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Effects of ACE inhibition and AT1-receptor antagonism
on endothelial function and insulin sensitivity
in essential hypertensive patients
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Oguzhban Deyneli* Goncagiil Haklar, Sema Akalin*

Abstract

Objective

Disturbed endothelial function is closely associated
with hyperinsulinaemia and insulin resistance in
essential hypertension. The aims of this study were:
1) to evaluate whether the two alternative drugs,
angiotensin-converting enzyme (ACE) inhibitors and
Angiotensin II (Ang II) antagonists, had comparable
effects on glucose metabolism and endothelial
function.

2) to determine whether they improve endothelial
dysfunction through modulating insulin resistange
and oxidative stress.

Study design and methods

Essential hypertensive patients were randemiised inte
two groups: Twelve (nine patients i final 4nalysiS]
patients were given enalapril (enalypridgroup)f any
twelve (nine patients in finalan2{ysis) werg giyen
losartan (losartan group). Tielv&sex- and
age-matched normotengive woltnteegs \were, included
as controls. Before andl after*six months of treatment,
endothelial functieq, ihsulin serSigqviss and lipid
peroxidation (FBARSs) and MOwmgrabolites (NOx)
were evaluated.

Results

Endothelial functiew, measured as flow mediated
dilatation (FMQ)5ws improved in both of the
treatment groups¥p=0.0001). Calculated insulin
sensitivity index also improved in the enalapril-treated
group (p=0.05) but not in the losartan-treated group,
compared with baseline levels. TBARS values
decreased significantly in the enalapril group
compared with baseline levels (p<0.001). FMD was
positively correlated with insulin sensitivity index
(r=0.32, p<0.05) and NOx levels (r=0.39, p=0.01)
and negatively correlated with TBARS levels
(r=-0.53, p=0.0002) in hypertensive patients.

Conclusion

Inhibition of the renin-angiotensin system, either with
ACE inhibitors or AT -receptor blockers improves
endothelial dysfunction. ACE inhibition has prominent
effects on improving insulin sensitivity and decreasing
oxidative stress in essential hypertensive patients.

Introduction
Endothelial dysfunction, which is considered as an

early marker of atherosclerosis, is common in

patients  with  essential  hypertension."?

Hyperinsulinaemia and insulin resistance, which is

also commesrin essential hypertension, is accom-

panied by erdothelial dysfunction.*

Sopge Mngihyperteasive drugs were demon-
stratéd to mqedulate insulin resistance and
endythelial fdndtien.” While commonly used
dinigs, such“as ‘thiazide diuretics and p-receptor
antdgonistsasc effective in the treatment of hyper-
€nsionjthey’have been reported to impair insulin
sepsitifity’ On the other hand, alpha-receptor
arltagdnists, calcium channel blockers and
angiotensin-converting enzyme (ACE) inhibitors
have either neutral or favourable effects on
glucose metabolism and insulin sensitivity.”
Furthermore, in a study comparing different anti-
hypertensive regimens, among ACE inhibitors
(ACE-s), calcium channel blocker, $-blockers and
diuretics, ACE-Is were the only drugs which suc-
cessfully increased post-ischaemic vasodilata-
tion.” Angiotensin II (Ang II) receptor blockers
(ARBs) are known to be as effective as ACE-Is in
the treatment of hypertension, but their actions
on glucose metabolism and endothelial function
are controversial.”'""3

The aims of this study were:

1. to evaluate whether ACE-Is and ARBs had com-
parable effects on glucose metabolism and
endothelial function, and

2. to determine whether they improve endothe-
lial dysfunction through modulating insulin
resistance and oxidative stress in essential
hypertensive patients.

Design and methods

Patient selection

Twenty-four patients with stage 1 hypertension,
according to JNC VI criteria,'* were included in the
study. Previous antihypertensive medications were
discontinued for three weeks during the wash-out
period to ensure that blood pressure (BP) levels
were stable. BP was measured from the right upper
extremity using a mercury sphygmomanometer
with the patient in a sitting position. After 10
minutes of rest, the average of three consecutive
measurements, performed five minutes apart, was
calculated as the BP value. The first and the fifth
sounds of Korotkoff to the nearest even number
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were regarded as the systolic and diastolic pres-
sures, respectively. The measurements were carried
out by the same physician throughout the study.
Patients were excluded if they were smokers or had
secondary hypertension, renovascular disease, con-
nective tissue disorders, a history of malignant
hypertension, myocardial infarction, cerebrovascu-
lar disease, heart failure, diabetes, obesity (body
mass index >27 kg/m?), other systemic diseases, or
renal failure (serum creatinine >1.2 mg/dl). None of
the subjects was taking lipid-lowering agents,
hormone replacement therapy, antioxidant therapy,
antiaggregants, steroids or other drugs which might
affect BP. Patients were included in the study after
exclusion of secondary hypertension.All of the par-
ticipants underwent initial evaluation by means of
medical history, physical examination, haematologi-
cal and biochemical profile, including measurement
of blood glucose, serum electrolytes (sodium, potas-
sium), urea, creatinine, lipids, thyroid function tests
and urine analysis. Diabetes was excluded accord-
ing to American Diabetes Association criteria. Renal
ultrasound and Doppler examinations were normal
in all hypertensive patients.

All patients had been hypertensive for at least
six months, according to the hospital records. Ten
patients were on antihypertensive medication gnd
none of them were on ACE-Is or ARBs. Previoug-anti-
hypertensive medications were discontinued/for
three weeks during the wash-out period.\Pdtients
were randomised into two groups: Twelvepatients
were given enalapril (Renitec, Merck Sharp Dohrie,
Turkey), and twelve were giverdNosartan (COzaar,
Merck Sharp Dohme, Turkey). Ratients were \rdn-
domised according to a pre-prepared{ randomisa-
tion list and followed in«an, unblinded faskjon. After
a six-week titration p€riod, patients\weye followed
monthly for six months, The dsug dosages ranged
from 5-40 mg/day fOr enalgprii, arid from 50-100
mg/day for losactin. Antibypeitensive effects of the
study medications were, €yaluated by clinic BP mea-
surements. Patient’s dietsswere unchanged, with no
restriction™oh sodiwgn Or protein intake. BP was
measured at eachwisit’between 8 to 10 a.m. (before
the study medigation was given) and 24 hours after
the ingestion of the last dose.

Compliance and tolerability to study drugs
were assessed by pill count and monitoring of
spontaneous reports of adverse experiences at
each visit. Blood samples and 24-hour urine col-
lections were obtained, endothelial function was
measured, and an oral glucose tolerance test
(OGTT) was done at the beginning and end of the
six-month treatment period.

Twelve sex- and age-matched normotensive
volunteers were also evaluated at baseline and
after six months for the same parameters.

Informed consent was obtained from all par-
ticipants and the study was performed in accor-
dance with the declaration of Helsinki and after
the approval of Marmara University Medical
School Ethics Committee.

Insulin sensitivity
Insulin sensitivity was determined by OGTT, based

on the formula described by Matsuda and De
Fronzo, and named as the insulin sensitivity index
composite (ISI Composite).” Whole-body insulin
sensitivity during an oral glucose tolerance test was
calculated by the following formula:

10000/ V (FPG X FPD) X (mean OGTTG X mean OGTTD)

Where FPG = fasting plasma glucose
FPI = fasting plasma insulin
OGTTG = OGTT plasma glucose
OGTTI = OGTT plasma insulin

After an overnight fast,an OGTT (75 g glucose)
was performed between 8 and 9 a.m. Blood
samples were drawn at 0, 30, 60, 90 and 120
minutes after the administration of glucose for the
measurement of serum glucose and insulin con-
centrationsThe homeostasis model assessment
for estimdting, jnsulin resistance (HOMA IR) was
used fagt asseésmert ofinsulin resistance.'

Endatiélial fivaction

Endotheligh function was determined by a non-
invasives wi€jhod, which was described by
Celermdjeinet al.”” This method evaluates endothe-
lial~fuiiction by using post-ischaemic (forearm)
vasodilatation.

Endothelium-dependent (flow mediated)
vasodilatation was measured using a high-resolu-
tion ultrasound (General Electric, Logic 700) with
a 8.5-MHz linear-array transducer. The ECG was
monitored continuously. Vessel diameters were
analysed on frozen images over the length of an
artery of >1 cm (brachial artery) according to
operator judgement. Three measurements were
taken for three cardiac cycles at the end of dias-
tole (R wave on the ECG) and the mean was cal-
culated. Subjects rested for at least 10 minutes
before the first record. Increased flow was
induced by deflating a pneumatic tourniquet after
a 5-minute suprasystolic forearm arterial compres-
sion. The post-ischaemic measurement was per-
formed 45-60 seconds after cuff deflation. The
percentage change of vessel diameter was
expressed as flow mediated dilatation (FMD).

To test endothelium-independent dilatation
(GTN), further scans were performed 4 minutes after
sublingual administration of 0.4 mg glyceryl trini-
trate, as a direct nitric oxide (NO) donor. The time
interval between the first and second measurements
was at least 20 minutes to allow vessel recovery.

Ultrasonography was performed in a blinded
fashion by the same investigator post-ischaemia
and GTN application. Intra-observer variability in
image acquisition and analysis was below 2%.

Assays

Serum insulin levels were determined by an
immunometric assay (Immulite, DPC, CA). Within-
run precision ranged between 3.8% and 4.8%, for
a mean range of 10.7-439 mIU/ml. The total pre-
cision ranged between 4.8-5.8% for the same
mean range. Serum glucose levels were measured
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Table 1 Demographic data of all study groups
Enalapril group Losartan group Control group
(n=9) (n=9) (n=12)
Age (yrs) 38.6+7.9 42.2+12.8 42.9+4.5
Gender (M/F) 4/8 5/7 5/7
BMI (kg/m?) 24.7+4.9 24.4+4.5 24.0+4.8
Duration of hypertension (yrs) 3.1+3.7 3.3+3.0 -
Data are presented as mean + SD. BMI = body mass index
Table 2 Blood pressure measurements and lipid levels of study groups
Enalapril group Losartan group Control group
Before After Before After

treatment treatment treatment treatment Baseline Final
SBP (mmHg) 149411 126+11° 150421 126414° 113+12° 112.9412°
DBP (mmHg) 98+7 79+3¢ 100+5 8Q+2¢ 81+4° 80.6+4*
Cholesterol (mg/dl) 208+34 206+42 207+36 207443 176+19 174.5+19
Triglyceride (mg/dl) 116+27 118+37 114453 115+32 108+25 103+25
HDL (mg/dl) 56+13 52+17 49+9 4346 44+10 43+11
LDL (mg/dl) 128425 129+41 135528 12%+3% 110431 108+33
Data are presented as mean+SD. ¢ = p<0.001 vs. before treatment, meastesents of ehalagrit and losartan groups; ® = p<0.05 vs. before
treatment; < = p<0.001 vs. before treatment; SBP = systolic blood pressure; DBP = digstolie blood pressure; HDL = high-density lipoprotein;
LDL = low-density lipoprotein

by the glucose oxidase method. Serug satal cho-
lesterol, uric acid and triglyceride leveis were niea-
sured by enzymatic colorimetfic assays (ROCIHC
Diagnostics GmbH, Mannheith, Germany). YThe
within-run and between-ddy CV valueg were0.8%
and 1.7% for total cholestero); 0.5%=1.7% for uric
acid and 1.5-1.8% fdr)triglyceride, assays. Serum
high density lipoprdtein (HDL), chelesterol levels
were determine@ybyMa direlt automated method
using PEG-aredified emmaymes, sulphated a-
cyclodextrin, ahd dextragl sulphate (Roche
Diagnostics GmbH. Maanheim, Germany). The
within-run™€V was \¢3%" and between-day CV was
2.6% for a mean\ADL cholesterol level of 23+0.6
mg/dl. Lipid pegozidation was measured by the for-
mation of thiobarbituric acid reactive substances
(TBARS), as described previously.'* Serum nitrate and
nitrite determinations (NOx) were made by a col-
orimetric assay (Boehringer Mannheim, Germany)
based on nitrogen monoxide determination via
nitrate on microtitre plates.The intra-test variance is
<10% and the inter-test variance is <20%.

Statistical analysis

The analysis of the data was performed with an
IBM-compatible Instat 3 programme. Paired #-test
and ANOVA were used where appropriate. Tukey
Kramer multiple comparison tests were applied as
post hoc tests for inter-group comparisons follow-
ing ANOVA. Correlation analysis was performed
with Pearson test. The areas under the curves of
glucose and insulin during OGTT were calculated
according to the trapezoid rule.The results were
given as mean+SD. The differences were consid-
ered significant at p<0.05.

Results

Two patients from the enalapril group and one
patient from the losartan group withdrew from
the study because of adverse events and two
patients from the losartan and one from the
enalapril group requested to leave the study. The
remaining 18 hypertensive patients and 12 nor-
motensive controls were evaluated at baseline and
final analysis. The demographic characteristics of
hypertensive patients and normotensive controls
are presented in Table 1.There were no significant
differences in age, gender, BMI and duration of
hypertension.

Office systolic and diastolic BPs were signifi-
cantly higher in the hypertensive patients com-
pared with controls. Both of the hypertensive
groups had lower levels of BPs at the end of the
study period compared with their baseline values
(Table 2). All patients achieved the goal of DBP
< 90 mmHg at the end of the study period. Serum
lipid levels were similar between the hypertensive
groups and the control subjects.

Endothelial function, measured as FMD, was
significantly lower in hypertensive patients than
healthy controls at baseline (p<0.01). FMD mea-
surements increased significantly in both of the
treatment groups at the end of six months' treat-
ment (8.4+4.5% vs. 14.0+4.0%, p<0.01 in enalapril
group and 7.9+3.9% vs. 12.4+1.9%, p<0.05 in the
losartan group) (Figure 1). Endothelium-indepen-
dent dilatation values were not different between
the enalapril, losartan and control groups at base-
line and at the end of the treatment period.These
values did not change at the end of the treatment
period (18.3+2.4% vs. 18.6+1.6%, 18.2+5.3% uvs.
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Figure 1 Changes in flow-mediated dilatation (FMD) before and after enalapril and losartan treatment in hypertensive
patients. FMD measurements were significantly improved after six months of enalapril (p<0.01) and losartan (p<0.05)

\
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Table 3 Parameters based on serum insulin and glucose in all study groups

Enalapril group

Losartan group Control group

(n=9) (") (n=12)
Before After Before After
treatment treatment treatinent treattment Baseline Final
ISI Composite 0.9+0.3 1.9+0.6° TN+0.3 4.3+9.4 2.0+1° 2.1+1°
HOMA IR 2.9+1.7 1.240.6° 2.3+0.6 .5+0.7 1.240.4¢ 1.1£0.4¢
Glucose AUC (mg.h/ml) 105425 62448 101448 75+44 106+94 112497
Insulin AUC (mIU.h/ml) 114491 69+45 12372 132+90 68+34 69+36

Data are presented as mean+SD. @ = p<0.005 vs. before {r&atment meas@irémemts’in enalapril and losartan groups; ® = p<0.001 vs. before
treatment; < = p<0.0001 vs. before treatment measyremends in enalagmald [Gsartan groups; ¢ = p<0.01 vs. before treatment; ISI composite =
insulin sensitivity index composite; HOMA IR = hoqégsétasis' model assegsmenit for estimating insulin resistance; AUC = area under the curve

19.6+5.4%, 18.1+3% wvs. 18.7A2% in  _enalapril,
losartan groups and healtily, Cantrols£espectively
baseline and final measwrements).

The ISI Composite. tadex was significantly
lower in both of_the Y%yperténsive groups com-
pared with heaithyy Controld at\basSeline and after
treatment (p<8,805). THENSI/Composite index
improved, Yn Jenalgpril-tpeated hypertensive
patients (0.9+40.3 vs~1"9+8.6, p<0.05) at the end of
the six-moiith peridd, while ISI Composite index
calculations Jja“{osartan-treated hypertensive
patients did net~ehange significantly (1.1+0.3 vs.
1.3+0.4, p>0.05) (Table 3).Baseline calculations of
HOMA IR were significantly higher in hyperten-
sive patients compared with healthy controls
(p<0.0001). Although enalapril-treated hyperten-
sive patients had lower levels of HOMA after treat-
ment (p<0.01), calculations in the losartan group
did not reach statistical significance at the end of
the six-month treatment period (see Table 3).
Insulin and glucose areas under the OGTT curve
were not different between the hypertensive
groups and healthy controls.

Serum NO metabolite levels were significantly
lower at baseline in untreated hypertensive
patients compared with healthy controls (4.0+1.8
mmol/L, 5.5+2.8 mmol/L and 9.1+3.2 mmol/L in
enalapril, losartan and control groups, respectively,
p=0.02). After treatment, NOX measurement
showed a significant increase in the enalapril
group (4.0+41.8 mmol/L wvs. 8.4+3.9 mmol/L,
p<0.05) and losartan group (5.5+2.8 mmol/L vs.

Figure 2 Serum nitric oxide metabolites (NOx) and
thiobarbituric acid reactive substance (TBARs)
measurements of all study groups. *p=0.02 vs. baseline
levels of hypertensive groups, **p<0.0001 vs. baseline
levels of hypertensive groups, **p<0.001 vs. before
treatment measurements, #p<0.05 vs. pretreatment
measurements. p<0.01 vs. before treatment values

i

Baseline Final

2

Serum nitrate and NOx (umol/L)

04
140 4

# #
120 >
100
80 o
60
40
20 {
0

Before After Before After
treatment treatment treatment treatment

TBARS (mmol MA/gr Hg)

Enalapril group Losartan group Control group

8.6+4.1 mmol/L, p<0.05) compared with baseline
values (Figure 2).
TBARs levels were significantly higher at
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Figure 3 FMD was positively correlated with serum NOx levels (r=0.39, p=0.01) and negatively correlated with
erythrocyte TBARs levels (r=-0.53, p=0.0002). Insulin sensitivity index was found to be positively correlated with serum
NOx levels (r=0.30, p=0.04) and negatively correlated with erythrocyte TBARs levels (r=-0.38, p=0.01) in hypertensive
patients
20 20 1 .
. 18 4
. 181 o . 2 164 * :
= 161 S 4] r=0.42
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E 12 p<0.005 . > 104 . .
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baseline in hypertensive patients than in coatrols
(107.1450.6, 93.3+62.6 and 18.1+8.5 MDA/p/tig
in enalapril, losartan and control groups) fzspec-
tively p=0.0001). Both enalapril afqd. Ipsartarf
groups had lower levels of TBARs at the‘end of the
treatment period compared with thcir baS&iine
levels (107.1+50.6 vs. 22.9+16.3 mimol MDA/ Hg,
p<0.001 in enalapril and H38+62.6 15 \36-348.5
mmol MDA/g Hg, p<0.Q1\in" Ipsartan graups) (see
Figure 2).

TBARSs levels wete faversely,corselated with ISI
calculations (r=,0.33\p=0.07and/fMD (r=-0.53,
p=0.0002) in-hypertensive, patients. Serum NOx
levels showed R positive [correlation with ISI
Composife index cdlgalations (r=0.30, p=0.04)
and FMD ‘wmeasurefaenty (r=0.39, p=0.01) at base-
line and at the €ag’ of*the study period (Figure 3).

FMD wa$, jpositively correlated with ISI
Composite index (r=0.32, p<0.05). ISI was found
to be negatively correlated with HOMA IR calcu-
lations (r =-0.50, p=0.0003).

Discussion

The present study confirms previous findings that
impaired endothelial function and insulin sensitiv-
ity, accompanied by increased oxidative stress, are
present in patients with essential hypertension.'*
Enalapril and losartan treatment for six months
improved FMD, but only enalapril treatment had a
significant effect on insulin sensitivity in hyper-
tensive patients in this study.

Insulin resistance, with resulting hyperinsuli-
naemia, is common in patients with hyperten-
sion.” ACE-s are known to improve insulin sensi-
tivity.*"* Although the effects of ARBs on insulin
sensitivity have been less extensively studied, con-
flicting results have been reported.””® To our
knowledge, this is the first study comparing the

effectSOf dn ACE-T and an ARB on endothelial func-
tidn ir) relation to insulin sensitivity.

Our study is in agreement with previous
reports, which failed to show beneficial effects of
losartan treatment on insulin sensitivity.”'*** Fogari
et al’ compared the effects of losartan with that of
lisinopril. In this study, BP control was better in
the lisinopril group, which might be a factor con-
tributing to the effects on insulin sensitivity.
However, in our study, the degree of BP decline
was similar in both enalapril and losartan groups,
indicating that ACEIs might theoretically have
some additional benefits on insulin sensitivity
compared with losartan.

Bradykinin might be an additional factor in
improvement of glucose metabolism, since it
enhances muscle blood flow and consequently
the rate of insulin and glucose delivery to target
tissues, thereby facilitating glucose transport pro-
teins and accelerating oxidation of plasma
glucose.**

FMD, which is considered to be a measure of
endothelial function, correlated positively with
calculated insulin sensitivity index in hypertensive
patients. Since insulin sensitivity was not
improved significantly in the losartan-treated
group, insulin resistance couldn’t be implicated as
the primary factor in impaired endothelial func-
tion in essential hypertension.

Improvement in endothelial function was
comparable between the enalapril and losartan
groups in this study. ACE is positioned on the
endothelium to influence the activity of Ang II,
bradykinin and NO synthase.? ACE inhibition has
two major actions: prevention of Ang II formation
and prevention of bradykinin breakdown.”"* The
beneficial effects of ACE-Is on endothelial function
may depend on both of these mechanisms. The
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bradykinin pathway could not be the only route
via which renin angiotensin system (RAS) inhibi-
tion improves endothelial function, since ARBs
have also beneficial effects on endothelial func-
tion.

One of the mechanisms leading to endothelial
dysfunction is the disturbance of NO metabolism
in patients with hypertension.* In this study, we
found increased NOx levels in both of the treat-
ment groups at the end of the treatment period
and a positive correlation between NOx levels and
FMD. Similar to our results, Girolama et al., demon-
strated that enalapril increases nitrate/nitrite
levels in essential hypertensive patients.”
Recently, ATj-receptor blockade with wvalsartan
was shown to improve basal NO production and
release. This effect seems to be BP-independent in
essential hypertensive patients.” Treatment with
ACE-Is increases the level of bradykinin, which is a
stimulator of NO synthesis through B2 receptor
stimulation.?” Moreover, in chronic L-NAME-treated
male Sprague-Dawley rats, administration of
quinapril also completely restored eNOS mRNA
levels in aortic tissue.? On the other hand, losartan
increases NO synthesis by activating AT,-recep-
tors.”

Oxidative stress also appears to be involved in
endothelial dysfunction.*® Direct evidence cames
from a recent study, in which vitamin C tevegsed
endothelial dysfunction induced by insulisi~infu-
sion.* In this study, we used lipid peroxidation as a
marker of oxidative stress and found\thiat TBARS
levels were higher in hypertensi¥e patients than it
healthy controls at baseline. Bqth* enalapril jand
losartan treatment had compdsable apd bBeireticial
effects in this study. Erythxocyre TBARS léyels were
inversely correlated (Withy, FMD «iiy_hypertensive
groups. Recent studics, demonstrated the influ-
ence of ACE-s asid ARBs on Oxiddtive stress.Ang II
has a specifieg=#Qi% in indawing/oxidative stress in
essential bypertansive patiepts.*' Decreased vascu-
lar NADP(H), oxidase/es increased endothelial
superoxide-dismutage dctivity might explain the
effects of ACE inihipition on lipid peroxidation.®*

Although “wescontrolled for factors such as
obesity, hypertriglyceridaemia and low low
density lipoprotein (LDL) cholesterol, which are
all known to affect insulin sensitivity and endothe-
lial function, this study has several limitations.The
number of patients involved in the final analyses
was small and this study could not exclude the
effect of BP control by RAS inhibition on ISI
Composite index.To determine this, the addition
of a hypotensive group, in which BP is controlled
by using a calcium channel blocker, would clarify
the issue. Studies with a larger population are
needed to clarify long-term effects of ACE-Is and
ARBs on endothelial function and insulin sensitiv-
ity in essential hypertensive patients.

In conclusion, inhibition of the RAS, either
with ACE-Is or ARBs, improved endothelial dys-
function, decreased oxidative stress and increased
NOx levels in essential hypertensive patients.
ACE-Is had a greater effect on improving insulin
sensitivity than ARBs in these patients.

Acknowledgement
The authors wish to thank Aynur Altun RN for her
technical support.

References

1. Neutel JM. Beyond the sphygmomanometer numbers:
hypertension as a syndrome. Am J Hypertens 2001;8:2508-
2578.

2. Panza JA, Quyyumi AA, Brush JE, Epstein SE. Abnormal
endothelium-dependent vascular relaxation in patients with
essential hypertension. N Engl ] Med 1990;323:22-7.

3. HigashiY, Oshima T, Sasaki N et al. Relationship between
insulin resistance and endothelium-dependent vascular relax-
ation in patients with essential hypertension. Hypertension
1997;1:280-5.

4. Arcaro G, Cretti A, Balzano S et al. Insulin causes endothe-
lial dysfunction in humans: sites and mechanisms. Circulation
2002;105:576-82.

5.  Ferrannini E, Buzzigoli G, Bonadonna R et al. Insulin resis-
tance in essential hypertension. N Engl | Med 1987;317:350-7.
6. Tomiyama H, KimuraY, Okazaki R et al. Close relationship
of abnormal glucose tolerance with endothelial dysfunction in
hypertension. Hypertension 2000;36:245-9.

7. Pollare T, Jatitell H, Berne C.A comparison of the effects of
hydrochlorothiazidg and captopril on glucose and lipid metab-
olism in patients™vith hypertension. N Engl J Med 1989;21:
868-73.

8. AShiondiri H, TalklasakiL/Naruse M et al. Effect of cilazapril
therap¥y, ¢n glucdSe \inds lipid metabolism in patients with
Hiwertension. Glin ¥her” 1995;17:1126-35.

S\, \Fogari P5¥oppi A, Preti P, Fogari E, Malamani G, Mugellini
A., Differential” €ffects of ACE-inhibition and angiotensin II
antagonism da Yibrinolysis and insulin sensitivity in hyperten-
sive pOstniehopausal women. Am J Hypertens 2001;14:921-6.
104" Higdshi Y, Sasaki S, Nakagawa K et al. A comparison of
angiotesisin-converting enzyme inhibitors, calcium antagonists,
b=zta-blockers and diuretic agents on reactive hyperemia in
patients with essential hypertension: a multicenter study. J Am
Coll Cardiol 2000;35:284-91.

11. Li Saw Hee FL, Beevers DG, Lip GY. Effect of antihyper-
tensive therapy using enalapril or losartan on haemostatic
markers in essential hypertension: a pilot prospective random-
ized double-blind parallel group trial. Int J Cardiol 2001;78:
241-6.

12. Olsen MH, Andersen UB, Wachtell K, Ibsen H, Dige-
Petersen H. A possible link between endothelial dysfunction
and insulin resistance in hypertension. A LIFE sub study.
Losartan Intervention for Endpoint-Reduction in Hypertension.
Blood Press 2000;9:132-9.

13. Lithel HOL. Effects of antihypertensive drugs on insulin,
glucose and lipid metabolism. Diab Care 1991;14:203-09.

14. The Sixth Report of the Joint National Committee on
Prevention, Detection, Evaluation and Treatment of High Blood
Pressure. Arch Int Med 1997;157:2413-48.

15. Matsuda M, DeFronzo RA. Insulin sensitivity indices
obtained from oral glucose tolerance testing. Diab Care
1999;22:1462-70.

16. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher
DE Turner RC. Homeostasis model assessment: insulin resis-
tance and beta cell function from fasting plasma glucose and
insulin concentrations in man. Diabetologia 1985;28:412-19.
17. Celermajer DS, Sorensen KE, Gooch VM et al. Non-invasive
detection of endothelial dysfunction in children and adults at
risk of atherosclerosis. Lancet 1992;340:1111-15.

18. Haklar G, Ersahin C, Moini H et al.Involvement of free rad-
icals in the cardioprotective effect of Defibrotide. Drug Res
1996;46:381-4.

19. Laakso M, Karjalainen L, Lempiainen-Kuosa P. Effects of
losartan on insulin sensitivity in hypertensive subjects.
Hypertension 1996;28:392-6.

20. Moan A, Hoieggen A, Seljeflot I, Risanger T, Arnesen H,
Kjeldsen SE.The effect of angiotensin II receptor antagonism
with losartan on glucose metabolism and insulin sensitivity. J
Hypertens 1996;14:1093-7.

21. Tomiyama H, Kushiro T,Abeta H et al. Kinins contribute to
the improvement of insulin sensitivity during treatment with
angiotensin converting enzyme inhibitor. Hypertension 1994;
23:450-5.

22. Hartl WH, Jauch KW, Wolfe RR, Schildberg FW. Effects of
kinins on glucose metabolism in vivo. Horm Metab Res Suppl
1990;22:79-84.

23. Brown NJ, Ryder D, Gainer JV, Morrow JD, Nadeau ]J.

—b—



Yavuz 197-203 7/11/03

Journal of
the Renin-
Angiotensin-
Aldosterone
System
(Including other
peptidergic systems)

September 2003
Volume 4
Number 3

12:20 Page 7

—9—

PAPER

Vasodepressor and prostacyclin responses to bradykinin. J
Pharmacol Exp Ther 1996;279:703-12.

24. Stuhlinger MC, Abbasi E Chu JW et al. Relationship
between insulin resistance and an endogenous nitric oxide
synthase inhibitor. JAMA 2002;20:1420-6.

25. Di Girolamo G, Gonzalez E, Livio D et al. The effect of
Enalapril on PGI(2) and NO levels in hypertensive patients.
Prostaglandins Leukot Essent Fatty Acids 2002;66:493-8.

26. Klingbeil AU, John S, Schneider MP, Jacobi J, Handrock R,
Schmieder RE. Effect of AT1 receptor blockade on endothelial
function in essential hypertension. Am J Hypertens 2003;
16(2):123-8.

27. Farhy RD, Carretero OA, Ho KL, Scicli AG. Role of kinins
and nitric oxide in the effects of angiotensin converting
enzyme inhibitors on neointima formation. Circ Res 1993;72:
1202-10.

28. De Gennaro Colonna V, Rossoni G et al. Enalapril and
quinapril improve endothelial vasodilator function and aortic
eNOS gene expression in L-NAME-treated rats. Eur J
Pharmacol 2002;450:61.

29. Siragy HM, Carey RM.The subtype 2 (AT2) angiotensin
receptor mediates renal production of nitric oxide in con-
scious rats. J Clin Invest 1997;100:264-9.

30. Cai H, Harrison DG. Endothelial dysfunction in cardiovas-
cular diseases: the role of oxidant stress. Circ Res 2000;10:840-

31. Romero JC, Reckelhoff JE State-of-the-Art lecture. Role of
angiotensin and oxidative stress in essential hypertension.
Hypertension 1999;34:943-9.

32. Griendling KK, Sorescu D, Ushio-Fukai M. NAD(P)H
oxidase: role in cardiovascular biology and disease. Circ Res
2000;17:494-501.

203



