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For along time, the renin-angiotensin-aldosterone
systemwasconsidered acomponent of theendocrinesys-
tem becauseangiotensin|l, themain effector of thissystem
wasthought to begenerated exclusively inblood, thereafter
being distributedto all organsandtissuesby theblood flow
and becoming active on thosetargetsthat possessed the
appropriate receptorsfor this peptide. Recently though,
thismodel hadtoberevised, becauseit wasdiscoveredthat
al the components of thissystem, particularly angiotensi-
nogen, renin, and angiotensins| and |1, can also belocally
produced in several organsand tissues'?. Sincethisdisco-
very, angiotensin || hasal so been considered apeptidewith
paracrine, autocrine, or both paracrineand autocrineaction
inseveral placesinanorganism. Thustheconcept wasesta-
blished of the existence of several renin-angiotensin sys-
temsdistributed throughout different organs (heart, blood
vessels, adrenal marrow, central nervous system, and
others), whose actions complement those of the classical
renin-angiotensin-al dosterone system. Theimportance of
theselocal renin-angiotensin systems seemsto berelated
tothefact that they may haveadirect effect onlocal regula-
tion mechanisms. Thisdirect effect may contributetoagreat
number of slower progressing, yet longer lasting, tissue
homeostasis mechanisms, such ascell growth, theforma-
tion of tissue matrix, vascular proliferation, endothelium
function modulation, and the control of the apoptosispro-
cess, particularly during embryonic development.

Theangiotensin-convertingenzymekininasel | playsan
importantroleinthegenerationof angiotensinll, whoseaction
issystemic, because renin, whichisproduced in the jux-
taglomerular system, isreleased into the blood to act thereon
its specific substrate, angiotensinogen. By thisenzyme
reaction, angiotensin | isformed. The conversion of an-
giotensin| into angiotensin |1 iscarried out both by the an-
giotensin-converting enzyme<found in the vascul ar endo-
theliumand by the plasma-sol ubleenzyme, which comesfrom
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the endothelial cell membrane. However, angiotensin |l can
also be generated from angiotensin | by anumber of other
peptidases capabl e of cleaving the Phe®His® bond of the
decapeptide (fig. 1). Theformation of angiotensin |1 by pep-
tidases, which are different from the angiotensin-converting
enzyme, hasbeenreferredtointheliterature asalternate
angiotensin |1-generating pathways. Several studieshave
shownthat thesealternate pathwaysmight bemoreimportant
for theformation of angiotensin |l on atissuelevel, ie, they
might bemoreimportant whereangiotensin 1 hasparacrine,
autocrine, intacrineeffects, or effectsof al threeof these.
Thefirst biochemical description of one of these path-
wayswasmadeby Boucher et a 3, whoshowedthat toninob-
tainedfromrat salivary glandscouldcleaveangiotensinl, thus
generatingangiotensinll. Thisinitial findingwasfollowed by
Arakawaet d “ for trypsin and kallikrein®, Tonnesen et al ¢ for
cathepsin G, and Wintroub et al 7 for achymotrypsinfoundin
human and rat skin. Soit can be seen that several proteases
found in many parts of thebody can generateangiotensin ||
fromangiotensin| or fromangiotensinogenitself.
Morerecently, aserine-proteinasethat isalso capable
of cleavingangiotensinl intoangiotensin|l, calledchymase,
has been the object of major attention, because of itsgreat
importance as an alternate angiotensin I1-generating
pathway inseveral places, particularly intheheartandinthe
blood vessels. Schechter et al 8 werethefirsttoidentify chy-
masein humanskinmast cells. Actually, invitro studieshad
already shown the existence of aserineproteinasesimilar to
chymotrypsin, abletoform angiotensin I1, in the hamster
cheek pouch®andinthecat papillary cardiac muscle.Even
though theseauthorsdid not identify thisenzymeashbeing
responsible for the formation of angiotensin Il in those
places, strong evidenceexistsof itsactually beingachymase.
Recent studies detected angiotensin |1-forming activity by
thechymasepathway inseveral tissuesof different species.
However, many doubts still exist concerning the
physiological and physiopathological roleof thisenzyme. A
more consistent mapping of these pathwaysisbecoming
increasingly important, mainly now that specific antagonists
of angiotensin || AT, receptors, suchaslosartan, havebeen
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Fig. 1— Angiotensin-converting-enzyme(A CE)-dependent and -independent pathways in the generation of angiotensin I1. Observe that the angiotensin-converting enzyme and
chymase can act on the same substrate (angiotensin |) to generate angiotensin |1, which can also be formed directly from angiotensinogen through the cathepsin G and tonin pathway .

developed, because this new class of drugs has allowed
broadening of the range of therapeutic interventionsin the
renin-angiotensin-aldosteronesystem. Evenif theinactiva
tingroleof theangiotensin-convertingenzymebradykininis
disregarded, if angiotensin Il were generated by the angio-
tensin-converting enzymeal one, anoteworthy overlapping
of effects of the angiotensin-converting enzymeinhibitors
andthe AT blockerswould be expected. Otherwisethese 2
classesof drugswould haveto havemorespecific effectsand
not entirely superimposabletherapeuticindications.

Chymase in the heart -Chymasewasfirgtidentifiedin
thehuman heart by Urataeta “*, who showed, with experi-
mentscarried out on human myocardium homogenate, that
chymasewasresponsiblefor approximately 80% of thean-
giotensin Il formation in the human heart. Thisfinding
brought about acertain degree of interest and controversy.
Invitrostudiescarried out by Balcellset al 2 onfragments
of dog hearts also showed chymase to be the main angio-
tensinlI-forming enzymeinthisspecies. Y et themeasure-
mentsmadein vivo on the same speci es showed the angio-
tensin-converting enzyme to be the main angiotensin 11-
forming cardiac enzyme. The authorsattributed thosedif-
ferencestothedistinct physical compartmentalization of the
2 enzymes, because this factor affects the access of the
substrate (angiotensin I) to the enzymes. Chymaseispre-
ferentially locatedin cytoplasmatic mast cell granulesand
in the cardiac interstitium*3, The angiotensin-converting

enzyme, on the other hand, islocated mainly inthe endo-
thelial cells, withthe catalytic sitesexposed tothevascular
surface. Therefore, in circumstancesthat arecloser tothe
physiological ones, ie, inthein vivo experiments, the an-
giotensin-converting enzymewould havegreater accessto
theangiotensinl presentin plasma, ie, inthecirculating me-
dium. Onthe other hand, accessto the plasmatic substrate
would bemore difficult for chymase, because of its predo-
minantly interstitial [ocation. Whenthesedataareanayzed,
itisimportant to consider that, in the experimentsdonein
vitro, the homogenizing processleadsto theruptureof the
compartments that exist under physiological conditions, ie,
invivo. Becausethespecific angiotensin-hydrolyzing ac-
tivity of chymase is greater than that of the angiotensin-
converting enzyme™, theexperimentsperformedwithaho-
mogenized heart might tend to show a predominance of
chymase over the angiotensin-converting enzyme with
regardtoitsangiotensin|l-generating capacity. These data
show how difficult itistotranspose, without amoredetailed
analysis, invitrofindingstoaninvivosituation. Thisargu-
ment seemslogical. Yet, when Zisman et a ** quantified the
chymaseand angiotens n-converting enzymeactivitiesina
membranefraction obtai ned from human myocardium ho-
mogenates, ie, using a preparation similar to that used by
Urata ', they obtained opposite results: the angiotensin-
converting enzymeseemedtobethemainangiotensin|l-for-
ming enzymeinthehuman heart, and not chymase. L ater on,
Wolny et al % discovered that the preparation of homoge-
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nate with high concentrations of detergent, like the one
used by Zisman et al 15, |eadsto agreater | ossof chymaseac-
tivity, and thismight be an explanation for thelow activity
that wasdetected for thisenzyme. Thedifferencesreported
intheearlier papersstill seemfar from being finally settled
because morerecently Balcellseta ¥, asthey weretryingto
clarify the controversiescreated by those investigations,
showed that chymaseislikely tobethemainangiotensin||-
forming enzymein the human heart, even when the ho-
mogenate is prepared with ahigh concentration of deter-
gent. Soit becomesevident that asmall modificationinthe
methodol ogy used, or even different technical artifacts, can
significantly alter the activity of these enzymes. Thiscer-
tainly makesit moredifficult to understand the true contri-
bution of the angiotensin I1-forming pathways, whether
dependent or independent from the angiotensin-conver-
ting enzyme, and how the specific activities of these
pathways might change under physiopathol ogical condi-
tions. Unlike angiotensin-converting enzyme, no specific
inhibitor for chymaseexists, whichmakesit evenmorediffi-
culttosolvethedoubtsstill leftinthisfield.

Thedataavailableto date seemtoindicatethat thean-
giotensin-converting enzymecould doubtlessly betheen-
zymewithapredominant roleintheprocessing of thesubs-
trate (angiotensinl) coming from plasma, giventhefact that
the highest concentration of thisenzymeisfoundinthe
vascular endothelium. Withregardtotheangiotensin|l lo-
cally generatedintheheart, itispresently impossibletode-
finethismatter precisely. The modificationsin the expres-
sion of enzymesthat occur in physiopathol ogical situations
havetobetakenintoaccount. Inaninfarction, forexample,
agreat increase occursin the activity of the detected an-
giotensin-converting enzyme, bothintherat heart homoge-
nate 8 and in the human heart'®. Thisincrease seemsto be
the result of thefact that, during the cicatrization process, a
great amount of young myofibroblasts and fibroblasts
accumulateinthelesionareaandinthead]jacent myocardium,
and these cells express great amounts of the angiotensin-
converting enzyme?. The preval ence of the angiotensin-
convertingenzymeactivity inthegenerationof angiotensin||
inapostinfarction heartissupported by thefact that the AT,
antagonists, such aslosartan, do not havebetter ventricular
remodeling effectsthat those obtained by the angiotensin-
converting enzymeinhibitors!®. Recent multicenter studies,
like ELITE phasell#, support thisimpression.

Chymase in the blood vessels —Thefirst studiesinthis
fieldwere conducted by Cornish et al °, whodiscoveredthat
thevasoconstrictioninduced by angiotensin| intheblood
vesselsof the hamster cheek pouchwaspartially inhibited
by theangi otensin-converting enzymeinhibitors, and com-
pletely inhibited by anantagoni st of theangiotensinrecep-
tor or by angiotensin || antibodies. The characteristics of
the enzyme or enzymes responsible for the conversion of
angiotensin| intoangiotensin |l werethentotal ly unknown.

Between 1984 and 1990, Okunishi et al 2223 carried out
studiesof fundamental importance, attemptingto clarify the
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role played by the alternate angiotensin | I-forming path-
waysinthebloodvessels. Intheir first, biochemical studies,
they observed the presence of an enzymeresponsiblefor
most of the conversion of angiotensin | intoangiotensin| |

in the blood vessels of humans, monkeys, and dogs?%2.
Thisenzymewas not inhibited by the angiotensin-con-
verting enzymeinhibitors but by serine proteinaseinhibi-
tors, likechymostatin. Thisenzymewascalled CAGE (chy-
mostatin-sensitiveangiotensin |1-generating enzyme). Al-
though theenzymehad not beenidentified, it wasbelieved
that it was achymase because of itssimilaritiesto the chy-
masepreviously isolated fromother tissues. Thus, justlike
inthe heart, evidence was collected about adoubl e angio-
tensin I1-formation pathway in the blood vessel s, where
chymase seemed to contribute morethan the angiotensin-
converting enzymeto the conversion of angiotensin| into
angiotensinll. Thesefindingswerelater supported by stu-
dies made on isolated human blood vessels, in which
Okunishi et al * showed that chymostatin bl ocked approxi-
mately 80% of the contractile responseinduced by angio-
tensin |, whereas captopril blocked only about 40% of this
response. Theassociation of thetwoinhibitors(captopril +

chymostatin) determined the complete block of the con-
tractile response. However, in anumber of investigations
conducted during thisperiod, other researcherswere una-
bleto reproduce thesefindings. They were generally una-
bleto detect alternateangiotensin || production pathways
intheblood vessels, for the contractileresponseto angio-
tensin | was completely blocked by the angiotensin-con-
verting enzyme inhibitors?>%’, Considering the simplicity
andthewidespread useof such preparations, it seemedun-
likely that thetechni que coul d betheresponsiblefactor for
thesedifferences. Later, Okunishi etal madeacareful review
of theresearchworksthat had failedto confirmtheir original
observations. They foundthenthat all theinvestigationsin

whichnoalternateangiotensin | 1-production pathway was
detected had been performed with rodent (rat or rabbit)
blood vessels, differently fromtheir own, wherehumanand
monkey blood vessel shad been used. Confirmingtheir ori-
ginal data, Okunishi et al % showed that captopril blocked
only 30% of the conversion of angiotensin | into |1 in the
human gastroepiploic artery, whereas chymostatin, achy-
maseinhibitor, blocked 80% of thisconversion. Ontheother
hand, inrabbitarteries, captopril determinedaninhibitionof
over 90%inangiotensin |1 formation, whereaschymostatin
hadvirtually no effect at all. Theauthorsbelieved their ob-
servationsjustified thefact that theangiotensin-converting
enzymeinhibitorswereunableto prevent thearteria prolife-
ration response secondary tothearterial lesionin primates?®,
the opposite of what was observed inrats®. Inthiscase,
the therapeutic implications concerning the use of inhibi-
torsof thealternate angiotensin I I-formation pathways
seemto beobvious.

M orerecent studieshave shown how important theal -
ternate angiotensin I 1-formation pathways may becomein
thedevel opment of vascular diseases. |haraet al * reported
amarked increasein theangiotensin [1-forming activity in
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atherosclerotic human aortasectionsand in aortaswith an
aneurysm. Chymase was the main responsible enzymefor
thisincrease (about 80 to 90%). Y et, although these data
suggest amajor contribution of chymaseto the devel op-
ment of thesedi seases, themechani smsof action of thisen-
zymearestill notentirely clear, for they seemto depend not
only ontheincreaseinangiotensin |l formation, butalsoon
theincrease in the proteolytic activity of chymase on the
cell membrane03L,

Actually, other observationsal so support the hypothe-
sisthat chymasemight play arelevant roleinthedevel opment
of vascular diseases. One of themisthefact that thisenzyme
liespreferentially in the vascular adventitia, whereasthe
angiotensin-converting enzyme is found in the endothelium
and macrophages of the neointima?8. Theinvolvement of the
adventitiain the progression of balloon or atherosclerosis-
induced vascular lesionsis currently known to be quite
relevant 3233, Infact, recent studiesshow anincreaseinthe
expression of the chymase genein atherosclerosis® andin
balloon-injured arteries®. Both theactivation of thechymase
geneexpressionininjured arteries and the formation of the
neointimaand luminal stenosisaresuppressed by drugsthat
prevent thedegranul ation of mast cells. Inspiteof thefact that
thesecel I scontai nother mitogeni ccomponents, itseemsvalid
enough to conclude, based on the collected experimental
evidence, that chymase seemsto contributesignificantly to
the vascular proliferation processes, both in atherosclerosis
and after lesionscaused by intraarterial devices.

Differences between species in the generation of
angiotensin I —Asseenearlier, agreat debateisstill under
way concerning thequantification of theactivity of thean-
giotensin | 1-forming enzymesin different tissues and spe-
cies. Angiotensinll hasapositive chronotropicandinotro-
pic effect in the dog®, hamster *” and cat heart®. However,
thiseffectisnot seenintheadult rat and guineapig®. Invi-
tro studies of the myocardium of different species show
that the angi otensin-converting enzymeisthe main angio-
tensin|l-forming pathway, theexceptionstothisrulebeing
the human11617 hamster 3" and dog hearts®. Inview of this
fact, caution hasto be doubled when extending to the hu-
man heart data obtained from other species. It isworth
pointing out, for example, that the rat has been the most
commonly used animal model ininvestigationson the car-
diac renin-angiotensin system. Y et, recent studiescarried
out with thisanimal provethat its angiotensin-converting
enzymeand chymaseactivity profileisquitedifferent from
the one found in man“t. Okunishi et al 2 had already men-
tionedthispointintheir studiesonblood vessels. Thechy-
maseexistingintherat hasto be considered, apriori, asan
angiotensinase, for it hydrolyzesangiotensin|, producing
inactive peptides*. Thediversity of theenzymewithregard
toits preferential substrate can be better understood
starting from phylogenetic data®. Studies of that kind
showed that chymaseisexpressedin mammalsin 2 different
formsnamed a and b, which differ in their substrate
specificity. Thea-chymasesare angiotensin I [-forming
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enzymes, because they hydrolyze the Phe8His® bond of
angiotensin |. Chymase found in man and dog, mouse
chymase-5, and gerbil and rat chymase-3 belong to the
group of a-chymases. On the other hand, b-chymasesare
angiotensinases, for they hydrolyzethe Tyr “lle®bond of
angiotensin |, producinginactive peptides. Rat chymases-
1 and -2 and mouse chymases-1, -2, -3and -L areb-chyma-
ses. Thenumbering system proposed for the chymasesin-
dicates different isof orms of this enzymefound in these
species. Thus, therat isoform, classified as chymase-3,
forms predominantly angiotensin|l, butisoforms-1and-2
degradeangiotensin | toinactivepeptides. Thisshowsthat
thebiochemical heterogeneity of thisenzymeinmammalsma-
kesitdifficulttochoosethemost adequateanimal mode forthe
study of theangiotensin |1-generating pathwaysin man.

Recently, Akasu et al “* showed that none of the spe-
ciesthey studied (dog, hamster, rat, rabbit, and marmot) had
intheir lung, aorta, and heart abal ance of chymase and an-
giotensin |1-converting enzyme activitiesidentical to that
found in the respective human organs. However, when
eachorganisconsideredinisolation, ananimal model exists
whoseactivity hasagreater similarity tothecorresponding
humanorgan. Thedifferencesdetected among speciesmay
bedueto thesubclass, density, and heterogeneity of each
cell, thusbringing about adifferential enzymedistribution
and, asaconsequence, alterationsinthetissueenzymeac-
tivity. The cellular distribution of chymasein the human
heart was determined by immunoreactivity, showing that
thisenzymeisfoundinmast cells, endothelia cells, and me-
senchymal cells*. Y et, no systematic study of the cellular
distribution of chymase mRNA and immunoreactivity in
animals existsto date. I n rodents, chymase was detected
only inmast cells*®. Itisthereforebelievedthat theincreased
activity of chymaseinacertaintissueor organmight beas-
sociated mainly withthelocal density of mast cells. These,
inturn, also have considerabledifferencesin different
species and tissues*. Mast cellsareclassified into 2
groups: those containing tryptase (M) and those con-
taining tryptase+chymase (M ;) #. Under certain circums-
tances, changesinthe proportion of these 2 types of mast
cellsmay occur, and, consequently, inthemetabolizing ca-
pacity of angiotensin| by thechymase pathway.

Studies in the intact kidney —To determine therole
played by the angiotensin |1-forming pathwaysin the dog
kidney, Murakami et al “ used a synthetic peptide that
functionsasaspecific substratefor chymase. Thissubstra-
tehas2 aminoacidscoupledtoangiotensinl, preventingit
frombindingtotheangiotensin-convertingenzyme: proline
at position 11 and D-alanineat position 12 (proll, D-alal2-
angiol). Therenal vasoconstriction responseto the artifi-
cial substrate was similar tothat produced by angiotensinl,
indicating that chymaseactivity also contributesinvivoto
the formation of angiotensin |1 in the kidney. These data
were supported by other studies performed in vitro, sho-
wing that approximately 80% of theangiotensin|I-forming
activity intherenal cortex depended on the angiotensin-
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converting enzyme, and the other 20% on a chymase-de-
pendent pathway. Ascanbeobserved, thisproportionisdif-
ferentfromtheonemeasured, alsoinvitro, intheheart,where
chymase activity is predominant*!. Unfortunately, sofar no
comparative biochemical studieshavebeen carriedoutin
renal blood. Consequently, it isstill unknown whether the
same proportionsasdetected in vitro for theangiotensin |-
converting activity apply totheinvivo situation or not.

Someevidenceexistsshowingthat, asit occursinthe
heart and in the blood vessel s, other enzymes besidesthe
angiotensin-converting enzymetake part in theformation
of angiotensin |l inthehuman kidney. Cordero et al “°perfor-
med a study on patientsingesting alow salt diet (10 mEq
Na/day), aiming at activating therenin-angiotensin-aldos-
terone system. They used captopril or enalkiren, arenin
inhibitor, to block the generation of angiotensin I1. Surpri-
singly, therenal vasodilation responseto enalkiren wassu-
perior to that produced by captopril. In fact, these results
wereunexpected, becausetheinhibition of theangiotensin-
converting enzyme, in addition to reducing thecirculating
angiotensinl| levels, alsodiminishesthebreakdown of bra-
dykininand angiotensin 1-7, which are vasodil ating pepti-
des . Renininhibitors, instead, arehighly specificand will
therefore not alter the circulating level s of these peptides
by inhibiting renin. To provethe participation of alternate
angiotensin|l-production pathwaysinthekidney, thesame
authors used two AT ,-receptor antagonists eprosartan
and eirbesartan. This study defined the relation between
theantagonist doseandtherenal vasodilationresponse. It
was observed that both antagonistsinduced aresponse
that exceeded that seen after renininhibition5%2, Thesere-
sultssuggest theexistenceof renal angiotensin|1-forming
pathwaysthat areindependent from the angiotensin-con-
verting enzyme, but nevertheless greatly dependent on
renin. From comparative analyses, it seemslikely that the
renal enzymeresponsiblefor theformationof angiotensin||
might bechymaseor enzymessimilar to chymase. Based on
this, it canbeseenthat renal lesionsresulting fromtheinte-
raction of angiotensin 1 could be better controlled by AT,
blockersor by renin blockersthan by angiotensin-conver-
tingenzymeinhibitors.

Chymase in cardiomyopathies - Angiotensin-conver-
tingenzymeinhibitorsarewidely used for treating hyperten-
sionandcongestiveheartfailure. Althoughthemortality and
morbidity ratesof these patients, mainly of thosewithamyo-
cardial infarction, have dropped considerably ever since
these drugswereintroduced to treat heart failure, they are
till considered rather high. Infact, thestudiesshow that the
chronic use of angiotensin-converting enzymeinhibitors
producesarather modest reductioninangiotensin|l plasma
levels, the same thing being observed in other tissues,
After acertaintimeof using angiotensin-converting enzyme
blockers, the circulating angiotensin Il levelsmay even be
hi gher than beforethebeginning of treatment, aphenomenon
known as escape of angiotensin-converting enzymeinhibi-
tors. Theinadequate suppression of angiotensin |1 genera-
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tion seemsto beassociated with aprogressiveworsening of
heart failure . Other enzymes, different from the angioten-
sin-converting enzyme, appear to be responsible for the
maintained angiotensin || formation under such circumstan-
ces. Whenthepreviousdatawereanalyzed, it wasfound that
chymasemight play afundamental roleintheprogressionof
ventricular remodeling and of heart failure under thesecir-
cumstances. Inadditiontothis, thel ocalization of chymasein
the heart i s suggestive. Immunol ocalization studies show
that thisenzymeismore concentrated in the left ventricle,
preferentially inmast cellsand in the cardiac interstitium 4,
which could explainitsinvolvement in several pathogenic
processesinthecardiovascular system, becauseanincrea-
sed mast cell density occursindifferent physiopathological
conditionsinvolving thissystem 5657,

Nodaet al > observed that theincreaseinangiotensin
I concentrationsin the coronary sinus of dogs, after liga-
tion of the anterior descending coronary artery, was not
prevented by the angiotensin-converting enzymeinhibi-
tors, but by serine proteinaseinhibitorslike aprotinin and
chymostatin, thussuggesting that these enzymescould be
strongly involvedintheacuteformationof angiotensinil in
theischemic heart. Associating these resultswith others,
several authorsbelievethat, becauseit occurswith the ex-
pression of theangiotensin-converting enzyme, certain sti-
muli, such asischemiaor amechanical injury, may berequi-
redfor theexpressionor rel easeof chymaseintheheart and
blood vessel 52, |n additionto this, the presence of mast
cellsaround the coronary artery and in the coronary athe-
roma, especialy in patients with ischemic heart disease®,
could explaintheincreased formation of angiotensin || du-
ringinfarction. Daemen and Urata®® showedinhuman heart
tissuethat thedistribution of chymase changesduring the
infarction. Usingimmunoreactivity techniques, they obser-
ved that in the normal heart chymaseisfound in a higher
concentration in cardiomyocytesand in endothelial cells.
Six hoursafter infarction, alossoccursinimmunoreactivity
intheischemic cardiomyocytes, concomitantly withagreat
increaseinthescar region. Theincreaseof chymaseinthis
regioniscertainly dueto the migration of macrophages,
mast cells, and myofibroblaststothisregion, anevent simi-
lar tothat observed concerning the angiotensin-converting
enzyme?8. So, thesedatashow that theactivity of chymase,
as one of the angiotensin-converting enzyme, may be
enhanced in the postinfarction heart. The pH lowering oc-
curring during theischemic episode can a so be one of the
factorsthat contributeto enhancing theimportance of chy-
maseinthelocal generation of angiotensin|l, becausethis
enzymeoperateswell inthepH rangegoingfrom7.0t0 10.0,
whereastheangiotensin-converting enzymeisactivewithin
amuch narrower range, from 7.5 to 8.5 1164, The combined
use of the AT, antagonist and of the angiotensin-conver-
tingenzymeinhibitor couldbejustifiedinthiscondition, be-
cause many data exist suggesting that the increased an-
giotensin || generationinthe postinfarction heart contribu-
testo ventricular remodeling and worsens with the deve-
lopment of heart failure. Infact, somestudiesal ready show
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thebenefitsof thiscombinedtherapy (captopril+losartan) in
the early phase of infarction, as compared with theisolated
treatment with angiotensin-converting enzymeinhibitor .

Chymase inhibition - Thisiscurrently oneof thegrea-
test problemsfacing the study of chymase activity, for no
specificinhibitor of thisenzymeexistssofar. Consequently,
thephysiological or physiopathol ogical function of chyma-
seisdifficult to distinguish.

Recent studies have shown that, invivo, chymaseis
complexed with heparin, which makestheinhibition of the
enzymeby exogenousagentsmoredifficult. Tobypassthis
problem, most of theinvitro studiesrel ated to chymaseac-
tivity weremadewith purified enzyme, ie, after theremoval
of heparin. Consequently, theresultsobtainedinvitro may
a so not reflect exactly the phenomenaoccurringinvivo. In
fact, Kokkonen et al %6 observedin vitro studiesthata-anti-
trypsin blocked the activity of purified cardiac chymase
completely, andthat thisenzymeprobably playsnorelevant
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roleintheintact organism. Parallel tothat, Takai et a’ s* bio-
chemical studies of human vascular tissue showed that,
when chymaseisbonded with heparin, a-antitrypsinprac-
tically doesnotinhibit enzymeactivity. So, heparin seemsto
protect chymase against certain typesof inhibitors, likea-
antitrypsin, whichleadsusto supposethat, invivo, heparin
may play afundamental rolein the regulation of chymase
inhibition.

Consideringthedataavailablesofar, weconcludethat
itisstill rather difficult to visualizein areliablemanner how
the different angiotensin I1-forming pathwaysinteract in
vivo. Theavailability of aspecific chymaseinhibitor with
easy accesstotheenzymeintheintracellular environmentis
today an indispensablerequirement for better clarification
of such animportant matter, so asto makeit possiblefor the
therapeutic interventions with angiotensin-converting
enzymeinhibitors, angiotensin antagonists, or inhibitorsof
other enzy mes (chymase, tonin, renin, etc.) tofind amore
precisetherapeuticindication.
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