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ABSTRACT

Background: Sildenafil is used for the treatment of erectile dysfunction and is helping
millions of men around the world to achieve and maintain a long lasting erection. The
histological alterations in the genital system epithelial lining due to sildenafil overdoses
intoxication has not yet been well documented.
Aim: The present study was carried out to investigate the histological  alterations
induced by sildenafil overdoses in the epididymal epithelial lining.
Methodology: Fifty adult male rabbits (Oryctolagus cuniculus) were subjected to
sildenafil (0, 1, 3, 6, 9 mg/kg/day) for 5 days per week for 7 weeks. Samples from left
and right proximal epididymis were applied to conventional histological techniques and
subjected to histological examination.
Results: Exposure to overdoses of sildenafil had provoked histological alterations in the
epididymal tissue in the form of epididymal hyperplasia and dilated lumina. Mature
spermatozoa were less frequent in the lumen of the epididymis than the control ones
while spermatogenic cells, cellular debris and spermatid giant cell were seen in the
lumen of the epididymis.
Conclusion: The results of the present study confirms that sildenafil provoked
alterations in the epididymal epithelial lining together with partial arresting
spermatogenesis and impairing the spermatic cells differentiation towards maturation.
The findings together might indicate an affect on male fertility induced by sildenafil
overdoses.
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1. INTRODUCTION

Sildenafil is used for the treatment of erectile dysfunction and is helping millions of men
around the world to achieve and maintain a long lasting erection [1]. This drug acts as a
selective inhibitor of phosphodiestrase-5 that causes release of nitric oxide from the penile
nerve ending leading to the relaxation of corpus cavernosum smooth muscles, increasing
inflow of blood into the spongy tissue of the penis and then causing an erection [2]. Sildenafil
was reported to be supportive to men with erectile dysfunction, including those suffer from
diabetes, hypertension, spinal cord injuries, multiple sclerosis, depression, schizophrenia
and men after prostatectomy [3-9]. In addition, sildenafil showed an efficacy in treatment of
pulmonary hypertension in children where standard oral treatment is limited [10-11]. Some
studies have provided promising evidences that this drug can be used to tolerate benign
prostatic hyperplasia [12].

Studies on experimental animals showed that sildenafil attenuated renal injury in cisplatin-
induced nephrotoxicity, increased antinociception of morphine, inhibited carbonic anhydrase
activity in red blood cells and elevated total serum testosterone [13-19]. It was also reported
that sildenafil altered the ultrastructure of Leydig cells, reduced pulmonary fibrosis and
augmented histological alteration of the myocardial cells induced by hypertension or
amlodipine [19-23].

Sildenafil overdoses uptake is mainly seen among men suffer from erectile dysfunction
where the stigma of this disease surrounds them and their partners. Clinically, sildenafil is an
effective drug in elderly men but had a lower efficacy rate with increasing age [24-25]. Also,
sildenafil popularity is increasing with young adults due to the belief that the drug increases
libido, improves sexual performance and increases penis size. Research studies also
indicate that sildenafil is widely used by body builders and athletes and so far is legal in the
world of sports [26]. On the other hand, sildenafil overdoses fatality is on the rise and have
reached crisis levels in certain countries [27].

Case studies showed that sildenafil overdoses may result in facial flushing, hearing
impairment, nose bleeding, nose stuffiness, hypotension, chest pain, priapism, tachycardia
and arrhythmia [28-32]. Moreover, sildenafil overdose was reported to be fatal due to its
arrhythmogenic potential [33]. Exposure of male rabbits to overdoses of sildenafil had
provoked tubular and interstitial testicular histological alterations including spermatocytes
karyopyknosis, spermatocytes degeneration, and spermatogenesis arrest [34]. Also,
sildenafil high doses caused cellular degenerative changes and intercellular vacuolation in
the stroma of  the medial geniculate body [35].

The histological alterations in the epithelial lining of the genital system due to sildenafil
overdoses intoxication has not yet been well documented. The present study is an attempt to
characterize these alterations in the epididymal epithelial lining following experimental
sildenafil overdoses.
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2. MATERIALS AND METHODS

2.1 Experimental Animals

Fifty male rabbits (Oryctolagus cuniculus), weighing 1050–1100 g and of similar age were
obtained from the Animal House, College of Applied  Medical Sciences, Al Jouf University.
The animals were housed at 24 ± 1°C, and 12 h light-12 h dark cycle. The rabbits were
randomly assigned to a control group (n = 10) and other four test groups of ten rabbits each
were separately caged.

2.2 Drugs and Chemicals

Sildenafil tablets (Fluka, Switzerland), containing sildenafil citrate equivalent to 50 mg of
sildenafil were used in the present study.

2.3 Experimental Protocol

Following a period of stabilization (7 days), members of the treated groups were exposed to
intraperitoneal (i.p.) injection with a daily single dose of sildenafil (0, 1, 3, 6, 9 mg/kg body
weight respectively) for 5 days per week for 7 weeks. The selection of these doses and the
route of administration was based on data from previous works [36-37]. Sildenafil has
optimum pH at 4.5 [38]. Accordingly, the drug was dissolved in sterile normal saline (0.45%
sodium chloride injection, pH at (4.35 -4.5) at 37 ºC immediately before use. Drug solutions
were prepared so that the necessary dose could be administered i.p. in a volume of one ml.
Each member of the control group received daily a single i.p. injection of the same volume of
sterile 0.45% sodium chloride.

2.4 Histological Examination

Fresh segments of the right and left proximal epididymis, from each rabbit of all groups (n =
50) were cut out rapidly, fixed in 10% neutral buffered formalin and Bouin's fixatives then
dehydrated with ascending grades of ethanol (70, 80, 90, 95 and 100%). Dehydration was
then followed by clearing the tissue samples in 2 changes of chloroform before being
impregnated with 2 changes of melted paraffin wax, embedded and blocked out. Sections
(4-5 µm) were stained according to Pearse [39], Bancroft and Stevens [40] and Kiernan [41].
Stained sections of control and treated rabbits were examined for alterations in the
epididymal tissues.

3. RESULTS

The control epididymis appeared in normal structure where the epididymal epithelial lining
consisted of  ciliated pseudostratified columnar epithelium with mature sperms fill epididymal
lumina (Figs. 1 & 2).

Exposure to overdoses of sildenafil had provoked the following histological alterations in the
epididymal epithelium:
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Fig. 1. Normal epididymal tubules of control rabbit. Note mature sperms
in the lumen of the epididymal tubules. H&E stain.

Normal epididymal tubules of control rabbit. Note mature sperms in the lumen of the epididymal
tubules. H&E stain.

Fig. 2. Epididymal tubule of control rabbit lined by ciliated pseudostratified
columnar epithelium with numerous sperms in the lumen. H&E stain.

Epididymal tubule of control rabbit lined by ciliated pseudostratified columnar epithelium with numerous
sperms in the lumen. H&E stain.

3.1 Epididymal Tubular Dilatation

Some of the epididymal tubules of sildenafil treated rabbits were highly dilated without atypia
or mitotic activity. This alterations was seen in the epididymis of rabbits exposed to sildenafil
9mg/kg/day or 6mg/kg/day and to lesser extent in those received 3mg/kg/day (Figs. 3 & 4).
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Fig.3. Marked dilatation of the epididymal tubules of  rabbit received 9mg/kg
sildenafil for 7 weeks. H&E stain.

Marked dilatation of the epididymal tubules of  rabbit received 9mg/kg sildenafil for 7
weeks. H&E stain.

Fig. 4. Epididymal tubule of control  rabbit demonstrating normal epididymal
structures. Trichrome stain.

Epididymal tubule of control  rabbit. Trichrome stain.

3.2 Epididymal Hyperplasia

Segmented hyperplasia in the form of folded pleated epithelium was mainly seen the
epididymis of rabbits exposed to sildenafil 9mg/kg/day and to lesser extent in those received
6mg/kg/day but not seen in members of other groups (Figs. 5-6).
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The folded epididymal segments were ovoid circle in shape rather than circular as seen in
the control ones. Moreover, most papillary projections of the pleated epididymal epithelia
showed shorter columnar cells with basal nuclei in comparison with the epididymal epithelial
flat portions.
No epididymal hyperplasia or dilatation were observed in the epididymis of members of all
groups prior to 3 weeks of sildenafil exposure. Also no local or diffuse loss of cilia was
observed in the epididymal epithelial flattening.

Fig. 5. Segmented epididymal hyperplasia of rabbit received
9mg/kg sildenafil for 7 Weeks (arrow). H&E stain.

Segmented epididymal hyperplasia of rabbit received 9mg/kg sildenafil
for 7 Weeks (arrow). H&E stain.

Fig. 6. Epididymal tubule with hyperplasia of rabbit
received 9mg/kg sildenafil for 7 weeks. Note the folded pleated

epithelial lining of the tubule (arrows). H&E  stain.
Epididymal tubule with hyperplasia of rabbit received 9mg/kg sildenafil

for 7 weeks. Note the folded pleated epithelial lining of the tubule (arrows). H&E stain.
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3.3 Luminal Epididymal Spermatozoa

Few or no spermatozoans were seen in some of the epididymal lumina of rabbits exposed to
sildenafil 9mg/kg/day in comparison with the control ones (Figs. 7). Some epididymal tubular
lumens were mainly occupied by spermatogenic cells and intraluminal cellular exudates
(Figs. 8 & 9). This picture was seen in rabbits received sildenafil 6mg/kg/day or more for 3
weeks or more.

Fig. 7. Cross section of rabbit epididymis with total absence
of  mature sperms (stars).

Cross section of rabbit epididymis with total absence of  mature sperms (stars).

Fig. 8.  Epididymal tubule of rabbit received 9mg/kg sildenafil for 7 weeks filled
mainly with spermatogenic cells and cellular debris (stars). H&E stain.

Epididymal tubule of rabbit received 9mg/kg sildenafil for 7 weeks filled mainly with spermatogenic
cells and cellular debris (stars). H&E stain.
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Fig. 9. Hyperplased epididymal epithelial lining of rabbit received 9mg/kg sildenafil
for 7 weeks. Note spermatogenic cells and cellular debris occupying the lumen.

H&E stain.
Hyperplased epididymal epithelial lining of rabbit received 9mg/kg sildenafil for 7 weeks. Note

spermatogenic cells and cellular debris occupying the lumen. H&E stain.

3.4 Spermatid Giant Cells

Multinucleated spermatid giant cells were seen occasionally in the epididymal lumens of
rabbits received sildenafil 9mg/kg/day for 7 weeks (Figs. 10).

Animals of the control group and those received sildenafil 1mg/kg/day for 7 weeks showed
non of the above observed morphological histological alterations in the epididymal epithelia
or evidences of spermatogenic disturbances.

Fig. 10. Spermatid giant cell in the epididymal lumen of rabbits
Spermatid giant cell in the epididymal lumen of rabbits received sildenafil 9mg/kg/day for 6 weeks

(arrow). Trichrome stain.
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4. DISCUSSION

Sildenafil is phophodiesterase type 5 inhibitor which leads to the breakdown of guanosine
monophosphate and thereby increases blood flow to the penis and enhances penile erection
[1-2]. Epididymal histological alterations as presented by the results of the present study
might indicate that male reproductive organs are affected by this drug overdoses.

The results of the present investigation showed that sildenafil exposure causes epididymal
hyperplasia which is an increase in number of cells most likely resulted from an increased
rate of cellular division [42]. This alteration might indicate susceptibility of the reproductive
epithelia to sildenafil toxicity and may represent a sort of epdydidymis response to the injury
induced by this drug. Moreover, the seen epididymal dilated lumina might be a sort of
secondary change related to progressive pressure on the epididymal tubules induced by
sildenafil overdoses. This finding is in agreement with other reports where interstitial
testicular proliferation together with partial spermatogenic arrest were induced by sildenafil
overdoses [34].

The presence of spermatogenic cells in the epididymal lumina as seen in the results of the
present work might be resulted from the loss of adhesion between these cells and/or loss of
the normal intracytoplasmic bridges preventing their further maturation. Spermatogenic cells
cytoskeleton is testosterone dependent where the junction between spermatogenic cells is
dispersed in the absence of testosterone as indicated by some studies where testosterone
was declined as a result of sildenafil chronic treatment [13,43]. Low testosterone level could
be resulted from Leydig cells disturbance. Jarrar [34] reported that sildenafil overdoses
induced Leydig cell proliferation as a compensation action to modulate the action of this drug
overdoses on spermatocytes differentiation, a process which is highly controlled by
testosterone produced by Leydig cells. However, the appearance of immature germ cells in
the epididymal tubular lumen of rabbits exposed to sildenafil overdoses might indicate an
effect of this drug on the architecture of the testicular and epididymal epithelial lining integrity
and the process of spermatogenesis.

Spermatid giant cells are generally interpreted to be a degenerative lesion
associated with a wide variety of agents and circulatory disturbances [44].The
appearance of spermatid giant cells in the epididymal lumen is in line with the results of
previous reports where overdoses of the drug under study had   provoked testicular
damage, arrest of  spermatogenesis and the appearance of these  multinucleated
spermatids in the seminiferous tubules lumen of rabbits exposed to sildenafil overdoses [34].
Spermatid giant cells are known to develop as a result of failure of cytokinesis during meiotic
division or might be due to disruption of cytoplasmic bridges connecting spermatocytes
clones [45-46].

These epididymal alterations could also indicate an interference of this drug with the
antioxidant defense mechanism which may lead to reactive oxygen species
generation and enhancement of the seen epididymal histological alterations.

5. CONCLUSION

On the basis of the findings of the present study, one might conclude that chronic exposure
to sildenafil overdoses is capable of inducing toxicity on the epididymis which might affect
male fertility, particularly with regard to patients at the age and need of reproductiveness.



British Journal of Medicine & Medical Research, 4(5): 1204-1216, 2014

1213

CONSENT

It is not applicable as no human subjects were used in the present work.

ETHICAL APPROVAL

The experimental protocol was approved by Al Jouf University Local Animal Care and
Ethics Committee and the experimental procedures were carried out in
accordance with international guidelines for care and use of laboratory animals.

ACKNOWLEDGEMENTS

This research was financially supported by the Vice-Rectorate for Graduate Studies and
Scientific Research (Project No.33/30), Al jouf University, Saudi Arabia.

COMPETING INTERESTS

Author declares that no competing interest exists.

REFERENCES

1. Boolell M, Allen MJ, Ballard SA, Gepi-Attee S, Muirhead GJ, Naylor AM, et al.
Sildenafil: an orally active type 5 cyclic GMP-specific phosphodiesterase inhibitor for
the treatment of penile erectile dysfunction. Int J Impot Res. 1996;8(2):47-52. PMID:
8858389.

2. Schultheiss D, Stief CG, Truss MC, Jonas U. Pharmacological therapy in erectile
dysfunction-current standards and new viewpoint. Wien Med Wochenschr.
1997;147(4-5):102-4. PMID: 9190765.

3. Basu A, Ryder RE. New treatment options for erectile dysfunction in patients with
diabetes mellitus. Drugs. 2004;64:2667–2688. PMID: 15537369.

4. Feldman R, Meuleman EJ, Steers W. Sildenafil citrate (Viagra) the treatment of
erectile dysfunction: analysis of two flexible dose escalation studies. Int J Clin
Practice. 1999;53(102):10-12. PMID: 10665113.

5. Deforge D, Blackmer J, Garrity C. Male erectile dysfunction following spinal cord
injury: a systemic review. Spinal cord. 2006;44:465-473. DOI: 10.1345/aph.1L691.

6. Nadipati KC, Raina R, Agarwal A, Zippe CD. Erectile dysfunction following radical
retropubic prostatectomy, epidemiology, pathophysiology and pharmacological
management. Drugs Aging 2006;23:101-117. PMID:16536634.

7. Fowler CJ, Miller JR, Sharief MK. A double blind, randomized study of sildenafil citrate
dysfunction in men in multiple sclerosis. J Neurosurg Psych. 2005;76:700-7005.
PMID:15834030.

8. Fava M, Nurnberg HG, Seidman SN. Efficacy and safety of sildenafil in man with
serotogenic antidepressant-associated erectile dysfunction results from a randomized
double blind placebo-controlled trial. J Clin Psych. 2006;67:240-246. PMID:16566619.

9. Gopalkrishnan R, Jacob KS, Kuruvilla A. Sildenafil in the treatment of antipsychotic
induced erectile dysfunction: a randomized double blind , placebo-controlled, flexible
dose and two-way crossover trial. Am J Psychol. 2006;163:494-499. PMID: 16513872.



British Journal of Medicine & Medical Research, 4(5): 1204-1216, 2014

1214

10. Derchi G, Forni GL, Formisano F, Cappellini MD, Galanello R, D,Ascola G,et al.
Efficacy and safety of sildenafil in the treatment of severe pulmonary hypertension in
patients with hemoglobinopathies. Haematol. 2005;90(4):452-8. PMID: 15820939.

11. Huddleston AJ, Knoderer CA, Morris JL, Ebenroth ES. Sildenafil for the treatment of
pulmonary hypertension in pediatric patients. Pediatr Cardiol. 2009;30(7):871-82.
PMID: 19705181.

12. Wang C. Phosphodiesterase-5 inhibitors and benign prostatic hyperplasia. Curr Opin
Urolog. 2010;20(1): 49-54. DOI: 10.1097/MOU.0b013e328333ac68.

13. Karmoosh MO. Effects of sildenafil citrate on the fertility of male rats. A thesis
submitted in accordance with the requirements of King Saud University for Master
Degree; 2002.

14. Yoo KY, Kim HS, Moon JD, Lee J. Sildenafil (Viagra) augments sodium nitroprusside-
induced but not nitroglycerin-induced hypotension in dogs. Anesth Analg.
2002;94(6):1505-9. PMID:12032016.

15. Lee KW, Jeong JY, Lim BJ, Chang YK, Lee SJ, Na KR, et al. Sildenafil attenuates
renal injury in an experimental model of rat cisplatin-induced  nephrotoxicity. Toxicol.
2008;29,257(3):137-43. PMID: 19152827.

16. Yoon MH, Park KD, Lee HG, Kim WM, An TH, Kim YO, et al.  Additive antinociception
between intrathecal sildenafil and morphine in the rat formalin test. J  Korean Med Sc.
2008;23(6):1033-8. DOI:10.3346/jkms.2008.23.6.1033.

17. Abdülkadir, C, Beydemir S, Gücin I, Ekinci D, Innocenti, A, Vullo, D, et al. Sildenafil is
a strong activator of mammalian carbonic anhydrase isoforms I-XIV. Bioorg Med
Chem. 2009;17(16):5791-5795. DOI:10.1016/j.bmc.2009.07.019.

18. Saraiva KL, Silva AK, Wanderley MI, De Araújo AA, De Souza JR, Peixoto CA.
Chronic treatment with sildenafil stimulates Leydig cell and testosterone secretion. Int
J Exp Pathol. 2009;90(4):454-462. DOI:10.1111/j.1365-2613.2009.00660.x.

19. Sergeant GP, Craven M, Hollywood MA, McHale NG, Thornbury KD. Spontaneous
Ca2+ waves in rabbit corpus cavernosum: modulation by nitric oxide and cGMP. J Sex
Med. 2009;6(4):958-966. DOI: 10.1111/j.1743-6109.2008.01090.x.

20. Ferreira-Melo SE, Yugar-Toledo JC, Coelho OR, De Luca IM, Tanus-Santos JE,
Hyslop S, Irigoyen MC, et al. Sildenafil reduces cardiovascular  remodeling associated
with hypertensive cardiomyopathy in NOS inhibitor-treated rats. Eur J Pharmacol.
2006;542(1-3):141-7. PMID: 16806160.

21. Aboutabl ME, Raafat M, Maklad YA, Kenawy SA, El Din AG. Sildenafil augments the
beneficial hemodynamic and histopathological effects of amlodipine in nitric oxide-
deficient hypertensive rats: role of nitric oxide-cyclic GMP pathway. Pharmacol Res.
2008;57(6):456-63. DOI:10.1016/j.phrs.2008.05.003.

22. Hemnes AR, Zaiman A, Champion HC. PDE5A inhibition attenuates bleomycin-
induced pulmonary fibrosis and pulmonary hypertension through inhibition of ROS
generation and RhoA/Rho kinase activation. Am J Physiol Lung Cell Mol Physiol.
2008;294(1):24-33. DOI: 10.1152/ajplung.00245.2007.

23. Oruc O, Inci K, Aki FT, Zeybek D, Muftuoglu SF, Kilinc K, et al. Sildenafil attenuates
renal ischemia reperfusion injury by decreasing leukocyte infiltration. Acta Histoch.
2010;112(4):337-44. PMID:19324400.

24. Müller A, Smith L, Parker M, Mulhall JP. Analysis of the efficacy and safety of sildenafil
citrate in the geriatric population. BJU Int. 2007;100(1):117-121. PMID:17552959.

25. Brown DA, Kyle JA, Ferrill MJ. Assessing the clinical efficacy of sildenafil for the
treatment of female sexual dysfunction. Ann Pharmacother. 2009;43(7):1275-
85.PMID:19509350.



British Journal of Medicine & Medical Research, 4(5): 1204-1216, 2014

1215

26. Spring RM, Ulrich S, Huber LC, Speich R, Maggiorini M, Treder U, Fischler M.
Sildenafil for pulmonary hypertension: dose-dependent improvement in exercise
performance. Pulm Pharmacol Ther. 2008;21(3):516-21. DOI:
org/10.1016/j.pupt.2007.11.006

27. Wada Y, Kikuchi K, Imamura T. A fatal hypotension by sildenafil in an end-stage renal
disease patient with hypertension and abnormal pharmacokinetics of the medicine.
Nephrol. 2009;14:357-359.

28. Krenzelok EP. Sildenafil: clinical toxicology profile. J Clin Toxicol. 2000;38(6):645-
51.PMID: 11185972.

29. Hicklin LA, Ryan C, Wong DK, Hinton AE. Nose-bleeds after sildenafil (Viagra). J R
Soc Med. 2000;95:402-403. PMID: 12151491.

30. Pagani S, Mirtella R, Mencarelli, Rodriguez D, Cingolani M. Postmortem  distribution
of sildenafil in histological material. J Anal Toxicol. 2005;29:254-257. PMID: 15975255

31. Wills BK, Albinson C, Wahl M, Clifton J. Sildenafil citrate ingestion and prolonged
priaprism and tachycardia in a pediatric patient. Clin Toxicol. 2007;45:798-
800.PMID:17952749.

32. Maddox PT, Saunders J, Chandrasekhar SS. Sudden hearing loss from PDE-5
inhibitors: A possible cellular stress etiology. Laryngoscope 2009;119(8):1586-
1589.PMID: 19507217.

33. Tracqui A, Miras A, Tabib  A, Raul JS, Ludes B, Malicier D. Fatal overdosage with
sildenafil citrate (Viagra): first report and review of the literature. Hum Exp Toxicol.
2002;21(11):623-629. DOI:10.1191/0960327102ht302oa.

34. Jarrar B. Histological alterations in the testicular tissue induced by sildenafil
Overdoses. Drug Metab Lett. 2011;15(2):99-103. PMID: 21457138.

35. Eweka AO, Eweka AB. The effects of sildenafil citrate on the medial geniculate body
of adult Wistar rats (Ratus norvigicus)- A histological study. J Cell Anim Biol.
2011;5(4): 56-60.

36. Kurt M, Bilge SS, Aksoz E, Kullkula O, Celik S, Kesim Y. Effect of sildenafil on anxiety
in the plus-maze test in mice. Polish J Pharmacol. 2004;56:353-357. PMID: 15215566.

37. Shafiei M, Mahmoudian M, Rostami P, Nemati F. Effect of sildenafil (Viagra) on
memory retention of a passive avoidance response in rats. Acta Physiol Hung.
2006;93(1):53-59. DOI: 10.1556/APhsiol.93.2006.1.6.

38. Wang Y, Chow MS, Zuo Z. Mechanistic analysis of pH-dependent solubility and
transmembrane permeability of amphoteric compounds: Application to sildenafil. Int J
Pharmacol. 2008;20,352(1-2):217-24. PMID: 18068319

39. Pearse AE. Histochemistry. Theoritical and Applied: Analytical Technology. 4th ed.,
Vol. 2, Edinburgh: Churchill-Livingstone; 1985. ISBN: 0 443 02997 0.

40. Bancroft, JD and Stevens A. Theory and Practice of Histological Techniques.  2nd ed.,
Edinburgh: Churchill Livingstone; 1986. ISBN: 978-0-443-10279-0.

41. Kiernan JH. Histological and Histochemical Methods. Theory and Practice. 2nd. ed.,
Pergamon Press, Oxford; 1989. ISBN: 9781 1 904842 42

42. McGavin MD and Zachary JF. Pathologic Basis of Veterinary Disease. 4th Edition,
Mosby Elsevier; 2007. ISBN: 978-0-323-07533-6.

43. Lee J, Rhichburg Jh, Shipper Meistrich ML, Boekeheide K. The Fas system, a regular
of testicular germ cell apoptosis, is differentially up regulated in Sertoli cell versus
germ cell injury of the testis. Endocrinol. 1999;140(2):852-858.PMID:19152827.



British Journal of Medicine & Medical Research, 4(5): 1204-1216, 2014

1216

44. Morton D, Weisbrode SE, Wyder WE, Maurer JK, Capen CC. Spermatid giant cells,
spermatogonial swelling, tubular hypospermatogenesis, cytoplasmic vacuoles and
tubular dilatation in testis of normal rabbits. Vet Pathol 1986;23:176-183. PMID:
3962084.

45. Stanley A, Akbarsha MA. Vincristine can cause giant cell formation in rat testis. Curr
Sci. 1992;62:535–53.

46. Matsumiya K, Meistrich ML, Shetty G, Dohmae K, Tohda A. Stimulation of
spermatogonial differentiation in juvenile spermatogonial depletion (jsd) mutant mice
by gonadotropin-releasing hormone antagonist treatment. Endocrinol. 1999;140:4912-
4915.doi: 10.1210/en.140.10.4912.

© 2014 Jarrar; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:

http://www.sciencedomain.org/review-history.php?iid=315&id=12&aid=2535


