
Introduction
Varicocele is an abnormal dilatation and stasis of veins 
of the pampiniform plexus that drain the testis. It oc-
curs within the spermatic cord in 15%-20% of the male 
population and causes infertility in approximately 50% 
of male (1). The pathophysiology of testicular damage in 
varicocele is not completely understood, however, gross 
testicular alterations associated with varicocele are well 
documented. The effect of the varicocele varies, but of-
ten results in a generalized impairment of sperm pro-
duction, characterized by abnormal sperm quality, rang-
ing from oligozoospermia to complete non-obstructive 
azoospermia (2).
There are several causes leading to male infertility, such 
as diseases, oxidative stress or nutritional insufficiency 
of trace elements such as selenium and zinc (3). Magne-
sium (Mg2+) is the second most prevalent intracellular ac-
tion and is involved in the metabolic activity of the cell 
(4). Magnesium has numerous physiological functions 
in the body, in health and disease. For instance it is re-
ported Mg2+ can protect against vanadium-induced lipid 
peroxidation in the hepatic tissue (5). Recently, it is re-
vealed Mg2+ deficiency impairs reproductive functions 
(6). However, scarce information exists on role of Mg2+ 
in fertilization. It believes Mg2+ has prominent role in the 

human reproductive system and in semen as well as fer-
tilization (7). Seminal plasma plays an important role in 
providing nourishment and protection to sperm and acts 
as a buffer as well as a medium for sperm motility. Semen 
is composed of lipids, ions such as citrate, calcium, Mg2+, 
K+, Na+, zinc and chloride), proteins, oxidative enzymes 
that protect sperm from oxidative stress (8).
Varicocele repairs improve intratesticular temperature, 
but fertility will reverse only in about one half of the pa-
tients. Perhaps changes appear semen concentration that 
leads to infertility. Although many infertile people have 
varicocele, its relationship with male infertility still re-
mains unexplained (9). To best of our knowledge, no 
report exists on role of magnesium sulfate (MgSO4) on 
experimental unilateral varicocele-induced rat. In this 
regard, based on literature review, our hypothesis was 
that perhaps administration of MgSO4 might have posi-
tive effect on fertility in unilateral varicocele in rat. So, we 
investigated the possible role of dietary MgSO4 on sperm 
mortality, mobility and sperm count on experimental uni-
lateral varicocele-induced rat.

Materials and Methods
Study Animals
To survey possible effects of MgSO4 on sperm character-
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istics in experimental unilateral varicocele-induced rat, 
sixty male Wistar rats (230-250 g) were allocated into 6 
treatment groups. The rats were housed individually un-
der standard laboratory conditions according to European 
community suggestions for laboratory animals at a tem-
perature of 21 ± 2°C, relative humidity of 55%-60% and a 
12 hours light period. All animals had free access to chow 
pellets and fresh water. All experimental procedures were 
carried in accordance with the Guide for the Care and Use 
of Laboratory Animals to Investigate Experimental Pain 
in Animals (10). Animal handling and experimental pro-
cedures were performed according to the Guide for the 
Care and Use of Laboratory Animals by the US National 
Institutes of Health (NIH Publication No. 85–23, revised 
1996) and the current laws of the Iranian government.

Experimental Creation of Varicocele
All surgical procedures were performed under anesthesia 
by intraperitoneal (IP) injection of 60 mg/kg ketamine 
hydrochloride 10% and 10 mg/kg xylazine hydrochloride 
2%. Then experimental varicocele was created (11,12). 
The upper left abdominal quadrant was approached 
through a midline laparotomy incision. Then to reveal 
the left kidney, the abdominal contents were packed to the 
right side. Herein, the renal and adrenal veins and the left 
spermatic vein inserts into the left renal vein. Surrounding 
fat and connective tissues of the left renal vein cleared to 
the insertion of the spermatic and adrenal veins. With a 
midline incision the left renal vain was exposed and after 
fine dissection of proximal left renal vein, left renal vein 
was tied using a silk suture (4-0). At the point of medial 
to insertion of the adrenal and spermatic vain into the re-
nal, a metal probe (diameter ranging from 0.4-0.85 based 
on size of renal vein) was placed. The ligature was made 
around the probe, then probe removed and the vain al-
lowed expanding within the boundary of ligature. This 
procedure leads to decrease renal vain diameter to one 
half. The midline incision of the abdominal wall and the 
anterior abdominal muscles were repaired, separately (2).

Study Design
Sixty male wistar rats were randomly divided into 6 exper-
imental groups (n = 10). The control group (group 1) had 
not received any medication or surgery. The Sham group 
(group 2) had not received any medication, abdominal 
cavity was opened without inducing varicocele. Varico-
cele group (group 3): abdominal cavity was opened, vari-

cocele-induced and no medication was applied. In group 
4 abdominal cavity was opened, varicocele-induced and 
animal received MgSO4 (Poole, Dorset, UK; 25 mg/kg) as 
medication, once a day for 6 weeks. The groups 5 and 6 
were similar to group 4, except the animals received 50 
and 100 mg/kg of MgSO4, respectively. At the end of the 
third and sixth weeks, the abdomen was opened, the left 
testis extracted. Animals in the other groups, received the 
equal volume of distilled water once a day for 6 weeks. At 
the end of the study, rats fasted overnight and euthanized, 
peritoneum opened and testes were taken out for investi-
gate sperm characteristics.

Sperm Characteristics
At the end of the weeks 3 and 6, semen samples were 
collected from the Cauda epididymis carefully separated 
from the testis and placed in a Petri dish containing Ham’s 
F10. Epididymal caudal was minced with scissors to re-
lease sperm and then was placed in the incubator for 15 
minutes. Approximately 10 μL of the diluted sperm sus-
pension was transferred to each counting chamber of the 
hemocytometer and allowed to stand for 5 minutes. The 
cells which settled during this time were counted by a light 
microscope at 200× magnification. The sperm heads were 
counted and expressed as million/ml of suspension (13).

Statistical Analysis
Data were prepared in Excel, the parametric data analyzed 
with one way analysis of variance (ANOVA) using SPSS 
16.0 for Windows (SPSS, Inc., Chicago, IL, USA). Data 
were expressed as mean values ± standard error of mean 
(SEM). P values < 0.05 were considered to denote signifi-
cant differences between groups.

Results
Effects of MgSO4 on epididymis weight, sperm mortality, 
mobility and sperm count after 3 and 6 weeks in experi-
mental varicocele in rat is presented in Tables 1 and 2. 
According to the results, experimental unilateral varico-
cele significantly diminished sperm mortality, mobility 
and sperm count compared to varicocele group at weeks 
3 and 6 (P = 0.04). Administration of MgSO4 as a medica-
tion dose dependently (25, 50 and 100 mg/kg) decreased 
sperm mortality and increased mobility and sperm count 
after 3 weeks in rat suffering from varicocele compared to 
group 3 (P = 0.036).
The same results observed at week 6 post MgSO4 admin-

Table 1. Effect of Different Levels of Magnesium Sulfate on Sperm Characteristics After 3 Weeks in Experimental Unilateral Varicocele-Induced 
Rat

Groups Epididymis Weight Mortality (%) Mobility (%) Sperm Count
Control 0.28 48.6b 50.5a 5 660 000a

Sham 0.3 49.4b 53.1a 5 720 000a

Varicocele 0.27 67.38a 27.2c 4 000 000b

MgSO4 (25 mg/kg) 0.32 46.75b 51a 4 840 000a

MgSO4 (50 mg/kg) 0.3 47.38b 47.34b 5 200 000a

MgSO4 (100 mg/kg) 0.28 46.56b 48.02b 5 840 000a

Abbreviation: MgSO4: magnesium sulfate. 
There are significant differences between groups with different superscripts in a column (a, b and c; P < 0.05).
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istration which MgSO4 at doses of 25, 50 and 100 mg/kg 
diminished sperm mortality while improved mobility and 
sperm count in experimental varicocele rat in comparison 
to the control as well as sham groups (P = 0.001). However, 
no significant difference was observed for sperm charac-
teristics among control and sham groups during the study 
(P = 0.06).

Discussion
To the best of our knowledge, there are limited studies de-
scribing the role of MgSO4 on sperm characteristics in ex-
perimental varicocele in rat. As observed, administration 
of different levels of MgSO4 improved sperm mortality, 
mobility and sperm count after 3 weeks in rat suffering 
from varicocele. Also, the results continued until week 6 
post-treatment. 
Semen contains high concentrations of calcium, magne-
sium, zinc, and copper in bound and ionic forms. The 
testicular plasma, that is, the fluid composed of the secre-
tions originating in the seminiferous tubules, tubuli rec-
ti, rete testis, and ductuli efferentes, and the epididymal 
plasma serve as a nutrient medium in which maturation 
of the developing spermatozoa takes place (14). In a study 
it is revealed Mg2+ supplements are of considerable benefit 
and show no harmful effects in patients receiving cisplatin 
treatment (15). 
The diagnosis of male infertility routinely begins with a 
basic semen analysis, which measures various semen pa-
rameters including semen volume, color, pH, liquefaction 
time, viscosity, sperm count and motility, sperm mor-
phology, concentration of round cells and polymorpho-
nucleocytes, sperm agglutination and sperm viability (8). 
A relationship reported between varicoceles and semen 
parameters. 
Oxidative stress occurs when there is an imbalance be-
tween reactive oxygen species (ROS) and the antioxidants 
that scavenge surplus free radicals (16). ROS are natural 
products of cellular metabolism which, in physiological 
amounts, are essential requirements of spermatozoa for 
sperm processes leading to successful fertilization, such 
as capacitation, hyperactivated motility and acrosomal re-
action (17). However, studies have shown that 30%-80% 
of male factor infertility cases are due to ROS mediated 
sperm damage (8).
ROS are generally produced as a byproduct of enzymatic 

reactions in oxidative phosphorylation, which is used to 
produce energy in the form of ATP (18). Animal model in-
dicate a relation between varicocele and semen oxidation 
where ROS levels increased and antioxidant capacity de-
creased in the semen of animal with varicocele (19). These 
changes lead to abnormal sperm function and the infertil-
ity (20). Low levels of ROS are critical for normal fertiliza-
tion, capacitation, hyperactivation and motility (21).
Surgical correction of the varicocele is associated with de-
creased oxidative stress; Mostafa and colleagues reported 
that varicocelectomy results in a significant reduction in 
ROS levels and also an increase in the antioxidant capacity 
of semen in infertile men (20).
Sperm membranes contain large amounts of unsaturated 
fatty acids which provide fluidity, a process that is neces-
sary for membrane fusion (16). However, this also makes 
spermatozoa vulnerable to ROS attack. Seminal fluid is an 
important source of antioxidants in semen, as the lack of 
cytoplasm and DNA compaction in spermatozoa leaves 
very little room for translation or for antioxidant defens-
es. Lipid peroxidation has also been associated with a de-
crease in sperm motility (22).
The role of Mg2+ in spermatozoa quality is as yet not 
clear. Depletion of intracellular Mg2+ is known to affect 
all functions dependent on this ion, including glycolysis, 
protein synthesis, respiration, and reproduction (14). It is 
reported the number of spermatogonia A, preleptotene 
spermatocytes, mid pachytene, spermatocytes and step 7 
spermatid increased in Mg2+ treated animals. There have 
been reports of Mg2+ deficiency induced morphological 
changes up to 40% of the spermatids (6).
Recently it is reported Mg2+ has positive role in control of 
ROS generation where administration of MgSO4 decreas-
es superoxide dismutase in bile duct ligation-induced liv-
er injury in male Wistar rats (23). Mg2+ complexes with 
phospholipids reduce fluidity of the membrane and de-
creases membrane permeability, with parallel polarizing 
electrostatic effects. Conversely, it has been shown that 
Mg2+ deficiency increases permeability and promotes 
fragility of the heart membrane. However, to best of our 
knowledge, no report exists on role of MgSO4 on sperm 
characteristics in experimental varicocele in rat. So, we 
were not able to compare our results with it. These results 
can be used as base information on effect of MgSO4 on 
sperm characteristics in experimental varicocele in rat. Fi-

Table 2. Effect of Different Levels of Magnesium Sulfate on Sperm Characteristics After 6 Weeks in Experimental Unilateral Varicocele-Induced 
Rat

Groups Epididymis Weight Mortality (%) Mobility (%) Sperm Count

Control 0.28 48.6b 51.2a 5 560 000a

Sham 0.3 49.4b 57.04a 5 720 000a

Varicocele 0.21 65.57a 21.65c 2 500 000b

MgSO4 (25 mg/kg) 0.3 47.76b 49.77b 5 580 000a

MgSO4 (50 mg/kg) 0.28 49b 57.74a 5 200 000a

MgSO4 (100 mg/kg) 0.25 47.3b 54.43a 5 370 000a

Abbreviation: MgSO4: magnesium sulfate. 
There are significant differences between groups with different superscripts in a column (a, b and c; P < 0.05).
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nally, the authors recommend merit researches needed to 
identify direct cellular and molecular signaling pathways 
of MgSO4 on sperm characteristics.

Conclusion
According to the results, experimental unilateral vari-
cocele diminished sperm mortality, mobility and sperm 
count in rat. Administration of MgSO4 as a medication 
dose dependently (25, 50 and 100 mg/kg) decreased 
sperm mortality and increased mobility and sperm count 
in experimental varicocele in rat. It seems MgSO4 might 
improve sperm characteristics during varicocele.

Ethical issues 
All protocol of the study proved by ethic committee of 
Islamic Azad University, Science and Research Branch, 
Tehran, Iran.

Conflict of interests
The authors declare that they have no conflict of interest.

Financial support 
None.

Acknowledgments
The authors have to impress their thanks for cooperation 
of all technicians of Pathology laboratory, Department 
of Veterinary Medicine, Science and Research Branch, 
Islamic Azad University, Tehran, Iran.

References
1. Bahmanzadeh M, Abolhassani F, Amidi F, Sh E, Salehi 

M, Abbasi M. The effects of nitric oxide synthase 
inhibitor (L-NAME) on epididymal sperm count, 
motility, and morphology in varicocelized rat. DARU 
J Pharm Sci 2008;16(1):23-28.

2. Celik-Ozenci C, Bayram Z, Akkoyunlu G, et al. 
Localization of NGF and nNOS in varicocele-induced 
rat testis. Acta Histochemica. 2006;107(6):435-442. 
doi:10.1016/j.acthis.2005.10.001.

3. Hadwan MH, Almashhedy LA, Alsalman AR. 
Study of the effects of oral zinc supplementation on 
peroxynitrite levels, arginase activity and NO synthase 
activity in seminal plasma of Iraqi asthenospermic 
patients. Reprod Biol Endocrinol. 2014;12(1):1-8. 
doi:10.1186/1477-7827-12-1.

4. Eghbali M, Alavi-Shoushtari SM, Asri-Rezaei S, 
Khadem Ansari MH. Calcium, magnesium and 
total antioxidant capacity (TAC) in seminal plasma 
of water buffalo (Bubalus Bubalis) bulls and their 
relationships with semen characteristics. Vet Res 
Forum. 2010;1(1):12-20.

5. Ścibior A, Gołębiowska D, Niedźwiecka I. Magnesium 
can protect against vanadium-induced lipid 
peroxidation in the hepatic tissue. Oxid Med Cell 
Longev 2013;2013:802734. doi:10.1155/2013/802734.

6. Chandra AK, Sengupta P, Goswami H, Sarkar M. 
Effects of dietary magnesium on testicular histology, 

steroidogenesis, spermatogenesis and oxidative stress 
markers in adult rats. Indian J Exp Biol. 2013;51(1):37-
47.

7. Valsa J, Skandhan KP, Sahab Khan P, Sumangala 
B, Gondalia M. Split ejaculation study: semen 
parameters and calcium and magnesium in seminal 
plasma. Central Eur J Urol. 2012;65(4):216-218.

8. Agarwal A, Durairajanayagam D, Halabi J, Peng 
J, Vazquez-Levin M. Proteomics, oxidative stress 
and male infertility. Reprod Biomed Online. 
2014;29(1):32-58. doi:10.1186/1477-7827-12-45.

9. Zhang H, Zhou QM, Li XD, et al. Ginsenoside Re 
increases fertile and asthenozoospermic infertile 
human sperm motility by induction of nitric oxide 
synthase. Arch Pharm Res. 2006;29(2):145-151. 
doi:10.1007/bf02974276.

10. Zimmermann M. Ethical guidelines for investigations 
of experimental pain in conscious animals. 
Pain. 1983;16(2):109-110. doi:10.1016/0304-
3959(83)90201-4.

11. Khaki A, Farnam A, Badie AD, Nikniaz H. 
Treatment effects of onion (Allium cepa) and ginger 
(Zingiber officinale) on sexual behavior of rat 
after inducing an antiepileptic drug (lamotrigine). 
Balkan Med J. 2012;29(3):236-42. doi:10.5152/
balkanmedj.2012.045.

12. Sahin Z, Bayram Z, Celik-Ozenci C, et al. Effect 
of experimental varicocele on the expressions of 
notch 1, 2, 3 in rat testes: an immunohistochemical 
study. Fertil Steril. 2005;83(1):86-94. doi:10.1016/j.
fertnstert.2004.09.006.

13. Seed J, Chapin RE, Clegg ED, et al. Methods for 
assessing sperm motility, morphology, and counts in 
the rat, rabbit, and dog: a consensus report. Reprod 
Toxicol. 1996;10(3):237-244. doi:10.1016/0890-
6238(96)00028-7.

14. Wong WY, Flik G, Groenen PM, et al. The impact of 
calcium, magnesium, zinc, and copper in blood and 
seminal plasma on semen parameters in men. Reprod 
Toxicol. 2001;15(2):131-136. doi:10.1016/s0890-
6238(01)00113-7.

15. Willoxl JC, McAllister EJ, Sangster G, Kaye SB. Effects 
of magnesium supplementation in testicular cancer 
patients receiving cisplatin: a randomised trial. Br J 
Cancer. 1986;54(1):19-23. doi:10.1038/bjc.1986.147.

16. Hwang K, Lamb DJ. Molecular mechanisms of male 
infertility. In: Parekattil SJ, Agarwal A, eds. Male 
Infertility. New York, USA: Springer; 2012.

17. Agarwal A, Allamaneni SS, Said TM. 
Chemiluminescence technique for measuring 
reactive oxygen species. Reprod Biomed Online. 
2004;9:466-468. doi:10.1016/s1472-6483(10)61284-9.

18. Tremellen K. Oxidative stress and male infertility- 
a clinical perspective. Hum Reprod Update. 
2008;14(3):243-58. doi:10.1093/humupd/dmn004.

19. Hsieh YY, Chang CC, Lin CS. Seminal 
malondialdehyde concentration but not glutathione 
peroxidase activity is negatively correlated with 

http://www.ncbi.nlm.nih.gov/pubmed/24813754


Asghari et al

                                     Crescent Journal of Medical and Biological Sciences, Vol. 3, No. 2, April 2016 59

Copyright © 2016 The Author(s); This is an open-access article distributed under the terms of the Creative Commons 
Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and 
reproduction in any medium, provided the original work is properly cited.

seminal concentration and motility. Int J Biol Sci. 
2006;2(1):23-29. doi:10.7150/ijbs.2.23.

20. Masson P, Brannigan RE. The varicocele. Urol Clin N 
Am. 2014;41:129-144.

21. Agarwal A, Sharma RK, Desai NR, Prabakaran 
S, Tavares A, Sabanegh E. Role of oxidative stress 
in pathogenesis of varicocele and infertility. 
Urology. 2009;73(3):461-469. doi:10.1016/j.
urology.2008.07.053.

22. Agarwal A, Makker K, Sharma R. Clinical relevance 
of oxidative stress in male factor infertility: an update. 
Am J Reprod Immunol. 2008;59(1):2-11. doi:10.1111/
j.1600-0897.2007.00559.x.

23. Eshraghi T, Eidi A, Mortazavi P, Asghari A, Tavangar 
SM. Magnesium protects against bile duct ligation-
induced liver injury in male Wistar rats. Magnes Res. 
2015;28(1):32-45. doi:10.1684/mrh.2015.0380.

http://dx.doi.org/10.1684/mrh.2015.0380

