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INSULINSKE REZISTENCIJE U BOLESNIKA S5A ESENCIJALNOM HIPERTENZIJOM

EFFECTS OF RAMIPRIL THERAPY ON SOME COMPONENTS OF INSULIN K ESISTANCE
SYNDROME IN PATIENTS WITH ESSENTIAL HYFERTENSION
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Sazetak - Esercijalna hipertenzija predstavlia xompanenti sindroma insulinske rezistencijc. Insulinska rezistencija se definise kao
stanje u kome insulin ostvarje manji odgovar od oeekivanoz, Molotkog odgovora Prospeklivnom klinickon studipom anabizirany
je 13 bolesnika (7 muskaraca | ¥ rena), sa normalnom glikoznom talerancijom prosedne starosts 33,24 = 660 podina. sa BMI 2657
+ 1.24 kp/mr, sa blagom il umerenom ssencijalnem hipertenziom pre @ posle primene ramipriia U frajan)y ol 12 nedelja Za procend
periferne insulinske senzitivoosti | glikozne efektivaosti izvoden je Bergmanny lest minimalnog modela sa redukovanim brojem

Lraraka, Indeks tsalinske senzitivaosti o 12, nadelji povedan za 30

2% ali nisu dostignute normalne vrednost za reternin model [S)

= 1,22 + (.66 vs 1,78 £ 6.8 % 107 mun/pUimby, Veednosn glkozne efektivaosti, Lipida v elektrolna nlarme astale su relativio

nepromenens, dok su vrednosti hemogloiing © broja trombacia znadaine smenjene. Zbog metabolike neaicalnosi

{ AN

hoticne aktivoosti, ramigril 52 preporuduye bolesnicima 53 hipetienzijom & wselinskom rezistiencijont posebne sz dijabeiesom
Kijuéne redi: Ramipril: Hipertenzygal Insulinsha rezislency2. | iematiloski agenst; Flelazolii, Lipide

Summary - Liyential hvperiension presents @ compunear of irinlin resistance syadione. Drgtelins pegistance ex sty whenever aormal

concentration nf hoemane produces less than normal blotagic resparse This prospective olinical sindy enctuded 13 patienss (7 male
andt 8 femalel with normal glucose tolerance aged 33,24 = 6,66 years. 84 26,97 -

"

1,20 he wn, with anild-fo-madeyote csyeniial

fvpertension before and after ramipril ireatment lastong 12 weeks. For avsessment of peripheral insulin sensitivily and glucoye el
fectiveness we used @ veduced sanples Hergman v Mintmal Model method At week 12, we noted g 30% glevation af mewn nsilon
conpitivity sndex, but without gobeving normal reference valies (5= 22066 vs LR LO8 s M mingloml) Ulvcove elieciive-
ey, plasmea Hpide ynd vlecrolvtes were relatively unchanped. Hodmoglobo and platelet count were significanitly decreased. being

meiabolically newteal, with autithrombotic activite, ramiori £an be recomatended for tredtament of patieals With buperieasan ditd

o

(nsulin resisiance, especialiy jor patients with accontapanied diaberes melfitng.
Key words: Raeipril, Hypertension tnsudin Resistance, Hemarologic Agents; Elecrrolyles, Ligtay

Usaod

Insulinska rezistencija je jedan od mogucih pato-
fizioloskih mehanizama odgovornih za nastanak e-
senciialne hipertenzije. Teoretski, postoji vise ob-
jainjenja ga povezanost ova dva entiteta. Prvi mo-
ouci patofiziolodki mehanizam xojim insubinska
rezisiencija dovadi do esencijalne hiperenzije jeste
hiperinsulinemija, kao kompenzatorna pojava U in-
culinrezistemnnim stanjima. Hiperinsulinemita do ar-
terijske hipertenzije dovodi sledecim pretpostav-
ljenim muﬁm:izmima: povedanom renainom réap-
sarpeijom natrijuma, aktivacijom simpatickeg siste-
ma, stimulacijom faktora rasta ilifi dejstvom na
transmembranski jonski (ransport (povecanom Alk-
tivhostu Na/tl pumpe i smanjenom aktiviodcu Na-
K-ATP-aze) [1].

Druga mogucnost je da insulinska rezistencija
per se., 24 sada nepoznatim mehanizmima uzrokuje
nastanak esencijalie hiperienziie LE]. Kako insulin u
tlagej hiperinsulinemiji ne uzrokuje hipertenzivie
cfekte. pretpostavljena je veda verovatnoca poveza-
nnsti insulinske rtezistencije i csencijalne hiper-
enzije, nego hiperinsulinemije i esencijane hiper-
renzije [3].

Nedavno je ustanovljena povezanost izmedu in-
sulinske resistencije 1 hiperinsulinemije sa smanje-

Introduciion

Insulin resistance is one of the possible pathe-
phyvsiciogical mechanisms responsible for deveiop-
ment of essential hyperiension. There seem to be
several theoretical explanations for the relabionship
hetween these Two entities, llvperinsulinemsa per-
sists i insulin resistance as a compensatory phe-
nomencn, It may affect biood pressure by several
possible mechanisms, such as: increased renal so-
dium reabsorption, sympathetic nervous system
stimulation, enhanced growth factor activity and
disturbed transmembrane cation transporl activily
(increased activity of NarH pump and decreased ac:
tivity of Na-K-ATE-ase) [1].

Another possibility is that insulin resistance per
ve causes development of essential hypertension by
come unknown mechanisms [2]. Although msulin
has no hypertensive effects in mild hyperinsuline-
mia, it was concluded that insuiin resistance rather
than hyperinsulinemia may be more closely associ-
ated with essential hvpertension [3].
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Shradenice

LANS - renim-anglenzin-aldosteron sistam
[3h11 - indcks telesne mase

EER - test inlerancaie olikose

MITHIM - insulin nezavyisne Aacerni difzhel

nom TunLcur:nn arterijskog bammccptorﬂkuﬂ me-
hanizma, koji [e povezan sa poviienim «rvnim pri-
Liskoun. Hiperinsulinemiia  kao ﬂi,l::mEEnl Simlac
smanjuje arierijska komplijansu, Sime smanjuje sti-
rnuinu_,u arteri)zkih harmEEeptﬁra Na  pomenute
promene nadevezuje se endoielvalna dla’runkpia,
kapa postoft v imsulin rezistentnim stanjima. sa
ljim pogorianjem periferne vaskularne rezistencije |
arterijske hpertenzije |4

lJLtEﬂEl&]ﬂd Il'lll]h]tljd RAAS {renim-angiolensin
aldosteron sistema). primenom strukturno razlicitih
ACL inhibitora. razli¢ito utiée ne perifernu insulin-
sku senzitivinost u msulinrezistentnim oblicima es-
cnciialne hipertenzije Poboljsanje periferne insulin-
ske senzitivnost predstvalia khudm Cinilac u pri-
marna) i sekundamo] prevencij kardiovaskularnih
'J'J'ﬁ]jf;'lﬂﬂ s i 8

Cilj nadeg rada je ispitiv .:1IT_]-L ubicaja ramipriia na
insulinski senziivnost 1 glikoanu eleklivoost, na
lipide i eclektralite plazme, kao i na hematoloske
pdrd'm.l” u bolesnika sa bIdL_,Uln (hipertenzija 1 ste-
peral toumerencm (hiperenzija I1 siepena) pre
pesle lerapije camiprilom v trajanju od 12 nedelja

Materijal | metode

Prospektiviom klimickom studyom analizirano je
15 bolesntka (7 muskaraca 1 8 7ena) sa normalnom
plikoznom mlcrancijnm uzrasta lzmedu 20 1 33
adina {proscéne staresti 53,24 4 6,60 md'na] 54
~:|‘Ed|mf-:l:=ﬂa indeksa F.-L]i':ﬂ'l-:. mase (BMI) 2697 =

i kg/m', sa blagom (hipertenzija | menena; H
ult LTSN fh.mrrm*zua Il stepena) esencijabnom hi-
pertenz ﬁm pre 1 posle lelenja cilazaprilom u tra-
janju od 12 nedelja.

La pruu.:e:uu periferne insulmske senzitivinosti k-
rscen je test mimmainog modela po Bergmanu sa
redukoyvanin arojem leraka koyi Iahtﬁw iIZvo
Jdenje 3-Gasovioe v GTT. U O minutu daje se 300
ma'ke hipertong. 509 glikoze intravenski tokom
-2 minuta. L 200 minutu se aplikuje 111|ramen5k1
0.05 Li'kg maulina v podlgkiicu suproing ruke, U
urdr“dunm vremenskim lnltndhrrm 0,2 4.8 10,
22, 34, 40, 50, T, 90, | 80, minuty ﬂl-c;unlplju s
uzorel 7a cdrediv anje |-.“|I1L“EI‘II‘F|E]J¢ glikoze [6] (me
toda glukozo oksidaze, mmol/l) | nsulina LRi"a
I‘\I[I“i mUAp u krvi. Za obradu dnbuenlh rezillata
horistt se progran: MINMOD za ]rruumfwrm_[e
1|1ﬂeh-::3 r‘r:uh 1ske senzitivaosti {51} 1 ghikozne efex
viosty (8g). Intravensk: GTT na opisani nadin e
i;_x-udcn 000 B2 nedeljistrazivanja

2 uzoraka venske kevi ozetg natadte odredivans
su vrednosti bazne insulinemije, bazne glikemije
tmighcenda, vsupnog holesterola, HDL- © LDL-ho-

Abbreviaiions

RaAS - renimt-angiotensin-aldosterone sysem
B - body mass index

TT - glucose Wlerance (exl

NID - pon-nsulin dependent diabetes melliles

It has been estabhished recently that insulin resis-
tance and hyperinsulinemia may be associated with
an attenuation of the arterial baroreceptor-cardiac
refelex, with arterial hyvpertension as consequence.
Hvperinsulinemia is recogmized o be athercgenic,
and there 15 an association with a stiftening of the
arterial wall and attenuation of arterigl baroreceptor
sensitivity, In addition. 1 is possible to speculate
that abnormal endothelial Tunction, as has been
docurmented in insulin resistance, may impair the re-
sponse of the arterial baroreceptors, with further de-
terioration of peripheral vascular resistance and
arterial hvperiension [£],

Long-term wnhibiton of renin-angioensin-aldo-
sterone system (RAASY 15 thought 1o produce either
||'r‘|!|:1rt}‘v¢mu1'[ ar unchanged values of peripheral in-
sulin sensitivity in patients with essential hyperten-
51011, MO prohahl} according  to structural
differences of various angiotensir-converting en-
zyme (ACE) inhibitors, merwmwnt of insulin re
sistance s crucial for primary and secondary
prevention of cardiovascular diseases [3]. The aun
of the current study was to investigate the effects of
ramipril on insulin sensitivity and elucese etfective-
Ness, ol F|.-'£5:TI.F| lipids and electrolvies, as well as on
hasmatolagical parameters i patients with mild-1o
moderate ¢ssential hypertension before and afier
treatment, during 12 weeks

Materizal and methods

This prospective climical study inciuded 15 pa-
tents (F male and 8 femeale) with normai ]IIL{'-’ir_‘
twolerance. aged 20 o 55 years Lavurwﬂ age 33.24 &
660 vears), Cwitl body mass index %} 26.97 +
1.24 kg/m®, with mild qlnpenen‘irmn stage [} or
ﬁmdf:r'ue (hypertension stage 1) cssential hy polcF-
sion, before and after ramipril therapy, during |
weeks.

For assessment of peripheral insulin sensitivity
we used Bergman's mimmimal model 'nerhn:m;‘l with re-
duced Sal'nples This modet recuires 3-hour intrave-
nous glucose lolerance test u»UTT} At 0. min 300
rng“k& 50% glucose was infused intravenousiy over
-2 miutes nto the antecubital fossa vein, After 20
minutes bolus intravencus injection of 0,03 ke
human msulm was intused in contralateral antecubi-
r:a[ fossa vein. At definite intervals - 0, 2. 4, 8, 10,

2, 30 44, 30, 70, 90 and 180 miute S’urnf'hn':r for
plumqe (slucoso oxidaze method, mmol/ iy |€_r| and
msulin (R1A. INEP, mU/M) taok place. Using soft-
ware package MINMOID we cdlcuh‘led wsulin sen-
sittvity (51) and glucose effectivencess (5g) based on
ebtarned nsulinemia and ghycemia valucs, Infrave-
news GTT was performed at ) and 12th week of the
study.
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lesterola, natrijuma, kalijuma, bikarbonata, hlora,
odredivan je broj eritrocita, leukocita 1 trombocita,
vrednosti hematokrita i hemoglobina. Navedeni pa-
rametri su odredivani svake 4 nedelje,

Krvni pritisak je meren konvencionalnim sfingo-
manometrom u sededem polozaju svake druge ne-
delje. Blaga i umerena hipertenzija su definisane za
vrednosti sistolnog pritiska: 140-159 vs. 160-179
mmHg 1 vrednosti dijastolnog pritiska: 90-99 vs.
100-109 mmHg.

Telesna teZina i vrednosti indeksa telesne mase
(BML; k%’m‘} odredivani su u 0. i 12, nedelji. BMI
predstavija koliénik telesne teZine izraZene u Kilo-
gramima 1 kvadrata telesne visine lzrazene u met-
rima. U studiju su bile vkljué¢ene normalno uhra-
njene osobe (BMI do 24.9 kg/m?) ili sa gojaznoscu |
stepena (BMI < 28 kg/m™).

Pre uvodenja ramiprifa svi bolesnici su proslh
kroz period obustave ("wash out" period) antihiper-
tenzivne terapije. ako su prethodno leCeni, u trajanju
od dve nedeﬂe. Tokom posmatranog pericda bole-
snici nisu uzimali lekove koji utiéu na glikoznu tole-
ranciju i metabolizam lipida. Poletna doza ramiprila
bila je najmanja preporucena antihipertenzivna doza
od 2.5 mg, zbog prevencije hipotenzivnog efekta
prve doze. Kod bolesnika kod kojih je prosetna
vrednost dijastolnog pritiska u sedecem poloZaju
iznosila 90-115 mmHg posle 4 nedelje primene pro-
doze, primenjivana je dupla doza leka tokom preo-
stalih 8 nedelja ledenja.

Studija je bila otvorenog tipa. Pre ukljudivanja u
studiju svakom bolesniku je bila nhﬂainjena svrha
studije, pri éemu je svaki bolesnik dao usmeni
dobrovolini pristanak za ucesce u studiji.

Statisticka analiza dobijenih rezultata je obra-
dena softverskim paketom SPSS. Podaci su dati kae
srednje vrednosti sa standardnom devijacijom. Zna-
ajnost razlike endokrinoloskih parametara pre |
posle primene ramiprila testirana je Studentskim -
testom za vezane uzorke. Znacainost razlika vred-
nosti lipida, elektolita plazme, hemateloskih para-
metara, testirana ie dvofaktorskom analizom vari-
janse za ponovljena merenja.

Rezultati

Prosecna vrednost indeksa insulinske senzitiv-
nosti u periodu pre terapije ramiprilom jako je
niska, §to ukazuje na postcjanje smanjene insulin-
ske senzitivnosii u ispitivanoj grupi. Analizom
indeksa insulinske senzitivnosti u 12, nedelji ledenja
uodava se povedanje datog indeksa za 50%, ali time
nisu dostignute normalne vrednosti za referentni
maodel i razlika nije statisticki znacajna (grafikon 11
tabela 1},

Vrednosti glikoane efektivnosti, bazne insuline-
mije i bazne glikemije nisu se znalajno promenile
pre i posle terapije ramiprilom (tabela 1),

Vrednosti lipida i elektrolita plazme pre i posle
primene ramiprila znadajno se ne razlixuju (tabele 2
1 3).

Bojovi¢ Lj, i sar. Terapija ramiprilom

Venous blood was obtained after an overnight
fast for determination of fasting plasma glucose,
fasting insulin, triglyceride, total cholesterol, LDL-
and HDL-cholesierol, sodium. potassium, bicarbon-
ate, chiorine, eryvthrocyte, leukocyte and platelet
count, haemoglobin and haematocrit. These parame-
ters were measured every 4 weeks.

Blood pressure was measured every second
week, in sitting position, using a conventional mer-
cury sphygmomarometer. Mild and moderate hy-
pertension are defined for systolic blood pressure:
140-159 vs. 160-179 mmHg and for diastolic blood
pressure: 90-99 vs. 100-109 mmHg. _

Body weight and body mass inex {BMI: kg/m?)
were caleulated at 0 and 12th week. BMI presents
the equation among body weigt expressed in kilo-
grams and the square of body heigh expressed n
meters. We included either non-obese patients with
BMI 24,9 kg/m” or with stage one obesity (BMI =
28 kg/m?).

Before ramipril therapy all patients passed thro-
ugh wash out period, duration of 2 weeks. if they
were treated before. During the study period pa-
tients did nit receive drugs known to affect glucose
tolerance or lipid metabolism. The initial dose was
2.5 mg, minimal recommended therapeutic dose,
with the purpese to avoid hypotensive effect of the
first dose. Patients whose mean diastolic blood
pressure in silting pesition on pro-dose was 50-115
mmHg after 4 weeks of therapy, received a double
dose in the remaining 8 weeks.

The study had an open-label design. All patients
were informed about the purpose and the character
of the research and provided oral consent before the
study started.

Statistical analysis was performed using the soft-
ware package SPSS. Data are given as mean and
standard deviation. For paired comparison between
two endocrinological measurements we used Stu-
dent’s -test. A two-way analysis of covariance for
repeated measurements was used to compare the
means of piasma lipids, electrolytes and haemato
logical parameters,

Results

The average initial vaiue of insulin sensitivity in-
dex before ramipril treatment was too low, ndicat-
ing a decreased insulin sensitivity. Analyzing insu-
lin sensitivity in 12th week of ramipnl treatment,
we noted a 50% elevation of mean index. bstab-
lished index value was not in normal range for refe’
rential model, and differences were considered non-
significant (Fig. 1 and Table 1),
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Table 1.
rarmiprila
Table | Endocrinclogical paramerers befure and after rami-
_If:'rl'll fFEaian!

Faramelr f Farameters

Endokrinoloski parametri pre i posle primene

SR

Pasle |= Ll:n|a p
After treatmen

Pre feZenja
Betore freatme it

[msubinska senzitivnost

frgudin sensdivity 1,220 66 1.78+0 81 ns
{Thkozna efekivnost

Flucose efficacy 0272013 (3727 ne
Bazri inzulin

Fasting insulin 12,7524 335 11,7345 05 s
Bazna mlikemyja

Fasilng plucose 461073 4 hGal) B0 ng

ns - razlika nije zrafajna'ns - difference iy not significant

Tabela 2. Vreednosti Lipida plazme tokem primene ramiprila
Tablz 2. Valuss of plasma lipids during ramipril theragy
0 nedelja &medehja  [Z.nedclja

0. week Ethweek  i2hwesk 7

4. nedelja
4th weelk

Hale I~Ii:,|:11

Chofesterol G170 16 6,08£0.18 4102021 &£12+315 ns
HDL-HDL-CC 1262007 | 220,06 116800+ 1,22:007 ns
L= 4134022 41220,18 4004023 4082017 ns
LDL/HDL 3,530,200 346024 37040322 3522020 ns
Trghcendi

Frighrerides 20440 15 213019 2 08+0,20 2132017 ps

ns - razlika nije znatajng, us - difference iz not sbgmificar

Tabela 3, Vrednosti elektrolita plazme tokem primene
camipriia

Table 3. Values of plasma eleftrolvies during ramipril
theragy
Onedelja  4medeha  Enedelja  12.ncdeha
Gaweek  dthweek  Bth week  12thweek p
Natrajum
Lol ety 40044047 14071045 129752027 [A9 52047 ng
Falijum
Morassim 384D 2020 9% 3103007 4 04+0 06 s
Bilar
hlarade 01,060, 05  10066£0,45 108 082045 [0S0 AL ps
Hikarborati
Rioarbanate §1,4300 51 T2 40402 IT. 6022 317211057 ns

s - razlika nije matajna; me - difference iz not significant

Tokom primene ramiprila registrovano je znacai-
no smanjenje vrednosti hemoglabina 1 broja trom-
bocita. Ostali hematoloski parametri su relativoo ne-
pramengeni (tabela 4).

Diskusija

Strukturno razligiti ACE inbibitori imaju isti
hipotenzivni efekat, ali su njihovi efekti na insulin-
sku senzitiviost razliéiti 1 doznozavisni [7]. Me-
tabolicki efekti nisu zajednitka karakteristika
farmakoloske grupe lekova, veé zavise od strukture
svakog pojedinacnog leka 1z 1ste grupe [8].

Shigno na&im rezultatima, Ludvik je pokazao da
kratkotrajna primena ramlprllﬂ {14 dana) ne menja

289

& iminculimi) |

15
15

ol I

L=

T EETEAR T T i’ 17 weeek

Grafikon 1. Insulinska senzitivoost pre 1 posle primene

ramiprila
Graph. 1. fnsulin  sensitivity  before and  afier  ramiprii
adminisiralion

Tabela 4. Vrednost: hematolodkih paramelara tokom primene
ramiprila

Table 4. Valuer of hacmatclogical parameters during rami-
pril Hierapy

Onedeliz 4 nedebz  Snedelja 12 nedeljs

) 0 week 41h week Btk week  12thweek p
Erurociti
Eryrhrocyter 4304008 4504009 450:008 4542001 ns
Hemoglohin
fr_ﬂ;‘m.’?g."ﬂ:"m Ll Fle3 00 140024222 1537922265 1172542 54 g
Flematobes
Haemaroors 01 +0.05 0420001 LR ] (k440440 ] ns
Leukosc:i
Leukooytes 6564077 S TW0XE A0%5:029 SDS40T6 s
Trombacth

Thrombocvtes 113.80=224 30064317 28287168 21780220 o
s- razlika je znalapa. ns - razlica ne masana
5 - difference w sigrificant. ne-difference is nov sighificanmt

Comparison of data at the start and at the end of
study period showed no significant differences in
adlucose effectiveness, fasting insulinemia and fast-
ing glycemia {Tab]e 13.

Values of lipids and electrolytes did not signifi-
cantly differ b:F re and after ramipril treatment {Ta-
hles 2 and 3),

During use of ramipril, we cbserved statistical
decrease of haemoglobin and platelet count. Values
ot other haematological parameters did not signifi-
cantly change (Table 4).

Discussion

Currently used structurally different ACE inhibi-
tors effectweh decrease blood pressure, but differ in
their ability to improve insulin resistance [7]. Meta-
bolic effects are not true class effects, but are linked
fo specific charactersitics of each drug from the
same group [8].
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znaéajno perifernu insulinsku senzitivnost pre po-
detka terapije procenjivanu euglikemijskim klam-
pom [9]. Primenjujuéi minimalni model za procenu
periferne insulinske senzitivnosti, Sidani je usta-
novio relativno nepromenjenu vrednost posmatra-
nog parametra posle 8 nedelja leCenja kod starijih
hipertoni¢ara, dok je dugotrajna primena (6 meseci)
pu‘i:l;z]azala trend pogorianja insulinske senzitivnosti
[ 10].

S druge strane, pokazano je da ¢ak i male doze
ramiprila (1,25 mg dnevno) posle 10 dana pnimene
znacajno poboli3avaju perifernu insulinsku senzitiv-
nost u grupi od 5 normotenzivnih, nedijabeti¢nih,
gojaznih Zena [11]. A u grupi od 21 hipertonicara sa
normalnom glikoznom tolerancijom primena 5 mg
ramiprila dnevno tokom perioda od 6 meseci uzro-
kovala je znacajno poboljSanje insulinske scnzitiv-
nosti, procenjivane insulin tolerance testom [12].

Razli¢iti rezultati se mogu tumaciti na vise na-
&ina: upotrebom razli¢itth metoda za procenu peri-
ferene insulinske senzitivnosti, razli¢itom duZinom
trajanja hipertenzije (da li su u studiju ukljuceni no-
vodijagnostikovani bolesnici ili on1 sa vec poslo-
je¢im komplikacijama na ciljmim organima), nedo-
voljan broj ispitivanih bolesnika za 1zvodenje rele-
vantnog zakljuéka o dejstvu primenjenog leka na in-
sulinsku senzitivnost ili varijacija uticaja lekova iz
iste farmakoloske grupe na posmatrani parametar.

Moguéi mehanizmi kojima ACE inhibitori po-
boljdavaju perifernu insulinsku senzitivnost su po-
tenciranje vazodilatatornog dejstva bradikinina, po-
vecanje protoka krvi u skeletnim midicima, pove-
¢anje aktivnosti Na-K-ATP-aze ifili redukcija sim-
patickog tonusa [13]. Eksperimentalna studija na
spontano hipertenzivnim pacovima pokazala je da bi
ramipril povecanjem defosforilacije insulinskog re-
ceptora 1 povedanjem aktivnosti protein-tirozin-
fosfataze (PTP-aze) moglo da bude jedno od meha-
nizama kojima ACE inhibitori poveéavaju perifernu
insulinsku senzitivnost | 14].

Insulinska rezistencija predstavlja komponentu
metaboliékog sindroma” X ili sindroma insulinske
rezistencije, koju saéinjavaju arterijska hipertenzija,
dislipidemija (povisene koncentracije LDL-C 1 tri-

glicerida, a smanjenc HDL-C), insulinska rezisten-
cija sa hiperinsulinemijom, centralni tip gojaznosti,
povisene koncentracije PAI-T i fibrinogena, hiperu-
ricemija i mikroalbuminurija. Bolesnici sa metabo-
lickim sindromom X imaju znacajno veci rizik 7a
nastanak ateroskleroti¢nog vaskulamog oboljenja
ad osoba sa normalnom insulinskom senzitivnoicu
[15].

Metabolicku neutralnost ramiprila pokazala je
HOPE studija. ¢ime se objadnjava smanjenje kar-
diovaskularnog morbiditeta tokom njegove primenc.
Tokom 4-5-godisnjeg pracenja 1HOPE, MICRO-
HOPE i SECURE studije su pokazale veliku terapi-
jsku efikasnost ramiprila kod hipertonicara preko 35
podina starosti (zbog Eestih pridruzenih vaskularnih
komplikacija), dijabetiara i mladih hipertonicara
kod kojih postoji bar jedan dodatni faktor rizika
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Similar to our results, Ludvik showed that short-
term (14 days) treatment with ramipril has no influ-
erice on insulin secretion and insulin sensitivity, as-
sessed with euglycemic clamp technigue [9]. Using
minimal model method, Sidani also found no sig-
nificant increase of peripheral insulin sensitivity af-
ter 8 weeks of ramipril therapy in eldely hyper-
tensive patients, while other studies have shown a
declining trend in insulin sensitivity value after
long-term (6 months) therapy with ramipril [ 10].

On the other side, shori-term treatment with ra-
mipril with low doses (1,25 mg daily}, duration 10
days, induced improvement of insulin sensitivity in
the group of five normotensive, non-diabetic, obese
women [11]. Treatment with ramipril, dose of Smg/
day. lasting 6 months, significantly improved insulin
sensitivity in 21 hypertensive subjects with normal
slucose tolerance, assessed by insulin tolerance test
[12].

Possible explanations for such diffcrences might
be: different methodologies used to calculate the in-
dex of insulin sensitivity, different duration ol arte-
rial hypertension (recent onset of disease or already
sustained hypertension with complications on target
organs), insulficient number of patients for relevant
conclusion about the action of used drugs on insulin
sensitivity and glucose kinetics or variation in ac-
tion of different drugs from the same pharmacologi-
cal group on abovementioned parameters.

Possible mechanisms which improved insulin
sensitivity afier ACE inhibition are: cmphasized
bradvkinin action through its vasodilatative impact,
increased blood flow in sceletal muscles, increascd
activity of Na-K-ATP pump and/or decrease in sym-
pathetic nervous system activity [13]. Experimental
study on spontancously hypertensive rats has shown
that increased phosphorylation of insulin receptor
and protein tyrosine phosphatase (PTPase) activity
might be possible mechanisms for improvement of
insulin sensitivity after ramipril therapy [14].

Insulin resiastance is a part of metabolic syn-
drome X (or insulin resistance syndrome) which is a
component of arterial hypertension, dyslipidemia
(increased LDL-C and ftriglycerides, decreased
HDL-C), insulin resistance with hyperinsulincmia.
central obesity, higher PAI-1 and fibrinogen level,
hyperuricemia and microalbuminuria. Patients with
metabolic syndrome X have a markedly increased
risk for development of atherothrombotic cardiovas-
cular disease [15].

HOPE study has showed mctabolic neutrality ol
ramipril. However, this is an explanation for decre-
ased cardiovascular morbidity during ramipril treat-
ment. During 4,5 years of follow-up period, HOPL,
MICRO-HOPE and SECURE studies showed great
therapeutic efficacy of ramipril in patients over 35
vears (often associated with vascular complicati-
ons), diabetic patients and younger hypertensive pa-
tients with at least one additional risk factor [16].
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[16]. Doggrell je pokazao da ramipril smZava nivo
LDL-C, ali i HDL-C tokom dugotrajne primene
[17]. dok je kod hipertoni¢ara sa koronarmom
boleséu pokazano snizenje LDL-C tokom dugotra-
ne prnimene ramiprila, ¢ime se delom objainjava
smanjenje kardiovaskularnog morbiditeta [18].

Insulin je bitan faktor regulacije eritropoeze. Po-
vecan broj eritocita moZe se smatrati novom kompo-
nentom sindroma insulinske rezistencije, koji pove-
cava rizik za nastanak kardiovaskularmih kompli-
kacya. Barbien je pronasao korelaciju izmedu insu-
linske rezistencije, broja eritrocita 1 Koncentracija
hemoglobina, hematokrita 1 gvoida u plazmi, Kod
nsoba sa insulinskom rezistencijom registrovana je
korelacija izmedu eritrocitoze, povisene koncentra-
cije LDL-C 1 snizene koncentracije HDL-C [19]. U
smislu antiaterogenog dejstva ramiprila, a u vezi sa
njegovim  dejstvom na  hematoloske  parametre,
rezultati nedavno sprovedene pilot studije pokazali
su da ramipril znacajno smanjuje agregaciju trom-
bacita (za 26%). Antitrombotiéni efckat ACE in-
hibitora bitan je ¢inilac njthovog vaskulotektivnog
dejstva, jer su ruptura plaka i tromboza Koja sled:
iza toga kljuéni procesi u progresiji i nastanku kom-
plikacija aterosklerotiéne bolesti [20].

Lakljuéak

Ramipril nc poboljsava znacajno perifernu insu-
linsku  senzitivnost  posle 12 nedelja  lecenja
(p=0,05),

Posle 12 nedelja le€enja ramiprilom glikozna
cfektivnost, bazna insulinemija i glikemija, elek-
troliti 1 lipidi plazme relativno su nepromenjeni (p =
0.035).

Ramipril, ACE inhibitor nove generacije, poka-
zuje metabolicku neutralnost u odnosu na perifernu
insulinsku senzitivnost | glikoznu kinetiku i kao
takav moze se preporuciti bolesnicima kod kojih uz
arterijsku hipertenziju postoji insulinska rezistencija
i hiperinsulinemija, gde spadaju gojazni hiperto-
ni¢ari i osobe sa insnﬁin nezavisnim Sedermim dija-
betom,

Doggrell demonstrated that ramipril induced de-
crease of LI3L-C, but also HDL-C during long-term
therapy [17]. while long-term ramipril use in pa-
tents with coronary disease induces only decrease
of LIDL-C. This is an explanation, at least partly, for
decreased risk for development of cardiovacular dis-
ease [18].

Insulin has an important role in regulation of ery-
thropoiesis, Increased erythrocyte count could be
considered as a new component of insulin resistance
syndrome which could contribute to increased risk
from developing cardiovascular complications, Bar-
bieri found a correlation between insulin resistance,
erythrocyte count, plasma haemoglobin, haematocrit
and plasma iron concentrations, Subjects with insu-
lin resistance presented with higher eryvthrocyte
count and LDL-C concentration, and lower HDL-C
concentrations [19]. Conecerning antiatherogenic ac-
tion of ramipril, and its influence on haematological
parameters, results of a pilot study showed signifi-
cant decrease of platelet aggregation (by 26%). An-
tithrom- botic effect of ACE inhibitors 1s important
for their vasculoprotective action, although plague
rupture and subsequent thrombosis are key events in
complications and progression of atherosclerotic
diseases [20].

Conclusion

Ramipril does not improve insulin sensitivity sig-
nificantly after a 12-week therapy (p=0.05).

Ramipril has no significant intluence on glucose
effectiveness, fasting insulinemia and glycemia,
electrolytes and plasma lipids after a 12-week thera-
py (p = 0.05).

Ramipril, an ACE inhibitor of new generation, as
a melabolic neutral drug concerning peripheral insu-
lin sensitivity and glucose kinetics, can be recom-
mended for treatment of arterial hypertension
acmmﬁaniud with insulin resistance, especially in
obese hypertensive patients and hypertensives with
non-insulin dependent diabetes mellitus (NTDDM).
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