
GONADAL PHYSIOLOGYAND DISEASE

Effects of supplement therapy on sperm parameters,
protamine content and acrosomal integrity
of varicocelectomized subjects

Gholamabbas Azizollahi & Saeid Azizollahi & Homayoon Babaei &
Mohammadali Kianinejad & Mohammad Reza Baneshi &
Seyed Noureddin Nematollahi-mahani

Received: 22 December 2012 /Accepted: 14 February 2013 /Published online: 24 February 2013
# Springer Science+Business Media New York 2013

Abstract
Purpose Surgical repair of varicocele has long been a proce-
dure to correct spermatogenesis. However, the outcome has
been reported to be inadequate.We combined varicocelectomy
with supplement therapy to evaluate the concurrent effect of
these procedures.
Methods A prospective randomized controlled study was un-
dertaken to investigate the effects of zinc sulfate, folic acid and
zinc sulfate/folic acid on sperm quality, protamine content and
acrosomal integrity following surgical repair of varicocele.
Male subjects with palpable varicocele were included in the
study and randomized into four groups. Subjects received
Zinc sulfate, Follic acid, Zinc sulfate/Follic acid or placebo
for 6 months. A semen sample was obtained before surgery

and 3 and 6 months after surgical repair. Semen samples were
evaluated for sperm parameters as well as chromatin content
and acrosomal integrity.
Results Most of the evaluated parameters showed a mild
improvement after varicocelectomy in the placebo group.
Interestingly, co-administration of Zinc sulfate and folic acid
improved most factors significantly. Folic acid administration
but not zinc sulfate could increase sperm number. Hence, Zinc
sulfate was better than folic acid when change in morphology
was assessed, and none of them was significantly effective in
sperm motility. In Zinc sulfate and Follic acid groups, prot-
amine content and halo formation rate significantly improved.
Conclusions We may conclude that co-administration of
zinc and folic acid significantly improved sperm parameters

Capsule In a prospective randomized trial, 6 months supplement
therapy in varicocelectomized patients improved sperm parameters,
acrosomal integrity and chromatin content.

G. Azizollahi
Department of Urology, Afzalipour School of Medicine,
Kerman University of Medical Sciences, Kerman, Iran

G. Azizollahi : S. N. Nematollahi-mahani (*)
Physiology Research Center,
Kerman University of Medical Sciences, Kerman, Iran
e-mail: nematollahimahani@yahoo.com

S. N. Nematollahi-mahani
e-mail: nnematollahi@kmu.ac.ir

S. Azizollahi
Department of Anatomy, Division of Reproductive Biology,
Tehran University of Medical Sciences, Tehran, Iran

H. Babaei
Department of Clinical Sciences, Faculty of Veterinary Medicine,
Shahid Bahonar University of Kerman, Kerman, Iran

M. Kianinejad
Food and Drug Laboratory, Vice Chancellor of Food and Drug,
Kerman University of Medical Sciences, Kerman, Iran

M. R. Baneshi
Research Center for Modeling in Health,
Kerman University of Medical Sciences, Kerman, Iran

S. N. Nematollahi-mahani
Department of Anatomy, Afzalipour School of Medicine,
Kerman University of Medical Sciences, Kerman, Iran

S. N. Nematollahi-mahani
Afzal Resaerch Institute (NGO), Kerman, Iran

J Assist Reprod Genet (2013) 30:593–599
DOI 10.1007/s10815-013-9961-9



and increased varicocelectomy outcomes. So, medical treat-
ment with compatible drugs after surgery might be advan-
tageous for obtaining acceptable results.

Keywords Zinc sulfate . Folic acid . Sperm parameters .

Protamine . Acrosomal integrity . Varicocelectomy

Introduction

Varicocele, a vascular lesion of the pampiniform plexus in the
spermatic cord caused by melancholic blood was first de-
scribed by the French surgeon Ambroise Pare in the 16th
century. Later on a British surgeon, Barfield proposed a rela-
tionship between infertility and varicocele [1], and there is
currently much debate about pathophysiology of deleterious
effects of varicocele on testes and epididymis [2]. However
several possible mechanisms have been proposed, such as
failure of testicular growth and development of testes, impair-
ment of spermatogenesis due to increase in intrascrotal tem-
perature, oxidative stress, and leydig cell dysfunction [3].

Varicocele can be treated by surgical intervention
(varicocelectomy) which is still the most popular treatment
[4]. Varicocelectomy can restore testicular volumes and
semen parameters [5]. However, there is no strong evidence
whether the treatment of varicocele with surgery in
subfertile males could improve the spontaneous pregnancy
rates. Molecular and genetic studies have provided further
insights into the pathogenesis of infertility in patients with
varicocele [6]. Recent molecular studies have put great
emphasis on the role of oxidative stress on the pathogenesis
of infertility in patients with varicocele [7]. Alterations in
the testicular microenvironment [8] and hemodynamic can
increase production of reactive oxygen species (ROS) and
decrease the local antioxidant capacity, resulting in oxida-
tive stress [7]. Infertile men with varicocele were found to
have higher levels of ROS than healthy fertile individuals
[9]. Human spermatozoa are particularly vulnerable to ROS
injury owing to the excess polyunsaturated fatty acids in
these cells [10]. Furthermore, lipid peroxidation of the plas-
ma membrane affects the fluidity of the sperm plasma mem-
brane and causes functional defects in sperm-oocyte fusion.
Also, 4-hydroxy-2-nonenal, an aldehyde end product of
lipid peroxidation, is an alkylating agent that damages
DNA and forms adducts with proteins, playing a role in
inducing apoptosis [11]. Additionally, a significant increase
in abnormal sperm chromatin condensation was observed in
infertile men with varicocele which could occur as a conse-
quence of protamine deficiency [12]. Some studies have
reported improved semen parameters [12, 13] and density
[14] after varicocelectomy. However, the actual effect of
adult varicocelectomy on male fertility still remains contro-
versial [15, 16].

Another approach against varicocelectomy could be drug-
base treatments [17] but according to our knowledge combine
treatment of drug and varicocelectomy have not yet been
investigated in subfertile men. Zinc is a micronutrient that
serves as a cofactor for more than 80 metalloenzymes in-
volved in DNA transcription and protein synthesis [18].More-
over, zinc finger proteins are implicated in the genetic
expression of steroid hormone receptors [19], and they also
have antioxidant [20] and antiapoptotic properties [21]. Zinc
concentrations are very high in the male genital organs par-
ticularly in the prostate which is largely responsible for the
high zinc content of seminal plasma [18]. The impaired sex
gland secretions in varicocele could influence seminal plasma
zinc levels and the motility of ejaculated spermatozoa [22].
The micronutrient folate is also important for the synthesis of
DNA and transfer of RNA. It has been reported that folic acid,
the synthetic form of folate, effectively scavenges oxidizing
free radicals and inhibits lipid peroxidation [23].

We co-administered zinc and folic acid following
varicocelectomy in a double blind placebo controlled clini-
cal trial study to investigate whether concurrent treatment
with these drugs may affect sperm quality and improves the
outcome of varicocelectomy considering sperm function.

Materials and methods

Materials

All the chemicals were purchased from Sigma-Aldrich Com-
pany (St. Louis, MO, USA) except those otherwise indicated.

Participants

This prospective randomized study was carried out at a
university based laboratory and a private clinic, between
May 2008 and November 2010. Approval for this investi-
gation was obtained from the ethics committee for re-
search involving human subjects at Kerman University of
Medical Sciences, Kerman, Iran and a written informed
consent was fulfilled and signed by each patient before
participating in the study. The study was also registered
at Iranian Registry of Clinical Trials (Irct registration
number: IRCT138802261910N1 ). One hundred and six-
ty infertile subjects were enrolled in the present study
who had already consulted with an urologist for
varicocelectomy. The presence of a grade III varicocele,
on I-III scale, was the criteria to enter the study. It was
assessed by clinical parameters and was confirmed by
Doppler ultrasound scanning. Patients with the evidence
of leukocytospermia, low testicular volume <15 mL, con-
genital urogenital abnormalities and urogenital infections
were excluded from the study.

594 J Assist Reprod Genet (2013) 30:593–599



Study design

Every participant was randomly allocated into one of the
four experimental groups. Our randomization schedule
was Zinc sulfate (ZS), Folic acid (FA), Zinc sulfate/Folic
acid (ZF), and placebo (PL). The patients underwent sur-
gical repair of varicocele, before which at least a semen
sample was obtained for laboratory assessments. Patients
in each group took orally one capsule per day after dinner
following varicocelectomy for 6 month. The dosage of the
zinc sulfate (Alhavi Pharmaceutical Co, Tehran, Iran) and
folic acid (Iran Daru, Tehran, Iran) was 66 and 5 mg per
capsule, respectively as suggested by Wong et al [24].
Patients in placebo group received the same capsules
without the effective drug.

Semen collection and evaluation

Preoperatively, one sample was obtained from each par-
ticipant for standard semen analysis according to WHO
guidelines [25] and also 3 and 6 months postoperatively
the other two samples were collected. The semen sam-
ples were provided by masturbation after an abstinence
period of 3–5 days and delivered to the laboratory within
30 min after production. After liquefaction, the semen
parameters including sperm number, sperm morphology,
sperm motility and progressive sperm motility were
assessed. An improved Neubauer haemacytometer was
used for sperm count and was expressed as 106/mL of
semen. Motility was evaluated by direct microscopic
examination (magnification=×400) and expressed as the
percentage of motile sperm. Papanicolaou staining tech-
nique was used for evaluating sperm morphology
according to WHO criteria. All sperm analyses were
carried out by the same technician. Interobserver varia-
tion was evaluated several times during and before the
study. Coefficient of variation was within the acceptable
range of 0.5–10 %.

Chromomycin A3 (CMA3) staining

Semen smears were prepared from each samples and fixed
in Carnoy’s solution [methanol: glacial acetic acid 3:1
(Merck, Germany)] at 4 °C for 5 min. Each slide was treated
for 20 min with 100 μL of CMA3 solution (0.25 mg/mL in
McIlvaine buffer, PH 7.0, containing 10 mM MgCl2). The
slides were then rinsed in buffer and mounted with buffered
glycerol (1:1). Microscopic analysis of the slides was
performed using an Olympus inverted fluorescent micro-
scope (IX71, Tokyo, Japan) with green filter. On each
slide, 100 sperm cells were evaluated and those with
bright fluorescence (Fig. 1a) were considered as CMA3

positive or with protamine deficiency [26].

Gelatinolysis test

This test was carried out according to the method of Henkel
et al., (1995). The test is based on the ability of acrosomal
enzymes to hydrolyze a high molecular weight gelatin.
Briefly, 20 μL of semen samples were diluted 1:10 in
phosphate buffered saline (PBS; 34.22 mM NaCl,
20.8 mM Na2HPO4·2H2O, 1.42mM KH2PO4) containing

Fig. 1 a Sperm cells were stained by chromomycin A3 to evaluate
protamine content of sperms. Arrows show CMA3 positive sperms and
arrow heads show CMA3 negative sperms. b Sperms were layered on
a thin film of gelatin to evaluate acrosomal integrity. Arrows show
sperms with abnormal acrosomal activity and arrow heads show sperm
with normal acrosomal activity resulting in a clear halo around sperm
head

Table 1 The mean ± SEM of sperm number before varicocelectomy
versus 3 and 6 month after varicocelectomy treatment following
supplement therapy in the different randomized trial groups

Groups n Sperm number (106/mL)

Before 3 month 6 month

ZF 29 30.1±5.5a 42.6±7.4ab 47.6±7.5b

FA 26 27.1±5.3a 46.8±8.3b 49.1±3.3b

ZS 32 35.1±6.7a 41.5±7.1a 39.6±5.4a

PL 25 21.8±3.5a 24.6±4.4a 29.9±6.6a

In each row the values with different superscripts are significantly
different (P<0.05). ZF zinc sulfate and folic acid; FA folic acid; ZS
zinc sulfate; PL placebo
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15.72 mM α-D-glucose (anhydrous; 280 mosmol/kg). Se-
men samples were smeared on pre-coated gelatin slides and
incubated in a moist chamber at 37 °C for 2 h. The halo
diameter (Fig. 1b) around any ten spermatozoa was mea-
sured under a phase contrast microscope (Olympus IX71)
equipped with a digital camera and analysis software
(Olympus Corporation, Tokyo, Japan). The halo formation
rate was calculated per slide as the percentage of spermato-
zoa showing a halo. For this purpose 100 spermatozoa were
evaluated in each slide.

Statistical analysis

Mixed model analysis was applied to investigate difference
between treatment groups (between factor variable) and
between time points (within factor variable) simultaneously.
P-value <0.05 was considered as significance level. All
analysis were done using SPSS software version 15 for
Windows.

Results

The present investigation is a prospective clinical trial in
which semen samples were obtained from 160 candidates

being randomly allocated to four trial groups. Seventy per-
cent of the 160 (112) individuals continued with the study
and provided the semen and blood samples for assessment
up to 6 months after surgery Age ranges and duration of
infertility of male partners were from 20 to 43 (mean ± SD:
29.07±6.8) and 1 to 10 years (mean ± SD: 3.32±2.4)
respectively. The mean volume of semen was 4±1.9 ml.
Other sperm parameters are represented in Tables 1, 2,
and 3. The participants who received placebo improved in
sperm parameters but the rate of sperm improvement did not
reach the level of significance within 3 and 6 months after
varicocelectomy compared with values obtained prior to the
intervention. Most of the sperm parameters had nonsignifi-
cantly improved after 6 months. Folic acid administration
significantly increased the sperm number 3 months after
varicocelectomy compared to the values obtained before
varicocelectomy (46.8±8.3 vs. 27.1±5.3, respectively) but
zinc sulfate administration had improved sperm morphology
3 months post varicocelectomy compared with the morphol-
ogy prior to the intervention (48.0±2.3 vs. 40.0±3.2, re-
spectively). Interestingly, co-administration of zinc and folic
acid for 3 months, caused a moderate improvement in sperm
number, motility and sperm progression, and after 6 months
the values for these parameters were significantly higher
than the onset of experiments. This finding is in agreement
with the study of Al Bakri et al., 2012 who showed that
6 months is an ideal time for sperm improvement following
surgical repair of a varicocele [27].

Effects of zinc and folic acid versus placebo administra-
tion on protamine content of spermatozoa are presented in
Table 4. Treatment of varicocelectomized subjects with zinc,
folic acid and co-administration of zinc and folic acid sig-
nificantly improved the rate of CMA3 positive sperms after
3 months but no further improvement was achieved after
6 months (ZF: 36.9±2.2vs. 46.9±3.1; FA:36.6±2.6vs. 54.6±
4.0; ZS: 43.9±3.0 vs 57.3±3.1; P<0.05, respectively)

Table 5 shows the halo formation rate and the mean halo
diameters following treatments by zinc, folic acid or
zinc/folic acid up to 6 month after varicocelectomy. No
significant differences were observed before varicocelectomy

Table 2 The mean ± SEM of normal sperm morphology before
varicocelectomy versus 3 and 6 month after varicocelectomy treatment
following supplement therapy in the different randomized trial groups

Groups n Normal sperm morphology

Before 3 month 6 month

ZF 29 46.7±2.7a 49.9±2.2ab 56.6±2.2b

FA 26 52.1±2.8a 53.0±2.8a 53.7±1.7a

ZS 32 40.0±3.2a 48.0±2.3b 53.2±2.7b

PL 25 42.1±4.8a 38.1±2.5a 48.4±9.9a

In each row values with different superscripts are significantly different
(P<0.05). ZF zinc sulfate and folic acid; FA folic acid; ZS zinc sulfate;
PL placebo

Table 3 The mean ± SEM percentage of sperm motility and forward progressive motility before varicocelectomy versus 3 and 6 month after
varicocelectomy treatment following supplement therapy in the different randomized trial groups

Groups n Sperm motility (%) Forward progressive motility (%)

Before 3 month 6 month Before 3 month 6 month

ZF 29 42.6±5.1a 51.7±3.2a 52.4±3.3a 28.7±4.3a 37.9±5.1b 43.0±5.6b

FA 26 48.8±4.0a 53.3±3.0a 51.5±2a 40.1±6.5a 48.6±6.4a 40.0±4.9a

ZS 32 55.0±4.3a 48.9±4.9a 49.8±2a 35.2±6.5a 40.8±6.3a 42.3±4.1a

PL 25 37.6±7.4a 44.9±6.6a 49.8±4.8a 34.0±9.7a 34.1±7.3a 40.3±6.8a

In each row the values with different superscripts are significantly different (P<0.05). ZF zinc sulfate and folic acid; FA folic acid; ZS zinc sulfate;
PL placebo
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compared to after varicocelectomy in any of the treatment
groups and time points. However, the halo formation rate sig-
nificantly increased after 3 month in all treatment groups when
compared with placebo group (ZF: 49.2±3.2 vs. 29.7±3.2;
FP: 50.8±4.4vs. 31.0±3.5; ZP: 43.3±3.5vs. 23.1±3.5;
P<0.05, respectively). No further improvement was detected
after 6 months.

Discussion

Few studies have investigated the outcomes of varicocelectomy
based on the clinical trials. In our randomized clinical trial,
we found some noticeable impact on sperm parameters
following varicocelectomy but it did not reach the level of
significance. In contrast, administration of zinc, folic acid
and especially zinc/folic acid significantly improved sperm
parameters following 3 and 6 months of follow up. Reports
on the rate of improvement in sperm parameters following
varicocelectomy are somehow controversial. Although
some studies have reported improvement in sperm charac-
teristics, DNA fragmentation and pregnancy rate after
varicocele repair [12, 13, 28] but some clinical investiga-
tions have claimed that varicocelectomy has yielded

unsatisfactory results in infertile patients [15]. The chal-
lenge on the benefits of surgical repair of varicocele is
partly related to the study design because most of these
studies are case-control studies rather than clinical ran-
domized ones. However a clinical investigation has reported
that the pregnancy rate in a group of subclinical
varicocelectomized subjects was not higher than that in an
untreated group, although it partially improved seminal
parameters [29]. We found a significant improvement fol-
lowing supplement therapy in varicocelectomized patients’
sperm parameters but change in the spontaneous pregnancy
rate requires further researches. Disregarding the different
believes about varicocelectomy and spermatogenesis, many
reproductive endocrinologists offer IVF and ICSI as a clin-
ical alternative treatment [14, 30]. Assisted reproductive
technology has undoubtedly improved the rate of child birth
in infertile and subfertile couples via IVF and ICSI but the
quality of the sperm as the most important parameter in the
success of IVF/ICSI remains to be improved [31].

Varicocele-associated infertility can be related to many
factors that one of them could be increase in the degree of
DNA fragmentation and chromatin damage [4, 16]. The
main cause for DNA fragmentation is oxidative stress. Ex-
cess production of reactive oxygen species (ROS) or de-
creased antioxidant defenses in the seminal plasma induces
oxidative stress which damages spermatozoa. Sperm plasma
membranes are susceptible to oxidative stress owing to their
high levels of polyunsaturated fatty acids that readily under-
go lipid peroxidation. Moreover, an aldehyde end product of
lipid peroxidation, 4-hydroxy-2-nonenal, is an alkylating
agent that damages DNA and induces apoptosis [11]. Many
of the previous studies had claimed that varicocelectomy
improves semen quality not pregnancy rate [15, 29]. Al-
though we found a nonsignificant improvement in prot-
amine content of placebo group, we did not detect any
benefits from varicocelectomy. We hypothesis that
varicocelectomy is probably capable of controlling ROS
formation but prevention from further production of ROS
or repair of damaged sperms, specially at the level of DNA
and chromatin needs medical treatment. Change in the total

Table 4 The mean ± SEM percentage of chromomycin A3 positive
spermatozoa before varicocelectomy versus 3 and 6 month after
varicocelectomy followed by the supplement therapy in the different
randomized trial groups

Groups n Chromomycin A3

Before 3 month 6 month

ZF 29 46.9±3.1a 36.9±2.2b 33.0±2.1b

FA 26 54.6±4.0a 36.6±2.6b 38.2±2.9b

ZS 32 57.3±3.1a 43.9±3.0b 37.5±2.0b

PL 25 54.3±2.8a 45.6±4.1a 41.4±3.3a

In each row the values with different superscripts are significantly
different (P<0.05). ZF zinc sulfate and folic acid; FA folic acid; ZS
zinc sulfate; PL placebo

Table 5 The mean ± SEM percentage of halo formation rate and the mean halo diameter (μm) before varicocelectomy versus 3 and 6 month after
varicocelectomy following supplement therapy in the different randomized trial groups

Groups n Halo formation rate (%) Halo diameter (μm)

Before 3 month 6 month Before 3 month 6 month

ZF 29 29.7±3.2a 49.2±3.2b 57.3±3.2b 5.9±1.7a 4.7±0.2a 5.3±0.3a

FA 26 31.0±3.5a 50.8±4.4b 54.1±3.5b 4.0±0.2a 5.0±0.3a 4.7±0.1a

ZS 32 23.1±3.5a 43.3±3.5b 42.5±3.5b 4.1±0.3a 4.3±0.2a 4.6±0.2a

PL 25 29.3±4.0a 32.1±4.0a 39.6±4.0a 3.4±0.2a 3.5±0.3a 4.2±0.2a

In each row the values with different superscripts are significantly different (P<0.05). ZF zinc sulfate and folic acid; FA folic acid; ZS zinc sulfate;
PL placebo
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antioxidant capacity and SOD has recently been reported in
varicocelectomized patients that have received zinc sulfate
and folic acid for 6 months [32]. Because DNA fragmenta-
tion inhibits normal activation of paternal gene expression at
the 4-cell stage of developing embryo [10], correction of
DNA fragmentation by supplement therapy may increase
pregnancy rate in these patients.

In agreement with previous studies, our results revealed
that administration of zinc and folic acid positively affect
sperm quality and improve the outcome of varicocelectomy
[18]. Deficient folic acid concentration cause elevated ho-
mocysteine and impair the remethylation cycle. This metab-
olism is involved in the methylation of phospholipids,
proteins, DNA, and RNA and in the synthesis and repair
of DNA. These processes are essential in spermatogenesis
[33]. Recently some researchers have shown that a low
folate concentration in seminal plasma is associated with
more sperm DNA damage in infertile men [34]. During nor-
mal repair process, when the removal of the misincorporated
uracil fails, double-strand breaks resulting in chromosome
instability may occur. Folate shortage also decreases the sup-
ply of methyl groups, which are important substances for the
protection of DNA against harmful exposures [35]. On the
other hand, zinc affects DNA transcription and protein syn-
thesis because serves as a cofactor for more than 80
mehalloenzymes [19], and zinc also has anti-apoptic [21]
and antioxidant properties [20]. These above mentioned fac-
tors could change sperm quality and improve varicocelectomy
outcome as was indicated in our study.

In conclusion, according to our study, varicocelectomy im-
proved sperm parameters to some extent, but varicocelectomy
followed by co-administration of zinc and folate significantly
improve semen parameters, and also increase protamine
content and acrosomal integrity. We believe in spite of bene-
ficial effect of folic acid on semen parameters, the side effects
and safety of long term intervention of this drug on male
reproductive system need more investigations. Our interpre-
tation of the mechanism of these drugs and their impacts on
DNA repair which consequently may influence the pregnancy
rate are also of concern.
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