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Changes on aortic diameter and number of Endothelin-B receptor in aortic endothelium of

diabetes mellitus rat model after exercise.
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Abstract:

Background: incidence and prevalence rate of diabetes mellitus (DM) were increased
in recent years in various parts of the world. Diabetes mellitus had microvascular and
macrovascular complications. Those complications of DMoccured due to vascular disorders.
The complications include the decrease ofendothelin B receptor (ETB)and reduce on blood
vessels diameter. In vitro studies indicate shear stress can increase expression of ETB
receptors on the endothelium. ETB receptors in endothelial have vasodilatation activity.
Shear stress increases in physical exercise. Physical exercise known may improve ETB
receptor number and also increase the diameter of blood vessels. Objective: This study aims
to knowthe changes of aortic diameter and the number of ETB receptor expression in the
aortic endothelium of DM rat model after exercise. Methods: This study is an experimental
research design with a post-test only control group to measure the diameter of the aorta and
ETB receptor expression in the aortic endothelial. Rat model of DM obtained by injecting
streptozotocin 35mg/kgwb intra peritoneal Sprague Dawley male rats aged 11-12 weeks.
Rats were divided into two groups,one group received regular physical exercise and other
group without regular physical exercise. Physical exercise routine using a special treadmill
for rat, low - moderate intensity, frequency 5x/week, for 9 weeks, with a week of adaptation
using a speed of 5 m / min for 10 minutes, followed 8 weeks later using a gradual rise
velocity of 5 m/min to 20 m/min for 60 minutes. Rat aortic diameter was measured by using
a microscope optilab. Endothelin B receptor expression was calculated by the percentage of
the ETB receptor in aortic endothelial which has been stained with immunohistochemical
staining. Results: The mean results for the aortic lumen diameter in non-exercise group ratis
913.73 + 62.08 um, and 1066.73 + 28.58 um in exercise group (p value is 0.033). After
imunohystochemisrty staining for ETB, the results for non-exercise group is 49.37 + 5.64
%, while for the exerise group the ETB receptors is 78.42 + 5.84 % (p value is 0.006).
Conclusion: There was an increasing of ETB receptor numberand aortic diameter of DM
rat model after regular physical exercise compare with the group of DM rat model without
regular physical exercise.
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Background:
Various epidemiological studies have shown a

trend of increasing in the incidence and prevalence
of diabetes mellitus (DM) in various parts of the
world. World Health Organization (WHO) predicts
an increase in the number of people with diabetes are

quite large in the years to come. WHO predictions
for Indonesia, the increase in the number of patients
from 8.4 million in 2000 to around 21.3 million
in 2030'. The amount of the estimated number of
patients who suffer from diabetes is associated with
reduced life expectancy ranges , increased micro-
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and macrovascular complications, and the decline
in the quality of life’.

Complications of diabetes include complications
of acute and chronic complications. Acute
complications such as iatrogenic hypoglycemia,
diabetic ketoacidosis, hyperosmolar hyperglycemic
non- ketotic coma, and lactic acidosis.Chronic
complications including retinopathy, nephropathy,
neuropathy, and diabetic coronary heart disease.
The increase in diabetes complications result from
blood vessel disorders, both macrovascular and
microvaskular®. Vascular disorders preceded the
increased viscosity of the blood flow, increasing
the pressure received by the endothelium. Stresses
imposed by the blood vessels which comes from
the frictional forces due to blood flow (shear stress)

* . Increased blood sugar levels will be followed by
an increase in viscosity of the blood’proportional
with shear stress®. Increased blood viscosity
contributes to the increase in blood pressure with
diabetes are thought to be contributing factors in
the beginning of the failure of other organs in the
DM complications ’.

Increase of blood pressure in diabetic patients is
affected by an increase in blood viscosity, the
formation of atherosclerosis in the blood vessels,
reduced endothelin - B receptor continued to
decline in the production of Nitric Oxide ( NO )
and prostacyclin, a decrease in insulin sensitivity,
as well as an imbalance of vasoconstrictor and
vasodilator’ .

Number of endothelin - B receptors in the blood

Figure 1.aortic lumen circumference measurement results using optilab
a. DM group with exercise b. DM group without exercise

Figure 2.picture a ETB receptors in non-exercise group.

Picturesb ETB receptors in exercise group
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Table 1. Results of statistical analysis of the aortic lumen
diameter, endothelin-B receptor, and the difference in

blood pressure between groups

regular physical exercise and other
group without regular physical
exercise. Each group consist of 8 rats
in the beginning.

Parameter Rats DM Rats DM with Physical exercise routines that are
without physical used in this study is the use of physical
physical exercise exercise treadmill Gama special treat
exercise rat with low - moderate intensity,

Aortic diameter (um)

Receptor endotelin-B ~ 49,37+5,64°

913,73 +62,08" 1066,73+28,58*
b

78,43+5,83"

slope 0°, 5x/minggu frequency, the
total time for 9 weeks, starting one
week adaptation Sm/menit treadmill at
a speed of over 10 minutes, followed

a p=0,033, b p=0,006
vessels is related to blood pressure. Endothelin - B
receptor in endothelial becomes active when bound
to endothelin - 1, and then activate the NO production
pathway that causes vasodilation, thereby affecting
blood pressure. Endothelin - 1 acts on the endothelin
A and B receptors in vascular smooth muscle and
endothelin - B receptor in endothelial. Activation
of these receptors in both vascular smooth muscle
to produce vasoconstriction, but endothelin - B
receptor activation in vascular endothelium also
mediate vasodilation and clearance of endothelin
- 1. Endothelin - B receptor may indicate anti -
atherosclerotic effect by increasing clearance of
circulating endothelin - 1 #1012,
Shear stress has been known to be a modulator in
the expression of endothelin - B receptor. Regular
physical exercise can increase the shear stress on
the blood vessels . Episodic change of shear stress
on physical exercise are factors that are thought
to contribute to vascular changes when physical
exercise. Based on this background, further
research needs to be done to determine the role
of regular physical exercise on blood pressure
reduction in a rat model of diabetes mellitus by
changes in endothelin - B receptor expression and
aosrtic diameter 2+ 13 .
Objectives
This study aims to knowthe changes of aortic
diameter and the number of ETB receptor expression
in the aortic endothelium of DM rat model after
exercise.
Method
This study is an experimental research design with a
post-test only control group to measure the diameter
of the aorta and ETB receptor expression in the
aortic endothelial. Rat model of DM obtained by
injecting streptozotocin 35mg/kgbw intra peritoneal
Sprague Dawley male rats aged 11-12 weeks. Rats
were divided into two groups,one group received

by 8 weeks of the start -storey speed

of 5 m / min to 20 m / min for 1
hour® .
Rat aortic diameter is the diameter of the lumen of rat
aortic preparations were stained with hematoxylin
eosin staining which measured three times then
taken using a microscope optilab. Expression of
endothelin - B receptor is a percentage of the
endothelin - B receptor in aortic endothelial which
had been stained with immunohistochemicalstaining
, which is calculated using formula'®
The number of positively stained endothelial cells

x 100 %
Total number of endothelial cells

DM rat model is the male age of Sprague Dawley
rats range 11-12 weeks induced with streptozotocin
35 mg / kg intraperitoneally a single dose, with a
fasting blood glucose level > 140 mg / dl or blood
sugar levels when > 200 mg / dl 1718 .
Ethical approval was taken Prior study.
Results and discussion:
This study using Sprague-Dawley male rats age
range of 11-12 weeks, weighing between 250-
300 g were divided into two groups. Rats divided
into two groups. Exercise group and non-exercise
group. Each group consisted of 8 rats. Rats were
able to complete routine physical exercise protocol
until the end of the study were 7 rats of exercise
group, and 5 rats of non-exercise group.
The results obtained during the study are as
contained in Table 1.
The mean results for the aortic lumen diameter
DM group rat without regular physical exercise is
913.73 + 62.08 pum and DM groups of rat with
regular physical exercise 1066.73 + 28.58 upm.
Results of independent t-test trials for groups of
diabetic rats with exercise and no exercise groups
diabetic rats resulted in a p-value = 0.033, which
means there is a significant difference between the
two groups (p <0.05).
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After staining, the results obtained for the group
of diabetic rats without regular physical exercise is
the average percentage of 49.37 + 5.64 % , while
for the group of diabetic rats group with regular
physical exercise mean obtained is 78.42 + 5.84
% . Different test results using independent t - test
showed no training for the DM group and DM group
with the exercise value of p = 0.006 , this indicates
a significant difference between the two groups.

Pearson correlation test results between the variables
showed that the diameter is not correlated with
the percentage of endothelin - B receptor in aortic
endothelial. Significance values obtained in the
correlation test was p > 0.05. These results indicate

that the correlation between the two variables was
not statistically significant. R value for Pearson
correlation test between the variable diameter and
endothelin receptor number is 0,407, with a value
of p = 0.189 which means there is no significance
to the value of the correlation of two variables.
Acknowledgements:

This article was presented in CVD-IA 2016.

There was an increasing of ETB receptor
numberand aortic diameter of DM rat model after
regular physical exercise compare with the group
of DM rat model without regular physical exercise.
Conflict of interest: None

References:

1. Perkeni. 2006. Consensus management and prevention
of type 2 diabetes mellitus in Indonesia.. Jakarta

2. Pavkov, M.E., Bennet, P.H., Knowler, W.C.,
Krakoff, J., Sievers, M.L., & Nelson, R.G. 2006.
Effect of youth-onset type 2 diabetes mellitus on
incidence of end-stage renal disease and mortality
in young and middle-aged pima indians. J.Am.Med.
Assoc. 296(14):421-426.

3.  Waspadji, S. 2006. Chronic complications of diabetes:
mechanisms of occurrence, diagnosis and management
strategies. In: Textbook internal medicine,4 ed. pp.
1906-1910. Faculty of Medicine Indonesia University,
Jakarta.

4. Morawietz, H., Talanow, R., Szibor, M.,
Rueckschloss, U., Schubert, A., Bartlin, B., Darmer,
D., & Holtz, J. 2000. Regulation of the endothelin
system by shear stress in human endothelial cells.
J.Physiol. 525(3):761-770.

5. Cinar, Y., Senyol, A.M., & Duman, K. 2001. Blood
viscosity and blood pressure: role of temperature and
hyperglycemia. Am.J.Hypertens. 14(5):433-438.

6. Chatzizisis, Y.S., Coskun, A.U., Jonas, M., Edelman,
E.R., Feldman, C.L., & Stone, P.H. 2007. Role
of endothelial shear stress in the natural history of
coronary atherosclerosis and vascular remodelling:
molecular, cellular, and vascular behavior. J.Am. Coll.
Cardiol. 49:2379-2393.

7. Brands, M.W. & Hopkins, T.E. 1996. Poor glycemic
control induces hypertension in diabetes mellitus.
Hypertension.27 :735-739.

8. Torp-Pedersen, C. & Jeppesen, J. 2011. Diabetes
and hypertension atherosclerotic cardivascular disease
: related or separate entities often found together.
Hypertension. 57:887-888.

9. Barton, M., Kimura, K., Hirata, K., Kakoki, M.,
Hayakawa, H., Tojo, A., Nagata, D., Suzuki, E.,
Kimura, K., Goto, A., Kikuchi, K., Nagano, T., &
Omata, M. 2000. Hypertension, diabetes mellitus,
hypercholesterolemia, and endothelin B receptor-
mediated renal nitric oxide release ® response.
Hypertension. 101:€228-e229.

10. Luscher, T. F., Dubey, R. K., & Noll, G. 1995.
The endocrine endothelium. In: K. L. Becker,
ed.(Ed.): Principles and practice of endocrinology
and metabolism, 2 ed. pp. 1491-1498. J.B. Lippincot
Company, Philadelphia.

11. Epstein, M. & Sowers, J.R. 1992. Diabetes mellitus
and hypertension. Hypertension. 19:403-418.

12. Honore, J., Proteau, C., & D’Orleans-Juste, P. 2003.
Endothelin B receptors located on the endothelium
provide cardiovascular protection in the hamster. Clin.
Sci. 103:280s-283s.

13. Tang, L., Luo, B., Patel, R.P., Ling, Y., Zhang,
J., & Fallon, M.B. 2007. Modulation of pulmonary
endothelial ~endothelin B  receptor expression
and signaling: implications for experimental
hepatopulmonary syndrome. Am.J.Physiol.Lung.Cell.
Mol. Physiol. 292:1.1467-L1472.

14. Tinken, T.M., Thijssen, D.H.J., Hopkins, N., Dawson,
E.A., Cable, N.T., & Green, D.J. 2010. Shear stress
mediates endothelial adaptations to exercise training in
humans. Hypertension. 55:312-318.

15. Souza, S.B.C., Flues, K., Paulini, J., Mostarda,
C., Rodrigues, B., Souza, L.E., Irigoyen, M., &
De Angelis, K. 2007. Role of exercise training in
cardiovascular autonomic dysfunction and mortality
in diabetic ovariectomized rats. Hypertension. 50:786-
791.

16. Lombardi, D.M., Reidy, M.A., & Schwartz, S.M.
1991. Methodologic considerations important in the
accurate quantitation of aortic smooth muscle cell
replication in the normal rat. Am.J. Pathol. 138(2):441-
446.

17. Srinivasan, K., Viswanad, B., Asrat, L., Kaul, C.L.,
& Ramarao, P. 2005. Combination of high-fat diet-
fed and low-dose streptozotocin-treated rat: A model
for type 2 diabetes and pharmacological creening.
Pharmacol.Res. 52:313-320.

18. Zhang, M., Lv, X., Li, J., Xu, Z., & Chen, L. 2008.
The characterization of high-fat diet and multiple
low-dose streptozotocin induced type 2 diabetes rat
model. Exp.Diabet.Res. 8:1-9.

384



