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Abstract
Introduction. Ghrelin is a hormone which has effects on the secretion of growth hormone, gastrointestinal system, 
cardiovascular system, cell proliferation and reproductive system. The present study we focused on the relation 
between ghrelin and GHS-R1a gene expression and the regulation of their expression in the testes of diabetic rats. 
Material and methods. 40 male Wistar albino rats were divided into four groups: control, and sampled 4, 8 and 
12 weeks after induction of diabetes by streptozotocin (STZ) intraperitoneal injection (40 mg/kg). The rats were 
decapitated under ketamine anesthesia and their testes were removed. Blood was obtained from heart and serum 
follicle stimulating hormone (FSH), luteinizing hormone (LH), and testosterone levels were measured by ELISA. 
Tissue ghrelin and GHS-R mRNA levels were determined by qRT-PCR, while ghrelin protein expression was 
studied by immunohistochemistry. Histopathological damage scores were also assessed. 
Results. Eight weeks after diabetes induction serum FSH level was increased, whereas LH and testosterone 
concentrations decreased. The ghrelin and GHS-R1a gene expression and ghrelin immunohistochemistry score 
first tended to increase after first four weeks of diabetes, and then tended to decrease. Ghrelin-immunopositive 
cells were detected in Leydig cells in all groups of rats, however, not in the germinal epithelium. Congestion 
of vessels and hemorrhage, formation of the vacuoles in spermatogonia and spermatocytes, desquamation of 
spermatids in the lumen and disorganization of seminiferous tubule germinal epithelium were observed in testis 
of all the diabetic rats. In addition, mean testicular biopsy score and mean seminiferous tubule diameter were 
getting lower in diabetic animals. 
Conclusion. Our results suggest that diabetes affects ghrelin expression in rat testis. (Folia Histochemica  
et Cytobiologica 2015, Vol. 53, No. 1, 26–34)
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Introduction

Ghrelin is a 28-amino-acid peptide with an essential 
serine 3 n-octanoylation [1]. Ghrelin is the natural 
ligand of the growth hormone secretagogue receptor 
(GHS-R), and was first found to induce GH secretion 
in various species [2–4]. Ghrelin has been primarily 
detected in the A-cells of stomach, however, both 
ghrelin and the GHS-R are also expressed in a large 
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spectrum of tissues including brain, kidney, pancreas, 
uterus and testis [5–7]. It was found that ghrelin is 
then only peripheral hormone which stimulates food 
intake by acting in hypothalamus and is involved in 
multiple endocrine and non-endocrine processes such 
as metabolic and cardiovascular effects, regulation of 
gastric motility and acid secretion, regulation of gluco-
se metabolism and insulin secretion and modulation 
of cell proliferation [8–9].

Accumulated evidence suggests that ghrelin may 
play a role in the regulation of reproductive processes. 
Circulating ghrelin has been found to affect gonado-
tropin releasing hormone (GnRH), follicle stimula-
ting hormone (FSH) and luteinizing hormone (LH) 
serum levels and as a result to act on rat hypothalamic-
-pituitary gonadal axis (HPGA) [10–11]. Also, it has 
been shown that ghrelin and its functional receptor 
are expressed in reproductive organs such as ovary, 
uterus, prostate, and testes [11–13]. This pattern of 
expression implies that ghrelin produced by certain 
organs (i.e. testes, prostate) may be involved with 
regulatory functions in distinct tissues [14].

Diabetes mellitus (DM) interferes with male fertility 
on many levels. Endocrine controls of spermatogenesis, 
penile erection, and pubertal initiation are all affected, in 
addition to ejaculation distortion [15–16]. Many studies 
of diabetic men have demonstrated pathologic chan-
ges in sperm count, motility and morphology [17–18].  
Furthermore, it has been demonstrated that STZ-indu-
ced diabetic rats have increased plasma ghrelin levels 
and gastric preproghrelin mRNA expression levels [19]. 
No studies, however, have addressed the expression of 
ghrelin in diabetic rat’s testis. The present study focused 
on the relation between ghrelin and its receptor and the 
regulation of their expression in rats with STZ-induced 
DM by Enzyme-Linked ImmunoSorbent Assay (ELI-
SA), Real-Time Polymerase Chain Reaction (RT-PCR), 
and immunohistochemistry.

Material and methods

Animals. Sexually mature male Wistar rats obtained from 
the Hakan Çetinsaya Experimental and Clinic Research 
Center, Erciyes University, Kayseri, Turkey, were used for 
this study. They were housed in plastic cages in a well-ven-
tilated rat house and allowed ad libitum access to food and 
water and kept at 12-h light: dark cycle. All the animals 
received humane care according to the standard guideli-
nes. Ethical approval for study was obtained from Erciyes 
University Animal Researches Local Ethics Committee and 
the ethic regulations have been followed in accordance with 
national and institutional guidelines. The rats were ran- 
domly assigned to four groups of ten rats per group. Group 1  

(control): served as control; Group 2: four weeks diabetic 
rats; Group 3: eight weeks diabetic rats; Group 4: twelve 
weeks diabetic rats.

Induction of diabetes and tissue sampling. Diabetes was 
induced in 12-week-old male Wistar rats by intraperito-
neal injection of STZ (40 mg/kg) (Sc-200719, Santa Cruz 
Biotechnology, CA, USA) after an overnight fast (n = 30); 
control rats were injected with physiological saline (n = 10).  
Hyperglycemia was confirmed 72 h after streptozotocin 
injection by measuring glucose levels in the blood obtained 
from the tail vein, using a glucometer. Animals having mean 
plasma glucose levels higher than 250 mg/dL were conside-
red diabetic. Glycemia was also checked at sacrifice at 4,  
8 or 12 weeks after streptozotocin injection.

At the end of experimental period, animals were killed by 
decapitation under intraperitoneal ketamine (75 mg/kg) +  
xylazine (10 mg/kg) anesthesia. Blood samples were taken 
from the heart for biochemical determinations. After de-
capitation, both testes tissues were quickly removed and 
testes were weighed. Some of the testes tissues were used 
for qRT-PCR analyses and the other tissues were fixed in 
Bouin’s fixative for histological examination.

Measurements of serum hormone concentrations. Serum 
testosterone level was measured by ELISA method using 
CUSABIO Rat Testosterone (T) Elisa kit (ELISA CS-
B-E05100r, 96 Wells kit, CUSABIO Biotech CO., LTD, 
Whuan, Hubei, P.R. China) according to the kit protocol. 
The sensitivity of the kit was 0.06–25.6 ng/mL.

Serum FSH level was measured by ELISA method using 
CUSABIO Rat Follicle-Stimulating Hormone (FSH) Elisa 
kit (ELISA CSB-E06869r, 96 Wells kit, CUSABIO Biotech 
CO., LTD, Whuan, Hubei, P.R. China) according to the kit 
protocol. The sensitivity of the kit was 0.4–100 mlU/mL.
Serum LH level was measured by ELISA method using 
CUSABIO Rat Luteinizing Hormone (LH) Elisa kit (ELISA 
CSB-E12654r, 96 Wells kit, CUSABIO Biotech CO., LTD, 
Whuan, Hubei, P.R. China) according to the kit protocol. 
The sensitivity of the kit was 0.15–60 mlU/mL.

Histopathological evaluation. The testicular tissue was 
examined and evaluated in blinded random order with 
standard light microscopy by a histologist. Three slides pre-
pared from the upper, lower and midportions of the testes 
were evaluated for each testis. Mean seminiferous tubule 
diameter (MSTD) was measured in micrometers (Analysis 
LS Research Program). More than 20 seminiferous tubular 
sections per testis were used to determine mean tubular 
biopsy score (MTBS) in the range from 1 to 10 as described 
previously [20]. In each biopsy, 50–100 cross sections of 
seminiferous tubules were evaluated according to criteria 
presented in Table 1.
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Immunohistochemistry. The expression of ghrelin was de-
tected immunohistochemically in the testes using a rabbit 
polyclonal antibody (sc.50297 Santa Cruz Biotechnology, 
CA, USA) and the streptavidin–biotin peroxidase technique 
as previously described [21]. The procedure was performed 
under identical conditions for all sections. Paraffin sections 
(5 µm thick) were deparaffinized in xylene. The sections were 
rehydrated, rinsed in deionized water and antigen retrieval 
was carried out by microwave treatment in 0.01 M sodium 
citrate buffer (pH 6.0) at 95°C for 5 min then the slides was 
cooled rapidly room temperature for 20 min. After sections 
washed with phosphate-buffered saline (PBS), endogenous 
peroxidase activity was inhibited 1% H2O2 in methanol for  
10 min. 5% serum blocking was used to block the nonspecific 
staining. The histological sections were then incubated with 
the polyclonal antibody for ghrelin at a dilution of 5 µg/mL 
in 5% serum at 4°C. After washing with PBS, sections were 
incubated with the biotinylated secondary antibodies. Then 
the immunoreaction was amplified with streptavidin–avi-
din–peroxidase complex, and the sections were visualized 
by using 3,3P-diaminobenzidine tetrahydrochloride (DAB) 
and lightly counter-stained with hematoxylin.

The histoscore of ghrelin was quantified as the density 
of Leydig cells stained using light microscopy (sections were 
photographed using an Olympus BX-51 photomicroscope,  
× 40 objectives) and Image-J software. At least six sections 
and ten separate fields of each specimen were viewed. Po-
sitive and negative controls were also examined.

Quantitative RT-PCR. Total RNA was isolated from the 
20–30 mg testis tissues using MO Bio kit (MO Bio, Solana 
Beach, CA, USA cat.: 15000-50) following the manufactu-
rer’s protocol. Reverse transcription was performed using 
hexamer and oligo-dT primers and Transcriptor High Fi-
delity Reverse Transcriptase (Roche, REF: 05081955001; 
Version 6.0) following the manufacturer’s protocol (1 µg of 
isolated RNA per reaction). The acquired cDNA was sub-
jected to quantitative RT-PCR reaction using LightCycler® 
480 Probes Master (Roche, REF: 04707494001; Version 09) 
and detected with Universal ProbeLibrary Probes (Roche, 
Applied Sciences, Manheim, Germany) for the ghrelin, 
ghrelin receptor and housekeeping genes (Table 2). UPL 
probes are labeled at the 5’ end with fluorescein (FAM) 
and at the 3’ end with a dark quencher dye. UPL assays are 
compatible with all real-time PCR instruments capable of 
detecting fluorescein (FAM) or SYBR Green I. The probes 
for ghrelin and ghrelin receptor were labeled with the FAM 
dye. Amplification of rat glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) was used as housekeeping/reference 
gene for the quality and endogenous normalization of the 
RNA samples investigated. The GAPDH was labeled with 
FAM dye, so that amplifications were carried out in the same 
reactions as ghrelin or GHSR amplification. Reaction was 
conducted on LightCycler® 480 II (Roche) in 45 cycles and 
reaction results was analyzed via Efficiency corrected Advan-
ced Relative Quantification algorithm on LightCycler® 480 
SW 1.5 software. Conditions of the reaction were as follows: 
denaturation 95°C 5 min, annealing of primers 50°C 15 sec, 
elongation 72°C 10 sec. All samples were tested in duplicate.

Statistical analysis. One-way analysis of variance (ANOVA) 
and post hoc Tukey test were used to determine differences 

Table 1. Mean tubular biopsy score (MTBS) for the evalu-
ation of spermatogenesis in rat

Score Evaluation of spermatogenesis

1 No cells visualized in tubular cross section

2 Sertoli cells only

3 Only spermatogonia present

4 No sperm cells or spermatids, few spermatocytes (< 5)

5 No sperm cells or spermatids, presence of spermatocytes

6 No sperm cells, few spermatids (< 5 to 10)

7 No sperm cells, presence of spermatids

8 Presence of few sperm cells (< 5 to 10)

9 Some sperm cells, with a disorganized epithelium

10 Compete spermatogenesis with mature sperm cells

Table 2. Sequences of primers and ID numbers of UPL probes used for qRT-PCR

Organism Gene  
symbol

Gene description Assay ID Forward primer 
sequence

Reverse primer 
sequence

UPL 
probe 
no.

Rattus norvegicus GapdH Glyceraldehyde-3-phosphate 
dehydrogenase

502303 AAAGCTGTGGCG-
TGATGG

TTCAGCTC-
TGGGAT-
GACCTT

26

Rattus norvegicus Ghrl Appetite-regulating hormone 
precursor (growth hormone  
secretagogue)

503935 GGAGGAGCTG-
GAAATCAGGT

GCTGGTAC-
TGAGCTCCT-
GACA

148

Rattus norvegicus Ghsr Growth hormone secretagogue 
receptor type 1 (GHS-R)

503831 CCAGAACCACA-
AGCAGACAG

CGAAG-
GACTTGGA-
AAAGAGGT

71
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between groups. Results are presented as mean ± SEM. 
Values were considered statistically significant if p < 0.05. 
The SPSS/PC program (Version 15.0; SPSS, Chicago, IL) 
was used for the statistical analysis.

Results

Serum concentrations of glucose and hormones

At the end of 4-, 8- and 12-week periods, serum 
glucose levels in STZ-treated rats were significantly 
higher than in control animals (Table 2). The initial 
body weights of all groups were similar. However, 
final body weights and testis weights (average of both 
testes) of eight and twelve week’s diabetic animals 
were significantly reduced when compared to control 
animals (Table 3).

The changes in serum FSH, LH and testosterone 
levels are shown in Figure 1. After 8 weeks from the 
induction of diabetes serum FSH level of diabetic 
rats was higher than that of control rats, however, the 
differences were not statistically significant after four 
weeks and twelve weeks from STZ administration. 
Serum LH and testosterone concentrations were si-
gnificantly decreased compared to control rats eight 
and twelve weeks after diabetes induction. 

Histopathological findings 

Control testes, showed the presence of normal testi-
cular architecture and regular seminiferous tubular 
morphology with normal spermatogenesis and the 
presence of primary and secondary spermatocytes, 
spermatids, and spermatozoa (Figure 2A). Conge-
stion of vessels and hemorrhage, formation of the 
vacuoles in epithelial cells, desquamation of epithelial 
cells in the lumen, disorder of seminiferous tubule 
germinal epithelium were observed in diabetic rats 
(group II, Figure 2B). Eight (Figure 2C) and twelve 

weeks (Figure 2D) after diabetes induction, in ad-
dition to these findings, multinucleated giant cells and 
necrosis of some seminiferous tubules were found.

The MSTD and Johnsen-like score values for 
testes in each group are shown in Table 2. It was ob-
served that the MSTD and MTBS values of STZ-indu-
ced diabetic rats’ testes were statistically significantly 
lower than the MSTD and MTBS values of control 
rats’ testes. MSTD and MTBS became lower 8 and 
12 weeks after induction of diabetes.

Immunohistochemical findings 

The patterns of cellular expression of ghrelin protein 
were assessed by immunohistochemistry in the testes 
of each group of rats. Ghrelin-immunopositive cells 
were detected in Leydig cells in all groups of rats, 
however, not in the germinal epithelium (Figure 3). 
Histoscore for the ghrelin immunoexpression in the 
testes was quantified using Image-J software. The 
percentage staining expression of ghrelin (mean ± 
SE) was similar in the all groups (Figure 4).

qRT-PCR findings

Ghrelin and ghrelin receptor mRNA expression levels 
in testes were quantified using qRT-PCR. The tenden-
cy to increased levels of ghrelin and GHS-R mRNA 
was observed four-weeks after induction of diabetes 
followed by tendency to decrease mRNA levels eight 
and twelve-weeks after streptozotocin administration. 
However, the differences in the expression levels of 
both mRNAs were not significant (Figure 4).

Discussion

The growing evidence has demonstrated the connec-
tivity between the mechanisms controlling the energy 
homoeostasis and the reproductive function [22].  

Table 3. Blood glucose, body weight, testicular weight, mean seminiferous tubule diameter (MSTD) and Johnsen-like score of 
control and diabetic rats

Body weight  
[g]

Testis weight  
(average of both) [g]

Serum glucose  
[mg/dL]

Johnsen-like  
score 

MSTD  
[µm]

Control, untreated rats 286.1 ± 13.60 1.34 ± 0.230 106.10 ± 2.5100 9.46 ± 0.0700 387.36 ± 6.25000

Four weeks after STZ 
administration

269.9 ± 8.600 1.18 ± 0.370 485.90 ± 36.07* 8.21 ± 0.330* 323.79 ± 6.65**0

Eight weeks after STZ 
administration 

169.6 ± 15.5* 0.85 ± 0.73* 509.10 ± 32.86* 6.83 ± 0.37** 287.12 ± 9.84**0

Twelve weeks after 
STZ administration

203.2 ± 13.7* 0.98 ± 0.62* 453.71 ± 30.61* 5.58 ± 0.44** 268.20 ± 11.67**

Values are expressed as mean ± standard error. *, **significantly different from control rats, p < 0.05 and p < 0.001, respectively
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by diabetes [28–29]. Plasma levels of ghrelin are 
affected by nutritional status implicating a role in 
regulating energy balance. Regulation of reproduc-
tion is regulated by multiple factors and the repro-
ductive achievement is dependent on total energy 
load. Ghrelin has been demonstrated to positively 
modulate energy acquirement. Reproductive capa-
city is dependent on the availability of energy. In our 
literature search, we did not find any study focusing 
on the effect of diabetes on the ghrelin expression 
in testes. We decided to study the expression of 
ghrelin in testes of diabetic and control rats, because 
energy balance is disturbed in diabetes and ghrelin is 
involved in energy balance and found to be expressed 
in reproductive system.

STZ-induced diabetic rats are the classic diabetic 
model that is used in animal researches. The body 
weight and serum insulin levels of the STZ-treated 
rats decreased significantly and their blood glucose 
values increased. These findings suggest that the 
STZ injection successfully induced diabetes in our 
study. Diabetes mellitus has adverse effects on male 
sexual and reproductive functions in diabetic patients 
and animals [30, 31]. Decreased testosterone levels, 
testicular dysfunction and spermatogenic disruption 
in the testis have been shown in diabetic men and 
experimental animals, which cause erectile dysfunc-
tion and a reduced sperm motility and semen volume 

Expression of ghrelin has been shown in mature Ley-
dig cells of rat and human. Therefore, expression of 
the functional ghrelin receptor, the GHS-R type 1a, 
has been demonstrated in Sertoli and Leydig cells 
[11, 23]. On the other hand, GHS-R1a produced in 
the seminiferous tubules suggests that ghrelin may 
play a regulatory role by targeting the seminiferous 
epithelium [23]. Ghrelin has been thought to regula-
te reproduction by modulating the levels of factors 
released from the brain and pituitary [24]. Daily 
supply of ghrelin for 10 days resulted in a reduce 
in non-spermatogonial cells, seminiferous tubule 
diameter and germinal epithelium thickness [25]. 
This pattern suggests an inhibitory role for ghrelin 
on testis. Injections of ghrelin into testis blocked the 
proliferation of Leydig cells. Ghrelin also reduced the 
production of stem cell factor both in vitro and in vivo 
in rats [13]. Ghrelin is likely to play a role in gonadal 
functions and regulation of gonadal factors [26].  
In this study, expression of both ghrelin and ghrelin 
receptor in testes was determined. Ghrelin was ob-
served by immunohistochemistry to be moderately 
expressed in Leydig cells. Observed expression of 
ghrelin only in Leydig cells is in accordance with 
previous studies [11, 27]. 

The diabetes causes infertility in animal models. 
Testicular weight, sperm quantity and quality, and 
testosterone production were affected negatively 

Figure 1. Serum FSH (A), LH (B) and testosterone con-
centrations (C) of control and rats streptozotocin (STZ)
-treated rats 4, 8 and 12 weeks after induction of diabetes. 
Values are expressed as mean, vertical bars show standard 
errors. *, **significantly different from control rats, p < 0.05 
and p < 0.001, respectively

A B

C
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Figure 2. Structure of testis in different groups of rats. A. In controls, normal testicular architecture was observed; B. Dia- 
betic rat, 4 weeks after streptozotocin administration: formation of the vacuoles (arrow) in germinal epithelium cells,  
disordered structure of germinal epithelium and atrophic seminiferous tubules (a) are visible; C. Diabetic rat, 8 weeks 
after induction of diabetes: desquamation of epithelial cells (asterisk) in the lumen and atrophic seminiferous tubules (a) 
are visible; D. Diabetic rat, 12 weeks after streptozotocin administration: multinucleated giant cells in the germinal epithe-
lium (arrows) and atrophic seminiferous tubules (a) are visible. Section were stained with H & E. Scale bar = 100 µm

[31–33]. Therefore, diabetes has a significant impact 
both directly and indirectly on the fertility of men with 
this disease [34, 35]. In the testicular tissue, MTBS and 
MSTD are used to assess histopathological damage.  
In our study, serum testosterone level, MSTD and 
MTBS values of STZ-induced diabetic rats’ testes 
were statistically significantly lower than the control 
rats’ testes. These observations are in agreement with 
previous studies [32, 36]. Therefore, MSTD and MTBS  
values get lower when rats are diabetic for longer 
periods.

There are many studies on the effect of diabetes on 
serum and tissue levels of ghrelin [15, 37]. STZ-induced 
rats were found to have significantly higher serum ghre-
lin levels. However, in diabetic rats, changes of ghrelin 
levels vary in different tissues. Masaoka et al. [19]  
observed an increase in preproghrelin mRNA levels in 
the stomach of diabetic rats; on the other hand, they 

have not observed a difference in the duodenum and 
the colon. Ishii et al. [38] showed a non-significant in-
crease in ghrelin levels in the stomach of diabetic rats. 
In this study, we found that the ghrelin and GHS-R1a 
gene expression and ghrelin immunohistochemistry 
score first increased in four weeks diabetic rats, then 
decreased in long-term diabetic rats; however, these 
differences were not significant. As shown in multiple 
studies, the diabetes affects ghrelin levels in various 
tissues differentially. 

Several studies have pointed out the HPG axis as 
the target of ghrelin function [22, 39–41]. However, 
there are conflicting data on ghrelin levels and go-
nadotropins levels. For example, intracerebroventri-
cular administration of ghrelin leads to a significant 
inhibition of LH secretion in cyclic female rats [22]. 
In addition, daily injection of ghrelin during puberty 
similarly decreased LH levels [39]. In the other study, 

A B

C D
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Figure 3. The effects of STZ-induced diabetes on ghrelin expression (arrows) in the testes. A. Control rat; B. Four weeks 
after induction of diabetes; C. Eight weeks diabetes; D. Twelve weeks diabetes; E. Negative controls after twelve weeks 
diabetes; F. Positive control: ghrelin-immunopositive cells in rat stomach tissue. Immunohistochemical staining was per-
formed as described in Material and methods

A B C

D E F

Figure 4. Ghrelin mRNA (A) and ghrelin receptor mRNA (B)  
levels and histoscore of ghrelin-immunopositive cells (C) 
in the testes of control rats and streptozotocin-treated 
animals four, eight and twelve weeks after induction of 
diabetes. mRNA were determined by QPCR as described 
in Material and methods. Values represent means and 
standard errors

repeated ghrelin injections in food-restricted males 
dramatically decreased plasma LH and T concentra-
tions and reduced testis weight [40]. Duran et al. [41]  

demonstrated decreased serum Ghrelin levels in 
idiopathic hypogonadotropic hypogonadism (IHH) 
patients who also had lower serum LH and testoste-

A B

C
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rone levels. They have recommended that low ghrelin 
levels in the patients with IHH could result from low 
levels of gonadotropins. Ilhan et al. [42] demonstrated 
that when the serum testosterone levels were incre-
ased, serum ghrelin level was increased significantly. 
Ishikawa et al. [43] demonstrated that expression of 
ghrelin by Leydig cells is inversely correlated with the 
serum T concentration. Also they have proposed that 
ghrelin has not directly related on spermatogenesis. 
In this study, we found that Ghrelin levels changed 
in the testes tissue of diabetic rats that had lowered 
levels of LH and testosterone because of diabetes. 

In conclusion, we could say that diabetes causes 
morphological damage to testicular tissue and it also 
affects serum levels of gonadotropins. Moreover, it 
seems that when diabetes is being in longer duration, 
the damages are becoming much more clearly appe-
ared than before. The present study also demonstrates 
that both ghrelin and GHS-R1a gene expression are 
present in control and diabetic rat testes. In this study, 
both serum gonadotropins and also negative energy 
balance caused by diabetes probably affect the ghrelin 
level in the testis. High levels of ghrelin in four weeks 
diabetic rats is probably due to the negative energy 
balance caused by the diabetes, however, subsequent 
decrease of ghrelin levels in eight and twelve diabetic 
rats is probably due the stronger regulatory impact of 
low gonadotropin serum levels on ghrelin expression 
in the testis. In the light of these findings, we could 
say that, although it is locally, ghrelin is making  
a clear contribution to the negative effects of diabetes 
in testicular tissue.
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