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(Abstract)
The effect of Losartan, angiotensin Ⅱ type 1 receptor
antagonist, on ßß-cells in diabetic animal model

Eun-Mi Park

Department of Medical Science
The Graduate School, Yonsei University

(Directed by Professor Bong-Soo Cha)

The local RAS (rennin-angiotensin system) and inflammatory cytokine
IL-1ß of play an important role in pathophisoligic process pancreas. In
obesity-induced insulin resistant state, IL-1ß is induced by hyperglycemia
in the pancreatic islets. Up-regulation of IL-1ß causes increase in
angiotensin Ⅱ type 1 receptor (AT1R) receptor expression. Increased
expression of AT1R accelerates ß-cells dysfunction by producing of
reactive oxygen species through activation of NADPH oxidase, which
results in failure of insulin secretion and impaired plasma glucose
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homeostasis. We hypothesized that blocking AT1R in pancreatic islets by
Losartan will prevent ß-cells from their dysfunction induced by ROS and
inflammatory cytokines through inhibition of down stream signals of AT1R.
In this study, we determined the effect of Losartan on ß-cells in diabetic
animal model.
Fasting plasma glucose level was significantly elevated by Losartan at
30mg/kg/day in rats fed high fat diet. The expressions of IL-1ß, AT1R and
p22phox were increased in pancreatic islet of rats fed high fat diet.
However, Losartan treatment significantly improved glucose tolerance and
decreased the expression of IL-1ß, AT1R and p22phox.
These results suggest that Losartan, a angiotensin Ⅱ type 1 receptor
antagonist, improves beta cell function by decreasing the expression of IL1ß, AT1R and p22phox in pancreatic islets.
Key words: ß-cells, AT1R (Angiotensin Ⅱ type 1 receptor), Interlukin-1ß
(IL-1ß), p22phox, Losartan (Angiotensin Ⅱ type 1 receptor antagonist)
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Ⅰ. INTRODUCTION

Obesity-induced type 2 diabetes mellitus (T2DM) is a worldwide
epidemic and an severe public health problem. Pancreatic beta-cell failure
is considered as a key process in the development of T2DM.1,
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The

mechanism of beta-cell dysfunction in T2DM is complex. ß-cells
dysfunction in individuals with insulin resistance and glucose intolerance is
known to be aggravated by glucose, free fatty acids and factors derived
from adipose tissue. 3 Once stimulated by these factors, ß-cells adapt to the
condition by increasing the number of functional ß-cells. However, as the

3

insufficient compensation of insulin function persists, ß-cells fail to meet
the need for hormonal glucose homeostasis, end in loss of ß-cell mall with
insulin deficiency and hyperglycemia. Long-term elevation of plasma
glucose concentration induces ß-cell apoptosis. 4, 5 As the impairment of ßcells persists, it accelerates the progress of T2DM. Oxidative stress leads to
tissue damage by oxidizing and damaging DNA, proteins and lipids.

6

NADPH plays an important role in ß-cells dysfunction and apoptosis by
producing superoxide. NADPH oxidase is a multiensymatic electron
transfer complex which catalyses the production of superoxide by
transferring electrons from NADPH to molecular oxygen.7 ß-cells express
significant amounts of NADPH oxidase, while they are.

8, 9

ß-cells are

known to be sensitive to reactive oxidative stress (ROS) because the
activity of antioxidant enzymes such as catalase, glutathione peroxidase,
and superoxide dismutase are low. The ROS of beta cell activated by
NADPH oxidase subunits decreases insulin gene expression and causes
beta cell apoptosis.
AT1R is expressed in ß-cells and up-regulated in pancreatic islets in
diabetic animal model. Recently, it is suggested that angiotensin II activate
NADPH oxidase which in turn promotes ß-cell dysfunction and apoptosis
by induction of oxidative stress.

10, 11, 12, 13

4

However, administration of an

AT1R antagonist inhibited oxidative stress by down-regulation of NADPH
oxidase; thus decreases ß -cell apoptosis and improves ß -cell function. 10,
11, 12, 13

Pro-inflammatory

cytokine

interlukin-1ß

in pancreatic islets of diabetic patients.

14

(IL-1ß)

is

increased

ß-cells under hyperglycemic

condition hyperglycemia induce endogenous production of IL-1ß through
Fas activation.

15

There are evidences that IL-1ß enhance expression of

AT1R in heart and brain.

16, 17

However, it is unknown whether IL-1ß

increase AT1R expression in pancreatic ß-cells. In this study, it is
hypothesized that IL-1ß was increased in pancreatic islets of diabetic
animal accompanying metabolic stress and glucose intolerance. NADPH
oxidase is the enzyme that plays a pivotal role in ß-cell dysfunction and
apoptosis. Because NADPH oxidase is an enzyme that plays a pivotal role
in ß-cell dysfunction and apoptosis, I determined the effects of Losartan, an
AT1R antagonist, on IL-1ß and NADPH oxidase in ß-cells of diabetic
animal models.
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Ⅱ. METERIALS AND METHODS

1. Chemicals
Losartan potassium (Cozaar®) was purchased from Merck (E.I.du Pont de
Nemours & Company, Wilmington, Delaware, U.S.A.). Normal chow diet
was purchase from LabDiet® (U.S.A.). All other chemicals and regents that
were not noted in methods were purchased from Sigma Aldrich (St. Louis,
MO, U.S.A.).
2. Experimental conditions
Otsuka Long-Evans Tokushima Fatty (OLETF) rats were provided from
Otsuka Pharmaceutical (Tokushima Research Institute, Japan). All the
animal experiments were performed in accordance with guidelines for
Animal research from AAALAC International and approved by
Department of Yonsei Aminal Research Committee. The animals were
housed in cages under 12/12-h light/dark cycles. OLETF rats aged 32
weeks were divided into three groups: control-diet group (Con, n= 10),
high-fat diet group (HF, n= 10), and high-fat diet with Losartan-treated
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group (HF+Los, Losartan dissolved in drinking water, n=10). Losartan was
given orally in a daily dose of 30 mg/kg/ml by gavage. Body weight was
determined at 9 am before and the administration of Losartan. Three weeks
ofter Losartan administration, rats were anesthetized with Zoletil 50
(Virbac Laboratories, France) and sacrificed for tissue sampling.
3. Biochemical examination
Blood was collected by heart puncture. Plasma concentration of
triglyceride (Thermo Fisher Scientific, Waltham, MA, U.S.A.) and total
cholesterol (Thermo Fisher Scientific, Waltham, MA, U.S.A.) were
measured by according to the manufacturer’s instructions.
4. Oral glucose tolerance test
After overnight fasting, an oral glucose tolerance test using 20%(w/v)
glucose solution (2 g/kg) was performed. Blood samples were obtained by
tail snipping. Blood glucose levels were measured using Accu-Check
(Roche). Glucose concentration was measured at 0, 15, 30, 60, and 120 min
after glucose administration.
5. Immunostaining analysis
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For immunostaining analysis of AT1R, IL-1ß, and p22phox, pancreas was
removed and fixed in 10% formaldehyde, then embedded in paraffin and
section according to the standard protocol. After inactivation of
endogenous peroxidase with 3% H2O2 in methanol for 15 min at room
temperature, samples were incubated with anti - mouse AT1R (Santa Cruz
Biotechnology, CA, U.S.A.), anti - rabbit IL-1ß (Santa Cruz Biotechnology,
Santa Cruz, CA, U.S.A.), or anti-rabbit p22phox (Santa Cruz
Biotechnology, CA, U.S.A.) overnight at 4 C, washed in PBS, and probed
with secondary antibodies conjugated with peroxidase for 1 hour at room
temperature. Sections were counterstained with hematoxylin before being
examined under a light microscope. The stained area on AT1R, IL-1ß,
p22phox of total islets was measured using image analysis software.
6. Statistical analysis
Data are presented as means ± standard deviation. Statistical significance
between groups was calculated by Student t-test. A value of P < 0.05 was
considered to statistically significant.
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Ⅲ. RESULTS

1. Basic characteristics
There were differences in weight loss between high fat fed group and high
fat fed group treated Losartan. The initial body weight of high fat fed
group and high fat fed group treated Losartan were 666 ± 28 g and 665 ±
27 g, respectively. After treatment of Losartan for 3 weeks, body weight
in high fat fed group treated Losartan was lower than that in high fat fed
group (693 ± 39 g vs. 615 ± 49 g) (Table. 1).
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Table. 1. Comparison of basic characteristics between control, high-fat, and high-fat
diet supplemented with Losartan.
Control

High-fat

High-fat+Los

Initial body weight,g

601 ± 65

666 ± 28

665 ± 27

Final body weight,g

621 ± 80

692 ± 39

615 ± 49

Total cholesterol (mg/dL)

99 ± 10

127 ± 25

118 ± 36

Triglycerides (mg/dL)

177 ± 76

150 ± 67

89 ± 26

Values are means ± SD. Control; normal chow diet, High-fat; high-fat diet, Highfat+Los; high-fat diet supplemented with Losartan.
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2. Oral glucose tolerance test
Oral glucose tolerance test was performed at the end of the experiment.
Fasting plasma glucose concentration of Losartan-treated group was lower
than high fat fed group and similar with that of normal diet. Fasting plasma
glucose concentration of Losartan-treated group was entirely showed the
tendency to decrease at all checked points compared with high fat fed
group. Losartan-administrated group was normalized glucose intolerance
compared to high fat fed group (Fig. 1).
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Fig. 1 . Effect of Losartan (30 mg/kg) on oral glucose tolerance test in normal diet,
high-fat group and high fat+losartan group. Plasma glucose concentration in
OLETF rats undergoing oral glucose tolerance test after treatment with Losartan
for 3 weeks. DATA are means ± SD. Con (Normal chow diet), HF (High fat diet,
40% fat), HF+Los (High fat diet + Losartan treatment, 30mg/kg/day Losartan).
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3. Immunohistochemical analysis of AT1R
Immunohistochemical analysis showed that the expression of revealed the
increase of AT1R was increased in HF group by 5.16-fold compared to
Con group, whereas it was reduced by 63.8 % in HF + Los group compared
to that in high-fat group (Fig. 2).
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Fig.3. (A) Immunohistochemical staining of pancreatic islets for AT1R.
Magnification 200X. (B) The ratio of stained area of AT1R in pancreatic islets.
DATA are mean ± SD. Con (Normal chow diet), HF (High fat diet, 40% fat),
HF+Los (High fat diet + Losartan treatment, 30mg/kg/day Losartan). *, P<0.05
#,

from Con and HF,, P<0.05 from HF and HF+Los
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3. Immunohistochemical analysis of IL-1ß
ß
Immunohistochemical analysis showed that the expression of revealed the
increase of IL-1ß was increased in HF group by 4.27-fold compared to Con
group, whereas it was reduced by 73.35 % in HF + Los group compared to
that in high-fat group (Fig. 2).
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Fig.3. (A) Immunohistochemical staining of pancreatic islets for IL-1ß.
Magnification 200X. (B) The ratio of stained area of IL-1ß in pancreatic islets.
DATA are mean ± SD. Con (Normal chow diet), HF (High fat diet, 40% fat),
HF+Los (High fat diet + Losartan treatment, 30mg/kg/day Losartan). *, P<0.05
from Con and HF, #, P<0.05 from HF and HF+Los

16

3. Immunohistochemical analysis of p22phox
p22phox, a NADPH oxidase subunit, was increased in high-fat group by
2.34-fold compared to normal diet fed group, in contrast, it was
significantly decreased by 35.48% in high-fat + Los group compared to
high-fat group (Fig. 4).
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Fig.3. (A) Immunohistochemical staining of pancreatic islets for p22phox.
Magnification 200X. (B) The ratio of stained area of p22phox in pancreatic islets.
DATA are mean ± SD. Con (Normal chow diet), HF (High fat diet, 40% fat), HF+Los
(High fat diet + Losartan treatment, 30mg/kg/day Losartan). *, P<0.05 from Con and
HF, #, P<0.05 from HF and HF+Los
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Ⅳ. DISSCUSION
The major pathogenesis of T2DM is ß-cell dysfunction. However, the
molecular mechanisms involved in ß-cell dysfunction remain to be
elucidated. Recently, RAS in pancreas may play a novel role in islet
function and the development of diabetes. RAS have multiple functions in
tissues and organ including proliferation, apoptosis, and ROS production18.
There are also evidences that AT1R expression was up-regulated in
pancreatic islets of diabetic animal model and induced ß -cell failure via
activating NADPH oxidase which plays an important role for production of
ROS7. 11, 12, 13 However, Blocking AT1R activity through administration of
Losartan, an Angiotensin II type 1 receptor antagonist, causes antiapoptotic effects by inhibiting NADPH oxidase activity, which in turn
increases synthesis of insulin biosynthesis and glucose-stimulated insulin
secretion. 10, 12, 13 However, the precise mechanism on the pancreatic ß -cell
function mediated by AT1R remains unknown. In this study, I focused on
AT1R activation associated with ß-cell dysfunction. I confirmed that
Losartan improved glucose tolerance in high-fat diet-induced diabetic
OLETF rats, indicating the preservation of ß-cell function. This result was
consistent with previous reports showing the beneficial effects of Losartan

19

on glucose intolerance. Several studies have reported the involvement of
AT1R expression and angioteinsin II in patients with diseases such as IgA
nephropathy, in cell culture or in specific tissue of animal model.

19, 20, 21

Expression of AT1R was increased in pancreatic islets of diabetic mouse
models.13 However, the cause increasing AT1R in pancreatic islets of
diabetic animal model was not elucidated. The expression of AT1R
expression in high-fat diet induced diabetic OLETF rats and Losartan
significantly reduced the expression of AT1R. These results suggest that
the possibility of increasing AT1R to activate NADPH oxidase, which
induces ROS, more significantly than it does not. The expression of IL-1ß,
a pro-inflammatory cytokine, was reported to be increased in insulin
resistant mice fed high fat diet compared with them fed low fat diet

22

and

ob/ob mice. It is also reported that IL-1ß is found in the ß -cell of T2DM
patients.

23

However, It has not been determined whether IL-1ß increase

AT1R expression in ß -cell of pancreatic islets. In this study, I showed that
the expression of IL-1ß was increased in OLETF rats fed a high fat diet,
while Losartan reduced this increase in IL-1ß. The expression of p22phox,
the membrane component of NADPH oxidase and a down-stream effector
of AT1R, showed correlated changes with the expression of IL-1ß and
AT1R by Losartan. The induction of oxidative stress by activating NADPH
20

oxidase could result in increased rate of apoptosis of ß -cell, 7 which in turn
could trigger ß -cell dysfunction. These results suggest that Losartan
ameliorates the ß-cell function by reducing the synthesis of IL-1ß,
resulting in reduction of AT1R and p22phox expression in diabetic OLETF
rats induced by high-fat diet.
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Ⅴ. CONCLUSION

In this study, Losartan, an AT1R antagonist, showed down-regulation of
AT1R expression which was caused by increase in IL-1ß. These results
suggest that Losartan exert beneficial effects on ß -cell dysfunction in
diabetic condition regulation of IL-1ß eta. The precise mechanism of
AT1R-mediated beta-cell dysfunction associated with IL-1ß in T2DM is
requires to be further studied.
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ABSTRACT(IN KOREAN)

당뇨모델에서 Angiotensin Ⅱ type 1 receptor antagonist (Losartan)이
베타세포에 미치는 영향
차봉수 >

<지도교수

연세대학교 대학원 의과학과
박은미

레닌 엔지오텐신 시스템(rennin - angiotensin system)과 염증성
사이토카인 Interlukin-1ß (IL-1ß)는 췌장의 병리생태에 있어 중요한
역할을 수행한다.
IL-1ß

는

당뇨병상태의

비만에

의하여

췌장에서

유도된

발현이

인슐린

증가되어,

저항성을
레닌

가진

엔지오텐신

시스템의 구성요소인 Angiotensin Ⅱ type 1 receptor (AT1R)의 발현은
증가시키고, 산화스트레스 (oxidative stress)를 유발시키는데 중추적
역할을 하는 것으로 알려져 있는 NADPH 산화효소 (NADPH
oxidase)를 활성화 시켜서 췌장의 베타세포의 apoptosis 와 기능적
결함을

촉진시키는

것으로

알려져
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있다.

그러나,

아직까지

AT1R 길항제인 Losartan 에 의한 당뇨개선효과에 대한 연구는
진행되지 않은 상태이다. 따라서 본 연구에서는 당뇨유발동물
모델에서 Losartan 을 투여한 후 AT1R, NADPH oxidase, IL-1ß 의
변화를 관찰함으로써 Losartan 의 역할을 검증하고자 하였다.
당뇨동물모델에

정상식이

혹은

고지방식이를

섭취시키고,

췌장에서 IL-1ß, AT1R, p22phox 의 발현 변화를 분석하였고,
AT1R 길항제인 Losartan 의 처리를 통해 AT1R 이 선택적으로
억제시킨 후 p22phox 의 활성화, AT1R 및 IL-1ß 의 발현 변화를
분석하였다.
Oral Glucose Tolerance Test (OGTT) 를 통하여 고지방식이에 의한
당뇨유발을 확인하였으며, Losartan 처리 그룹에서 인슐린저항성의
현저한 개선효과를 확인하였다. 또한, 고지방 식이군의 췌장에서
IL-1ß, AT1R, p22phox 의 발현이 증가 되었으나, Losartan 투여
군에서 발현이 감소되어 있음을 확인하였다.
이상의 연구결과 Losartan 이 AT1R 의 억제를 통하여 당뇨에서
유발된

베타세포의

기능악화를

완화시킬

수

있을

것으로

사료된다.
핵심 되는 말: 베타세포, AT1R(Angiotensin Ⅱ type 1 receptor), 인터루킨-1
베타(IL-1ß), p22phox, 로잘탄(Angiotensin Ⅱ type 1 receptor)
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