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The Effects of Quinapril on Plasma Level of
Tissue Inhibitor Metalloproteinase 1,

Left Ventricular Hypertrophy and
Diastolic Functions in Hypertensive Patients

AABBSS  TTRRAACCTT  OObbjjeeccttiivvee:: Plasma level of tissue inhibitor metalloproteinase type-1 (TIMP-1) reflecting ex-
tends of extracellular fibrosis was found to be associated with left ventricular hypertrophy (LVH) and left
ventricular diastolic dysfunction (LVDD). We aimed to investigate the effect of quinapril therapy on
TIMP-1 levels, LVH and LVDD in hypertensive patients. MMaatteerriiaall  aanndd  MMeetthhooddss:: A total of 30 hyperten-
sive patients with LVH (14 male, mean age 64.3 years) were enrolled to this study. The initial daily dose
of quinapril was 20 mg/day. The dose was uptitrated to 40 mg/d and hydrochlorothiazide was added if nec-
essary. LV mass index (LVMI) was calculated and left ventricular diastolic parameters were evaluated by
transthoracic echocardiography. Transmitral and tissue Doppler pulse wave velocities were measured and,
E/A and Em/Am ratios were calculated. Systolic and diastolic blood pressures, LVMI, LV diastolic func-
tions and plasma TIMP 1 levels were evaluated at baseline and six months after the therapy. RReessuullttss::  After
quinapril therapy LVMI (p< 0.001), systolic (p< 0.001) and diastolic blood pressures (p< 0.001) and trans-
mitral deceleration time (p= 0.017) significantly decreased, and septal Em/Am ratio increased (p= 0.003).
Plasma TIMP-1 level was also significantly reduced after therapy (619.9 ± 108.1-485.6 ± 105.9 ng/dl; p<
0.001). There were no significant correlations between the ∆TIMP-1 levels and any of the other parame-
ters including ∆ systolic (r= 0.12; p= 0.51) and ∆ diastolic (r= 0,10; p= 0.58) blood pressures changes, ∆ de-
celeration time (p= 0.98), and ∆ Em/Am ratio (p= 0.76). CCoonncclluussiioonn:: Quinapril therapy reduced TIMP-1
levels, independently from regression of LVH and reduction of blood pressures in hypertensive patients

KKeeyy  WWoorrddss::  Hypertension; tissue inhibitor of metalloproteinase-1; 
echocardiography, doppler; hypertrophy, left ventricular; 
angiotensin-converting enzyme Inhibitors 

ÖÖZZEETT  AAmmaaçç:: Hücre dışı matrixde fibrozis gelişmesini yansıtan Metalloproteinaz 1 doku inhibitörü (TIMP
1) ve sol ventrikül hipertrofisi (SVH) ve sol ventrikül diyastolik disfonksiyonu (SVDD) ile ilişkilidir. Bu
çalışmada, hipertansif hastalarda, bir ACE inhibitörü olan Kinapril’in TIMP-1 düzeyi, SVH ve SVDD
üzerine olan etkilerini araştırmayı amaçladık. GGeerreeçç  vvee  YYöönntteemmlleerr::  SVH’si olan 30 hipertansif hasta (14
erkek, ortalama yaş: 64.3 ± 8.5 yıl) çalışmaya dahil edildi. Kinapril tedavisi tüm hastalara 20 mg/gün
dozunda başlandı, kan basıncı kontrol altına alınıncaya kadar doz titre edilerek 40 mg/gün’a artırıldı ve
gerekirse hidroklorotiazid ile tedavisi eklendi. Transtorasik ekokardiyografi ile sol ventrikül kitle indeksi
(SVKİ) hesaplandı, sol ventrikül diyastolik fonksiyonları (SVDF) değerlendirildi. Transmitral ve doku
Doppler PW hızları ile ölçüldü, E/A ve Em/Am oranları hesaplandı. Sistolik ve diyastolik kan basınçları
TIMP-1 düzeyleri SVKİ, SVDF, tedavi öncesi ve altı aylık tedavi sonrası değerlendirildi. BBuullgguullaarr::  Tedavi
sonrasında ortalama sistolik kan basıncı (p< 0.001), diyastolik  kan basıncı (p< 0.001) ve SVKİ (p< 0.001)
ve transmitral deselarasyon zamanı  (p= 0.017) anlamlı olarak azaldı. Septal duvar Em/Am oranında anlamlı
(p= 0.003), artış saptandı. Plazma TIMP-1 düzeyi tedavi sonrası, tedavi öncesine göre anlamlı olarak azaldı
(619.9 ± 108.1-485.6 ± 105.9 ng/dl; p< 0.001). TIMP-1 düzeyindeki azalma, sistolik kan basıncı (r= 0.12 p=
0.51) diyastolik kan basıncı (r= 0.10; p= 0.58), ∆ deselarasyon zamanı (p= 0.98), E/A ve ∆ Em/Am (p= 0.76)
oranındaki değişmelerle ilişkili bulunmadı. SSoonnuuçç:: Hipertansif hastalarda Kinapril tedavisi ile kan basıncı
ve sol ventrikül hipertrofisindeki azalmadan bağımsız olarak TIMP1 düzeyleri azalmaktadır.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Hipertansiyon; metaloproteinaz-1’in doku inhibitörü; 
ekokardiyografi, dopler; hipertrofi, sol ventriküler; 
anjiyotensin dönüştürücü enzim inhibitörleri  
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yper ten si on (HT) is a se ri o us prob lem that
in cre a ses the car di o vas cu lar mor ta lity and
mor bi dity. Left ven tri cu lar hyper trophy

(LVH) de ve lo ped du e to HT is as so ci a ted with in-
cre a sed risks re gard with co ro nary he art di se a se,
he art fa i lu re, and ven tri cu lar arrhy thmi a.1-4 LVH
may ca u se di as to lic dysfunc ti on and ul ti ma tely le -
ads to di as to lic he art fa i lu re. Di as to lic dysfunc ti on
is a comp lex si tu a ti on, which cha rac te ri zed by im-
pa i red ven tri cu lar fil ling du e to the re du ced ven-
tri cu lar comp li an ce. 

LVH de ve lo ped se con dary to hyper ten si on is
fo und to be as so ci a ted with prog res si ve in ters ti ti al
fib ro sis. The chan ge of ex tra cel lu lar mat rix (ECM)
com po si ti on plays an im por tant ro le in the ge ne sis
of left ven tri cu lar hyper trophy in hyper ten si on.
Mat rix me tal lop ro te i na ses (MMPs) are a fa mily of
mo le cu les that are res pon sib le for bre ak down of
col la gen and ot her ex tra cel lu lar mat rix ele ments
inc lu ding elas tin and fib ro nec tin. MMP-1 is res -
pon sib le for deg ra da ti on of type 1 col la gen, has al -
so a na tu ral in hi bi tor, tis su e in hi bi tors of mat rix
me tal lop ro te i na se (TIM P-1). TIM P-1 in hi bits
MMP-1 and the re fo re le ads to in cre a se in type I
col la gen con tent of myo car di um and con tri bu tes to
de ve lop ment of LVH in hyper ten si on5,6 Pro por ti o -
nal in cre a se in type I col la gen com pa red to type III
con tri bu tes to be high ten si le strength and ri gi dity
du e to ha ving thic ker strands. 

A li mi ted num ber of stu di es sho wed that TIM -
P-1 le vels are in cre a sed in hyper ten si on and this
si tu a ti on may ref lect an in cre a sed de po si ti on of col-
la gen wit hin the car di ac ex tra cel lu lar mat rix and
car di ac fib ro sis.7-9 So me stu di es sug gest that TIM P–
1 le vels in cre a sed in pa ti ents with LVH.9 Mo re o ver
it was al so fo und to be   cor re la ted with pa ra me ters
ref lec ting the di as to lic dysfunc ti on.10 So me of ot -
her stu di es did not con firm the se fin dings and si m-
i lar TIMP-1 le vels we re re por ted.11

An tihy per ten si ve the rapy was shown to reg -
ress in LVH in hyper ten si ve pa ti ents. Me di ca ti ons
that ma ke bloc ka ge of Re nin- An gi o ten sin-Al dos -
te ro ne system (RA AS) we re fo und to ma ke a mo re
ef fec ti ve reg res si on of LVH.12 Cli ni cal and ex pe ri -
men tal evi den ce sug gest that RA AS has cle arly as-
so ci a ted with struc tu ral re mo del ling and

fib ro sis.13,14 The pre ven ti on of car di ac fib ro sis with
an tihy per ten si ve the rapy may be im por tant in
terms of pro tec ti on of di as to lic func ti on and re duc-
ti on of arrhy thmi a risk. In ex pe ri men tal stu di es,
me di ca ti ons with an gi o ten sin con ver ting enz yme
in hi bi tors (ACE i) and al dos te ro ne an ta go nists we -
re re por ted to be ef fec ti ve for re du cing the car di ac
col la gen and elas tin den sity15 and pre vent the de ve -
lop ment of fib ro sis. The car di ac fib ro sis was shown
to be reg res sed by Cap top ril16 and Qu i nap ril17 tre -
at ment.

TIMP-1 was sug ges ted to be a sur ro ga te me di -
a tor of fib ro sis and may ref lect the chan ge of LV
di as to lic func ti on.7,8 The ef fect of an tihy per ten si ve
the rapy on TIMP-1 le vels was not cle arly known.
Conf lic ting re sults we re re por ted. Plas ma TIMP-1
le vels was fo und to be lo we red by li si nop ril af ter
one ye ar tre at ment6 whe re as, ot her stu di es did not
con firm this fin ding with ena lap ril tre at ment.8,11

In this study we ai med to in ves ti ga te to ef fect
of qu i nap ril, a strong tis su e in hi bi tor of ACE, on
TIMP-1 le vels in hyper ten si ve pa ti ents. We al so
plan ned to as sess to ro le of this tre at ment on left
ven tri cu lar hyper trophy and di as to lic func ti ons. 

MATERIAL AND METHODS
All hyper ten si ve pa ti ents ad mit ted to car di o logy
unit in Do kuz Ey lul Uni ver sity Scho ol of Me di ci ne
bet we en Feb ru ary 2005 and March 2006 we re scre -
e ned and tho se which had not use any RA AS bloc -
king agents for last 3 months we re se lec ted to the
study. Trans tho ra cic ec ho car di og raphy was per for -
med in all pa ti ents in or der to as sess LVH and di as-
to lic func ti ons. Pa ti ents who we re de tec ted LVH
and di as to lic dysfunc ti on at ec ho car di og raphy we -
re inc lu ded to the study. Exc lu si on cri te ri a is as fol-
lows: se con dary hyper ten si on, pre sen ce of chro nic
obs truc ti ve lung di se a se, he pa tic dysfunc ti on, re -
nal dysfunc ti on (se rum cre a ti ni ne le vel > 1.5
mg/dl), pre sen ce of acu te co ro nary syndro mes, pre-
vi o us myo car di al in farc ti on, past his tory of pul mo -
nary fib ro sis, con nec ti ve tis su e di se a ses, left
ven tri cu lar systo lic dysfunc ti on and ma lig nancy. 

The blo od samples were drawn for TIMP-1 le -
vels and ec ho car di og rap hic me a su re ments we re
ob ta i ned and blo od pres su re me a su re ments we re



ma de. Af ter ba se li ne as sess ment, qu i nap ril tre at -
ment was gi ven to all pa ti ents. The do se of Qu i nap -
ril was 20 mg/day, this do se was up-tit ra ted to 40
mg/day at the 1st vi sit, if the blo od pres su re was not
be low the tar get le vel (140/90 mmHg). If the blo -
od pres su re was still un con trol led, a hydroch lo rot -
hi a zi de tre at ment at a 12.5 mg/day was ad ded at 2nd

month vi sit. The tre at ment was con ti nu ed at 6
months. At the end of fol low-up me a su re ments
we re re pe a ted in all pa ti ents.

ME A SU RE MENTS OF TIM P-1

Blo od samp les we re cen tri fu ged at 4000 g and 4°C
for 10 min, di vi ded in to ali qu ots and fro zen at -
80ºC un til analy sis. He moly tic and li pe mic samp les
we re not inc lu ded in the study. Plas ma TIMP-1 le -
vels we re me a su red with a com mer ci ally ava i lab le
enz yme lin ked im mu no sor bent as say (Hu man
TIMP-1, Bi o so ur ce In ter na ti o nal, Im mu no as say
kit, USA). A mo noc lo nal an ti body spe ci fic for hu -
man TIMP-1 has be en co a ted on to the wells of the
mic ro ti ter strips by the ma nu fac tu rer. Plas ma sam-
p les (1/20 di lu ti on), stan dards of known TIMP-1
con tent (ran ging from 1.56-25 ng/mL) and con trol
spe ci mens we re pi pet ted in to the se wells, fol lo wed
by the ad di ti on of a bi o tiny la ted mo noc lo nal se c-
ond an ti body. Af ter the first in cu ba ti on, ex cess se -
cond an ti body was re mo ved and
strep ta vi din-pe ro xi da se was ad ded. Aga in af ter a
se cond in cu ba ti on and was hing, a subs tra te so lu ti -
on was ad ded. The in ten sity of co lo red end-pro -
duct was me a su red at 450 nm. The analy ti cal
sen si ti vity of met hod was < 1 ng/mL. The in tra-as -
say and in ter-as say co ef fi ci ent of va ri a ti on (CV)
we re 6.1% and 9.3%, res pec ti vely.

ME A SU RE MENTS OF BLO OD PRES SU RES 

Blo od pres su re me a su re ments we re ma de with
OM RON 705 IT se mi-au to ma ted de vi ce (Om ron
He alt hca re Mil ton Key nes, UK) in a qu i te ro om
with a sit ting po si ti on af ter at le ast 5 mi nu te pe ri -
od of rest. Thre e con se cu ti ve me a su re ments we re
ma de and me an of the se me a su re ments was ta ken. 

EC HO CAR DIOG RAPHY

Ec ho car di og raphy was per for med with Hew lett
Pac kard So nos 4500 mac hi ne. All me a su re ments

we re ma de with the sa me in ves ti ga tor (EO). M-
Mo de ima ges we re ob ta i ned in pa ras ter nal long
axis vi ew for LV me a su re ments. LV mass was cal-
cu la ted ac cor ding to for mu la des cri bed by De ve -
re ux.18 LV mass= 0.8 X 1.04 [(IVSd + LVIDd +
LVPWd)3] + 0.6, whe re, IVSd is in ter ven tri cu lar
sep tum thick ness, LVID: left ven tri cu lar in ter nal
di a me ter, LVPW: left ven tri cu lar pos te ri or wall.
All me a su re ments are ma de at the end of di as to le.
LV mass in dex was (LVMI) cal cu la ted by cor rec -
ting LV mass with body sur fa ce are a. LVH was ac-
cep ted if LVMI > 104 gr/m2 for wo men and 116
gr/m2 for men.  Pul sed wa ve Dopp ler flow was ob-
ta i ned in the api cal 4 cham ber vi ew, with a cur sor
pla ced ne ar the mit ral inf low and aor tic outf low,
so it’s pos sib le to get both aor tic and mit ral flow in
the sa me he art. The E wa ve which was the 1st po s-
i ti ve wa ve and A wa ve which was the 2nd po si ti ve
wa ve was re cor ded, De ce le ra ti on ti me was me a su -
red. The iso vo lu met ric re la xa ti on ti me was me a -
su red from the end of aor tic jet to be gin ning of E
wa ve. For tis su e Dopp ler stu di es (TDI) ima ges we -
re re cor ded api cal 4 cham ber vi ew, the pul sed wa -
ve Dopp ler sig nal we re ob ta i ned from mit ral
an nu lus both at the sep tal and la te ral wall.  The
systo lic (Sm), early (Em), and la te (Am) di as to lic
ve lo ci ti es we re analy zed. Di as to lic dysfunc ti on
was de fi ned as the pre sen ce of 2 fac tors inc lu ding
E/A ra ti o <1 for trans mit ral flow and Em < Am <1
for TDI. All me a su re ments we re ave ra ged fi ve cy-
cles and re pe a ted at 6th months. 

Writ ten in for med con sent was ob ta i ned in all
par ti ci pants and the study was ap pro ved by the et -
hics com mit te e of our lo cal ins ti tu ti on.  

STA TIS TI CAL ANALY SIS

Con ti nu o us va ri ab les were pre sen ted as a me an
with SD. Pa i red samp le t test was used for com pa -
ri son of va lu es ba se li ne and af ter tre at ment. The
com pa ri son of TIMP-1 le vels was ma de with Wil -
co xon test du e to the non pa ra met ric con di ti on. A
Pe ar son and Spe ar man cor re la ti on analy sis was
used for the cor re la ti on bet we en TIMP-1 and ot -
her pa ra me ters. All tests we re two si ded. A p va lue
< 0.05 was con si de red sig ni fi cant. SPSS 11.0 for
Win dows was used for the sta tis ti cal analy sis.
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RESULTS
The study po pu la ti on con sis ted of 30 hyper ten si ve
pa ti ents (me an age: 64.1 ± 8.5 ye ars) with LVH. The
de mog rap hic and cli nic pro per ti es of pa ti ents are
shown in Tab le 1. Pre vi o us an tihy per ten si ve me di -
ca ti ons we re dis con ti nu ed in 7 pa ti ents one we ek
be fo re the as sign ment (was ho ut pe ri od) pe ri od. Re-
ma i ning 23 pa ti ents we re se lec ted among new tre a -
ted pa ti ents. Qu i nap ril tre at ment was be gun at a 20
mg/day do se in all pa ti ents. In or der to re ach the tar-
get blo od pres su re (< 140/90 mmHg), the do se was
up-tit ra ted to 40 mg/day in 7 pa ti ent and 4 out of
them re ce i ve al so a hydroch lo rot hi a zi de tre at ment. 

BLO OD PRES SU RE OB JEC TI VES

The tar get blo od pres su re ob jec ti ves we re ac hi e ved
in all pa ti ents (Fi gu re 1). Me an systo lic blo od pres-
su re sig ni fi cantly declined (152.2 mmHg-132.4
mmHg) af ter qu i nap ril the rapy (p<0.0001) (Tab le
2). Me an di as to lic blo od pres su re al so sig ni fi cantly
dec re a sed (91.6 mmHg-79.7 mmHg) (p<0.0001) 

CHAN GE OF TIMP-1 LE VELS WITH THE RAPY

Me an ba se li ne TIM P–1 le vel was 619.9 ± 108.1
ng/ml. Af ter qu i nap ril tre at ment, me an TIM P-1 le -

vels was fo und to be sig ni fi cantly dec re a sed (485.6
± 105.9 ng/ml; p<0.0001). Qu i nap ril tre at ment re-
du ced TIMP-1 le vels in 25 of 30 hyper ten si ve pa-
ti ents (83.3%) (Fi gu re 2).

CHAN GE OF LVMI AF TER QUI NAP RIL TRE AT MENT

Me an ba se li ne LVMI (137.8 ± 31.5 g/m²) lowered
af ter tre at ment (130.7 ± 32.4 g/m², p<0.0001) (Tab -
le 1, Fi gu re 2).

CHAN GES OF THE DI AS TO LIC PA RA ME TERS AF TER 
QU I NAP RIL TRE AT MENT

So me of di as to lic Dopp ler pa ra me ters sig ni fi cantly
im pro ved af ter the rapy. De ce le ra ti on ti me sig ni fi -
cantly decreased (242 ± 38.8-227 ± 39.7) and

FIGURE 1: The changes of systolic (SBP) and diastolic (DBP) blood pres-
sures each case after quinapril treatment. 

Sex n (%)

Male 14  (47%)

Female 16 (53%)

Age (years) 64.1 ± 8.5

DM 4  (13.3%)

CHD 1 (3%)

TABLE 1: Baseline characteristics of patients.

CHD: Coronary heart disease    
DM: diabetes mellitus

FIGURE 2: The changes of plasma TIMP-1 levels at each case after quinapril
treatment.



Em/Am ra ti o ob ta i ned at sep tal mit ral an nu lus sig-
ni fi cantly in cre a sed (0.70±0.15-0.78±0.11) af ter
the rapy. The re was trend to in cre a sed trans mit ral
E/A ra ti o (0.73±0.14 - 0.80±0.15), but the dif fe ren -
ce did not re ach the sig ni fi can ce (p= 0.076). Ot her
di as to lic Dopp ler pa ra me ters did not chan ge sig ni -
fi cantly af ter the Qu i nap ril tre at ment (Tab le 2). 

COR RE LA TI ON ANALY SIS

Ba se li ne TIMP-1 le vels dids not cor re la te with any
ot her va ri ab les inc lu ding SBP, DBP and Dopp ler
fin dings (Tab le 3). 

The chan ge of TIM P–1 le vels (D TIM P–1) was
not fo und to be sig ni fi cantly cor re la ted ne it her the
chan ge of systo lic (r= 0.12) nor di as to lic blo od pres-
su res (r= 0.10). The chan ges of ot her di as to lic
Dopp ler pa ra me ters we re al so not cor re la ted with
the D TIM P–1 le vels (Tab le 3). 

DISCUSSION
The reg res si on of LVH, es pe ci ally car di ac fib ro sis
is im por tant in hyper ten si on in terms of im pro ve
the di as to lic func ti ons and dec re a se the risk of di-
as to lic he art fa i lu re. The in cre a sed col la gen con-
tent pro du ced by fib rob lasts or dec re a sed
bre ak down of tho se thro ugh RA AS ac ti va ti on ca u -
ses ac cu mu la ti on of ab nor mal col la gen fib ril in my-
o car di um.19 Prog res si ve fib ro sis de ve lo ped du e to
in cre a sed type 1 col la gen which has a high ten si le
strength may le ads to myo car di al stiff ness.20,21 Ma-
t rix me tal lop ro te i na se system plays a key ro le in
for ma ti on of ex tra cel lu lar mat rix. 

Im pro ving left ven tri cu lar di as to lic func ti on
and failing left ven tri cu lar hyper trophy we re
shown by se ve ral an tihy per ten si ve tre at ments (22).
Pre vi o us ex pe ri men tal stu di es re ve a led the im por -
tan ce of the in hi bi ti on of RA AS in at tempt to pro -
ve that re du ced car di ac col la gen con tent and
fib ro sis. Com pa ring the fe lo di pin, ena lap ril pro vi -
ded a mo re re duc ti on in col la gen con tent as well as
LVMI in ge ne ti cally hyper ten si ve rats.23 Ad di ti o -
nally two stu di es re ve a led a reg res si on of car di ac
fib ro sis with Cap top ril16 and qu i nap ril17 in spon ta -
ne o us hyper ten si ve rats. The iden ti fi ca ti on of car-
di ac fib ro sis is dif fi cult. Re cent stu di es sug ges ted
that TIMP-1 may ref lect the car di ac fib ro sis and
may be key me di a tor of LV di as to lic dysfunc ti on
thro ugh de fi ni ti on of ven tri cu lar mat rix com po si -
ti on.  

TIMP-1 is a pro te a se in hi bi tor; ma ke an in hi -
bi ti on of col la gen bre ak down, es pe ci ally in hi bits
mat rix me tal lop ro te i na se1 (MMP-1) type 1 which
res pon sib le for bre ak down of type 1 col la gen.5,6
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Parameters Baseline After treatment P value

TIMP-1 levels ng/ml 619.9 ± 108.1 485.6 ± 105.9 <0.0001

SBP (mmHg) 152.3 ± 9.7 132.4 ± 9.8 <0.0001

DBP (mmHg) 91.6 ± 7.14 79.7 ± 6.48 <0.0001

Pulse pressure (mmHg) 60.6 ± 10.2 52.6 ± 7.1 0.13

LVMI (g/m2) 137.8 ± 31.6 130.7 ± 32.5 <0.0001

Echohardiographic parameters

E wave (mm/sec) 63.3 ± 2.4 65.8 ± 2.5 0.40

A wave (mm/sec) 87.3 ± 2.6 82.5 ± 2.2 0.003

Transmitral E/A ratio 0.73 ± 0.14 0.80 ± 0.15 0.076

IVRT (ms) 99.7 ± 27.7 97.7 ± 22.6 0.68

Deceleration time (ms) 242.0 ± 38.8 227.0 ± 39.7 0.017

Tissue Doppler Findings

Em wave (mm/sec) septal 10.3 ± 0.5 10.1 ± 0.5 0.71

Am wave (mm/sec) septal 14.9 ± 0.6 13.1 ± 0.6 0.001

Septal Em/Am 0.70 ±  0.15 0.78 ± 0.11 0.003

Lateral Em/Am 0.72 ± 0.23 0.74 ± 0.16 0.54

TABLE 2: The comparison of TIMP-1 levels, blood 
pressures, LVMI and diastolic functions in hypertensive

patients at baseline and after treatment.  

1st  variable 2nd  variable R P value

Baseline TIMP-1 Baseline SBP -0.12 0.52

Baseline DBP -0.33 0.07

Baseline PP 0.11 0.53

Baseline septal E/A -0.05 0.76

Baseline DT -0.15 0.42

Delta TIMP-1 Delta SBP 0,126 0,508

Delta DBP 0,104 0,583

Delta PP 0.029 0.88

Delta  Septal  Em/Am -0,057 0,766

Delta DT -0,004 0,985

TABLE 3: Correlation analysis between baseline and
delta TIMP-1 levels and other parameters.

SBP: systolic blood pressure DBP: Diastolic blood pressure, PP pulse pressure DT:
Deceleration time, TIMP-1: tissue inhibitor metalloproteinase type-1.

TIMP-1: tissue inhibitor metalloproteinase type-1, LVMI: Left ventricular mass index,
IVRT: Isovolumic relaxation time, SBP: systolic blood pressure, DBP: Diastolic blood
pressure.



Thus tis su e col la gen con tent in cre a ses in con junc -
ti on with the in cre a se in TIMP-1. An gi o ten sin has
be en fo und to in du ce TIMP-1 pro duc ti on by vas cu-
lar cells.24 So in hi bi ti on of RA AS is re a so nab le to
pre vent col la gen ac cu mu la ti on in ex tra cel lu lar ma-
t rix be yond its an tihy per ten si ve ef fects. Ex cept of
one study,11 a ma jo rity of pre vi o us stu di es sho wed
in cre a sed cir cu la ting TIMP-1 le vels in hyper ten si -
ve pa ti ents com pa red to he althy con trols.6-9 Ad di -
ti o nally, TIMP-1 le vels was shown to be cor re la ted
with LVMI,6,9,10 ho we ver conf lic ting re sults we re
al so re por ted.11

Alt ho ugh ele va ted TIMP-1 le vels were shown
in hyper ten si on, it’s not cle ar whet her TIMP-1 le -
vel is re du ced with an tihy per ten si ve tre at ment. La -
vi a des et al re por ted that TIMP-1 le vels dec re a sed
(848 ± 33 ng/ml - 714 ± 41 ng/ml) af ter 1 ye ar of li -
si nop ril tre at ment.6 Ho we ver this fin ding was not
con fir med ot her two stu di es. TIMP-1 le vels we re
not fo und to dec re a se af ter 2 months of an tihy per -
ten si ve tre at ment using ena lap ril or lo sar tan.11 The -
se re sults mat be exp la i ned by re la ti vely shor ter
tre at ment du ra ti on and hig her blo od pres su re ob-
jec ti ves (160/90 mmHg). Thus ne it her LVMI nor
pa ra me ters of di as to lic func ti ons im pro ved af ter
tre at ment. Mo re o ver, on the con trary of pre vi o us
stu di es, ba se li ne TIMP-1 and MMP-9 le vels we re
al so lo wer in hyper ten si ve pa ti ents than he althy
con trol sub jects. Ot her in te res ting re sult was re-
por ted with a sub gro up analy sis from Ang lo –S can -
di na vi an Car di ac Out co mes Tri al.8 In this study,
alt ho ugh both ba se li ne MMP-9 and TIMP-1 le vels
are fo und to be in cre a sed in hyper ten si ve pa ti ents
com pa red to nor mo ten si ve con trols, in te res tingly
on the con trary the pre vi o us stu di es, plas ma TIMP-
1 le vels in cre a sed (400 ng/ml) (415 ng/ml) and
MMP-9 le vels dec re a sed af ter an tihy per ten si ve tre -
at ment. No spe ci fic an tihy per ten si ve tre at ment was
des cri bed in this study. The pos sib le exp la na ti on of
this sur pri sing fin ding re por ted to fact that in cre a -
sed TIMP-1 le vels may ref lect po si ti ve re mo de ling
in vas cu lar and ot her tar get or gans du ring tre at -
ment or it may be re la ted to in ten si ve blo od pres-
su re con trol. 

Conf lic ting re sults ob ser ved with pre vi o us stu -
di es are tho ught to be du e to comp lex re la ti ons hip

bet we en me tal lop ro te i na se and in hi bi tors in hy-
per ten si on. Mo re o ver the se stu di es we re not spe -
ci fi cally de sig ned to in ves ti ga te the ro le of an ACE i
tre at ment on TIMP-1 le vels. 

In this pros pec ti ve study, we spe ci fi cally in-
ves ti ga ted the ro le of qu i nap ril the rapy on TIM P–
1 le vels in hyper ten si on. A ho mo ge no us study
po pu la ti on inc lu ding pa ti ents who ha ve both left
ven tri cu lar hyper trophy and left ven tri cu lar di as -
to lic dysfunc ti on were se lec ted. Qu i nap ril was pre-
fer red du e to strong tis su e ACE in hi bi ti on
pro per ti es. Alt ho ugh the he althy con trol gro up was
not exist, me an ba se li ne TIMP-1 le vel was high in
our hyper ten si ve study gro up (me an: 619.89 ng/ml)
com pa ring to a gi ven he althy po pu la ti on re por ted
in li te ra tu re (99-330 ng/ml).

We ob ser ved that plas ma TIMP-1 le vel dec -
re a sed in ad di ti on to dec re a se in LVMI and blo od
pres su res af ter qu i nap ril tre at ment. Ad di ti o nally
so me of the di as to lic pa ra me ters al so im pro ved af -
ter this the rapy. Our fin ding is con sis tent with
the hypot he sis ba sed on pos sib le re duc ti on of de -
le te ri o us vas cu lar re mo de ling and myo car di al fi-
b ro sis af ter an ACE i tre at ment. It can be
sug ges ted that qu i nap ril sti mu la tes the bre ak -
down of col la gen by re du cing TIMP-1 le vels. This
study con fir med fin dings re por ted with La via des
et al.6 The ab sen ce of be ne fi ci al ef fect on TIMP-
1 le vels with ot her ACE in hi bi tors such as ena -
lap ril,11 as well as ot her an tihy per ten si ve
tre at ment8 may ra i se to pos si bi lity the class ef fect
of li si nop ril and qu i nap ril.  

Ho we ver ba se li ne TIMP-1 le vels was not fo -
und to be cor re la ted any ot her pa ra me ters inc lu -
ding blo od pres su res, and any of di as to lic func ti ons.
The reby, we al so did not ob ser ve any as so ci a ti on
bet we en the re duc ti on of TIMP-1 le vels and chan -
ge of the se pa ra me ters. Ne it her im pro ve ments of
left ven tri cu lar di as to lic func ti ons nor the re duc ti -
on of blo od pres su res we re fo und to be as so ci a ted
with the dec re a se of TIMP-1 le vels. This fin ding is
con sis tent with the La vi ades et al.’s re sults. Our
study sug gests that dec re a se of TIMP-1 le vels with
qu i nap ril may be in de pen dent with the dec re a se of
blo od pres su res or an tihy per ten si ve ef fi cacy of
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drug. Thus, a dif fe rent mec ha nism ot her than he-
mody na mic fac tors may be res pon sib le in the abi l-
ity of qu i nap ril to mo dify MMP-1/TIMP system.
Anot her pla u sib le mec ha nism is the fact that bi oc -
he mi cal chan ges ref lec ting the fib ro sis may not
truly ref lect the struc tu ral chan ges of tis su es. The
dis tri bu ti on of TIMP-1 le vels was not ho mo ge no -
us and stan dard de vi a ti on of TIMP-1 was high. So -
me of the ex tre me va lu es may af fect the out co mes. 

The re la ti ons hip bet we en plas ma TIMP-1 le v-
els and di as to lic pa ra me ters we re as ses sed at se ve ral
stu di es. A strong cor re la ti ons was re por ted bet we -
en TIMP-1 le vels and trans mit ral E/A ra ti o and the
cut-off va lu e for TIMP in or der to re ver se the E/A
ra ti o was de ter mi ned as 500 ng/ml.6,11 Lind say et al
sug ges ted that TIMP-1 le vels are as so ci a ted with LV
di as to lic pa ra me ters rat her than LVH or blo od pres-
su res. In this study, TIMP-1 le vels in hyper ten si ve
pa ti ents with nor mal di as to lic func ti ons did al so not
in cre a se com pa red to he althy con trols.7 We con fir -
med the pre vi o us stu di es sug ges ting the im pro ve -
ment of di as to lic func ti ons and LVH with
an tihy per ten si ve tre at ment in hyper ten si on.23-25

Ho we ver we did not find any re la ti ons hip bet we en
TIMP-1 le vels and ot her pa ra me ters. All pa ti ents in
our study was al re ady had a left ven tri cu lar hyper -
trophy and di as to lic dysfunc ti on. This may le ads to
small dif fe ren ces among pa ti ents re gar ding to LVMI
and di as to lic pa ra me ters and this si tu a ti on may ob-
vi a te the ba se li ne cor re la ti ons bet we en TIMP-1 and
ot her pa ra me ters. 

LIMI TA TI ONS OF THE STUDY 

The ab sen ce of he althy con trol gro ups might li mits
the out co me of the study; ho we ver we did not aim

to in ves ti ga te whet her TMP-1 le vels in cre a sed or
not in hyper ten si ve pa ti ents. Ad di ti o nally we co uld
not use a con trol gro up who had le a ved wit ho ut an-
tihy per ten si ve me di ca ti ons for 6 months for et hi cal
re a son. Furt her con trol led stu di es with ot her ACE i
drugs on TIMP-1 le vels are re qu i red.

Low samp le si ze and re la ti vely shor ter fol low-
up du ra ti on might li mit the out co me of study..  Ho -
we ver samp le si ze of this study was si mi lar to the
num bers of pa ti ents in pre vi o us study, and we ob-
ta i ned a sig ni fi cant dec re a se in sur ro ga te mar kers,
so the se may ob vi a te the li mi ta ti on.

The de ter mi na ti on of MMP-9 or ot her mat rix
me tal lop ro te i na se le vels may aid un ders tand the
mec ha nism of chan ge of TIMP-1 le vels in hyper -
ten si on. The ab sen ce of as sess ment of the se mar k-
ers may li mit the out co mes. We al so did not
me a su re cen tral blo od pres su re which se ems to be
mo re re le vant to LV mass. 

In conc lu si on our study sug gests that qu i nap -
ril tre at ment re du ce plas ma TIMP-1 le vels ref lec -
ting the car di ac fib ro sis be yond to reg res si on of left
ven tri cu lar hyper trophy and im pro ve ments of di-
as to lic func ti ons in pa ti ents with hyper ten si on.
Ho we ver the ab sen ce of as so ci a ti on bet we en the
reg res si on of TIMP-1 and decreased blo od pres su -
re and im pro ve ment of di as to lic func ti ons is a in te -
res ting fin ding. TIMP-1 may be a pro mi sing
mar ker to de ter mi ne the reg res si on of fib ro sis in
hyper ten si on. 
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