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Summary

We studied the effect of thiazide-like diuretic — indapamide on fibrosis development in the left ventricle of young
spontaneously hypertensive rats (SHR) and assessed the involvement of nitric oxide in this process. Six-week-old male
SHR were treated with indapamide (1 mg/kg/day) for six weeks. Age-matched SHR were used as hypertensive and
Wistar-Kyoto rats (WKY) as normotensive control. Systolic blood pressure was measured by tail-cuff
plethysmography. Nitric oxide synthase (NOS) activity, protein expressions of endothelial (eNOS) and inducible NOS
(INOS), myocardial fibrosis and collagen type I and III were determined in the left ventricle. Indapamide treatment
partially prevented SBP increase in SHR (SHR+Indapamide: 157+4, SHR: 17143, WKY: 119+3 mmHg). Indapamide
prevented myocardial fibrosis development in SHR, but without affecting collagen type I to type III ratio. Indapamide
did not affect NOS activity as well as eNOS and iNOS protein expressions in the left ventricles evaluated by both
Western blot and immunohistochemically. In conclusion, our results indicate that indapamide-induced prevention of
myocardial fibrosis is not mediated by nitric oxide-related mechanism.
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Remodeling of cardiovascular system is one of
the important factors leading to cardiovascular morbidity
and mortality caused by the hypertensive disease. The
effect of long-term hypertension is accompanied by
structural and morphological changes of the heart tissue,
characterized by loss of myocytes and an increase of
diffuse and perivascular fibrosis. The morphological

changes represent one of the key factors in the
development and progression of chronic heart failure
(Brilla et al. 1996).

The regulation of extracellular matrix
composition seems to be crucial in these processes. It is
based on the balance between the production and

deposition of extracellular proteins and their degradation.
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Several studies have demonstrated that drugs with
diuretic effect may influence extracellular protein
metabolism (Contard et al. 1993, KojSova et al. 2006).
Some experimental studies reported the close connection
between the extracellular matrix regulation and the
activation of NO-moderated signaling pathways in the
cells (Kim et al. 1999). However, the interpretation of the
role of nitric oxide in these processes remains
controversial.

The present study evaluated the involvement of
NO in the
spontaneous hypertension and heart remodeling. The
effect a thiazide-like

myocardial fibrosis formation and collagen types I and 111

indapamide-mediated prevention of

of indapamide, diuretic, on
proportion was investigated particularly.

Six-week-old spontaneously hypertensive rats
(SHR) were randomly divided into two groups (n=6 in
each group): SHR group and SHR group receiving
indapamide in the dose of 1 mg/kg/day in the drinking
water during 6 weeks. The age-matched Wistar-Kyoto
rats (n=6) without indapamide treatment were taken as
normotensive controls. The rats were housed at 22+2 °C
under a 12-hour light/dark cycle with access to standard
pellet diet ad libitum.

Systolic blood pressure (SBP) was measured by
a non-invasive method of tail-cuff plethysmography
every week of the experiment. After 6 weeks of
treatment, the animals were sacrificed and the body
weight (BW) and left ventricle weight (LVW) were
determined. The left ventricle weight/body weight
(HW/BW) ratio was calculated.

Total NOS activity was determined in crude
homogenates of left ventricle tissue by measuring the
formation of [*H]-L-citrulline from [*H]-L- arginine. For
Western blot analysis, samples of the left ventricle were
used and probed with polyclonal rabbit anti-eNOS and
anti-iINOS antibodies (Alexis Biochemicals, Germany) as
described elsewhere (Pechanova et al. 2007). Formalin-
fixed and paraffin-embedded samples of the left ventricle
were used for immunohistochemistry of endothelial and
inducible NO-synthase protein expression following the
technique described elsewhere (Paulis et al. 2007).

Modified picrosirius red staining technique by
Dolber and Spach (1993) was used to determine fibrosis
level. The sections were evaluated by light microscopy in
polarized light at 40x magnification and the evidence of
total fibrosis, collagen type I rich areas (red-yellow color
in polarized light) and collagen type III rich areas (green
color in polarized light) was measured by histomorpho-

Table 1. Systolic blood pressure (SBP), body weight (BW), left
ventricle weight (LVW), LVW/BW ratio, nitric oxide synthase
(NOS) activity, fibrosis and collagen type I to type III ratio in the
left ventricle of Wistar-Kyoto rats (WKY), spontaneously
hypertensive rats (SHR) and SHR treated with indapamide.

WKY SHR SHR +
Indapamide

SBP 11943 171£3% 154+4%"
(mmHg)
BW 339+6 24144 % 24442 *
®)
LVW 532419 508+18 51621
(mg)
LWV/BW 1.56£0.06 2.11+0.0*%  2.12+0.08*
(mg/g)
NOS activity 1.240.1  2.140.3*  2.6+0.3*
(pmol/min/mg)
Heart tissue 1.36£0.05  2.1+0.13*  1.5+0.14"
fibrosis (%)
Collagen type I  1.55¢0.21 1.75+0.10 1.57+0.10

to type IlI ratio

Data are means + S.E.M., Significant differences: * P<0.05
compared to WKY, # P<0.05 compared to untreated SHR.

metry in 10 microscopic fields using the Imagel
morphometric software v.1.33 (National Institute of
Health, USA) and was expressed as a percentage of
collagen positivity in total area of the microscopic field.

Results are expressed as means + S.E.M. One-
way analysis of variance was used for statistical analysis.
Values were considered to differ significantly if the
probability value was less than 0.05 (p<0.05).

SBP and LVW/BW ratio in the SHR group was
increased significantly in comparison with Wistar-Kyoto
rats. Chronic indapamide treatment partially prevented
blood pressure increase in SHR, but it failed to affect
LVW/BW ratio in SHR (Table 1).

NO synthase activity in the left ventricle of SHR
was increased significantly when compared to Wistar-
Kyoto rats and chronic indapamide treatment did not
affect this activity (Table 1). Similarly, indapamide
treatment had no effect on both eNOS and iNOS
expression in the left ventricle of SHR analyzed by
Western blot. Both types of NOS, endothelial and
inducible, were present in myocardial cells showing
moderate, fine granular cytoplasmic positivity. Part of
myocytes did not show any NOS positivity. No
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Fig. 1. Myocardial fibrosis in the left ventricle. Control WKY (a).

Increased fibrosis in the myocardium of SHR (b) and
indapamide-induced partial prevention of fibrosis in myocardium
of SHR (c). Picrosirius red, polarized light. 400x.

differences in the localization of the positivity between
SHR and SHR treated with indapamide were observed.
The endothelial cells showed regular eNOS expression in
both SHR and SHR treated with indapamide.

The diffuse and perivascular fibrosis was found
in the left ventricle of SHR. The indapamide treatment
significantly reduced the area of fibrosis in SHR to the
level found in control Wistar-Kyoto rats (Fig 1, Table 1).
No differences of the collagen type I to collagen type III
ratio in left ventricle of all groups were found (Table 1).
The results of the present study document that the
administration of indapamide

in early stages of

spontaneous hypertension prevents the enlargement of
myocardial fibrosis. Results indicating the protective
effect followed by the normalization of functional
changes of vessels were already reported in other studies,
which used the combination of indapamide with various
ACE inhibitors treatment (Doucet et al. 2001, Ibrahim et
al. 1999). The mechanism of this effect is still not
completely elucidated. This study documented that
indapamide may prevent myocardial fibrosis enlargement
without increasing production of nitric oxide.

The imbalance between NO production and free
radicals formation in the tissues participates in the
development of structural and functional changes of
cardiovascular system in SHR. This factor is especially
important in the early stages of hypertension. Once the
secondary alterations and structural remodeling had been
formed, it accelerates the cardiovascular damage
(Pechaiiova et al. 2006, Pechatiova and Simko 2007).
Indapamide was

shown to inhibit the contractile

responses induced by norepinephrine and arginine
vasopressin in the SHR aortic preparations via an
endothelium-dependent mechanism (Colas et al. 2000).
Our results do not indicate a significant effect of
indapamide on NO production in the left ventricle.
However, the participation of antioxidant properties of
indapamide cannot be excluded. Indapamide differs
chemically from the thiazides because it contains only
one sulfonamide group and no thiazide ring. This gives
the indapamide specific antioxidant properties. In our
previous experiments, chronic indapamide treatment of
SHR prevented the decrease of conjugated dienes in the
kidney (KojSova et al. 2006). Uehara et al. (1990)
documented indapamide-induced reduction of
malondialdehyde formation in the rat brain. Similarly, the
major metabolite of indapamide — 5-OH indapamide —
was found to act as a potent free radical scavenger
(Vergely et al. 1998).

The direct indapamide effect on the enzymes
involved in the regulation of extracellular matrix
composition (especially matrix metalloproteinases and
their tissue inhibitors) can not be excluded as well.
Anyway, in our study no differences in the ratio of
collagen types between the groups were found. The
activation of matrix metalloproteinases usually leads to
the change of collagen types ratio due to different affinity
of various metalloproteinases to various types of
collagen. This fact indicates that other mechanisms will
participate in the modification of the extracellular matrix

composition during the indapamide treatment.
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In conclusion, indapamide induced decrease of ~ Acknowledgements
myocardial fibrosis with no evidence of nitric oxide  The study was supported by VEGA 2/6148/26, 1/3429/06
involvement. Antioxidant properties of indapamide are  and APVT 51-017905, APVV-0586-06.
suggested to be involved in this beneficial effect.
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