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oxidase (1.6 vs. 4.2, p  !  0.05), compared to normozoosper-
mia. Zinc therapy alone, in combination with vitamin E or 
with vitamin E + C were associated with comparably im-
proved sperm parameters with less oxidative stress, sperm 
apoptosis and sperm DNA fragmentation index (DFI). On the 
whole, there was no difference in the outcome measures be-
tween zinc only and zinc with vitamin E and combination of 
vitamins E + C. In the in vitro experiment zinc supplementa-
tion resulted in significantly lower DFI (14–29%, p  !  0.05) 
compared to zinc deficiency.  Conclusion:  Zinc therapy re-
duces asthenozoospermia through several mechanisms 
such as prevention of oxidative stress, apoptosis and sperm 
DNA fragmentation.  Copyright © 2008 S. Karger AG, Basel 

 Introduction 

 Asthenozoospermia is a common disorder of sperm 
motility which gives rise to male factor infertility. The 
aetiology involves oxidative stress from production of 
free radicals by abnormal spermatozoa with residual cy-
toplasm, leucocytospermia, seminal infection and pro-
inflammatory cytokines  [1] . Both smoking and seminal 
antisperm antibodies are also causes of increased reactive 
oxygen species production in semen and therefore con-
tribute to oxidative stress  [2–4] . The end result is lower 
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 Abstract 

  Objective:  To determine possible indications of the mecha-
nisms involved in improved sperm parameters by zinc ther-
apy in asthenozoospermic men.  Subjects and Methods:  For-
ty-five men with asthenozoospermia ( 6 40% immotile 
sperm) were randomized into four therapy groups: zinc only: 
n = 11; zinc + vitamin E: n = 12 and zinc + vitamins E + C:
n = 14 for 3 months, and non-therapy control group: n = 8. 
Semen analysis was done according to WHO guidelines. 
Malone dialdehyde, tumour necrosis factor- �  (TNF- � ), total 
antioxidant capacity, superoxide dismutase (SOD) and gluta-
thione peroxidase were determined in the semen and se-
rum. Antisperm antibodies IgG, IgM and IgA were evaluated 
by immunobeads. Sperm chromatin integrity was deter-
mined by acid denaturation by acridine orange and sperm 
apoptosis by light and electron microscopy. The effect of 
zinc on in vitro induced sperm oxidative stress by NADH was 
evaluated.  Results:  Asthenozoospermia was significantly as-
sociated with oxidative stress with higher seminal malone 
dialdehyde (8.8 vs. 1.8 mmol/l, p  !  0.001) and TNF- �  (60 vs. 
12 pg/l, p  !  0.001), and low total antioxidant capacity (1.8 vs. 
8.4, p  !  0.01), SOD (0.8 vs. 3.1, p  !  0.01) and glutathione per-
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sperm counts, impaired sperm motility, defective sperm 
structure and reduced sperm movement  [5] . Oxidative 
stress occurs commonly in spermatozoa through lipid 
peroxidation because the sperm membrane contains high 
amounts of polyunsaturated fatty acids. The concept of 
improving fertility potential of infertile patients with ox-
idative stress by certain antioxidants has gained consid-
erable attention in assisted reproductive technology and 
infertility practice  [6, 7] . Spermatozoa depend on scav-
enging systems provided by the seminal plasma, with im-
portant natural antioxidants such as vitamins C and E, 
superoxide dismutase and glutathione and thioredoxin 
that act directly as free radical scavengers  [8, 9] . We had 
previously reported that zinc therapy in men with asthe-
nozoospermia resulted in significant improvement in 
sperm quality with increases in sperm concentration, 
progressive motility, sperm integrity and improved con-
ception and pregnancy rates  [3] . A combination treat-
ment of zinc and folic acid improved overall sperm count 
in subfertile men by 74% but the mechanisms involved 
have not been elucidated  [10] . A recent study has shown 
that the increase in sperm concentration after zinc and 
folic acid is not a result of endocrine alterations, in folli-
cle-stimulating hormone, testosterone or inhibin  [11] . 
Therefore, the objective of this study was to evaluate pos-
sible mechanisms involved in the role of zinc therapy in 
the improvement of sperm parameters in men with as-
thenozoospermia.

  Subjects and Methods 

 Forty-five men attending the combined-infertility clinic at the 
Maternity Hospital, Kuwait, were recruited for the study after ap-
proval of the Institutional Ethics Committee and informed con-
sent were obtained.

  The inclusion criteria were men with asthenozoospermia with 
normal sperm concentration of 20–250 million/ml, but 40% or 
more of the spermatozoa in the semen sample were immotile. All 
men with asthenozoospermia but with sperm concentration of 
less than 20 million/ml were excluded from the study.

  The 45 asthenozoospermic men were randomized into four 
groups: (a) 11 men with zinc sulphate 200 mg twice daily, (b) 12 
men with zinc sulphate 200 mg + vitamin E 10 mg twice daily,
(c) 14 men with zinc sulphate 200 mg + vitamin E 10 mg + vita-
min C 5 mg twice daily, all for 3 months, (d) 8 men served as non-
therapy control. Evaluation of sperm parameters was at initial 
pre-therapy, after 6 weeks and at the end of therapy after 3 
months.

  Semen analysis was carried out according to WHO guidelines 
 12] .

  The sperm membrane integrity was assessed with hypo-os-
motic swelling test as previously described  [3] . The remaining se-
men was centrifuged at 850  g  for 10 min and the supernatant sem-

inal plasma was stored at –20   °   C in 0.1-ml aliquots, until used for 
assays. The sperm residue was used for the evaluation of the sperm 
morphology and integrity.

   Assay of Trace Elements.  For serum trace analysis, 10 ml of ve-
nous blood was collected from each patient in metal-free tubes 
(Becton-Dickinson, New Jersey), serum was separated and anal-
ysed for trace metal content by graphite furnace atomic absorp-
tion spectrophotometer as described previously  [13] .

   Assays of Oxidants, Cytokines and Antioxidants.  Malone dial-
dehyde was assayed in serum and seminal plasma as previously 
described  [14] . Antioxidants like superoxide dismutase, glutathi-
one peroxidase, total antioxidant capacity and tumour necrosis 
factor- �  (TNF- � ) and interleukin-4 (IL-4) were evaluated by
ELISA as previously described  [5] .

   Bcl-2 and Bax Expression Level Estimation by ELISA Tech-
nique.  A 96-well kit was used. A standard curve was first created 
with different concentrations of the standard of Bcl-2 or Bax. 
Samples and standard were pipetted in duplicates into the wells 
and incubated at 4   °   C for about 1 h, monoclonal antibody was then 
added and incubated for another 30 min. After further incubation 
for 30 min with the conjugate, the substrate was pipetted into the 
wells, incubated for further 30 min and the stop solution was add-
ed and read on a plate reader at 450 nm.

   Antisperm Antibodies IgG, IgM and IgA.  Antisperm antibodies 
were evaluated by immunobeads as previously described  [15]  with 
anti-immunoglobulin beads (Labsystems AB, Sweden). The per-
centage total binding any bead on the sperm surface = number of 
sperm with bound beads/total number of sperm counted.

   Effect of Zinc Deficiency on Sperm DNA: An in vitro Study – 
Sperm Preparation, Acridine Orange Staining Sperm Chromatin 
Structural Assay.  Sperm chromatin structure assay was used to 
measure the susceptibility of sperm DNA to acid-induced dena-
turation by acridine orange as described by Evenson and Jost  [16] . 
Briefly, after centrifugation for 5 min at 600  g , the sediment con-
taining spermatozoa was washed twice with Roswell Park Memo-
rial Institute medium, and maintained under subconfluent con-
ditions with 10% fetal serum in the absence and presence of zinc 
supplementation (20 m M  of ZnCl). An unprocessed semen sample 
served as control. To the three groups 5 mM of NADH was added 
for the endogenous generation of oxidative stress as previously 
described by Aitken et al.  [17] , and incubated for 2–4 h at 4   °   C. 
Thereafter, the sperm preparation was centrifuged at 1,200  g  for 
10 min and the sediment was used for sperm chromatin structure 
assay by mixing it with a drop of acridine orange for 30 min and 
examined with fluorescence microscopy. Three hundred sperma-
tozoa were counted in each sample.

   Hematoxylin and Eosin (HE) Staining.  HE staining was per-
formed using standard techniques for Cole’s hematoxylin. Apop-
totic cells were identified under a light microscope using the fol-
lowing morphological criteria: intense, uniform nuclear baso-
philia with either chromatin condensation and nuclear shrinkage 
or fragmentation of the nucleus into several rounded and uni-
formly densely basophilic masses.

   Electron Microscopy of Spermatozoa.  The spermatozoa was 
washed 3 times with phosphate buffer (0.1 mol/l, pH 7.4) and fixed 
in 3% glutaraldehyde followed with 1.3% osmium tetroxide. The 
sections were then examined and photographed with a Zeiss 109 
Electron Microscope (Zeiss Oberkochen, Germany). At least 100 
sperm flagella were counted for quantification of axonemal 
anomalies as described by Olmedo et al.  [18] .
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   Statistical Analysis.  Data were analysed with Statview soft-
ware. The mean  8  SD was calculated for paired values. Differ-
ences within groups were estimated by the non-parametric Mann-
Whitney test for continuous measurements of observation from 
the same distribution like levels of sperm parameters, antioxi-
dants, Bcl-2 and Bax at weeks 0, 6 and 12. ANOVA and linear re-
gression analysis were used when appropriate. Statistically sig-
nificant p value was accepted at p = 0.05.

  Results 

 The characteristics of men with asthenozoospermia 
compared with those with oligozoospermia and normo-
zoospermia as shown in  table 1 . The sperm motility and 
sperm membrane integrity were significantly reduced in 
asthenozoospermia compared to oligozoospermia (p  !  
0.05) and normozoospermia (p  !  0.01). Higher titre of 
antisperm antibodies, especially IgG, were more com-
monly associated with asthenozoospermia and oligo-
zoospermia than with normozoospermia (p  !  0.05) as 
shown in  table 2 . The antiapoptotic protein Bcl-2 was 
more highly expressed in normozoospermia (p  !  0.05) 
than in oligozoospermia and asthenozoospermia where-
as the pro-apoptotic Bax was more highly expressed in 
men with oligozoospermia and asthenozoospermia (p  !  
0.05). The seminal trace elements did not show any dif-
ferences between asthenozoospermic men and the con-
trols.

Table 1. Characteristics of men with asthenozoospermia compared with normozoospermia and oligozoo-
spermia

Oligozoospermia
(n = 12)

Asthenozoospermia
(n = 45)

Normozoospermia
(n = 14)

Age, years 3586 3581 3489
Duration of infertility 5.683.2 5.583.1 4.882.4
Smoking habits

Smoking 5 20 6
Non-smoking 7 25 8

Semen parameters
Semen volume, ml 3.281.1 3.581.4 3.580.8
Sperm concentration, million/ml 1288a 45.6822.4 58.4824.8
Motility, % 38.6826.4 25.4811.2b 62.6820.4
Normal morphology, % 66816 70815 75818

Fertilizing capacity, % (HOS) 42832 38828c 62822

HOS = Hypo-osmotic swelling test.
a Oligozoospermia vs. asthenozoospermia, p < 0.05; oligozoospermia vs. normozoospermia, p < 0.05.
b Asthenozoospermia vs. oligozoospermia, p < 0.05; vs. normozoospermia, p < 0.01.
c Asthenozoospermia vs. normozoospermia, p < 0.05.

Table 2. Association between sperm parameters, oxidative stress 
and antioxidant status

Oligo-
zoospermia

Astheno-
zoospermia

Normo-
zoospermia

Oxidative stress
MDA, nmol/l 6.483.2 8.883.4a 1.880.8
TNF-�, pg/ml 42818 60.0832a 1286

Antioxidant activity
Total, mmol/l 3.681.4 1.881.2b 8.482.4
SOD, mmol/l 0.880.4 0.880.4 3.181.1
GPX, mmol/l 2.180.8 1.680.8 4.282.2

Trace elements (mean)
Cadmium, �g/ml 1.8 1.8 1.7
Magnesium, �g/ml 98 101 96
Selenium, �g/ml 41 40 44
Zinc, �g/ml 168 166 171

Antisperm antibodies, % 10 12 4c

Bcl-2 proteins (mean)d

Bcl-2, pg/ml 212 198 386

MDA = Malone dialdehyde; SOD = superoxide dismutase; 
GPX = glutathione peroxidase. Statistical analysis: ANOVA and 
linear regression analysis.

a Asthenozoospermia vs. oligozoospermia, p < 0.05; vs. nor-
mozoospermia, p < 0.01.

b Asthenozoospermia vs. oligozoospermia, p < 0.05, and vs. 
normozoospermia, p < 0.01.

c Asthenozoospermia vs. normozoospermia, p < 0.05.
d Asthenozoospermia vs. normozoospermia, p < 0.05 and p < 

0.01, respectively.
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  As shown in  table 3 , the three therapy groups were as-
sociated with improvement in sperm parameters: sperm 
concentration, morphology and teratozoospermia com-
pared to control but the difference did not reach statisti-
cal significant level. However, there was more than a two-
fold improvement in the sperm motility (p  !  0.001) and 
fertilizing capacity (p  !  0.05) of the treatment group com-
pared to the control, but no significant differences be-
tween the treatment groups. On the whole, there was no 
difference in the outcome measures between zinc only 
and zinc with antioxidants. Consequently, the results are 
given as zinc therapy. Zinc therapy was associated with 
reduction of malone dialdehyde by twofold (p  !  0.01) and 
TNF- �  by about fivefold (p  !  0.001). Conversely, there 
was enhancement of the antioxidant status in the form of 
total antioxidant capacity (p  !  0.001) and Zn-Cu SOD
(p  !  0.01) but not glutathione peroxidase. Similarly, zinc 
therapy was associated with increased seminal levels of 
Bcl-2 (p  !  0.01) and decreased expression of Bax (p  !  

0.05), with significantly decreased Bax/Bcl-2 ratio. Zinc 
therapy was also associated with decreased titre of anti-
sperm antibodies with IgG (p  !  0.05). There was en-
hanced expression of IL-4 (p  !  0.01), a T helper 2 anti-in-
flammatory cytokine and the significantly reduced TNF-
 � /IL-4 ratios (p  !  0.001) compared to the controls. 
Improvement in the sperm parameters was already obvi-
ous by 6 weeks of therapy and the trend continued up to 
12 weeks of zinc therapy.

  A typical pattern of acridine orange acid denaturation 
of sperm DNA, to evaluate sperm DNA fragmentation is 
shown in  figure 1 . The sperm DNA fragmentation index 
represented the percentage of abnormal sperm out of the 
number of total sperm counted. As shown in  figure 2 , HE 
staining was used for the evaluation of sperm viability 
and apoptosis. In the in vitro evaluation of the effect of 
zinc on stress-induced sperm DNA fragmentation and 
apoptosis, zinc deficiency was significantly associated 
with increased level of malone dialdehyde (p  !  0.01), in-

Table 3. Effects of zinc and antioxidant therapy on seminal and sperm parameters

Semen parameters A B C D

1 2 3 1 2 3 1 2 3 1 3

Semen volume, ml 482 382 482 382 482 482 382 482 482 482 482
Sperm count, m/m 46822 49818 48820 44816 45820 46820 45823 48822 46818 46816 45818
Motility, % 24812 36814 49812 26812 39816 50818 25811 40814 50820 25815 24812
Morphology, % 69816 72816 72814 70815 71815 72816 70816 72820 72820 70816 69816
Teratozoospermia 29811 28814 1586 30818 26812 1488 29814 24816 1488 29811 2989
Sperm membrane integrity 38824 46816 56815 37826 48816 60820 37824 44812 56820 38820 38824
Oxidative stress

MDA, nmol/l 983 682 482 983 782 482 1083 682 482 983 1083
TNF-�, pg/ml 58832 42824 1288 60834 40820 1587 58828 44822 1289 60832 58828

Antioxidant status
TAC, mmol/l 281 682 882 281 682 1083 280.8 682 1082 280.8 281
Zn-Cu SOD 0.880.4 481 582 180.5 381 782 180.5 482 882 180.8 180.5
GPX 1.680.8 281 1.680.8 280.8 1.881 1.881 1.881 281 1.881 1.881 1.881

Bcl-2 family
Bcl-2, pg/ml 198 320 480 200 324 500 198 324 488 196 224
Bax, pg/ml 150 90 65 155 88 70 160 85 64 152 155
Bax/Bcl-2 ratio 0.8 0.3 0.14 0.8 0.3 0.14 0.8 0.3 0.13 0.8 0.7

ASA
IgA 2 2 3 2 2 2 2 2 2 3 3
IgG 9 7 4 9 6 3 9 6 2 8 9
IgM 3 3 3 3 2 3 3 2 2 3 3

THC
IL-4, pg/ml 2 8 20 2 9 22 3 10 20 2 2
TNF-�/IL-4 ratio 29 5 0.6 30 4.4 0.7 19 4.4 0.6 30 29

A = Zinc only therapy; B = zinc plus vitamin E; C = zinc plus vitamin E plus vitamin C; D = control; 1 = pretherapy; 2 = 6 weeks into therapy;
3 = post-therapy at 12 weeks or 3 months; MDA = malone dialdehyde; TAC = total antioxidant capacity; SOD = superoxide dismutase; GPX = glutathione 
peroxidase; ASA = antisperm antibodies; THC = T helper cytokines.
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creased sperm DNA fragmentation (p  !  0.01) and sperm 
apoptosis (p  !  0.001) compared to zinc supplementation 
and control. There was a strong correlation between the 
level of malone dialdehyde and sperm DNA fragmenta-
tion index (r = 0.654, p  !  0.001) and sperm apoptosis (r = 
0.456, p  !  0.01). Conversely, zinc supplementation was 
associated with reduced sperm oxidative stress, high 
sperm membrane integrity, low sperm DNA fragmenta-

tion index and level of sperm apoptosis. Electron micros-
copy of human sperm with structural abnormalities and 
sperm apoptosis is shown in  figure 3 . Zinc deficiency
was associated with grossly abnormal flagella showing 
marked hypertrophy and hyperplasia of the fibrous 
sheath, axonemal disruption and partial defects of the in-
ner dynein arms of microtubular doublets in about 32–
34% of the spermatozoa in the zinc deficiency group 

RS

NS

YS

NS

RS

  Fig. 1.  Acridine denaturation of ejaculated 
human sperm. The range is from green 
(normal sperm, NS) to denatured sperm 
stained red (RS, sperm DNA fragmenta-
tion) with yellow-red (YS) showing mod-
erate denaturation (sperm DNA fragmen-
tation). Acridine orange staining.  ! 100. 

Dead sperm

Normal sperm

  Fig. 2.  HE stain of ejaculated human se-
men showing sperm under light micros-
copy. Dead sperm with possible extrusion 
of sperm nucleus.  ! 100. 
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compared to 12–16% in the zinc supplementation and 
control groups (p  !  0.05). The 9 + 2 axonemal structure 
was completely distorted inside and the middle piece
was poorly formed or absent and mitochondria were 
poorly assembled or absent in 9–18% of the sperm in the 
zinc deficiency group compared to 4–8% in the supple-
mentation and control group (p  !  0.05).

  Discussion 

 The present study has demonstrated that asthenozoo-
spermia is associated with significant levels of seminal 
oxidative stress with high levels of malone dialdehyde 
and TNF- � , and reduction of sperm membrane integrity, 
total antioxidant capacity, antisperm antibodies, particu-
larly IgG, and the anti-apoptotic protein Bcl-2. All the 

NSH

NCS

NST

NCS

NSH

a

EL.S

EL.S

R S

S sp

b

  Fig. 3.  Transmission electron microscopy. 
 a  Patient with normal sperm head (NSH), 
middle piece with abundant mitochondria 
and normal tail (NST) and normal cross 
section (NCS) with 9-2n fibrils.  ! 1,000.
 b  Severe asthenozoospermia showing in-
creased immature germ cells. EL.S = Elon-
gated spermatid; R S = round spermatid;
S sp = secondary spermatid. 
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abnormalities except glutathione peroxidase are signifi-
cantly improved by zinc therapy. Zinc therapy-associated 
improvement in sperm parameters includes an increase 
in the seminal antioxidant capacity, reduction of oxi-
dative stress status; increase in T helper 2 profile and 
 decrease in T helper 1 cytokine, reduction of antisperm 
antibody titre, particularly IgG and IgM. There was a 
 reduction of sperm apoptosis through increase in anti-
apoptotic Bcl-2 and decrease of Bax.

  Zinc therapy alone or in combination with chain 
breaking natural antioxidants such as vitamins E and C 
provide a major source of protection against damaging 
effects of oxygen radicals, and resulted in improved 
sperm quality, particularly sperm motility and sperm 
membrane integrity. As shown in the present study, sem-
inal zinc level does not reflect sperm abnormalities and 
no method of testing has been identified that is suffi-
ciently sensitive and reproducible to reliably detect indi-

MP

c

MP

A. B

A. B

A. B

M Disruption

d

 Fig. 3.  c In vitro induction of oxidative 
stress. Disruption of the sperm outer 
sheath and structural damage of the cen-
tral core of the axoneme. MP = Middle 
piece.  d  In vitro induction of oxidative 
stress. Increased disruption of sperm fi-
brous sheath and increased germ cell 
apoptosis with apoptotic bodies (A. B). 
 ! 400.
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viduals with zinc deficiency  [20] . Superoxide dismutase 
present in human semen plays a major role in the protec-
tion of human spermatozoa against peroxidative damage 
of its cellular enzymes and structures from reactive oxy-
gen species  [21] .

  There is evidence for a role for Bcl-2 in regulating pro-
grammed cell death by functioning as an antioxidant at 
the outer membrane of the mitochondria by preventing 
the release of cytochrome c. The levels of pro-apoptotic 
p53, p21 and bcl-2 family gene expression, and caspase-3 
activity in humans are modulated by intracellular zinc 
status  [8, 22] . The reduction of antisperm antibodies, es-
pecially IgG, demonstrated in the present study may in-
crease sperm motility. In a recent review by Fraker  [22]  
antibody-mediated responses that cause increased rates 
of infections of longer duration are the immunological 
hallmarks of zinc deficiency. Better understanding of the 
molecular and cellular response to zinc deficiency could 
lead to the development of immunotherapeutic interven-
tions.

  An important finding in the in vitro induced oxidative 
stress of this study is the association between zinc defi-
ciency and high level of sperm DNA fragmentation and 
apoptosis. This is in agreement with earlier studies  [23]  
about the role of apoptosis and reactive oxygen species in 

inducing sperm DNA damage and apoptosis in both ma-
ture and immature spermatozoa in the form of condensa-
tion or nuclear maturity defect, DNA integrity defects 
and chromosomal aneuploidy  [24] . Men with sperm DNA 
damage experience male factor infertility  [25] .

  The electron microscopic findings of abnormalities of 
sperm axons, mitochondria and dynein arms with zinc 
deficiency in the present study are of clinical significance. 
In their study of zinc content of sperm flagella, Henkel et 
al.  [26]  demonstrated that the outer dense fibre incorpo-
rates a high amount of zinc during spermatogenesis in 
order to protect the outer dense fibre from premature ox-
idation. Zinc deficiency during spermatogenesis may 
therefore cause defective mature sperm motility.

  Conclusion 

 Zinc therapy improved the spermatozoal quality 
through possible mechanisms such as increased expres-
sion of Zn-Cu superoxide dismutase and anti-apoptotic 
Bcl-2 and reduced Bax, decreased seminal antisperm an-
tibody titres and also decreased sperm DNA fragmenta-
tion.
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