
Health Problems of Civilization, Volume 9/ Number 4/2015

- 21 -

Address for correspondence: Hanna Maksymyuk, Department of clinical laboratory diagnostics on FPGE of the Danylo Halytsky Lviv 
National Medical University, Pekarska st., 69, Lviv, 79010, phone: +380 066 654 5933, e-mail: hanna.maksymjuk@gmail.com
Tables: 5 Figures: 0 References: 21 Full-text PDF www.hpc.edu.pl Copyright © Pope John Paul II State School of Higher Education in 
Biała Podlaska, Sidorska 95/97, 21-500 Biała Podlaska Indexation: Index Copernicus, AGRO, ProQuest, Polish Medical Bibliography, Polish 
Ministry of Science and Higher Education. This is an open-access article distributed under the terms of the Creative Common Attribution 
Non-commercial license (http://creativecommons.org/licenses/by-nc/3.0), which permits use, distribution and reproduction in any 
medium, provided the original works is properly cited, the use is non-commercial and is otherwise in compliance with the license.

THE LEVEL OF PROINFLAMMATORY AND ANTIINFLAMMATORY CYTOKINES IN 
SPERM PLASMA OF FERTILE AND INFERTILE MEN

Hanna Maksymyuk1, Zinovij Vorobets2, Vasyl Maksymyuk3

1Department of Clinical laboratory diagnostics on FPGE of the Danylo Halytsky Lviv National Medical University
 2Department of Medical biology, parasitology and genetics of the Danylo Halytsky Lviv National Medical 

University
3Institute of Agriculture of the Carpathian Region 

Maksymyuk H., Vorobets Z., Maksymyuk V. (2015), The level of proinflammatory and antiinflammatory cytokines in sperm plasma of fertile 
and infertile men. Health Problems of Civilization, 4 (9), p. 21-25.

Summary: The present study was carried out with the aim to evaluate the relation of the content of proinflammatory 
and antiinflammatory cytokines with the sperm quality indicators. The study involved 45 patients with a pathological 
spermogram and 15 practically healthy men. A positive correlation (r = 0.45) between the content of IL-6 and the sperm 
concentration in the ejaculate and a negative correlation (r = -0.42) of this cytokine with the number of live sperm were 
revealed. The concentration of IL-8 was positively correlated with sperm density (r = 0.52) and it was negatively correlated 
with the number of live sperm (r = -0.55). A positive correlation between the content of IL-10 and the sperm concentration 
as well as the number of active forms was observed (r = 0.45 and 0.5, respectively), and a negative correlation (r = -0.7) was 
observed between the ejaculate volume and the concentration of IL-10. In the obtained ejaculates, a close positive correlation 
between the content of IL-8 and IL-6 (r = 0.74) and between the concentration of IL-10 and IL-6 (r = 0.72) was observed. 
Based on the completed study, a conclusion was made that the increased level of IL-6 and IL-8 may result in the reduction of 
the sperm quality, and, possibly, infertility, and that IL-10 plays an important role in improving sperm parameters.
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Introduction

In the reproductive system of men and male animals, interleukins are produced by immune testis cells, 
interstitial cells, Sertoli cells and spermatogonia. According to the chemical structure, interleukins are 
low molecular peptides with different immunological activity. Binding to receptors of the target cell, they 
stimulate intracellular signal transduction, regulate the growth and differentiation of germ cells, reproductive, 
neuroendocrine and testicular functions of the tissues of genital organs. It is known that this regulation is mutual, 
and different cells in the reproductive system can not only produce their own cytokines, but also regulate their 
secretion. With the weakening of cytokine production, changes in the functioning of the reproductive system 
are possible, and this can lead to male infertility (Dousset et al. 1997, Diemer T. et al. 2003, Li Qian et al. 2012).

IL-6 is a multifunctional cytokine that belongs to the major mediators of the acute phase of the inflammatory 
response. It is found in various biological fluids and in sperm in particular. In the male reproductive system, 
this interleukin is produced by Sertoli cells. It was found out (Gruschwitz et al. 1996, Eggert-Kruse et al. 2001, 
Nandipandt et al. 2005) that the increase in the level of cytokines (IL-6 i IL-8) is associated with the development 
of inflammatory processes in the genital tract of men. In addition, researchers (Bookfor F.R. et al. 1994, Legue et 
al. 2001) found that changes in the content of IL-6 affect spermatogenesis.

IL-8, also called a neutrophil attractant, belongs to a group of chemokines. It plays a key role in the 
inflammatory response, stimulating phagocytosis and bactericidal activity of neutrophils (Shimoya et al. 1993). 
Just like other cytokines, IL-8 is present in sperm plasma (Garcia-Velasco, Arici 1999, Furuya et al. 2003, Sanocka 
et al. 2003). Under conditions of normospermia, the average level of IL-8 in sperm plasma of men is significantly 
higher than its level in the blood (Sanocka et al. 2003). It was revealed (Koumantakis et al. 1998) that in healthy 
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men its contents in sperm plasma is 31.5 times higher than in the blood. Such a high difference can confirm the 
fact that primarily IL-8 is produced by the reproductive system (Dziadecki et al. 2010).

IL-10 was first described as a factor blocking the synthesis of cytokines that produce Th2-cells (Chuklyn, 
Perejaslov 2005). IL-10 models the expression of cytokines, soluble mediators and cell surface molecules by 
cells of the myeloid origin and are able to activate and support the immune and inflammatory response. IL-10 
significantly inhibits production of IL-6, and its synthesis by monocytes in the first place is effectively blocked 
by IL-4 and by IL-10 itself. IL-10 plays a key role in maintaining the balance between pathological and protective 
processes, participating in establishing this balance (Chuklyn, Perejaslov 2005).

The aim of this study was to evaluate the diagnostic significance of the level of IL-6, IL-8 and IL-10 in 
sperm plasma and to establish the correlation between the content of these cytokines and the parameters of 
spermogram of infertile and fertile men.

Materials and methods

We studied ejaculates of 60 men, who during 2013-2014 visited the clinic for infertility. Sperm samples were 
obtained after 3-5 days of sexual absence. The average age of men was 33 ± 2.26 years. 

The ejaculates were kept for 30 minutes at the room temperature, after which a standard evaluation of the 
secretion was performed according to the requirements (WHO). After complete liquefaction of the ejaculate, 
the samples were centrifuged at 600g for 20 minutes. The supernatant was collected and stored at -20° C. The 
concentration of IL-6, IL-8 and IL-10 was determined using the immunoenzyme method (Stat-fax-303) according 
to the instructions for sets made by the company Vector-Best. The results of the study were analyzed for the 
volume, sperm density, sperm concentration (106/ml), the percentage of sperm forward movement (a+b) and 
live sex cells, and the content of IL-6, IL-8 and IL-10. The software Microsoft Excel was used for the statistic 
analysis. The data groups were compared using the t-test and a correlation analysis was performed.

Results and discussion

The average age of 45 patients with a pathological spermogram made up 30.78 ± 0.85 years, and the average 
age of 15 healthy donors was 33.00 ± 1.30 years. Based on the analysis of normal and pathological spermograms, 
it was found that the volume of ejaculate in a group of donors was 3.22 ± 0.19 ml, whereas in the infertile men the 
figure is slightly higher - 3.84 ± 0.24 ml (p <0. 05) (table 1). The sperm density was also higher in infertile men 
and was 3.07±0.45 against 2.4±0.23 mm (p <0.1) in fertile men.

Table 1. Indicators of spermograms of fertile and infertile men (М±m)
Spermogram indicators Fertile men Infertile men

ejaculate volume, ml 3.22±0.19 3.84±0.24
sperm density, mm 2.4±0.23 3.07±0.45

sperm concentration, ×106/ml 80.80±5.45 56.42±6.85
sperm forward movement (a+b), % 56.60±1.18 41.92±3.19

number of live sperm, % 65.80±1.87 42.79±3.20

The number of sperm is significantly higher in the group of healthy men 80.80±5.45×106/ml against 56.42 ± 
6.85×106/ml (p <0.01) in the group of infertile men. The same trend was observed concerning the percentage of 
sperm forward movement and live sperm, which in the donor group made up 56.6±1.18% compared to infertile 
men – 41.92 ± 3.19% (p<0.001) and 65.8 ± 1.87% against 42.79 ± 3.20% (p<0.001), respectively.

The content of IL-6, IL-8 and IL-10 was determined in sperm plasma of infertile and fertile men (table 2). 
The concentration of IL-6 in the sperm plasma of healthy men is 6.6 times lower in comparison with the group 
of infertile men: 4.62±0.56 against 30.58±4.78pg / ml (p<0.001). The same trend was observed regarding the 
content of IL-8: 973.92 ± 66.10pg / ml against 1684.45 ± 118.78pg / ml (p <0.001). The same concentration of IL-
10 was higher in the group of fertile men: 14.60 ± 1.51pg / ml, as opposed to the group of men with pathological 
spermogram – 10.53 ± 1.26pg / ml (p <0.01).
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Table 2. The content of interleukins in sperm plasma (M±m)

Groups of men
The content of interleukins, pg / ml

IL-6 IL-8 IL-10
fertile men 4.62±0.56 973.92±66.10 14.60±1.51

range (interval) 3.10-6.00 858.80-1206.40 10.90-20.00
infertile men 30.58±4.78 1684.45±118.78 10.53±1.26

range (interval) 1.00-97.70 736.29-3033.03 0.40-30.90

The concentration of IL-6 in sperm plasma of healthy men varied within the range of 3.1-6.0 pg / ml, IL-8 
from 858.8 to 1206.4 pg / ml and IL-10 from 10.9 – 20.0 pg / ml. The content of IL-6 in ejaculate plasma of 
men with pathological spermogram ranged from 1.00 to 97.7 pg / ml. The concentration of IL-8 varied within a 
considerably wider range and therefore was 736.29 – 3033.03 pg / ml. The content of IL-10 was the lowest and 
was within 0.40 – 30.9 pg / ml.

The infertile men’s ejaculates under study, depending on the concentration of interleukins, were divided into 
three groups (tables 3-5). The content of IL-6 in the first group was 6.22 ± 0.83 pg / ml, in the second group it 
was 19.64 ± 1.27 pg / ml and in the third group it made up 74.06±6.81 pg / ml (table 3). Having performed a 
correlation analysis between the level of IL-6 and spermogram indicators, we have found a negative correlation 
between the volume of ejaculate in all three groups (r = -0.32; -0.21; -0.12) and a positive correlation with the 
sperm density in group II (r = 0.3). There is a negative correlation between the percentage of live sperm in group 
I (r = -0.42) and a positive correlation in groups I-III between the content of IL-6 and the percentage of motility 
sperm (r = 0.3; 0.45; 0.31). A positive correlation between the content of IL-6 and IL-8 was found in groups I and 
III (r = 0.54 and 0.47) and with IL-10 in group III (r = 0.45).

Table 3. Correlation of IL-6 with the spermogram indicators (M±m)

Spermogram indicators
Ejaculate groups 

I r II r III r
content of IL-6, pkg/ml 6.22±0.83 19.64±1.27 74.06±6.81

ejaculate volume, ml 3.47±0.28 -0.32 4.19±0.34 -0.21 3.74±0.32 -0.12
sperm density, mm 4.67±0.28 -0.11 2.82±0.31 0.3 2.13±0.20 -0.27

sperm concentration, 106/ml 68.75±5.37 0.37 59.59±5.76 0.34 43.81±4.53 -0.28
sperm forward movement 

(a+b), % 47.9±3.54 0.30 34.46±3.65 0.45 44.25±4.52 0.31

number of live sperm, % 50.63±4.72 -0.42 40.23±4.65 -0.05 40.54±4.19 0.17
content of  IL-8, pg/ml 1430.12±140.19 0.54 1691.86±162.78 -0.12 1950.46±143.5 0.47
content of  IL-10, pg/ml 8.12±0.79 -0.25 10.67±1.94 0.14 12.43±1.81 0.45

The concentration of IL-8 in the first group made up 1084.36±37.49 pg / ml, in the second group it was 
1987.55±99.1 pg / ml and in the third group it was 2762.53±49.67 pg / ml (table 4). Using the correlation analysis, 
a positive relationship was found between sperm density and the content of IL-8 in group II (r = 0.52); a negative 
correlation of the concentration of IL-8 with the number of live sperm was found in groups II and III: -0.55 and 
-0.32, respectively. 

Table 4. The correlation of IL-8 with the spermatogram indicators (M±m)

Spermogram indicators
Ejaculate groups

І r II R III r
content of IL-8, pkg/ml 1084.36±37.49 1987.55±99.1 2762.53±49.67

ejaculate volume, ml 3.94±0.32 -0.17 3.53±0.33 -0.14 3.85±0.43 0.04
sperm density, mm 4.05±0.35 -0.13 2.38±0.24 0.52 2.0±0.25 0.24

sperm concentration, 106/ml 66.45±6.83 0.12 46.13±4.98 0.19 47.2±4.54 -0.19
sperm forward movement 

(a+b), % 40.94±4.73 0.24 41.25±3.1 0.18 43.69±4.33 0.36

number of live sperm, % 44.82±4.36 0.13 38.57±3.19 -0.55 42.3±4.39 -0.32
content of  IL-6, pg/ml 24.8±2.17 0.39 31.59±3.54 0.07 42.49±4.58 0.74
content of  IL-10, pg/ml 8.95±1.54 0.1 11.23±1.44 0.12 12.78±1.6 0.27
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In group III, we recorded a positive correlation between the content of IL-8 and the number of active sperm – 
r = 0.36. Also, a positive correlation is observed between the content of IL-6 and IL-8 in groups I and III (r = 0.39 
and 0.74).

The content of IL-10 in group I was 4.06±0.27pg / ml, in group II it was 9.28±0.77pg / ml and in group III it was 
23.53±1.76 pg / ml (table 5). In group II, a positive correlation between the volume of ejaculate and the content 
of IL-10 (r = 0.51) was observed, while in group III this relationship was negative (r = -0.7). A strong positive 
correlation was recorded in group III between the sperm density and the concentration of IL-10 (r = 0.8). Also, 
a positive correlation of the content of IL-10 in respect of the sperm concentration in 1ml of ejaculate was found 
in group III – r = 0.45. A positive correlation between IL-10 in respect of the percentage of motility sperm was 
observed in group II (r = 0.30) and in group III (r = 0.5) the content of IL-10 in group III negatively correlated with 
the number of live sperm and r = -0.39.

Table 5. Correlation of IL-10 with the spermogram indicators (M±m)

Spermogram indicators
Ejaculate groups

І r II R III r
content of IL-10, pkg/ml 4.06±0.27 9.28±0.77 23.53±1.76

ejaculate volume, ml 4.04±0.41 -0.05 4.1±0.47 0.51 3.2±0.33 -0.7
sperm density, mm 3.82±0.37 -0.18 3.44±0.29 -0.35 1.5±0.16 0.8

sperm concentration, 106/ml 49.65±4.63 0.02 62.56±5.43 -0.06 57.83±5.65 0.45
sperm forward movement 

(a+b), % 36.57±3.27 0.22 46.43±4.73 0.3 43.0±3.50 0.5

number of live sperm, % 29.75±2.34 -0.08 47.5±3.59 -0.08 52.8±5.52 -0.39
content of  IL-6, pkg/ml 19.96±1.11 -0.51 32.87±3.55 0.15 41.77±3.58 0.72
content of  IL-8, pkg/ml 1542.22±136.96 0.16 1492.82±138.01 -0.09 2190.19±209.64 0.05

In group I, a negative correlation between the content of IL-10 and IL-6 (r = -0.51) was found, while in group 
III, this relationship was positive (r = 0.72).

Cytokines play a central role in physiological and pathological processes in the body, and namely they initiate 
an immune-inflammatory cascade and modulate a neurocrine control during reproduction. Also, the genetic 
factor affects the functioning of interleukins. Perhaps, they are local mediators of influence on sex hormones and 
are involved in the regulation of spermatogenesis (Sharkey 1998).

The present work identifies the content of pro-inflammatory (IL-6 IL-8) and anti-inflammatory (IL-10) 
cytokines in sperm plasma of donors and men with a pathological spermogram. IL-6 is a multifactorial cytokine 
contained in spermal plasma and it is produced by different cell types of the genital tract. Its level correlates 
with the activity of Sertoli cells. It was revealed that the concentration of IL-8 and IL-6 in sperm plasma is 
markedly higher than its concentration in blood serum (Humar et al. 1999, Comhaire et al. 1994). The absolute 
concentration of IL-8 in sperm fluid, as compared with the content of IL-10, is also much higher. Our study showed 
a significantly higher level of pro-inflammatory interleukins compared with anti-inflammatory interleukin level 
in sperm of infertile men. Also, an increased level of IL-6 and IL-8 in men ejaculate was found while reducing the 
percentage content of live forms of sex cells. It was found that the increase of the concentration of IL-8 results 
in a reduction in the number of live sperm forms. This can be considered as a clinically important parameter in 
relation to the level of fertility. However, according to some reports (Dousset et al. 1997), IL-6 was not showing 
any relation with the standard parameters of the ejaculate analysis. It has been revealed (Li Quian et al. 2012) 
that IL-6 and IL-8 affect the sperm activeness, but do not affect the sperm number and morphology. The high 
level of IL-10 is characteristic of ejaculates with a high sperm concentration and a large number of active forms. 
These observations are confirmed by the data (Vera et al. 2003), which showed a direct statistical correlation 
between IL-10 and individual sperm activeness. However, at lower concentrations of inflammatory cytokines 
(such as IL-10), the sperm quality deteriorates, and this reinforces the concept of the problem.

The negative correlation of pro-inflammatory cytokines with the progressive activeness and the number of 
active sperm confirms their role in the reduction of the sperm quality. This theory is supported by observations 
(Camejo et al. 2001), which revealed a relation between the level of IL-6 and sperm membranes peroxidation of 
infertile men.
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Conclusions

Infertile men have an increased level of IL-6 and IL-8 and a decreased concentration of IL-10. Maybe pro-
inflammatory cytokines are involved in the development of male infertility, and the high content of IL-10 
supports optimal spermogram indicators. It was found that the level of IL-8 and IL-6 is the opposite to the sperm 
quality, namely of the number of live sperm forms. IL-10 positively correlates with the sperm concentration and 
the number of their active forms, that can play an important role in improving the quality of ejaculate. Probably 
the measurement of these biochemical markers in patients could help in establishing the clinical diagnosis.
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