akinlolu et al., 2013). 

In his experiment, administration of amlodipine caused a detrimental effect on 

reproductive function and on the number of mature sperm .  This effect may be 

attributed to the decrease in the secretion of FSH and LH hormones from the 
anterior lobe of the pituitary gland, which leads to the inhibition of testosterone 

production, which affects the process of spermatogenesis, and consequently, the 

decrease in the concentration of sperm inside the seminiferous tubules and the 
fertility of animals. The production of naturally mature sperm is the basis of male 

fertility, (Muthulakshmi et al.,2013). The production of sperm and testosterone in 

the testicles is mainly regulated by the hormones Follicle Stimulate Hormone 
(FSH)   and Lutein Hormone (LH) , Which are released from the pituitary gland, 

which are the main regulators of the process of spermatogenesis (Guyton and 

Hall, 2001). Low level of gonadotropin nutrients may have inhibited the initiation 

of spermatogenesis in treated rats, Because inhibition of the anatomical nutrients 
prevents the signal responsible for the initiation and completion of the process of 

spermatogenesis during the normal maturation of the developing sperm (Neuman 

et al., 2002). Also, initiating the process of sperm formation and maintaining it 
quantitatively and qualitatively naturally requires the presence of sufficient levels 

of the hormones that nourish the gonads and the hormone Testosterone, 

Inadequate levels of these hormones are usually associated with severe 
abnormalities in spermatogenesis and thus may lead to oligospermia or asthenia. 

Moreover, the function of the accessory gonads also depends on the presence of 

adequate levels of Testosterone in the circulatory system. (Almenara et al., 2000; 
Nishino et al., 2004), Which works on the development of spermatozoa and 

differentiation of spermatogonia and prospermia and also contributes to the 

generation of FSH receptors in Sertoli cells (Guyton and Hall, 2001). Androgen 

also plays an important role in the final stages of sperm development (Bustos-
Obregon et al., 2006) , As it stimulates the transformation of round spermatids 

into elongated ones during the spermatogenesis cycle, and androgen deficiency 

disturbs the process of sperm liberation (Saito et al, 2000), By changing the 
spermatogenic contact points with Sertoli cells which leads to premature 

detachment of the round precursors from Sertoli cells and the seminiferous 

epithelium (Beardsley and O'Donnell, 2003). And several researchers reported 
that inhibiting the effectiveness of hormones feeding the hormones is responsible 

for the decline in fertility in Rate. It was found that amlodipine acts directly or 

indirectly on the secretory function of the pituitary gland, causing a decrease in 
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the concentration of sperm in the epididymis through a decrease in the secretion 

of androgens (Bazrafkan et al., 2010). (Dominic and Padjama 2013), (Juneja and 

Gupta, 1990), (Chalob et al., 2013), who found in their experiments on animals 

that amlodipine caused a decrease in sperm motility and an increase in the 
number of dead sperm, and this It also agrees with the findings of our current 

study. The fact that amlodipine caused a significant decrease in sperm motility 

indicates that this drug is able to penetrate the blood barrier in the testicle with a 
resulting change in the microenvironment of the seminiferous tubes, where it has 

been reported that the decrease in sperm motility caused by chemical factors was 

due to its ability to permeate the blood barrier of the testicle (Baldessarini RJ. 

1980), and thus create a different environment in the inner part of the wall of the 
seminiferous tubules than the outer part (Bloom et al., 1975). The decrease in 

sperm vitality, as well as the moral increase in the percentage of abnormally 

shaped sperm induced after treatment of rats with amlodipine, may be due to the 
drug’s ability to interfere with the sperm-generating processes in the seminal 

tubes and the functions of the epididymis, which leads to a change in sperm 

formation (Bowman And, Rand.1985), (Wiliam et al., .2000), and this is similar to 
the result of the experiment (Oyedeji et al., 2013) in isolated rats treated with 

tetracyclic steroid. 

 
References 

  

Almaida SA, Teofilo JM, Franci JAA, Brentegani LG, Carvalho TLL. 

Antireproductive effects of calcium channel blocker amlodipine in male rats. 
Exp Toxicol Pathol 2000;52:353–6. 

Almenara, A. ; Escalante, G. ; Gazzo, E. and Gonzales, G.F.(2000). 

Transillumination to evaluate spermatogenesis:Effect of testosterone enanthate 
in adult male rats. Arch.Androl; 46:21-28. 

Al-Shebli, K. S. Z. (2013). Effect of Amlodipine drug on male sex hormones of 

hypertensive patients in Al-Najaf province. Al-Qadisiyah Medical Journal, 9(16), 
65-79. 

AVDATEK, F. (2016). Effects of Amlodipine on Spermatological Parameters and 

Genital Tract Weight in Adult Wistar Male Rats. Atatürk Üniversitesi Veteriner 

Bilimleri Dergisi, 11(3), 267-272 .  
Baldessarini RJ. In drugs and the treatment of psychiatriod disorders. The 

pharmacological basis of therapeutics Ed. By Goodman and Gilman. 

Macmillan Pub. Co. Inc, 301-417;1980. 
Barbarino A., De Marinis L., Mancini A. and Makhoul O. ( 1982) Calcium 

antagonists and hormone release . Acta Endocrinol .101: 5-9 

Bazrafkan, M. Panahi, M. ; Saki, G. ; Ahangarpour, A. and  Zaeimzadeh, N. (2010) 
.Effect of aqueous extract of Ruta graveolens on spermatogenesis of adult rats. 

Int J Pharmacol. 6: 926-929. 

Beardsley, A. and O’Donnell, L. (2003). Characterization of normal spermiation 
and spermiation failure induced by hormone suppression in adult rats. Biology 

of Reproduction 68: 1299–1307. 

Benoff S. (1998). Voltage-dependent calcium channels in mammalian 

spermatozoa. Front Bio sci. 3:1220–1240. 
Bloom W, Fawcett DW.Male reproductive system. In the textbook of Histology. 

Saunders Company, Philadelphia; 1975. 



         10414 

Bourguignon J., Gerard A., Debougnoux G., Rose J. and Franchimont P. 

(1987).Pulsatile release of GnRH from the rat hypothalamus in vitro: calcium 
and glucose dependency and inhibition by superactive GnRH 

analogs.Endocrinology;121:993–999. 

Bowman, W. C., & Rand, M. J. (1985). The reproductive system and drugs 
affecting the reproductive systems. Textbook of pharmacology,, 20, 1-8.  

Bustos-Obregon, E.; Esponda, P.and Sarabia, L.(2006). Effect of flutamide in 

mouse spermatogenesis and on the function of seminal vesicle and prostate. 

Int. J.Morphol., 24(2): 171-174. 
Chaloob R., Numan IT., Hussain SA., 2013. Dose-dependent reproductive toxicity 

of nimodipine in male rats. Journal of Experimental and Integrative Medicine, 

3, 17-22. 
Dale, B.; and Edler, K.(1997). Sperm oocyte interaction, sperm parameter and 

sperm preparation techniques. In: in vitro fertilization. Cambridge university 

Press. 20-120. 
Damascono, D.C.; Vdpato, G.T.; Ferrari, C.; Roland, L.B. and souza, .S.S.(2008). 

Effect of indomethacin on the pregnant rat. Braz. Arch. Boil. Technol.,51(1):75-

81. 
Diniari, N. K. S., & Aryani, L. N. A. (2022). Characteristics and pharmacological 

treatment options of delirium patients treated at Sanglah Central General 

Hospital . International Journal of Health & Medical Sciences, 5(1), 37-43. 

https://doi.org/10.21744/ijhms.v5n1.1835 
Dominic S., Padmaja V., 2013. Effects of Amlodipine on the testicular parameters 

of albino rat. Journal of Pharmaceutical an Scientific Innovation, 2, 90-92. 

Elbetieha, A.; Al-thani, A. S.; Al-thani, R. K.; Darmani, H. and Owais. W.(2009) 
Effectof the chronic exposure to cobalt chloride on the fertility and the testes in 

the mice. J App Biol Sci.,2(1): 1-6. 

Guyton, A. C.; and Hall, J. E. (2001). Reproductive and hormonal function of male 
(and the pineal). In: Texbook of medical physiology.Guyton, A.C., and , Hal , J. 

E(eds) 1st ed Aharcourt Publishers International company, 

philadephia,London-Toronto-Montreal-Sydney-Tokyo.:1003-1015. 
Hafez, E. (1987). Reproduction in farm animals . 5th (ed) Lea and Fibiger. 

Philadelphia . 457-461. 

Haisenleder D., Ferris H. and Shupnik M.( 2003). The calcium component of 

gonadotropin releasing hormone stimulated luteinizing hormone subunit gene 
transcription is mediated by calcium/calmodulin dependent protein kinase 

type II.Endocrinology.144:2409–2416. 

Hinting, A. (1989). Methods of semen analysis in: Assessment of Human Sperm 
Fertilizing ability (Doctoral dissertation, Ph. D. thesis by Hinting, A., University 

of Michigan state). 

Isidori, A. M.; Pozza, C.; Gianfrilli, D. and Isidori, A. (2006). Medical treatment to 
improve sperm quality. Journal of Reproductive Biomedicine, 12: 704- 714. 

Isidori, A. M.; Pozza, C.; Gianfrilli, D. and Isidori, A. (2006). Medical treatment to 

improve sperm quality. Journal of Reproductive Biomedicine, 12: 704- 714. 
Juneja R., Gupta I., Wall A., Sanyal SN., Chakravarti RN., Majumdar S., 1990. 

Effect of verapamil on different spermatozoal functions in guinea pigs-A 

preliminary study. Contraception, 41, 179-187.  
Kosasa T.S. (1981). Measurement of Human Luteinizing Hormone. Journal of 

Reproductive Medicine, 26, 201-6 . 



 

 

10415 

Manna P., Pakarinen P., El-Hefnawy T. and Huhtaniemi I. (1999). Functional 

assessment of the calcium messenger system in cultured mouse Leydig tumor 

cells: regulation of human chorionic gonadotropininduced expression of the 

steroidogenic acute regulatory protein. Endocrinology. 140:1739–1751. 
Mosher, W.D. and Pratt, W.F. (1991). Fecundity and infertility in the United 

States: Incident and treand. Journal of Fertility and Sterility, 56:192- 193. 

Mosher, W.D. and Pratt, W.F. (1991). Fecundity and infertility in the United 
States: Incident and treand. Journal of Fertility and Sterility, 56:192- 193.  

Muthulakshmi, A. ; Jothibai -Margret, and Mohan, R. V. R.(2013). Antifertility 

Effect of Ethanol Extracts of Feronia elephantum Correa Leaf and Bark on 

Male Albino Rats International Journal of Pharmaceutical Sciences and Drug 
Research. 5(1): 23-27. 

Neuman, S.L. ; Orban, J.L. ; Lin, T.L. ; Latour, M.A.and Hester, P.Y. (2002). The 

effect of dietary ascorbic acid on the semen traits and testis histology of male 
turkey Breeders. Poult. Sci., 81: 265–268. 

Nishino, T. ; Wedel, T.; Schmitt, O. ;Buhlmeyer, K. ; Schonfelder, M. ; Hirtreiter, 

C. and Thors, A. (2004). Androgen dependent morphology of prostate and 
seminal vesicle inthe Hershberger Assay: Evaluation of immunohistochemical 

and morphometric parameters.Annals of Anat. Anato. Anzeiger, 189:247-253. 

Onwuka, F. C , Patrick-I wuanyanwu K.C , Nnodu C.K , Erhabor .O.(2010). Effect 
of amlodipine, a calcium channel antagonist, on gonadal steroid of male Wistar 

albino rats. Journal of Experimental Pharmacology, 2,55. 

Oyedeji KO, Bolarinwa AF, Oladosu IA. Effect of isolated tetracyclic steroid 

constituent of Portulaca oleracea on reproductive parameters inmale rats. 
Asian Journal of Pharmaceutical and Clinical Research 2013;6 (2): 222-226. 

Oyedeji, K. O., Abidoye, A. O., Alomo, T. O., & Zachariah, R. (2019). Effect of 

Amlodipine (Calcium Channel Blocker) on Reproductive Function in Female 
Wistar Rats. Journal of Pharmaceutical Sciences and Research, 11(12), 3741-

3744. 

Rabia Latif, Ghulam Mustafa Lodhi , Muhammad Aslam , Effects of amlodipine on 
serum testosterone, testicular weight and gonado-somatic index in adult rats . 

J Ayub Med Coll Abbottabad 2008;20(4)  

Saito, K.; O’Donnell, L. ; McLachlan, R.I. and Robertson, D.M. (2000). 
Spermiation failure is a major contributor to early spermatogenic suppression 

caused by hormone withdrawal in adult rats.Endocrinology. 141: 2779–2785. 

Suryasa, I. W., Rodríguez-Gámez, M., & Koldoris, T. (2022). Post-pandemic health 

and its sustainability: Educational situation. International Journal of Health 
Sciences, 6(1), i-v. https://doi.org/10.53730/ijhs.v6n1.5949 

United StatesNational Library of Medicine, National Institutes of Health. Drug 

Information Portal – Amlodipine; 2017. 
William KW.Hormones and Hormone antagonists. In: Remington, TheScience and 

Practise of Pharmacy, vol 11, 20th edition, 77: 1390-1391;2000.  

 
 


