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Abstract. – OBJECTIVE: Diabetes is an im-
portant endocrinological disease that has an in-
creasing incidence in the world and affects all 
biological tissues including testicles. Therefore, 
this study aimed to reveal the histological and 
biochemical effects of vitamin D on irisin, apop-
tosis, total antioxidant status (TAS), and total ox-
idant status (TOS) in testicular tissues of rats 
with experimental diabetes. 

MATERIALS AND METHODS: 41 male Wis-
tar rats, 8-10 weeks old, weighing between 200-
220 g, were included in the study as the follow-
ing groups: control group (n=7; no treatment), 
sham group [only sodium citrate buffer (SCB)] 
[n=7; single dose 0.1 Molar (M) SCB given intra-
peritoneally (i.p)], vitamin D group (n=7; 50 IU/
day given orally), diabetes group [n=10; single 
dose 50 mg/kg Streptozotocin (STZ) dissolved in 
0.1 M SCB and given i.p (tail vein blood glucose 
level above 250 mg/dl after 72 hours)] and diabe-
tes+vitamin D group [n=10, single dose 50 mg/
kg STZ, dissolved in 0.1 M SCB and given i.p (tail 
vein blood glucose level above 250 mg/dl after 
72 hours) and when diabetes occurs, oral vita-
min D administration of 50 IU/day)]. At the end of 
the 8 weeks experiment, blood was drawn from 
the tail vein of all rats, they were sacrificed and 
testicular tissues were taken. While the amount 
of irisin in the blood and testicular tissue super-

natants was analyzed with the Enzyme-Linked 
Immunosorbent Assay (ELISA) method, TAS and 
TOS measurements were analyzed with the REL 
method, testicular tissues were analyzed his-
topathologically, immunohistochemically, and 
with the TUNEL method. 

RESULTS: When the diabetes group was com-
pared with the control and sham groups, it was 
reported that the amounts of blood and tissue su-
pernatant irisin and TAS significantly decreased 
and the TOS was significantly increased; a sta-
tistically significant increase in irisin and TAS 
of blood and tissue supernatants and a signifi-
cant decrease in TOS were detected when dia-
betes+vitamin D and diabetes groups were com-
pared among themselves. Similar results were 
obtained in the immunohistochemical studies. 
Tissue expressions of irisin decreased in the di-
abetes group compared to the control and sh-
am groups, while the application of vitamin D 
increased the tissue expressions of irisin. Ad-
ditionally, when the numbers of apoptotic cells 
were compared, it was reported that apoptotic 
cells in the diabetes group increased significant-
ly compared to the control and sham groups, 
and vitamin D administration significantly de-
creased the number of apoptotic cells. 

CONCLUSIONS: Taken together, vitamin D ad-
ministration to diabetic rats decreased the num-
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ber of apoptotic cells and increased the amount 
of irisin. Vitamin D had an effective role in main-
taining the physiological integrity of rat testicu-
lar tissues, so vitamin D may be a potent agent to 
be used in the treatment of diabetes in the future.

Key Words:  
Experimental diabetes, Testis, Irisin, Vitamin D, Apop-

tosis.

Introduction

Diabetes mellitus (DM) is a chronic metabolic 
disease in which the organism cannot adequately 
benefit from carbohydrates, fats, and proteins in the 
organism due to the deficiency of the insulin hor-
mone or the deficiencies in the effect of the insulin 
hormone, and it is among the most important public 
health problems of our era1. Long-term diabetes dis-
rupts the structure of all vessels by affecting vas-
cular cells and basement membranes2 and causes 
many complications such as microangiopathy, reti-
nopathy, nephropathy, and neuropathy3. In addition, 
in terms of the male reproductive system, DM neg-
atively affects the testicles by disrupting the struc-
tures of sperm cells, or by changing the hormone 
levels that affect the development of sperm cells, or 
both. Apoptosis is increased in testes with diabetes, 
and this causes dysfunction in the testicles. Also, 
oxidative stress increases due to diabetes (due to 
hyperglycemia), and in this case, it is known4 that 
this triggers excessive production of reactive oxygen 
species (ROS) and free radicals. The increase in oxi-
dative stress in rats with experimental diabetes5, and 
diabetic patients occurs as a result of an excessive 
increase in ROS and a decrease in the antioxidant 
defense mechanism6. As stated above, the damages 
caused by diabetes to biological systems in various 
ways are innumerable5,7.

In recent years, there have been several stud-
ies8-10 showing that vitamin D plays an important 
role in the regulation of blood insulin levels and 
plays a role in glucose metabolism. Vitamin D and 
its metabolites control apoptosis and inhibit the 
growth and proliferation of malignant cells11. Also, 
vitamin D has an antioxidant effect by increasing 
the expression of G6PDH (glucose 6 phosphate de-
hydrogenase), which has a protective effect against 
oxidative stress, in addition to its strong anti-pro-
liferative, pro-differentiative, and immunomodu-
latory effects12. Although vitamin D alleviates the 
harmful complications of diabetes, it has not been 
fully revealed yet which molecule or molecules me-
diate other than the above-mentioned mechanisms. 

A molecule called irisin, which is responsible 
for energy metabolism consisting of 112 amino 
acids and weighing 12.587 Daltons, has been dis-
covered in recent years13. It was found that irisin is 
expressed in almost all biological tissues such as 
intracranial arteries, kidneys, myelin sheath, neu-
ral cells, optic nerve, retina, thyroid, ovaries, Pur-
kinje cells, rectum, salivary glands, eccrine sweat 
gland, stomach, lungs, tongue, liver, small intes-
tine, dermis and hypodermis of skin, seminiferous 
tubules, spermatogenic cells, and Leydig cells in 
fetal human testicles, Leydig cells in adult human 
testis and epididymis, and it is first synthesized 
from skeletal muscle13,14. The main physiological 
role of irisin is to turn white adipose tissue into 
brown adipose tissue, causing heat release in the 
organism and thus mediating weight loss13,15.

Since there is a direct relationship between insu-
lin resistance and obesity and diabetes, it is inevita-
ble that there may be a relationship between irisin 
mediating weight loss and diabetes. Because irisin 
decreased in fasted animals and increased in fat-
tened animals, and it was suggested that this might 
be related to insulin resistance16,17.

Considering the above basic information alto-
gether, the study aimed to reveal (1) the histopa-
thology of testicular tissue, (2) irisin immunore-
activity and apoptosis status, blood TAS and TOS 
values, (3) testicular tissue supernatant and blood 
irisin amounts and the effects of vitamin D on 
these values by experimentally inducing diabetes 
with STZ in rats. 

Materials and Methods

The study was approved by the Animal Exper-
iments Ethics Committee of Firat University with 
the decision No. 210 in the session numbered 22, 
and dated 16.12.2015. In this study, 41 Wistar al-
bino male rats, 8-10 weeks old, weighing between 
200-220 g, were randomly divided into 5 groups 
as follows: Control (no treatment, n=7), Sham (a 
single dose of 0.1 M sodium citrate buffer were 
administered ip to the rats in this group, n=7), vi-
tamin D group (during the experiment, 50 IU/day 
of vitamin D was administered to the rats orally 
every day, via a dropper, n=7). Diabetes group 
[Streptozotocin was dissolved in 0.1 M sodium 
citrate buffer (pH: 4.5) and administered to rats 
as a single dose of 50 mg/kg ip, n=10] and Dia-
betes+vitamin-D group [Streptozotocin was dis-
solved in 0.1 M sodium citrate buffer (pH: 4.5) 
and administered to rats as a single dose of 50 
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mg/kg ip, n=10]. Rats were fed ad libitum and 
kept in standard cages at 22-25°C ambient tem-
perature, 12 hours of light (07:00-19:00) and 12 
hours of darkness (19:00-07:00) in the FUDAM 
animal laboratory18.

In our study, the formation of experimental dia-
betes with Streptozotocin (STZ) was performed as 
follows, based on the study that previously created 
experimental diabetes with STZ. In order to induce 
diabetes, Streptozocin (STZ, Zanosar, Sicor Phar-
maceuticals, Inc., Tel Aviv, Israel) was dissolved 
in 0.4 mL (0.1 M) sodium citrate buffer (pH: 4.5) 
with a 26 gauge insulin injector, and a single dose 
of 50 mg/kg was given ip to 20 rats in the diabe-
tes and diabetes+vitamin D groups. Blood samples 
were drawn from the tail vein of the rats 72 hours 
after this administration. Rats with fasting blood 
glucose of >250 mg/dL as a result of measuring 
the blood taken in a glucometer device were con-
sidered as diabetic. Measurement of blood glucose 
was performed with the Glucostix (Miles, Elkhart, 
IN, USA) device. In order to determine the fasting 
blood glucose levels of rats, blood samples were 
taken between 8-10 am after 8-10 hours of fasting. 
After the experimental diabetes was established, 
vitamin D 50 IU/day was administered to the an-
imals orally, via a dropper, every day during the 
experimental period of 8 weeks18.

Collection, Storage, and Analysis of 
Biological Samples

For biochemical analysis, half of the blood from 
the tail vein was taken into normal biochemistry 
tubes and the other half into EDTA tubes con-
taining aprotinin (for irisin analysis). These blood 
samples were immediately centrifuged at 4,000 
rpm (1,792 g) and stored at -80°C until studied19.

Rats were decapitated under anesthesia by ad-
ministering ketamine (75 mg/kg) +xylazine (10 
mg/kg) ip immediately after blood collection 
from the tail vein. Testicular tissues of the rats 
were quickly removed immediately after decap-
itation. For the histological study, the right testis 
was placed in Bouin’s solution and detected. Left 
testis (200 mg fresh tissue) was taken for bio-
chemical study and stored at -80°C20.

Preparation and Storage of Tissue 
Homogenates

200 mg testicular tissue from each rat was 
washed three times with phosphate buffer solu-
tion to remove the blood and other debris. Then, 
each tissue was placed in Eppendorf tubes con-
taining 500 KIU/mL. 200 mL of zirconium oxide 
beads with 0.5 mm diameter were placed in each 
Eppendorf tube. Phosphate buffer was added to 
the samples taken so that the final volumes of all 
samples were 1 mL. The caps of microcentrifuge 
tubes were closed and placed in the homogenizer 
(Bullet Blender, BBY24M-CE, NY, USA). Tis-
sues were homogenized in a homogenizer for 5 
minutes. The supernatant was transferred to an-
other Eppendorf tube. After centrifugation at 
4,000 rpm for another 10 minutes, the superna-
tant was separated to be used in ELISA studies 
and the resulting tissue supernatants were stored 
at -80°C until studied19.

Biochemical Analyses 

Glucose measurement
With the Glucostix (Miles, Elkhart, IN, USA) 

glucometer device, glucose was measured from 

Table I. Demographic, obstetrics, and fetal characteristics of vitamin D replacement and control group. 

 Group 1 (n=20) Group 2 (n=20)
 400IU/day Vitamin D 600 IU/day Vitamin D Group 3 (n=20)

Age (years) 27.6±5.03 28.3±3.50 27.1±4.11
VD level (ng/mL)* 13.9±4.07 14.5±2.09 23.2±4.02
Gravidity 2.80±1.02 2.87 ±1.03 2.43±0.20
Parity 1.78 ±0.33 1.67±0.55 1.43±0.21
Gestational age at birth (weeks) 36.5±6.44 37.3±3.04 36.8±5.01
Fetal birth weight (gr) 2840.8±302.6 2887.7±230.5 2790.5±320.4
GDM (n/%) 0 1 (5%) 0
PIH (n/%) 2 (10%) 2 (10%) 3 (15%)
Mode of delivery (n/%) 13 C/S (65%),  15 C/S (75%), 14 C/S (70%), 
 7 vaginal birth (35%) 5 vaginal birth (25%) 6 vaginal birth (30%)

*: Indicates the existence of statistical significance between groups (One-way ANOVA).Parameters without an asterisk indi-
cate that there is no statistical significance between groups.
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the blood taken from the tail vein at the begin-
ning of the experiment, at the end of the experi-
ment, and at regular intervals following the STZ 
application.

TAS and TOS Measurements
TAS21 and TOS22 were determined by the Erel 

technique in an autoanalyzer (Olympus, Ham-
burg, Germany), using Rel Assay Kits (Mega Tip 
Ind. Trade. Co. Ltd, Gaziantep, Turkey) and the 
unit of TAS was given as Trolox Equiv./L21, while 
the unit of TOS was µmol H2O2  Equiv./L22.

Measurement of Irisin Levels
Irisin levels in the blood and testicular super-

natants of rats were determined according to the 
manufacturer’s instructions specified in the cat-
alogs of the Irisin Enzyme immunoassay (EIA) 
kit (Phoenix Pharmaceuticals, Burlingame, CA, 
USA). While the intra assay coefficient of vari-
ance (CV) value of the ELISA kit used was 8%, 
the inter assay CV value was 12%. The minimum 
measurement limit of the kit was 0.05 ng/mL. In 
order to demonstrate the accuracy of irisin mea-
surements in tissue supernatants, biochemical as-
say validity tests (linearity, recovery, specificity, 
sensitivity, intra and inter assay tests) were per-
formed as previously described19. Irisin level was 
determined to be measured with the same sensi-
tivity in tissue supernatants. Automatic washer 
Bio-Tek ELX50 (BioTek Instruments, Winooski, 
VT, USA) device was used for plate washing, 
Bio-Tek ELX800 device was used for absorbance 
readings and Panasonic printer was used for print-
ing results. Test results were expressed as ng/mL.

Tissue Follow-Up, Sectioning and 
Staining of Tissues by Hematoxylin-Eosin 
Method

Right testis tissues from all rats were fixed 
in Bouin’s solution (Biognost, Zagreb, Croatia) 
and then passed through routine histological fol-
low-up series23. Then, testicular tissues were em-
bedded into the paraffin blocks, and 5-6 mm thick 
sections were obtained from these paraffin blocks 
with a microtome (Leica, Wetzlar, Germany). 
Sections were stained with the hematoxylin-eo-
sin method24. The sections stained were examined 
and photographed under a research microscope25.

Staining of Tissues with the 
Immunohistochemical Method

The immunoperoxidase method was used 
for the immunohistochemical analyses in the 

study26,27. For immunohistochemical staining, 5-6 
mm thick sections from paraffin blocks were taken 
on polylysine slides. Sections taken were deparaf-
finized and passed through graded alcohol series. 
After this process, it was boiled for 15 minutes in 
a microwave oven (750 W) in citrate buffer solu-
tion (pH=6) for antigen retrieval. After boiling, 
the tissues were kept at room temperature for ap-
proximately 20 minutes to cool. Tissues cooled at 
room temperature were washed with PBS (phos-
phate buffered saline, Sigma-Aldrich, Saint Louis, 
MO, USA) 3 times for 5 minutes, for a total of 15 
minutes. Then, they were incubated with hydro-
gen peroxide block solution for 5 minutes to pre-
vent endogenous peroxidase activity in the tissues 
(Hydrogen peroxide Block, Lab Vision Corpora-
tion, Fremont, CA, USA). The tissues were washed 
with PBS for 3x5 minutes, and Ultra V Block (Lab 
Vision Corporation, Fremont, CA, USA) solution 
was applied for 5 minutes to prevent non-specific 
binding. After these procedures, the tissues were 
incubated with the primary antibody (irisin Rab-
bit Polyclonal H-067-17, Phoenix Pharmaceuticals, 
Burlingame, CA, USA) diluted at 1/200 concen-
tration for 60 minutes at room temperature in a 
humidified environment. Following the prima-
ry antibody application, the tissues were washed 
with PBS for 3x5 minutes and then incubated with 
secondary antibody [biotinylated Goat Anti-Poly-
valent (anti-mouse/rabbit IgG), TP-125-BN, Lab 
Vision Corporation, Fremont, CA, USA] for 30 
minutes at room temperature in a humidified envi-
ronment. After the secondary antibody application, 
the tissues were washed again with PBS for 3x5 
minutes and incubated with Streptavidin Peroxi-
dase (Lab Vision Corporation, Fremont, CA, USA) 
for 30 minutes at room temperature in a humidified 
environment. Following the incubation, the tissues 
were washed again with PBS. 3-amino-9-ethylcar-
bazole (AEC) Substrate+AEC Chromogen (AEC 
Substrate, TA-015 and HAS, AEC Chromogen, 
TA-002-HAC, Lab Vision Corporation, Fremont, 
CA, USA) solution was dropped onto the tissues 
and as soon as the image signal was obtained under 
the light microscope, the tissues were washed with 
PBS. Tissues were counterstained with Mayer’s he-
matoxylin. After counterstaining, the tissues were 
rinsed with PBS and distilled water. After that, the 
stained tissues were covered with the appropriate 
mounting medium (Large Volume Vision Mount, 
TA-125-UG, Lab Vision Corporation, Fremont, 
CA, USA). The prepared sections were examined 
and imaged under the Leica DM500 microscope 
(Leica, Wetzlar, Germany). Rat heart tissue was 

http://www.google.com.tr/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&ved=0CDoQFjAB&url=http%3A%2F%2Fwww.thermoscientific.com%2Fecomm%2Fservlet%2Fproductsdetail_11152___11961536_-1&ei=KX3QUJeTJcrbtAbPj4DIBg&usg=AFQjCNF44in5mALQX1ynEC9WN_7-pwGkzw&bvm=bv.1355534169,d.Yms
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used as the positive control tissue. Rabbit IgG was 
used as the negative control. In the immunohisto-
chemical staining, histoscore (prevalence x sever-
ity) was performed based on the prevalence (0.1: 
<25%, 0.4 : 26-50%, 0.6 : 51-75%, 0.9 : 76-100%) 
and severity (0: none, +0.5: very little, +1: little, +2: 
moderate, +3: severe) of immunoreactivity28.

TUNEL Staining of Tissues
Terminal deoxynucleotidyl transferase dUTP 

nick and labeling (TUNEL) method was used in 
order to reveal apoptosis29. It was performed in 
accordance with the manufacturer’s procedure 
(ApopTag plus peroxidase in situ apoptosis de-
tection kit, Merck, Darmstadt, Germany). In the 
evaluation of TUNEL staining, nuclei observed in 
blue color with Harris hematoxylin were consid-
ered normal, while the cells with brown nuclear 
staining were considered apoptotic. At least 500 
normal and apoptotic cells were counted in ran-
domly selected areas using 10X magnification in 
the sections. The apoptotic index was calculated 
by dividing apoptotic cells to total cells (nor-
mal+apoptotic) and statistical analyses were per-
formed accordingly. Rat heart tissue was used as 
the positive control tissue. Instead of a working 
solution, a reaction buffer was applied as the neg-
ative control28.

Statistical Analysis
Statistical analyses were performed using the 

SPSS 22 program (IBM Corp., Armonk, NY, 
USA) and the data obtained were recorded as the 
mean ± standard deviation. One-way ANOVA 
and post hoc Tukey tests were used for intergroup 
evaluation. The value p < 0.05 was considered sta-
tistically significant.

Results

While the live weight measured at the end of 
the experiment in rats belonging to the control, 
sham, and vitamin D groups showed a statistical-
ly significant increase compared to the live weight 
measured at the beginning of the experiment, it 
was shown that the live weight measured at the 
end of the experiment in the rats in diabetes and 
diabetes+vitamin D groups showed a statistically 
significant decrease compared to the live weight 
measured at the beginning of the experiment 
in contrast to the control, sham, and vitamin D 
groups (p < 0.05) (Table I).

Glucose levels were similar at the beginning 
and end of the experiment in the control, Sham 
(Citrate buffer), and vitamin D groups. It was de-
tected that the blood glucose levels measured at 
the end of the experiment in rats in diabetes and 
diabetes+vitamin D groups increased statistically 
significantly compared to the blood glucose lev-
els measured at the beginning (p < 0.05). Table I 
shows the initial and final blood glucose levels of 
the experimental animals.

No statistically significant difference was found 
when blood TAS and TOS values of control, Sham 
(Citrate buffer), and vitamin D groups were com-
pared among themselves. However, it was found 
that TAS values showed a statistically significant 
decrease in the diabetes group, while TOS values 
increased statistically significantly (p < 0.05). In 
addition, TAS levels significantly increased in the 
diabetes+vitamin D group compared to the diabe-
tes group, while it was found that TOS levels sta-
tistically significantly decreased (p < 0.05). Table 
I shows serum TAS and TOS levels of all groups.

When blood TAS and TOS values of control, 

Parameter C n = 7 S n = 7 Vit D n = 7 DM n = 10 DM + Vit D n = 10

DB
BW (g) 185.00 ± 17.30 194.33 ± 24.85 199.00 ± 18.86 205.33 ± 24.43 180.60 ± 21.33

GLU (mg/dL) 103.83 ± 9.96 103.00 ± 17.01 109.83 ± 17.61 106.83 ± 10.571 83.50 ± 37.21

DF

BW (g) 272.66 ± 33.03a 277.00 ± 31.23a 298.40 ± 9.60a 151.33 ± 8.77a 141.20 ± 16.26a

GLU (mg/dL) 93.50 ± 17.89 108.33 ± 19.46 105.83 ± 14.68 440.16 ± 48.28a 478.40 ± 18.21a

TOS 160.00 ± 17.61 151.33 ± 10.26 154.20 ± 18.39 272.25 ± 21.77b,c,d 191.80 ± 10.89e

TAS 293.00 ± 17.69 286.50 ± 18.05 286.40 ± 15.82 250.25 ± 11.55b,c,d 296.60 ± 17.61e

Table I. Demographic and biochemical comparison of experimental and control groups.

BW, Body Weight; C, Control; DM, Diabetes Mellitus; DF, Diet finish; DB, Diet begin; GLU, Glucose; S, Sham; TAS, Total 
Antioxidant Status; TOS, Total Oxidant Status; Vit D, Vitamin D. Values are given as mean ± standard deviation. a, vs. Diet 
Start Group (p < 0.05); b, vs. Control Group (p < 0.05); c, vs. Sham Group (p < 0.05); d, vs. Vitamin D Group (p < 0.05); e, vs. 
Diabetes Mellitus Group (p < 0.05).
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Sham (Citrate buffer) and vitamin D groups were 
compared among themselves, no statistically sig-
nificant difference was found. However, blood 
and tissue amounts in the diabetes group showed 
a statistically significant decrease, while the irisin 
amount showed a statistically significant increase 
in the Diabetes+vitamin D group when compared 
to the diabetes group (p < 0.05). Table II shows 
the tissue and blood irisin levels of all groups.

Spermatogenic series cells in the seminiferous 
tubules of the testicular tissues and Leydig cells 
in the interstitial space of rats belonging to con-
trol, Sham, and vitamin D groups were normal in 
appearance according to the results of hematoxy-
lin-eosin staining (Figure 1A, 1B, 1C). There was 
no separation in the basement membranes of the 
testicular tissues of these groups. Clear edema in 
the interstitial spaces between the seminiferous tu-
bules (Figure 1Da, 1Db), separation in Leydig cells 
(Figure 1Da, 1Db), marked congestion around some 
seminiferous tubules (Figure 1Dc), basal membrane 
separation (Figure 1Db), and atrophic seminiferous 
tubules in some areas were observed in testicular 
tissues belonging to the diabetes group (Figure 1D). 
Atrophic tubule structure and congestion around 
seminiferous tubules were not observed when the 
testis tissues belonging to the diabetes+vitamin D 
group were examined. However, although there was 
a decrease in edema in the interstitial areas (Figure 
1Ea), basement membrane separation was present, 
but it was milder than the basement membrane sep-
aration in the diabetes group (Figure 1Eb).

Rat heart tissue was used as the positive control 
tissue (Figure 2B). Breast tissue was used as the 
negative control tissue and no TUNEL positivity 
was observed (Figure 2A). When TUNEL stain-
ing results in testicular tissues belonging to con-
trol (Figure 2C), sham (Figure 2D) and vitamin 
D (Figure 2E) groups were examined, apoptotic 
cells were observed in the spermatogenic series 
cells in the seminiferous tubules in a small num-
ber, and no apoptotic cells were detected in Ley-
dig cells in the interstitial area (Figure 2C, 2D, 
2E). When apoptotic cells in the testicular tissues 
of the diabetes group (Figure 2F) were compared 

to the control, sham, and vitamin D groups, they 
were found to be statistically significantly in-
creased in the spermatogenic series cells in the 
seminiferous tubules (p < 0.05).

Apoptotic cells in the testicular tissues of the 
diabetes+vitamin D (Figure 2G) group were 
found to be statistically significantly increased 
in the spermatogenic series cells in the seminif-
erous tubules compared to the control group and 
decreased compared to the diabetes group (p < 
0.05). No apoptotic cells were observed in Leydig 
cells in the interstitial area. The apoptotic index is 
given in Table III.

No irisin immunoreactivity was observed in the 
negative control tissue (PBS was applied instead 
of irisin antibody) (Figure 3A). Irisin immunore-
activity was detected in rat heart tissue used as the 
positive control tissue (Figure 3B). Immunoreac-
tivity of irisin in testicular tissues of all rats was 
observed in Leydig cells in the interstitial area. Iri-
sin immunoreactivity was observed in Leydig cells 
in the interstitial area in testicular tissues of control 
(Figure 3C), sham (only citrate buffer was given, 
Figure 3D), and vitamin D group (Figure 3E), and 
the intensity of irisin immunoreactivity was sim-
ilar in these three groups. There was a decrease 
in irisin immunoreactivity (p < 0.05) (Figure 3F) 
when the diabetes group was compared to the con-
trol (Figure 3C) and sham (only citrate buffer was 
given) groups (Figure 3D), and an increase in irisin 
immunoreactivity was observed with the adminis-
tration of vitamin D. The irisin immunoreactivity 
in the testicular tissues of the diabetes+vitamin D 
group was found to be statistically significantly de-
creased when compared to the control group, but 
there was a statistically significant increase when 
compared to the diabetes group (p < 0.05) (Fig-
ure 3G). The irisin immunoreactivity scores of all 
groups are given in Table III.

Discussion

It has been reported30 that diabetes causes var-
ious dysfunctions in biological systems and organ 

Parameter C n = 7 S n = 7 Vit D n = 7 DM n = 10 DM + Vit D n = 10

Serum 6.65 ± 0.77 7.37 ± 0.67 7.44 ± 0.71 2.80 ± 0.43a 7.42 ± 0.66b

Tissue 6.02 ± 0.22 6.80 ± 0.42 6.52 ± 0.92 2.25 ± 0.36a 6.40 ± 0.47b

Table II. Comparison of blood and tissue irisin amounts of experimental and control groups.

C, Control; DM, Diabetes Mellitus; S, Sham; Vit D, Vitamin D. Values are given as mean ± standard devi-
ation. a, vs. Control group (p < 0.05); b, vs. DM group (p < 0.05).
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failures, especially eye, kidney, heart, and vascu-
lar damage. It has also been reported31-34 that dia-
betes adversely affects gonadal functions in both 
humans and experimental animals, which leads to 
low testosterone levels, testicular dysfunction, and 
inadequate spermatogenesis. Therefore, in this 
study, the effects of vitamin D on body weights, 

irisin in testicular tissue, apoptosis, blood irisin 
levels, TAS and TOS values of experimentally 
diabetic rats were investigated for the first time 
using histological and biochemical methods.

The body weight at the end of the experiment 
in rats of the control, sham, and vitamin D groups 
was found to be increased when compared to the 

Figure 1. Hematoxylin and Eosin staining in testicular tissues. A, Testicular tissue of the control group. Sertoli cell (black 
arrow), spermatogonium (red arrow), primary spermatocyte (yellow arrow), secondary spermatocyte (brown arrow), sper-
matozoon (blue arrow), Leydig cell (green arrow);  (B), Testicular tissue belonging to the citrate buffer group. Sertoli cell 
(black arrow), spermatogonium (red arrow), primary spermatocyte (yellow arrow), secondary spermatocyte (brown arrow), 
spermatozoon (blue arrow), Leydig cell (green arrow); (C), Testicular tissue belonging to Vitamin D group. Sertoli cell (black 
arrow), spermatogonium (red arrow), primary spermatocyte (yellow arrow), secondary spermatocyte (brown arrow), sperma-
tozoon (blue arrow), Leydig cell (green arrow); (D), Testicular tissue belonging to the diabetes group. Edema in interstitial 
areas (red stars) (a-b), separation in Leydig cells (red arrows) (a-b), congestion around seminiferous tubules (black stars) (c), 
basal membrane separation (black arrows) (b), atrophic seminiferous tubule (brown star) (d);  (E), Testicular tissue belonging 
to the diabetes+vitamin D group. Edema in interstitial areas (red star) (a), Basal membrane separation (black arrows) (b). 
Magnification x 400. 

Parameters C n = 7 S n = 7 Vit-D n = 7 DM n = 10 DM + Vit D n = 10

TUNEL 
Apoptotic Index (%) 4.16 ± 2.13 5.50 ± 2.42 3.66 ± 1.63 10.33 ± 2.65a,b,c 4.33 ± 2.58a,d

IHK
Irisin Histoscore 2.00 ± 0.58 2.00 ± 0.81 1.85 ± 0.74 0.55 ± 0.21a,b 1.52 ± 0.76a,d

C, Control; DM, Diabetes Mellitus; S, Sham; Vit D, Vitamin D. Values are given as mean ± standard deviation. a, vs. Control 
group (p < 0.05); b, vs. Sham group (p < 0.05); c, vs. Vitamin D group (p < 0.05); d, vs. Diabetes Mellitus group (p < 0.05).

Table III. Histological evaluations of testicular tissues of experimental and control groups.
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body weight at the beginning of the experiment, 
while there was a significant decrease in body 
weight at the end of the experiment compared to 
the body weight at the beginning of the experi-
ment in diabetes and diabetes+vitamin D groups. 
Bodyweight loss during the experiment was re-
ported in experimental diabetic mouse and rat 
studies35-38. Bingöl and Kocamış39 in their study 
on diabetic mice reported that, although not rel-
ative to the previous sampling day of each day, 
mice lost body weight every day compared to that 
of few days before. In addition, Göçmen et al40 
reported that there was live weight loss in mice 
on the 20th and 30th days of the experiment in their 
study. Also, Wada et al36 reported that there was a 
significant decrease in the live weight of diabetic 
mice when compared to the mice in the control 
group 24 weeks after the start of the experiment. 
Loss of body weight in our study may have result-
ed from excessive protein degradation in tissues 
caused by diabetes as Andallu and Varadachar-
yulu41 stated. Also, the insulin hormone organiz-
es the movement of circulating glucose into cells 
and prevents excessive accumulation of glucose 
in the blood. The organism weakens in the case of 
diabetes (in the absence or resistance of insulin) 
since this organization is disrupted. This could be 
another possible mechanism of diabetes-induced 
weight loss observed in animals. The mecha-

nism underlying the weight gain due to vitamin 
D supplementation in animals is probably due to 
the fact that vitamin D regulates the insulin level 
in the blood, facilitating the entry of glucose into 
cells, and thus both managing and controlling 
the weight gain. In our study, we reported that 
rats in the diabetes+vitamin D groups had lower 
blood glucose levels at the end of the experiment 
compared to the diabetes group, which supports 
the mechanism suggested above. Also, diabetes 
increases the amount of glucose in the blood as 
shown in this study and previous studies42.

In this study, total antioxidant amounts de-
creased in the diabetes group while total oxi-
dant amounts increased. Diabetes causes oxida-
tive stress4. The possible reason for the increase 
in total oxidant levels and decrease in total an-
tioxidant levels in the case of diabetes may be 
due to the use of antioxidant molecules by cells 
in order to eliminate oxidative stress caused by 
diabetes. Moreover, total antioxidant capaci-
ty increased with vitamin D supplementation 
while total oxidant capacity was decreased in 
our study. This means that vitamin D decreases 
the damage in biological tissues by increasing 
the total antioxidant capacity. This is because 
previous studies43,44 have reported that vitamin 
D decreases oxidative stress and increases anti-
oxidant capacity.

Figure 2. TUNEL staining in testicular tissues. A, Negative control tissue; (B), Rat breast tissue that was used as the positive 
control tissue. TUNEL positivity in breast alveolar epithelial cells (black arrows); (C), Testicular tissue belonging to the control 
group. TUNEL positivity in spermatogenic series cells (black arrow); (D),  Testicular tissue belonging to the citrate buffer 
group. TUNEL positivity in spermatogenic series cells (black arrow); (E), Testicular tissue belonging to Vitamin D group. 
TUNEL positivity in spermatogenic series cells (black arrow); (F), Testicular tissue belonging to the diabetes group. TUNEL 
positivity in spermatogenic series cells (black arrows); (G), Testicular tissue belonging to diabetes+vitamin D group. TUNEL 
positivity in spermatogenic series cells (black arrows). Magnifications: (A-B) x 40; (C), x 400; (D-G), x 600.
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In this study, irisin level in the blood and tes-
ticular tissue supernatants was also found to be 
decreased in the diabetes group when compared 
to the control group. The possible reason for the 
decreased irisin level in blood and testicular tis-
sue supernatants may be due to weight loss in 
case of diabetes45. As mentioned above, there was 
a weight loss due to diabetes in rats46. In addition, 
Huh et al47 found decreased levels of circulating 
irisin after weight loss and suggested that this de-
crease may be due to a reduction in muscle mass, 
and our present data support this observations. 
They also reported that people48 and rats  with dia-
betes49 and gestational diabetes50 had lower serum 
irisin levels compared to the control group. How-
ever, it should be noted that many studies48,50-53 

have been performed for serum irisin levels in di-
abetes48,50,51, but the results are inconsistent with 
each other52,53. Again in this study, the irisin level 
was measured in rat testicular tissue supernatants 
for the first time and it showed parallelism with 
blood irisin levels. In other words, the irisin lev-
el in the testicular tissues decreased in the case 
of diabetes. Since there is no other study in the 
literature, we cannot compare our current results 
for testicular iris levels and this part needs con-
firmation. Moreover, in our study, vitamin D sup-

plementation increased irisin levels in blood and 
testicular tissue supernatants. Possible reasons 
why vitamin D supplementation may increase iri-
sin amounts may be due to 1) increasing antiox-
idant capacity, 2) preventing weight loss through 
regulating insulin sensitivity, and 3) helping the 
capacity of irisin-secreting tissues by preventing 
apoptosis in cells54-56.

In this study, there was clear edema in the tes-
ticular tissues of diabetic rats, which also caused 
the separation of Leydig cells in the interstitial 
areas between the seminiferous tubules, sig-
nificant congestion around some seminiferous 
tubules, basement membrane separation, and 
atrophic seminiferous tubules in some areas. Ex-
perimental diabetes study with STZ showed that 
pathological changes occur in the testicles, tunica 
albuginea, seminiferous tubules, interstitial con-
nective tissue, and Leydig cells32,57-60. Also, there 
was a decrease in spermatogenic series cells in 
the seminiferous tubules, atrophied tubules, wall 
thickening in the vessels in the interstitial connec-
tive tissue, and inflammatory cell infiltration in 
testicular tissues of rats of the diabetes32,57-60.

Vitamin D supplementation eliminates these 
complications. It probably makes this by regu-
lating the antioxidant capacity, increasing insu-

Figure 3. Irisin immunohistochemical staining in testicular tissues. (A), Negative control tissue; (B), Rat heart tissue that 
was used as the positive control tissue. Irisin immunoreactivity in cardiac muscle cells (black arrows); (C), Testicular tissue of 
the control group. Irisin immunoreactivity in Leydig cells (black arrows); (D), Testicular tissue belonging to the citrate buffer 
group. Irisin immunoreactivity in Leydig cells (black arrows); (E), Testicular tissue belonging to the Vitamin D group. Irisin 
immunoreactivity in Leydig cells (black arrows); (F), Testicular tissue belonging to the diabetes group. Irisin immunoreactiv-
ity in Leydig cells (black arrows); (G), Testicular tissue belonging to the diabetes+vitamin D group. Irisin immunoreactivity 
in Leydig cells (black arrows). Magnifications: (A), x 40; (B-G), x 400.
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lin sensitivity and preventing apoptosis, which is 
what we have suggested above54-56. This explains 
why the atrophic tubule structure and the conges-
tion around the seminiferous tubules observed 
in the testicular tissues of the rats in the diabetes 
group were not observed in the testicular tissues 
of the rats in the diabetes+vitamin D group.

Moreover, many studies61-63 have also reported 
that diabetes causes apoptosis. Therefore, in this 
study, how the apoptosis index changed in rats 
with experimental diabetes was also investigated. 
Apoptotic cells increased significantly in sper-
matogenic cells in the seminiferous tubules in 
testicular tissues because of diabetes while a sig-
nificant decrease was detected in apoptotic cells 
with vitamin D administration. Some studies64,65 
indicated increased apoptosis in spermatogenic 
series cells in testicular tissues. The decrease in 
apoptosis in testicular tissues with vitamin D sup-
plementation shows that the cells are destroyed at 
a later time point, in other words, the endurance 
of the cells increases66,67. That is one of the main 
indicators that vitamin D will take place in some 
clinical applications in the future56.

Conclusions

Clear edema in the Leydig cells located in the 
interstitial areas between the seminiferous tu-
bules, significant congestion around some semi-
niferous tubules, basement membrane separation, 
and formation of atrophic seminiferous tubules in 
some areas occur in testicular tissues of exper-
imentally diabetic rats. Also, apoptosis occurs 
because of diabetes, and irisin level decreases 
both in the circulation and in the testicular tissue 
supernatants. These negative effects observed in 
experimental diabetes are alleviated or complete-
ly eliminated by vitamin D administration. Ac-
cording to the data of this first study, the clinical 
scientific contribution of this article is related to 
the importance of the clinical effectiveness of vi-
tamin D administration in the treatment of male 
infertility. 
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