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Abstract

The aim of this study was to investigate the immunohistochemical localization of oxytocin receptor (OTR) in diabetic and non-diabetic
mouse heart tissue. Eighteen male Balb-c adult (8-12 week) mice were used in the study. Animals were divided into three groups; control,
sham and diabetes. The diabetes group was given STZ by intraperitoneally (i.p) injections and diabetes was induced. Sham group was
again treated with sodium citrate solution by i.p. The animals in the control group did not receive any treatment. After 30 days of STZ
application, mice were cervical dislocated under ether anesthesia and their heart tissues were removed. Each heart tissue was vertically
divided into two parts and routine histological procedures were applied and then tissues were blocked in paraffin and sections were
taken. For histological examination, Haematoxylin&Eosin (H&E), Crossman’s Triple staining and Periodic Acid Schiff (PAS) were applied to
the sections. Immunoreactivity of OTR was determined by Avidin-Biotin-Peroxidase Complex (ABC) method. At the end of the study
period; the body weight of the groups, blood glucose level, tissue weights and immunohistochemical localization of OTR in heart tissue
samples and histological structure of tissue were compared. When weights of heart tissue were compared between the groups, there
was no statistically significant difference between the groups (p>0.05). As a result of histological examinations, it was found that there
was more degeneration in the cells in the myocardium of the heart in the diabetes group compared to the other groups.
Immunohistochemical examinations showed that OTR showed similarimmunoreactivity in sham and control groups. In the diabetic group,
the immunoreactivity of OTR was similar in endothelial and capillary areas, but less in cell membrane, cytoplasm and purkinje cells. In
conclusion, the results of this study showed that there is a significant relationship between the OTR, diabetes and heart tissue. As a result,
it is thought that diabetes may have an effect on the cardiovascular system through the OTR (p<0.05) .
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Diabetik ve Non-Diabetik Fare Kalbinde Oksitosin Reseptdriiniin immunohistokimyasal Lokalizasyonunun incelenmesi

0z

Bu calismada, diyabetik ve non-diyabetik fare kalp dokusunda oksitosin reseptériiniin (OTR) immunohistokimyasal lokalizasyonunun
incelenmesi amaglanmistir. Calismada 18 adet Balb-c cinsi ergin (8-12 haftalik) erkek fare; kontrol, sham ve diyabet grubu olarak
belirlenmistir. Diyabet grubu intraperitoneal (i.p.) enjeksiyonla streptozotosin (STZ) verilerek olusturulmustur. Sham grubunaise i.p. yolla
sodyum sitrat ¢6zeltisi uygulanmistir. Kontrol grubundaki hayvanlara ise herhangi bir uygulama yapilmamistir. STZ uygulandiktan 30 giin
sonra farelere eter anestezi altinda servikal dislokasyon yapilarak kalp dokulari alinmistir. Alinan her bir kalp dokusu diisey olarak ikiye
béliinerek rutin histolojik islemlerden gegirilerek parafinde bloklanip kesitler alinmistir. Alinan kesitler histolojik olarak incenlenmek tzere
Hematoksilen Eosin (H&E), Crossman’in Ugli boyamasi ve Periyodik Asit Schiff (PAS) yapildi. Oksitosin reseptorinin (OTR)
immunoreaktivitesi Avidin-Biotin-Peroksidaz kompleks (ABC) metodu uygulanarak belirlenmistir. Mldahale sonrasinda, gruplarin canh
agirhklari, kan glikoz seviyesi, doku agirliklari ve kalp doku érneklerinde oksitosin reseptoriiniin immunohistokimyasal lokalizasyonu ve
dokunun histolojik yapisi karsilastiriimistir. Kalp dokusunun agirliklari gruplar arasinda karsilastirildiginda istatistiksel diizeyde anlaml bir
fark yoktur (p>0.05). Histolojik incelemeler sonucunda diyabet grubunda diger gruplara kiyasla kalbin miyokard bélgesindeki hicrelerde
daha fazla dejenerasyon oldugu tespit edildi. immunohistokimyasal incelemeler sonucunda, sham ve kontrol gruplari arasinda OTR’nin
immunoreaktivite seviyesi agisindan istatistiksel olarak anlamh bir fark yoktur. Diyabet grubunda diger gruplara kiyasla OTR’nin
immunoreaktivite seviyesi hiicre membrani, sitoplazma ve purkinje hiicrelerinde istatistiksel olarak anlamli diizeyde daha az iken endotel
ve kapiller alanlarda fark saptanmamistir. Bu ¢alisma sonuglari oksitosin reseptérii, diyabet ve kalp dokusu arasinda onemli bir iligkinin
oldugunu gostermistir. Sonug olarak, diyabetin oksitosin reseptorii vasitasiyla kardiovaskiler sistem Uzerinde etkili olabilecegi
distnulmektedir (p<0.05).

Anahtar Kelimeler: Diyabet, imminohistokimya, kalp, oksitosin, oksitosin reseptori
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INTRODUCTION

Diabetes mellitus (DM) is a metabolic disease triggered by
hyperglycemia caused by lack insulin secretion in pancreas
beta cells or impaired insulin action. Since DM affects dia-
betic cardiomyopathy, hypertension, autonomic neuropathy
and endothelial dysfunction, it can increase cardiovascular
mortality (1-3).

Oxytocin (OT) is a peptide hormone consisting of 9
amino acids, and effective on glucose metabolism (4) so it is
also effective glycemic control, and causes to increase re-
lated hormones (5). OT and OTR in the heart have cardiopro-
tective effects directly or by stimulating nitric oxide (NO) of
atrial natriuretic peptide (6-8). It is also known to trigger par-
asympathetic impulses to decrease systemic blood pressure
(9). For this reason, it has been stated that oxytocin prevents
the development of hypertension by causing a decrease in
arterial pressure (10).

OT has come to the fore with its anorexigenic effect. In
addition to a decrease in food intake and concomitant
weight loss, getting better in oral glucose tolerance test and
insulin sensitivity can be observed following OT administra-
tion (11). It is also known that OT level increases in hypogly-
caemia (12). OT application increases the secretion of OTR
(13), insulin and glucagon in pancreas (14, 15), and causes a
significant increase in insulin levels in rabbits (16) and in-
crease plasma glucose and insulin in dogs (17).

While the negative effects of diabetes on cardiovascu-
lar system attract intense scientific attention, the possible
beneficial effects of the OT on the cardiovascular system are
not yet known. From this point of view, we aimed to investi-
gate the effect of diabetes on OTR in heart tissue by using
immunohistochemical technique.

MATERIAL AND METHODS

Experimental Animals

Approval for this study was obtained from Kafkas University
Experimental Animals Local Ethics Committee (Date: 25 May
2016, Number: 042). The experimental animals used in this
study were obtained from Atatlirk University Medical Exper-
imental Application and Research Center. Eighteen male
Balb-c adult (8-12 week) mice were used, and they were ran-
domly divided into three groups and mice in each group kept
in one cage. The animals were housed at constant condi-
tions in terms of temperature and humidity on a 12-hour
dark-light cycle. The samples were fed with pellet in steel
containers on cages and tap water in drinkers with steel
balls. The cages, containers and drinkers were cleaned daily.
The animals were allowed to adapt to the environment with-
out any application for two weeks after obtaining them. Af-
ter these two weeks for adaptation, we named groups as
sham, control and diabetic each of which had 6 mice. The
diabetic group received once at dose of 100 mg/kg strepto-
zotocin (STZ) (S0130-1G, Sigma-Aldrich, USA), via intraperi-
toneally (i.p.) (18). STZ was dissolved in 0.1 M Citrate buffer
(pH:4.5). The sham group was treated only once via i.p. with
sodium citrate solution in which STZ was dissolved. The con-
trol group did not receive any experimental treatment. The
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day of STZ injections was accepted as day 0, and the experi-
mental period lasted for 30 days. After 12 hours fast, the
blood glucose was measured, and body weight was scaled by
a precision digital balance (Precisa-XB220A) on 0" and 30t
of the study.

Determination of Blood Glucose Level

Blood glucose level of all groups was measured with glu-
cometer (Rocho Accucheck Go) by taking blood drop from
the tail vein. All animals left fasted for 12-hour before the
blood glucose level was measured. Animals in the diabetic
group were fasted for 12-hour to determine 72 hours later
blood glucose level. It was considered as diabetic if blood
glucose level equal or above 200 mg/dL (19). On the 30" day
of the study, before the tissues were collected, the animals
were again fasted for 12 hours and their blood glucose level
were measured for the last time.

Taking Tissue Samples

Before the tissues were taken, the animals were fasted for
12 hours to measure their glucose level and to scale their
weight. On the 30" day after STZ administration, cervical dis-
location under ether anaesthesia was performed and all an-
imals were euthanized. Then, the heart tissues of the sub-
jects were removed and weighted. The heart tissues divided
into two parts to be examined histologically and immuno-
histochemically.

Histological and Immunohistochemical Procedures

Taken the heart tissues were fixed in 10% formol to be ex-
amined histologically and immunohistochemically. Then, the
tissues were passed through graded alcohols, methyl benzo-
ate and benzyl series, and at the end they were blocked in
paraffin. The 5 um thick sections were taken from these par-
affin blocks to the slides which were coated with chrome
alum gelatine. H&E, Crossman’s Triple staining and PAS
staining techniques were applied to examine the heart tissue
(20). PAS was used to determine glycogen in cardiac muscle
cells and elastic fiber in great vessels wall and valves. The
preparations were examined under a light microscope
(Olympus Bx43, Japan) for evaluation, and the necessary
parts were photographed with the Olympus DP21 camera.
Some of the sections (5 um thickness) were used for
routine histological examination, and some of them used to
examine the immunohistochemical localization of the OTR in
heart tissue. Avidin-Biotin-Peroxdase Comples (ABC) was
used to detect the OTR in heart tissue (21). After deparafini-
zation and dehydration processes, sections were washed in
phosphate buffered saline (PBS) (0.1 M, pH;7.2). Endoge-
nous peroxidase activity in tissues was blocked by incubating
them with 3% H202 prepared in PBS for 20 min. After wash-
ing with PBS, sections were kept in a microwave oven for 12
min to reveal the antigens. They were washed with PBS
again, and then incubated in serum (%10) which was com-
patible with seconder antibody. Sections were washed with
PBS, and incubated with anti-OTR antibody
(abcam:ab217212, Cambridge, UK) at a dilution of 1:250 for
1 hour at room temperature. Then, tissues were washed
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with PBS and incubated with biotinylated secondary anti-
body which is specific to species in which the primary anti-
body was produced. After washed with PBS, sections were
incubated with streptavidin peroxidase for 30 min at room
temperature. After washed with PBS again, Diamibobenzi-
dine (DAB) (Thermo TA-125-HD, USA) was used for chromo-
gen application. Finally, haematoxylin was applied to the
sections as a counter staining, and the sections were covered
with a coverslip with the help of entellan. The prepared
slides were examined under the light microscope and photo-
graphed.

The degree of immunoreaction was determined as 0
(no reaction), +1 (weak reaction), +2 (moderate reaction)
and +3 (strong reaction). In order to make clear whether the
immunoreactivitiy was specific or not, the primary antibody
step was skipped and all other processes were applied in the
negative control slides.

Statistical Analysis

SPPS version 16.0 was used for statistical analysis (SPSS
2007). One-way ANOVA was used for multiple comparisons
between groups. Bonferroni test was used for homogenous
groups and Tamhane tests were applied for non-homogene-
ous groups. Paired sample t-test was used for pairwise com-
parisons. Statistical significant was determined as p<0.05.

RESULTS

Body Weight Results

The body weights of the animals scaled on the 0" and 30t
days were evaluated statistically. In our study, body weight
of each group was statistically compared within itself in or-
der to determine whether there is a difference between 0"
and 30™" days. There was a statistically significant decrease
in diabetic group between body weights on 0™ and 30t
(p<0.05). On the other hand, there was an increase in the
control group between body weights on 0™ and 30%
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(p<0.05). There was an increase but not statistically signifi-
cant in body weight of sham group between those days
(p>0.05), (Table 1).

Table 1. Comparison of body weight of each group by days

Group/Day N  Body weight mean (g) +SD p-value
DiabeticOthday 6 37.67+3.27
0.010%*
Diabetic 30t"day 6 31.00+3.90
Sham 0t day 6 36.17+4.36
0.217
Sham 30t day 6 39.00+2.97
Control 0t day 6 35.00+ 4.34
0.026*
Control 30thday 6 41.00 +3.52

*p<0.05, there was significant difference. (SD: standard deviation).
Each group was evaluated separately.

Heart Weight Results

The heart tissue was taken on the 30™" of the study and were
weighted as soon as they were taken. As a result of the sta-
tistical evaluation in our study, there was not a statistically
difference between groups in terms of heart weight (Table
2).

Table 2. Comparison of heart weights between groups

Group N Heart weight mean (g)+SD F
Diabetic 6 1.62+0.29
Sham 6 1.76 £0.12 2.428
Control 6 1.88+0.17

(SD: standard deviation, F: F value)

Blood Glucose Level

The blood glucose levels were measured on 0% and 30t days.
When the results were compared between groups, it was
found that only the blood glucose level of diabetic group on
30" day was statistically significant higher than that of dia-
betic group on 0" day and other groups on 0% and 30* days
(Table 3).

Table 3. Comparison of blood glucose level on 0t and 30t days between groups

Group/Day N Blood glucose (mg/dL) + SD Min. Max. F
Diabetic Oth day 6 81.502+10.05 71 95
Sham Oth day 6 91.002+13.89 72 108
Control Oth day 6 86.332+6.62 78 95 88.75"
Diabetic 30th day 6 265.50°+40.49 218 318
Sham  30th day 6 87.672+9.09 76 102
Control 30th day 6 93.50+8.76 83 106

Different superscript letters indicate a statistically significant difference. *p<0.05 (SD: Standard deviation)

Histological Results

The tissues stained with H&E, Crossman’s Triple and PAS
were histologically examined. We saw that heart valves and
great vessels wall were most prominently stained with PAS
in all group (Figure 1C-D). Heart muscle cells close to the per-
icardium in the diabetic group had weaker staining than

those of control and sham groups when we examined slides
prepared with Triple staining (Figure 1E-F). In the control and
sham groups, there was not a change in terms of the histo-
logical structure part of heart such as endothelium, Purkinje
cells and cardiac muscle cell. In diabetic group, it was seen
that there was mild degeneration of the heart muscle cells
in some myocardial regions (Figure 1).
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Figure 1. A. Focal mild degeneration of myocyte (black arrow) in diabetic
group. H&E. Bar: 50um. B. The histological view of myocytes of control
group. H&E. Bar: 50um. C. The histological view of heart tissue and valve
tissue in diabetic group. PAS. Bar: 50um. D. The histological view of great
vessel walls in control group PAS. Bar: 50um. E. Muscle cells nearby pericar-
dium (black arrow) in diabetic group. Triple. Bar: 50um. F. Muscle cells
nearby pericardium (black arrow) in control group. Triple. Bar: 50um.

Immunohistochemical Results

When the localization of OTR in heart tissues were examined
immunohistochemically, it was observed in the myocyte mem-
brane, heart valves, capillaries and endothelial layer in all
groups (Figure 2). The immunoreactivity was observed in the cy-
toplasm of a few myocytes in some regions (Figure 2). It was
observed that the OTR immunoreactivity was stronger in con-
trol and sham groups than diabetic group (Figure 2) (Table 4).
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Figure 2. A. Oxytocin receptor immunoreactivity in mouse heart tissue of
diabeteic group. Red arrow: immunoreactivity in endothelial cells. Black ar-
rowhead: immunoreactivity in cell membrane. Bar: 50um B. Oxytocin
receptor immunoreactivity in mouse heart tissu of control group. Immuno-
reaction in some cytoplasm of myocyte. Arrow: Immunoreaction surround
of nukleus. Bar:50um. C. Oxytocin immunoreactivity in valve of mouse heart
in sham group (arrow). Bar:50pum.
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Table 4. Scores of OTR immunoreactivity

Part of heart N Control group Sham group Di:l:;e:i;
Cell membrane 6 +++ +++ ++
Cytoplasm 6 ++ ++ +
Nucleus 6 ++ ++ +
Endothelium 6 +++ +++ -
Purkinje cell 6 ++ ++ +
Small vessel 6 +++ ++ +++

DISCUSSION AND CONCLUSION

In our study, experimental diabetes was induced in mice by
applying STZ. In addition to examine immunohistochemical
localization of OTR, the body and heart weight of mice and
their fasting blood glucose levels were evaluated.

In studies, different STZ doses have been used to in-
duce diabetes in mice such as 100 mg/kg (18), 150 mg/kg
(22) and 200 mg/kg (23). We induced diabetes in mice of di-
abetic group using STZ at dose of 100 mg/kg via i.p. injection.

The fasting mice blood glucose level, which is consider
sign of diabetes, differs from one study to another study.
Yegin and Mert (2013) confirmed mice as diabetic if their
blood glucose level was above 210 mg/dL (24), Demir and
Yilmaz (2013) accepted mice as diabetic if blood glucose
level was between 140-200 mg/dL (25), and Kanitkar and
Bhonde (2004) verified mice as diabetic if it was 200 mg/dL.
In our study, mice with > 200 mg/dL fasting blood glucose
level established as diabetic (19).

The relationship between body weight and diabetes
was evaluated by many studies. Grover et al. (2001) reported
that diabetes did not cause body weight loos in mice with
experimental diabetes by applying STZ at 150 mg/kg dose
(22). Koroglu et al. (2014) stated that diabetes created body
weight loos in rats which were applied STZ at 65 mg/kg dose
and kept for 28 days (26). Shin et al. (2014) determined that
diabetes caused body weight loos in mice with experimental
diabetes which they created with using STZ (23). We found
that body weight decreased statistically significant in dia-
betic group during the 30 days. We thought that this result
became because of glucose metabolism deficit during diabe-
tes.

Harackova and Murphy (1988) reported that there
were not significant changes in ventricular muscle cells of
rats between diabetic and control groups (27). Contrary to
this study, Cai et al. (1989) stated that myocardia layer was
thinner in diabetic male rat heart (28). Cai et al. (1989) and
Sun et al. (1993) expressed that there was damage to myofi-
brils in the heart muscle cell (28,29). Cetin et al. (2013) men-
tioned that pycnotic nuclei and eosinophilic cytoplasm were
observed in myocyte of heart in the experimental diabetic
group (30). They also stated that vacuoles with miscellane-
ous dimensions were seen in cytoplasm of those cells. We
determined that degeneration of myocytes in some region
and irregularity in some intercalated discs in diabetic mice
heart.

When we reviewed the literature, we could not en-
counter any study about OTR immunoreactivity in diabetic
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mouse heart. Jankowski et al. (2004) announced that they
showed OTR in endothelial cells of rat hearts at the 21 day
of embryonic development and at the 1t postnatal day in
their study related to development ontogeny. Wigger et al.
(2004) reported that OTR was shown in the heart muscles,
and in vessel wall and endothelial cells (31). Merz et al.
(2020) showed OTR immunoreactivity in heart tissue (32).
We saw OTR in membrane of myocytes, cytoplasm of some
cells, valve of heart and small capillaries. We also deter-
mined that the OTR immunoreactivity in the diabetic mice
heart was weaker than that of others. We considered that
there isa suppressing effect of hyperglycaemia on OTR ex-
pression as Liu et al. (33) previously mentioned.

In conclusion, we found that diabetes caused degener-
ation in some part of heart, and decreased OTR immunore-
activity in heart tissue. Because of this results, we considered
that there is a clear relationship between OTR, diabetes and
heart tissue triad. In conclusion, we thought that diabetes
might have an effect on the cardiovascular system through
OTR.
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