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Enalapril Altersthe Formation of the Collagen Matrix in
Spontaneously Hypertensive Rats
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Obj ective—To assessthe effect of theinhibition of the
angiotensin-converting enzyme on the collagen matrix
(CM) of the heart of newbor n spontaneously hypertensive
rats (SHR) during embryonic devel opment.

Methods — The study comprised the 2 following
groupsof SHR (n=5 each): treated group—ratsconceived
from SHR femal estreated with enalapril maleate (15 mg.
kgt.day?) during gestation; and nontreated group — offs-
pring of nontreated femal es. The newbor ns wer e euthani-
zed within thefirst 24 hours after birth and their hearts
wereremoved and processed for histological study. Three
fieldsper animal wereconsideredfor computer-assisted di-
gital analysis and deter mination of the volume densities
(V,) of the nuclei and CM. The images wer e segmented
with the aid of Image Pro Plus® 4.5.029 software (Media
Cybernetics).

Results - No difference was observed between the
treated and nontreated groupsin regard to body mass,
cardiac mass, and the relation between cardiac and body
mass. Asignificant reductionintheV, [ matrix] and a con-
comitant increasein the V [ nuclei] were observed inthe
treated group as compared with those in the nontreated

group.

Conclusion - Thetreatment with enalapril of hyper-
tensive rats during pregnancy altersthe collagen content
and structure of the myocar dium of newborns.
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Thequantitativeand qualitative expression of theex-
tracellular matrix (ECM) isparamount for cardiacfunction®.
Incloserelationwith thecellular compartment, thecompo-
nentsof theextracellular matrix arecritical for transmitting
informationfromtheextracellular mediumto cardiomyocy-
tes2. Theinteraction betweenthecellular compartment and
the cardiacinterstitium occursin responseto the physiolo-
gical stimuli of normal development andinoverload condi-
tions, when the disproportional growth of the cellular and
extracellular componentsisthebasisfor theventricular dys-
function seen in pathological myocardial hypertrophy *.
Oneof thekey € ementsin understanding thisheterogeneous
patternof growthanditsdel eteriouseffectsoncardiacfunction
isthe quantitative and qualitative ateration in the collagen
matrix. Infact, theinterdtitia fibross, by determiningdterations
inthemyocardia physical structure, adversely affectsventri-
cular function even when the hypertrophied cardiomyocytes
till preservethe capacity of contraction®”.

Thetypel and 11 collagensproduced by fibroblastsare
themajor components of the myocardial collagen matrix 8,
whosedevelopment isregul ated by several growthfactors.
Some studieshave pointed out angiotensin || asamediator
of thegrowth of thecollagen matrix that caninducethe pro-
liferation of fibroblastsandtheincreaseinthecollagen syn-
thesisby fibroblasts . Recently, AT1 and AT2 receptors
for angiotensin |l wereidentifiedinthefetal cardiactissue
drawing attention to the possibility that that hormone may
regul ate the expression of the myocardial collagen matrix
fromtheearliest stagesof cardiac embryonicformation 214,

This study was designed to test the hypothesis that
theinhibition of theangiotensin-converting enzyme (ACE)
during thegestational period caninterferewith myocardial
morphogenesis by attenuating the content of the collagen
matrix.

Methods
Thisstudy abided by the Guidefor the Careand Use of

L aboratory Animal spublished by theUSNationa Institutes
of Health (publicationn® 85-23, revisedin 1985). Westudied
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newborn rats generated from spontaneously hypertensive
femalerats(SHR) maintainedinthevivariumof thelaborato-
ry of cardiovascular morphometry and morphology of the
Instituto de BiologiaRoberto AlcantaraGomesof theUni-
versidadedo EstadodeRiodeJaneiro (IBRAG/UERJ). The
pregnant femal eswere maintainedin polypropylene cages
under controlled temperature (21+1°C) and humidity
(60+£10%) conditions, with day—night cycles of 12 hours
(withartificid illumination), and air exhaust (15min/h). The
newborn animalsweredivided into 2 groups (n=5in each)
asfollows: treated group — femal estreated with enal april
maleate(15mg.kg.day?) dissolvedintodrinkingwater, ini-
tiated during the mating period and maintained until the
birth day; and the nontreated group. The newbornswere
analyzed (measurement of body and cardiac masseswitha
0.001g-precision scale) and euthanized within thefirst 24
hoursof lifeby decapitation.

Theheartswereremoved, immediately fixed by immer-
sioninaBouin solution for 48 hours at room temperature,
and processed for inclusion in Paraplast plus® (SigmaCo.,
StLouis). Threemm-thick sectionswerestained with Picro-
Siriusred to be studied with light microscopy. The slides
wereanayzed (3fieldsper anima) onalL eicaDMRBE® mi-
croscope coupled with a Kappa® camera under polarized
light, and theimagesweredigitalized for computer-assisted
analysis. The images captured were semi-automatically
segmented to determinethevolume densitiesof nuclei (V,
nucleus) and collagenmatrix (V matrix) withtheaid of Ima-
geProPlus4.5.029 software (MediaCybernetics).

Thebiometric differencesof thenewbornsweretested
with the Student t test (nonpaired). The stereological data
wereanalyzed withthenonparametric K olmogorov-Smirnov
test. Thestatistical significancelevel of 0.05wasadopted °.
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Results

Theresultsare shownintablel and figures1to 3. No
difference was found between the treated and nontreated
groupsinregardto body mass, cardiac mass, andtherelation
between cardiac and body masses. A significant reduction
inV [matrix] and aconcomitantincreaseinV [nuclei] were
observed in the treated group as compared with those in
thenontreated group (figs. 1 and 2). The study of the colla-
gen matrix with light microscopy stressed the differences
between thegroupsof SHRsmainly with the use of polari-
zedlight, which showed agreater amount of collagenfibers
inthe newbornsof the nontreated group (fig. 3).

Discussion

Angiotensinll playsanimportant roleintheregulation
of myocardia remodelingin responseto overload conditions,
such asin hypertensive disease of the heart and in the
remaining portionsof the heart suffering an acute myocar-
dial infarction 6. In hypertrophied hearts, although the
cardiomyocytes preserve their capacity for contraction,
the myocardium frequently exhibits striking functional

Tablel - Body mass (BM) and cardiac mass (CA) of treated (T) and
untreated (UT) SHR. NSindicate non-siginificant, p isthe probability of
thedifferenceto bedifferent from zero (Student nonpaired t test).

Dates Groups p
uT T

BM (g) 45+08 48+1.0 NS

CM (mg) 37.0+26 39.0+4.4 NS

BM/CM (mg/g) 85+14 8.6+1.9 NS

and D from dams treated with enalapril maleate during gestation. A and C were obtained on bright field, B and D were obtained under polarized light. Polarized light stressthe
myocardial collagenfibersin untreated animal s (yellow-red shine) and the decreasein collagen matrix in newboard from treated dams (bar=200pum).
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Fig. 2—Variation of thevolumedensity of collagen matrix in newboarn treated with
enalapril maleate during gestation (left) and untreated (right). Box-whisker graph
showing median and interquarter interval and upper and lower quarters. Difference
wassignificant.
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Fig. 3—Variation of thevolumedensity of nuclei in newboarn treated with enal april
mal eateduring gestation (left) and untreated (right). Box-whisker graph showing
median and interquarter interval and upper and lower quarters. Difference was
significant.

alterations?'’. This apparent paradox is understood when
analyzed considering the alterations observed inthe struc-
ture of themyocardial interstitium. The concentration and
organization of the components of the collagen matrix in-
fluence the physical characteristics of the cardiovascular
tissue. The development of heart failurein arterial hyper-
tensionisrelatedtothemyocardial fibrosisinexperimental
animal modelsand in studieswith human beings?.

The composition of the collagen matrix also affects
theway the cells perceive the forces applied to the tissue.
Myocardial stiffnessinfluencesthe degree of deformation
of thematrix inresponseto amechanical stimulus; thecellu-
lar alignment determined by the matrix defineswhich cell
portionswill beexposedto theforce. Throughthe cytoske-
leton, al cells, not only the cardiomyocytes and smooth
musclecells, can generatetension *°.

At least 5 types of collagen werefound in the heart.
Themost abundant aretypesl! and I 11, which together repre-
sent approximately 90% of cardiac collagen. Thefibroblasts
arethe cellsresponsiblefor the synthesis and breakdown
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of collagen. Collagen hasahigh proportion of hydroxypro-
line, anaminoacid presentinlow concentrationsinavery li-
mited number of other proteins. Thecontent of tissuecolla-
gen may be assessed through the measurement of the con-
tent of hydroxyproline®. Becausethey havediverse physi-
cal characterigtics, therelative proportion of collagentypes
I and I11 influencesthe propertiesof themyocardial tissue.
Typel collagenformsthick fibers, which arehighly resistant
totension, whiletypelll collagen, moreflexible, formsathin
net of fibrils. Together, both types are responsiblefor the
structure and distensibility of the normal heart . Three
other typesof collagenwereobservedintheheart. Types|V
andV areconstituentsof the basement membrane. TypelV
collagenwasimplicatedintheregulation of angiogenesisas
aconstituent of the basement membrane of neoformed ves-
sels?. Type VI isencountered in the interstitium together
with other fibrillary collagensand playsarolein theregu-
|ation of thesizeof thefiber.

The renin-angiotensin-al dosterone system has been
recoghized asakey element intheeventsculminatingwith
thedevel opment of myocardial fibrosis. Angiotensin|l can
stimul ate the synthesis of collagen by fibroblasts through
type AT 1 receptors. Angiotensin |1 alsoinhibitstheinvitro
activity of collagenase®. Itsaction on fibroblasts seemsto
bemodulated by cal cium. Theadministration of angiotensin
Il increases the concentration of intracellular calciumin
fibroblasts, an effect partially modul ated by insulin?. The
myocardial fibrosisinduced by angiotensin || and aldoste-
ronewas shown to beattenuated by the concomitant admi-
nistration of mibefradil, acal cium channel blocker 2.

Thepositiveimpact of thepharmacol ogical intervention
on myocardial remodeling has been shownin clinical stu-
dieswiththeuseof angiotensin-converting enzymeinhibi-
torsin human beingsexperiencing acutemyocardial infarc-
tion%®2*andin experimental essayswith different modelsof
hypertension. A recent clinical study assessing theeffect of
lisinopril in hypertensivepatientswith theechocardiographic
diagnosisof | eft ventricular hypertrophy evidenced on biop-
sy reported that the drug could cause regression of preexis-
ting fibrosis®. Similarly, the use of angiotensin-converting
enzymeinhibitorsin SHR resultedin attenuationand evenre-
gression of perivascular andinterstitial fibrosis?.

The recognition of the action of angiotensin Il inthe
genesisof thefibrosisthat accompanies pathol ogical myo-
cardia hypertrophiesindicatesthe possibility that thishor-
mone may a so beinvolvedintheregulation of the physio-
logical hypertrophy of myocardial growth and of theem
bryonic development of the interstitial matrix. Recent
studies have shown that AT1 and AT2 receptorsfor angio-
tensinll areexpressed very early infeta cardiactissue. The
high density of the receptorsfor angiotensin |1 in the em-
bryonic myocardium hasbeeninterpreted asevidencethat
angiotensin || playsaregulator rolein collagen expression
duringfetal development #. Thisfunction attributed to an-
giotensin |1 has been confirmed by experimentswith rats
treated with angiotensin-converting enzymeinhibitorsdu-
ring gestation, which resultedin abnormditiesintheforma-
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tionof theskull, long bones, vertebrae, and ribs?-¥. Our re-
sultsarein accordance with this point of view. In the pre-
sent study, theinhibition of theangiotensin-converting en-
zymeby theadministration of enalapril maleateduringthe
gestational period in SHR femalesresulted in the birth of
animals with lower volume density of the myocardial
collagen matrix as compared with that in the nontreated
group. Thisfinding suggeststhat the formation of the car-
diac collagen matrix ismodul ated from the earliest stagesof
development by the action of angiotensin Il and also the
formation of thecellular compartment.

Thick collagen fiberswere observed only inthe non-
treated group. Inthe group treated with enal april, however,
collagen synthesiswasnot entirely inhibited. These obser-
vations suggest that other regulators may beinvolved or
that fibroblasts may be activated by locally produced an-
giotensin 1. Asthe present study did not use the pharma-
cological blockade of AT1 and AT2 receptors, the hypo-
thesisof thelocal action of angiotensin |1 could not beruled
out as suggested in previous studies %2, Although pre-
vious studies using AT 1 receptor blockade have very
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consistently showntheir effect onthebuildup of fetal colla-
gen, aconcomitant role played by bradykininthat accumu-
latesduetotheaction of enalapril cannot beruled out. Bra-
dykinincanalter therenovation of collagen of fibroblastsin
culture®, Inaddition, bradykininisamediator of therelease
of prostaglandinsthat may stimulatefibroblast expression
and collagenase activity, which may increase collagen
breakdown and attenuate collagen buildup 3. Theestima-
tion of thefunctional impact of the phenotypicalterationin-
duced by enal april wasnot our objective. Alterationsindu-
cedvery early inembryogenesismay, theoretically, determi-
nepermanent alterationsin cardiac structure, such asvalvu-
lar malformations and septal defects, but thisinformation
can only be obtained through further observation of the
growth of animal skept aliveafter birth.
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