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Abstract

It has been reported that mental stress causes abnormality of spermio-
gram parameters. We investigated the effect of psychological stress on
the L-arginine-nitric oxide (NO) pathway. Semen samples were col-
lected from 29 healthy fourth semester medical students just before
(stress) and 3 months after (non-stress) the final examinations. Psy-
chological stress was measured by the State Anxiety Inventory ques-
tionnaire. After standard semen analysis, arginase activity and NO
concentration were measured spectrophotometrically in the seminal
plasma. Measurements were made in duplicate. During the stress
period, sperm concentration (41.28 ± 3.70 vs 77.62 ± 7.13 x 106/mL),
rapid progressive motility of spermatozoa (8.79 ± 1.66 vs 20.86 ±
1.63%) and seminal plasma arginase activity (0.12 ± 0.01 vs 0.22 ±
0.01 U/mL) were significantly lower than in the non-stress situation,
whereas seminal plasma NO (17.28 ± 0.56 vs 10.02 ± 0.49 µmol/L)
was higher compared to the non-stress period (P < 0.001 for all).
During stress there was a negative correlation between NO concentra-
tion and sperm concentration, the percentage of rapid progressive
motility and arginase activity (r = -0.622, P < 0.01; r = -0.425, P < 0.05
and r = -0.445, P < 0.05, respectively). These results indicate that
psychological stress causes an increase of NO level and a decrease of
arginase activity in the L-arginine-NO pathway. Furthermore, poor
sperm quality may be due to excessive production of NO under
psychological stress. In the light of these results, we suggest that the
arginine-NO pathway, together with arginase and NO synthase, are
involved in semen quality under stress conditions.
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Introduction

Stress is one of the most important health
and social problems. It is responsible for
various diseases such as atherosclerosis and
gastrointestinal system pathology (1,2). Al-
though stress has been implicated as a co-
factor in the severity and progression of a

number of diseases, the potential role of
stress in semen quality has received very
little scientific attention. The prevalence of
infertile couples is ~10-15% of all couples.
The causes of infertility can be divided into
four major categories: pure male factor, pure
female factor, anomalies detected in both
partners, and unexplained infertility (3). Psy-
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chological distress has often been suggested
as a cause of unexplained infertility (4).
Clinical observations and experimental stud-
ies have shown that stress suppresses the
sexual/reproductive function (5). While the
effects of psychological stress on females
have been well studied (6,7), comparatively
little is known about the impact of emotional
stress on males. Male infertility accounts for
40% of all infertility problems (8). Previous
studies have indicated that stress has a nega-
tive impact on various parameters associ-
ated with semen quality, including sperm
concentration, motility and morphology (9-
11). The degree of psychosocial stress has
been found to be higher in infertile couples
than in fertile controls (4,10). An inverse
relationship between semen quality and psy-
chological stress has been detected in infer-
tile subjects undergoing in vitro fertilization
(9,11).

Nitric oxide (NO) is a highly reactive
free radical gas which has been shown to
possess an extraordinary variety of biologi-
cal functions. NO is synthesized from L-
arginine by a family of isoenzymes known
as the NO synthases (NOS, EC 1.14.13.39)
(12). NOS has been found in the male repro-
ductive system (13). NO has a dual function,
being both a cytotoxic and necessary mole-
cule for normal sperm production. Under
physiological conditions, NO plays an im-
portant role in normal sperm production and
motility. Low NO concentrations have been
shown to enhance sperm motility (14),
whereas high NO concentrations reduce it
(15).

Arginase (EC 3.5.3.1) is an enzyme of
the urea cycle that catalyzes the hydrolysis
of L-arginine to urea and ornithine in liver.
Extrahepatic arginase may play a role in
reactions other than those of the urea cycle.
In mammals, it is also found in the prostate,
testis, epididymis, seminal plasma, and hu-
man sperm cells (16). Since arginase is an
arginine-depleting enzyme, it is an impor-
tant part of the cellular arginine regulatory

system affecting NOS activity (17).
Most studies investigating the associa-

tion between psychological stress and se-
men quality have lacked information on bio-
chemical parameters and the effect of stress
alone on semen quality. Infertility itself and/
or its therapy may be stressors; on the other
hand, stress may also cause infertility. For
this reason, we investigated the effect of
stress alone on the semen quality and L-
arginine-NO pathway. We studied semen
samples from medical students, because
medical students in Turkey must complete
an intensive program, especially in the 2nd
year. Therefore, stress is very common among
medical students during the course of their
training and they are more stressed during
final examinations.

Material and Methods

Patients and samples

The Institutional Ethics Committee ap-
proved the study according to the principles
of the Declaration of Helsinki and informed
written consent was obtained from each sub-
ject. All subjects were nonsmokers and none
were currently taking any medication. Their
cortisol, total testosterone, prolactin, follicle-
stimulating hormone, and luteinizing hor-
mone levels were within reference values
(18.14 ± 3.98 µg/dL, 517.38 ± 95.45 ng/dL
and 5.62 ± 2.06 ng/mL, 3.03 ± 0.91 and 2.84
± 1.33 mIU/mL, respectively). Subjects with
diabetes mellitus, renal and hepatic disease
or hormonal dysfunction and those suffering
from any acute infection were excluded.
Oligospermic subjects (spermatozoa density
<20 x 106/mL) were also excluded from the
study in order to eliminate the possible nega-
tive effects of unknown additional patholo-
gies and to limit the study only to healthy
individuals. None of the subjects were ex-
posed to any other stress factor within the
last 3 months before the exam stress period.
Subjects who were exposed to any other
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stress factor such as the death of a family
member between periods were also excluded
from the study. Semen samples were ob-
tained from 29 healthy volunteers (age: 19.97
± 0.98 years), fourth semester medical stu-
dents, just before the final exam (stress pe-
riod) and then again about 3 months (10.24 ±
0.87 weeks) later, after vacation (non-stress
period). The 3-month interval is necessary
because of the duration of the spermatogenic
cycle and the sperm transit time in humans is
approximately 74 days (18). No subjects
performed exercise or received dietary thera-
py during the study period. Samples were
collected at the clinic by masturbation into a
sterile glass container, following sexual ab-
stinence for at least 48 h. The abstinence
time of each subject was the same for each
sample collection. The mean abstinence time
was 3 days (range: 2-4 days).

After semen liquefaction at 37ºC, sper-
miograms were obtained by the same two
trained observers, as described earlier, ac-
cording to the WHO guidelines (19). Sper-
miograms included semen volume (mL),
sperm motility (%), sperm concentration
(millions per mL), abnormal morphologic
features (%), and pH. A phase-contrast mi-
croscope (Olympus, Tokyo, Japan) was used
for semen analysis. Sperm concentration was
measured in a Neubauer counting chamber.
The sperm motility assay was performed
exactly after 2 h during both the stress and
non-stress collections. Sperm motility was
classified into four categories: rapid pro-
gressive, borderline progressive, non-pro-
gressive, and immobility. The motility index
as the indicator of motility quality was de-
rived from the formula: % total progressive
motility/100 x sperm count; the index is
used to demonstrate progressive motile sperm
concentration per mL of semen. Total pro-
gressive motility was defined as the percent-
age of rapid progressive motile plus border-
line progressive motile spermatozoa. Mor-
phology was measured by determining the
percentage of abnormal forms in the sample.

The Diff-Quick stain was used for the ex-
amination of morphological features. A total
of 100 cells per sample were examined to
determine the cells with normal morpholo-
gy, which was characterized by a normal
head, middle piece and tail.

Stress questionnaire

Psychological stress was measured by
the State Anxiety Inventory, which is widely
used for assessing state or acute anxiety
(20). The State Anxiety Inventory, trans-
lated and validated by Oner and LeComple
(21), was completed by all participants after
collection of the semen specimen. The State
Anxiety Inventory asks the subject to de-
scribe how he feels “right now” by respond-
ing to 20 questions with a 4-point response
format from “not at all” (score 1) to “ex-
tremely” (score 4). Total scores range from
20 to 80, with higher scores indicating greater
anxiety. This measure has been shown to
have high reliability and good construct va-
lidity.

Biochemical analysis

Semen samples were centrifuged at
10,000 g for 15 min at +4ºC and seminal
plasma was used for analysis. Nitrate (NO3

-)
and nitrite (NO2

-) are the stable end products
of NO. To estimate the amount of NO pro-
duction, NO metabolites in the seminal
plasma were measured by the method of
Cortas and Wakid (22) based on the colori-
metric reaction of Griess. Since very little or
no NO2

- is normally found in plasma, no
attempt was made to differentiate between
the amounts of NO3

- and NO2
- and therefore

the results are reported as NO. Seminal
plasma was preincubated with urease at 20ºC,
pH 7.0, for the hydrolysis of endogenous
urea. Arginase activity was then determined
at 37ºC, pH 9.7, by the spectrophotometric
method described by Geyer and Dabich (23).
One unit of arginase activity is defined as
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one micromole of urea released per minute
at 37ºC.

Chemicals

High purity grade reagents from Sigma
(St. Louis, MO, USA) and Merck (Darm-
stadt, Germany) were used for NO and argi-
nase measurements.

Data analysis

Data are reported as means ± SEM. Com-
parisons of the data between the stress and
non-stress periods were made by the t-test
for paired samples. When the data were not
normally distributed, the Wilcoxon signed-
rank test was used for analysis. Correlations
between parameters at each stage were de-
termined by the Pearson correlation test. A P
value of less than 0.05 was considered to be
statistically significant.

Results

The values of semen parameters, state
anxiety scores, NO levels, and arginase ac-

tivities of seminal plasma during the stress
and non-stress periods are presented in Table
1. The mean semen volume and the mean
semen pH were unchanged during both peri-
ods. The concentration and rapid progres-
sive motility of spermatozoa in the stress
situation were significantly lower than those
found in the non-stress (P < 0.001 for both).
The motility index during stress was signifi-
cantly decreased compared to the non-stress
situation (P < 0.001). The percentage of
sperm with abnormal morphology tended to
increase with stress, but this change was not
significant. State anxiety scores were sig-
nificantly higher during stress than during
the non-stress period (P < 0.01). During
stress, seminal plasma NO level was higher,
whereas arginase activity of seminal plasma
was lower, compared to the non-stress pe-
riod (P < 0.001 for both).

The correlations between parameters dur-
ing both periods are illustrated in Figures 1
and 2. During the stress period, the signifi-
cant increase in seminal plasma NO levels,
but the significant decrease in seminal argi-
nase activity were found to be related to poor
sperm quality including concentration, rapid
progressive motility and motility index. There
was a negative correlation between the level
of seminal plasma NO and arginase activity
(r = -0.445, P < 0.05). During the non-stress
period, there was a positive correlation be-
tween seminal NO level and rapid progres-
sive motility (r = 0.784, P < 0.001). There
was also a negative correlation between semi-
nal NO level and the percentage of immobile
sperm (r = -0.641, P < 0.001).

Discussion

NO is a highly reactive, short-lived, lipo-
philic molecule with a half-life of a few
seconds, which makes it difficult to measure
it (12). Several research groups have studied
the effect of NO on spermatogenesis and
sperm function. NO reduces or inhibits sperm
motility, while NOS inhibitors, which inhib-

Table 1. Semen quality, state anxiety scores, seminal plasma nitric oxide levels, and
arginase activity determined in medical students during stress and non-stress periods.

Parameters Stress Non-stress

Semen volume (mL) 4.03 ± 0.22 4.17 ± 0.31
Semen pH 7.85 ± 0.13 7.98 ± 0.11
Sperm density (x 106/mL) 41.28 ± 3.70** 77.62 ± 7.13
Motility during the 2nd hour

Rapid progressive motility (%) 8.79 ± 1.66* 20.86 ± 1.63
Borderline progressive motility (%) 37.24 ± 3.23 31.55 ± 1.57
Non-progressive motility (%) 12.76 ± 1.54** 17.07 ± 1.20
Immobility (%) 41.21 ± 3.60** 30.52 ± 2.38

Motility index (x 106 motile sperm/mL) 20.34 ± 2.75** 42.45 ± 5.05
Abnormal morphology (%) 51.03 ± 4.13 45.86 ± 2.41
State anxiety scores 49.62 ± 2.20* 40.66 ± 1.68
Nitric oxide (µmol/L) 17.28 ± 0.56* 10.02 ± 0.49
Arginase (U/mL) 0.12 ± 0.01* 0.22 ± 0.01

Data are reported as mean ± SEM for 29 subjects.
*P < 0.05 compared to non-stress (paired sample t-test). There were no statistical
differences in semen volume or abnormal morphology.
**P < 0.05 compared to non-stress. There were no statistical differences in semen pH
and borderline progressive motility (Wilcoxon signed-rank test).
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Figure 1. Stress period correlations between nitric
oxide and arginase activity (A), sperm concentration
(B), rapid progressive motility (C), motility index (D)
and arginase activity and sperm concentration (E),
rapid progressive motility (F), and motility index (G).
The correlations in panels A, C, and F were calcu-
lated by the Pearson test, and the correlations in
panels B, D, E and G by the Spearman test. r and P
values are given at the top of each panel.
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it the formation of NO, prevent the reduction
of sperm motility, indicating a role for the L-
arginine-NO pathway in the modulation of
sperm motility and motility survival (13,15).
It has also been shown that low concentra-
tions of NO may have some physiological
role in fertilization through enhanced ca-
pacitation and zona pellucida binding (24).
Donnelly et al. (25) found that sperm motil-
ity is affected negatively by both excessive
and reduced endogenous NO production.
They suggested that endogenous NO ap-
pears to have an important role in the main-
tenance of sperm motility, when carefully
regulated. It has been reported that the ab-
normal morphology of spermatozoa is not
associated with elevated NO production and
that the effect of reactive oxygen species
(ROS) on sperm membranes depresses sperm
function. Aksoy et al. (26) reported that the
production of NO is increased in patients
with varicocele, and NO is negatively corre-
lated with sperm motility, morphology and
concentration.

In our study, seminal plasma NO levels
were higher during stress than during the
non-stress situation, and were negatively
correlated with concentration, rapid progres-
sive motility and motility index of spermato-
zoa. These data suggest that higher NO lev-
els in seminal plasma are associated with
poor sperm quality. During the non-stress
period, there was a positive correlation be-
tween seminal plasma NO and progressive
motility, whereas seminal plasma NO was

negatively correlated with the percentage of
immobile sperm. These data suggest that,
under physiological conditions, low amounts
of NO are necessary for normal sperm func-
tion. In a non-stress situation, NO may neu-
tralize free radicals and thereby prevent the
reduction of sperm motility mediated by
ROS. However, excessive generation of NO
under stress conditions may be toxic and
could reduce sperm motility. Sperm motility
is maintained by high levels of adenosine
triphosphate. It is known that NO can reduce
adenosine triphosphate levels in cells by
inhibiting glycolysis and the electron-trans-
port chain (27). Excessive NO also contri-
butes to the formation of peroxynitrite, a
highly toxic anion of peroxidation. Peroxy-
nitrite is not a free radical because the un-
paired electrons of NO and O2

.- combine to
form a new N-O bond in peroxynitrite, but it
is a strong one- or two-electron oxidant and
nitrating agent. Even at physiological pH,
the relative stability of peroxynitrite allows
it to diffuse for a considerable distance on a
cellular scale, and even to cross cell mem-
branes (28). Peroxynitrite can react rapidly
with protein, lipids and DNA (29,30). Sper-
matozoa are highly susceptible to damage
induced by ROS. This is due to the high
content of polyunsaturated fatty acids within
the plasma membranes and a low concentra-
tion of scavenging enzymes within the cyto-
plasm (8). There is growing evidence that
oxidative stress significantly impairs sperm
function and plays a major role in the etiol-

Figure 2. Non-stress period cor-
relations between nitric oxide
(NO) levels and rapid progres-
sive motility and between NO
levels and immobility. r and P
values are given at the top of
each panel. Panel A was calcu-
lated by the Pearson test and
panel B by the Spearman test.
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ogy of male infertility. The production of
abnormal levels of ROS is thought to be
involved in many aspects of male infertility,
with spermatozoa rendered dysfunctional by
lipid peroxidation and altered membrane
function, together with impaired metabo-
lism, morphology, motility, and fertility. The
incidence of spontaneous pregnancy is nega-
tively correlated with the generation of ROS
(31). Many studies have demonstrated the
association of lipid peroxidation with middle
piece abnormality, decreased sperm count
and motility, and loss of the capacity of the
spermatozoon to undergo the acrosome re-
action and fertilization.

Elgun et al. (32) have shown that sperm
cells from infertile men with oligospermia
have a significantly higher arginase activity
than controls. They reported a positive cor-
relation between sperm motility and argin-
ase activity in the infertile group in both
seminal plasma and sperm cells. In the pres-
ent study, seminal plasma arginase levels
were lower during the stress period than in
the non-stress situation. Furthermore, semi-
nal plasma arginase activity correlated posi-
tively with sperm concentration, rapid pro-
gressive motility and motility index. These
data suggest that a lower arginase activity in
seminal plasma is associated with poor sperm
quality.

The rate of NO production may be criti-
cally dependent on the availability of argi-
nine. Reduced arginine availability may
cause reduced NO synthesis. Arginine avail-
ability for NO synthesis is regulated by de
novo arginine synthesis, cellular arginine
transport and arginase activity (33). Recent
studies have reported that arginase modu-
lates NOS activity via arginine consumption

(17,34). On the other hand, it has been re-
ported that arginase is inhibited by the ni-
trite, a stable end product of NO (35). We
demonstrated a negative correlation between
seminal plasma NO level and arginase activ-
ity during stress. However, we did not find a
correlation between these parameters during
the non-stress situation. Our results suggest
that the high level of NO is associated with
arginase activity. Under physiological con-
ditions, the concentration of circulating ar-
ginine is approximately 100 µM and the
tissue concentration ranges from 100 to 1000
µM (17). The Km of the NOS isoforms for
arginine lies between 2 and 20 µM, while the
Km of arginase is approximately 1 mM. The
1000-fold difference in Km between arginase
and NOS for arginine suggests that, under
most conditions, arginase cannot compete
with NOS for arginine. Depending on the
local concentration of arginase, the enzyme
can limit the availability of arginine for NO
synthesis. The present study suggests that
NO and the end products of NO are exces-
sively produced during the stress period. In
our opinion, arginase may be inhibited by
the end products of NO.

The concentration of NO is important for
sperm quality and it especially affects sperm
motility. Under stress conditions, NO con-
tent of seminal plasma was negatively corre-
lated with sperm quality parameters. Our
data suggest that NO plus stress are interre-
lated and seminal plasma NO levels can
affect sperm quality with consequences on
fertilization. In the light of these evalua-
tions, we may suggest that the arginine-NO
pathway, together with arginase and NOS,
may be involved in semen quality under
stress conditions.
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