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Abstract: Background: Endothelin (ET)-1, a circulatory protein, and its receptors (ETA and ETB) in various organs were
reported to play a pivotal role in many diseases, including obesity. However, the changes of ETA and ETB expression in
ventricle and kidney in obesity was less reported. The study is designed to observe the level of circulatory ET-1 and
expression of ETA/ETB in ventricle and kidney of obese, as compared to non-obese, Wistar rats. Methods: Groups of
obese 14 and 34 weeks Wistar rats were compared to non-obese controls at similar ages. The obesity status was
achieved by feeding the with high calories protein diet CP 551 + milk powder, while the control group was fed with
a standard calorie protein AD II diet. The concentration of circulatory ET-1, ETA and ETB of ventricle and kidney were
measured by Enzyme Linked Immunosorbent Assay (ELISA) technique after the termination of both groups at 14th
and 24th weeks. Results: The level of circulatory ET-1, expression of ETA and ETB in kidney, and LDL of obese rats
were significantly higher than control rats (T-Test, P<0.05) in the elder groups, while no differences of the ETA and
ETB were found in the ventricle. No differences of the levels of circulatory ET-1, ETA and ETB expression were found
between obese and control groups of younger rats (P>0.05). HDL levels were under normal value for both groups.
Conclusion: Obesity in elder obese rats leads to dysregulation of kidney vessels through activity of ET-1 and ETA/ETB
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Introduction
Endothelin-1 (ET-1) is a chemical substance
with 21 amino acids which is produced by endothelial cells [1] and other cells that regulate the
caliber of vessels. Endothelin receptor A (ETA) is
a G-protein couple receptor with 442 amino
acids and has 64% homolog with endothelin
receptor B (ETB) which has 442 amino acids [2].
In physiologic condition, the binding of ET-1 to
ETA receptors will stimulate constriction of the
vessels, while binding to ETB receptors dilates
the vessels [3, 4]. The ETB was reported to be
up regulated in hypertension to compensate
the decreased blood flow, while in other pathologic conditions the increase of ETA occurs
simultaneously with the decrease of ETB, which
can cause severe vasoconstriction [4, 5].
Obesity condition could produce cardiovascular
diseases through endothelial dysfunction. Vascular dysregulation in ventricle and kidney due

to obesity is still unclear [6, 7]. The serum level
of ET-1 rises in obesity condition while the ETB
expression decreases in endothelial cell [4, 6].
However there were no many reports on the
changes of ETA and ETB expression in ventricle
and kidney in the obesity.
This study aims to determine the level of circulatory ET-1 and the expression of ETA/ETB in
ventricle and kidney of obese Wistar rats. The
alteration of ETA/ETB expression in ventricle and
kidney could be an early marker of any dysregulation of vessels in both organs which may develop as cardiovascular diseases in the future.
Methods
Diet
Both groups, after weaned from the mothers,
were given standard calories protein diet AD II
chow. To achieve the obesity status, the obese
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group was later fed with high calories protein
diet CP 551 chow + milk start from the 3rd week
(younger group) and 12th weeks (elder group),
while the control groups maintained the standard diet. Both the standard and obesity diet
were bought from commercial markets. The
ingredients of the AD II were of 15% protein and
3% fat, while the CP 551 consists of 18.520.5% protein and 4.0% fat. The supplement
milk for the obese group consists of 8% protein,
9% fat and 5% carbohydrate. The amount of
diet given to control groups were 15 g/day of
AD II, the dose was increased to 20 g/day after
the 20th week to adjust with the increases of
body weight of the rats. The obese groups were
initially fed with the same diet as the control
groups. At the 3rd week, instead of AD II, the
younger obese group was fed with 15 g/day of
CP 551 + 7 g/day of milk powder, while the
elder obese group was fed with high calories
protein diet at week 12th. The dose of CP 551
diet was increased from week 20th for the elder
obese group to adjust with body weight increase as for the control group. The obesity
condition was reached at 4-6 weeks after
feeding with CP 551 and milk, and the obesity
status was maintained for about 8-10 weeks
before animals were terminated.
Both the control and obese groups were terminated at week 14th and 34th, for the younger
and elder aged groups respectively.
Animals
Animal used for the experiments are Wistar
rats cultivated at Animal Houses of University
Hasanuddin at Faculty of Medicine. All experimental rats were males. All rats were caged
with the standard protocol of animal laboratory
of Hasanuddin University with room temperature at 28-30°C. The new born rats were fed by
the mothers until two weeks. After two weeks,
they were separated from the mothers and
divided into 4 groups: 2 for younger groups and
2 for elder groups. Both the younger and elder
aged groups were further divided into two
groups: obese and control groups. Each group
contained five male rats. All the control groups
were given standard diet, while the obese group
were given the obesity diet as explained above.
Obesity of the rats was defined by Rohrer Index
= {[bodyweight (gr)]/[naso-anal length (cm)3] ×
103} reached >30. It was categorized as obese
if RI >30 [8].
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Laboratory assays
The rats were terminated by inhaling gas of
ether. The blood was drawn from the heart and
analyzed using an ELISA Kit (Qiagen) for circulatory ET-1 level. Left ventricle of heart and
medulla from the kidney of individual rats were
disrupted and macerated by a tissue grinder,
for analyses of ETA and ETB receptors expressions, using the dedicated ELISA Kits (Qiagen)
for the receptors. According to the previous
study, ETA and ETB are well presented in ventricle of heart and medulla of kidney [9]. The
ELISA procedures followed manufacturer’s
manual.
Lipid profiles such as total cholesterol, LDL and
HDL were measured with enzymatic photometric technique (ABX Pentra). The colorimetric
indicator is quinoneimine which is generated
from 4-aminoantipyrine and phenol by hydrogen peroxide under the catalytic action of peroxidase (Trinder’s reaction).
Statistical test
Data was analyzed by statistical software
SPSS ver. 17.0 and presented in tables by
means ± standard deviations. The mean differences of circulatory ET-1 level, ETA/ETB expressions, and lipid profiles between obese and
control groups in younger and elder rats were
examined by t test.
All procedures for this study were approved by
the Institutional Review Board (IRB) for Health
and Medical Research of The Faculty of
Medicine Universitas Hasanuddin.
Result
The obesity status of each groups are presented in Table 1. It shows significant differences
between the obese and the control groups in
both younger and elder ages after being fed the
obesity diet, CP 551 + milk powder.
Table 2 shows that the level of circulatory ET-1,
ETA and ETB expression in kidney of elder obese
rats differs significantly compared to the control rats of the same age group, while expression of ETA and ETB in ventricle shows no statistical differences. In younger age rats, no statistical differences were found between obese
and control groups for all the parameters in
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Table 1. Weight, length and Rohrer Index of obese and control rats before terminated
14 weeks old Wistar rat
Obese
Control
441,0 ± 25,6
213,8 ± 40,3
21,8 ± 0,5
20,1 ± 0,7
42,6 ± 2,2
26,1 ± 2,4

Weight (gr)
Length (cm)
Rohrer Index
*

P

*

<0.001

34 weeks old Wistar rat
Obese
Control
361,2 ± 22,8
248,4 ± 41,5
21,8 ± 0,8
20,6 ± 0,9
35,1 ± 4,6
28,1 ± 1,6

P*

0.013

Calculated with an independent sample t test.

Table 2. Level of circulatory ET-1, and ETA/ETB expression in ventricle and kidney

ET-1 (pg/ml)
ETAh (pg/ml)
ETAk (pg/ml)
ETBh (pg/ml)
ETBk (pg/ml)

14 weeks old Wistar rat
Obese
Control
19,500 ± 9,561 16,048 ± 5,207
3,138 ± 0,953
2,187 ± 0,924
1,250 ± 0,722
1,327 ± 0,229
2,262 ± 0,325
2,314 ± 0,218
3,148 ± 0,217
3,128 ± 0,184

P
0,498
0,174
0,826
0,774
0,879
*

34 weeks old Wistar rat
Obese
Control
23,048 ± 2,017 14,710 ± 2,358
2,628 ± 0,934
1,862 ± 0,763
1,790 ± 1,008
0,531 ± 0,262
2,160 ± 0,193
1,794 ± 0,331
2,960 ± 0,329
1,826 ± 0,391

P*
0,001
0,217
0,030
0,065
0,001

Calculated with an independent sample t test. ETAh = endothelin receptor A in ventricle, ETAk = endothelin receptor A in
kidney. ETBh = endothelin receptor B in ventricle, ETBk = endothelin receptor B in kidney.
*

Table 3. Lipid profile of obese wistar rat and control

Chol total (mg/dl)
HDL (mg/dl)
LDL (mg/dl)

14 weeks old Wistar rat
Obese
Control
P*
59,750 ± 6,751 29,250 ± 11,899 0,004
26,800 ± 3,347 10,600 ± 5,272 0,000
20,000 ± 5,244 27,200 ± 15,023 0,341

34 weeks old Wistar rat
Obese
Control
P*
59,800 ± 5,019 45,600 ± 5,319 0,002
22,400 ± 3,578 15,400 ± 2,881 0,009
60,000 ± 18,403 30,200 ± 11,756 0,021

Calculated with an independent sample t test. Chol total = Cholesterol total, HDL = high density lipoprotein, LDL = low density
lipoprotein.
*

both heart and kidney, as well as in circulatory
parameters.
Lipid profiles of total cholesterol, HDL and LDL
in serum are significantly higher in the obese
group compared to the control group of elder
rats, but only total cholesterol and HDL of
obese group of the younger rats are higher than
the non-obese rats (Table 3).
Discussion
The present study revealed that established
obesity in elder age rats increases the level of
circulatory ET-1 and expression of ETA/ETB in
kidney. The data support the current believes
that obesity contributes to dysregulation in kidney vessels through endothelin-1 system and
its receptor. Increase of ET-1 and ETB receptors
in kidney could be mediated by up regulation
process to overcome the problem in kidney
blood flow, since the binding of the ET-1 to ETB
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receptors stimulates vasodilatation of blood
vessels. This is in line with results of few studies on circulatory ET-1 and of ETA/ETB expression in kidney of obesity condition [6, 11, 12].
Another function of ET-1 and ETA/ETB in kidney
is to inhibit Na reabsorption to regulate normal
blood pressure [13] that may increase in this
study. Increase of ETA and ETB expression in our
data could be the compensation mechanism to
normalize the blood pressure.
In heart tissue, expression of ETA and ETB receptors in obese rats of elder age also showed a
tendency of increasing if compared to the control group, yet statistically not significant. Blood
flow to ventricle walls could decrease but well
compensated by up regulation of ETB, and this
change could be the minimal alteration of vessels. In heart failure patients, it was reported
that serum ET-1 and ETA/ETB were increased
above normal level [5, 14]. A study with use of
dual antagonist of ET-1 receptors revealed that
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ejection fraction of heart increased by inhibition of both ETA/ETB receptors [14]. The increase
of ETA leads to vasoconstriction and precipitates heart failure and hypertension, while
increase of ETB was needed to clear the ET-1 in
circulation to prevent the severity of diseases
[14, 16, 17]. However, the effects of obesity in
ventricle’s vessels, as well as in kidney, in this
study were not directly measured.

endothelial cells especially for kidney through
ET-1 and ETA/ETB stimulation. Another study in
animal showed that high fat diet fed rats lead to
microvascular damage of vessels and increase
of ET-1 and ETA/ETB receptors [19]. ET-1 also
been reported to induce proliferation of pre adipocytes [20] which could affect the vessels
wall. Microangiopathy found in type 2 diabetes
has positive correlation to the level of ET-1 [21].

Our data suggest that obesity could be related
to dysregulation of blood vessels and it is more
prominent in medulla of kidney compared to
ventricle’s vessels. The increase of ETA/ETB
expression was a marker for reducing blood
flow that may harm the kidney tissue. Although
this finding should be carefully interpreted but
this study revealed that dysregulation of kidney
vessels in obesity could be an early sign of a
developing pathologic condition of the kidney
and lead to apparent kidney diseases.

The study shows that although the alteration
rate of the physical status such as weight and
length is higher in younger rats (Table 1), the
effects of diet to the physiological conditions
are more obvious in elder age rats. These data
may have at least two implications: 1) The
observed phenomenon might be due to a more
flexible homeostasis system in younger rats,
hence, better compensation mechanism to
maintain the homeostasis status than those of
elder rats. So, effect of pathological condition
may establish better in elder age rats (Tables 2,
3). This suggest that it is worth analyzing data
on elder age individuals to see the effect of
pathological changes; 2) The finding that the
elder-onset obesity diet increased blood ET-1
levels and selectively increased ET receptor
components in the kidney but not heart, while
in contrast, only minimal change was observed
in younger rats. The role of the ET system in comorbidities of obesity opens a new insight to
the understanding of the disease mechanisms.
Based on the data, the level of ETA and ETB
expression should be considered as a marker
for endothelial dysfunction in kidney vessels,
and an endothelin receptor antagonist may be
an option in the treatment of obesity-associated kidney diseases.

Age is an independent factor for ET-1 and its
receptors activity as shown in our data. The significant increase of circulatory ET-1 level and
ETA/ETB expressions was found in obese group
of elder age rats, but not in younger one (Table
2). It appeared that obesity in elder rat caused
vessels dysfunction of kidney and did not occur
in younger rat. This data was supported by
studies that aging in rats and human will
increase the activity of ET-1 and its receptor in
kidney [7, 18]. Our data showed that obesity
has different impact in different age groups,
and it can produce the significant alteration in
elder rat. Although in this study, elder and
younger rats could be in the same phase of
aging but it seemed that diet induced obesity
has a significant impact to the level of circulatory ET-1 and its receptor.
Most of lipid profiles such as serum level of
total cholesterol, HDL and LDL were significantly increased in obese individuals in both younger and elder age rat. In this study, although still
in a normal range [10], the level of total cholesterol of the blood of the rats tended to increase
in all obese group, while LDL level in obese
group increased higher than the control group
only in elder age rats (Table 3). Cholesterol and
LDL have detrimental effect to the vessels if
their concentration in the blood is increased
[10]. High level of LDL and low level of HDL will
influence the vessel’s healthy. The hyperlipidemia in obese rats in this study may affect the
34

We conclude that obesity could make dysregulation of kidney vessels through activity of ET-1
and ETA/ETB especially in elder obese rats.
Limitations of the present study, e.g. th no
pathological examination for dysregulation of
vessels in kidney and ventricles, and no direct
measurements of blood pressure change, do
not eliminate the potential of the findings presented for further studies on the obesity-related damage of vessels in specific organs, or for
finding novel therapies in the future.
Disclosure of conflict of interest
None.
Int J Physiol Pathophysiol Pharmacol 2019;11(2):31-35

ET-1 and its receptor in obesity rat
Address correspondence to: Irfan Idris, Department of Physiology, Medical Faculty, Hasanuddin
University, Jl Perintis Kemerdekaan Kampus Unhas
Tamalanrea, Km. 10, Makassar 90245, Indonesia.
E-mail: irfanfaal@gmail.com

References
[1]

Yanagisawa M, Kurihara H, Kimura S, Tomobe
Y, Kobayashi M, Mitsui Y, Yazaki Y, Goto K,
Masaki T. A Novel potent vasoconstrictor peptide produced by vascular endothelial cell.
Nature 1998; 332: 411-415.
[2] Schneider MP, Boesen EI and Pollock DM.
Constrasting, action of endothelin ETA and ETB
receptors in cardiovascular diseases. Annu
Rev Pharmacol Toxicol 2007; 47: 731-759.
[3] da Silva AA, Kuo JJ, Tallam LS and Hall JE. Role
of endothelin-1 in blood pressure regulation in
a rat model of visceral obesity and hypertension. Hypertension 2004; 43: 383-87.
[4] Iglarz M, Steiner P, Wanner D, Rey M, Hess P
and Cozel M. Vascular effect of endothelin receptor antagonists depend on their selectivity
for ETA versus ETB receptors and on the
functionality of ETB receptors. J Cardiovasc
Pharmacol 2015; 66: 332-337.
[5] Mazzuca MQ and Khalil RA. Vascular endothelin receptor type B: structure, function and
dysregulation in vascular diseases. Biochem
Phamacol 2012; 82: 147-162.
[6] Baratella O, Chung SK, Xu A and Vanhoutte
PM. Endothelial overexpression of endothelin-1 modulates aortic, carotid, iliac and renal
arterial responses in obese mice. Acta
Pharmacologica Sinica 2017; 38: 498-512.
[7] Barton M. Aging and endothelin: determinat of
diseases. Life Sciences 2014; 118: 97-109.
[8] Lee SI, Kim JW, Lee YK, Yang SH, Lee IA, Suh
JW, Soon D. Anti-obesity effect of monascus
pilosus mycelial extract in high fat diet-induced
obese rat. J Appl Biol Chem 2011; 54: 197205.
[9] Kuc RE, Maguire JJ and Davenport AP.
Quantification of endothelin receptor subtype
in peripheral tissues reveals down regulation
of ETA receptors in ETB deficient mice. Exp Biol
Med 2015; 23: 741-745.
[10] Ihedioha JI, Noel-Uneke OA and Ihedioha TE.
Reference values for the serum lipid profile of
albino rats (rattus norvegicus) of varied ages
and sexes. Comp Clin Pathol 2013; 22: 93-99.
[11] Davenport AP and Maguire JJ. Pharmacology
of renal endothelin receptors, molecular biology and physiology of endothelin in Kidney. In:
Barton M and Kohan DE, editors. Contrib
Nephrol Basel: Karger; 2011; Vol 172; pp:
1-17.

35

[12] Vaněčková I, Hojná S, Kadlecová M, Vernerová
Z, Kopkan L, Červenka L, Zicha J. Renoprotective
effect of ETA receptor antagonist therapy in experimental non-diabetic chronic kidney diseases: Is there still hope for the future? Physiol
Res 2018; 67 Suppl 1: S55-S67.
[13] Lynch IJ, Welch AK, Kohan DE, Cain BD and
Wingo CS. Endothelin-1 inhibit sodium reabsorption by ETA and ETA receptors in the
mouse cortical collecting duct. Am J Physiol
Renal Physiol 2013; 305: F568-F573.
[14] Kohan DE, Cleland JG, Rubin LJ, Theodoroscu
D and Barton M. Clinical trials with endothelin
receptor antagonist: what went wrong and
where can we improve? Life Sci 2012; 91:
528-39.
[15] Munoz MV, Li S, Wilson RM, Boldbaatar B,
Iglarz M and Sam F. Dual endothelin-A/endothelin-B receptor blockade and cardiac remodeling in heart failure with preserved ejection
fraction. Circ Heart Fail 2016; 9: e003381.
[16] Xu M, Lu YP, Hasan AA and Hocher B. Plasma
ET-1 concentration are elevated in patients
with hypertension-meta-analysis of clinical
study. Kidney Blood Press Res 2017; 42: 304313.
[17] Wang JW, Li AY, Guo QH, Guo YJ, Weiss JW and
Ji ES. Endothelin-1 and ET receptors impair left
ventricular function by mediated coronary arteries dysfunction in chronic intermittent hypoxia rat. Physiol Rep 2017; 5: e13050.
[18] Amor S, Garcia-Villalon AL, Rubio C, Carrascosa
JM, Monge L, Fernandez N, Martin-Carro B,
Granado M. Effect of age and caloric restriction in the vascular respons of renal arteries to
endothelin-1 in rat. Exp Gerontol 2017; 88: 2341.
[19] Sorop O, van den Heuvel M, van Ditzhuijzen
NS, de Beer VJ, Heinonen I, van Duin RW, Zhou
Z, Koopmans SJ, Merkus D, van der Giessen
WJ, Danser AH, Duncker DJ. Coronary microvascular dysfunction after long term diabetes
and hypercholesterolemia. Am J Physiol Heart
Circ Physiol 2016; 311: H1339-H1351.
[20] Lien CC, Jiang JL, Jian DY, Kwok CF, Ho LT and
Juan CC. Chronic endothelin-1 infusion causes
adipocyte hyperplasia in rats. Obesity 2016;
24: 643-653.
[21] Kalani M. The importance of endothelin-1 for
microvasculae dysfunction in diabetes. Vasc
Health Risk Manag 2008; 4: 1061-8.

Int J Physiol Pathophysiol Pharmacol 2019;11(2):31-35

