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Summary

Aim: The aim of this study was to analyze the effedhdapamide and its combination with
ACE inhibitor (captopril) and antioxidant (ProvisB!") on both myocardial hypertrophy and
fibrosis.Methods. Wistar rats were treated with L-NAME (40 mg/kg/day, L-NAME plus
indapamide (1 mg/kg/day), or captopril (10 mg/kgjdar Provinol" (40 mg/kg/day), or
combination of indapamide with captopril, and indayide with Provinol&* for 7 weeks.
Blood pressure (BP), LV hypertrophy and fibrosigevdetermined. The content of collagens
type I and 1l was evaluated morphometrically afierosirius red stainindresults: L-

NAME treatment led to increased BP, LV hypertropioyal fibrosis and relative content of
collagens without the change in collagen type tAtio. Indapamide and captopril decreased
BP, LV hypertrophy and the collagen ratio withofieeting total fibrosis, while Provinol¥
reduced BP, the collagen ratio and fibrosis withafteécting LV hypertrophy. The
combinations decreased all the parameteosclusions: Decrease of LV hypertrophy was
achieved by drugs with the best reducing effedBBnfibrosis reduction was reached by the
antioxidant treatment with only partial effect oR.Brhus, the combination of
antihypertensive and antioxidant treatment mayesgmt a powerful tool in preventing

myocardial remodeling induced by hypertension.
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Introduction

Persistently increased blood pressure is one aiskdactors for various cardiovascular
diseases and is associated with left ventricul®) thypertrophy (Gottdieneat al. 1997).
Increased myocardial mass is determined by enlaggeof cardiac myocytes, which may be
accompanied by proliferation of fibroblasts and ¢élkpansion of extracellular matrix. The
collagen accumulation and the left ventricular hyqo@hy develop as the consequences of
increased blood pressure and both are considergatticipate at myocardial stiffening
(Narayaret al. 1989, Schraegest al. 1994).

The effect of NO-synthase inhibitbl(G)-nitro-L-arginine methyl ester (L-NAME) on left
ventricular hypertrophy is disputable. Accordingstime findings, even chronic (6-8 weeks)
administration of this NO synthase inhibitor did wause significant change in the mass of
the left ventricle (Arnaét al. 1992, Arnalet al. 1993, Bartunelet al. 2000). Some authors
observed hypertrophy development not before 8 wédksenoet al. 1996, Takemotet al.
1997) while others described development of lefitkreular hypertrophy after 4 weeks of
treatment with L-NAME (Bernatovet al. 1996, Pechanowt al. 1999, Bernatovat al.

2000). The effect of L-NAME on myocardial fibrogias been well described by various
authors. It seems that accumulation of collagahéemimyocardium is not directly connected
with increased blood pressure but rather with #nereased NO synthesis that leads to
activation of neurohormonal systems and growth-mtimg factors (Morenet al. 1996,
Takemotoet al. 1997, Pechanowa al. 1999, Bernatovat al. 2000). It is supposed that NO
deficiency rather than hemodynamic changes appedes crucially involved in fibrous tissue
changes of the left ventricle in hypertension iretliby L-NAME (Pechanovet al. 1999).
Myocardial extracellular matrix is composed of wais structural proteins, predominantly of

collagens type | and Il (Weber 1989). CollageretygCol I) provides strength and rigidity,



whereas tissues with large amount of collagen tyg€ol Ill) are characterized by increased
elasticity (Marijianowsket al. 1995). Recent studies showed that the differeltagens
accumulation is connected with the developmentafrtfailure, increased passive stiffness
and impaired contractile function (Conretchl. 1995, Yamamotet al. 2002). Some authors
(Mukherjee & Sen 1990) suppose the ratio of cotetype I/1ll (Col I/l ratio) to be a more
important prognostic factor than the total amodrdalagens and it was proved that its
increase is associated with dilatation cardiomylmpéiiarijianowskiet al. 1995) and with
post-infarction remodeling of unaffected myocardiahboth ventricles (Wegt al. 1999).
Myocardial hypertrophy as well as fibrosis enlargatmay be influenced by various
therapeutic agents including antihypertensivesapaanide, a non thiazide diuretic, has been
used for its antihypertensive and blood pressuri@ldity stabilizing effect (Zhangt al.
2011). It also was documented to reduce left variarr hypertrophy and total myocardial
fibrosis in stroke prone spontaneously hypertensat® (SHR) (Contaret al. 1993).
According to Janeget al. (2007) the effect of indapamide in SHR was notethelent on

nitric oxide production. Indapamide is often congarwith other antihypertensive drugs like
angiotensine-converting enzyme (ACE) inhibitorsptaril, an ACE inhibitor with thiol
groups, caused regression of left ventricular hypphy, significantly changed Col /11l ratio
in SHR and was able to decrease the total amouwliaigen in the heart after chronic
treatment with L-NAME (Mukherjee & Sen 1993, Pectnaaet al.1997). Since antioxidant
properties of 5-OH indapamide, the major metabalitmdapamide, have been described
(Vergelyet al. 1998), it was hypothesized that the possible gpéophic and/or antifibrotic
properties of indapamide might be supported byoaidants. Red wine polyphenols with
powerful antioxidant effect, have been shown tacedfibrosis development yet without
affecting left ventricular hypertrophy caused bjNAME treatment (Bernatovet al. 2002,

Pechanovat al. 2004, Hlavackovat al. 2009).



The aim of this study was to analyze the effeeghdapamide and its combination with
captopril or red wine polyphenols (ProvinBf$ on left ventricular hypertrophy and collagen
type | and type Ill content in myocardium in thedebof experimental NO deficient

hypertension.

M ethods

All procedures and experimental protocols were aygul by the Ethical Committee of the
Institute of Normal and Pathological Physiology SA8d conform to the European
Convention on Animal Protection and Guidelines @séarch Animal Use. The animals were
housed in an air-conditioned room at a stable teatpee (22-24 °C) and humidity (45-60%)
on a 12:12 hour light/dark cycle and maintainec@tandard pellet diet and tap weddr
libitum. Daily water consumption was estimated one weérbdhe experiment and
controlled during the treatment.

Adult 12-week-old male Wistar rats were divideiB8tgroups with 6 animals in each group:
control group (Con), group treated with 40 mg/kg/ddL-NAME (L); groups receiving L-
NAME (40 mg/kg/day) plus indapamide 1 mg/kg/day)(ldr captopril 10 mg/kg/day (LC),

or Provinol$™ 40 mg/kg/day (LP), or combination of indapamidéwaaptopril (LCI), or
combination of indapamide with Provin8I5(LPI). All compounds were dissolved in the
drinking water and administered orally for 7 weeksthe end of the treatment the body
weight (BW) and left ventricular weight (LVW) wasaasured and LVW to BW ratio was
calculated (LVW/BW).

The red wine extract dry powder Provinols™ was kimovided by Mr. D. Ageron (Société
Francaise de Distillerie, Vallont Pont d”Arc, FrapdProvinols™ polyphenols content is

known and has been reported (Dielabkl. 2001) as follows (in mg/g of dry powder):



proanthocyanidins 480, total anthocyanins 61, &ehocyanins 19, catechin 38,

hydroxycinnamic acid 18, flavonols 14.

Blood pressure measurement
The blood pressure (BP) was measured non-invasiyetize tail-cuff plethysmography using
the Statham Pressure Transducer P23XL (Hugo Séehsany) every week. The final value

was calculated from five successive measurements.

Histology
The hearts were fixed 24 hours in 10 % formalintireely processed in paraffin andu
thick sLCles were stained with hematoxylin and eo%he slides were evaluated in a Leica

light microscope (Leica Systeme, Wetzlar, Germany).

Collagentypel. and I11. evaluation

Sirius red F3BA dissolved in a saturated picricastains collagens type | and 11, which can
be distinguished with the use of polarized ligimigl #heir content evaluated by computer
assisted morphometry is in concordance with theltesbtained by immunohistochemistry
and evaluation of mMRNA levels (Pauschingeal. 1999, Allonet al. 2006).

Deparaffinized and rehydratedum thick sLCles were stained with a modified teclueiq
with picrosirius red as follows: the slides werémerged in 0.2 % phosphomolybden acid
for clearing the cytoplasm, then the slides weaenstd with 0.1 % sirius red F3BA in a
saturated water solution of picric acid for 90 miihe slides were washed 2 min in 0.01 N
HCI, dehydrated and mounted.

Five randomly selected places on each slide wéeetsel, viewed under polarized light,

documented with a digital photographic camera $#h6n, Japan) and evaluated with



ImageJ software (National Institute of Health, Bsitha, USA). Threshold values were
determined for the particular colors of spectrume, tumbers of pixels of each color were

counted and the percentage of the picture’s arsacalaulated.

Satistics
The results were expressed as meanzstandard devistatistically analyzed by two-way
(blood pressure) or one-way ANOVA with Keuls-Neumdest. Values with p<0.05 were

considered significant.

Results

Left ventricular hypertrophy and blood pressure

Blood pressure of the rats was not significantffedent between the groups at the beginning
of the experiment. Indapamide and captopril andpaanide together with captopril
significantly decreased the blood pressure risa filte second week of treatment when
compared with the group receiving L-NAME only. Frane fourth week significant decrease
of the blood pressure rise was achieved by admatigh of all tested compounds and their
combination (Fig. 1 and 2).

The body weight (BW) was not changed in comparisaime control in any of the groups
except for the animals receiving captopril and pataide with a significant decrease of BW.
Left ventricular weight and ventricular weight/bodgight ratio were increased significantly
in rats receiving L-NAME when compared to contarjy administration of Provinol¥

caused no significant decrease of these paran{@iaios 1).

Myocardial fibrosis



Changes of myocardial fibrosis can be shown omlugical pictures where red to yellow
fibers represent collagen type |, green fibers sbollagen type lIl.

When digitally processed and statistically evaldateould be seen that administration of L-
NAME resulted in a 73% increase of collagen typertent in the myocardium when
compared to control (p < 0.001). Col | was not tlby indapamide or captopril in
comparison to L-NAME only, but their combinatiors, @ell as Provinol®" with and without
indapamide resulted in a significant decreaselafive content of collagen type | in
myocardium when compared to the L-NAME group (p.80Q for all mentioned, data not
shown).

Collagen type Il was increased by 54% after adstiation of L-NAME (p <0.05) and
interestingly, the addition of indapamide causédrtiher increase of Col Ill when compared
to the control (p < 0.001 vs. control), but thisinge was not significant versus the L-NAME
group. No other of the tested substances or combitsacaused significant changes in
collagen type Il in comparison to the control loe £.-NAME groups (data shown).

The total myocardial fibrosis increased by 63%rafteonic administration of L-NAME
(compared to Con). Neither indapamide nor captepgile able to influence the effect of L-
NAME significantly, however, their combination caalsa decrease of total fibrosis by 48%.
Significant decrease of total fibrosis was obseier simultaneous administration of
Provinols™, 42% without and 53% with indapamide in comparisothe L-NAME group
(Fig. 3).

Collagen type I/1ll ratio was not changed afteractic administration of L-NAME. All tested
compounds added to L-NAME caused a significantetes® of the Col I/11l ratio in
comparison to both, the control and the L-NAME grdp < 0.05 for all groups except

Provinols™ + indapamide where p < 0.001; data not shown).



Discussion

Experimental hypertension produced by chronic atstration of L-NAME resulted in
increased blood pressure, left ventricular hypeftyo increased content of Col I, Col Il and
total fibrosis in the myocardium, but not in theange of Col /11l ratio. Similar effects on
blood pressure, left ventricular hypertrophy antdltoyocardial fibrosis were reported after
chronic administration of L-NAME at even lower deg®echanovet al. 1999). However,
the effect of L-NAME on the two types of collagemdaheir ratio in the heart has not yet
been described.

Regarding the process of fibrosis and myocardipenyophy the role of both NO and the
actual level of blood pressure is still disputalemparable changes in the heart can be seen
in spontaneously hypertensive rats that have isecearoduction of NO (Janeggal. 2007)
and in L-NAME treated rats with NO deficiency. Evagministration of L-arginine was not
able to prevent the myocardial remodeling in L-NAMEated rats (Simket al. 2005).

In our study all the investigated substances dserkthe blood pressure but their effects on
the evaluated parameters in the heart tissue vegigble. These results are in concordance
with those obtained in L-NAME induced hypertenséomd in SHR obtained by others
(Kobayashiet al. 2000, Inne®t al. 1998, Varaet al. 2000), as well as in patients with
hypertension (Gottdienet al. 1997). This suggests the existence of other impofactors
influencing the heart muscle that are relativelalsolutely independent on NO or on the
actual level of blood pressure.

Administration of indapamide alone causes reduatiotme blood pressure, regression of the
left ventricular hypertrophy and a decrease inQbel/IlI ratio, but does not contribute to the
decrease of the total fibrosis and relative contétihe collagens in L-NAME induced

hypertension. These results differ from those olet@in SHR where indapamide reduces the
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total myocardial fibrosis, but has no effect on tllagen type /11l ratio and its effect was
independent on NO synthase activity (Janetgd. 2007, Nguyeret al. 1998).

Myocardial parameters in spontaneously hypertensitee(Nguyeret al. 1998) after captopril
administration were similar to those observed aftdapamide treatmerDifferent results,
however, can be seen in SHR and in humans afteriAkiBitor (lisinopril) treatment. While
lisinopril causes regression of myocardial fibraeiSHR, in humans it had no effect on the
heart hypertrophy (Serafiet al. 1998).

Surprisingly, combination of captopril and indapdmis able significantly to reduce the total
fibrosis and the Col | content. These results iaic¢hat prevention of myocardial fibrosis
and hypertrophy seems to be dependent on moreoti@pathway and that oxidative stress
may be one of the contributing factors. Both indajoke and captopril are known to have
antioxidant properties (Kojsowt al. 2006), which are probably insufficient to decretse
myocardial fibrosis when administered singly, ie @mplementary after the combination.
The combination of indapamide and captopril wasashto exert additive effects in SHR,
increasing NOS activity, eNOS protein expressioth@aorta and decreasing conjugated
dienes concentration in the kidneys, in contragth wionotherapeutic application (Vrankova
et al. 2009). As for the body weight loss after the camakibn of indapamide and captopril,
this effect of indapamide or captopril has beemreg (Machova 1988, Weisingetral.
2009). In our experimental settings it was demastt that combination of these drugs
potentiated their lowering effect on the body weighich was not significant when given
individually.

The multifactorial genesis of the myocardial fiksoand hypertrophy is also supported by the
results obtained by the administration of red wer&act Provinol8”. Singly administration
of red wine polyphenols is able to decrease thedpwessure in L-NAME induced

hypertension, reduces the relative content of tlagen type | together with the total fibrosis
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and the collagen type I/1ll ratio. Red wine polypbks are well known to possess antioxidant
properties and enhance plasma antioxidant cap@atiertet al. 2002). They also modulate
the activity and expression of NO synthases (Kial. 2006, Diebolet al. 2001), influence
prostaglandins secretion and cyclooxygenases esipre@aket al. 2004) and inhibit the
synthesis of MMP-2 (Vergelgt al. 1998), which is elevated in patients with heaittife
(Altieri et al. 2003). Presumably, captopril or indapamide caaffect all these pathways
alone as the red wine polyphenols but they gaiselabilities after their combination.

On the other hand, red wine polyphenols alone aralple to influence the LV hypertrophy
that obviously develops independently on myocarbabsis. But the combination with
indapamide provides this additional effect and lteso general improvement of the
described myocardial parameters.

In conclusion, our results indicate that administraof indapamide is able to prevent the
increase of blood pressure and the myocardial tyyery but has insignificant effect on
myocardial fibrosis. This limitation can be avoidegadding captopril or Provindl4 to the
treatment. Such combinations have the ability avent the myocardial fibrosis possibly
through various pathways including the enhancermkanhtioxidant properties and the
influence on nitric oxide synthesis. These resuléy contribute to the ongoing intense search
for the optimal antihypertensive therapy schemek pieventive effect on myocardial
remodeling.
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Table 1.

Body weight, left ventricular weight and relative left ventricular weight after 7 weeks of

administration of N(G)-nitro-L-arginine methyl ester (L-NAME)

Body weight: BW (g) Left ventricular weight: Relative left ventricular

LVW (mg) weight: LVW/BW (mg/qg)

Con 341 +7 465 + 29 1.36.87

L 349 +10 536 + 20 1.54 +0.06

LI 334 +15 441 + 17 * 1.35+0.08 *
LC 339+6 408 +4 * 1.21+0.03*
LCI 305+16* 405+£5* 1.29+05*

LP 352 £13 500 + 24 1.43 +0.08
LPI 346 + 15 420+ 5* 1.23+0.07*

L-NAME (L) and indapamide (LI), or captopril (LC¢pmbination of indapamide and
captopril (LCI), or red wine polyphenols (LP), comdtion of indapamide and red wine
polyphenols (LPI). Numbers represent the averagieevaSD." p < 0.05 vs. control (Con), *

p<0.05 vs. L.
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Figure legends:
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Figure 1: Blood pressure during simultaneous administradiot-NAME (L) and
indapamide (LI), or captopril (LC), or combinatiohindapamide and captopril (LCI) for 7
weeks. Control is labeled as Con. Numbers reprékerdverage value + SDp < 0.05, **

p<0.01, *** p<0.001 vs. L-NAME group (L).
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Figure 2: Blood pressure during simultaneous administratiob-NAME (L) and
indapamide (LI), or red wine polyphenols (LP), onthination of indapamide and red wine
polyphenols (LPI) for 7 weeks. Control is labelesdGon. Numbers represent the average

value + SD. p < 0.05, ** p<0.01, *** p<0.001 vs. L-NAME groug.}.
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Figure 3: Myocardial fibrosis after 7 weeks of simultaneadsninistration of L-NAME (L)

and indapamide (LI), or captopril (LC), or combioatof indapamide and captopril (LCI), or

red wine polyphenols (LP), or combination of indiayide and red wine polyphenols (LPI).

Control is labeled as Con. Numbers represent theage value = SD.j < 0.05, ** p<0.01,

*** n<0.001 vs. L-NAME group (L).



