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ABSTRACT

Objective: This study was carried out to find out the immunolocalization of Interleukin 6 (IL-6) and 
Interleukin 10 (IL-10) in the testicular tissue of testicular dysfunction rat treated with secretome 
from human umbilical stem cells.
Materials and methods: Rats were induced with cisplatin for testicular dysfunction condition. 
After that, the rats were grouped into two categories and were treated with secretome at 0.2 
and 0.5 ml/kg BW once every week for 4 weeks. One week later, after the secretome treatment, 
the rats were sacrificed for histological evaluation using the immunohistochemical method. The 
preparation slides were examined using a light microscope and were analyzed descriptively and 
quantitatively.
Results: There were no IL-6 and IL-10 immunoreactivities seen in the testicular tissue after cispla-
tin induction. However, the immunoreactivities of IL-6 and IL-10 were detected after secretome 
treatment, with both dosages of 0.2 and 0.5 ml/kg BW. These immunoreactivities were detected 
in the spermatogonia, spermatid/luminal tissue of seminiferous tubule, spermatogenic cells, and 
Leydig cells. In the cell calculation, the numbers of IL-6 immunoreactive cells were higher at the 
lower secretome dosage. In contrast, the numbers of IL-10 immunoreactive cells were higher at 
the higher secretome dosage.
Conclusion: IL-6 and IL-10 can be localized in the testicular tissue of testicular dysfunction rat after 
secretome treatment.
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Introduction 

Cell signaling is an important mechanism in the physio-
logical processes across systems. This involves cytokines, 
hormones, neurotransmitters, growth factors, extracel-
lular matrix components, etc., as messengers [1]. In the 
testicular tissue, complex cell integration between the 
spermatogenic cells and interstitial cells of the testicular 
microenvironment is needed for the spermatogenesis pro-
cess. These include paracrine, autocrine, and endocrine 
mechanisms. Cytokines’ action is pleiotropic and redun-
dant. The same cytokines can have different effects on 
different cells and different cytokines can have the same 
effects on specific cells [2]. IL-6 and IL-10 type of cyto-
kines are involved in the spermatogenesis process, espe-
cially as paracrine/autocrine regulators [3,4]. Sertoli cells 

and Leydig cells produce these cytokines in response to 
stimulation by gonadotropins [3,5]. IL-6 is already known 
to have a specific action for maintaining the function of 
Sertoli cells and germ cells [6,7]. In contrast, IL-10 acts as 
an immunoregulator secreted by testicular non-immune 
cells, Sertoli cells [8]. However, the study about IL-6 and 
IL-10 in the testicular dysfunction rat treated with secre-
tome has never been published before. Secretome is a 
mixture of secreted molecules, such as cytokines, growth 
factors, chemokines, and extracellular vesicles [9–12], pro-
duced by mesenchymal stem cells in the medium of cells 
culture [13]. Secretome has a potential effect on regener-
ating tissue damage in the degenerative disorder [13,14]. 
These cytokines in the secretome are essential in influenc-
ing many aspects of fertility regulation and reproductive 
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physiology [15]. In our previous study, we have shown the 
regeneration of spermatogenesis in the testicular dysfunc-
tion rat after treatment with secretome from the human 
umbilical cord. Spermatogenesis regeneration was proved 
by increasing the sperm number and motility. Also, there 
was improvement in the structure of seminiferous tubules 
[16]. However, the presence of cytokines, especially IL-6 
and IL-10, in the regeneration of testicular dysfunction 
rat treated with secretome has not been studied yet. 
Evaluation of the presence of IL-6 and IL-10 in the testicu-
lar tissue can prove the return of cytokines that are needed 
during spermatogenesis. This research was carried out to 
determine the immunolocalization of IL-6 and IL-10 in the 
tissue of the testicles of testicular dysfunction rat after 
treatment with secretome from human umbilical stem 
cells. Immunolocalization was carried out using an immu-
nohistochemical method. 

Materials and Methods

Ethical approval

We obtained ethical approval from the Gadjah Mada 
University Ethics Committee before the research process 
began. The ethical approval letter number is 00035/04/
LPPT/V/2017.

Animals experiment

Eighteen healthy male adult Wistar rats of the same age 
were used in this research. The rats were adapted in the 
animal house facility for a week before the experiment 
began. The rats were maintained with the relatively same 
temperature and humidity of the tropical region under 
a controlled 12 h light/dark cycle. Seventeen rats were 
induced with cisplatin for testicular dysfunction condition, 
and one rat was not given any treatment as a standard con-
trol rat. The induction of testicular dysfunction with cis-
platin in the rats was adapted from the method reported 
by Reddy et al. [17]. One week after the induction, one 
testicular dysfunction rat and the normal control rat were 
sacrificed, and the testicular tissues were collected. The 
remaining rats were grouped into two categories. Group 
1 was treated with secretome with the dosage of 0.2 ml/
kg BW once every week for 4 weeks, and group 2 was 
treated with secretome with the dosage of 0.5 ml/kg BW 
once every week for 4 weeks. Secretome was given intra-
peritoneally. A week after each secretome treatment, one 
rat from each group were sacrificed, and the testicular tis-
sues were collected. The testicular tissues were fixed with 
Bouin’s solution immediately after collection.

Tissue processing

Fixed testicular tissues were processed with the paraffin 
method. The process began with dehydration in a series of 

ethanol solutions from 70%, 80%, 90%, absolute I, II, and 
III for 1 h, respectively. Then, it was continued with clear-
ing in xylene solution I, II, and III for 30 min, respectively. 
After that, paraffin infiltration was done with incubation 
in the liquid paraffin 3 times at a temperature of 60°C for 
1 h, respectively. Testicular tissue embedding was done in 
the liquid paraffin. The tissue in the paraffin block was cut 
to a thickness of 5-micron using a microtome. The cut tis-
sue was moved into the gelatin-coated slide. After that, the 
slide was placed on the slide warmer for 2 h.

Immunohistochemical staining

The tissue slides were deparaffinized using xylene before 
rehydration in a series of ethanol solutions. After that, 
the tissue slides were washed in running water for 5 min. 
Antigen retrieval was performed using a microwave. The 
incubation of tissue slides using a blocking endogenous 
peroxidase solution was performed for 30 min. Rabbit-
DAB (Poly-HRP) Detection IHC Kit (Cat. No. IHC0007, 
FineTest®) was used to visualize the immunoreactivities 
of antibodies. After washing, using phosphate buffered 
saline (PBS), the tissue slides were incubated in blocking 
serum for 1 h. The antibodies were dripped into the tissue 
slides then were incubated overnight at 4°C. The antibod-
ies used in this experiment were IL-6 Polyclonal Antibody 
(1:200, Cat. No. bs-0379R, Bioss®) and IL-10 Polyclonal 
Antibody (1:200, Cat. No. bs-0698R, Bioss®). The next day, 
after washed using PBS, the tissue slides were incubated 
using Poly-HRP-Goat Anti-Rabbit IgG for 1 h. Before incu-
bation, using the DAB-Reagent solution for 30 min, the tis-
sue slides were washed again using PBS three times. After 
that, the tissue slides were washed in running water for at 
least 5 min before counterstaining using Hematoxylin and 
coverslip.

Analysis

The preparation slides were examined using a light micro-
scope. The photograph of the preparation slides was taken 
with a digital camera (Optilab) that was fixed in the light 
microscope. The immunoreactivities of IL-6 and IL-10 
antibodies in the testicular tissue were analyzed descrip-
tively. IL-6 and IL-10 immunoreactive cells were counted 
from 5 fields of view with 400 magnification.

Results

Immunohistochemical staining

Immunoreactivity of IL-6 and IL-10 antibodies in immuno-
histochemical staining was shown as a brown color precip-
itate in the prepared slides. In the normal testicular tissue 
slides, the immunoreactivity of IL-6 and IL-10 antibodies 
can be seen in the spermatogonia, spermatid, and Leydig 
cells (Fig. 1). In the absence of IL-6 and IL-10 antibodies, 
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there was no brown color precipitate in the prepared 
slides. These slides were used as negative control staining. 

Immunoreactivity of IL-6 Antibody

Immunoreactivities of IL-6 antibody in the testicle tissue 
slides of the normal control rats were shown dominantly 
in the spermatogonia (black arrow, Fig. 1A), whereas in the 
testicular dysfunction rat induced with cisplatin, there was 
no immunoreactivity in the testicular tissue slides (Fig. 
2A). One week after the first secretome treatment with 
0.2 ml/kg BW, there were slight immunoreactivities in the 
luminal tissue of seminiferous tubule (blue arrow, Fig. 2B). 
These immunoreactivities were still seen after the sec-
ond secretome treatment (blue arrow, Fig. 2C). After the 
third secretome treatment, the immunoreactivities were 

seen in the spermatogenic cells (black arrow, Fig. 2D). 
Unfortunately, we could not get the testicular tissue sam-
ple after the fourth secretome treatment because there 
was no rat left. Similar results were obtained in the second 
treatment group. Although the immunoreactivities have 
not been seen after the first secretome treatment with 0.5 
ml/kg BW (Fig. 2E), the immunoreactivities in the luminal 
tissue of seminiferous tubule were seen after the second 
secretome treatment (blue arrow, Fig. 2F). After the third 
secretome treatment, the immunoreactivities were seen in 
the luminal tissue (blue arrow, Fig. 2G) and spermatogenic 
cells (black arrow, Fig. 2G). In the last secretome treat-
ment, the immunoreactivities could be seen in the lumi-
nal tissue (blue arrow, Fig. 2H), spermatogenic cells (black 
arrow, Fig. 2H), and Leydig cells (red arrow, Fig. 2H). IL-6 

Figure 1. Immunoreactivity of IL-6 and IL-10 in the testicular tissue of a normal rat. Immunoreactivity can be seen as a brown pre-
cipitate in the spermatogonia (black arrow, A), Leydig cells (red arrow, B), and spermatid/luminal tissue (blue arrow, C).

Figure 2. Immunoreactivity of IL-6 in the testicular tissue of the testicular dysfunction rat treated with secretome. Immunoreactivities 
of IL-6 can be detected in the Leydig cells (red arrow), spermatogenic cells (black arrow), and luminal tissues (blue arrow). Figure 2A 
shows IHC staining of testicular dysfunction rat; 2B 1week after the first secretome treatment with 0.2 ml/kg BW; 2C 1 week after the 
second secretome treatment at the dosage of 0.2 ml/kg BW; 2D 1 week after the third secretome treatment with 0.2 ml/kg BW; 1 week 
after the second secretome treatment with 0.2 ml/kg BW; 2E 1 week after the first secretome treatment with 0.5 ml/kg BW; 2F 1 week 
after the second secretome treatment with 0.5 ml/kg BW; 2G 1 week after the third secretome treatment with the dosage of 0.5 ml/kg 
BW; 2H 1 week after the fourth secretome treatment with 0.5 ml/kg BW.
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immunoreactive cells count showed that there were 27 
immunoreactive cells after the third secretome treatment 
with 0.2 mg/kg BW. In the higher dose, there were 7 immu-
noreactive cells after the third secretome treatment. This 
number increased after the fourth secretome treatment to 
16 immunoreactive cells (Table 1).

Immunoreactivity of IL-10 Antibody

Immunoreactivities of IL-10 antibody in the testicle tissue 
slides of normal control rats were shown dominantly in 
the spermatid/luminal tissues of the seminiferous tubule 
(blue arrow, Fig. 1C) and Leydig cells (red arrow, Fig. 1B), 
whereas in the testicular dysfunction rat induced with 
cisplatin, there was no immunoreactivity in the testicular 
tissue slides. One week after the first (Fig. 3B) and second 
(Fig. 3C) secretome treatments with 0.2 ml/kg BW, there 
were no immunoreactivities in the testicular tissues slide. 
However, the immunoreactivities of spermatogenic cells in 
the seminiferous tubule could be seen after the third secre-
tome treatment (black arrow, Fig. 3D). Unfortunately, we 

could not get the testicular tissue sample after the fourth 
secretome treatment because there was no rat left. Very 
dynamic results were shown in the second treatment 
group. After the first secretome treatment with 0.5 ml/kg 
BW, the immunoreactivities were seen in the luminal tis-
sue of seminiferous tubule (blue arrow, Fig. 3E). However, 
there were no immunoreactivities seen after the second 
secretome treatment (Fig. 3F). The immunoreactivities 
reappeared dominantly in the spermatogonia after the 
third secretome treatment (black arrow, Fig. 3G) and dis-
appeared again after the fourth secretome treatment (Fig. 
3H). IL-10 immunoreactive cells count showed that there 
were 7 immunoreactive cells after the third secretome 
treatment with 0.2 mg/kg BW. In the higher dose, there 
were 27 immunoreactive cells after the third secretome 
treatment (Table 2).

Discussion

Cytokines in the testicular tissue are strictly controlled to 
protect and ensure spermatozoa production. In normal 

Table 1.  The number IL-6 immunoreactive cells in the testicular tissue of the testicular dysfunction rat treated with secre-
tome.

Dosage 
One week after 1st 

secretome treatment
One week after 2nd 

secretome treatment
One week after 3rd 

secretome treatment
One week after 4th 

secretome treatment

0.2 mg/kg BW 0 0 27 N/A

0.5 mg/kg BW 0 0 7 16

N/A = not available data.

Figure 3. Immunoreactivity of IL-10 in the testicular tissue of the testicular dysfunction rat treated with secretome. Immunoreactivities 
of IL-10 can be detected in the spermatogenic cells (black arrow) and luminal tissues (blue arrow). Figure 2A shows IHC staining of 
the testicular dysfunction rat; 2B 1 week after the first secretome treatment with 0.2 ml/kg BW; 2C 1 week after the second secretome 
treatment with 0.2 ml/kg BW; 2D 1 week after the third secretome treatment with 0.2 ml/kg BW; 1 week after the second secretome 
treatment with 0.2 ml/kg BW; 2E 1 week after the first secretome treatment with the dosage of 0.5 ml/kg BW; 2F 1 week after the 
second secretome treatment with 0.5 ml/kg BW; 2G 1 week after the third secretome treatment with 0.5 ml/kg BW; 2H 1 week after the 
fourth secretome treatment with 0.5 ml/kg BW.
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testicular tissue, cytokines are secreted by non-immune 
cells. Pro-inflammatory and immunoregulatory cytokines, 
in this case, like IL-6 and IL-10, were secreted under nor-
mal conditions and in response to inflammatory stimuli by 
testicular somatic and spermatogenic cells. These types 
of cytokines give signals through cell surface receptors 
[18]. IL-6 can be generated by Sertoli and Leydig cells to 
modulate Sertoli cells itself and the development of sper-
matogenic cells [19]. In pathological condition, such as 
seminomas/testicular cancer, IL-6 production was signifi-
cantly increased [20]. The other report explained that IL-6 
was a cell growth-stimulating factor in organs/disease 
[21].

In contrast to IL-6, IL-10 level remained similar to the 
normal level in seminomas/testicular cancer. This suggests 
that IL-10 has immunosuppressive properties [22]. Rival et 
al. [23] reported that the immunoreactivity of IL-6 could be 
localized in the Leydig cells, Sertoli cells, and macrophage, 
while IL-6 receptor immunoreactivity was localized in the 
Leydig cells, macrophage, and germ cells. The IL-6 level in 
humans increased in several conditions, such as genital infec-
tion [24] and infertile with varicoceles [25]. Jiang et al. [26] 
reported that there was a different concentration of IL-6 in 
control, abnormal semen with high Reactive Oxygen Species 
(ROS) levels, and normal semen with elevated ROS levels.

However, in this study, there was no IL-6 immunore-
activity detected in the testicular tissue of the testicular 
dysfunction rat induced with cisplatin. We assumed that 
cisplatin has a direct effect on IL-6-producing cells or IL-6-
targeted cells. After secretome treatment, with both 0.2 
and 0.5 ml/kg BW, IL-6 was found in the luminal tissue 
of seminiferous tubule and proved by IL-6 immunoreac-
tivity. Further secretome treatment showed a good effect, 
which proved the presence of IL-6 immunoreactivity in 
spermatogenic cells. Gan reported that IL-6 signaling has 
essential roles in the restructuring of the testicular cell 
junction [27]. This structure is also essential for support-
ing spermatogenesis [28].

Furthermore, IL-10 was produced by a resident of mast 
cells and macrophages in the testicular tissue, as well as 
non-immune somatic cells, like Sertoli cells [29,30]. In the 
testicular tissue, macrophages produced IL-10 to regulate 
the reaction of the humoral immune and the response of 
cellular immune [31,32] through its immunosuppressive 

properties [22]. In our study, we detected IL-10 immuno-
reactivity dominantly in the spermatid and luminal tissue 
of the seminiferous tubule. We assumed that a high con-
centration of IL-10 in the luminal tissue correlates with 
immune function. Corticosterone, testosterone, and PGE2 
are known to induce the secretion of IL-10 [33]. In the 
testicular tissue of the testicular dysfunction rat induced 
with cisplatin, there was no IL-10 immunoreactivity. After 
the third secretome treatment with 0.2 ml/kg BW, there 
were very few IL-10 immunoreactivities detected in the 
spermatogenic cells. However, in the secretome treatment 
with 0.5 ml/kg BW, there was some inconsistency of the 
presence of IL-10 in the testicular tissue. IL-10 immuno-
reactivity was detected in the luminal tissue of the sem-
iniferous tubule after the first secretome treatment, but 
lacked after second secretome treatment. IL-10 immuno-
reactivity reappeared in the spermatogonia after the third 
secretome treatment, but was not detected again after the 
fourth secretome treatment. This unclear dynamic of IL-10 
immunoreactivity probably is caused by short-acting and 
short-lived cytokines [18]. However, the presence of IL-10 
indicated the return of immunoregulation in the testicular 
tissue. The control of the immune environment in the tes-
ticular tissue is essential to maintain immune homeostasis 
that is necessary for normal spermatogenesis [34].

Conclusion

IL-6 and IL-10 immunoreactivities can be detected in the 
testicular tissue of the testicular dysfunction rat after 
treatment with secretome from the human umbilical cord. 
We believed that the presence of IL-6 and IL-10 after treat-
ment with secretome from the human umbilical cord cor-
related with the returning cell signaling mechanism and 
immunoregulation in the testicular tissue of the testicular 
dysfunction rat. However, the mechanism needs to be stud-
ied furthermore.
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