
Pleiotropic effects of angiotensin-converting
enzyme inhibitors in normotensive patients
with coronary artery disease

Robert Krysiak, Bogus³aw Okopieñ

���������� �	 
������� ��
����� ��
 �������� ������������� ��
���� ���������� �	 �������� ��
���� ���

��  !"#$% &�������� �����


Correspondence: '�(��� &������� �"����) �*�������+���,��*����*��

Abstract:

Angiotensin-converting enzyme inhibitors proved to be effective in the primary and secondary prevention of cardiovascular dis-
eases. Clinical effectiveness of this group of agents may largely depend on their pleiotropic effects. The purpose of this study was to
compare the effects of plasma- and tissue-type angiotensin-converting enzyme inhibitors on blood pressure and on systemic inflam-
mation, hemostasis and oxidative functions in normotensive patients with stable coronary artery disease.
Ninety patients with stable coronary artery disease enrolled into the study were randomly divided into three different groups, simul-
taneously treated with enalapril (20 mg/d, n = 30), perindopril (4 mg/d, n = 30) or placebo (n = 30). Plasma lipid profile and the levels
of oxidized low density lipoproteins (LDLs), monocyte chemoattractant protein (MCP)-1, interleukin-10, C-reactive protein (CRP),
fibrinogen and plasminogen activator inhibitor (PAI)-1 were determined at the beginning of the study and after 30 and 90 days of
treatment. Seventy-six patients completed the trial.
Neither enalapril nor perindopril affected blood pressure or plasma lipids. Perindopril significantly reduced plasma levels of oxi-
dized LDLs, CRP, MCP-1, fibrinogen and PAI-1, and increased interleukin-10. The effect of enalapril on these markers of systemic
inflammation, hemostasis and oxidative functions was much less pronounced.
The results showed that enalapril and perindopril were devoid of a blood pressure-lowering effect in normotensive patients with sta-
ble coronary artery disease. Perindopril was superior to enalapril in exhibiting antioxidant, antithrombotic and profibrinolytic activi-
ties. The treatment-induced changes in the balance between pro- and antiinflammatory cytokines and in hemostasis may contribute
to the clinical effectiveness of tissue angiotensin-converting enzyme inhibitors in the therapy of atherosclerosis-related disorders.
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Abbreviations: ACE – angiotensin-converting enzyme, CRP –
C-reactive protein, ELISA –enzyme-linked immunosorbent as-
say, HDL – high density lipoproteins, hsCRP – high sensitivity
C-reactive protein, ICAM-1 – intercellular adhesion molecu-
le-1, LDL – low density lipoproteins, MCP-1 – monocyte che-
moattractant protein-1, MMP-9 – matrix metalloproteinase 9,
PAI-1 – plasminogen activator inhibitor-1, TNF-� – tumor ne-
crosis factor-� VCAM-1 – vascular cell adhesion molecule-1

Introduction

Recently conducted three large clinical trials have
shown that angiotensin-converting enzyme (ACE) in-
hibitors: perindopril (EUROPA) [8], ramipril (HOPE)
[40] and, although to a less extent, trandolapril (PEACE)
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[1] reduce mortality and fatal and non-fatal cardiovas-
cular events in atherosclerotic patients without heart
failure and left ventricular systolic dysfunction. A com-
bined analysis of these trials [4] provides similar re-
sults and indicates that the use of ACE inhibitors
should be considered in all patients with atherosclero-
sis. Perindopril [2, 8] reduced cardiovascular events
more efficiently than expected for the small reduction
in blood pressure. This may result from the fact that
these drugs produce many other beneficial effects, in-
cluding regulation of smooth muscle cell proliferation
and migration, cytoprotection of vascular endothe-
lium, anti-inflammatory and antioxidant effects, bene-
ficial action on endogenous fibrinolysis and antiplate-
let effects [13, 19, 21, 34].

Although ACE inhibitors were found to reduce the
production of interleukin-1� [25], interleukin-6 [37],
interleukin-8 [30], C-reactive protein (CRP) [6, 17],
interleukin-12 [3], tumor necrosis factor-� (TNF-�)
[25], interferon-� [3], E-selectin [12], intercellular ad-
hesion molecule (ICAM)-1 [12], vascular cell adhe-
sion molecule-1 (VCAM-1) [12], monocyte chemoat-
tractant protein (MCP)-1 [12, 30], matrix metallopro-
tease 9 (MMP-9) [28], and to increase the production
of interleukin-10 [28], in some studies they were de-
void of these effects [31, 36]. It should be stated that
most of the studies in which ACE inhibitors revealed
their pleiotropic anti-inflammatory effects included
patients with arterial hypertension or congestive heart
failure often not suffering from coronary artery disease,
or inflammatory cells were obtained from healthy
subjects. Therefore, it remains unresolved whether
similar benefits are observed also in subjects suffering
only from coronary artery disease.

ACE inhibitors differ in their solubility, oral bioa-
vailability, hepatic extraction, elimination half-life of
active compounds and protein binding capacity [26].
Depending on their relative affinity to tissue, ACE are
categorized into two groups: lower-affinity or plasma
inhibitors (perindopril, quinapril, ramipril and bana-
zepril) and higher-affinity or tissue inhibitors (capto-
pril, enalapril and lisinopril) [7, 39]. However, it still
remains unclear whether the beneficial action of ACE
inhibitors on inflammation, hemostasis and oxidative
functions results from their “class effect” or differs
from drug to drug.

In this prospective, double-blind, placebo-controlled
randomized trial, we assessed the effect of a 90-day
treatment with ACE inhibitors on the plasma levels or
activities of some inflammatory and hemostatic risk

factors for coronary artery disease, namely MCP-1,
interleukin-10, CRP, fibrinogen and plasminogen acti-
vator inhibitor-1 (PAI-1) in normotensive subjects
with coronary artery disease. The second aim of our
trial was to investigate which of two drugs, a tissue-
specific (perindopril) or plasma-type (enalapril) ACE
inhibitor [7, 39] is more efficient in normalizing sta-
ble coronary disease-related changes in the estab-
lished plasma markers of cardiovascular risk. Very
strict inclusion criteria in this study enabled us to
minimize the impact of concurrent diseases and con-
comitant therapies.

Materials and Methods

Subjects

Patients (aged 40–69 years) were enrolled in the study
if they met the following criteria: (1) established sta-
ble coronary artery disease; (2) the presence of clinical
symptoms despite treatment with aspirin, a �-blocker
and a statin; (3) for women, at least 24 months since
the last menstruation, hysterectomy, ovariectomy, or
barrier contraception.

The diagnosis of coronary artery disease was estab-
lished on the basis of clinical symptoms and/or the ex-
ercise test performed using a bicycle ergometer with
electric brakes. A positive result on exercise stress
testing was defined as horizontal or downsloping
ST-segment depression of at least 1 mm at 80 ms after
the J point.

The exclusion criteria were as follows: (1) any
form of acute coronary syndrome or a previous his-
tory of acute coronary syndromes; (2) chronic coro-
nary artery disease being an indication for coronaro-
graphy; (3) other acute ischemic conditions (presently
or in the past); (4) diabetes mellitus; (5) obesity (BMI
> 30 kg/m2); (6) symptomatic congestive heart fail-
ure; (7) arterial hypertension (according to WHO/ISH
1999); (8) any acute and chronic inflammatory pro-
cesses; (9) impaired renal or hepatic function; (10) mal-
absorption syndromes; (11) hemorrhagic diathesis;
(12) previous treatment with ACE inhibitors; (13) any
contraindication to ACE inhibitor therapy; (14) ongo-
ing hormonal replacement therapy or oral contracep-
tion and (15) poor patient compliance.
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Study design

Ninety patients met the entry criteria. All patients
gave their written informed consent in accordance
with the Declaration of Helsinki. The study protocol
was approved by the Bioethical Committee of the
Medical University of Silesia.

The participants were randomized in a double-
blind fashion to enalapril (20 mg daily; n = 30), perin-
dopril (4 mg daily; n = 30) or placebo (n = 30) accord-
ing to a computer-generated randomization proce-
dure. Because enalapril was administered twice daily
while perindopril only once in the morning, in place
of the evening dose of perindopril, the patients re-
ceived placebo. In the placebo-treated group, placebo
was administered both in the morning and evening.
The treatment lasted 90 days and no changes in the
therapy were made during the study.

Taking history, clinical examination, measurement
of blood pressure and venous blood sampling, for
evaluating safety laboratory parameters, were per-
formed before and 15, 30, 60 and 90 days after the
start of therapy. Systolic and diastolic blood pressure
were monitored at each visit in a sitting position using
standard cuff equipment. They were determined dur-
ing Korotkoff sounds 1 and 5. All measurements were
made on the left arm. The values used in statistical
analyses were the means of 3 measurements taken at
intervals of at least 5 min, starting 15 min after the pa-
tient had sat down. During each visit patients were in-
terviewed for adverse effects such as cough, hypoto-
nia, allergic reactions as well as for the symptoms of
renal or liver insufficiency, potassium excess, neutro-
penia and trombocytopenia. Laboratory tests included
total and differential blood cell count, blood sedimen-
tation rate, electrolytes, creatinine, bilirubin, alanine
and aspartate aminotransferases, �-glutamyltransferase,
alkaline phosphatase, total proteins, creatine kinase,
urine examination and 12-lead ECG. Symptomatic
hypotonia, acute renal insufficiency, angioneurotic
edema, elevation of plasma creatinine > 1.5 mg/dl or
potassium > 5.3 mmol/l, neutropenia or thrombocy-
topenia were considered indications for withdrawal
from the study.

Laboratory assays

Lipid profile, and plasma levels of glucose, oxidized
low density lipoproteins (LDLs), MCP-1, interleu-
kin-10, high sensitivity CRP (hsCRP), fibrinogen and
PAI-1 were determined before and after 30 and 90

days of therapy. Blood samples were taken after an
overnight fast in a quiet, temperature-controlled room
(24–25°C) between 8.00 and 9.00 a.m. (to avoid cir-
cadian fluctuations of the parameters studied) and col-
lected into tubes containing sodium citrate. The sam-
ples were immediately coded so that the person
performing laboratory assay was blinded to subject
identity and study sequence. All the tests were per-
formed according to manufacturers’ instructions
within 48 h after collection. To minimize analytical
errors, all assays were carried out in duplicate.

Plasma glucose concentrations were measured by
a glucose oxidase method (Beckman, Palo Alto, CA).
The serum levels of total cholesterol, LDL-chole-
sterol, high density lipoprotein (HDL)-cholesterol and
triglycerides were assessed colorimetrically using
commercial kits (bioMerieux, Marcy l’Etoile, France).
Oxidized LDL-cholesterol levels were determined by
an enzyme-linked immunosorbent assay (ELISA)
method (Mercodia, Uppsala, Sweden). Plasma inter-
leukin-10 and MCP-1 levels were estimated using
commercial ELISA kits (R&D Systems, McKinley
Place N.E. Minneapolis, MN) according to the manu-
facturer’s instructions. Plasma levels of CRP were
measured using a high-sensitivity monoclonal anti-
body assay (MP Biomedicals, Orangeburg, NY). Fi-
brinogen levels were determined by the Clauss me-
thod using a semi-automated blood coagulation ana-
lyzer OPTION 2 Plus using reagents obtained from
bioMerieux (Marcy l’Etoile, France). PAI-1 antigen
levels were assessed by a commercially available
ELISA method (Asserachrom, Diagnostica Stago,
Asnieres, France). The minimum detectable levels for
the assessed parameters were: 5.0 pg/ml, 0.8 pg/ml,
0.1 mg/l, 0.1 g/l and 1.0 ng/ml, respectively, for MCP-1,
interelukin-10, hsCRP, fibrinogen and PAI-1. The intra-
and interassay coefficients of variation in our laboratory
were as follows: hsCRP – 4.3% and 5.9%, MCP-1 –
4.0% and 4.8%, interleukin-10 – 3.2% and 3.8%, fi-
brinogen – 3.6% and 2.3%, PAI-1 – 8.7% and 5.0%,
and oxidized LDLs – 4.0% and 7.4%, respectively.

Statistical analysis

Results are presented as the mean ± SD. Comparisons
between the groups were performed using one-way
ANOVA followed by the post-hoc Newman-Keuls
test (blood pressure, lipid profile and plasma glucose)
or using the Kruskall-Wallis test followed by the
Mann-Whitney U test (MCP-1, interleukin-10, hsCRP,
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fibrinogen and PAI-1). To compare pre-, inter- and
post-therapy data within the same treatment group
paired Student’s t-test (blood pressure, lipid profile
and plasma glucose) or the Wilcoxon test (MCP-1,
interleukin-10, hsCRP, fibrinogen and PAI-1) were
applied. Correlations were calculated with the Ken-
dall Tau test; p values less than 0.05 were regarded as
statistically significant. Statistical analysis was per-
formed using the GraphPad Prism 2.01 software
(GPA-26576-117).

Results

Baseline characteristics

At study entry, there was no difference between the
treatment groups in terms of sex, weight, age, medical
background, clinical characteristics and safety pa-
rameters. Demographic data and baseline blood test

values in patients who completed the trial are pre-
sented in Table 1.

Adverse effects

Five patients, two subjects who were given placebo,
two other subjects treated with enalapril and one pa-
tient who received perindopril, dropped out because
of the exacerbation of coronary artery disease. Three
other patients belonging to the enalapril-treated
group, who had been already receiving high doses of
�-blockers, were withdrawn from the trial due to ex-
cessive blood pressure lowering. After reducing the
doses of �-blockers in all three cases blood pressure
normalized despite continuation of treatment with the
same dose of enalapril. One patient who received ena-
lapril and two patients treated with perindopril prema-
turely terminated the trial because of severe persistent
cough. Two patients belonging to the control group
and one patient who received enalapril dropped out
because of non-compliance with the study regimen. In
the remaining patients, neither significant adverse
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Placebo-treated group Enalapril-treated group Perindopril-treated group

Number of patients 26 23 27

Age (years) 56.0 ± 11.0 53.4 ± 6.6 48.8 ± 5.8

Female/Male 5/21 6/17 4/23

BMI (kg/m�) 28.3 ± 3.3 27.5 ± 2.7 28.3 ± 2.3

Smokers (%) 19.2 17.4 14.8

Systolic blood pressure (mmHg) 124.2 ± 7.5 125.5 ± 9.0 125.2 ± 7.4

Diastolic blood pressure (mmHg) 78.3 ± 6.7 79.8 ± 7.5 80.2 ± 6.1

Mean blood pressure (mmHg) 93.6 ± 6.5 95.0 ± 7.7 95.2 ± 6.0

Total cholesterol (mg/dl) 210.4 ± 39.0 232.0 ± 42.7 221.0 ± 26.0

LDL-cholesterol (mg/dl) 139.9 ± 34.1 156.4 ± 31.5 141.4 ± 15.0

HDL-cholesterol (mg/dl) 46.5 ± 11.6 46.2 ± 9.9 49.6 ± 8.7

Triglycerides (mg/dl) 121.3 ± 48.8 179.8 ± 99.3 136.0 ± 64.4

Glycemia (mg/dl) 90.7 ± 10.4 89.5 ± 9.1 90.5 ± 8.2

Oxidized LDL (IU/l) 38.4 ± 4.1 41.9 ± 4.6 43.0 ± 4.3

MCP-1 levels (pg/ml) 119.5 ± 8.6 126.7 ± 12.2 121.3 ± 8.2

Interleukin-10 (pg/ml) 13.10 ± 1.21 12.22 ± 0.96 12.53 ± 1.15

hsCRP (mg/l) 3.08 ± 0.43 3.14 ± 0.23 3.14 ± 0.35

Fibrinogen (g/l) 3.91 ± 0.58 4.03 ± 0.65 4. 09 ± 0.61

PAI-1 antigen (ng/ml) 88.3 ± 11.2 81.7 ± 8.9 84.6 ± 9.1

.��� ���/� ���������� ��� ���� 0 ��



effects nor any other complications were reported
throughout the study and all laboratory safety parame-
ters remained within normal limits. Baseline charac-
teristics of the 14 subjects who left the study did not
differ from the 76 completing the trial (data not shown).

Placebo-treated group (Tab. 2, Fig. 1, 2)

In placebo-treated patients with coronary artery dis-
ease, blood pressure, lipid/lipoprotein profile, glucose
level, plasma levels/activity of hsCRP, MCP-1, inter-
leukin-10, fibrinogen, PAI-1 and oxidized LDLs re-
mained at the similar level throughout the study.

Effect of ACE inhibitors on blood pressure and

lipid profile (Tab. 2)

Neither of the tested drugs produced any significant
effect on blood pressure and lipid profile after 30 and
90 days of treatment.

Effect of ACE inhibitors on measured parame-

ters of inflammation, hemostasis and oxidative

processes

MCP-1

Only perindopril decreased (by 7.9%) plasma MCP-1
levels after 30 days (p < 0.05) while no effect was
produced by enalapril. Both these drugs decreased
plasma MCP levels at the end of the study. For enala-
pril this reduction was by 13.3% (p < 0.05) while for
perindopril by 18.1% (p < 0.01) (Fig. 1).

Interleukin-10

Both enalapril and perindopril increased plasma
interleukin-10 levels. Enalapril increased interleukin-
10 insignificantly by 16.9% (p = 0.069) and by 21.8%
(p < 0.01) after 30 and 90 days of treatment, respec-
tively. Perindopril increased plasma levels of this cy-
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Placebo-treated group Enalapril-treated group Perindopril-treated group

Baseline After
30 days

After
90 days

Baseline After
30 days

After
90 days

Baseline After
30 days

After
90 days

Systolic blood pressure
[mmHg]

124.2
± 7.5

122.6
± 5.4

121.1
± 4.9

125.5
± 9.0

123.4
± 7.6

121.1
± 6.8

125.2
± 7.4

122.5
± 7.1

120.2
± 6.5

Diastolic blood pressure
[mmHg]

78.3
± 6.7

77.0
± 5.1

75.9
± 5.3

79.8
± 7.5

77.9
± 6.7

76.2
± 7.5

80.2
± 6.1

78.2
± 6.9

75.6
± 6.9

Mean blood pressure
[mmHg]

93.6
± 6.5

92.2
± 5.2

91.0
± 5.1

95.0
± 7.7

93.1
± 6.6

91.2
± 6.9

95.2
± 6.0

93.0
± 6.7

90.5
± 6.2

Total cholesterol
(mg/dl)

210.4
± 39.0

205.2
± 42.1

204.0
± 32.0

232.0
± 42.7

227.9
± 42.4

223.2
± 36.9

221.0
± 26.0

211.3
± 33.1

213.1
± 28.0

LDL-cholesterol
(mg/dl)

139.9
± 34.1

126.9
± 28.8

127.5
± 33.0

156.4
± 31.5

151.0
± 24.1

147.2
± 24.9

141.4
± 15.0

133.8
± 27.1

137.3
± 22.3

HDL-cholesterol
(mg/dl)

46.5
± 11.6

49.7
± 12.5

47.4
± 11.1

46.2
± 9.9

43.3
± 5.3

49.2
± 7.1

49.6
± 8.7

47.5
± 9.2

45.1
± 6.0

Triglycerides
(mg/dl)

121.3
± 48.8

145.1
± 52.0

153.4
± 49.1

179.8
± 99.3

141.3
± 66.6

140.0
± 48.0

136.0
± 64.4

150.2
± 52.9

135.6
± 49.6

Glycemia
(mg/dl)

90.7
± 10.4

86.3
± 10.8

86.7
± 11.2

89.5
± 9.1

85.6
± 9.8

84.2
± 10.5

90.5
± 8.2

86.1
± 7.8

86.1
± 10.5
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tokine by 20.2% (p < 0.05) after 30 days and by
31.0% (p < 0.001) after 90 days of treatment (Fig. 1).

hsCRP

Both ACE inhibitors administered for 30 days did not
produce any significant effect on plasma hsCRP. After
90 days, perindopril reduced plasma levels of this
protein by 11.8% (p < 0.05) while the effect of enala-
pril was still insignificant (p = 0.094) (Fig. 1).

Fibrinogen

Enalapril produced no significant effect on plasma fi-
brinogen. Perindopril decreased plasma fibrinogen

levels by 13.8% (p < 0.01) and by 19.6% (p < 0.01)
after 30 and 90 days, respectively (Fig. 2).

PAI-1

Plasma PAI-1 levels tended to decrease by 5.6% (p =
0.098) and 8.2% (p = 0.064) and decreased signifi-
cantly by 10.4% (p < 0.05) and 17.4% (p < 0.01) after
30 and 90 days of treatment with enalapril and perin-
dopril, respectively (Fig. 2).

Oxidized LDLs

Oxidized LDLs were not affected by 30-day enalapril
treatment but they showed an insignificant decrease
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(by 7.2%; p = 0.087) after 90 days. After 30 days of
treatment with perindopril, oxidized LDLs tended to
decrease (by 10.2%; p = 0.061), while at the end of
the study they showed a significant decrease by
16.5% (p < 0.05) (Fig. 2).

Correlations

At baseline, none of the groups showed any correla-
tions between plasma levels of the studied factors and
blood pressure, lipid profile and glucose level. The ef-
fect of enalapril and perindopril on hsCRP correlated
positively with their action on MCP-1 and negatively
with their action on interleukin-10. However, these
correlations were weak (r values between 0.48 and
0.56, p < 0.05 for MCP-1, and between –0.45 and
–0.51, p < 0.05 for interleukin-10). There were no
correlations between the effects of enalapril and per-
indopril on blood pressure, lipid profile and glucose
level and their effects on the studied markers.

Discussion

The major finding of our prospective trial is that per-
indopril exhibits stronger anti-infammatory, antico-
agulant and antioxidant effects compared with enala-
pril. Although the decrease in MCP-1 was induced by
both studied drugs, the effect of perindopril appeared
earlier and was more prominent than that of enalapril.
Perindopril was also superior to enalapril in increas-
ing plasma levels of interleukin-10. Furthermore, per-
indopril but not enalapril reduced significantly plasma
levels of hsCRP, fibrinogen and PAI-1. So far, only
a few studies were conducted to compare the effects
of various ACE inhibitors on cytokine production and
hemostasis, and their results are inconclusive. Schin-
dler et al. [29] observed that captopril, enalapril and
cilazapril, but not ramipril, lisinopril, perindopril and
spirapril, reduced the synthesis of interleukin-1 and
TNF-� by stimulated human peripheral blood mono-
nuclear cells. In another study [3], both captopril and
lisinopril significantly inhibited interleukin-12 pro-
duction by these cells and suppressed inferferon-�
production by activated human T cells. TNF-� pro-
duction by both human blood mononuclear cells and
in vivo in mice was significantly inhibited by a single
supraphysiological dose of captopril, delapril and ci-

lazapril [9]. Captopril, idrapril or fosinopril inhibited
synthesis of tissue factor in human monocytes from
healthy subjects [20] but different ACE inhibitors had
distinct effects on platelet thromboxane B2 formation
in patients with essential hypertension [18]. Although
assessment of only one drug in each group does not
allow us to generalize, our results may suggest that
tissue-type ACE inhibitors are more effective drugs in
the treatment of chronic coronary artery disease in
normotensive patients than the plasma-type subgroup
of these agents.

Our study has revealed that ACE inhibitors altered
plasma cytokine levels, providing data that the modu-
lation of cytokine production may contribute to the
positive effect of these agents on the incidence and se-
verity of acute vascular events, reported previously in
some large clinical trials [8, 27, 40]. By reducing
MCP-1 and increasing interleukin-10 plasma levels
ACE inhibitors, mainly perindopril, shifted the bal-
ance between pro- and anti-inflammatory cytokines
toward the latter ones. Moreover, peridopril (and
much less also enalapril) reduced hsCRP plasma lev-
els, an important marker of systemic inflammation,
the elevated levels of which are strongly associated
with an increased risk of cardiovascular events and
which, as recent results show, is directly involved in
atherogenesis [32]. Taking into account that CRP
stimulates MCP-1 [24] and inhibits interleukin-10
[33] production, the treatment-induced changes in
plasma content of both studied cytokines may par-
tially result from CRP-lowering action of ACE inhibi-
tors. However, the fact that the changes in hsCRP
were less prominent, reached the level of significance
only in the case of perindopril, and correlated weakly
with the treatment-induced changes in plasma levels
of both these cytokines suggests that cytokine produc-
tion by inflammatory cells is regulated also by other
factors. Therefore, plasma hsCRP content does not re-
flect precisely the effect of ACE inhibitors on the bal-
ance between pro- and anti-inflammatory cytokines.

Taking into consideration that both fibrinogen and
PAI-1 belong to cardiovascular risk factors [35, 38]
and that even small differences in fibrinogen level
among the population change the risk of coronary ar-
tery disease and its complications [14], the action of
perindopril on fibrinogen and PAI-1 may be clinically
relevant. Moreover, it is likely the beneficial effect of
perindopril on hemostasis is partially indirect because
this agent decreased oxidized LDLs which enhance
the expression of tissue factor in macrophages, inter-
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fere with endothelial thrombomodulin expression and
produce an inhibitory effect on fibrinolysis [11].

There are some evidence both from our [15] and
other [10, 16] laboratories that arterial hypertension is
associated with the increased levels of the markers of
inflammation and hemostasis. However, the benefi-
cial effects of the ACE inhibitors on coagulation, in-
flammation and oxidative processes in our study were
not secondary to the reduction in arterial blood pres-
sure. The fact that treatment-induced changes in the
studied markers were accompanied by only small and
insignificant changes in arterial blood pressure and
there was no correlation between them, speaks against
the hypothesis that the blood-lowering action is re-
sponsible for the pleiotropic effects of ACE inhibitors
in the studied group of patients. This finding supports
the rationale of using these drugs, especially perindo-
pril, also in normotensive patients with coronary ar-
tery disease. Furthermore, the lack of the effect on
lipid/lipoprotein profile and blood glucose indicates
that the observed changes do not also result from the
action of ACE inhibitors on lipid/carbohydrate me-
tabolism, although both dyslipidemia [22] and even
small abnormalities in carbohydrate metabolism [23]
unfavorably affect inflammation and hemostasis.

Little is known about the minimal period of ther-
apy which is required to reveal pleiotropic effect of
ACE inhibitors [5]. The fact that some beneficial ef-
fects on inflammation and hemostasis were observed
after only 30 days of therapy indicates that this action
appears already in the first month of treatment. Inter-
estingly enough, our study has shown that 90-day
treatment was superior to 30-day therapy in decreas-
ing MCP-1, hsCRP, fibrinogen, PAI-1 and oxidized
LDLs, and in increasing interleukin-10. This suggests
that a treatment longer than that used in the present
study might produce a stronger normalizing effect on
inflammation, hemostasis and oxidation. If this hy-
pothesis is true, perindopril and enalapril should be
administered for a certain minimal period of time to
produce its full efficacy in the primary and secondary
prevention of acute coronary events.

Discussing the benefits of ACE inhibitors, it should
be clearly stated that pleiotropic effects of these
agents were observed despite the fact that patients had
been already using aspirin, a �-blocker and a statin.
This strongly indicates that perindopril and to a less
extent also enalapril exhibit their pleiotropic action
even in patients in whom coronary artery disease has
been already, according to the older recommenda-

tions, optimally treated. Our findings are in favor of
implementation of treatment with tissue-specific ACE
inhibitors and its continuation even in patients who do
not experience any reduction in blood pressure.

Although it was not the primary goal of our study,
we have found that both enalapril and perindopril ad-
ministered at the daily dose of 20 and 4 mg, respec-
tively, were well-tolerated and in most patients devoid
of any significant effect on arterial blood pressure.
This indicates that if administered to normotensive
patients, these drugs are safe and, if not used together
with high doses of antihypertensives, do not lead to
the increased risk of hypotonia.

Our study has had two major limitations. Coronary
artery disease was diagnosed indirectly (suggestive
clinical symptoms and the results of the exercise test)
and the diagnosis was not verified by coronary angi-
ography. The perindopril group was on the average
seven years younger and the percentage of smokers in
this group was smaller. Although these differences did
not reach significance level, they might have slightly
influenced the baseline values of the examined pa-
rameters.

In conclusion, our study has revealed that perindo-
pril produces much more prominent pleiotropic effects
than enalapril. These effects, which were non-blood
pressure-lowering- and non-lipid-lowering-related, may
contribute to the clinical efficacy of ACE inhibitors in
the treatment of arteriosclerosis-associated disorders.
Our study indicates that tissue-specific ACE inhibi-
tors appear to be a better treatment option than plas-
ma-type ACE-inhibitors in patients with coronary ar-
tery disease and normal blood pressure.
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