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Abstract:

Objectives: To study the association between copper,
magnesium and malondialdehyde levels in seminal plasma of
oligozoospermic, azoospermic in relation to normozoospermic
men.

Methods: The present study was conducted at the Chemistry
and Biochemistry department, College of Medicine, Al-Nahrain
University, Baghdad-Iraq during September 2007 to February
2008 after obtaining approval from the research and ethics
committee and obtaining written consent, 78 infertile men (age
range 33.01+4.20 years) were recruited at the institute of embryo
research and infertility treatment, Al-Kadhimiya teaching
hospital, Iragand were categorized according to their seminal fluid
parameters to oligozoospermia (n=43) and azoospermia (n=35).
41 fertile men (age range 30.29+2.30 years) were selected as
controls. Seminal plasma copper and magnesium were measured
by atomic absorption spectrophotometry. Malondialdehyde was
measured calorimetrically using thiobarbituric acid assay which

detects thiobarbituric acid reactive substances.

d0i:10.5001/0m;j.2010.51

Introduction

nfertility is a common clinical problem, leading approximately
one in six couples in the UK to seek professional advice.! It can be
primary (conception has never occurred) or secondary, and due to
problems affecting either the male or the female.!

Male infertility is defined as the inability to conceive after one
year of unprotected sexual intercourse.” Thus it continues to be a
major problem for clinicians.’?

The secretion and composition of testis and adnexal glands are
being studied to further understand the male reproductive system.?
Inorganic elements present in the male reproductive system have
secured the attention of many investigators.’

Copper is an essential trace element. It is required in the diet
because it is the metal cofactor for a variety of enzymes (amine
oxidase, copper — dependent superoxide dismutase, cytochrome
oxidase and tyrosinase). Copper accepts and donates electrons
and is involved in reactions involving dismutation, hydroxylation
and oxygenation.! However, excess copper can cause problems
because it can oxidize proteins and lipids, bind to nucleic acids and

enhance the production of free radicals.* It is thus important to

Results: Seminal plasma copper level was decreased significantly
(p=0.000) in the azoospermic group compared to the control
group. Whereas, the level decreased non-significantly in the
oligozoospermic group. Seminal plasma magnesium levels were
decreased significantly (p=0.000) in all the infertility groups
studied. On the other hand, malondialdehyde levels which is
an end product of lipid peroxidation were significantly elevated
(p=0.000) in all the infertility groups studied.

Conclusion: Copper and magnesium work in different ways
in order to maintain normal environment for spermatozoa for

normal fertilization to occur.
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have mechanisms that will maintain the amount of copper in the
body within normal limits.* Copper after ingested in diet is carried
to the liver bound to albumin, then is taken up by liver cells, and
partofitis excreted in the bile. Copper also leaves the liver attached
to ceruloplasmin, which is synthesized in that organ.*

The level of ceruloplasmin may be increased due to an acute-
phase response, oestrogens or pregnancy’ The normal serum
copper is 10 -22 pmol/L.* Magnesium is the fourth most abundant
cation in the body. The adult human body contains approximately
1000 mmol, with about halfin bone and the remainder distributed
equally between muscles and other soft tissues.® Only 11-17 mmol
is found in the ECF, the plasma concentration being 0.8-1.2
mmol/L. The normal daily intake of magnesium (10-12 mmol)
is greater than is necessary to maintain magnesium balance
(approximately 8 mmol/ 24 hrs) and the excess is excreted through
the kidneys.* Magnesium acts as a cofactor for some 300 enzymes;
including enzymes involved in protein synthesis, glycolysis and the
transmembrane transport of ions.® A magnesium-ATP complex is
the substrate for many ATP-requiring enzymes such as alkaline
phosphatase, Hexokinase, fructokinase, phosphofructokinase,

adenyl cyclase, cAMP dependent kinases, amongst others.**
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Magnesium is important in the maintenance of the structure
of ribosomes, nucleic acids and some proteins.® There are two
major roles for magnesium in biological systems: (i) it can compete
with calcium for binding sites on proteins and membranes, and (ii)
it can form chelates with important intracellular anionic ligands,
notably adenosine triphosphate (ATP).”® The normal serum
magnesium level is 1.8-2.2 mg/dL. Out of this 60% is ionized, 10%
is complexed with other ions and 30% is bound to proteins.®

Several powerful oxidants are produced during the course of
metabolism, in both blood cells and most other cells of the body;
these include superoxide (O, ), hydrogen peroxide (H,0,), peroxyl
radicals (ROO") and hydroxyl radical (OH') and are referred to as
reactive oxygen species (ROS). Free radicals are atoms or groups of
atoms that have an unpaired electron.* Chemical compounds and
reactions capable of generating potential toxic oxygen species can
be referred to as pro-oxidants.* On the other hand, compounds and
reactions disposing of these species, scavenging them, suppressing
their formation, or opposing their actions are antioxidants and
include compounds such as nicotinamide adenine dinucleotide
(NADPH), glutathione, ascorbic acid and vitamin E. In a normal
cell, there is an appropriate pro-oxidant: antioxidant balance.

However, this balance can be shifted toward the pro-oxidants
when the production of oxygen species is greatly increased (eg,
following ingestion of certain chemicals or drugs) or when levels
of antioxidants are diminished (e.g. by inactivation of enzymes
involved in the disposal of oxygen species and by conditions that
cause low levels of the antioxidants mentioned above). This state
is called “oxidative stress” and can result in serious cell damage if
the stress is massive or prolonged. ROS are now thought to play an
importantrole in many types of cell injury, some of which can result
in cell death.* ROS are free radicals that play a significant role in
many of the sperm physiological processes such as capacitation,
hyperactivation and sperm-oocyte fusion. However, they also
trigger many pathological processes in the male reproductive
system, and these processes have been implicated in cancer of the
bladder and prostate as well as in male infertility.”'* Spermatozoa
are sensitive to oxidative stress because they lack cytoplasmic
defenses.!>*

Moreover, the sperm plasma membrane contains lipids in the
form of polyunsaturated fatty acids, which are vulnerable to attack
by ROS. ROS, in the presence of polyunsaturated fatty acids,
triggers a chain of chemical reactions called lipid peroxidation.'*"’
Malondialdehyde (MDA), an end product of polyunsaturated
fatty acid oxygenation, is a reliable and commonly used biomarker
for assessing lipid peroxidation.”® The measurement of MDA
is based on its reaction with thiobarbituric acid (TBA) to form
a colored MDA-TBA adduct.!® The aim of this study is to find

out the relation between oxidative stress and levels of copper and
magnesium in the seminal fluid from patients with different types

of infertility.
Methods

A case-control study was conducted in the Chemistry and
Biochemistry department, College of Medicine/Al-Nahrain
University, Baghdad, Iraq. After obtaining the approval of the
research and ethics committee of Al-Nahrain Medical College
and written consent from the patients, 78 infertile patients aged
33.014£4.20 years were enrolled throughout this study in the
period between September 2007 and February 2008.

The patients were without any treatment and had regular
unprotected intercourse for at least 12 months without conception
with their partners. The wives of the infertile subjects included had
no obvious causes for infertility like tubal blockage or ovulation
disorders. Patients who had infertility secondary to infection,
were taking medication, or had a congenital defect and had more
than 10° leukocyte/mL in their semen analysis were excluded from
this study. Also, individuals having diabetes or thyroid diseases,
patients who were on antipsychotic or antihypertensive drugs,
or taking alcohol, nicotine, vitamins, minerals and antioxidant
supplementation within the past three months were also excluded
from the study. 41 healthy donors with proven fertility and had
initiated a successful pregnancy within the last year and had a
normal spermiogram at the time of study were selected as controls.

The patients were categorized according to their seminal fluid
analysis parameters to oligozoospermic (n=43) and azoospermic
(n=35). Semen samples were collected from the males undergoing
infertility screening at Al-Kadhmiya teaching hospital and
institute of embryo research and infertility treatment/ Baghdad-
Iraq. The specimens were collected in sterile plastic containers
by masturbation after an abstinence period of 48-72 hours and
were analyzed within one hour of collection. After allowing
the specimen liquefy for 30 minutes, seminal fluid analysis was
performed to measure sperm concentration, normal sperm
morphology, progressive sperm motility in accordance with the
recommendations of the World Health Organization (WHO)."
The WHO criteria for sperm normality used were as follows: sperm
concentration >20 millions/mL of ejaculate, percentage of sperm
progressive motility (a+b) >50% and normal sperm morphology
>30%. Seminal plasma was separated by centrifugation at 800
x g for 15 minutes at room temperature. The supernatant was
removed immediately and kept in 20°C.

Seminal plasma copper and magnesium were measured by
atomic absorption spectrophotometry. Seminal plasma samples

were diluted (1:10) with deionized water for copper measurements
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and (1:50) with 1% lanthanum chloride for magnesium
measurement. Copper and magnesium were measured at the
wavelengths 324.7 nm and 285.2 nm respectively with Shimadzu
AA-6200 atomic absorption flame emission spectrophotometer.
All glassware used in the measurement of copper and magnesium
were boiled in 6 mole/L nitric acid for 60 minutes and then washed
twice with deionized water.

The amount of malondialdehyde (MDA) was determined by
the thiobarbituric acid (TBA) assay.?*? In brief, 100 p of seminal
plasma was diluted with deionized water to 1ml. To each diluted
sample, one-half ml of thiobarbituric acid (0.67%) was added. All
tubes were heated in a boiling water bath for exactly one hour and
centrifuged for 10 minutes at 1000 x g, then the supernatant was

separated carefully and the absorbance of the pink color formed

Table 1: Characteristics of Patients and Sperm parameters

was measured at 534 nm against an appropriate blank.

Most of the data were expressed in mean + SD, and analyzed by
one way analysis of variance (ANOVA) for multiple comparisons,
and Pearson’s Correlation coefficient (r) and student t-test for
paired results with significance level fixed at p=0.05. Statistical
analysis was performed using the Statistical Package for the Social

Sciences computer program (SPSS for windows, version 17.0).
Results

The characteristics of the subjects who participated in this
study with their seminal fluid parameters are listed in Table 1.
Table 2 illustrates the seminal plasma copper, magnesium and
malondialdehyde levels in the oligozoosperia, azoospermia and

normozoospermia groups.

Oligozoospermia  p value Azoospermia p value Normozoospermia
(n=43) (n=35) (n=41)
Age (year) 32.16+3.60 0.269 33.60+4.51 0.848 30.29£2.30
Duration of infertility (years) 3.61£1.10 - 5.22+2.66 - -
Seminal fluid volume (mL) 3.02+0.88 0.32 3.89+1.22 0.61 4.21+1.11
Sperm count (million/mL) 10.11+6.03 0.000 - - 88.85+25.41
Sperm progressive motility (a+b)% 62.87+5.41 0.152 - - 68.21+12.11
Sperm normal morphology (%) 75.13+18.21 0.131 - - 75.75+23.78
Table 2: Mean Seminal Plasma Copper, Magnesium and Malondialdehyde levels
Oligozoospermia  p value Azoospermia p value Normozoospermia
(n=43) (n=35) (n=41)
Copper (pg/mL) 169.52+15.77 0.370 128.34+21.83 0.000 173.29+19.3
Magnesium (mg/dL) 5.70+0.65 0.000 5.59+0.69 0.000 12.624+2.28
Malondialdehyde (pmole/L) 12.56+0.88 0.000 14.30+2.03 0.000 9.26+1.53
Seminal plasma copper levels correlated positively but not o o1
significantly (r=0.21,0.34; p>0.05) withnormal sperm morphology 2 0 P> 0.05 .
~ *
in the control and oligozoospermic groups respectively, (Figs. Z o0 ¢ ¢
5 . . . .
1,2). Also, seminal plasma magnesium levels were correlated § 180 e e tergss—y
. y 0. . g 160
significantly and positively (r=0.42; p<0.05) with normal sperm 5 a0 o o o o,
morphology in patients with oligozoospermia. (Fig. 3) & *
Seminal plasma copper levels were decreased significantly ,—: 100
(p=0.000) in the azoospermic patients and decreased non- E w0 60 70 80 90 100
significantly (p=0.370) in the oligozoospermic patients. There Sperm normal morphology
was a highly significant decrease (p=0.000) in magnesium levels (%)
in all the infertility groups studied with reference to the control

group. Malondialdehyde levels showed significant elevation
(p=0.000) over normal control values in the oligozoospermic and

azoospermic seminal plasma samples.

Figure 1: Pearson’s Correlation Plot of Seminal Plasma Copper

levels versus Normal Sperm Morphology in control group
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Figure 2: Pearson’s orrelation plot of seminal plasma copper levels

versus normal sperm morphology in patients with oligozoospermia
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Figure 3: Pearson’s correlation plot of seminal plasma magnesium
levels versus normal sperm morphology in oligozoospermic

infertility group

Discussion

Copper is involved in oxidation- reduction reactions and has
a dominant role in diverse proteins such as cytochrome oxidase
and cytoplasmic superoxide dismutase. In this study, there was a
significant decrease in seminal plasma copper levels in azoospermic
patients (p= 0.000) and this decrease may lead to a concomitant
decrease in the superoxide dismutase activity. Therefore, the
decrease in seminal plasma copper levels may be considered as
an important mechanism of increased oxidative stress in the
azoospermic infertile semen. On the other hand, copper reduces
the oxidative processes and glucose consumption, which reduces
or abolishes sperm motility.?* Generally, the trace elements zinc
and magnesium found in seminal plasma originates primarily
from the prostate gland and may reflect prostatic secretory
function.”?¢ Furthermore, such analysis is of great help in the
assessment of androgen activity and the functional status of the
genital glands. Infections of the prostate gland markedly decrease
the concentration of zinc and magnesium in semen.” Abou-shakra
et al. reported that magnesium may play a role in spermatogenesis

particulatly in sperm motility.?$%

The results from this study showed that there was a very
significant decrease in the infertile seminal plasma magnesium
levels of oligozoospermic patients (p=0.000) and azoospermic
patients (p=0.000) and this may indicate that magnesium may
be a good criterion for prostate function and for good sperm
quality. Also, seminal plasma magnesium correlated significantly
and positively with sperm morphology (r=0.42; p<0.05) of the
oligozoospermic group compared to the control group.

Levels of seminal plasma magnesium listed in Table 2 are in
agreement with Deger and Akkus (1988) who reported seminal
fluid magnesium levels equal to 11.943.0 mg/dL in fertile subjects
(n=37) and 6.9£2.1 mg/dL in different forms of infertile subjects
(n=45).>° On the other hand, the results from this study are
unlike those from a previous study conducted by Saaranen et al.
(1987).2' Hsieh et al. (2006) reported that the seminal plasma level
of MDA in a control group (n=20) was 1.52+0.75 nmole/mL and
2.2540.88 nmole/mL in the oligoasthenospermia group (n=31).*
On the other hand, Zarghami et al. (2005) mentioned that
seminal plasma MDA levels were higher in the asthenozoospermic
subjects rather than in the control subjects (0.72+0.06 pM versus
0.40£0.06 pM) 2!

The seminal plasma MDA level measured in this study was 9.26
+1.53 pM in control group, 12.56+0.88 uM in the oligozoospermia
group and 14.30 £2.03 pM in the azoospermia group. These
results were different from those obtained by Zarghami et al.
in 2005 and by Hsieh et al. in 2006.2%** Oligozoospermia and
azoospermia were associated with higher seminal plasma MDA
activity (p=0.000). Increased MDA activity could represent the
pathologic lipid peroxidation of the spermatozoa membrane
and the following inhibition of sperm motility and viability.** A
positive correlation was found in this study between the seminal
plasma MDA concentration and sperm concentration (r=0.206;
p>0.05) in the oligozoospermic group and this finding was
incompatible with the studies of Geva et al. in 1996, Fraczek et
al. in 2001 and Kobayashi et al. in 1991.2%> Also from this study,
there was no significant correlation between seminal plasma MDA
and sperm progressive motility (data not listed) and this was
inconsistent with the study conducted by Suleiman et al. in 1996.3¢
The positive association (r=0.21, 0.34 ; p>0.05) between seminal
plasma copper and normal sperm morphology in the control and
oligozoospermic groups respectively may indicate that copper
ion is essential for maximal superoxide dismutase activity which
is considered as the principal antioxidant enzyme that may lead
to less free radical formation during the spermatogenesis process
and to increased normal sperms formed in morphology. On the
other hand, magnesium was correlated significantly and positively
(r=0.42, p<0.05) in the oligozoospermic group and this finding
may be caused by normal and well functioning prostate gland

activity.
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Conclusion

In view of this study and the available literature, two conclusions

can be drawn. Firstly, it could be that the functions performed by

different elements are not the same and this could be for providing

a suitable medium for the survival of spermatozoa, stimulation

its actions, facilitating the entrance to the ova during fertilization

or functioning as an integral part of its membrane. The second

conclusion could be that there is no direct association between

malondialdehyde and copper or magnesium levels.
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