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Effects of Losartan on Ventricular Remodeling in
Experimental Infarction in Rats

Leonardo A. M. Zornoff, Luiz S. Matsubara, Beatriz B. Matsubara, Sergio A. R. Paiva, Joel Spadaro
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Objective— To evaluate the effects of losartan on ven-
tricular remodeling and on survival after myocardial
infarction in rats.

Methods — After surgical occlusion of left coronary
artery, 84 surviving male Wistar rats were divided into two
groups: LO treated with losartan (20mg/kg/day, n=33)
and NT (n=51), without medication. After 3 months, we
analyzed mortality; ventricular to body mass ratio (VM /
BM); myocardial hydroxyproline concentration (HOP);
isovolumetric pressure, +dp/dt, -dp/dt, and diastolic volu-
me/left ventricle mass ratio (VO/LV).

Results — Mortality was: LO = 22%, and NT = 47%
(p<0.05). Ventricular mass,(VM/BM, mg/g) was 4.14 +
0.76 and 3.54+0.48, in the NT and LO groups, respectively
(p<0.05). HOP (median) was 4.92 Vg/mg in the LO and
5.54 vg/g in the NT group (p>0.05). The VO/LV values
(median) were 0.24 mL/g in group LO and 0.31 mL/g in
group NT (p<0.05) compared to NT group. There were no
differences between the groups for +dp/dt and -dp/dt
parameters.

Conclusion — I- The use of losartan myocardial
infarction causes an attenuation of ventricular remode-
ling, bringing about an increased survival, an attenua-
tion of ventricular hypertrophy and dilation, and an im-
provement of the isovolumetric pressure; 2- the treatment
does not modify the myocardial collagen concentration.
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Thealterationsof ventriclearchitecturethat may occur
after acutemyocardial infarction areknown asventricular
remodeling . Following the coronary occlusion, an acute
ventricle dilation can be observed, characterized by thin-
ning and distention of theinfarcted region. Thisalterationis
calledanexpansion of theinfarctionandisaresult of thedli-
ding of necrotic musclegroups, asaconsequence of thedi-
sintegration of interfibrillar collagen. Inthelate phase, dif-
ferent degreesof cavitary dilation havebeen observed. This
phenomenon isaresult of the hypertrophy processinvol-
ving both ventricles, and seemsto occur asaresponsetoan
increaseof parietal stress. Inparalld, it hasbeen shownthat
an abnormal accumulation of collagen (fibrosis) occursin
theviableregionsof themyocardium, bothintheventricle
withtheinfarctionandintheright ventricle.

Theprocessof ventricular remodelingisassociatedin
general with aworse prognosis, because its presenceis
related to agreater incidenceof aneurysms, cardiac rupture,
fibrosis, functional worsening, arrhythmia, and agreater
mortality 2. Different classes of drugs have beenused asa
strategy for the prevention or attenuation of ventricular re-
modeling. Over thelast few years, theuse of angiotensin-11
AT -receptor blockershasbeenincreasingly well accepted
for cardiovascul ar diseasestrestment. However, theeffects
of thisnew classof drugs on the adaptation processfollo-
winginfarct arenot yet completely clear.

So, the abjective of this study wasto analyze the ef-
fects of losartan, aselective angiotensin-11 AT, -receptor
blocker, onthevariablesof ventricular remodeling after acu-
temyocardia infarction.

Methods

Weused 238 maleWistar rats, wei ghing 200-250g, ob-
tained fromthe UNESP CampusBotucatu animal facility.

An acute myocardia infarction was produced accor-
ding to apreviously described method®that isalready a
standard procedurein our laboratory *. Brief ly, after ether-
inhaed anesthesia, aleft thoracotomy was performed, bet-
weenthe4™ and 5™ intercostal spaces. Theheart wasexte-
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riorized by lateral compression of the chest, and theleft co-
ronary artery ligated with apolyvinyl thread (5-0, Ethicon)
at approximately 2mmfromitsorigin, betweentherim of the
|eft atriumand the pulmonary artery out flow. Thentheheart
was quickly replaced in the chest cavity, the chest closed,
and the animals were kept in cages for recovery. Therats
werefedwith commercial food and had freeaccesstowater.

After 12 hours, corresponding to the period set by us
for surgical recovery, thesurviving animals(n=84) constitu-
ted 2 groups: group NT (n=51): formed by theanimalswith
infarction who did not receive any medication; group LO
(n=33) formed by theanimalswithinfarctionwhoreceived,
starting 12 hoursafter surgery, losartan (20mg/kg/day) dis-
solvedindrinking water, over athree-month period. Body
weight and themean volume of water intake by theanimals
were measured weekly to adjust the drug dilution in the
drinking water and attain thedesired dose.

After thedivision into groups, the animalswere put
under observation, and mortality in the two groups under
study wasrecorded. After threemonths, the surviving ani-
mals(27ingroupNT, 26ingroup L O) weregivenintraperito-
neal sodium pentobarbital (50mg/kg) and heparin (10001U)
and ventilated with positive pressureand 100% oxygen. Af-
terwards, the chest was opened, the carotidsligated, and
the aortacatheterized with a# 5 metal cannula, starting the
retrogrademyocardial perfusionwithKrebs-Henseleit nu-
trient solution Thefollowing solution (inmmol/L) wasused:
115NaCl;5.4KCl; 1.2MgSO,; 1.5CaCl.; 1.15NaH,PO,; 25
NaHCO,; 11 glucose. (10UI/L) insulinand mannitol (8-mol/
L M) were added to this solution, to ensure better myo-
cardial preservation . Heartswerethen removed from the
chest and placed in adevice for the study of isolated
hearts, size 3type830 (Hugo SachsElectronic- Germany),
withaconstant perfusion pressureof 75mmHg. Thenutrient
solution was continuously oxygenated with a95% O, and
5% CO, gas mixture, keeping the partial oxygen pressure
between 500 and 600mmHg, temperatureat 37° C, pH betwe-
en7.3and7.4. Theleft atriumwasopened and the apex of the
left ventricle punctured with aneedl e, to drainthe ventricu-
lar cavity, preventing theaccumulation of fluidinsideit. A
latex balloontied to aPE 90 polyethylenetubewasplacedin
theventriclecavity. Theother extremity of the polyethylene
tube was connected to athree-way stop cock, oneof which
was coupled to apressure transductor (Statham P23 XL )
andtheother onetoal-mL syringethat allowed avariation
inthevolumeof theintracavitary balloon. Theright atrial
muscul ature, comprising thesinoatrial nodule, wasextirpa
ted and theelectrode of an artificial pacemaker placedinthe
right ventriclemyocardium, tomaintain artificially aheart
rate between 240 and 250bpm.

By meansof thepreparation described above, Starling
curveswere obtained with fluid infusion into the balloon,
which allowed variation of thediastolic pressure of theleft
ventriclefrom 0to 30mmHg through gradual incrementsof
5mmHg, whereby the systolic pressure corresponding to
each volumevariation wasrecorded. |nsuch preparations,
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inwhich the heart operatesinisovolumetric contractions,
systolic pressureisaccepted asan indication of contractili-
ty. Themaximal rate of riseof | eft ventricular pressure (+dp/
dt) and themaximal rate of decreaseof left ventricular pres-
sure (-dp/dt) werea so recorded. Theseindexeswere used
respectively asparametersof theleft ventriclesystolicand
diastolicfunction. Thecalibrationfactor of theleft ventricle
derivative was obtained according to the technique used
by MouraCampos®.

After the functional study, the heartswere removed
fromthe perfusion device, dried withfilter paper, and then
dissected. Theright andleft ventricles(including theinter-
ventricular septum) were weighed and prepared for mor-
phometric analysis. The heart weight, as adjusted to the
rat’ sbody weight ratio (VM/BM), wasused for theestimate
of the degree of ventricular hypertrophy. The ventricular
volume corresponding to adiastolic pressureequal to zero
wascalled V0 and reflected theventricular volumewhenthe
preload wastheoretically null. TheratebetweenVOandthe
left ventricle weight ratio (VO/LV, (mL/g) wasused asa
parameter of ventricular dilation.

Theheartswerefixedinal0%formaldehydefor mar-
phometric study. Measurementswere performedin section
5 to 6mm from the apex to the base because this section
reflected the mean value of the section resultsof thewhole
ventricle”®, The myocardial tissue obtained was stained
with hematoxylin-eosin (HE) and used for morphometric
analysis, carried out by measuring the epicardial and
endocardial lengths of the segments with and without
infarction, using an image analyser software (SigmaScan
(Jandel Scientific, California, USA). In this way, the
percentageof thelength of theinfarctionregionwithregard
tothetotal length of theleft ventriclewasobtai ned.

The degree of myocardial fibrosiswas quantified by
hydroxyprolinedosageintheright ventricle, according to
thetechniquedescribed by Switzer °. Theremodeling pro-
cessoccursinthewholeheart, sothat thevolumeoverload,
aswell as hormone stimuli such as the activation of the
renin-angiotensin-aldosterone and adrenergic systems,
operatesin auniformmanner in both ventricles. Thepre-
sence of alargescar region, aresult of themyocardial in-
farction, makesthe hydroxyproline quantification of the
left ventricle becomeaninadequate index for themeasure-
ment of myocardial remodeling, becausefibrosisisdiffuse
all over the entireleft ventricle. We therefore resorted to
the measurement of hydroxyprolineintheright ventricle
asanindex of interstitial fibrosis, inresponseto alocal or
systemic humoral stimulus secondary to acute myocardial
infarction.

Inthestatistical study, weused surviva analysis(Kaplan
Meyer curve) for mortality; the differences between curves
were analyzed by the L og-Rank test and by the COX regres-
sionmodd. For thesystolicfunction (SPand +dp/dt) and (-dp/
dt) and cardiac hypertrophy (VM/BM)weusedtheStudent’s
ttest. For thediastolic function (-dp/dt), fibrosis (HOP), and
ventricular dilation (VO/LV), weusedtheMann-Whitney test.
Thelevd of Sgnificanceused was5%.
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Results

Dataonmortality arepresentedinfigure 1. Withinthe
three-months observation period, mortality in the studied
groupswas22%for theanimalsingroupLOand47%for the
animalsingroup NT. Therisk ratio between thetwo groups
was2.008 (p<0.05).

Figure 2 shows the results of the functional study,
using systolic pressure asacontractility indicator. Wecan
see that systolic pressure in group LO was statistically
greater than the pressuresobtained in group NT (p<0.05).
Withregard to +dp/dt, we can seethat theanimal sin group
LO had a performance that was not statistically different
fromthat of theanimalsingroup NT (fig. 3). Similar results
wereaobservedwithregardto-dp/dt (fig. 4).

Tablel showsthe morphometric resultsof theanimals
of groupsL O and NT. Regarding the estimate of cardiac
hypertrophy, wefound asmaller VM/BM ratioinanimals
treated withlosartan (3.54+0.48mg/g) ascompared with that
inuntreated animals(4.14+0.76mg/qg).

For the HOP concentrations showed no significant
differences between.

The dataon intensity of ventricular dilation showed
that theanimalsingroupLOhadalower VO/LV ratiothanthe
animalsingroupNT.

Concerninginfarct Sze, theanimastreated withlosartan
had an infarct size (39.5+6.2%) that was not statistically
different fromthat of theuntreated animal s(36.65+7.8%).

Discussion
Theresultsof thisinvestigation stressed the benefici-

al effect of losartan use on several variables of ventricular
remodelinginrats, after myocardial infarction.
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Fig. 1 - Effect of losartan treatment on the percentage of survival of rats with
infarction. Kaplan-Meyer analysis followed by Cox-Mantel’ s log-rank test.
*p<0.05.

Zornoff et al
Losartan on ventricular remodeling

Limited informationisavail able about angiotensin-I1
AT -receptors actionon mortality, after experimental acute
myocardial infarction. Thus, Richer-Giudicelli et al. 1°
proved that irbesartan admini stration increased the survival
of rats with myocardial infarction in a dose-dependent
manner. Milavetz et a.  using the same model found that
the administration of losartan had the same impact on
mortality ascaptopril. Huet a. 2, on the other hand, found
no evidence of a protective effect of losartan on the
mortality of rats, after eight weeks of treatment following
experimentd infarction.

Inour study, theresult of |osartan administration was
anevidentreductioninmortality. Therisk ratio, which defi-
nes the probability of death between the study groups,
showed that the probability of dying of an untreated animal
was 100% greater thanthat of atreated animal.

Theestimation of cardiac hypertrophy, by ventricular
weight and body weight ratioisusedin several experimental
models. After coronary occlusion, aninflammatory process
setsinontheinfarctionregion, and afterwardsafibrousscar
replacesthisregion. Intheright ventricleandintheregions
without infarction of theleft ventricle, myocytegrowthand
collagen clumping occur. Sotheincreasein ventricular mass
doesnot reflect exclusively the hypertrophy process. Des-
pite these limitations, the VM/BM rate is accepted in the
literatureasaparameter of cell growthinthismodel >, In
our study, losartan administration attenuated the degree of
adaptive post myocardial infarction hypertrophy, ascom-
pared with notreatment. Other authors haveidentified ade-
creasein of the hypertrophy process after infarction, with
angiotensin-11 AT -receptors, **°, resultsthat support our
findings. Inour research, we cannot disregard the possi bili-
ty of hypertrophy attenuation being also influenced by the
decrease of the afterl oad in responseto the hypotensive ef-
fect of losartan.

Oneof themain characteristicsof ventricular remode-
ling after acutemyocardial infarctionisthepresenceof ven-
tricular dilation. During theacute phase, thisprocessisare-
sult of infarct expansionwhereasthelate ventricular dilation
of theleft ventricleisaconsequence eccentric type of ven-
tricular hypertrophy.

Our results show that, ascompared with the untreated
animals, thetreated animal shad smaller ventricular volumes,
asnormalizedfor mass. Thisfactindicatesthat thetreatment
with losartan atenuates of the ventricular dilation after the
ischemicinsult.

Withregardtotheestimate of myocardial fibrosis, we
used the concentration of HOPintheright ventriclea. Al-
thoughitisanindirect method, HOP concentratonisaccep-
ted asaindex of collagen quantity 18, Milanez et al. ¢,
workingwithinfarctioninratstreated with captopril, obser-
ved that the hydroxyproline concentrationintheright ven-
tricleandinanoninfarcted region of theleft ventricle sho-
wed alinear and positive correlation withthesizeof thein-
farct. In thismodel, the finding of infarcts affecting the
wholefreewall of theleft ventricleisnot rare. Thus, arisk
existsthat parts of the necrotic areawill influence the
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Fig. 2—Graphic representation, of theindividual curvesand of the means+ standard deviations, of the rate between isovolumetric systolic pressure and diastolic pressurein the
groups of untreated rats and of losartan (20mg/kg/day)-treated rats with infarction. * p<0.05.
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Fig. 3—Graphic representation, of theindividual curves and of the means+ standard deviations, of the rate between +dp/dt and the diastolic pressure of untreated and losartan
(20mg/kg/day)-treated rats with infarction.
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Fig. 4—Graphic representation, of theindividual curvesand of the means+ standard deviations, of the rate between -dp/dt and the diastolic pressure of untreated and |osartan (20mg/

kg/day)-treated rats with infarction.

Table I - Morphometric data in the groups of untreated rats (NT)
and of rats treated with losartan 20mg/kg/day (LO)

Variable Group

NT LO
VM/BM (mg/g) 4,14 + 0,76 3,54 + 0,48*
VOLV (ml/g) 0,31 (0,29 - 0,36) 0,24 (0,20 - 0,34)*
HOP (mg/g) 5,54 (3,34 - 7,49) 4,92 (419 - 5,79)
Infarct size (%) 36,65 + 7,8 395+62

VM/BM- ratio between heart mass and body mass of therat; VO/LV- ratio
between the ventricular volume corresponding to a diastolic pressure
equal to zero and the weight of the left ventricle; HOP- hydroxyproline
concentration in the right ventricle; VM/BM and infarct size — mean
values + standard deviation. VO/LV and HOP - median values, with 25%
and 75% percentiles. *p<0.05 vs NT.

dosagesperformedinthenoninfarcted region. Therefore, in
our study, wedecided not to consider theleft ventricleHOP
dosages.

Despiteall evidencethat fibroblast activity isregula
ted by A-I1 and by aldosterone %, the capacity of the A-I1
AT -receptorstointerfereinthefibrosisprocessisstill con-
troversial. Someauthors®* havefound adecreaseintissue
fibrosiswith this class of drugs whereas others havefound
no evidence of treatment interfering with theintensity of

fibrossindifferent experimental models'>,

Inour study, wefound no differencesin HOP concen-
tration between the two groups. So our results suggest
that, in thismodel, losartan does not interfere with the
amount of collagen.

Asfor thefunctional study, our datawerenot uniform.
Theratstreated withlosartan had better performance com-
pared with the untreated animals, when systolic pressure
wasconsidered asanindex. No significant differences, ho-
wever, occurred regarding +dp/dt and -dp/dt. Our data
agreewith previousstudies, wheretheinterference capacity
of the A-I1 AT -receptor blockerswith the functional per-
formance depended on the variable used 1242,

All together, our results allow usto draw thefollo-
wing conclusions: 1) the use of losartan after acute myo-
cardial infarction isaccompanied by achangein ventri-
cular remodeling, with anincreasein survival, an atte-
nuation of cardiac hypertrophy and of ventricular dilation.
Treatment doesnot interferewith theamount of collagen
measured intheright ventricle; 2) the capacity of losartan
to interfere with ventricular function depends on the pa-
rameter used, with relevance only concerning theisovo-
lumetric systolic pressure.

Acknowledgements

ToMrs VaériaMariaRicardli deOliverafor her colla-
boration.

469



Zornoff et al
Losartan on ventricular remodeling

10.

11.

12.

13.

References

Pfeffer MA, Braunwald E. Ventricular remodeling after myocardia infarction: ex-
perimental observationsand clinica implications. Circulation 1990; 81: 1161-
72.

Pfeffer MA, Braunwald E. Ventricular enlargement following infarctionisamo-
difiable process. Am JCardiol 1991; 68: 127D-31D.

Maclean D, Fishbein MC, Maroko PR, Braunwald E. Hyal unonidase-induced
reductionin myocardia infarct size. Science 1976; 194: 199-200.

Spadaro J, Hashimoto LM, Franco RSS, Bregagnollo EA, Tucci PJF. Efeito daad-
ministraggo préviade amiodaronanaincidénciaprecoce defibrilago ventricular
duranteisquemiamiocardicaexperimental. Arq Bras Cardiol 1984; 42: 25-9.
Zornoff LAM, PaivaSAR, TorneroMTT, CarvalhoMSS, Tucci PJF. Influénciado
acréscimo de manitol &solugdo nutriente no desempenho mecanico eno grau de
edema miocérdico de coragdes isolados de ratos. Arq Bras Cardiol 1995; 64:
225-9.

MouraCampos CF°. A contraco i sovolumétricado ventricul o esquerdo naeste-
nose adrtica. Tese - Escola Paulistade Medicina - Sao Paulo, 1968.

Spadaro J, Fishbein MC, Hare C, Pfeffer MA, Maroko PR. Characterization of
myocardia infarctsin therat. Arch Pathol Lab Med 1980; 104: 179-83.

Oh B-H, Ono S, Rockman HR, Ross JJr. Myocardia hypertrophy intheischemic
zoneinduced by exercisein rats after coronary reperfusion. Circulation 1993;
87: 598-607.

Switzer BR. Determination of hydroxiprolinein tissue. JNutr Biochem 1991; 2:
229-31.

Richer-Giudicdlli C, Fornes P, Cazaubon C, Nisato D, Giudicelli JF. Effectsof an-
giotensin [1 AT1 receptor blockade on survival, systemic and coronary hemody-
namics and cardiac remodeling in postischemic heart failureinrats. Circulation
1997; 96(suppl): 3605.

Milavetz JJ, RayaTE, Johnson CS, Morkin E, Goldman S. Survival after myo-
cardial infarctionin rats: captopril versuslosartan. JAm Coll Cardiol 1996; 27:
714-9.

Hu K, Gaudron P, AndersH-J, et al. Chronic effects of early started angiotensin
converting enzymeinhibition and angiotensin AT 1-receptor subtype blockade
inratswith myocardial infarction: role of bradykinin. Cardiovasc Res 1998; 39:
401-12.

RayaTE, Fonken SJ, LeeRW, et d. Hemodynamic effects of direct angiotensin||
blockade compared to converting enzymeinhibition in rat model of heart failure.
Am JHypertens 1991; 4: 3345-405.

470

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Arq Bras Cardiol
volume 75, (n° 6), 2000

Schiefer B, Wirger A, Meybrunn M, et al. Comparativeeffectsof chronicangioten-
sin-converting enzymeinhibition and angiotensin |1 type 1 receptor blockade
on cardiac remodeling after myocardial infarctionin therat. Circulation 1994;
89: 2273-82.

Taylor K, Patten RD, Smith JJ, et a. Divergent effects of angiotensin-converting
enzymeinhibition and angiotensin I1-receptor antagonism on myocardial cellu-
lar proliferation on collagen disposition after myocardial infarctioninrats. JCar-
diovasc Pharmacol 1998; 31: 654-60.

Pfeffer MA, Pfeffer M, FishbeinMC, etd. Myocardia infarct sizeand ventricular
functioninrats. Circ Res 1979;44: 503-12.

Mill G, Milanez MC, Busaito VC, MoraesAC, GomesMG. Ativagdo daenzima
conversorade angiotensinano coragdo apésinfarto do miocardio e suas repercus-
sdes no remodel amento ventricular. Arq Bras Cardiol 1997; 69: 101-10.

Litwin SE, Litwin CM, Raya TE, Warner AL, Goldman S. Contractility and stif-
fnesof noninfarcted myocardium after coronary ligationin rats. Effects of chronic
angiotensin-converting enzymeinhibition. Circulation 1991; 83: 1018-37.
Milanez MC, Gomez MGS, Vassalo DV, Mill JG. Effectsof captopril oninters-
ticid collageninthemyocardium after infarctioninrats. JCard Fail 1997; 3: 189-
97.

BrillaCG, Zhou G, Matsubara L, Weber KT. Collagen metabolismin cultured
adult rat cardiac fibroblasts: responseto angiotensin |1 and aldosterone. JMol
Cell Cardiol 1994; 26: 809-20.

Frimm CC, Sun'Y, Weber KT. Angiotensin 11 receptor blockade and myocardial fi-
brosisof theinfarcted rat heart. JLab Clin Med 1997; 129: 439-46.

Tha HM, VanHT, GabalaMA, Goldman S, RayaTE. Effectsof AT 1 receptor blo-
ckade after myocardial infarct on myocardial fibrosis, stiffnes, and contractility.
Am JPhysiol 1999; 276: H873-80.

KandaT, Araki T, NakanoM, et d. Chronic effectsof losartaninamurinemode of
dilated cardiomyopathy: comparison with captopril. J Pharmacol Exp Ther
1995; 273: 955-8.

Y oshiyamaM, Takeuchi K, AmuraT, et d. Effectsof candesartan and cilazapril on
rats with myocardial infarction assessed by echocardiography. Hypertension
1999; 33: 961-8.

Ambrose J, Pribnow DG, Giraud GD, Perkins KD, Muldoon L, Greenberg BH.
Angiotensin type 1 receptor antagonism with irbersartan inhibits ventricular
hypertrophy and improves diastolic function in the remodeling post-myocar-
dial infarction ventricle. J Cardiovasc Pharmacol 1999; 33: 433-9.



