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ABSTRACT. Spermatogenesis is a highly controlled process of proliferation, meiosis, and differentiation.
Systemic infection and chronic inflammation can impair testicular steroidogenesis and spermatogenesis. In this
study, we examined the effect of systemic infection – intraperitoneal (i.p.) injection of lipopolysaccharide (LPS) –
on the expression levels of IL-6 in the testis of sexually immature and adult mice. IL-6 levels in testicular
homogenates of immature mice were significantly higher than in mature mice (both protein and RNA levels),
before and after LPS injection. Injection of LPS (i.p.) into mature mice over 3 hours, significantly increased
testicular IL-6 protein and mRNA levels (as demonstrated by ELISA and RT-PCR respectively) compared to the
control group. Injection of LPS over 24 hours significantly increased IL-6 mRNA expression, but it did not
significantly affect IL-6 protein levels in the homogenates. In contrast, stimulation of immature mice with LPS (2,
20 or 100 lg/mL) over 3 hours or LPS (2 or 20 lg/mL) over 24 hours, significantly increased testicular IL-6 (both
protein and mRNA expression). The levels of testicular IL-6 (protein) in the homogenates were not significantly
increased after stimulation with 100 lg/mL over 24 hours, but they were significantly increased at the mRNA level.
Our results demonstrate, for the first time, the over-expression of IL-6 in testicular homogenates of mature and
immature mice following systemic inflammation (i.p. injection of LPS). These results suggest the possibility of the
involvement of systemic infection/inflammation, through the elevation of testicular IL-6, in testicular functions,
which may affect male fertility. Also, high levels of IL-6 during pathological conditions, could play a role in
protecting testicular tissue.
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Spermatogenesis is a highly controlled process of prolif-
eration, meiosis, and differentiation, which occurs in a
number of sets of spermatogenic cell associations or stages
[1, 2]. In addition to the regulatory effect of gonadotropins
and androgens in the initiation and maintenance of sper-
matogenesis, a number of cytokines are also involved in
the regulation of various differentiation steps in this pro-
cess [3-5].

Clinical reports indicate that systemic infection and
chronic inflammation can impair testicular steroidogenesis
and spermatogenesis, leading to temporary or permanent
fertility problems [6-10]. Injection of an animal subject
with lipopolysaccharide (LPS), an endotoxin present in the
outer cell wall of the gram-negative bacteria, resulted in
inhibition of gonadotropin secretion by the pituitary, and
testosterone secretion by Leydig cells [10, 11]. In addition,
LPS induced an acute inflammatory response, mediated by
an increased proinflammatory cytokine secretion – mainly
tumor necrosis alpha (TNF-a), interleukin-(IL)-1 and IL-6
– by the immune system [12]. These cytokines could
inhibit testicular steroidogenesis directly, or indirectly by

inducing glucocorticosteroid production following activa-
tion of the hypothalamic-pituitary-adrenal axis [4, 13, 14].
In the testicular compartments, LPS may induce various
cell types of immune and non-immune origin to produce
cytokines. In the testicular interstitial compartment, Ley-
dig cells and macrophages are the main responsive cells. In
the seminiferous tubules, Sertoli cells, germ cells and
differentiated germ cells, and peritubular cells produce
cytokines [1, 4, 14]. It was demonstrated that Sertoli cells
secrete IL-6, which was increased following stimulation
with LPS, latex beads, residual bodies, low levels of test-
osterone and FSH [15-17]. The levels of IL-6 varied
throughout different stages of the seminiferous epithelium
cycle; high levels were observed in stages II-VI and the
lowest in stages VII-VIII [15]. Leydig cells also express
IL-6 following stimulation with LH, LPS and IL-1 in vitro
[18, 19]. Testicular macrophages were shown to secrete
IL-6 and other cytokines following stimulation with LPS
under in vitro conditions [20].
IL-6 has been suggested to be a potent inhibitor of meiotic
DNA synthesis within the seminiferous epithelium [21], and
a stimulator of transferrin production by Sertoli cells [18].
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It was also shown to inhibit testosterone secretion by
Leydig cells [22].
In the present study, we examined the effect of systemic
infection (i.p. injection of LPS) on the expression levels of
IL-6 in the testis of sexually immature and adult mice.

MATERIALS AND METHODS

Materials

Interleukin-6 levels in testicular homogenates were exam-
ined using a murine IL-6 Eli-pair kit (Diaclone, Besançon,
France). This kit recognizes both natural and recombinant
murine IL-6, and has no cross-reactivity with other murine
cytokines. The range of the standard curve was 2 to
500 pg/mL, and the sensitivity of the kit was < 32 pg/mL.

LPS injection

The investigations were conducted in accordance with the
Guiding Principles for the Care and Use of Research
Animals promulgated by the Society for the Study of
Reproduction. Sexually mature (adults) (8-10 weeks old)
and sexually immature (2 weeks old) Balb/c mice were
used. At the age of 2 weeks, even though Sertoli cells are
almost completely differentiated, the spermatogenic pro-
cess has not yet been completed and mice are not produc-
ing spermatozoa [23]. Three mice were examined in each
experiment and each experiment was repeated more than
6 times.
Mice were injected (i.p.) with 2, 20 or 100 lg/mL/100 lL
of LPS or saline (control). Three hours or 24 hours later,
mice were sacrificed by CO2 asphyxiation, and testicular
tissues were immediately separated and stored at -70 °C
for RNA extraction or for homogenate preparation.

Preparation of testicular homogenates

Testicular homogenates were prepared from immature and
mature mice. A single testis from each mature and two
testes from each immature mouse were prepared and ex-
amined separately. The tunica albugina was removed from
the testis and remaining testicular tissue was homogenized
in 0.8 mL cold PBS over ice. At the end of the homogeni-
zation process, the mixture was centrifuged at
13 000 RPM for 15 min. and the supernatant was collected
and stored at -70 °C. Total protein was investigated using
Biorad reagent. IL-6 levels were measured using a specific
ELISA kit.

Extraction of total RNA and RT-PCR analysis

Total RNA was extracted from mouse testis using the EZ
RNA Reagent protocol (Biological Industries, Beit Hae-
mek, Israel). First-strand complementary DNAs (cDNAs)
were synthesized from 2.5 lg total RNA with 0.5 lg ran-
dom oligonucleotide primers (Roche Molecular Bio-
chemicals, Mannheim, Germany) and 200 U of Moloney-
Murine Leukemia Virus-Reverse Transcriptase (M-MLV-
RT; Life Technologies, Inc., Paisley, Scotland, UK) in a
total volume of 20 lL Tris-HCl-MgCl reaction buffer,
supplemented with DTT, dNTPs (0.5 mmol/L; Roche Mo-
lecular Biochemicals) and RNase inhibitor (40 U; Roche
Molecular Biochemicals). The reverse transcriptase (RT)
reaction was performed for 1 h at 37 °C and stopped for
10 min at 75 °C. The volume of 20 lL was subsequently

made up to 60 lL with water. Negative controls for the
reverse transcriptase reaction (RT-) were prepared in par-
allel, using the same reaction preparations with the same
samples, without M-MLV-RT.
The PCR, performed subsequently, contained cDNA
samples in final dilution of 1:15 with two pairs of oligo-
nucleotide primers (0.9 pmol/lL; 5′AGAGG-
GAAATCGTGCGTGAC3′; and 3′GCCGGACTCATCG-
TACTCCT5′ for the mouse b-Actin cDNA sequence, and
5′GACGATACCACTCCCAACAGACC3;’ and 3′AT-
GCTTAGGCATAACGCACTAGGTT5′ for the mouse
IL-6 cDNA sequence (Sigma). To assess the absence of
genomic DNA contamination in RNA preparations and
RT-PCR reactions, PCR was performed with negative con-
trols for the RT reaction (RT-) and without cDNA
(cDNA-). The PCR reactions were carried out on a Cycler
II System Thermal Cycler (Ericomp, San Diego, CA,
USA). Twenty microliters of each PCR product were run
on 2% agarose gel, containing ethidium bromide, and
photographed under UV light.
The RNA expression was quantified from the different
samples of the RT-PCR using TINA software (version
2.10g) (raytest Isotopenmessgeraets, GmbH, Strauben-
hardt, Germany).

Evaluation of results

Each experiment included three to five mice within each
adult and immature group. Each experiment was repeated
from three to six times.
The levels of IL-6 were evaluated as pg/lg protein of the
testicular homogenate. The results are presented as the
mean of pg/lg protein ± SEM.

Statistics

Student’s t test was used for statistical evaluation, and
p values below 0.05 were considered significant.

RESULTS

Over-expression of IL-6 in testicular homogenates
of immature, as compared to mature mice

IL-6 levels in testicular homogenates of immature mice
were significantly higher than in mature mice (both protein
and RNA levels), before and after LPS injection (figures
1,2) ; the scales of the figures are different (see also our
previous paper in the present volume).

LPS induced the expression of IL-6
in testicular tissues of mature mice

Intraperitoneal injection of LPS into mature mice signifi-
cantly increased IL-6 levels in their testicular homoge-
nates, in a time- and dose-dependent manner (figure 1A).
After 3 hours of induction with 20 and 100 lg/mL LPS, the
levels of IL-6 in testicular homogenates of adult mice were
significantly increased (0.053 ± 0.015 pg/lg protein,
p = 0.0012 and 0.046 ± 0.016 pg/lg protein, p = 0.032 re-
spectively). However, stimulation with 2 lg/mL of LPS
for 3 hours did not significantly increase IL-6 levels in
testicular homogenates of adult mice (0.038 ± 0.015 pg/lg
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protein, p = 0.39) as compared to the control group
(0.033 ± 0.01 pg/lg protein). Conversely, stimulation of
adult mice with various doses of LPS (i.p.) (2, 20 and
100 lg/mL) for 24 hours did not induce significantly

higher levels of IL-6 in testicular homogenates
(0.041 ± 0.2 pg/lg protein; 0.04 + 0.014 pg/lg. protein
and 0.043 ± 0.018 pg/lg protein respectively), as com-
pared to the control group.
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Figure 1
Levels of IL-6 expression induced by LPS in testicular tissues of mature mice.
Mature mice were injected (i.p) with saline (control) or LPS (2, 20, 100 lg/mL) over 3 hours or 24 hours. After each time point, mice were
sacrificed and testes were collected and homogenized. IL-6 protein levels were evaluated using a specific ELISA kit. Levels are expressed as
pg/lg protein ± SEM (A). The expression levels of IL-6 mRNA were evaluated by RT-PCR using a specific primer, and IL-6 PCR products were
separated on 2% agarose gel containing ethidium bromide (B). Quantitative evaluations of the PCR products were performed by video
densitometry, and the ratio between IL-6 bands and b-actin bands were calculated (C). The results are expressed as arbitrary units.
* p < 0.03 ** p < 0.005 *** p< 0.0005.
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IL-6 mRNA expression was significantly increased after 3
and 24 hours of induction with various concentrations of
LPS (2, 20 and 100 lg/mL; p < 0.005, p < 0.002 and
p < 0.0005 respectively and p < 0.01, p < 0.03 and
p < 0.03 respectively) as evaluated by RT-PCR (figure 1B)
and quantified by densitometry (figure 1C).

LPS induced higher expression of IL-6
in testicular tissues of immature mice

Intraperitoneal injection of LPS into immature mice induced
significantly higher IL-6 levels in their testicular homoge-
nates, in a time- and dose-dependent manner (figure 2A).
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Figure 2
Levels of IL-6 expression induced by LPS in testicular tissues of immature mice.
Immature mice were injected with saline (control) or LPS as described in figure 1A. IL-6 levels were evaluated using a specific ELISA kit. Levels
of the protein are expressed as pg/lg protein ± SEM (A). The expression levels and quantification of IL-1b mRNA (B, C) described in figure 2
B, C were evaluated using specific primers for IL-6.
* p < 0.04 **p <0.005 *** p < 0.0003.
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Stimulation with 2, 20 and 100 lg/mL of LPS for 3 hours
significantly increased IL-6 levels in testicular homoge-
nates of immature mice (0.2 ± 0.09 pg/lg protein,
p = 0.039; 0.32 ± 0.17 pg/lg protein, p = 0.008 and
0.4 ± 0.17 pg/lg protein, p = 0.001 respectively) as com-
pared to the control group (0.119 ± 0.04 pg/lg protein).
Also, the levels of IL-6 in testicular homogenates of imma-
ture mice were significantly increased after 24 hours of
induction with 2 and 20 lg/mL LPS (0.26 ± 0.19 pg/lg
protein, p = 0.036 and 0.31 ± 0.12 pg/lg protein,
p = 0.001 respectively), but not with 100 lg/mL LPS
(0.21 ± 0.15 pg/lg protein, p = 0.07).
IL-6 mRNA expression was significantly increased after 3
and 24 hours of induction with various concentrations of
LPS (20 and 100 lg/mL; p < 0.0003 and p < 0.005 respec-
tively and p < 0.002, and p < 0.003 respectively), as evalu-
ated by RT-PCR (figure 2B), and quantified by densitom-
etry (figure 2C).

DISCUSSION

The cellular origins of IL-6 in the testis, under normal
conditions, involve all testicular compartments (see our
paper published in the present volume). Systemic inflam-
mation, by i.p. injection of LPS, could induce testicular
cells to produce IL-6. It was demonstrated that LPS in-
duced testicular cells to secrete TNF, IL-1 and IL-6 in vitro
[4, 14, 24, 25]. Also, IL-1 and TNF-a induced testicular
macrophages, Sertoli cells and Leydig cells to secrete IL-6
in vitro [4, 14, 25].
Systemic infection and inflammatory disease were found
to disrupt germ cell production and to impair the reproduc-
tive capacity by decreasing steroidogenesis and testoster-
one levels [6-10, 14]. It was shown that TNF, IL-1 and IL-6
decreased testosterone secretion by Leydig cells [4, 14, 26,
27]. These factors also affected transferrin secretion by
Sertoli cells [4, 14, 26]. In addition, IL-1a was demon-
strated to induce germ cell proliferation; however, IL-6
inhibited this function [2, 28, 29]. IL-6 may also have
potentially adverse effects on male reproductive function,
influencing the hypothalamic-pituitary-testicular axis.
Recently, it was shown that LPS is a potent stimulator of
Sertoli cell proliferation in vitro, and that it can modulate
the mitogenic action of FSH on immature Sertoli cells,
thus, disturbing adult germ cell production [30].
IL-6 increases during infection/inflammation could inhibit
the immune response by inducing immunosuppressive fac-
tors such as IL-1ra and sTNF and depressing regulation of
TNF-a production [31], thus protecting testicular tissue.
Thus, under pathological conditions IL-6 could interfere
with male fertility but may also play an important role in
protecting testicular tissue.
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