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oxytocin as a novel therapeutic option for type I diabetes
and diabetic osteopathy
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objective. The aim of the present study was to highlight the newly discovered metabolic role of 
oxytocin (OT) in the type I diabetic rats. Previous studies have demonstrated that OT has a beneficial 
role on bone physiology and therefore, the OT effect on the diabetic osteopathy will be assessed 
as well.

Methods. Induction of the type I diabetes was carried out by an intraperitoneal injection of 60 
mg/kg body weight of streptozotocin. The metabolic role of OT on diabetic rats after OT treatment 
with intramuscular injection of 40 µIU/kg body weight for 6 weeks was assessed. Histological and 
ultrastructural studies of rat pancreas samples, before and after the OT injection, were performed 
and compared with the obtained physiological results.

Results. Oxytocin treatment had positive metabolic effects in diabetic rats. This is based on the 
change in glucose metabolism, lipid profile, and insulin sensitivity in experimental animals. In ad-
dition, OT treatment showed histological regenerative changes of pancreatic islet cells of diabetic 
rats. Moreover, OT administration showed that it has an anabolic effect on the bone biology.

Conclusions. The results suggest that activation of the oxytocin receptor (OTR) pathway by 
infusion of OT, OT analogs, or OT agonists may represent a promising approach for the treatment 
of diabetes and some of its complications, including diabetic osteopathy.
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The type I diabetes mellitus is one of the most 
frequent chronic diseases in children and globally 
represents a public health challenge. Type I diabe-
tes results from the autoimmune destruction of the 
insulin-producing β-cells in the pancreas. Genetic and 
yet undefined environmental factors act together to 
precipitate the disease. It eventually becomes a complex 
metabolic disease in which patients have insulin insuf-
ficiency, dysregulation of blood glucose control, persist-
ent hyperglycemia, and long-term complications. The 
type I diabetes is associated with many complications 

including bone loss (Kuzuya 2002). As many as 50% 
of adults with the type I diabetes exhibit bone loss and 
are at increased risk for fractures (Motyl and McCabe 
2009). The increased mortality rate associated with the 
complications of the type I diabetes and the increasing 
incidence of childhood type I diabetes emphasizes the 
importance of therapeutic strategies to prevent this 
chronic disorder.

Among the different hormonal factors  affecting 
blood glucose level is the hormone oxytocin (OT). In 
addition to its well known effects during labor and lac-
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tation (Imamura et al. 2000; Svennersten-Sjaunja and 
Olsson 2005), several physiological and pathological 
functions have been governed directly or indirectly by 
OT (Lippert et al. 2003; Hashimoto et al. 2012). This 
makes OT and its receptor potential targets for drug 
therapy (Viero et al. 2010).

Oxytocin has been identified in human and rat pan-
creatic extracts (Gimpl and Fahrenholz 2001). It has 
been found that OT induces the release of glucagon and 
insulin from the pancreas (Gao et al. 1991; Bjorkstrand 
et al. 1996). In adipocytes, OT has an insulin-like ac-
tivity. It stimulates glucose oxidation and lipogenesis 
(Gimpl and Fahrenholz 2001; Deblon et al. 2011). These 
insulin-like activities of OT are owing to its binding to 
oxytocin receptor (OTR) in adipocytes and not to the 
insulin receptor itself (Gimpl and Fahrenholz 2001). 
Furthermore, OT has been observed to antagonize the 
lipolytic effect induced by glucagon (Bjorkstrand et al. 
1996; Fujiwara et al. 2007).

It has been recently shown that adipose tissue repre-
sents an important and highly metabolic active endocrine 
organ producing a large number of bioactive molecules 
(termed adipocytokines) regulating whole body metabo-
lism and immune response (De-Heredia et al. 2012; Mc-
Gown et al. 2014). Leptin and adiponectin are considered 
to belong among the most important adipocytokines. 
Recently, these two adipocytokines has been reported to 
possess various physiological activities (Kadowaki et al. 
2008; Stofkova 2009; Mantzoros et al. 2011). It has been 
reported that both leptin and adiponectin accelerate 
fatty acid oxidation through adenosine monophosphate-
activated protein kinases in peripheral tissues (Minokoshi 
et al. 2002; Yamauchi et al. 2002). It could be assumed that 
the balance of leptin and adiponectin in the body could 
influence the effect of antidiabetic drugs (Oda et al. 2008; 
Katsiki et al. 2011).

The present experiment aims to highlight the newly 
discovered metabolic role of OT in the type I diabetic 
rats. Previous studies have demonstrated that OT has 
a beneficial role on the bone physiology (Elabd et al. 
2007). For that reason, the OT effect on diabetic os-
teopathy will be assessed as well. Histological and ul-
trastructural studies of rat pancreas samples, before and 
after injection of OT, will be performed and compared 
with the obtained physiological results.

Materials and Methods

Reagents. Commercial synthetic oxytocin “syntoci-
non” purchased from Novartis Co., Egypt and strepto-

zotocin (STZ) purchased from SIGMA Chemicals Co., 
St. Louis, Mo., USA, were used in the present study. 
The original solution of OT (5 IU/ml) was diluted with 
saline (0.9% NaCl solution) to prepare a dose of 40 μIU/
ml/ kg (Xie et al. 2003; Elabd et al. 2007). High dose 
of STZ (60 mg/kg) (Akbaradeh et al. 2007; Ragbetli 
and Ceylan 2010) were used in the present study; by 
freshly dissolved in cold citrate buffer (pH 4.5) (Arora 
et al. 2009).

Induction of type I diabetes. Type I diabetes was 
induced by intraperitoneal administration of 60 mg/
kg STZ to normally fed rats (Akbaradeh et al. 2007; 
Ragbetli and Ceylan 2010). Rats were fasted for 12 
h before induction of diabetes. The STZ-treated ani-
mals were given 5% glucose water for 24 h to prevent 
mortality due to the initial drug-induced hypoglycemia 
(Frode and Medeiros 2008). Estimation of fasting blood 
glucose level was carried out using a glucometer. Rats 
with blood glucose level over 250 mg/dl after 48-72 h of 
STZ administration were considered as diabetic (Gabir 
et al. 2000; Akbaradeh et al. 2007). Sever diabetic cases 
were excluded.

experimental design. Male albino Wistar rats  
(n=30) kept on the normal diet were used. Animals were 
divided into three groups (10 per each), all kept under 
the same conditions and receiving the same diet. They 
were treated as follows: 

Group І: Animals of this group received daily an 
intramuscular injection of vehicle (saline) for 6 weeks. 
This group was regarded as normal control group.

Group II: Includes 10 diabetic rats (Akbaradeh et al. 
2007; Ragbetli and Ceylan 2010).

Group III: Animals of this group were daily treated 
with intramuscular injection of 40 μIU/ kg of OT for 6 
weeks after induction of the type I diabetes. This group 
was described as a diabetic treated group (Xie et al. 2003; 
Elabd et al. 2007).

serum measurements. At the end of experimental 
period, blood samples were collected by cardiac punc-
ture from all animals and serum was separated. Fasting 
blood glucose was measured with the glucose oxidase 
method (Biosystems Co., Barcelona, Spain). Total cho-
lesterol, triglycerides (TG), and high density lipoprotein 
(HDL) levels were determined with commercial kits 
(Biosystems Co., Barcelona, Spain) and low density 
lipoprotein (LDL) was calculated. Fasting blood insulin 
level, leptin, and adiponectin were measured (insulin, 
leptin: Ray Biotech, Inc.; adiponectin: B-Bridge Inter-
national, Inc.), and the leptin/adiponectin (L/A) ratio 
was calculated. Serum levels of osteocalcin (OC) and 
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tartrate resistant acid phosphatase-5b (TRAP-5b), as 
bone related parameters, were measured with commer-
cial kits (OC: Biomedical Technologies Inc., Stoughton, 
USA; TRAP-5b: Biomedical Company, Gate way Drive, 
Seattle, WA).

Specimens of pancreas tissue from experimental 
and control groups were processed for histological and 
ultrastructural studies.

Light microscope (LM) studies. Small specimens 
of pancreas tissue were fixed in 10% neutral buffered 
formalin for 24 h, washed in running tap water for 24 h, 
dehydrated in ascending series of ethyl alcohol, cleared 
in benzene, and embedded into paraffin wax. Sections 
of 5 µm thickness were cut using rotary microtome and 
stained with Haematoxylin and Eosin (H&E) (Bacroft 
2002). Paraffin sections were brought down to distilled 
water, stained with Mayer’s Haematoxylin for 7 min, 
counter stained with Eosin for 3 min, and mounted with 
Canadian balsam (Bacroft and Stevens 2002).

electron microscope (eM) studies. Small pieces of 
pancreas tissue were fixed by immersion in formalin-
glutraldehyde fixative (F4G1) in phosphate buffer solution 

(pH 7.2) at 4˚C for 3 h. Then the specimens were postfixed 
in 2% osmium tetroxide (OsO4) in the same buffer at 4˚C 
for 2 h and washed with phosphate buffer before dehy-
dration. Pancreatic specimens were dehydrated at 4˚C 
through an ascending series of ethyl alcohol. Propylene 
oxide was used to remove traces of alcohol. After evapora-
tion of propylene oxide, specimens were embedded into 
an epon-araldite mixture labeled beam capsules. Semithin 
sections (1 µm thick) were stained with toluidine blue for 
light microscopic examination to identify the required 
area for ultrastructural study. Ultrathin sections (50-60 
nm thick) were cut using LKB ultramicrotome, picked 
upon 200 mesh naked copper grids. Grids were stained 
using double stain of freshly prepared uranyl acetate (for 
20 min) and lead citrate (for 5 min) (Glauert and Lewis 
1998), and finally examined and photographed in Jeol-
100CX transmission electron microscope in the Electron 
Microscope Unit, at the Faculty of Science, Alexandria 
University.

statistical evaluation. Data were expressed as means 
± SEM and were statistically analyzed with two ways 
ANOVA followed by LSD for multiple comparisons.

 

Fig. 1. Body weight (g) in untreated control, diabetic type I and diabetic rats treated with oxytocin (40 µIU/kg body weight) for 
six weeks. each value represents the mean ± sD. a - statistically significant at p ≤ 0.05; pa - p value of post Hoc test (LsD) between 
control group (I) and each other group
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Results

Body weight. In control male rats, body weight 
ranged between 200 and 240 g with a mean value 
218.1 ± 11.57 g (Fig. 1). Induction of type I diabetes 
lead to a drop in body weight, as it ranged between 
170 and 205 g with a mean value of 181.2 ± 10.91 
g (p<0.001 vs. control group) (Fig. 1). In diabetic rats 
treated with OT daily for 6 weeks, the body weight 
ranged between 150 and 185 g with a mean value of 
166.3 ± 13.18 g (p=0.13 vs. diabetic group) however, 
it was still significantly lower (p<0.001) than the 
control value (Fig. 1).

Fasting blood glucose concentration. In untreated 
control rats, fasting blood glucose concentration ranged 
between 89.0 and 215.0 mg/dl with a mean value 139.40 
± 4.25 mg/dl (Fig. 2). Induction of the type I diabetes 
lead to an increase in glucose concentration, as it ranged 
between 336.0 and 462 mg/dl with a mean value of 
387.40 ± 42.45 mg/dl (p<0.001 vs. control group) (Fig. 

2). In diabetic rats treated with OT daily for 6 weeks, 
the fasting blood glucose concentration ranged between 
120 and 212 mg/dl with a mean value of 172.70 ± 15.79 
mg/dl (p<0.001 vs. diabetic group), however, it was still 
significantly higher (p=0.001) than the control value 
(Fig. 2).

Lipid profile

serum cholesterol concentration. In untreated 
control rats, serum cholesterol concentration ranged 
between 75.08 and 113.82 mg/dl  with a mean value 
91.88 ± 5.98 mg/dl (Fig. 3). Induction of the type I dia-
betes lead to an increase in serum cholesterol concen-
tration, as it ranged between 124.70 and 139.48 mg/dl 
with a mean value of 131.83 ± 5.14 mg/dl (p<0.001 vs. 
control group) (Fig. 3). In diabetic rats treated with OT 
daily for 6 weeks, the serum cholesterol concentration 
ranged between 88.37 and 108.86 mg/dl with a mean 
value of 103 ± 3.60 mg/dl (p<0.001 vs. diabetic group) 

 

Fig. 2. Fasting blood glucose concentration (mg/dl) in untreated control, diabetic type I and diabetic rats treated with oxytocin 
(40 µIU/kg body weight) for six weeks. each value represents the mean ± sD. a, b - statistically significant at p ≤ 0.05; pa - p value 
of post Hoc test (LsD) between control group (I) and each other group; pb - p value of post Hoc test (LsD) between group (II) 
and group (III)
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however, it was still significantly higher (p<0.001) than 
the control value (Fig. 3).

serum triglycerides (tG) concentration. In un-
treated control rats, serum TG  concentration ranged 
between 53.48 and 85.08 mg/dl with a mean value 69.70 
± 9.51 mg/dl (Fig. 3). Induction of the type I diabetes 
lead to an increase in serum TG concentration, as it 
ranged between 164.0 and 196.0 mg/dl with a mean 
value of 180.30 ± 11.03 mg/dl (p<0.001 vs. control 
group) (Fig. 3). In diabetic rats treated with OT daily 
for 6 weeks, the serum TG concentration ranged be-

tween 81.0 and 113.0 mg/dl with a mean value of 97.80 
± 10.83 mg/dl (p<0.001 vs. diabetic group) however, it 
was still significantly higher (p=0.001) than the control 
value (Fig. 3).

serum high density lipoprotein (HDL) concentra-
tion. In untreated control rats, serum HDL concentration 
ranged between 42.76 and 71.45mg/dl with a mean value 
56.59 ± 9.30 mg/dl (Fig. 3). Induction of type I diabetes 
lead to drop in serum HDL concentration, as it ranged 
between 24.14 and 39.08 mg/dl with a mean value of 
28.46 ± 4.19 mg/dl (p<0.001 vs. control group) (Fig. 3). 

 

A B

C D

Fig. 3. Lipid profile: cholesterol (mg/dl) (A), triglyceride (tG) (mg/dl) (B), high density lipoprotein (HDL) (mg/dl) (C), low den-
sity lipoprotein (LDL) (mg/dl) (D) in untreated control, diabetic type I and diabetic rats treated with oxytocin (40 µIU/kg body 
weight) for six weeks. each value represents the mean ± sD. a, b - statistically significant at p ≤ 0.05; pa - p value of post Hoc test 
(LsD) between control group (I) and each other group; pb - p value of post Hoc test (LsD) between group (II) and group (III)
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Fig. 4. Fasting blood insulin concentration (ng/ml) in untreated control, diabetic type I and diabetic rats treated with oxytocin 
(40 µIU/kg body weight) for six weeks. each value represents the mean ± sD. a, b - statistically significant at p ≤ 0.05; pa - p value 
of post Hoc test (LsD) between control group (I) and each other group; pb - p value of post Hoc test (LsD) between group (II) 
and group (III)

In diabetic rats treated with OT daily for 6 weeks, the 
HDL concentration ranged between 36.59 and 43.04 mg/
dl with a mean value of 40.69 ± 1.59 mg/dl (p=0. 001 vs. 
diabetic group) however, it was still significantly lower 
(p<0.001) than the control value (Fig. 3).

serum low density lipoprotein (LDL) concentra-
tion. In untreated control rats, serum LDL concentration 
ranged between 26.35 and 36.78 mg/dl with a mean value 
30.45 ± 3.41 mg/dl (Fig. 3). Induction of type I diabetes 
lead to an increase in serum LDL concentration, as it 
ranged between 61.89 and 75.28 mg/dl with a mean value 
of 68.31 ± 3.92 mg/dl (p<0.001 vs. control group) (Fig. 3). 
In diabetic rats treated with OT daily for 6 weeks, the se-
rum LDL concentration ranged between 42.50 and 58.33 
mg/dl with a mean value of 52.78 ± 5.54 mg/dl (p<0.001 
vs. diabetic group) however, it was still significantly higher 
(p<0.001) than the control value (Fig. 3).

Hormonal profile

Fasting blood insulin concentration. In untreated 
control rats, fasting blood insulin concentration ranged 

between 0.81 and 2.13 ng/ml with a mean value of 1.66 
± 0.3 ng/ml (Fig. 4). Induction of type I diabetes lead 
to drop in serum insulin concentration, as it ranged 
between 0.08 and 1.04 ng/ml with a mean value of 
0.47 ± 0.2 ng/ml (p<0.001 vs. control group) (Fig. 4). 
In the diabetic rats treated  with OT daily for 6 weeks, 
the serum insulin concentration ranged between 0.81 
and 1.52 ng/ml with a mean value of 1.16 ± 0.24 ng/ml 
(p<0.001 vs. diabetic group) however, it was still lower 
(p=0.16) than the control value (Fig. 4).

serum leptin concentration. In untreated control rats, 
serum leptin concentration ranged between 188.32 and 
201.0 pg/ml with a mean value of 194.96 ± 4.70 pg/ml 
(Fig. 5). Induction of type I diabetes lead to an increase in 
serum leptin concentration, as it ranged between 234.57 
and 252.43 pg/ml with a mean value of 242.70 ± 6.14 
pg/ml (p<0.001 vs. control group) (Fig. 5). In diabetic 
rats treated with OT daily for 6 weeks, the serum leptin 
concentration ranged between 216.92 and 237.50 pg/ml 
with a mean value of 227.07 ± 6.69 pg/ml (p<0.001 vs. 
diabetic group) however, it was still significantly higher 
(p<0.001) than the control value (Fig. 5).
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serum adiponectin concentration. In untreated 
control rats, serum adiponectin concentration ranged 
between 95.69 and 114.56 ng/ml with a mean value of 
101.61 ± 5.99 ng/ml (Fig. 5). Induction of type I diabetes 
lead to drop in serum adiponectin concentration, as it 
ranged between 14.81 and 72.21 ng/ml with a mean 
value of 27.99 ± 16.42 ng/ml (p=0.001 vs. control group) 
(Fig. 5). In diabetic rats treated with OT daily for 6 
weeks, the serum adiponectin concentration ranged 
between 64.05 and 72.89 ng/ml with a mean value of 
68.49 ± 3.18 ng/ml (p=0.002 vs. diabetic group) how-
ever, it was still significantly lower (p=0.002) than the 
control value (Fig. 5).

Leptin/adiponectin ratio. In untreated control rats, 
leptin/adiponectin ratio ranged between 1.71 and 2.07 
with a mean value 1.92 ± 0.14 (Fig. 5). Induction of type 
I diabetes lead to an increase in leptin/adiponectin ratio, 
as it ranged between 3.50 and 16.11 with a mean value 
of 8.87 ± 2.69 (p<0.001 vs. control group) (Fig. 5). In 
diabetic rats treated with OT daily for 6 weeks, leptin/
adiponectin ratio ranged between 3.07 and 3.74 with 
a mean value of 3.32 ± 0.15 (p<0.001 vs. diabetic group) 
however, it was still significantly higher (p=0.002) than 
the control value (Fig. 5).

Bone related parameters

serum osteocalcin concentration. In untreated 
control rats, serum osteocalcin concentration ranged 
between 16.17 and 20.02 ng/ml with a mean value of 
18.24 ± 1.30 ng/ml (Fig. 6). Induction of type I diabetes 
lead to drop in serum osteocalcin concentration, as it 
ranged between 6.91 and 12.31 ng/ml with a mean value 
of 9.26 ± 1.65 ng/ml (p<0.001 vs. control group) (Fig. 
6). In diabetic rats treated with OT daily for 6 weeks, 
the serum osteocalcin concentration ranged between 
10.25 and 16.35 ng/ml with a mean value of 13.49 ± 
2.01 ng/ml (p<0.001 vs. diabetic group) however, it 
was still significantly lower (p<0.001) than the control 
value (Fig. 6).

serum tartrate resistant acid phosphatase 5b 
(tRAp-5b) concentration. In untreated control rats, 
serum TRAP-5b concentration ranged between 7.83 
and 12.19 ng/ml with a mean value of 10.0 ± 0.46 ng/ml 
(Fig. 6). Induction of type I diabetes lead to an increase 
in serum TRAP-5b concentration, as it ranged between 
10.54 and 14.23 ng/ml with a mean value of 12.31 ± 1.02 
ng/ml (p=0.043 vs. control group) (Fig. 6). In diabetic 
rats treated with OT daily for 6 weeks, the serum TRAP-
5b concentration ranged between 8.56 and 13.40 ng/

 

A
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C

Fig. 5. Concentrations of leptin (pg/ml) (A), adiponectin (ng/
ml) (B), and leptin/adiponectin ratio (L/A) (C) in untreated 
control, diabetic type I and diabetic rats treated with oxytocin 
(40 µIU/kg body weight) for six weeks. each value represents 
the mean ± sD. a, b - statistically significant at p ≤ 0.05; pa - 
p value of post Hoc test (LsD) between control group (I) and 
each other group; pb - p value of post Hoc test (LsD) between 
group (II) and group (III)
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Fig. 6. Concentrations of osteocalcin (ng/ml) (A), tartrate 
Resistant Acid phosphatase-5b (tRAp-5b) (ng/ml) (B) in un-
treated control, diabetic type I and diabetic rats treated with 
oxytocin (40 µIU/kg body weight) for six weeks. each value 
represents the mean ± sD. a, b - statistically significant at p ≤ 
0.05; pa - p value of post Hoc test (LsD) between control group 
(I) and each other group; pb - p value of post Hoc test (LsD) 
between group (II) and group (III)

ml with a mean value of 10.47 ± 0.6 ng/ml (p=0.244 vs. 
control group; p=0.05 vs. diabetic group) (Fig. 6).

Histological and ultrastructural results. Histologi-
cal examination of pancreas from control rats displayed 
normal features of the gland showing numerous exo-
crine (acini) and endocrine units (islets of Langerhans) 
(Fig. 7). Ultrastructurally, each islet consisted of 4 dif-
ferent cell types; β-cells (Fig. 10), α-cells, δ-cells, and 
PP-cells.

In the diabetic rats, the most consistent findings 
were the degenerative and apoptotic changes (Fig. 8). 
There were lymphatic infiltrations to the islet, where 
T-lymphocytes circulate, target, and invade the islets, 
a case known as “insulitis” and further proceed to de-
stroy the islets (Fig. 8). The β-cells of diabetic rats had 
deformed nucleus with condensed chromatin that was 
sharply delineated and marginated along the nuclear 
membrane (Fig. 11). The ring chromatin condensation 
was also well observed and referred as “spheridium”. In 
some cases, the nuclear membrane was ruptured and 
the nucleus underwent “karyorrhexis”.

The cytoplasm contained prominent disorganized 
rough endoplasmic reticulum (rER), appearing with 
severely dilated cisternae, as well as dilated Golgi com-
plex (Fig. 13). Mitochondria were often severely swollen 
with largely dispersed cristae and there was a mito-
chondrial vacuolization (Fig. 13). The insulin secretary 
granules were almost missing as compared to control 
(Fig. 10) and the remaining granules appeared small in 
size with an electron lucent or dense core. A thin or no 
halo between the core and the limiting membrane was 
evident (Fig. 11). Fibrosis also occurred, as indicated 
by the presence of collagen fibers both around and 
within several islets (Fig. 11). Occasional deposits of 
amyloid fibrils were detected (Fig. 11). Large areas of 
lysed islets with numerous infiltrated macrophages were 
also observed.

Oxytocin administration showed an improvement 
in histological structure of pancreatic islets (Fig. 9). 
Pancreatic β-cells were less damaged as compared to 
the type I diabetic, and had some normal secretary 
granules which appeared to be immature (Fig. 12). 
However, most of the rER and Golgi complex were 
swollen and few mitochondria were observed (Fig. 13). 
A mild vacuolization in the cytoplasm was observed as 
compared to diabetic group (Fig. 12). Apoptosis and 
fibrosis were not observed.

Discussion

Oxytocin administration induced no significant 
change in the body weight of the diabetic treated rats 
as compared to the diabetic non-treated animals. The 
results, in accordance with Eckertova et al. (2011), 
showed that the adipose tissue of rats treated with OT 
had smaller adipocytes as compared with control. They 
explained this observation by activation of proliferator-
activated receptor-γ (PPARγ), a key regulator of adi-
pocyte differentiation (Tontonoz et al. 1994).
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Fig. 7. photomicrograph of the pancreas of untreated control rats. A single islet is seen as a large, pale-staining cluster of cells. 
It is surrounded by a dark stained exocrine acinus, which contains a faint-staining centroacinar cells (arrow). It appears in as-
sociation with a blood vessels (BV) and fat droplets (F). (H&e X400).

 
Fig. 8. photomicrograph of the pancreas of type I diabetic rats, showing sever destroyed islet of Langerhans. notice the presence 
of necrotic area (n) and apoptotic figure (p). (H&e X 400). Inset: photomicrograph of the pancreas of type I diabetic rats (DI), 
showing loss of islet architecture with inflammatory cell infiltration (H&e X 400).
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Fig. 9. photomicrograph of the pancreas of rats treated with daily injection of 40 μIU/ml/kg body weight for six weeks showed an 
improvement in histological structure of the islet. notice islet of Langerhans (I) surrounded with exocrine acinus, blood vessels 
are also observed (BV). (H&e X 400).

Fig. 10. electron micrograph of β-cell of the endocrine pancreas of untreated control rats. The nucleus (n), Golgi complex (G), 
pleomorphic mitochondria (M), free ribosomes (r) and secretory granules (g) are evident. The membrane bound structures 
contain lipid “ceroid bodies” (*) are also observed. (X7500).
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Fig. 11. electron micrograph of the endocrine pancreas of type I diabetic rats, showed intact β-cells with nucleus have margin-
ated condensed chromatin and surrounded by swollen nuclear envelope (ne) and marginated nucleus (nu). Their cytoplasm is 
highly vaculated and has swollen mitochondria (M) with largely dispersed cristae, and dilated Golgi complex (G). small secretory 
granules (g) having dense cores with a thin or no halo were evident. Collagen (*) and amyloid (arrow) fibers were also observed. 
(X4000).

Fig. 12. electron micrograph of β-cell of 
the endocrine pancreas of rats treated 
with daily injection of 40 μIU/ml/kg body 
weight for six weeks. nucleus (n) and its 
nucleolus (nu) surrounded by irregular 
nuclear envelope (ne) and marginated 
dense heterochromatin. swollen rough 
endoplasmic reticulum (reR) and Golgi 
complex (G) and mitochondria (M) and 
slight vacuated cytoplasm were observed. 
several immature secretary granules (Ig) 
also observed. (X4000).
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Oxytocin treatment induces a significant decrease 
in total cholesterol, TG, LDL, and an increase in HDL. 
In fact, OTRs are expressed in adipocytes (Gimpl and 
Fahrenholz 2001). It has recently been reported that OT 
induced lipolysis and β-oxidation of fatty acids via its 
direct effect on adipocytes (Deblon et al. 2011; Maejima 
et al. 2011).

The fasting blood glucose level was significantly 
decreased and insulin level was increased by OT ad-
ministration as compared to diabetic rats. Indeed, it 
can increase glucose uptake via insulin-like signaling 
pathway (Lee et al. 2008; Florian et al. 2010). Florian 
et al. (2010) have reported that the glucose uptake in 
cardiomyocytes (CMs) is increased by OT through 
stimulation of intracellular release of calcium, and 
also activation of phosphoinositide-3-kinase (PI3K), 
calcium-calmodulin kinase kinase (Ca-CAMKK) and 
AMP-activated protein kinase (AMPK) pathways.

Understanding of the islet inflammation is an im-
portant factor in the pathogenesis of diabetes. The 
protection of β-cells from death presents itself as a new 
therapeutic target (Yamaoka 2003). This inflamma-
tory process is probably a combined consequence of 
dyslipidemia, hyperglycemia, and increased circulating 
proinflammatory adipocytokines  (leptin, interleukin-1 
(IL-1), interleukin-6 (IL-6) and tumor necrosis factor-α 
(TNF-α)) (Cnop et al. 2005). As well, toxic molecules 
such as reactive oxygen species (ROS) play a significant 

role in islet cell death by inducing DNA damage (Cnop 
et al. 2005).

Histological and ultrastructural observations dem-
onstrated that OT treatment clearly show a definite 
improvement in the β-cells of the islets of Langerhans 
and induced a restoration of the normal architecture of 
the islet cells. The question remains, whether OT directly 
promotes β-cell regeneration or it acts indirectly. Still, 
the exact mechanism is unknown. Oxytocin receptors 
were identified in several cell types including pancreatic 
β-cells (Jeng et al. 1996). The direct effect may be caused 
via activation of PPARγ in pancreatic islet. It has been 
reported that PPAR-γ agonists can protect the β-cells 
from apoptosis, maintaining its neogenesis, reduction 
of islet amyloid, and restore β-cell responses to glucose 
in subjects with impaired glucose tolerance (Kim and 
Ahn 2004). The indirect effect(s) may be related to 
its action as insulin sensitizers, with a reduction in 
gluco- and lipo-toxicity. Oxytocin has antioxidant and 
anti-inflammatory effects (Clark et al. 2009; Gutkowska 
and Jankowski 2009). It has been suggested that OT may 
have antidiabetic properties by reducing oxidative stress 
and inflammatory processes in β-cells. However, many 
antidiabetic drugs act on peripheral tissues and have no 
direct effect on pancreatic islets (Bhonde et al. 2007).

One would expect that smaller adipocytes, which are 
more sensitive to insulin, produce substantially lower 
amounts of leptin and higher amounts of adiponectin 

 

Fig. 13. electron micrograph showing higher magnification of β-cell of all groups: control group (a), diabetic group (b) and 
diabetic treated with oxytocin (c). Mitochondria (M), rough endoplasmic reticulum (reR), Golgi complex (G), mature (g) and 
immature (Ig) secretary granules are observed. (X25000).
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(Skurk et al. 2007), however, in the present study, OT 
decreased leptin and enhanced adiponectin secretion. 
This is in agreement with a previously reported cor-
relation between leptin and adiponectin secretion and 
adipose tissue volume (Skurk et al. 2007).

It could be reasoned that the balance of leptin and 
adiponectin in the body could influence the effect of 
antidiabetic drugs (Oda et al. 2008). Therefore, the ef-
fect of OT at a dose 40 μIU/kg using leptin/adiponectin 
ratio (L/A) as an index of metabolic diseases (Yoon et 
al. 2011), was evaluated. The L/A ratio is more sensi-
tive and reliable marker for insulin resistance than the 
homeostasis model assessment (HOMA) index (Rashid 
2013), due to some limitations that have been reported, 
its clinical use was restricted (Ferrara and Goldberg 
2001). Furthermore, L/A explained the variation in in-
sulin sensitivity independent on gender, age and obesity 
itself (Koebnick et al. 2007). The L/A ratio in diabetic 
patients are considered for a predictor of insulin resist-
ance and a useful indicator for the choice of drug to 
treat diabetes mellitus.

The present study confirms earlier reports demon-
strating that OT administration has an anabolic effect 
on bone (Elabd et al. 2007; Tamma et al. 2009; Colli et al. 
2012). Oxytocin administration significantly increases 
osteocalcin and decreases TRAP-5b in diabetic rats. The 
positive bone balance and the decreased bone resorp-
tion observed during the treatment with OT suggest 
that it could be used therapeutically in the recovery of 
osteopathy resulting from diabetes.

The significant increase in osteocalcin indicates that 
OT stimulates osteoblast activity and new bone forma-
tion, since osteocalcin is an excellent biochemical mark-
er of bone formation activity (Seibel 2005). The effect 
of OT on bone could be resulted from the interaction 
of the hormone with its receptors in bone cells (Zingg 

and Laporte 2003), leading to intracellular events, such 
as those described by Copland et al. (1999). Thus, OT 
could increase the release of intracellular calcium and 
increase prostaglandin E2 synthesis, with consequent 
positive bone balance (Soloff et al. 2000; Aguirre et al. 
2007). The interaction between OT and OTR in osteob-
lasts may also involve other intracellular events such as 
MAP kinase phosphorylation and induce c-Fos expres-
sion (Copland et al. 1999; Soloff et al. 2000).

Despite the fact that OT may favor osteoclastogenesis, 
it can inhibit the resorptive function of mature osteo-
clasts through a calcium signaling mechanism activated 
by OTR, since OT treatment induces an increase in 
intracellular calcium (Tamma et al. 2009). This could 
explain the significant decrease in the levels of TRAP-5b, 
a bone resorption marker (Seibel 2005). The significant 
decrease in TRAP-5b levels after OT treatment suggests 
that OT acts by inhibiting the bone resorption process, 
these in agreement with Colli et al. (2012).

The potential therapeutic uses for OT and more 
long-acting and specific analogues of OT are huge. As 
a short nine amino acid peptide, OT is considered to 
be ideal for the design of agonists and antagonists of its 
receptor. A lot of studies will strengthen the develop-
ment of new drugs including the use of OT, OT agonists 
and antagonists for various human disorders including 
diabetes.
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