Original Article

Effect of Zinc Supplementation on Urate Pathway Enzymes in
Spermatozoa and Seminal Plasma of Iraqi Asthenozoospermic
Patients: A Randomized Clinical Trial

Abdul Razzaq S. Alsalman, Ph.D.", Lamia A. Almashhedy, Ph.D.2 Abdulsamie H. Alta'ee, Ph.D." 3, Mahmoud H. Hadwan, Ph.D.*

1. College of Medicine, University of Babylon, Hilla, Iraq
2. Chemistry Department, College of Science, University of Babylon, Hilla, Iraq
3. College of Pharmacy, University of Babylon, Hilla, Iraq

Abstract
Background: Uric acid (UA) is crucial for sperm metabolism as it protects seminal plasma against oxidative dam-
age. Zinc also plays a central role in sperm metabolism. The current study was designed to investigate the role of zinc
supplementation on qualitative and quantitative properties of seminal fluid, in parallel with the UA level and urate
pathway enzymes in the semen of patients with asthenozoospermia.

Materials and Methods: The study was designed as a randomized clinical trial of 60 asthenozoospermic subfertile men.
The current study, which was conducted during one year, involved 60 fertile and 60 asthenozoospermic subfertile men
belonging to Hilla City, Iraq. Semen samples were obtained from the participants before and after treatment with zinc
supplements. The levels of UA, xanthine oxidase (XO), adenosine deaminase (ADA) and 5'-nucleotidase (5'-NU) activi-
ties were determined in spermatozoa and seminal plasma of both groups.

Results: UA levels (P=0.034) and 5'-NU activity (P=0.046) were significantly lower but ADA (P=0.05) and XO (P=0.015)
activities were significantly higher in infertile men than in healthy men. Treatment with zinc sulfate induced an increase in UA
(P=0.001) level and 5'-NU activity (P=0.001), but a decrease in ADA (P=0.016) and XO (P=0.05) activities.

Conclusion: Zinc supplementation restores UA levels and the activities of enzymes involved in the urate pathway
(XO and ADA) in the seminal plasma and spermatozoa of patients with asthenozoospermia, to reference values. Sup-
plementation of Zn compounds enhances the qualitative and quantitative properties of semen (Registration number:

NCT03361618).
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Introduction

Male infertility as an underlying cause of subfertility,
is observed in approximately 20% infertile couples.
Although the percentage reaches up to 40% couples,
both female and male factors are accounted. Thus, half
of all infertility cases are caused by male-related factors
(1). Asthenozoospermia, or low sperm motility, may be
caused by sperm structural or functional deficiencies,
a harmful effect of seminal plasma, or a combination
of these factors. There are numerous factors, such as
oxidative stress and nutritional insufficiency, contributing
to male infertility (2). Although zinc is found in most
food types, the World Health Organization (WHO)
estimates that 33% of the world population suffer from
zinc deficiency (3). Zinc is a fundamental micronutrient
essential for different biochemical functions in mammals.
Zinc has two forms: the first is found in the muscles, most
of which is inadequately exchangeable and closely bound

to high molecular weight ligands, such as nucleic acids,
nucleoproteins, and metalloproteins; and the second form
is freely exchangeable and is tightly bound to citrate and
amino acid (4). Zinc is involved in cell differentiation
and proliferation by regulating protein synthesis, nucleic
acid metabolism, and secretion of growth hormone,
testosterone, prolactin, and other steroid hormones. Zinc
acts as a structural component of several enzymes that
participate in DNA synthesis and transcription. It is also
attached to zinc-binding proteins of more than thousands
of transcription factors where these factors supply a
platform for interaction with proteins or nucleic acids (5).

The level of production of reactive oxygen species
(ROS) in male reproductive tract, is of crucial importance
because of the possible noxious properties of high
concentrations of ROS; these noxious effects affect the
physical properties of semen quality (6). Normal levels
of ROS are essential for the regulation of normal sperm
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functions (7), motility, hyperactivation, and capacitation
and acrosome reaction and sperm-oocyte fusion (8).
Conversely, elevated concentrations of ROS can
negatively affect semen quality. Pathological effects of
ROS include increased lipid peroxidation (LPO) levels,
decreased sperm motility, DNA damage, and apoptosis
(9). Oxidative stress-induced sperm damage has been
explained to be a significant contributing factor in 30-80%
of all cases of male subfertility (10). Men with subfertility
who produce high concentrations of ROS, are seven times
less likely to create a pregnancy compared with those
producing low concentrations of ROS. ROS production
can be aggravated by environmental, infectious, and
lifestyle etiologies (11).

Uric acid (UA) is the final compound of nucleotide
catabolism. It reacts with oxidants as an essential water-
soluble antioxidant. Consequently, UA has a possible
function in resisting spermatozoal oxidative damage. The
regulatory effector (adenosine) and cell energy compound,
adenosine triphosphate (ATP), were maintained by
adenine nucleotide catabolism that embodies central
pathways of the intermediary metabolism. In most
tissues, an ideal adenine nucleotide pool is provided via
a specialized mechanism that correlates with adenosine
5’ monophosphate (AMP) metabolism (12). Two
fundamental enzyme sequences normally participate in the
catalysis of the original AMP metabolism pathway. The
first is AMP deaminase, which catalyzes the deamination
of AMP to produce inosine monophosphate (IMP). The
second is 5’-nucleotidase (5’-NU), which catalyzes the
dephosphorylation of AMP to produce adenosine. The
catabolism process further includes the conversion of
adenosine to inosine via adenosine deaminase (ADA)
catalytic activity. Xanthine oxidase (XO) catalyzes the
terminal degradation of purine bases that generate UA,
which is the final product of purines catabolism. ROS are
produced during the enzymatic reaction of XO (13).

The proposed defensive role of UA against ROS in
human seminal plasma has not been adequately tested.
Only few research studies investigating the levels of UA
in seminal fluid and the antioxidative resistance function
of UA (14), have been published in scientific journals.

Furthermore,  considerable  controversies  and
inconsistencies exist in the literature. Although UA
is an essential part of the total antioxidant status of
human seminal fluid, which is reduced in subfertile
subjects (12), another study (14) documented that UA
levels were reduced in patients with normozoospermia.
Consequently, the accurate UA level in seminal fluid is
still undetermined.

Although few reports have investigated the association
between subfertility and UA levels in semen, to the
best of our knowledge, no study has reported the
effects of asthenozoospermia treatments, such as oral
zinc supplementation, on the activity of urate-related
enzymes, which are important in fertility of the humans.
The present study was designed to investigate the effect
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of zinc treatment on the qualitative and quantitative
properties of semen, as well as UA concentrations and
urate-related enzymes in the seminal fluid of men with
asthenozoospermia.

Materials and Methods
Objectives

The primary objective was to determine the effect of zinc
treatment on the qualitative and quantitative properties of
semen. The secondary objective was to investigate the
effect of zinc treatment on the UA concentrations and
urate-related enzymes in the seminal fluid of men with
asthenozoospermia.

Study design

The trial was designed as a randomized clinical trial.
The randomized trial was designed as a parallel group,
superiority trial with 1:1 allocation ratio. No placebo
was used in the current study. Double blind trial was
applied for both the investigator and subject. The time
of random allocation was completed immediately after
the assessment for eligibility. Sixty male partners (age
32.8 £ 3.57 years) with subfertility were included in the
present study. All couples were consulted at the Infertility
Clinic of the Babylon Teaching Hospital of Maternity
in Babylon governorate, Hilla City, Iraq from July 2011
to July 2012. Sample size was estimated according to
Kadam and Bhalerao (15) method.

n=[2(Za+Z1-B)*c?]/A?

n=number of samples

Za, is 1.96 (constant that obtained from ref (15)).

Z1-B, is 0.8416 (constant that obtained from ref (15),
when a study has 80% power.

o = population standard deviation, it is equal to 1.23
according to published article.

A= the difference in effect of two interventions. i.e., it is
equal to 3.66-3.04= 0.62.

The method that was used to generate the random
allocation sequence, includes using a random-numbers
table. Type of randomization is block randomization
works by randomizing participants within blocks and
allocates an equal number to each group. Professor
Abdul Razzaq Alsalman generated the random
allocation sequence, enrolled participants, and assigned
participants to interventions. Figure 1 shows the flow
of participants recruitment in this trial. A physical
examination was completed, and complete medical
history was recorded for each participant. Subjects who
were administered with antioxidant supplementation
or any other medication during the study period, were
excluded from the study. The study was approved by
The Institutional Research Ethics Committee [Ethics
Committee (University of Babylon/College of Science),
Reference number of approval: 545], and informed
consent was obtained from all individual participants



included in the study. The criteria for inclusion in the
study were presence of asthenozoospermia, absence of
varicocele, female factor infertility, and endocrinopathy.
Smokers were excluded from the study because of
their distinguished low antioxidant concentrations and
elevated seminal ROS concentrations. The selection
criteria for inclusion into the fertile group, were as
follows: those with children born within the previous
year, absence of asthenozoospermia, endocrinopathy, and
varicocele. All seminal analyses were performed based
on the 2010 WHO recommendation. These analyses
included checking for semen pH, sperm motility, semen
volume, semen concentration, normal sperm, and round
cell morphology (16). No changes were made to the
methods during the study period.

Assessed for eligibility (n=130)

Excluded (n=10)

+ Not meeting inclusion criteria (n=6)
+ Declined to participate (n=0)

+ Other reasons (n=4)

Randomized (n=120)

Allocated to intervention (n=60)
* Semen sample was obtained for analysis
e Clinical parameter was measured

No treatment (n=60)

« Semen sample was obtained for analysis
e Clinical parameter was measured

l

Treatment with zinc sulfate, every participant took No placebo was use in comparison group
two capsules of zinc sulfate (220 mg) per day for (n=60)

three months (n=60)

« Semen sample was obtained for analysis
e Clinical parameter was measured

« Semen sample was obtained for analysis
e Clinical parameter was measured

Fig.1: Flow of participants recruitment in the present trial.

Preparation of spermatozoa and seminal plasma for
biochemical analysis

Spermatozoa were separated from the seminal plasma 1
hour after semen collection. Subsequently, 2 ml of semi-
nal fluid was centrifuged at 1600 g for 15 minutes at 2°C
and stored at -30°C until biochemical assessment. The
pellet was washed with ten volumes of NTPC medium
(a medium composed of NaCl, NaH,PO,, Na,HPO,, Tris,
EDTA, CaCl,, and D-glucose) and centrifuged at 1600 g
for 10 minutes at 2°C. This washing process was repeated
thrice. The resultant pellet was vigorously mixed with
0.1% Triton X-100 and was then recentrifuged at 8000 g
for 30 minutes in a refrigerated centrifuge. The superna-
tant was used for biochemical assessments.

Semen samples were obtained from participants before
and after treatment with two capsules of zinc sulfate (220
mg) per day for three months. The collected samples were
categorized into three groups: group 1 (G1): healthy fer-
tile subjects; group 2 (G2): patients with subfertility be-
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fore treatment; and group 3 (G3): patients after treatment.

Preparation of NTPC medium

The medium contained Tris buffer (20 mM, 0.242 g/100
ml), D-glucose (1.5 mM, 0.0027 g/100 ml), Ethylenedi-
aminetetraacetic acid (EDTA) (0.4 mM, 0.0148 g/100
ml), NaCl (113 mM, 0.66 g/100 ml), Na, HPO, (2.5 mM,
0.0355 g/100 ml), NaH_PO, (2.5 mM, 0.3 g/100 ml), and
CaCl, (1.7 mM, 0.0188 g/100 ml). Finally, pH was ad-
justed to 7.4 using 0.1 M HCI. D-glucose was procured
from Sigma, USA. Other chemicals were obtained from
BDH Chemicals Ltd, Poole, Dorset, UK.

Reagents and solutions

All reagents and solutions were obtained from standard
commercial suppliers, were of analytical grade and were
used without further purification.

Biochemical methods
Determination of the adenosine deaminase activity

ADA was measured using the protocol described
by Martinek (17), in which the ammonia produced by
deamination reaction reacts with hypochlorite to form an
intermediate, monochloramine, which in turn reacts with
added phenol to form blue-color indophenols that have
maximum absorption at 640 nm. The reaction mixture
was composed of 0.5 ml of buffered substrate (adenosine;
pH=7.05) and 0.05 ml of specimen incubated for 3 minutes
at 37°C in a water bath. Then, 2.5 ml of phenol reagent
and subsequently, 2.5 ml of hypochlorite reagent were
added. Absorption was read at 640 nm, against the reagent
blank. Test units activity of ADA activity is obtained from
the calibration curve.

Determination of xanthine oxidase activity

XO activity was determined using Hadwan et al. (18)
method. This method is based on the reaction between
H,O, and thiamine to produce fluorescent thiochrome
with excitation and emission wavelengths of 370 and 425
nm, respectively. Reaction mixture consisted of 30 pl of
specimen, 0.3 mM xanthine and 50 mM 3-aminotriazole
dissolved in 1000 pl of 50 mM sodium phosphate buffer
(pH=7.4). XO activity was obtained from the standard
curve plotted for concentration of hydrogen peroxide
against fluorescence intensity.

Determination of 5'-nucleotidase activity

U activity was done using Hadwan et al. (19) method, in
which phosphate is liberated by the reaction of molybdate
in the acidic medium leading to formation of a complex of
phosphomolybdate, which is in turn reduced to unstable
molybdenum blue. A volume of 0.2 mL of a specimen
was taken, and then 0.1 mL of 0.02 M MnSO4 and 1.5
mL of 40 mM (pH=7.5) barbitone buffer, were added.
One unit of activity of 5>-NU is defined as the release
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of 1 pumol inorganic phosphate per minute. The level
of UA in serum was enzymatically measured using the
Biomeghrib® kit (Morocco).

Statistical analysis

SPSS 21 software (SPSS Inc., Chicago, IL, USA) was
used for statistical analysis. Results are expressed as mean,
standard deviation (SD), standard error (SE), and range. Data
were analyzed using one-way analysis of variance (ANOVA).
The Kolmogorov Smirnov test was used to verify if data
followed normal distribution. A significance level of P<0.05
was considered to estimate differences in mean values of the
following three groups: G1 (healthy donors), G2 (patients
before treatment), and G3 (patients after treatment).

Results

Table 1 presents the baseline values of the semen
parameters. The ejaculated seminal fluids after treatment
were reported in Table 1 in order to easily compare it
with the baseline data. The patients in the present study
were classified into three groups: G1 (healthy donors),
G2 (patients before treatment), and G3 (patients after

treatment). Seminal parameters were significantly
decreased in the subfertile group (G2) compared to
healthy donor group (G1). Seminal parameters were
included normal sperm count (P=0.023), progressive
sperm motility (P=0.001), and semen volume (P=0.042).
The results presented significant improvements in
ejaculate properties in the group treated with zinc
compared to the same group before treatment with zinc.
Seminal parameters were included the normal sperm
count (P=0.03), progressive sperm motility (P=0.005),
and semen volume (P=0.037).

The UA levels and 5°-NU, ADA, and XO activities
of seminal plasma and spermatozoa in the patients
and healthy groups are presented in Tables 2, 3, 4, and
5, respectively. As compared with healthy subjects
(G1), the spermatozoa and seminal plasma of patients
with asthenozoospermia (G2) indicated decreases in
UA levels and 5’-NU activity but increases in ADA
and XO activities. However, zinc supplementation
restored the seminal plasma concentration of UA
(P=0.034) and activities of 5’-NU (P=0.046), ADA
(P=0.05) and XO (P=0.015) to normal levels in treated
patients (G3).

Table 1: Parameters of ejaculated seminal fluids in asthenozoospermic patients and healthy subjects

Name of group Volume (mL) Sperm count (x10°) Progressive sperm motility (%)  Normal sperm form
(%)
Healthy donors (G1) 2.8+0.53 77+9 69 +8 38+9
Patients before treatment (G2) 1.83 +0.66 47 +21° 21+9° 21+ 11
(P=0.042) (P=0.023) (P=0.00) (P=0.005)
Patients after treatment (G3) ~ 2.39 +0.9™ 70+ 15 39+ 14™ 33+£7"
(P=0.037) (P=0.03) (P=0.05) (P=0.041)

Data are presented as mean * SD. *; Significance versus group | (healthy donors) and **; Significance versus group Il (patients before treatment).

Table 2: Uric acid levels in seminal plasma (uLM/L) and spermatozoa (uM/10® spermatozoa) of asthenospermic patients and healthy subjects

Name of group  Source Mean = SD +SE 95% confidence interval for mean Compared groups P value
Lower bound Upper bound
Gl Seminal plasma 14390 +44.44  5.73 124.68 163.11 2 0.034"
3 0.185
G2 Seminal plasma 109.85+53.48 6.9 86.72 132.98 1 0.034"
3 0.001"
G3 Seminal plasma 16498 +60.84  7.85 138.66 191.29 1 0.185
2 0.001"
Gl Spermatozoa 77.61 £22.47 2.9 59.33 95.89 2 0.05"
3 0.952
G2 Spermatozoa 53.65 +14.27 1.84 43.58 63.71 1 0.05"
3 0.05
G3 Spermatozoa 76.87 +24.17 3.12 53.45 100.3 1 0.952
2 0.05"

*; Significance versus group | (healthy donors), SD; Standard deviation, and SE; Standard error.
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Table 3: 5’-nucleotidase activity in seminal plasma (U/l) and spermatozoa (U/10% spermatozoa) of asthenospermic patients and healthy subjects

Name of group Source Mean+SD  +SE 95% confidence Interval for mean Compared groups P value
Lower bound Upper bound
Gl Seminal plasma  9.57 +2.68 0.34 6.71 12.43 1 2 0.046
3 0.062
G2 Seminal plasma  5.85+1.86 0.24 3.18 8.52 2 1 0.046"
3 0.000"
G3 Seminal plasma  13.04 +3.60 0.46 10.49 15.59 3 1 0.062
2 0.000"
Gl Spermatozoa 17.09+6.88  0.89 15.38 21.80 1 2 0.045
3 0.943
G2 Spermatozoa 11.30+5.12  0.66 9.81 15.78 2 1 0.045"
3 0.050"
G3 Spermatozoa 16.89+£596 0.76 13.89 19.98 3 1 0.943
2 0.050"
*; Significance versus group | (healthy donors), SD; Standard deviation, and SE; Standard error
Table 4: Adenosine deaminase activity in seminal plasma (U/I) of asthenospermic patients and healthy subjects
Name of group Mean = SD +SE 95% confidence interval for mean Compared groups P value
Lower bound Upper bound
Gl 22.39+4.87 0.62 15.68 29.10 1 2 0.050"
3 0.476
G2 41.18+12.42 1.06 29.29 53.08 2 1 0.050"
3 0.016
G3 15.92 £5.01 0.64 19.93 29.90 3 1 0.476
2 0.016

*; Significance versus group | (healthy donors), SD; Standard deviation, and SE; Standard error

Table 5: Xanthine oxidase activity in seminal plasma (mU/I) and spermatozoa (mU/10® spermatozoa) of asthenospermic patients and healthy subjects

Name of group  Source Mean + SD +SE 95% confidence interval for mean Compared groups P value
Lower bound Upper bound
Gl Seminal plasma 128 + 34.10 4.04 98.06 188.28 1 2 0.015"
3 0.555
G2 Seminal plasma 218 + 53.11 6.85 173.88 263.64 2 1 0.015"
3 0.050"
G3 Seminal plasma 151 +46.78 6.03 97.09 201.02 3 1 0.555
2 0.050"
Gl Spermatozoa 110.65+38.27 4.94 77.46 143.83 1 2 0.035"
3 0.436
G2 Spermatozoa 199.88+57.97 7.48 151.40 248.34 2 1 0.035"
3 0.050"
G3 Spermatozoa 143.94 +£63.40 8.18 97.18 205.07 3 1 0.436
2 0.050"

*; Significance versus group | (healthy donors), SD; Standard deviation, and SE; Standard error
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Discussion

The results of the current study showed that
supplementation of zinc enhanced the semen quality
in infertile men. Our findings verified the data reported
by a previous study (6) which linked the enhancement
of semen quality to the biological properties of zinc,
such as spermatogenesis induction, stimulation of sex
organs growth , activation of Sa-reductase enzyme that
is necessary for the conversion of testosterone into the
chemically active form, Sa-dihydrotestosterone and
increment of the activity of Zn-containing enzymes that
play significant roles in sperm motility such as lactate
dehydrogenase and sorbitol dehydrogenase. Fallah et al.
(3), highlighted the importance of Zn content of seminal
plasma for men’s health, normal sperm function,
fertilization and germination. On the other hand, highly
toxic levels of zinc may have harmful effects on sperm
quality.

Compared with the control group, UA concentrations
were significantly decreased in the spermatozoa and
seminal plasma of the patients with asthenozoospermia.
Former studies did not report the main reason
underlying decrement of UA levels in patients with
asthenozoospermia (20). However, decreased UA
could be related to elevated peroxynitrite levels in the
seminal plasma of patients with asthenozoospermia.
UA acts as a scavenger of peroxynitrate, to produce
nitrated UA (21).

Oxidative stress might be the main reason for the
depletion of UA in the spermatozoa and seminal plasma
of patients with asthenozoospermia; UA was speculated
to have ROS scavenging activity, and regular treatment
with UA was documented to enhance antioxidant
capacity (22). Mikami et al. (23) demonstrated a
significant reverse correlation between oxidative stress
and UA levels. UA reacts with ROS and convert them to
an oxidized form, in mammalian tissues. Its action as an
antioxidant is a so-called comprehensive mechanism in
mammalian tissues, where it may offer an oxidizable co-
substrate role to any attacking ROS, therefore, protecting
the macromolecules from oxidative stress injury (20). In
addition, UA preserves the integrity of cell membranes
by preventing membrane LPO. It also participates in
the stabilization of vitamin C antioxidant activity in the
seminal plasma (24).

Administration of zinc salt supplements increases
the UA concentration in asthenozoospermic seminal
plasma to the reference range; this may be attributed to
two mechanisms. First, it improves the total antioxidant
status (6). Second, they induce the production of
metallothioneins, which are low molecular mass zinc-
binding proteins (5) that remove peroxynitrite from
seminal plasma.

Hydrolysis of ATP produces adenosine that
adapts to various reproductive functions, such as
those involving contraction, steroidogenesis, and
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maintenance of fluid composition. Interestingly,
adenosine might act as a key capacitative modulator
for mammalian spermatozoa to achieve fertilization
(25). Extracellular nucleotide levels are influenced
by cell surface ectonucleotidases. 5’-NT (EC 3.1.3.5)
is a glycoprotein tightly bound to the membrane of
mammalian spermatozoa and is an ectoenzyme with its
active site facing the external medium (26). The 5’-NT
of seminal plasma is a metalloprotein containing two
zinc atoms per subunit of dimeric protein. Removal of
the two zinc atoms from the enzyme molecule, results
in a completely inactive apoenzyme (27). This enzyme
is generally used in diagnosing plasma membrane
abnormalities. The development of sperm fertilization
and migration primarily depends upon the plasma
membrane. A decrease in 5’-NT activity is usually
regarded as a damage to the membrane architecture
caused by elevated ROS concentrations in biological
samples (28). Extracellular AMP is hydrolyzed by 5°-
NT to free phosphate and adenosine. The present study
demonstrates significant depletion of 5’-NT activity in
the semen of patients with asthenozoospermia. This
decrease may cause spermatozoal damage owing to
exposure to ROS, which may consequently disturb
membrane integrity and function. The most commonly
proposed reason for this depletion has been the oxidative
modification of 5°-NT sulthydryl (-SH) groups and
the reaction with LPO end-product. This impression
comes from a previous study which reported powerful
inhibition of 5’-NT activity by damaged sulfhydryl
groups’ compared with several other enzymes (29).
Also, decreased 5°-NT activity may be caused by
elevated NO levels in the asthenozoospermic semen.
Siegfried et al. (30) reported that NO interacts with ecto-
5’-NT and S-nitrosylation of 5’-NT probably results in
inhibition of the enzyme activity. Overproduction of
NO may cause an impairment of 5’-NT activity in vivo.

The enzyme that is subsequently produced in
nucleotide catabolism is ADA, (EC. 3.5.4.4), also
known as adenosine aminohydrolase. This enzyme
irreversibly deaminates 2’-deoxyadenosine and
adenosine to deoxyinosine and inosine. ADA is widely
distributed among prokaryotic and eukaryotic cells.
It is essential for the proliferation, maturation, and
differentiation of lymphocytes (31). The active site of
this metalloenzyme consists of Zn?>" that is present in
the deep site of cavity and coordinates with enzyme
substrate and four amino acid residues (His 15, 17, and
214 and Asp 295). Zn*" is considered a sole cofactor of
ADA activity (32).

The ADA values in the present study were found to
be significantly elevated in asthenozoospermic patients
compared with controls. The proposed mechanisms for
increased ADA activity could be related to the increase
of leukocyte levels and inflammatory conditions in
seminal plasma in patients with asthenozoospermia
(2). A previous study also reported that ADA activity
increased in inflammatory diseases, indicating activation



and proliferation of T-cells. Thus, ADA is regarded
as a T-cell activation marker (33). Erkili¢ et al. (34)
documented that ADA increases the overproduction of
ROS, suchasH,0,,0,",NO, and '0,. The overproduction
of ROS generates oxidative stress, which amplifies
inflammatory responses by propagating LPO adjacent
to the membrane; this may initiate the development of
spermatozoal dysfunction.

Decreased 5°-NT activity and increased ADA activity
inevitably lead to decreased adenosine levels. These
conditions lead to increased oxidative stress and
generate unwanted complications because the amount
of remaining adenosine is insufficient to perform
its physiological functions. To exhaust extracellular
adenosine, adenosine receptors play a role in the
lowering vascular tone (35). In addition, adenosine is
an essential anti-inflammatory agent, which suppresses
tumor necrosis factor-alpha (TNF-a) production
in monocytes and macrophages, thereby inhibiting
the liberation of arachidonic acid and leukotriene
production in neutrophils (36). Adenosine acts as an
endogenous activator in antioxidant enzyme pathways
(37). The 5’NU/ADA dynamic ratio was found to be
increased in the group treated with zinc, indicating that
adenine nucleotide metabolism may tend to stimulate
adenosine production and therefore increase the pool of
adenosine. The zinc supplementation decreased ADA
activity owing to its anti-apoptotic and antioxidant
properties.

The doses used in the present study were the same as
those used in previous studies. Zinc sulfate (ZnSO,) was
used as an antioxidant in previous clinical studies (38).
The dosage of ZnSO, used in previous clinical trials
ranged from 66 to 500 mg, and the treatment duration
ranged from 13 to 26 weeks. The results of these clinical
trials have indicated positive benefits of ZnSO,. No
negative results for use of ZnSO, were reported in the
previous studies; hence, investigators inferred that the
dosage used was safe.

XO is a metalloenzyme containing iron, sulfur, and
molybdenum in its active site; it has various functions and
is widely distributed in the endothelial cells of sinusoids
and capillaries (12). XO has two forms and functions:
xanthine dehydrogenase (more predominant) and XO.
The predominant form of XO oxidizes hypoxanthine
to xanthine and UA via its dehydrogenase activity and
generates NADH, whereas the minor XO with oxidase
activity, produces O,". The predominant XO could be
modified to oxidase XO either by reversible oxidation
of thiol groups in its active site or by an irreversible
proteolytic attack. The formation of O, by XO was
intensively studied in experimental oxidative stress in
seminal fluids (39).

The results of the present study showed a significant
elevation in XO activity in asthenozoospermic
samples compared with the control group. Increased
XO activity could be related to the conversion of the
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dehydrogenase form of XO into the oxidase form, by
reversible oxidation of thiol groups or by irreversible
proteolytic attack caused by elevated peroxynitrite
levels. Also, increased activity of ADA that elevates
the xanthine pool could contribute to increased XO
activity. Thus, the high activity of XO can be explained
by the high xanthine levels present in the semen of
patients with asthenozoospermia, because xanthine is
one of the substrates of XO. Therefore, the elevated
levels of xanthine require elevated XO activity, which
might tend to generate high oxidative stress.

Anincrease in the activity of the ADA and XO enzymes
with contradictory low levels of UA in patients group, is
attributed to the paradoxical effect of elevated oxidative
stress on ADA enzyme, XO enzyme and UA.

Supplementing Zn as an inhibitor of XO activity
has been paid great attention. Zinc supplementation
restores XO in the seminal plasma and spermatozoa of
patients with asthenozoospermia to reference values.
You et al. (40) documented that Zn compounds act
as XO inhibitors. XO is a rate-limiting enzyme in the
degradation pathway of purine nucleotide. Because
XO is considered one of the major generators of ROS,
decreases in its activity may contribute to the reduction
of LPO levels by dietary zinc supplementation. A
limitation of the present trial was that the measurements
of enzymes were completed without blinding the
biochemist to the investigational groups, which has the
potential for bias. Also, serum zinc status of subjects
was not determined, and the study lacked a placebo-
treated group. However, potential bias was reduced
by random assignment of participants and through
following the standardized protocol by the investigator.
Although, zinc sulfate was previously used several
times to treat asthenozoospermia, the present study
should be repeated in different target populations to
establish the external validity.

Conclusion

Zinc supplementation restores UA levels and the
activities of enzymes involved in the urate pathway (XO
and ADA), in the seminal plasma and spermatozoa of
patients with asthenozoospermia, to reference values.
Supplementation of Zn compounds enhances the
qualitative and quantitative properties of semen.
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