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Inflammatory mediators exert toxic effects of oxidative stress on

human spermatozoa

MONIKA FRACZEK AND MACIEJ KURPISZ

From the Institute of Human Genetics, Polish Academy of Sciences, Poznan, Poland.

ABSTRACT: Epidemiological studies regarding male infertility
have revealed that more and more infertile men suffer from acute
or chronic inflammation of the genitourinary tract, which often occurs
without any symptoms. The inflammatory reactions within the male
genital tract are inevitably connected with oxidative stress. Growing
evidence indicates that imbalance between prooxidative and anti-
oxidative substances in semen leads to metabolic and functional
disorders of male germ cells and may be a primary cause of some
types of infertility. The infectious factor and local tissue damage can
lead to the infiltration of leukocytes to the inflammatory site. This is in
an obvious way connected to the production and release of large
amounts of reactive oxygen species (ROS), which trigger immune
responses directed against the infectious agent, and the simulta-

neous secretion of numerous biological substances, thereby
escalating the inflammation. Some of these factors are proteases
and proinflammatory cytokines. Extended exposure of spermatozoa
to ROS may lead to the peroxidation of sperm membrane lipids.
Many studies point to the combined activities of inflammatory
mediators in exerting toxic effects on spermatozoa. The local
influences of biologically active substances released by activated
leukocytes in the course of the inflammatory response and the
mutual interactions of various factors (bacteria, leukocytes, proin-
flammatory cytokines) at the site represent a complex puzzle.
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he direct association between acute or chronic

infection and/or inflammation in the male repro-
ductive system and the subsequent development of
infertility constitute important issues in contemporary
medicine. The reduced semen quality during the in-
flammatory process can result from impairment of
accessory gland function, obstruction of sperm trans-
port, and dysregulation of spermatogenesis (Purvis and
Christiansen, 1993; Comphaire et al, 1999). Most
authors working on inflammation of the genitourinary
tract suggest that the redox imbalance in semen acts as
a very important mediator in the cause and effect
relationship between semen infection and functional
deficiency of germ cells (Wang et al, 1997; Ochsendorf,
1999; Vicari, 1999).

The processes that are crucial for fertilization, such as
sperm hyperactivation, phosphorylation of tyrosine
kinases during sperm capacitation, and the activation
of cellular phospholipase A, in the acrosomal reaction,
are strictly regulated by the redox system of spermato-
zoa (Goldman et al, 1992; de Lamirande and Gagnon,
1993; Leclerc et al, 1997). The same reactive oxygen

Correspondence to: Prof Maciej Kurpisz, Institute of Human
Genetics, Polish Academy of Sciences, ul. Strzeszynska 32, 60-479
Poznan, Poland (e-mail: kurpimac@man.poznan.pl).

Received for publication July 3, 2006; accepted for publication
October 30, 2006.

DOI: 10.2164/jandrol.106.001149

325

species (ROS) that under physiological conditions are an
inseparable element of the fertilization process, as well
as being important regulatory factors in the control of
spermatogenesis efficiency, may under pathological
conditions (ROS excess) be responsible for structural,
metabolic, and functional disorders of the male germ
cells (de Lamirande and Gagnon, 1995; Griveau and Le
Lannou, 1997; Aitken, 1999). This destructive effect of
oxidative stress on male gametes is mainly associated
with the peroxidative processes of sperm membrane
components and DNA fragmentation (Twigg et al,
1998; Combhaire et al, 1999; Fraczek and Kurpisz, 2005;
Aitken and Baker, 2006). However, the peroxidation of
sperm membrane lipids is generally considered as the
first marking point of germ cell damage induced by
reactive oxygen intermediates, which in turn may lead to
sperm dysfunction that results in the inability of sperm
to penetrate the oocyte (Aitken and Fisher, 1994;
Aitken, 1995; Sanocka and Kurpisz, 2004).

The ROS overproduction associated with inflamma-
tory reactions may be primarily caused by pathological
bacterial strains that colonize or infect the reproductive
tract (Keck et al, 1998, Potts et al, 2000). The present
review attempts to summarize the current state of
knowledge on particular inflammatory mediators during
male urogenital bacterial infections and their involve-
ment in the origin and the degree of the oxidative stress
that has serious consequences for sperm function.
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Kinetics of the Inflammatory Process

In our previous studies, we proposed the kinetics of the
infectious process in the urogenital tract based on the
presence of bacteria and/or leukocytes in semen
(Sanocka et al, 2003; Sanocka et al, 2004). In the course
of the inflammatory process, the excessive production of
ROS is most probably caused by additionally recruited
leukocytes, which take part in this reaction and may
disturb the balance of pro-oxidative and antioxidative
factors (Wang et al, 1997, Ochsendorf, 1999). The
inflammatory process involves mainly the accumulation
and activation of leukocytes, mostly phagocytes. Con-
comitant with the start of phagocytosis, the oxygen
metabolism of leukocytes accelerates and is connected
with the production and release of large amounts of
superoxide anion (O, ) and hydrogen peroxide (H,0,)
(Kovalski et al, 1992; Wang et al, 1997; Ochsendorf,
1999). At the same time, the activation of appropriate
receptors and signal transduction pathways occurs,
providing biologically active substances, such as proin-
flammatory cytokines. Secreted proinflammatory cyto-
kines are the next mediators of the host response to
infection, and they modulate the activities of the pro-
oxidative and antioxidative systems to the advantage of
the ROS burst (Rajasekaran et al, 1995; Sanocka et al,
2003). When the amounts of ROS exceed the potential
of the antioxidant defense, peroxidative damage to the
spermatozoa occurs (Fraczek and Kurpisz, 2005). It has
been suggested that the reduced total antioxidant
capacity (TAC) of seminal plasma is sufficient to ensure
sperm quality (Sharma et al, 1999; Agarwal et al, 2003).
Our experiments have also demonstrated that the
remnants of oxidative stress in semen may be main-
tained over a long period of time after the infectious
agent has been eradicated, and they further deteriorate
the condition of the sperm. Oxidative imbalance is even
more extensive in males who were infertile at the start of
inflammation (Sanocka et al, 2004).

Bacteria

The bacteria responsible for semen infection may originate
from the urinary tract or may be sexually transmitted
(Purvis and Christiansen, 1993). The most frequently
isolated microbial agents in semen are: Streptococci (eg,
Streptococcus viridans, S pyogenes), coagulase-negative
staphylococci (eg, Staphylococcus haemolyticus, S epider-
midis, S warneri), and Gram-negative bacteria (eg,
Escherichia coli, Proteus mirabilis). In addition, some
anaerobic bacteria (Bacteroides sp, Bifidobacterium sp,
Propionibacterium sp) and atypical mycoplasmas (Urea-
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plasma urealyticum, Mycoplasma hominis) have been
detected (Eggert-Kruse et al, 1995; Merino et al, 1995;
Willen et al, 1996; Jedrzejczak et al, 2005).

To date, there have been relatively few studies
dedicated to the influence of particular groups and
specific microbial species on sperm quality and/or their
relationship with oxidative stress. The presence of
infection in the male genitourinary tract has been
correlated with a decrease in the number of sperm with
good morphology (Menkveld and Kruger, 1998).
Diemer and coworkers (Diemer et al, 2003b) have
demonstrated the influence of E coli on sperm motility;
incubation with leukocytes alone did not influence
sperm motility, while coincubation of spermatozoa with
leukocytes and E coli, significatly lowered their pro-
gressive movement in vitro. In another report, the same
authors have reported that the pathogenicity of E coli is
connected with its adhesive properties, which may lead
to inactivation of and damage to the sperm acrosomal
reaction. Electron microscopy analysis has revealed
changes in sperm structure, mostly to the cell mem-
branes of the head and midpiece but also to the internal
and external acrosomal membranes (Diemer et al, 2000).

The connection between B wureolyticus and male
infertility was first discussed over a decade ago. It was
suggested that bacteria themselves or their toxins might
affect sperm morphology (the prevalence of harmful
changes to the tail was noted), increase the number of
epithelial cells in the ejaculate, and diminish the levels of
semen fructose, indicating specific colonization of
seminal vesicles by these bacteria (Balmelli et al, 1994).
Many studies have indicated that free radical species
mediate the cytotoxic effects of these bacteria towards
the male gametes as a consequence of peroxidative
damage to the membrane structures.

Infections with U urealyticum are often considered as
causes of male infertility (Shang et al, 1999; Potts et al,
2000; Han et al, 2003). The strong adhesive properties of
these microbes, especially to the head of the postacro-
somal region and midpiece, result in increased numbers
of sperm with residual cytoplasm around the neck. The
observed agglutination of sperm in the presence of
mycoplasma may be related to diminished cell motility
(Nunez-Calonge et al, 1998). The most toxic agents for
spermatozoa are the metabolic products of U urealyti-
cum, which include H,O, and ammonia (NHj3). Al-
though H»O, is itself harmful to sperm, it is also a source
of hydroxide anion (OH"), which is a highly toxic radical
for cell membranes. Furthermore, Ureaplasma phos-
pholipases A and C may influence changes in the lipid
composition of the cell membranes of male gametes,
leading to loss of integrity and increased permeability.

The prevalent view is that bacterial invasion is
associated with leukocytospermia in semen (Fedder,
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1996; Depuydt et al, 1998; Ochsendorf, 1999). Bacteria
may also be implicated in asymptomatic leukocytosper-
mia in infertile individuals (Esfandiari et al, 2002). On
the other hand, the lack of leukocytospermia in semen
does not preclude the onset of infection (Potts et al,
2000). The bacteria themselves or their products may
contribute to ROS overproduction (Wang et al, 1997,
Urata et al, 2001). Some researchers have observed
higher levels of ROS in the semen of patients with
positive microbial cultures (Mazzilli et al, 1994). The
first detectable effects of the destructive influence of
ROS overproduction in ejaculates during infection are
visible as changes in the sperm membranes. In our latest
report, we have shown a close association between the
level of sperm membrane lipid peroxidation caused by
bacterial infection and the decreased fertilization capac-
ity of spermatozoa under in vitro conditions (Jedrzejc-
zak et al, 2005). Although defects in the sperm
membranes after earlier antibiotic treatment were not
manifested in standard semen analysis, they clearly
limited the fertilization potential of the spermatozoa.
This indicates that even when an anti-inflammatory
treatment eliminates the infectious agent and reduces the
leukocyte concentration in seminal plasma it does not
restore the semen redox balance, as revealed by a sub-
sequent IVF procedure (Jedrzejczak et al, 2005).

In analyzing the influence of bacterial infection on the
male reproductive tract, one should also take into
consideration the induction of apoptosis. In somatic
cells, the mechanism of apoptosis induced by bacteria
depends on the type of pathogen and probably occurs
through the activation of proapoptotic proteins, in-
activation of antiapoptotic proteins or the improper
adjustment of the receptor-ligand system located on the
infected cell surface (Chen and Zychlinsky, 1994;
Grassme et al, 2001). Villegas et al (Villegas et al, 2005)
have recently demonstrated for the first time a significant
increase in the percentage of annexin V-positive sperma-
tozoa after their in vitro incubation with leukocytes
and some bacteria. We cannot exclude the possibility
that direct contact of bacteria or their toxins with
spermatozoa is also an initial signal for germ cell
death in the absence of leukocyte-generated ROS. Taking
into account the notions that apoptosis is signaled by
ROS and that the inflammatory process is strictly
connected with the activation of oxidative metabolism,
it would be interesting to analyze the influences of
particular inflammatory mediators on apoptosis in
specific sperm subpopulations with different fertilizing
capacities.

To summarize this part of the review, we can state
that microbial pathogens are the prominent agents of
the infectious process and their participation in the
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creation of the oxidative stress phenomenon depends on
the type of pathogen that colonizes or infects the male
reproductive system. We still do not know if the
microorganisms act destructively towards the sperm
without mediation by the cells of the immune system,
thereby directly inducing oxidative stress that leads to
subfertility.

Leukocytes

The frequent presence of leukocytes in semen, including
the major subpopulation of neutrophils, is inseparably
connected with ROS production (Wolff and Anderson,
1988; Wolff, 1995). Since stimulated granulocytes show
ROS-generating ability that is several hundred-fold
greater than that of sperm, they can inflict damage on
the male germ cells (Aitken and Fisher, 1994; Plante et
al, 1994). The clinical significance of increased numbers
of leukocytes in semen remains a subject of controversy.
An increased number of semen leukocytes may result
from disturbed spermatogenesis (Wolff et al, 1990;
Thomas et al, 1997), the harmful influence of environ-
mental factors, such as alcohol and tobacco smoking
(Close, 1990), atypical sexual behavior or long-term
sexual abstinence (Blackwell and Zaneveld, 1992;
Anderson, 1995). However, the most frequent reason
for the high proportion of phagocytic cells in ejaculates
is genitourinary infection or inflammation.

The presence of leukocytes in semen is not patholog-
ical per se, since each ejaculate contains some leuko-
cytes. The mean number of leukocytes in the semen of
healthy men is about 17 x 10%/mL of seminal plasma,
which is composed of 50-60% granulocytes, 20-30%
macrophages, and 2-5% T lymphocytes (Wolff and
Anderson, 1988; Wolff, 1995). According to the World
Health Organization (1999), a condition in which the
number of leukocytes exceeds 1 x 10°/mL of semen is
defined as leukocytospermia, and this is considered to be
the threshold value above which sperm dysfunction may
occur. However, most authors agree that the determi-
nation of leukocyte counts in semen is important but not
critical for the detection of infection or inflammation in
the male reproductive tract (Rodin et al, 2003).
Moreover, rather than the leukocyte numbers in semen,
their activity levels decide the final effects of oxidative
stress on spermatozoa (Kovalski et al, 1992; Sanocka et
al, 2003). In addition, the presence of activated
leukocytes in semen after elimination of an infectious
agent may delay recovery of the normal oxidative
balance in semen (Sanocka et al, 2003).

The origin of the leukocytes in semen, under
physiological conditions, is difficult to explain. Howev-
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er, it has been assumed that under noninflammatory
conditions, macrophages and lymphocytes infiltrate
semen from the epididymis or rete testis, while
granulocytes infiltrate mainly from the prostate and
vas deferens (el-Demiry et al, 1985; Wolff, 1995). Under
inflammatory conditions, WBC in the semen leak from
the site of infection or inflammation. Taking into
consideration the fact that the sperm is endangered by
activated leukocytes (and their products) for quite a long
period of time during their maturation, the greatest
influences on spermatozoal function may be exerted
during orchitis or epididymitis and during prostatitis.
On the other hand, recent studies (Motrich et al, 2005;
Motrich et al, 2006) have clearly demonstrated a close
relationship between prostatitis and potential infertility
even in nonbacterial prostatitis, as postulated previously
(Leib et al, 1994).

There is also an ongoing controversy concerning the
biological role of leukocytes in semen. Some reports
have indicated the lack of any connection between the
presence of leukocytes and semen quality or infertility
status (el-Demiry et al, 1986; Tomlinson et al, 1992a;
Tomlinson et al, 1993), and have suggested positive roles
for these cells in the removal of dead or damaged
spermatozoa (Tomlinson et al, 1992b). However, most
authors point out the observed relationship between the
increased number of leukocytes in semen and the
deterioration of seminological parameters (Wolff et al,
1990; Yanushpolsky et al, 1996) or the fertilizing ability
of sperm (Vogelpoel et al, 1991), which act mainly by
influencing sperm motility and their potential for oocyte
penetration (Maruyama et al, 1985; Kovalski et al,
1992). It seems likely that decreased sperm fertilizing
ability is an early result of leukocytospermia associated
with genitourinary infection. Prolonged oxidative stress
may contribute to the damage of the male reproductive
organ involved in the inflammatory process. In the case
of the male gonad, this damage is connected with
disturbances in spermatogenesis and loss of sperm
function. Along this line, the greatest danger can be
inflicted by the chronic inflammatory process without
clinical symptoms (Wolff et al, 1991).

The influence of WBCs on semen function depends on
the dominating leukocyte subtypes and the intensity of
inflammation. Individual susceptibility to infection and
extent of tissue injury are also relevant factors (Wolff,
1995; Fedder, 1996). Irrespective of the different views
on the source and the number of leukocytes in semen,
most authors agree that leukocytes decrease the
fertilizing potential of spermatozoa, mainly by inducing
additional ROS release and the secretion of numerous
active biological substances, such as proteases and
proinflammatory cytokines, which then participate in
and intensify the inflammatory process.
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Proinflammatory Cytokines

The secretion of cytokines is one of the first signals from
the innate host defense to combat infection. Cytokines
are a large group of proteins generated by both the cells
of the immune system as well as by the cells in
surrounding tissues in response to external stimuli,
inflicted injury or other cytokines. Cytokines participate
in signal transmission between cells and perform regula-
tory roles in different biological processes, such as cell
activation, proliferation, growth, differentiation, and
mobility. They also show modulatory effects on in-
flammatory reactions. These include cytokines of the IL-
1 family, such as interleukin (IL)-18, the IL-6 family, the
superfamily of tumor necrosis factor (TNF) and inter-
ferons, IL-2, proinflammatory chemokines (eg, IL-8 and
IL-12), and IL-15 (Feldmann and Saklatvala, 2001). The
course of the inflammatory reaction depends on the levels
of cytokines produced, as well as the presence of cytokine
inhibitors and their specific receptors and/or antagonists.
A characteristic feature of proinflammatory cytokines is
that they are pleiotropic, so they may act in different
directions. When they occur together, they can act
synergistically, additively or antagonistically on the
function of the target cell. Proinflammatory cytokines
facilitate the development of inflammatory reactions by
acting in concert to cause: 1) cell proliferation (IL-1, IL-2,
IL-12, and IL-18); 2) chemoattraction of leukocytes to
the site of inflammation (IL-1 and IL-8; 3) activation and
differentiation of leukocytes (IL-1, IL-2, and IL-6), and
4) induction of apoptosis (IL-1f, 1L-18, and TNF-x)
(Feldmann and Saklatvala, 2001) (Table).
Proinflammatory cytokines usually act locally, since
they are produced by locally activated cells or produced
temporarily after the stimulus has been activated. In the
male gonad, cytokines are also produced physiologically
and are involved in the normal function of the organ
(Hales et al, 1999; Soder et al, 2000; Diemer et al,
2003a). In this respect, they appear as the natural
components of seminal plasma (Maegawa et al, 2002).
Moreover, some cytokines act as regulators of the
physiological levels of ROS in seminal plasma (Buch et
al, 1994; Depuydt et al, 1996). The main source of
cytokines in the male gonad is testicular macrophages,
although some cytokines (IL-1 and IL-6) are also
produced by the cells of rete testis, which include the
Leydig and Sertoli cells (Cudicini et al, 1997). The
participation of some cytokines in the regulation of
fertility is dependent upon their concentration. For
instance, the IL-12 level correlates with the density and
morphology of sperm cells, which suggests a certain
biological role for IL-12 in male infertility (Naz and
Evans, 1998). In turn, using human recombinant 1L-6,
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Proinflammatory

cytokine Participation in inflammatory reaction Consequences for semen quality References
IL-1B Proliferation and differentiation of B cells, | sperm progressive motility Gruschwitz et al, 1996
chemoattraction of leukocytes to the site of 1 ROS, 1 MDA (in vitro Buch et al, 1994
inflammation, induction of neutrophil and conditions)
monocyte generation, induction of apoptosis
IL-6 Activation and differentiation of B and T cells | sperm number Gruschwitz et al, 1996
Sanocka et al, 2003
Furuya et al, 2003
Kopa et al, 2005
| progressive motility Gruschwitz et al, 1996
Sanocka et al, 2003
Kopa et al, 2005
| sperm vitality Kopa et al, 2005
1 MDA Camejo et al, 2001
1 leukocyte number Kopa et al, 2005
IL-8 Chemoattraction of neutrophils to the site of | sperm motility Eggert-Kruse et al,
inflammation, activation of neutrophils to 2001
phagocytosis 1 ROS Rajaskaran et al, 1995
1T MDA Liu et al, 2003
T leukocyte number Shimoya et al, 1993
Rajasekaran et al, 1995
Eggert-Kruse et al,
2001
Liu et al, 2003
Jedrzejczak et al, 2005
IL-12 Stimulation of proliferation, activity and cytotoxicity 1 sperm number, 1 sperm Naz and Evans, 1998
of T cells and NK cells morphology
IL-18 Stimulation of proliferation, activity and cytotoxicity | sperm concentration, Matalliotakis et al, 2006
of T cells and NK cells, induction of apoptosis | sperm motility
TNF-o Induction of proliferation and differentiation of B cells, | semen number Sanocka et al, 2003

proliferation of T cells and NK cells, and induction

| sperm motility

Gruschwitz et al, 1996

of apoptosis

Kocak, 2002
Kocak, 2002
Buch et al, 1994

| sperm morphology
1 ROS, 1 MDA (in vitro conditions)

capacitation and acrosomal reaction of sperm can be
induced and the proportion of penetrated oocytes is
increased (xenogeneic test of human sperm-hamster
oocyte penetration) (Naz and Kaplan, 1994b). On the
other hand, increased IL-6 levels have been observed in
the seminal plasma of infertile males (Naz and Kaplan,
1994a). High levels of certain cytokines in semen are
often linked with a decrease in the quality of the
seminological parameters (Gruschwitz et al, 1996). The
same cytokines that act as elements of immunomodula-
tion for the male gonad appear in large concentrations
in semen during infection and when the tissues are
damaged. Their participation in inflammation is closely
connected with the accompanying leukocytospermia
(Shimoya et al, 1993; Depuydt et al, 1996; Comphaire
et al, 1999).

Some authors have suggested that particular cyto-
kines modulate the expression of genes responsible for
the redox system in semen (Shimoya et al, 1993; Naz and
Kaplan, 1994a). For instance, an increase in ROS

production by human sperm was observed after the
addition of IL-1a, IL-1B or TNF-o, the result of which
was an increase in sperm membrane lipid peroxidation,
as measured by the MDA level (Buch et al, 1994).
However, many studies have demonstrated the co-
operativity of proinflammatory cytokines with other
inflammatory mediators to generate toxic effects at the
reaction site (Das, 1991; Rajasckaran et al, 1995). Zalata
and coworkers (Zalata et al, 1995) have documented an
increase in lipid peroxidation after an in vitro incubation
of sperm with PMA-stimulated leukocytes, which
suggests a decrease in the biological value of sperm cell
membranes in the environment of oxidative stress. This
type of observation argues in favor of the hypothesis
that interleukins do not act separately but in connection
with other mediators of the inflammatory process
(Wolff, 1995). It seems likely that leukocytes mediate
the induction of ROS generation by proinflammatory
cytokines. In addition, it cannot be excluded that the
oxidative stress that appears in leukocytospermia is
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exerted by the increased levels of the cytokines
themselves (Rajasekaran et al, 1995). In this situation,
ROS (generated by leukocytes) acts synergistically with
proinflammatory cytokines to exacerbate the destructive
environment for the spermatozoa.

IL-1B is a well-known proinflammatory cytokine that
is especially important for testicular physiology. It is
involved in autocrine and paracrine regulation of local
control of spermatogenesis and spermiogenesis, and
constitutes one of the elements of immune privilege in
the testis (Huleihel et al, 2000; Soder et al, 2000; Fiszer
et al, 2003; Rozwadowska et al, 2005). This cytokine is
responsible for the development and maintenance of the
immune and inflammatory responses to invading
pathogens. An increase in IL-1 expression in the testis
during local infection or inflammation is associated with
decreased testosterone production by Leydig cells and
decreased intensity of spermatogenesis, probably medi-
ated through apoptosis (Huleihel and Lunenfeld, 2004).
The effect of IL-1p on semen quality is hotly debated in
the literature.

Camejo and coworkers (Camejo et al, 2001) have
suggested a relationship between the 1L-6 level in semen
plasma and the intensity of sperm membrane peroxida-
tion. IL-6 is principally produced by monocytes/macro-
phages and its most important functions include the
stimulation of B-lymphocyte differentiation, the activa-
tion of T lymphocytes, and the stimulation of acute
phase protein release. High levels of IL-6 and/or MDA
in the seminal plasma of infertile males have been
reported (Camejo et al, 2001; Furuya et al, 2003). The
chemotactic properties of IL-8 cause an influx of
leukocytes into the site of inflammation and enhanced
production of ROS, which most likely are connected
with its harmful influence on sperm cell membranes. The
high levels of IL-6 or IL-8 present during persistent
inflammation augment the peroxidation process and
affect sperm function, with subsequent development of
infertility. We support the view put forward by several
authors that the elevated levels of IL-6 or IL-8 in
seminal plasma can be sensitive markers of the early
phase of the inflammatory process in the male genito-
urinary tract, which can be used to initiate appropriate
anti-inflammatory treatment (Depuydt et al, 1996;
Eggert-Krusse et al, 2001; Sanocka et al, 2003).

Another proinflammatory cytokine that may be
harmful towards sperm is TNF-«. Buch and coworkers
(Buch et al, 1994) have reported increased MDA levels
in semen after incubation with recombinant TNF-a.
TNF-o, which is one of the major cytokines produced
during inflammation, is secreted predominantly by
monocytes and macrophages, mainly after contact with
lipopolysaccharide (LPS). The cytotoxic influence of
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TNF-o is augmented by ROS and phospholipase A,. It
is possible that the toxicity of TNF-o for the sperm
membranes is increased when other cytokines are
present (unpublished data).

IL-12 has been detected in seminal plasma samples
from both fertile and infertile males. The higher 1L-12
levels observed in the seminal plasma samples of fertile
males compared to infertile ones suggests the participa-
tion of this cytokine in the physiological functioning of
the reproductive system (Naz and Evans, 1998).
However, harmful effects of IL-12, such as through
the induction of IL-18, on sperm cannot be excluded.

IL-18 belongs to the large IL-1 superfamily, and
although it is structurally similar to IL-1 family
members, it differs in terms of mode of action. It is
not only produced by the cells of the immune system,
such as monocytes and macrophages, in response to the
LPS, but can also be released from keratinocytes, most
epithelial cells, and osteoblasts (Dinarello, 1999). The
proinflammatory activity of IL-18 is mostly linked to
the stimulation of proliferation and the cytotoxicity of
natural killer (NK) cells and T lymphocytes, among
others, through the induction of IFN-y production. IL-
18 is augmented by IL-12 (Munder et al, 1998). In turn,
IFN-y, which is induced by both IL-18 and IL-12,
stimulates macrophages to produce TNF-¢, NO, and
ROS as part of the defense against infectious agents
(Dinarello, 1999; Nakanishi et al, 2001).

A pathological role for IL-18 has been postulated
(Fassbender et al, 1999; Tsutsui et al, 2000; Matsui et al,
2003; Maerten et al, 2004). The overproduction of this
proinflammatory cytokine, particularly in combination
with IL-12, may be dangerous both to the cells of the
immune system as well as to other cells and tissues of the
body. IL-18 plays a role in the pathogenesis of many
other types of disecase (eg, autoimmune disorders of the
liver, skin, and kidneys, and degenerative rheumatoid
inflammation) through the induction cell apoptosis. A
recent report has described the participation of IL-18 in
harmful effects on semen quality in infertile men with
urogenital infections. Moreover, some authors have
suggested that IL-18 in seminal plasma serves as another
diagnostic marker for male genital tract infections
(Matalliotakis et al, 2006). Assuming that oxidative stress
leads not only to an uncontrolled increase in the
concentration of reactive oxygen metabolites, but also
to the failure of both the enzymatic and nonenzymatic
members of the antioxidative system, we cannot exclude
that IL-18 acts also through changes in the activities of
enzymes that protect the sperm against these damaging
metabolites. A clear relationship between increased IL-18
and decreased glutathione peroxidase (GPx) and seleni-
um levels in the blood serum has been noted, for example
in patients with acute pancreatitis (Wereszczynska-
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Siemiatkowska et al, 2004). The assessment of membrane
peroxidation and/or apoptosis in spermatozoa could be
helpful in explaining the pathological role of IL-18 during
male reproductive tract infection or inflammation.

Conclusions

It should be emphasized that infection or inflammation
of the male reproductive tract can be a cause of the
increased oxidative stress. The inflammatory mediators
individually enter the local process and intensify the
redox imbalance, initially in the reproductive tract and
later in the semen, which determines the magnitude of
the interaction between toxic oxygen metabolites and
cell macromolecules, and which in consequence affects
the fertilizing potential of germ cells (Figure). The
course of the inflammatory process and its effect on
sperm depends on the type of initiating factor, the
durations of activity of inflammatory mediators, and the
initial condition of the antioxidant system in the semen.
Prolonged infection or inflammation that occurs without
any distinct clinical symptoms usually converts into
a chronic subclinical process that can ultimately lead to
persistent sperm damage and subsequent infertility. Since
infections are often found in the semen of males whose
infertility has not yet been assessed, rapid initiation of
anti-inflammatory treatment is indicated before the
reproductive potential of the sperm is restricted. Future
research should concentrate on the proper diagnostic
and treatment algorithms for male infertility that is
caused or complicated by bacterial infections of the male
genitourinary tract. Parallel studies under in vivo and in
vitro conditions should provide a better understanding
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of the harmful effects of particular inflammatory factors,
such as pathogenic microorganisms, leukocytes, and
proinflammatory cytokines, and their influences on
sperm oxidative metabolism.

References

Agarwal A, Saleh RA, Bedaiwy MA. Role of reactive oxygen species in
the pathophysiology of human reproduction. Fertil Steril. 2003;79:
829-843.

Aitken RJ. The Amoroso Lecture. The human spermatozoon — a cell
in crisis? J Reprod Fertil. 1999;115:1-7.

Aitken RJ. Free radicals, lipid peroxidation and sperm function.
Reprod Fertil Dev. 1995;7:659-668.

Aitken RJ, Baker MA. Oxidative stress, sperm survival and fertility
control. Mol Cell Endocrinol. 2006;250:66—69.

Aitken RJ, Fisher H. Reactive oxygen species generation and human
spermatozoa: the balance of benefit and risk. Bioessays. 1994;16:
259-267.

Anderson DJ. Should male infertility patients be tested for leukocy-
tospermia? Fertil Steril. 1995;63:246-248.

Balmelli T, Stamm J, Dolina-Giudici M, Peduzzi R, Piffaretti-Yanez
A, Balerna M. Bacteroides ureolyticus in men consulting for
infertility. Andrologia. 1994;26:35-38.

Blackwell JM, Zaneveld LJ. Effect of abstinence on sperm acrosin,
hypoosmotic swelling, and other semen variables. Fertil Steril.
1992;58:798-802.

Buch JP, Kolon TF, Maulik N, Kreutzer DL, Das DK. Cytokines
stimulate lipid membrane peroxidation of human sperm. Fertil
Steril. 1994;62:186-188.

Camejo MI, Segnini A, Proverbio F. Interleukin-6 (IL-6) in seminal
plasma of infertile men, and lipid peroxidation of their sperm. Arch
Androl. 2001;47:97-101.

Chen Y, Zychlinsky A. Apoptosis induced by bacterial pathogens.
Microb Pathog. 1994;17:203-212.

Close CE, Roberts PL, Berger RE. Cigarettes, alcohol and marijuana
are related to pyospermia in infertile men. J Urol. 1990;144:900-903.

Comphaire FH, Mahmoud AM, Depuydt CE, Zalata AA, Christophe
AB. Mechanisms and effects of male genital tract infection on
sperm quality and fertilizing potential: the andrologist’s viewpoint.
Hum Reprod Update. 1999;5:393-398.

Cudicini C, Lejeune H, Gomez E, Bosmans E, Ballet F, Saez J, Jegou
B. Human Leydig cells and Sertoli cells are producers of
interleukins-1 and -6. J Clin Endocrinol Metab. 1997;82:1426-1433.

Das UN. Interaction(s) between essential fatty acids, eicosanoids,
cytokines, growth factors and free radicals: relevance to new
therapeutic strategies in rheumatoid arthritis and other collagen
vascular diseases. Prostaglandins Leukot Essent Fatty Acids. 1991;
44:201-210.

de Lamirande E, Gagnon C. Human sperm hyperactivation and
capacitation as parts of an oxidative stress. Free Radic Biol Med.
1993;14:157-166.

de Lamirande E, Gagnon C. Impact of reactive oxygen species on
spermatozoa: a balancing act between beneficial and detrimental
effects. Hum Reprod. 1995;10:15-21.

Depuydt C, Zalata A, Christophe A, Mahmoud A, Comhaire F.
Mechanisms of sperm deficiency in male accessory gland infection.
Andrologia. 1998;30:29-33.

Depuydt CE, Bosmans E, Zalata AA, Schoonjans F, Comhaire FH.
The relation between reactive oxygen species and cytokines in
andrological patients with or without male accessory gland
infection. J Androl. 1996;17:699-707.



332

Diemer T, Hales DB, Weidner W. Immune-endocrine interactions and
Leydig cell function: the role of cytokines. Andrologia. 2003a;
35:55-63.

Diemer T, Huwe P, Ludwig M, Schroeder-Printzen I, Michelmann
HW, Schiefer HG, Weidner W. Influence of autogenous leucocytes
and Escherichia coli on sperm motility parameters in vitro.
Andrologia. 2003b;35:100-105.

Diemer T, Huwe P, Michelmann HW, Mayer F, Schiefer HG, Weidner
W. Escherichia coli-induced alterations of human spermatozoa. An
electron microscopy analysis. Int J Androl. 2000;23:178-186.

Dinarello CA. IL-18: A TH1-inducing, proinflammatory cytokine and
new member of the IL-1 family. J Allergy Clin Immunol. 1999;
103:11-24.

Eggert-Kruse W, Boit R, Rohr G, Aufenanger J, Hund M, Strowitzki
T. Relationship of seminal plasma interleukin (IL) -8 and IL-6 with
semen quality. Hum Reprod. 2001;16:517-528.

Eggert-Kruse W, Rohr G, Strock W, Pohl S, Schwalbach B,
Runnebaum B. Anaerobes in ejaculates of subfertile men. Hum
Reprod Update. 1995;1:462-478.

el-Demiry MI, Hargreave TB, Busuttil A, James K, Ritchie AW,
Chisholm GD. Lymphocyte sub-populations in the male genital
tract. Br J Urol. 1985;57:769-774.

el-Demiry MI, Young H, Elton RA, Hargreave TB, James K,
Chrisholm GD. Leucocytes in the ejaculate from fertile and
infertile men. Br J Urol. 1986;58:715-720.

Esfandiari N, Saleh RA, Abdoos M, Rouzrokh A, Nazemian Z.
Positive bacterial culture of semen from infertile men with
asymptomatic leukocytospermia. Int J Fertil Womens Med. 2002;47:
265-270.

Fassbender K, Mielke O, Bertsch T, Muehlhauser F, Hennerici M,
Kurimoto M, Rossol S. Interferon-gamma-inducig factor (IL-18)
and interferon-gamma in inflammatory CNS diseases. Neurology.
1999;53:1104-1106.

Fedder J. Nonsperm cells in human semen: with special reference to
seminal leukocytes and their possible influence on fertility. Arch
Androl. 1996;36:41-65.

Feldmann M, Saklatvala J. Proinflammatory cytokines. In: Oppen-
heim JJ, & Feldman M, eds. Cytokine Reference. New York:
Academic Press, 2001:291-305.

Fiszer D, Rozwadowska N, Lukaszyk A, Slomski R, Kurpisz M.
Quantitative mRNA analysis of IL-1 gene system in human testis.
Am J Reprod Immunol. 2003;50:389-398.

Fraczek M, Kurpisz M. The redox system in human semen and
peroxidative damage of spermatozoa. Postepy Hig Med Dosw
(Online). 2005;59:523-534.

Furuya Y, Akashi T, Fuse H. Soluble Fas and interleukin-6 and
interleukin-8 levels in seminal plasma of infertile men. Arch Androl.
2003;49:449-452.

Goldman R, Ferber E, Zort U. Reactive oxygen species are involved in
the activation of cellular phospholipase A2. FEBS Lett. 1992;309:
190-192.

Grassme H, Jendrossek V, Gulbins E. Molecular mechanism of
bacteria induced apoptosis. Apoptosis. 2001;6:441-445.

Griveau JF, Le Lannou D. Reactive oxygen species and human
spermatozoa: physiology and pathology. Int J Androl. 1997;20:61-69.

Gruschwitz MS, Brezinschek R, Brezinschek HP. Cytokine levels in
the seminal plasma of infertile males. J Androl. 1996;17:158-163.

Hales DB, Diemer T, Hales KH. Role of cytokines in testicular
function. Endocrine. 1999;10:201-217.

Han XD, Wang Y, Chen JX. A comparative study on interrelations
among microelements, infection of Ureapalsma urealyticum, and
male infertility. Arch Androl. 2003;49:265-269.

Huleihel M, Lunenfeld E. Regulation of spermatogenesis by paracrine/
autocrine testicular factors. Asian J Androl. 2004;6:259-268.

Journal of Andrology - March/April 2007

Huleihel M, Lunenfeld E, Horowitz S, Levy A, Potashnik G,
Glezerman M. Production of interleukin-1-like molecules by
human sperm cells. Fertil Steril. 2000;73:1132-1137.

Jedrzejezak P, Fraczek M, Szumala-Kakol A, Taszarek-Hauke G,
Pawelczyk L, Kurpisz M. Consequences of semen inflammation
and lipid peroxidation on fertilization capacity of spermatozoa in
in vitro conditions. Int J Androl. 2005;28:275-283.

Keck C, Gerber-Schafer C, Clad A, Wilhelm C, Breckwoldt M.
Seminal tract infections: impact on male fertility and treatment
options. Hum Reprod Update. 1998;4:891-903.

Kocak I, Yenisey C, Dundar M, Okyay P, Serter M. Relationship
between seminal plasma interleukin-6 and tumor necrosis factor
alpha levels with semen parameters in fertile and infertile men. Urol/
Res. 2002;30:263-267.

Kopa Z, Wenzel J, Papp GK, Haidl G. Role of granulocyte elastase
and interleukin-6 in the diagnosis of male genital track in-
flammation. Andrologia. 2005;37:188-194.

Kovalski N, de Lamirande E, Gagnon C. Reactive oxygen species
generated by human neutrophils inhibit sperm motility: protective
effect of seminal plasma and scavengers. Fertil Steril. 1992;58:809—
816.

Leclerc E, de Lamirande E, Gagnon C. Regulation of protein-tyrosine
phosphorylation and human sperm capacitation by reactive oxygen
derivatives. Free Radic Biol Med. 1997;22:643-656.

Leib Z, Bartoov B, Eltes F, Servadio C. Reduced semen quality caused
by chronic abacterial prostatitis: an enigma or reality? Fertil Steril.
1994;6:1109-1116.

Liu J, Wang YX, Wu YL, Qian XM, Xiang ZQ. Measurement of the
reactive oxygen species and cytokines in the seminal plasma of
leukocytospermic patients. Zhonghua Nan Ke Xue. 2003;9:103-105.

Maegawa M, Kamada M, Irahara M, Yamamoto S, Yoshikawa S, Kasai
Y, Ohmoto Y, Gima H, Thaler CJ, Aono T. A repertoire of cytokines
in human seminal plasma. J Reprod Immunol. 2002;54:33-42.

Maerten P, Shen C, Colpaert S, Liu Z, Bullens DA, van Assche G,
Penninckx F, Geboes K, Vanham G, Rutgeerts P, Ceuppens JL.
Involvement of interleukin 18 in Crohn’s disease: evidence from in
vitro analysis of human gut inflammatory cells and from
experimental colitis models. Clin Exp Immunol. 2004;135:310-317.

Maruyama DK Jr, Hale RW, Rogers BJ. Effects of white blood cells
on the in vitro penetration of zona-free hamster eggs by human
spermatozoa. J Androl. 1985;6:127-135.

Matalliotakis IM, Cakmak H, Fragouli Y, Kourtis A, Arici A, Huszar
G. Increased IL-18 levels in seminal plasma of infertile men with
genital tract infections. 4m J Reprod Immunol. 2006;55:428-433.

Matsui K, Tsutsui H, Nakanishi K. Pathophysiological roles for IL-18
in inflammatory arthritis. Expert Opin Ther Targets. 2003;7:701-724.

Mazzilli F, Rossi T, Marchesini M, Ronconi C, Dondero F.
Superoxide anion in human semen related to seminal parameters
and clinical aspects. Fertil Steril. 1994;62:862-868.

Menkveld R, Kruger TF. Sperm morphology and male urogenital
infections. Andrologia. 1998;30:49-53.

Merino G, Carranza-Lira S, Murrieta S, Rodriguez L, Cuevas E,
Moran C. Bacterial infection and semen characteristics in infertile
men. Arch Androl. 1995;35:43-47.

Motrich RD, Maccioni M, Molina R, Tissera A, Olmedo J, Riera CM,
Rivero VE. Reduced semen quality in chronic prostatitis patients
that have cellular autoimmune response to prostate antigens. Hum
Reprod. 2005;20:2567-2572.

Motrich RD, Maccioni M, Ponce AA, Gatti GA, Oberti JP, Rivero
VE. Pathogenic consequences in semen quality of an autoimmune
response against the prostate gland: from animal models to human
disease. J Immunol. 2006;177:957-967.

Munder M, Mallo M, Eichmann K, Modolell M. Murine macro-
phages secrete interferon gamma upon combined stimulation with



Fraczek and Kurpisz -

interleukin (IL)-12 and IL-18: a novel pathway of autocrine
macrophage activation. J Exp Med. 1998;187:2103-2108.

Nakanishi K, Yoshimoto T, Tsutsui H, Okamura H. Interleukin-18
regulates both Thl and Th2 responses. Annu Rev Immunol. 2001;
19:423-474.

Naz RK, Evans L. Presence and modulation of interleukin-12 in seminal
plasma of fertile and infertile men. J Androl. 1998;19:302-307.

Naz RK, Kaplan P. Increased levels of interleukin-6 in seminal plasma
of infertile men. J Androl. 1994a;15:220-227.

Naz RK, Kaplan P. Interleukin-6 enhances the fertilizing capacity of
human sperm by increasing capacitation and acrosome reaction.
J Androl. 1994b;15:228-233.

Nunez-Calonge R, Caballero P, Redondo C, Baquero F, Martinez-
Ferrer M, Meseguer MA. Ureaplasma urealyticum reduces motility
and induces membrane alterations in human spermatozoa. Hum
Reprod. 1998;13:2756-2761.

Ochsendorf RF. Infections in the male genital tract and reactive
oxygen species. Hum Reprod Update. 1999;5:399-420.

Plante M, de Lamirande E, Gagnon C. Reactive oxygen species
released by activated neutrophils, but not by deficient spermato-
zoa, are sufficient to affect normal sperm motility. Fertil Steril.
1994;62:387-393.

Potts JM, Sharma R, Pasqualotto F, Nelson D, Hall G, Agarwal A.
Association of ureaplasma urealyticum with abnormal reactive
oxygen species levels and absence of leukocytospermia. J Urol.
2000;163:1775-1778.

Purvis K, Christiansen E. Infection in the male reproductive tract.
Impact, diagnosis and treatment in relation to male infertility.
Int J Androl. 1993;16:1-13.

Rajasekaran M, Hellstrom WJ, Naz RK, Sikka SC. Oxidative stress
and interleukins in seminal plasma during leukocytospermia. Fertil
Steril. 1995;64:166-171.

Rodin DM, Larone D, Goldstein M. Relationship between semen
cultures, leukospermia, and semen analysis in men undergoing
fertility evaluation. Fertil Steril. 2003;79:1555-1558.

Rozwadowska N, Fiszer D, Kurpisz M. Function of the interleukin-1
gene system in immunomodulation, apoptosis and proliferation in
the male gonad. Postepy Hig Med Dosw ( Online). 2005;59:56-67.

Sanocka D, Fraczek M, Jedrzejezak P, Szumala-Kakol A, Kurpisz M.
Male genital tract infection: an influence of leukocytes and bacteria
on semen. J Reprod Immunol. 2004;62:111-124.

Sanocka D, Jedrzejczak P, Szumala-Kakol A, Fraczek M, Kurpisz M.
Male genital tract inflammation: the role of selected interleukins in
regulation of pro-oxidant and antioxiant enzymatic substances in
seminal plasma. J Androl. 2003;24:448-455.

Sanocka D, Kurpisz M. Reactive oxygen species and sperm cells.
Reprod Biol Endocrinol. 2004;2:12.

Shang XJ, Huang YF, Xiong CL, Xu JP, Yin L, Wan CC. Ureaplasma
urealyticum infection and apoptosis of spermatogenic cells.
Asian J Androl. 1999;1:127-129.

Sharma RK, Pasqualotto FF, Nelson DR, Thomas AJ Jr, Agarwal A.
The reactive oxygen species-total antioxidant capacity score is
a new measure of oxidative stress to predict male infertility. Hum
Reprod. 1999;14:2801-2807.

Shimoya K, Matsuzaki N, Tsutsui T, Taniguchi T, Saji F, Tanizawa O.
Detection of interleukin-8 (IL-8) in seminal plasma and elevated
IL-8 in seminal plasma of infertile patients with leukospermia.
Fertil Steril. 1993;59:885-888.

Soder O, Sultana T, Jonsson C, Wahlgren A, Petersen C, Holst M. The
interleukin-1 system in the testis. Andrologia. 2000;32:52-55.

Male Genital Tract Inflammation and Oxidative Stress 333

Thomas J, Fishel SB, Hall JA, Green S, Newton TA, Thornton SJ.
Increased polymorphonuclear granulocytes in seminal plasma in
relation to sperm morphology. Hum Reprod. 1997;12:2418-2421.

Tomlinson MJ, Barratt CL, Bolton AE, Lenton EA, Roberts HB,
Cooke ID. Round cells and sperm fertilizing capacity: the presence
of immature germ cells but not seminal leukocytes are associated
with reduced success of in vitro fertilization. Fertil Steril. 1992a;
58:1257-1259.

Tomlinson MJ, Barratt CL, Cooke ID. Prospective study of leukocytes
and leukocyte subpopulations in semen suggests they are not
a cause of male infertility. Fertil Steril. 1993;60:1069-1075.

Tomlinson MJ, White A, Barratt CL, Bolton AE, Cooke ID. The
removal of morphologically abnormal sperm forms by phagocytes:
a positive role for seminal leukocytes? Hum Reprod. 1992b;7:517-522.

Tsutsui H, Matsui K, Okamura H, Nakanishi K. Pathophysiological
roles of interleukin-18 in inflammatory liver diseases. Immunol Rev.
2000;174:192-209.

Twigg J, Fulton N, Gomez E, Irvine DS, Aitken RJ. Analysis of the
impact of intracellular reactive oxygen species generation on the
structural and functional integrity of human spermatozoa: lipid
peroxidation, DNA fragmentation and effectiveness of antiox-
idants. Hum Reprod. 1998;13:1429-1436.

Urata K, Narahara H, Tanaka Y, Egashira T, Takayama F,
Miyakawa I. Effect of endotoxin-induced reactive oxygen species
on sperm motility. Fertil Steril. 2001;76:163-166.

Vicari E. Seminal leukocyte concentration and related specific reactive
oxygen species production in patients with male accessory gland
intectious. Hum Reprod. 1999;14:2025-2030.

Villegas J, Schulz M, Soto L, Sanchez R. Bacteria induce expression of
apoptosis in human spermatozoa. Apoptosis. 2005;10:105-110.
Vogelpoel FR, van Kooij RJ, te Velde ER, Verhoef J. Influence of
polymorphonuclear granulocytes on the zona-free hamster oocyte

assay. Hum Reprod. 1991;6:1104-1107.

Wang A, Fanning L, Anderson DJ, Loughlin KR. Generation of
reactive oxygen species by leukocytes and sperm following
exposure to urogenital tract infection. Arch Androl. 1997;39:11-17.

Wereszczynska-Siemiatkowska U, Mroczko B, Siemiatkowski A,
Szmitkowski M, Borawska M, Kosel J. The importance of
intreleukin 18, glutathione peroxidase, and selenium concentration
changes in acute pancreatitis. Dig Dis Sci. 2004;49:642-650.

Willen M, Holst E, Myhre EB, Olsson AM. The bacterial flora of the
genitourinary tract in healthy fertile men. Scand J Urol Nephrol.
1996;30:387-393.

Wolff H. The biologic significance of white blood cells in semen. Fertil
Steril. 1995;63:1143-1157.

Wolff H, Anderson DJ. Immunohistologic characterization and
quantitation of leukocyte subpopulations in human semen. Fertil
Steril. 1988;49:497-504.

Wolff H, Bezold G, Zebhauser M, Meurer M. Impact of clinically
silent inflammation on male genital tract organs as reflected by
biochemical markers in semen. J Androl. 1991;12:331-334.

Wolff H, Politch JA, Martinez A, Haimovici F, Hill JA, Anderson DJ.
Leukocytospermia is associated with poor semen quality. Fertil
Steril. 1990;53:528-536.

World Health Organization. WHO Laboratory Manual for the Exami-
nation of Human Semen and Sperm-Cervical Mucus Interactions. 4th
ed. Cambridge, United Kingdom: Cambridge University Press; 1999.

Yanushpolsky EH, Politch JA, Hill JA, Anderson DJ. Is leukocytos-
permia clinically relevant? Fertil Steril. 1996,66:822-825.

Zalata AA, Hafez T, Comhaire F. Evaluation of the role of reactive
oxygen species in male infertility. Hum Reprod. 1995;10:1444-1451.



