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<ABSTRACT>

The effect of PPAR- y agonist (Rosiglitazone) and Angiotensin |1
receptor blocker (Losartan) on the myocardial structure and
function assessed with two-dimensional echocardiography and

strain rate imaging in type 2 diabetic OLETF

Chi Young Shim

Department of Medicine

The Graduate School, Yonsei University

(Directed by Professor Namsik Chung)

Myocardial dysfunction is more frequently observed in diabetic patients with
albuminuria. The aim of this study was to investigate the effect of the
peroxisome proliferator-activated receptor (PPAR) ligands and the
angiotensin II receptor blocker (ARB) on myocardial structure and function
and the association with the degree of albuminuria in the type 2 diabetic rat
model. Five male Long-Evans Tokushima Otsuka (LETO) rats and 20 male
Otsuka Long-Evans Tokushima Fatty (OLETF) rats were used. The animals
were divided into five groups at 28 weeks of age as follows: untreated LETO
rats, untreated OLETF rats, OLETF rats treated with losartan, OLETF rats

treated with rosiglitazone and OLETF rats treated with a combination of both



drugs. The ARB, losartan was given in the dose of 5 mg/kg/d and the
PPAR-gamma agonist, rosiglitazone was given in the dose of 3 mg/kg/d, by
oral gavage for a subsequent 12 weeks. At 28 weeks and at 40 weeks, urine
samples and Dblood samples were collected and two-dimensional
echocardiogram and strain rate imaging were obtained for the assessment of
myocardial structure and function. At the end of the experimental period,
hearts were rapidly excised for histological analysis.

The OLETF rats showed increased fasting glucose levels, fasting insulin
levels and urine albumin/creatinine ratio compared with the LETO rats not
only at 28 weeks but also at 40 weeks. At 40 weeks, it showed better
metabolic profiles in the rosiglitazone group and in the combination group
than in the untreated or the losartan group. The losartan-treated or
combination drug-treated OLETF rats showed a significant attenuation in the
progression of albuminuria. The expression of growth factors (TGF-f and
TNF-a) and proinflammatory cytokines (IL-1 and IL-6) in cardiac tissue
increased significantly in the OLETF rats compared with the LETO rats. After
treatment with losartan or combination with losartan plus rosiglitazone, the
expression those growth factors and cytokines in the OLETF cardiac tissue
attenuated. In the cardiac structure and functional analysis, the histological
results including a degree of interstitial fibrosis and collagen interposition of
left ventricle revealed that interstitial fibrosis was also attenuated in the
losartan group and the combination group than the untreated OLETF group. 1
could see consistent results in the comparison of collagen type I and III

expression in left ventricle and the echocardiographic parameters assessed



with two-dimensional echocardiography and strain rate imaging. In
conclusion, the ARB, losartan revealed protective effect on the progression of
albuminuria, myocardial structural and functional changes. The PPAR-r
agonist, rosiglitazone showed minimal protective effect on the progression of
albuminuria and no significant myocardial structural and functional benefits
even though it had a metabolic benefits. The combination of losartan and
rosiglitazone showed both metabolic benefits and myocardial protective

effects.

Key words: angiotensin II receptor blocker, peroxisome proliferator-activated

receptor- y agonist, diabetes mellitus, albuminuria, myocardium
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Chi Young Shim

Department of Medicine

The Graduate School, Yonsei University

(Directed by Professor Namsik Chung)

I. INTRODUCTION

The principal pathophysiological feature of diabetes mellitus is the
morphological and functional alteration of microvessels, called diabetic
microangiopathy. Patients with diabetes mellitus are characterized by an
increased likelihood of heart failure. The mechanisms of myocardial
dysfunction in diabetic patients are multifactorial and include metabolic
disturbances, myocardial fibrosis, small vessel disease (so called
microangiopathy), autonomic dysfunction, and insulin resistance. Also,
previous investigators demonstrated that the expression of growth factors such
as TGF-B and TNF-a or the proinflammatory cytokines such as IL-1 and IL-6

had an important role in the development of diabetic complications.



The patients with microalbuminuria or proteinuria have 2-10 times faster
progression of cardiac and vascular complications, compared with subjects
with normal albumin secretion. Albuminuria reflects a renal and systemic
transvascular albumin leakage, therefore it has been considered a marker of
microangiopathy. Diabetic myocardial dysfunction is more frequently
observed in patients with microalbuminuria. But, the association of
microalbuminuria on myocardial dysfunction is not understood clearly and the
causes of development of combined renal and myocardial complications in
type 2 diabetes are poorly understood. The microangiopathic complications of
diabetes such as diabetic cardiomyopathy and diabetic nephropathy usually
have a prolonged, asymptomatic phase characterised by early subclinical
functional and structural abnormalities until these are presented as congestive
heart disease and renal failure. Early detection and medical intervention of
these subclinical pathologic status are very important clinically.

Angiotensin II, the effector molecule of the renin-angiotensin system, has
profound effects on endothelial and smooth muscle cells. These effects are not
only hemodynamic in nature, but also comprise inflammation, thrombosis,
and cell proliferation through stimulation of production of cytokines and
growth factors. In diabetes mellitus, these effects seem amplified with adverse
consequences like atherosclerosis and occlusive microangiopathy. Suggestive
evidence for this notion is the impressive beneficial effect of pharmacological
interference with the renin-angiotensin system in large vessel disease as well
as in renal and retinal microangiopathy. The action of angiotensin converting

enzyme (ACE) inhibitors on angiotensin Il may improve fibrosis in



myocardium and functional and structural changes of small vessels in diabetes.
Angiotensin II receptor blockers (ARBs) may also have similar effects on
microangiopathy and myocardial fibrosis in diabetic patients.

PPAR- y agonists have a well-established therapeutic role for treating type 2
diabetes mellitus. Favorable renal effects have also been seen, including both
indirect systemic effect and direct renal effects. PPAR-y treatment has been
associated with reduction in microalbuminuria in patients with type 2 diabetes.
In keeping with the observations that PPAR-y is present in glomerular
mesangial cells, these data are consistent with directrenal action in diabetic
kidney. So, PPAR-y agonists can improve urine albumin excretion and slow
the progression of glomerulosclerosis in animal models.

These desirable renal and myocardial effects make ARBs and PPAR-y
agonists promising targets for treating not only diabetic nephropathy but also
diabetic cardiomyopathy in aspect of treatment for microangiopathy.
Therefore, we sought to investigate the effect of rosiglitazone (a PPAR-r
agonist) and losartan (an ARB) on myocardial function as well as structural
change of myocardium and microvasculature and the association with the

degree of microalbuminuria in the type 2 diabetic rat model.

Il. MATERIALS AND METHODS

1. Experimental animals, drug regimens and sample preparation

All procedures were in accordance with institutional guidelines for animal
research. Twenty male Otsuka Long-Evans Tokushima Fatty (OLETF) rats

aged 4 weeks, which are established as spontaneously long-term



hyperglycemic rats with type II diabetes mellitus and five male Long-Evans
Tokushima Otsuka (LETO) rats aged 4 weeks were obtained from the
Tokushima Research Institute of Otsuka Pharmaceutical Co (Japan) and
maintained in an animal facility with ventilation, controlled temperature
(22°C £ 2°C), and a 12-hour light/dark cycle (lights on at 8:00 AM). All
animals were housed in the same plastic cages (n = 2 per cage) and were fed
ad libitum with standard chow diet and tap water.

A total of 5 LETO rats and 20 OLETF rats were used. The OLETF rats
were randomly divided into four groups(n = 5 per group) at 28 weeks of age:
Group I = untreated LETO rats ; Group II = untreated OLETF rats ; Group II
= OLETF rats treated with losartan ; Group III = OLETF rats treated with
rosiglitazone; Group IV = OLETF rats treated with a combination of both
drugs. The ARB, losartan (Merck & Co., Readington Township, NJ, U.S.A)
was given in the dose of 5 mg/kg body weight per day by oral gavage and the
PPAR-y agonist, rosiglitazone (GlaxoSmithKline plc., London, U.K) was
given in the dose of 3 mg/kg body weight per day, also by oral gavage for a
subsequent 12 weeks. Urine samples and blood samples were collected at 28
weeks and at 40 weeks of age. Urine samples were collected in metabolic
cages at least 10 pul/ml. At the end of the experimental period (at 40 weeks of
age), the animals were anesthetized and the trunk blood was collected to
measure serologic parameters. In addition, hearts were rapidly excised and

weighted after removing the blood by squeezing.



2. Plasma glucose, insulin and lipids measurement

The plasma glucose levels were measured using the glucose oxidase
method. The plasma insulin concentrations were measured by a
radioimmunoassay using a double-antibody method with a commercially
available radioimmunoassay kit. The plasma total cholesterol, triglyceride,
high-density lipoprotein and low-density lipoprotein levels were measured by
an enzymatic colorimetric method using commercially available kits. For
measuring fasting plasma glucose levels and plasma insulin concentrations,

blood samples were obtained after overnight fasting.

3. Reverse Transcription—Polymerase Chain Reaction (Cytokine gene
expression assay)
A. Isolation of total RNA
Total RNA was extracted by 500 pl/60 mm plate Tri-reagent (Sigma,
Missouri, JC, U.S.A). Chloroform was poured about 100 ul above Tri-reagent,
voltexing a sample about 10 seconds. Then, sample was centrifuged at 12000
g, 4°C and 15 mins. Three layers were appeared in the tube, transparency
upper layer collected in new tubes. And, 2-propanol was poured about 250 pl
over the sample, again voltex a sample about 30 secs. Centrifuge was
accomplished about 12000 g, 4°C and 10 mins. Left the pellet, supernatant
was discarded and washed by 75% ethanol (Duksan, Seoul, Korea) —mixed
diethylpyrocarbonate (DEPC; Sigma) water. Centrifugation was also operated
about 7500 g, 4°C and 5 mins. The supernatant was dismissed, and pellet was

dried on room temperature about 7 mins. Finally, 30 pl nuclease free water



(NFW) was poured onto pellet. The quality and quantity of the RNA was
detected by OD4/ODyg with DU 640 spectrophotometer (Effendorf,

Hamburg, Germany).

B. cDNA synthesis

Complementary DNA (cDNA) was synthesized with RT-&GO™.
Quantitative 1 pg total RNA was added to 1 pl anchored primer (dT),5V, 2 pl
dithiothreitol (DTT) and NFW, totally 9 ul. To prevent secondary structures,
mixture was incubated for 5 mins at 70°C, and added 8 pl of RT-&GO™
mastermix. Sample was incubated the assay at 42°C for 1 hr. At the
conclusion, sample was inactivated the reverse transcriptase at 70°C for 15
mins. Alike isolation of total RNA, sample was detected by OD,o/OD,g With

DU 640 spectrophotometer.

C. PCR analysis

Quantitative 1 pg cDNA, each 10 pM primer (forward and reverse; Table
1), 0.1 mM dNTP mixture, 1.25 U of Taq polymerase and 10 x reaction buffer
were mixed with NFW, lastly total volume of 25 pl. PCR condition was fixed
as fellow. A cycle of denatureing at 94°C for 3 minutes followed by number
of 35 cycles with denaturation at 94°C for 30 secs, annealing at 48°C to 60°C
for 30 secs, and elongation at 72°C for 30 secs. Then sample was kept up
72°C for 10 mins. When PCR assay have finished, PCR product was
separated by electrophoresis in a 1.2% agarose gel (Biorad, Hercules, CA,

U.S.A) and Gel-Doc (Biorad) visualized after staining with ethidium bromide



(EtBr; Sigma).

Table 1. Primer sequences for RT-PCR analysis

Primer Sequence (5’ 2 3°) Primer Sequence (5’ =2 3°)
TGACCCATGTGAGCTGAAAG GACTGATGTTGTTGACAGCCACTGC
IL-1B IL-6
AGGGATTTTGTCGTTGCTTG TAGCCACTCCTTCTGTGACTCTAACT
CTTCAGCTCCACAGAGAAGAACTGC GTAGCCCACGTCGTAGCAAA
TGF-p TNF-o
CACGATCATGTTGGACAACTGCTCC CCCTTCTCCAGCTGGGAGAC
18s GTCCCCCAACTTCTTAGAG

IRNA  CACCTACGGAAACCTTGTTAC

4. Massion’s trichrome staining

The heart was perfusion-fixed with 10% (vol/vol) neutral buffered
formaldehyde for 24 hrs, transversely sectioned into four comparably thick
sections, and embedded in paraffin by routine methods. Sections of 5-pm
thickness were mounted on gelatin-coated glass slides to ensure different
stains could be wused on successive sections of tissue cut. After
deparaffinization and rehydration, the sections were stained with massion’s
trichrome staining to assess cytologic details such as interstitial fibrosis.
Interstitial fibrosis area was measured with MetaMorph software version 4.6

(Universal Imaging Corp., Downingtown, PA, U.S.A).

5. Immunostaining
Histological analysis was performed according to the instructions of the

manufacturer (R.T.U VECTASTAIN Universal Quick Kit, Vector
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Laboratories). In brief, the excised heart tissues were fixed in 3.7% buffered
formaldehyde and embedded in paraffin. Tissue sections, 5 um thick, were
deparaffinized, rehydrated and rinsed with PBS. Sodium citrate antigen
retrieval was experimented with 10 mM sodium citrate (pH 6.0) in microwave
for 10 mins. Sections were incubated in 3% H,O, in order to quench
endogenous peroxidase. Sample was blocked in 2.5% normal horse serum,
and incubated in collagen type [ and III. Biotinylated pan-specific universal
secondary antibody and streptavidin/peroxidase complex reagent was treated
with heart section. Using DAB substrate kit, heart section was stained with
antibody. Counterstain was operated in 1% methyl green and dehydration was

progressed with 100% N-butanol (Duksan), ethanol and xylene (Duksan).

6. Echocardiographic analysis (Assessment of cardiac function)
A. Two-dimensional echocardiography

Transthoracic echocardiographic studies were performed on a GE Vivid 7
ultrasound machine (GE Medical System, Schenectady, NY, U.S.A) with a
10.0 MHz transducer at 28 weeks of age (before randomization of groups) and
at 40 weeks of age (at the end of the experimental period) by an experienced
cardiologist who was blinded to the group to which the animals had been
allocated. The rats were anesthesed generally with inhaled isoflurane. The
chest was shaved and the rats were placed in the left lateral decubitus position.
The transducer was placed on the left hemithorax and short axis views were
recorded. Two-dimensional images were obtained at mid papillary level. The

M-mode tracing of left ventricular (LV) contraction was also obtained at the

11



same level as the short-axis view. The LV end diastolic dimension (LVEDD)
and LV end systolic dimension (LVESD) were measured with the M-mode
tracing. These parameters allowed the left ventricular fractional shortening
(FS) to be calculated using the equation FS = [(LVEDD-LVESD)/ LVEDD] x
100%. Two images were obtained in each view and each parameter was
measured from 3 consecutive beats in each image. Six values of each

parameter were measured and the average was recorded.

B. Analysis of strain and strain rate imaging

Echocardiograms were stored digitally and analyzed offline with EchoPAC
6.3.0 software (GE Vigmed, Horten, Norway) with custom two-dimensional
strain rate imaging software. More than three images were obtained in short
axis view, and the parameters were measured from 3 consecutive beats in each
image. For quantitative analysis of global LV systolic function, peak radial
systolic strain and systolic strain rate at six segments (anteroseptum, anterior,
anterolateral, posterolateral, inferior, inferoseptum) were obtained and the

average values were calculated.

7. Statistical analysis

Data are expressed as means + standard deviation. Statistical comparisons
between the two groups were performed using the Student’s t-test. In addition,
a one-way ANOVA was used when comparing more than two groups. A

p-value < 0.05 was considered significant.

12



I1l. RESULTS
1. Body weights and heart weight

The OLETF rats had a higher body weight than the LETO rats at 28 weeks
of age. At 40 weeks of age, the body weight of the OLETF rats was
significantly higher than the LETO rats. In addition, the body weight of
OLETF rats treated with rosiglitazone was higher than those treated with
losartan and combination drugs. There were no significant differences in the

heart weight and left ventricle/ heart weight ratio between groups.

Table 2. Data of body weight and heart weight at baseline (28 weeks) and after

treatment (40 weeks)

OLETF (n = 20)

LETO
(n=>5) CON LOS ROS LOS + ROS
(n=5) (n=5) (n=5) (n=5)
Body Wt " * " *
504 +14 548 £ 14 552 +37 549 £25 561 £+ 38
28 weeks (g)
BOdy Wt * *t *t *
511 £31 616 +40 571 +27 645 +42 612 +31
40 weeks (g)
Change of * ot ot .
7+7 67 +£25 20+ 13 97 +22 51+30
body Wt (g)
Heart Wt
2.0+0.1 2.0+0.1 24+0.1 2.1+0.1 23+0.2
40 weeks (g)
LV/heart Wt
0.7+0.0 0.7+0.1 0.7+0.0 0.7+0.1 0.7+0.1
40 weeks (%)

CON, untreated OLETF controls; LOS, OLETF rats treated with losartan; ROS, OLETF rats
treated with rosiglitazone; LOS + ROS, OLETF rats treated with losartan and rosiglitazone; Wt,
weight;g, gram

“p <0.05, compared with the untreated LETO rats.
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'p <0.05, compared with the untreated OLETF rats.

2. Serologic and urinary findings

The OLETF rats showed increased fasting glucose level, fasting insulin

level and urine albumin/creatinine ratio compared with the LETO rats not

only at 28 weeks but also at 40 weeks. There were no significant differences

in these serologic and urinary parameters among the groups of OLETF rats at

28 weeks. At 40 weeks, it showed better metabolic profiles in the

rosiglitazone group and in the combination group than in the untreated or the

losartan group. The losartan-treated or combination drug-treated OLETF rats

showed a significant attenuation in the progression of albuminuria.

Table 3. Data of plasma glucose, plasma insulin, plasma lipids and urine

albumin/creatinine ratio at 28 weeks and after treatment (at 40 weeks)

OLETF (n = 20)

LETO
(n=5) Control Los Ros Los + Ros
(n=15) (n=15) (n=35) (n=35)

At 28 weeks
Fasting glucose

92 £12 124 £20 * 126 £17 * 129 £ 25 * 128 £ 21 *

(mg/dl)

Fasting insulin

1.9+0.8 6.1+ 1.9 * 59+1.0%* 6.9+2.6* 59+ 13 %

(ng/ml)

Total Chol

93+£5 102 £ 11 99 + 13 104 £ 15 102 + 10
(mg/dl)
Triglyceride

21+ 10 33+15 31+14 33+ 17 32+9
(mg/dl)
HDL Chol

25+4 25+9 24 +7 24+ 8 25+6
(mg/dl)
LDL Chol 14+1 17+2 16£3 17+3 15+1

14



(mg/dl)

Urine Alb
0.46+0.1 8.2+0.8 * 48+02%* 45+13%* 3.6+0.1*
(mg/dL)
Urine Cr
95+ 81 168 +47 178+ 172 120+ 120 109 £ 98
(mg/dL)
Urine Alb/Cr 54428  774+581*%  32.0+12.9*" 459+725*%" 2774223 %
At 40 weeks
Fasting glucose " "
103 £ 12 161 £31* 153 £ 23 * 130 £30 * 129+ 18 *
(mg/dl)
Fasting insulin 2.4+ 1.0 9.8+£3.0% 7.0+ 1.6 * 46+£26" 3.8£1.0"
Total Chol
93+5 98 + 18 103 +4 104 + 13 101 £ 13
(mg/dl)
Triglyceride
21+10 112+ 25 55+17 39+17 35+4
(mg/dl)
HDL Chol
25+4 24 +2 23+5 27+9 22+2
(mg/dl)
LDL Chol
14+1 23+6 18+ 1 18+ 2 16+3
(mg/dl)
Urine Alb
0.46+0.1 8.2 +0.8% 4.8 +£0.2% 4.5+ 1.3% 3.6+0.1*
(mg/dl)
Urine Cr
95+ 81 168 £ 47 178+ 172 120+ 120 109 £ 98
(mg/dl)
Urine Alb/Cr 54428  774+581% 320+129*  459+725% 277+223%

LOS, Losartan; ROS, Rosiglitazone; HDL, high-density lipoprotein; LDL, low-density
lipoprotein; Chol, cholesterol; Alb, albumin; Cr, creatinine
“p <0.05, compared with the untreated LETO rats.

"p <0.05, compared with the untreated OLETF rats.

3. Expression of cytokine gene in cardiac tissue
Using reverse transcription-polymerase chain reaction (RT-PCR) analysis,
we could compare the expression of cytokine gene of myocardium. The

growth factors such as TGF- B (transforming growth factor), TNF- o (Tumor

15



necrosis factor) and proinflammatory cytokines such as IL (interleukine)-13
and IL-6 were significantly increased in the OLETF rats compared with the
LETO rats. However, the expression of each gene was significantly (2 or 4
folds) attenuated in the losartan-treated and the combination groups compared
with the untreated OLETF rats. So, after treatment with losartan or
combination with losartan plus rosiglitazone, the expression of cytokine gene

in the OLETF cardiac tissue became similar to that of the LETO cardiac

tissue.
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Figure 1. Expression levels of cytokine genes determined by RT-PCR among

the groups.
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4. Histology and determination of fibrosis area

The dimensions of left ventricle were larger in the untreated OLETF and
rosiglitazone-treated OLETF rats than those in LETO rats. However, in the
OLETF rats treated with losartan and combination drugs, the cardiac
dimensions were similar with those of LETO rats. Interstitial fibrosis was
attenuated about 3% in the OLETF rats treated with losartan and combination

drugs than the untreated OLETF rats.

QLETF
Control

i

%]

)

% Interstitial fibrosis

0
LETOCont Los Ros Los
Ros

OLETF

QLETF
Losartan

OLETF
Les+Rosi

Figure 2. Representative myocardial histologic findings and the degree of

interstitial fibrosis in experimental animals.
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5. Comparison of collagen type I and III in left ventricle
The collagen interposition of left ventricle was increased in the untreated
OLETF controls. In groups treated with losartan or combination of both

drugs , I could see similar histologic findings in the LETO rats.

Collagen type |

ALETO

B. OLETF control

C. OLETF Losartan

D. OLETF Rosiglitazone
E. OLETF Los+Rog

Collagen type Il

A LETO

B COLETF control

C. OLETF Losartan

D. OLETF Rosiglitazone
E. OLETF Los+Ros

Figure 3. Interposition of collagen fibers in experimental animals (Upper,

collagen type I; lower, collagen type IIT).

6. Evaluation of cardiac function
Cardiac dimensions and performance parameters were measured by

transthoracic echocardiography. At 28 weeks, echocardiographic parameters

18



including left ventricular end-diastolic dimension, end-systolic dimension was
slightly larger in OLETF rats than LETO rats but there were no statistical
difference. Although there were no difference in the left ventricular ejection
fraction, the more senditive parameters, the global radial strain and strain rate,
were significantly smaller in OLETF rats. It suggested that there was
subclinical left ventricular systolic dysfunction in diabetic rats at the age of 28
weeks.

After 12 weeks (from 28 weeks to 40 weeks) treatment, we repeatedly
performed transthoracic echocardiogram for assessment of the effects of
losartan, rosiglitazone and losartan + rosiglitazone on cardiac function. In the
untreated OLETF rats, the left ventricle was progressively dilated and
myocardial function was more decreased. In the OLETF rats treated with
losartan or combination with both drugs, the global radial strain and strain rate
assessed with strain rate imaging, left ventricular ejection fraction and
chamber size became similar to those in the untreated LETO rats. However,
the OLETF rats treated with rosiglitazone revealed increased cardiac size and
reduced systolic function. From these findings, we can suggest that
rosiglitazone only treatment showed no beneficial effect on the protection of
progressive decrement in global myocardial function in diabetic rats. But
interestingly, the combination of both drugs can revealed favorable effect on

myocardial function.
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Table 4. The myocardial structure and function assessed with two-dimensional
echocardiography and strain rate imaging at baseline (28 weeks) and after

treatment (at 40 weeks)

OLETF (n = 20)

LETO
(n=>5) Control Los Ros Los + Ros
n=
(n=175) (n=175) (n=15) (n=175)
At 28 weeks
LVEDD (mm) 7.6+02 8.0+0.5 79+04 8.0+0.5 8.1+0.6
LVESD (mm) 5.6+04 58+0.5 57+04 5.8+0.6 59+04
FS (%) 264+21  240+2.8 23.2+32 23.6+2.9 23.6+1.9
LVEF (%) 60.1+43  587+50  628+48 61.0+5.4 58.5+42
Global radial . N * *
. 60.1+58 52.8+8.1 50.2+5.5 49.8+6.1 53.7+8.0
strain (%)
Global radial * * * *
. 9.7+12 8.5+2.1 8.8+3.6 89+19 83+26
strain rate
At 40 weeks
LVEDD (mm) 77403  82+05°  75+04" 7.7+037 75+05"
LVESD (mm) 57+0.5 59403 54+04" 63+06" 50+06"
FS (%) 25.6+2.6 232+27° 282+23" " 249+51 303+4.8""
LVEF (%) 58.1+4.0  553+59  603+39"  540+74"  6le+52"
Global radial . + . N
, 555+7.0  44.3+10.5 593+6.7 49.8 + 6.0 55.7+45
strain (%)
Global radial

. 85+19  78+27" 88426 79+1.5" 85+2.1"
strain rate

LOS, losartan; ROS; rosiglitazone; LVEDD, left ventricular end diastolic dimension; LVESD,
left ventricular end systolic dimension; LVEEF, left ventricular ejection fraction
“p <0.05, compared with the untreated LETO rats.

Tp <0.05, compared with the untreated OLETF rats.
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IV. DISCUSSION

The results of the present study demonstrate the followings. (1) the effect of
rosiglitazone (a PPAR-r agonist) and losartan (an ARB) on myocardial
function as well as structural change of myocardium; (2) myocardial changes
and the association with the degree of microalbuminuria in the type 2 diabetic
rat model.

The development of myocardial dysfunction is a major complication of
diabetes mellitus. This condition is characterized by defects of contractile and
relaxation function in the absence of significant coronary artery disease or
systemic hypertension. In the past 3 decades, a number of experimental,
pathological, epidemiological, and clinical data were reported that confirmed
the association of diabetes with myocardial dysfunction. The pathogenesis of
myocardial dysfunction in diabetes remains unclear, although several
mechanisms, including metabolic disturbances, myocardial fibrosis,
microangiopathy, autonomic dysfunction, and insulin resistancem have been
proposed. In these mechanisms, the alteration of microvascular structure and
function is considered to be an important mechanism.

Albuminuria has been considered to be a marker of a generalized vascular
dysfunction. It has been shown to predict cardiovascular morbidity and
mortality in diabetic patients independent of conventional cardiovascular risk
factors including age, arterial hypertension, and hypercholesterolemia.
Although the mechanism of the association of albuminuria with cardiac events
is not clear, it is possible that the vascular changes leading to renal

dysfunction may also be present in the vasculature of the heart and thus
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contribute to cardiac dysfunction. In diabetic hearts, morphological changes
of small vessels characterized by microangiopathy were seen in several
animal and autopsy studies. Through a prior clinical study, we demonstrated
that Doppler strain and strain rate imaging detected subclinical left ventricular
systolic and diastolic dysfunction in diabetic patients with albuminuria. In
addition, it was proven that albuminuria was associated with myocardial
dysfunction in diabetic patients without overt heart disease.

Angiotensin Il plays a key pathophysiological role in the progression of
diabetic renal disease, and blockade of the renin—angiotensin system with
ACE inhibitors or ARBs has therefore become an important therapeutic
strategy to reduce renal and cardiovascular events in patients with diabetes.
Yasuda et al demonstrated that Losartan affects the reduction of albuminuria
and the progression of renal disease from microalbuminuria to
macroalbuminuria.

Peroxisome proliferator-activated receptors (PPARs) are ligand-activated
nuclear transcription factors that have been shown to play important roles in
maintaining glucose and lipid homeostasis. Thiazolidinediones may modify
the risk of vascular complications in diabetes, raise high-density lipoprotein
cholesterol levels, and lower triglycerides. It was reported that PPARa and y
agonist attenuate diabetic kidney disease in the apolipoprotein E knockout
mouse and rosiglitazone improves both plasma glucose and blood pressure
levels. The beneficial effects of thiazolidinediones on hyperglycemia and
cardiovascular risk factors have made them attractive agents in patients with

type 2 diabetes. However, in clinical practice, edema can occur in patients
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treated with rosiglitazone and sometimes produce signs of heart failure as a
side effect although a few animcal experimental studies demonstrated the
beneficial effects of thiazolidinediones of reducing left ventricular collagen
accumulation and improving left ventricular function. In our results.
Rosiglitazone couldn’t prevent the progression of myocardial dysfunction.
However, in combination with losartan, the protective effects were enhanced
compared with treatment of each drug.

Limitations of this study need to be addressed. First, the hemodynamic
parameters such as blood pressure and left ventricular pressure were not
evaluated, so we cannot completely exclude the adverse effects of high blood
pressure on the diabetic myocardium. Second, this experimental study was

performed with a small number of LETO and OLETF rats.

V. CONCLUSION

The ARB, losartan revealed protective effect on the progression of
microalbuminuria, myocardial structural and functional changes. The PPAR-r
agonist, rosiglitazone showed minimal protective effect on the progression of
microalbuminuria and no significant myocardial structural and functional
benefits even though it had a metabolic benefits. The combination of losartan
and rosiglitazone showed both metabolic benefits and myocardial protective

effects.
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< ABSTRACT(IN KOREAN)>

Al 2% T OLETF ¥iA oA A G329k 75l it
PPAR- y agonist?] rosiglitazone?} angiotensin II =& & A A1

losartan®] &3}

F BN SRl FUHE A AT Jsoldel FF
dREY B AT B A 28 P wAnddA ge) s
ol peroxisome proliferator-activated receptor (PPAR) ligand$} angiotensin 11
A AAA S myE qrgsta 7 ofAle] adkel dRR wo] ARAdE
a2 &t 5 vkE]l 9] Long-Evans Tokushima Otsuka (LETO) w4 <}
20v}2] 2] Otsuka Long-Evans Tokushima Fatty (OLETF) WA E <o
o] &et o™, OLETF #AME 285 FA9= svpel¥, vl 1Fo=
SIS} Group [ = SHAlE Fol3tA] &% LETO WA; Group Il = ¢HAl&

o] &}A] &= OLETF " A]; Group III = losartans 59 3}= OLETF W A;

!

Group IV = rosiglitazones F©J3k= OLETF "™A; Group V = losartan®}
rosiglitazones &7 FoI3l= OLETF WA %t} Angiotensin 11 =8|
A AQl  losartan> 5 mgkg/de] BFOS=, PPAR-gamma agonist$!
rosiglitazone 3 mg/kg/de] &S 2 Hold| 4ojA 1257 F3F3 )

2y JANZ e 35wy X g7 Ey 40FHo] Egkow, oA

MNZE5 e} strain rate G T3 A 2o 7leS HUEsH] flEA
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HES Btk 4073l rosiglitaxone s T8I AU F7HA FAE &7
Folgk 9o rosiglitazone©] T EA| @& IFHET £ A FAE
et AT Re] #EANAHE  losartans TSI AU FIHA
AE A FoAd A wALFERIRS] &gl om iAok HTh

TGF-p1+ TNF-a o} 22 ARt -1 IL-69F 2 95 2HIA

A3} FES Josartan T T W(E FAAlY FAdFSAL rosiglitazone TH

Folgh 9= o] gl olek 22 A= oA A&t} strain

FEA JAAR] losartans LFT] Ty H AT Fxe; V)T
Wl HExgo] 911 o™ PPAR-Y agonist®] rosiglitazone %7119

AYAE o REAES wolm, thAH o5 EF YAovk A
)

=

I &= & : angiotensin 11 =8| Z}A], peroxisome proliferator-activated

receptor- Y agonist, @z, ¢FV, A

30



	박사 논문 표지 final _심지영_
	박사 논문 본문 final _심지영_.pdf



