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Telmisartan, an angiotensin-ll receptor blocker
ameliorates cardiac remodeling in rats with dilated

cardiomyopathy

Vijayakumar Sukumaran!, Kenichi Watanabe!, Punniyakoti T Veeraveedu!?, Rajarajan A Thandavarayan',
Narasimman Gurusamy3, Meilei Mal, Ken’ichi Yamaguchi4, Kenji Suzuki’®, Makoto Kodama®

and Yoshifusa Aizawa®

Multiple trials over the past several years have examined indications for angiotensin receptor blockers (ARBs) in the treatment of
left ventricular (LV) dysfunction, both acutely after myocardial infarction and in chronic heart failure (CHF). However, the effects
of telmisartan, an ARB in rats with CHF after experimental autoimmune myocarditis (EAM) have not yet been analyzed. CHF was
elicited in Lewis rats by immunization with cardiac myosin, and 28 days after immunization, the surviving Lewis rats were
divided into two groups and treated with either telmisartan (10 mgkg! day™1) or vehicle. After 4 weeks of treatment, we
analyzed the effects of telmisartan on cardiac function, proinflammatory cytokines and cardiac remodeling in EAM rats.
Myocardial functional parameters measured by hemodynamic and echocardiographic studies were significantly improved by
telmisartan treatment in rats with CHF compared with those of vehicle-treated rats with CHF. Telmisartan significantly reduced
levels of cardiac fibrosis, hypertrophy and its marker molecules (LV mRNA expressions of transforming growth factor beta 1,
collagen | and Ill, and atrial natriuretic peptide), and peroxisome proliferator-activated receptor-y protein expression compared
with those of vehicle-treated rats. CHF-induced increases in myocardial mRNA expressions of proinflammatory cytokines,
(interleukin (IL)-6, IL-1B), monocyte chemoattractant protein-1 and matrix metalloproteinases (MMP-2 and -9) were also
suppressed by the treatment with telmisartan. Moreover, the plasma level of angiotensin-Il was significantly elevated in
telmisartan-treated rats. Our results indicate that telmisartan treatment significantly improved LV function and ameliorated the

progression of cardiac remodeling in rats with CHF after EAM.
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INTRODUCTION

Dilated cardiomyopathy (DCM) is a set of heterogeneous diseases of
left ventricular (LV) dysfunction because of unknown etiology.! DCM
is considered to follow myocarditis,”> and two mechanisms by which
myocarditis develops into DCM have been suggested: one is persistent
viral infection and the other is progressive autoimmune myocardial
injury.?

A growing body of evidence shows that angiotensin II (Ang-1I) type 1
receptor (ATR)-blockers (ARB) inhibit cardiac hypertrophy and
remodeling, and prevent progression of systolic heart failure, thereby
reducing cardiac morbidity and mortality* and reducing myocardial
damage during myocarditis.” The transition from compensated to failing
cardiac hypertrophy has been attributed to a reversal to fetal pattern

cardiomyocyte gene expression and results in ventricular remodeling.®

Many kinds of cytokines, such as basic fibroblast growth factor, Ang-1I,
transforming growth factor beta 1 (TGE-B1), and collagen III, have been
suggested to have an important role in structural remodeling of the non-
myocyte compartment of the myocardium after heart failure.”

Recent reports indicate that some AT|R antagonists inhibit nitric
oxide production in macrophages® and interleukin (IL)-1B produc-
tion.” Moreover, olmesartan, an ATiR antagonist, is shown to ame-
liorate experimental autoimmune myocarditis (EAM) by suppression
of inflammatory events in the myocardium in addition to hemo-
dynamic modifications.!?

Both angiotensin converting enzyme inhibitors and AT|R antago-
nists have been used to treat a variety of cardiovascular diseases,
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including hypertension and cardiomyopathy. We have previously
reported that candesartan treatment reduced mortality, heart weight
(HW), myocardial fibrosis and mRNA expressions of TGF-B1, and
improved the survival rate and cardiac function in rats with DCM
after myocarditis in a dose-dependent manner.!! So far, only a few
studies have investigated the effects of AT|R blockade in experimental
myocarditis.!?> It is therefore important to determine the effect
of ARBs on fetal gene expression or extracellular matrix (ECM)
remodeling in models not only with heart failure after myocardial
infarction, but also with DCM.

To date, the effects of telmisartan, an ARB, in the rat model of
myosin-induced chronic heart failure (CHF) are unknown. Cardiac
myosin-induced EAM is characterized by extensive myocardial necro-
sis, congestive heart failure and the appearance of multinucleated giant
cells reflecting human giant cell myocarditis. Giant cell myocarditis is a
fatal disorder, often leading to heart failure or arrhythmias.!* EAM
was shown to progress into the clinicopathological state similar to
DCM in the chronic phase, and was characterized by the enlargement
of the heart, dilatation of ventricles, diffuse and extensive myocardial
fibrosis, and hypertrophic and atrophic changes of myocardial fibers,
resembling human cardiomyopathy.!* Thus, we plan to analyze the
effects of telmisartan on cardiac function, proinflammatory cytokines
and cardiac remodeling in a rat model of CHF after EAM.

METHODS

Materials

Telmisartan was generously provided by Boehringer Ingelheim GmbH (Ingel-
heim am Rhein, Germany), and Lewis rats (male, 8 weeks old) were purchased
from Charles River Japan, Kanagawa, Japan.

Experimental design

All experiments were carried out using 8-week-old male Lewis rats and were
performed in accordance with the guidelines of our institute.!® Lewis rats were
injected in the footpads with antigen-adjuvant emulsion in accordance with
a procedure described previously.!> In brief, porcine cardiac myosin was
dissolved in phosphate-buffered saline at 5mgml™ and emulsified with an
equal volume of complete Freund’s adjuvant with 11 mgml~! Mycobacterium
tuberculosis H37RA (Difco Lab, Detroit, MI, USA). CHF in rats was induced
by immunization with 0.1 ml of emulsion once by subcutaneous injection into
the rear footpads (0.1 ml to each footpad). The morbidity of EAM was 100% in
rats immunized by this procedure.!® Twenty-eight days after immunization, the
surviving Lewis rats were divided into two groups and orally administered with
telmisartan (10 mgkg™' day™!) or vehicle for 28 days. Age-matched Lewis rats
without immunization were used as normal controls. It has been reported that
telmisartan possesses an antifibrotic effect in hypertensive rats.'® As fibrosis has
an important role in LV remodeling in our model, we chose the antifibrotic
dose of telmisartan (10 mgkg™) used in this previous study.'®

Hemodynamic and echocardiographic studies

To obtain hemodynamic data, rats were anesthetized with 2% halothane in
oxygen during the surgical procedures. A catheter-tip transducer (Miller SPR
249; Miller Instruments, Houston, TX, USA) was introduced into the left
ventricle through the right carotid artery for the determination of peak LV
pressure and LV end-diastolic pressure, and the rates of intraventricular
pressure rise (+dP/df) and decline (—dP/dt) were recorded as described
previously.!® After instrumentation, the concentration of halothane was
reduced to 0.5% to minimize the effects of anesthesia on hemodynamic
parameters. Echocardiographic studies were carried out with a 7.5-MHz
transducer (Aloka, Tokyo, Japan). The LV dimensions in diastole and systole
and percentage fractional shortening (FS) were estimated using M-mode
measurements.
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Histopathology

The body weight (BW) of rats was noted just before the surgical procedure.
After the hemodynamic and echocardiographic analyses, the rats were killed,
and the myocardium was isolated and weighed to calculate the ratio of HW to
BW. The excised myocardium was kept in formalin and the midventricle
sections were then embedded with paraffin. The paraffinized midventricle
sections stained with Azan—Mallory dye and a color image analyzer (CIA-102;
Olympus, Tokyo, Japan) were used to quantify the area of myocardial fibrosis
(blue fibrotic area opposed to red myocardium). The results are presented as
the ratio of the fibrotic area to the area of whole myocardium.

Using hematoxylin and eosin sections, myocyte diameter measurements
were performed in 10 myocytes selected per field at 400-fold magnification by
light microscopy. Short-axis diameters of each myocyte were measured from
the hearts of all groups of rats. Each average value was obtained on the basis of
data from 10 myocytes and was used as an independent sampling data. In
addition, inflammatory cell infiltration was identified using hematoxylin and
eosin-stained sections in 100-fold magnification by light microscopy.

Estimation of Ang-II by radioimmunoassay

Blood samples were collected by heart puncture immediately after echocardio-
graphic measurements, and were transferred into a chilled glass tube containing
0.25ml of 125 mm ethylene-diaminetetraacetic acid and 25 mwm o-phenanthro-
line for the purpose of subsequent determinations of plasma Ang-II by
standardized radioimmunoassay.!”

Immunohistochemistry

Formalin-fixed, paraffin-embedded cardiac tissue sections were used for
immunohistochemical staining. After deparaffinization and hydration, the
slides were washed in Tris-buffered saline (10 mm 1! Tris HCI, 0.85% NaCl,
pH 7.5) containing 0.1% bovine serum albumin. Endogenous peroxidase
activity was quenched by incubating the slides in methanol and 0.6% H,0,
in methanol. To perform antigen retrieval, the sections were pretreated with
trypsin for 15min at 37°C. After overnight incubation with the primary
antibody, namely rabbit polyclonal anti-peroxisome proliferator-activated
receptor- (PPAR-y) antibody (diluted 1:100) (Santa Cruz Biotechnology, Santa
Cruz, CA, USA), at 4°C, the slides were washed in Tris-buffered saline and
horseradish peroxidase-conjugated secondary antibody was then added and the
slides were further incubated at room temperature for 45min. The slides
were washed in Tris-buffered saline and incubated with diaminobenzidine
tetrahydrochloride as the substrate, and counterstained with hematoxylin.
PPAR-y-positive-stained cells of heart tissue were quantified in six selected
fields per section at 400-fold magnification by light microscopy, and the average
of the total number of positive-stained cells of the six fields was recorded as the
number of PPAR-y-positive cells in the lesions.

Western immunoblotting

The myocardial tissue samples obtained from different groups were homo-
genized with lysis buffer. Protein concentrations in these homogenized samples
were measured by the bicinchoninic acid method. For western blots, proteins
were separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis
and identified with the following antibodies to quantify the myocardial levels of
proteins: rabbit polyclonal anti-PPAR-y antibody (diluted 1:100) and goat
polyclonal anti-glyceraldehyde-3-phosphate dehydrogenase antibody (Santa
Cruz Biotechnology). We used 10% sodium dodecyl sulfate—polyacrylamide
gel electrophoresis (Bio-Rad, Hercules, CA, USA), and electrophoretical trans-
fer to nitrocellulose membranes. Membranes were blocked with 1% nonfat dry
milk and 1% bovine serum albumin (Sigma, St Louis, MO, USA) in Tris-
buffered saline-T (20 mm I Tris, pH 7.6, 137 mm1~! NaCl, and 0.05% Tween).
After incubation with primary antibody, the bound antibody was visualized
with respective horseradish peroxidase-coupled secondary antibody (Santa
Cruz Biotechnology) and chemiluminescence developing agents (Amersham
Biosciences, Buckinghamshire, UK). The level of glyceraldehyde-3-phosphate
dehydrogenase was estimated in every sample. Films were scanned, and band
densities were quantified with densitometric analysis using Scion Image
program (Epson GT-X700, Tokyo, Japan). Finally, western blot data were
normalized with cardiac glyceraldehyde-3-phosphate dehydrogenase.



RNA extraction

Heart tissues were preserved by immersion in RNAlater (Ambion, Austin, TX,
USA) immediately after sampling. The extraction of total RNA was performed
after homogenization by using Ultra TurraxT8 (IKA Labortechnik, Staufen,
Germany) in TRIzol reagent (Invitrogen Corporation, Carlsbad, CA, USA) in
accordance with the standard protocol. Synthesis of cDNA was performed by
reverse transcription using total RNA (2pg) as a template (Super Script II;
Invitrogen Corporation).

Gene expression analysis by real-time RT-PCR

Gene expression analysis was performed by real-time reverse transcription
polymerase chain reaction (RT-PCR) (Smart Cycler; Cepheid, Sunnyvale, CA,
USA) using cDNA synthesized from the CHF specimens. Real-time RT-PCR by
monitoring with TagMan probe (TagMan Gene expression assays; Applied
Biosystems, Foster City, CA, USA) was performed in accordance with the
following protocol: 600s at 95 °C, followed by thermal cycles of 155 at 95 °C,
and 60 s at 60 °C for extension. Relative standard curves representing several 10-
fold dilutions (1:10:100:1000:10 000:100 000) of cDNA from CHF tissue sam-
ples were used for linear regression analysis of other samples. Results were
normalized to glyceraldehyde-3-phosphate dehydrogenase mRNA as an inter-
nal control and are thus shown as relative mRNA levels.

Statistical analysis

All values are expressed as means + s.e. Statistical analysis of differences between
the groups was performed by one-way analysis of variance, followed by Tukey’s
or Bonferroni’s and two-tailed ¢-test when appropriate. A value of P<0.05 was
considered as statistically significant.

RESULTS

Survival rate

The effects of telmisartan on survival rate are shown in Figure 1 and
Table 1. In all, 4 (40%) and 1 (10%) of the 10 rats in groups V and
T10, respectively, died between days 28 and 56 (Figure 1a and Table 1).
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None of the rats in group N died. The survival rates were significantly
higher in group T10 compared with those in group V (P<0.01).

Effects of telmisartan on myocardial functions

Although heart rate was not different among the three groups of rats,
central venous pressure and LV end-diastolic pressure were signifi-
cantly higher and mean blood pressure, LV pressure and + dP/dt were
significantly lower in group V than in group N, indicating systolic and
diastolic dysfunction in vehicle-treated rats (Table 1). Central venous
pressure and LV end-diastolic pressure were significantly decreased in
the treatment T10 group compared with those in group V. Myocardial
contractility parameters + dP/dt were also improved in CHF rats
treated with telmisartan. However, mean blood pressure and LV
pressure were slightly improved by the treatment. Echocardiographic
studies in group V rats showed evidence of LV remodeling, with
increased LV dimensions in diastole and LV dimensions in systole
(P<0.01) and reduced FS and ejection fraction (P<0.01), indicating
impaired systolic function compared with that in group N rats
(Table 1). Treatment with telmisartan significantly decreased LV
dimensions in systole and increased FS and ejection fraction compared
with those in group V (Table 1).

Estimation of Ang-1I

The plasma Ang-II concentrations were significantly elevated in group
V in comparison with those in group N (Figure 1b). Treatment with
telmisartan significantly increased the plasma concentrations of Ang-II
in comparison with those in group V (Figure 1b).

Histopathology
HW and HW/BW were significantly larger in group V than in group N
rats (Table 1). Telmisartan significantly reduced HW and HW/BW
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Figure 1 (a) The effects of telmisartan on survival rate in rats with CHF induced by autoimmune myocarditis. In all, 4 (40%) and 1 (10%) of 10 rats in
groups V and T10, respectively, died between days 28 and 56. None of the rats died in the normal group. The survival rates were significantly higher in
group N than in group V. (b) Effects of telmisartan on neurohumoral parameter: plasma Ang-ll concentration. (c) Myocardial expressions of PPAR-y:
Representative western blots showing specific bands for PPAR-y and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) as an internal control. Equal
amounts of protein sample obtained from whole ventricular homogenate were applied in each lane. (d) Densitometric data of protein analysis. The mean
density value of PPAR-y was expressed as a ratio relative to that of GAPDH. Group N, age-matched untreated rats; group V, CHF rats administered with
vehicle; group T10, CHF rats treated with telmisartan (10 mgkg ! day!). The values are mean +s.e.m. *P<0.05 and **P<0.01 vs. group N; #P<0.05 and

##P<0.01 vs. group V.

697

Hypertension Research



Effects of telmisartan in rats with dilated cardiomyopathy
V Sukumaran et al

698

Table 1 Changes in survival rate, hemodynamic, echocardiographic
and histopathological parameters after 4 weeks of treatment with
telmisartan in rats with CHF after EAM

Group N Group V Group T10

(nh=10) (h=10) (=10)
Survival rate (%) 100 60%* 90*#
BW (g) 348+6.9 310+6.0** 259+ 10**
HW (g) 1.09+0.07 1.52+£0.29** 0.90 +0.04%*
HW/BW (gkg™) 2.64+0.22 4.5+0.54* 3.1£0.10%
Area of fibrosis (%) 2.25+0.3 33.8+1.3%* 15+2.0%##
CVP (mm Hg) 0.09+04 3.741£0.26** 1.74 £0.22*##
MBP (mm Hg) 98+2.8 74 £6.5*% 82+ 5.8**
LVP (mm Hg) 114+6.0 69+ 4.0** 80+ 2.5%*#
LVEDP (mm Hg) 4.4+0.2 11.2+0.8** 5.6 +0.4%#
+dP/dt (mm Hgs™1) 5757 £262 3705+ 310** 4421 +332
—dP/dt (mmHgs™1) 5683+ 316 3788+ 164** 4260+ 208"*
HR (beats min-1) 347+17 31714 346+11
LVDd (mm) 6.2+0.64 8.710.48* 7.5+0.30
LVDs (mm) 3.4+0.3 7.2+0.59** 5.4+£0.3*
FS (%) 50+3.1 14.4+£0.9** 30+ 2.5%*##
EF (%) 85.6+2.5 22.9+3.4** 67.2+2.0%"

Abbreviations: BW, body weight; CHF, chronic heart failure; CVP, central venous pressure;
+dP/dt, rate of intra-ventricular pressure rise and decline; EAM, experimental autoimmune
myocarditis; EF, ejection fraction; FS, fractional shortening; group N, aged-matched untreated
rats; group T10, rats with heart failure treated with telmisartan (10 mgkg! day™1); group V, rats
with heart failure treated with vehicle; HR, heart rate; HW, heart weight; HW/BW, ratio of heart
weight to body weight; LVDd, left ventricular dimension in diastole; LVDs, left ventricular
dimension in systole; LVEDP, left ventricular end-diastolic pressure; LVP, left ventricular
pressure; MBP, mean blood pressure; n, no. of rats.

Results are presented as the mean+s.e.

*P<0.05 and **P<0.01 vs. group N; #P<0.05 and ##P<0.01 vs. group V.

compared with those in group V. The hearts from group V rats showed
massive fibrosis compared with those from group N rats (Figures 2b
and bl). The percentage of fibrosis was significantly lower in the
telmisartan-treated rats than in vehicle-treated rats (Figures 2b and
b1). The myocyte size in group V was significantly larger than that in
group N (Figures 2c and cl). Telmisartan treatment significantly
reduced the myocyte size compared with that in group V (Figures
2¢ and cl). Focal accumulations of inflammatory cell infiltration
were detected in the hearts of group V rats (Figure 2d). However,
the proportion of cell accumulation was less in the telmisartan-treated
rats (Figure 2d).

Myocardial expression of PPAR-y by immunohistochemistry

and western blot

Immunohistochemical analysis of rat hearts in group V showed
enhanced expression of PPAR-y compared with that in normal rat
hearts (Figures 2a and al). Myocardial immunoreactivity for PPAR-y
was significantly decreased in the telmisartan-treated rats compared
with that in the vehicle-treated rats (Figures 2a and al). Only marginal
or trivial immunoreactivity for PPAR-y was detected in myocardium
of normal rats. Treatment with telmisartan significantly decreased the
myocardial level of PPAR-y protein compared with that in group V
rats (Figures 1c and d).

Myocardial mRNA expressions of collagen-I and III, TGF-B1

and ANP

RT-PCR analysis showed that collagen-I and III, TGF-B1, and atrial
natriuretic peptide (ANP) mRNA expression levels were significantly
increased in vehicle-treated rats, compared with those in group N rats
(Figures 3a—d). In contrast, treatment with telmisartan significantly
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decreased the myocardial mRNA expressions of collagen-I and III,
TGF-P1, and ANP compared with those in group V rats (Figures 3a—d).

Myocardial mRNA expressions of inflammatory cytokines and
MMPs

RT-PCR data showed that IL-6, IL-1B and monocyte chemoattractant
protein-1 (MCP-1) mRNA expression levels were significantly
increased in vehicle-treated rats compared with those in group N rats
(Figures 4a—c). In contrast, treatment with telmisartan significantly
decreased the myocardial mRNA expressions of IL-6, IL-1$ and MCP-1
compared with those in group V rats (Figures 4a—c). Moreover, mRNA
expressions of matrix metalloproteinase (MMP)-2 and -9 were signifi-
cantly increased in vehicle-treated rats compared with those in group N
rats (Figures 5a and b). However, treatment with telmisartan signifi-
cantly reduced the myocardial mRNA expressions of MMP-2 and -9
compared with those in group V rats (Figures 5a and b).

DISCUSSION

The results of this study show that the treatment with oral telmisartan
improved both systolic (+dP/dt, % ejection fraction and % FS) and
diastolic (—dP/dt and LV end-diastolic pressure) functions, increased
neurohormonal parameters such as plasma Ang-II, and ameliorated
myocardial remodeling and its marker molecules.

Myocardial fibrosis probably has an important role in both diastolic
and systolic dysfunction'® and has adverse clinical consequences that
result in increases in mortality because of progressive heart failure. It
has been suggested that the increase in myocardial fibrosis during
heart failure is due to both increased collagen synthesis by fibroblasts
and unchanged or decreased fibrillar collagen degradation.'® Myocar-
dial fibrosis, the hallmark of DCM, is observed in DCM hearts as
indicated by Azan—-Mallory staining and increases in the levels of its
marker molecules (TGF-B1, collagen-I and collagen-IIT) (Figures 2b
and 3a—c). Ang-II is known to stimulate fibrous tissue formation by
promoting TGF-B1 synthesis through AT|R and is a major determi-
nant of cardiac remodeling.?’ Ang-1II also stimulates cardiac collagen
production by promoting TGF-B1 synthesis through AT{R receptor
activation.?! In addition, AT;R activation has a role in the molecular
changes associated with coronary matrix remodeling in diabetes.?!
Furthermore, AT;R blockade reduces myocardial hypertrophy,
decreases myocardial fibrosis and attenuates cardiac remodeling.??
Consistent with previous studies,>"»>? we have also observed increased
expressions of TGF-B1 and collagen-IIT mRNA in group V, and these
increased mRNA levels were suppressed by telmisartan treatment
(Figures 3a—c). Taken together with the above reports, these findings
suggest that AT{R has an important role in cardiac remodeling
through expression of TGF-B1 and collagen-IIIl mRNA, and that
telmisartan may contribute to the inhibition of cardiac remodeling.
However, more evidence is needed to support this hypothesis.

The myocardial ECM is a complex network and its balance
determines the structural integrity of the heart. Alteration in the
matrix degradation system caused by inflammatory mediators, oxygen
species, and neurohumoral reactions leads to an impairment of LV
function as observed in myocarditis and inflammatory cardiomyo-
pathy.?? The imbalance of the matrix-degrading system with induced
expressions of MMPs and plasminogen activators as well as the
reduced expressions of tissue inhibitors of MMPs leads to a pathologic
collagen turnover, with the loss of structural integrity of the heart
and an impairment of LV function.?® Interestingly, we could observe
an increase in myocardial mRNA levels of MMP-2 and -9 in rats
with DCM (Figure 5). It is reported that AT;R may be involved in
the development of cardiac hypertrophy by increasing ECM
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Figure 2 Effects of telmisartan on myocardial remodeling in rats with CHF induced by autoimmune myocarditis. (a) Immunohistochemistry of PPAR-y
(counterstained with hematoxylin; x400). (b) Azan—Mallory staining for fibrosis of the cross-sectional tissue slices of hearts. Fibrosis is indicated by the blue
area as opposed to the red myocardium (x200). (c) Hematoxylin and eosin staining of the cross-sectional tissue slices of hearts depicting cardiomyocyte
hypertrophy (x400). (d) Extensive infllmmatory cell infiltration was observed in the hearts of myosin-immunized rats (hematoxylin-eosin staining; x100).
Bar graph shows quantitative analysis of PPAR-y-positive cells (al), fibrosis (b1), and myocyte diameter (c1) in groups N, V and T10. Group N, age-matched
untreated rats; group V, CHF rats administered with vehicle; group T10, CHF rats treated with telmisartan (10 mgkg ! day!). The values are mean +s.e.m.
*P<0.05 and **P<0.01 vs. group N; ##P<0.01 vs. group V. A full color version of this figure is available at the Hypertension Research journal online.

accumulation.?* Furthermore, it is reported that in hypertensive Dahl
salt-sensitive rats, local activation of Ang-II in hypertrophic LV
triggers ECM degradation resulting in LV remodeling and treatment
with telmisartan preserves LV shape and function, ECM density, and
decreases oxidative stress-mediated protein degeneration.?> In agree-
ment with a previous study,”® telmisartan treatment significantly
decreased myocardial mRNA levels of MMP-2 and -9, resulting in
improved myocardial function, which in turn supports the notion that
AT receptors are involved in ECM remodeling.

It has been reported that AT|R antagonists cause an increase in
plasma Ang-II level, which selectively stimulates AT,R, and that this
stimulation inhibits cardiac fibroblast growth and ECM formation
and exerts a negative chronotropic effect, indicating that AT,R
stimulation has a novel cardioprotective effect.?® Interestingly, we
could observe an elevated Ang-II level in the telmisartan-treated rats
compared with that in the CHF rats. These results may support the
hypothesis that Ang-II AT,R stimulation by AT; blockade-induced
increases in Ang-II plasma levels results in antifibrotic effects.

Plasma ANP concentration is a useful prognostic indicator in
patients with CHE, and is documented to be elevated in cardiac
hypertrophy or failure.”” Vehicle-treated rats had developed cardiac
hypertrophy and LV dilation, as indicated by increase in mRNA levels
of ANP (Figure 3d), myocyte size, HW, HW/BW, and LV diastolic and
systolic dimensions, and a decrease in FS (Figure 2cl1 and Table 1).
A significant reduction in these parameters and an increase in FS were
observed in the telmisartan-treated rats. Taken together, these results
indicate that telmisartan improved LV function and ameliorated the
progression of cardiac remodeling.

Recent studies have shown that thiazolidinediones, PPAR-y ago-
nists, attenuate autoimmune myocarditis,?®?° cardiac hypertrophy>°
and myocardial ischemia-reperfusion injury,>!' through the inhibition
of infiltration of inflammatory cells or upregulation of cytokines in
myocardium, which indicates that PPAR-y agonist activity may have
anti-inflammatory effects in myocardium. Mechanistically, PPAR-y
ligands act at least in part by inhibiting the activity of transcription
factors such as activator protein-1, signal transducers and activators of
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Figure 3 Myocardial messenger RNA expression levels of collagen-1 (a), collagen-11l (b), TGF-B1 (c) and ANP (d) in rats with CHF were determined by
quantitative RT-PCR. The expression level of each sample was expressed relative to the expression level of GAPDH gene. Data are mean + s.e.m. of five—seven
rats. Group N, age-matched untreated rats; group V, CHF rats administered with vehicle; group T10, CHF rats treated with telmisartan (10 mgkg ! day1).

The values are mean +s.e.m. **P<0.01 vs. group N; #¥P<0.01 vs. group V.
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Figure 4 Myocardial messenger RNA expression levels of IL-6 (a), IL-1B (b) and MCP-1 (c) in rats with CHF were determined by quantitative RT-PCR.
The expression level of each sample was expressed relative to the expression level of glyceraldehyde-3-phosphate dehydrogenase (GAPDH) gene. Data are
mean t£s.e.m. of five—seven rats. Group N, age-matched untreated rats; group V, CHF rats administered with vehicle; group T10, CHF rats treated with
telmisartan (10 mgkg day™1). The values are mean +s.e.m. **P<0.01 vs. group N; ##P<0.01 vs. group V.

transcription-1 and nuclear factor-kB.3? In addition, activation of
PPAR-y has been reported to decrease expression of AT|R and inhibit
the effects of Ang-II on intracellular pathways.>® Recently, it has been
reported that telmisartan ameliorated cardiac remodeling in DS-
sensitive hypertensive rats through PPAR-y-endothelial nitric oxide
synthase pathway.>* Although Takano et al.3® reported that PPAR-y
was expressed in neonatal normal cardiac myocytes, in this study,
immunohistochemical results have shown that only marginal or trivial
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immunoreactivity for PPAR-y was detected in myocardium of normal
rats. Interestingly, we also observed increased expression of PPAR-vy in
rats with DCM in line with the previous reports*>**’ and these
changes were significantly decreased by telmisartan treatment (Figures
Ic, d, 2a and al). The reason behind reduced PPAR-y expression in
rats treated with telmisartan remains to be determined. In addition,
because we only measured the expression of PPAR-y and did not
measure the activity of PPAR-v, the net effect of telmisartan on overall
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Figure 5 Myocardial messenger RNA expression levels of MMP-2 (a) and
MMP-9 (b) in rats with CHF were determined by quantitative RT-PCR. The
expression level of each sample was expressed relative to the expression
level of glyceraldehyde-3-phosphate dehydrogenase (GAPDH) gene. Data are
mean ts.e.m. of five-seven rats. Group N, age-matched untreated rats;
group V, CHF rats administered with vehicle; group T10, CHF rats treated
with telmisartan (10 mgkg ! day™1). The values are mean +s.e.m. **P<0.01
vs. group N; #¥P<0.01 vs. group V.

PPAR-y activity in our model is unclear. In light of this study
limitation, further experiments will be required to understand whether
the effects of telmisartan in our model are mediated by alterations in
PPAR-y activity.

Several clinical studies have described the participation of proin-
flammatory cytokines in the pathogenesis of cardiac diseases. The
levels of circulating proinflammatory cytokines such as tumor necrosis
factor-o and IL-1 and IL-6 are elevated in patients with myocarditis.>
In a murine model of viral myocarditis, the intracardiac expression of
tumor necrosis factor-o, IL-1P, interferon-y and IL-2 genes were
increased.” It has been shown that MCP-1 a member of the C-C
chemokine family may have an important role in the pathogenesis of
human acute myocarditis as well as in the progression of rat EAM.*0
The degree of expression was correlated with the severity of the
disease, which suggests that the overproduction of proinflammatory
cytokines and chemokines may aggravate the disease. This is sup-
ported in part by recent reports that the overexpression of tumor
necrosis factor-o. in heart caused severe myocarditis and cardio-
myopathy in transgenic mice,*! and that IL-1B as well as tumor
necrosis factor-o promoted the aggravation of viral myocarditis in
virus-resistant mice.*> It has been reported that Ang-II induces
inflammation through the production of reactive oxygen species,
adhesion molecules and inflammatory cytokines such as MCP-1.43
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ATy antagonists are reported to suppress cytokine production and
transcription of cytokine genes in vitro and in vivo,>>** and signifi-
cantly decrease MCP-1 expression.*’ Interestingly, we could observe an
increase in the myocardial mRNA levels of IL-6, IL-1 and MCP-1 and
inflammatory cell infiltration in rats with DCM, and these changes in
mRNA levels were significantly decreased by telmisartan treatment
(Figures 4 and 2d).

These results suggest that the beneficial effects of telmisartan in
EAM may be partly due to the suppression of inflammatory events in
the myocardium. Furthermore, telmisartan treatment might be a
promising new therapy for chronic myocarditis, particularly for LV
remodeling in which ongoing autoimmune processes may have a role
in disease development. Moreover, we show for the first time that
telmisartan suppressed cytotoxic myocardial damage in heart failure
after EAM.

In conclusion, this study indicates that telmisartan provides
remarkable chronic cardioprotection, reducing or eliminating cardiac
remodeling in a model of DCM, and may help us to identify why this
drug is efficacious at significantly improving outcome and survival
when used for the treatment of heart failure in humans.
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