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Abstract:

Background: Favorable effects of angiotensin-converting enzyme (ACE) inhibitor treatment on the incidence of cardiovascular and

cerebrovascular mortality and morbidity are not limited to patients with elevated blood pressure. As suggested by our previous re-

sults, the physicochemical and pharmacokinetic differences between drugs may markedly contribute to the strength of pleiotropic ef-

fects of ACE inhibitors.

Methods: The present study was aimed at comparing the effects of serum- and tissue-type ACE inhibitors on monocyte release of

proinflammatory cytokines in normotensive patients with stable coronary artery disease. The participants were randomized to 90-

day treatment with enalapril (20 mg daily, n = 29), perindopril (4 mg daily, n = 27) or placebo (n = 28). Plasma levels of lipids, glu-

cose, insulin and high sensitivity C-reactive protein (hsCRP), as well as monocyte release of proinflammatory cytokines were deter-

mined before and after 30 days of therapy, and at the end of the treatment.

Results: Lipopolysaccharide-stimulated monocytes from normotensive patients with stable coronary artery disease released

significantly more TNF-a, interleukin-1b and monocyte chemoattractant protein-1 in comparison with monocytes from 23 matched

control subjects. Their baseline hsCRP levels were also higher. Perindopril reversed the disease-induced changes in cytokine release

and reduced plasma hsCRP, while the effect of enalapril was much more limited. The effect on both drugs on cytokine release was

stronger in insulin-resistant than insulin-sensitive subjects.

Conclusions: Our results indicate that perindopril is superior to enalapril in producing monocyte-suppressing and systemic anti-

inflammatory effects in normotensive patients with coronary artery disease. This action may contribute to the clinical effectiveness

of tissue ACE inhibitors in the therapy of atherosclerosis-related disorders, particularly in insulin-resistant subjects.

Key words:

angiotensin-converting enzyme inhibitors, coronary artery disease, monocytes, proinflammatory cytokines, risk factors
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– coronary artery disease, CRP – C-reactive protein, ELISA –
enzyme-linked immunosorbent assay, EUROPA – European
Trial on Reduction of Cardiac Events With Perindopril in Sta-
ble Coronary Artery Disease Study, HDL – high density lipo-
proteins, HOMA-IR – the homeostasis model assessment – in-
sulin resistance, HOPE – Heart Outcomes Prevention Evalua-
tion Study, hsCRP – high sensitivity C-reactive protein, LDL –
low density lipoproteins, MCP-1 – monocyte chemoattractant
protein-1, PROGRESS – Perindopril Protection Against Re-
current Stroke Study, TNF-a – tumor necrosis factor-a

Introduction

In addition to reducing blood pressure, angiotensin-

converting enzyme (ACE) inhibitors produce the so-

called pleiotropic effect, as they reduce low-grade sys-

temic inflammation, improve the functioning of vascu-

lar endothelium, regulate the growth and migration of

smooth muscle cells, as well as produce antithrombotic,

profibrinolytic and anti-aggregatory effects [6, 8, 18,
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19, 24]. These pleiotropic effects may partially explain

why favorable effects of ACE inhibitor treatment on

the incidence of cardiovascular and cerebrovascular

mortality and morbidity has been found not only in

patients with elevated blood pressure and why remark-

able benefits resulting from this treatment contrasted

with only a slight reduction in blood pressure [2, 3].

Because ACE inhibitors differ in their solubility,

oral bioavailability, hepatic extraction, elimination

half-life of active compounds and protein binding ca-

pacity [4], it remains unknown whether these agents

produce similar pleiotropic effects or these effects dif-

fer from drug to drug. Recently, we have carried out

several studies to assess whether physicochemical and

pharmacokinetic differences between tissue-type

(perindopril) and plasma-type (enalapril) ACE inhibi-

tors determine the strength of the pleiotropic effects

of these agents. Perindopril significantly reduced

plasma levels of oxidized low density lipoproteins

(LDLs), C-reactive protein (CRP), monocyte che-

moattractant protein-1 (MCP-1), fibrinogen and plas-

minogen activator inhibitor-1, and increased

interleukin-10 levels, while the impact of enalapril on

these markers of systemic inflammation, hemostasis

and oxidative functions was much less pronounced

[12]. Perindopril treatment inhibited lymphocyte re-

lease of interleukin-2, interferon-g and tumor necrosis

factor-a (TNF-a), while the effect of enalapril was in-

significant [10]. Finally, perindopril was superior to

enalapril in reducing plasma levels of leptin and re-

sistin, and increasing plasma levels of adiponectin [14,

15]. In all these studies, neither enalapril nor perindo-

pril treatment was associated with any significant

changes in blood pressure. In the present study, we

have decided to compare the effects of perindopril and

enalapril on cytokine release by activated human

monocytes in patients with coronary artery disease

(CAD) and normal blood pressure. TNF-a, inter-

leukin-1b and MCP-1 occur in the majority of athero-

sclerotic plaques exhibiting a complex atherogenic ac-

tion [7, 25, 26], and our department has long-term ex-

perience in measuring these factors [9, 11, 13].

Materials and Methods

Subjects

To be admitted to the study, the participants (20–70

years old) had to have stable CAD with either the

presence of clinical symptoms of this disorder despite

treatment with acetylsalicylic acid, a b-blocker and

a statin, or a positive result on exercise stress testing

performed using a bicycle ergometer with electric

brakes, and defined as a 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 previ-

ous history of acute coronary syndromes; (2) chronic

coronary artery disease as 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 failure;

(7) arterial hypertension (according to the 2003 Euro-

pean Society of Hypertension–European Society of

Cardiology guidelines); (8) any acute and chronic in-

flammatory processes; (9) impaired renal or hepatic

function; (10) malabsorption syndromes; (11) previ-

ous treatment with ACE inhibitors or the existence of

contraindications to the administration of ACE inhibi-

tors; and/or (12) poor patient compliance.

Study design

The study was performed in accordance with the Hel-

sinki. Declaration and Good Clinical Practice Guide-

line. All patients gave written informed consent and

the local ethics committee approved the study proto-

col. All enrolled patients (n = 84) were randomized to

the treatment with enalapril (20 mg daily; n = 29),

perindopril (4 mg daily; n = 27) or placebo (n = 28),

which were administered for 3 months without any

changes in dosage throughout the study. Because ena-

lapril was administered twice daily while perindopril

was given only once in the morning, instead of the

evening dose, perindopril-treated patients received

placebo. In the placebo group, placebo was adminis-

tered twice daily. Systolic and diastolic blood pressure

were measured on the left arm during each visit using

a Riva Rocci sphygmomanometer, in the lying posi-

tion, after a 15 min rest period, recording Korotkoff

sounds 1 and 5. The values used for statistical analy-

ses were the means of 3 measurements, separated by

at least 5 min intervals to eliminate possible con-

founding factors. Compliance was determined twice

monthly by the number of tablets returned. With-

drawal criteria included symptomatic hypotonia,

acute renal insufficiency, angioneurotic edema, eleva-

tion of plasma creatinine 1.5 mg/dl or potassium 5.3

mmol/l, neutropenia or thrombocytopenia. Each treat-
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ment group was divided into two subgroups: patients

with and without normal insulin sensitivity. Normal

insulin sensitivity was arbitrarily defined as the

homeostasis model assessment – insulin resistance

(HOMA-IR) index <2.0. If the HOMA index ex-

ceeded this threshold value, the patient was consid-

ered to be insulin-resistant. The control group in-

cluded 23 age-, sex-, weight-, blood pressure-, and

lipid-profile-matched individuals recruited among

staff and relatives of patients.

Laboratory assays

Plasma lipids (total cholesterol, LDL cholesterol, high

density lipoproteins (HDL) cholesterol and triglyc-

erides), plasma levels of glucose, insulin and CRP, as

well as cytokine release were determined before and

after 30 and 90 days of therapy. Blood samples were

collected from the antecubital vein at 8 a.m. (to avoid

circadian fluctuations of the parameters studied) after

an overnight 12 h fasting and centrifuged within 15

min of venipuncture. Patients were asked to refrain

from smoking and from taking vigorous exercise prior

to blood sampling. The plasma samples were sepa-

rated and stored at –70°C until analysis, which was

performed by a person blinded to subject identity and

all clinical details. To minimize analytical errors, all

assays were performed in duplicate.

Plasma lipids (total cholesterol, LDL cholesterol,

HDL cholesterol and triglycerides), glucose, and insu-

lin were assayed by routine laboratory techniques

(bioMerieux, France; Beckman, Palo Alto, CA; Linco

Research Inc., St. Charles, MO; Bayer Ames Techni-

con, Tarrytown, NY, USA). LDL levels were measured

directly. Fasting plasma glucose and insulin levels

were used to calculate the HOMA-IR index [fasting

serum glucose (mmol/l) × fasting insulin level (µU/

ml)/22.5]. Plasma levels of CRP were measured using

a high-sensitivity monoclonal antibody assay (MP

Biomedicals, Orangeburg, NY, USA).

Cytokine release from blood monocytes was meas-

ured as previously described [16, 20, 21]. Initially,

PBMCs were separated by centrifugation in a histo-

paque (Sigma, St. Louis, MO, USA) density gradient.

Next, monocytes were isolated from PBMCs by nega-

tive immunomagnetic separation using Pan-T and

Pan-B Dynabeads (Dynal, Oslo, Norway). This proce-

dure allowed us to isolate inactive monocytes without

artificial uncontrolled stimulation. The isolated cells

were labeled with a monoclonal antibody (Daco,

Glostrup, Denmark) against the monocyte specific

positive antigen CD14. The procedure yielded

a population of 90% CD14-positive cells in the iso-

lated fraction. Monocytes were suspended in RPMI

1640 medium supplemented with 10% FCS (low in

endotoxin) (Gibco, Grand Island, NY), 2 mM gluta-

mine, 100 U/ml penicillin, 100 µg/ml streptomycin

and 10 µg/ml fungizone (Gibco, Grand Island, NY,

USA). The cells were counted in a Coulter counter

(Coulter Electronics, Mijdrecht, The Netherlands), and

the monocyte concentration was adjusted to 1 × 106

cells/ml. A constant number of monocytes (1 × 106

monocytes per well) was placed in a plastic 24-well

microtiter plate (Becton-Dickinson, Franklin Lakes,

NJ, USA) and left intact for 2 h to allow them to ad-

here. The medium was then changed, and the cultures

were incubated for additional 24 h. Incubations were

performed in triplicate at 37°C in a humidified atmos-

phere containing 5% CO2 in air. After 24-h incuba-

tion, the supernatant was carefully aspirated and fro-

zen at –80°C until it was assayed for basal TNF-a,

interleukin-1b and MCP-1 release. The removed me-

dium was then replaced with medium supplemented

with a submaximal dose of lipopolysaccharide

(Sigma, St. Louis, MO, USA) (1 µg/ml), and the cells

were incubated under the conditions mentioned for

another 24 h (in a pilot study, we observed that

lipopolysaccharide-stimulated monocytes secreted the

same amounts of both cytokines in the first and subse-

quent 24-h period of incubation and that the effect of

hypolipemic agents on cytokine release did not differ

between both of these periods). At the end of the incu-

bation, the supernatant was again collected and stored

until determination of cytokine release by activated

monocytes could be determined. TNF-a, interleu-

kin-1b and MCP-1 levels were determined using

commercial ELISA kits (R&D Systems, McKinley

Place N.E., Minneapolis, MN, USA) according to the

manufacturer’s instructions. The minimum detectable

levels for the assessed cytokines were: 4.4 pg/ml, 1.0

pg/ml and 5.0 pg/ml, respectively, for TNF-a,

interleukin-1b and MCP-1. The intra- and interassay

coefficients of variation for the assessed cytokines

were less than 5 and 9%, respectively. Because un-

stimulated monocytes of both control and IFG pa-

tients released hardly detectable amounts of TNF-a,

interleukin-1b and MCP-1, only cytokine release

from stimulated monocytes was included in the final

analysis.
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Statistical analyses

Results are shown as the means ± standard deviation.

Statistical analyses were performed using the Graph-

Pad Prism 2.01 software (GraphPad, Software Inc.,

San Diego, USA) and Statistica 6.1 (StatSoft, Tulsa,

OK, USA). Statistical significance was assumed at

p < 0.05. The normality of distribution was deter-

mined using the Kolmogorov-Smirnov test and con-

firmed by the q-q plots. Because of skewed distribu-

tions, values for the HOMA-IR, hsCRP, TNF-a,

interleukin-1b and MCP-1 were natural-log trans-

formed to satisfy assumptions of normality and equal

variance. Treatment groups were then compared using

one-way ANOVA followed by Bonferroni’s post-hoc

analysis test. Student’s paired t-test was applied to

compare pre-, inter- and post-treatment data within

the same group. For categorical variables, the c2 test

was used. Kendall’s t test was used to evaluate the re-

lationship between metabolic variables and inflamma-

tory mediators.

Results

Baseline characteristics

All groups of CAD patients and the control group

were similar in regard to age, sex, weight, smoking

status, plasma lipids, glucose metabolism markers,

blood pressure and clinical characteristics (Tab. 1).

There were differences between patients with CAD

and control subjects in plasma levels of hsCRP and

release of TNF-a, interleukin-1b and MCP-1 by

stimulated monocytes.
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Tab. 1. Baseline characteristics of participants1

Control subjects Placebo-treated patients Enalapril-treated patients Perindopril-treated patients

Number of patients 23 25 26 25

Age (years) 52.4 ± 5.2 53.5 ± 5.1 51.9 ± 5.3 50.8 ± 5.0

Females (%) 43 44 42 40

BMI (kg/m2) 27.1 ± 2.5 27.0 ± 2.0 26.8 ± 2.4 27.3 ± 2.6

Smokers (%) 35 36 35 32

Systolic blood pressure (mmHg) 122 ± 5 126 ± 5 124 ± 7 123 ± 7

Diastolic blood pressure (mmHg) 75 ± 5 79 ± 6 78 ± 6 77 ± 5

Medications

Statins (%) 9 92*** 96*** 96***

Acetylsalicylic acid (%) 9 92*** 92*** 96***

b-blockers (%) 13 88*** 88*** 92***

Total cholesterol (mg/dl) 165 ± 17 171 ± 16 167 ± 18 172 ± 15

LDL-cholesterol (mg/dl) 96 ± 8 98 ± 7 97 ± 7 98 ± 7

HDL-cholesterol (mg/dl) 48 ± 4 47 ± 5 46 ± 4 47 ± 4

Triglycerides (mg/dl) 154 ± 23 156 ± 25 159 ± 28 160 ± 26

Glucose (mg/dl) 87 ± 7 88 ± 8 91 ± 8 90 ± 8

HOMA-IR 3.4 ± 0.9 3.2 ± 1.1 3.6 ± 1.0 3.8 ± 0.8

hsCRP (mg/l) 0.8 ± 0.2 3.4 ± 0.3 *** 3.6 ± 0.4*** 3.7 ± 0.4***

TNF-a release (pg/ml) 759 ± 115 1523 ± 121 *** 1562 ± 143*** 1582 ± 163***

Interleukin-1b release (pg/ml) 69.2 ± 7.5 141.6 ± 12.9*** 139.4 ± 14.1*** 135.4 ± 14.2***

MCP-1 release (pg/ml) 11.8 ± 1.3 20.3 ± 1.8*** 20.5 ± 2.0*** 20.0 ± 1.5***

1 Only data of 99 individuals who completed the study were included in the final analyses. Each value represents the mean ± SD; *** p < 0.001
vs. control subjects
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Tab. 2. Effect of angiotensin-converting enzyme inhibitors on blood pressure, lipid profile, glucose metabolism markers, plasma hsCRP and
monocyte cytokine release in normotensive subjects with coronary artery disease1

Control subjects
(n = 23)

Placebo-treated
patients (n = 25)

Enalapril-treated
patients (n = 26)

Perindopril-treated
patients (n = 25)

Systolic blood pressure (mmHg)
Baseline
After 30 days
After 90 days

122 ± 5
124 ± 6
120 ± 6

126 ± 5
124 ± 6
124 ± 5

124 ± 7
121 ± 6
117 ± 7

123 ± 7
121 ± 6
118 ± 5

Diastolic blood pressure (mmHg)
Baseline
After 30 days
After 90 days

75 ± 5
76 ± 5
78 ± 6

79 ± 6
78 ± 6
79 ± 5

78 ± 6
76 ± 5
74 ± 6

77 ± 5
74 ± 4
73 ± 6

Total cholesterol (mg/dl)
Baseline
After 30 days
After 90 days

165 ± 17
162 ± 19
170 ± 18

171 ± 16
164 ± 19
162 ± 17

167 ± 18
163 ± 19
161 ± 21

172 ± 15
166 ± 16
161 ± 24

LDL-cholesterol (mg/dl)
Baseline
After 30 days
After 90 days

96 ± 8
99 ± 8
96 ± 7

98 ± 7
95 ± 8
94 ± 7

97 ± 7
93 ± 6
92 ± 7

98 ± 7
94 ± 6
92 ± 5

HDL-cholesterol (mg/dl)
Baseline
After 30 days
After 90 days

48 ± 4
48 ± 3
47 ± 4

47 ± 5
46 ± 4
45 ± 4

46 ± 4
49 ± 5
49 ± 4

47 ± 4
49 ± 5
50 ± 5

Triglycerides (mg/dl)
Baseline
After 30 days
After 90 days

154 ± 23
156 ± 24
158 ± 22

156 ± 25
154 ± 21
159 ± 23

159 ± 28
155 ± 23
153 ± 18

160 ± 26
156 ± 22
152 ± 21

Plasma glucose (mg/dl)
Baseline
After 30 days
After 90 days

87 ± 7
89 ± 6
90 ± 7

88 ± 8
90 ± 6
91 ± 7

91 ± 8
88 ± 4
87 ± 5

90 ± 8
87 ± 6
85 ± 6

HOMA-IR
Baseline
After 30 days
After 90 days

3.4 ± 0.9
3.6 ± 0.9
3.5 ± 1.0

3.2 ± 1.1
3.4 ± 1.2
3.4 ± 1.0

3.6 ± 1.0
3.2 ± 0.8
2.9 ± 0.8

3.8 ± 0.8
3.2 ± 0.7
2.9 ± 0.7

hsCRP (mg/l)
Baseline
After 30 days
After 90 days

0.8 ± 0.2
0.9 ± 0.2
0.8 ± 0.3

3.4 ± 0.3***
3.2 ± 0.4***
3.5 ± 0.3***

3.6 ± 0.4***
3.2 ± 0.3***
3.0 ± 0.3***

3.7 ± 0.4***
2.9 ± 0.3***#

2.3 ± 0.2***###&&&$$^^^

TNF-a release (pg/ml)
Baseline
After 30 days
After 90 days

759 ± 115
769 ± 103
788 ± 123

1523 ± 121***
1587 ± 162***
1531 ± 115***

1562 ± 143***
1307 ± 152***

1252 ± 131***##&&
1582 ± 163***

1296 ± 121***#&
982 ± 135###&&&$$$^^

Interleukin-1b release (pg/ml)
Baseline
After 30 days
After 90 days

69.2 ± 7.5
71.4 ± 8.2
69.5 ± 6.8

141.6 ± 12.9***
143.5 ± 15.5***
138.1 ± 14.9***

139.4 ± 14.1***
123.2 ± 12.5***
117.4 ± 12.0***

135.4 ± 14.2***
110.9 ± 11.0***#&&&

80.2 ± 12.8###&&&$$$^^^

MCP-1 release (ng/ml)
Baseline
After 30 days
After 90 days

11.8 ± 1.3
12.4 ± 1.6
12.3 ± 1.5

20.3 ± 1.8***
20.6 ± 2.0***
20.4 ± 2.1***

20.5 ± 2.0***
17.8 ± 1.6***
17.0 ± 1.7***

20.0 ± 1.5***
16.2 ± 1.4***###&&&
13.8 ± 1.2###&&&$^^

1 Only data of 99 individuals who completed the study were included in the final analyses. Each value represents the mean ± SD; *** p < 0.001 vs.

control subjects; # p < 0.05, ## p < 0.05, ### p < 0.001 vs. baseline values; & p < 0.05, && p < 0.01, &&& p < 0.001 vs. placebo-treated patients; $ p <
0.05, $$ p < 0.01, $$$ p < 0.001 the effect was stronger than after 30 days of treatment; ^^ p < 0.01, ^^^ p < 0.001 vs. the effect of enalapril



Adverse effects

Of the two patients who discontinued enalapril treat-

ment due to drug reactions, one did so due to the ex-

acerbation of CAD, and one did so because of exces-

sive blood pressure reduction. Two CAD patients

receiving placebo dropped out because of the exacer-

bation of CAD, while one because of non-compliance

with the study regimen. One patient treated with per-

indopril was withdrawn from the study owing to hipo-

tonia. Two other patients, one randomized to enalapril

and one receiving perindopril, prematurely terminated

the study because of severe persistent cough. In the

remaining patients, perindopril, enalapril or placebo

treatment were well tolerated and all these patients

completed the study protocol. All laboratory safety

tests remained within normal limits throughout the

treatment period.

Placebo-treated control subjects and nor-

motensive patients with CAD

No changes in blood pressure, plasma lipids, glucose,

HOMA-IR, hsCRP and cytokine release were ob-

served in control subjects and placebo-treated nor-

motensive patients with CAD (Tab. 2).

Effect of ACE inhibitors on blood pressure,

lipid profile and glucose metabolism markers

In perindopril- and enalapril-treated normotensive pa-

tients with CAD, blood pressure, lipid profile and

plasma glucose remained at the similar level through-

out the study (Tab. 2). Perindopril, but not enalapril,

administered for 90 days insignificantly reduced

HOMA-IR by 24% (p = 0.082).

Effect of ACE inhibitors on hsCRP

Ninety-day enalapril treatment did not produce any

significant effect on plasma hsCRP (Tab. 2). Perindo-

pril decreased plasma levels of this protein by 22%

(p < 0.05) and by 38% (p < 0.001) after 30 and 90

days of therapy, respectively. The effect of perindopril

treatment was more pronounced after 90 days than af-

ter 30 days of treatment. At the end of the study in

both treatment groups, plasma hsCRP levels were still

higher than in the control subjects.

Effect of ACE inhibitors on monocyte cytokine

release

Enalapril administered for 30 days did not affect

monocyte cytokine release (Tab. 2). After 90 days,

enalapril reduced TNF-a by 20% (p < 0.01) and insig-

nificantly decreased monocyte release of the two re-

maining cytokines (interleukin-1b: –16%, p = 0.083;

MCP-1: –17%, p = 0.079). After 30 and 90 days of

therapy, perindopril decreased TNF-a release by 18%

(p < 0.05) and 38% (p < 0.001), interleukin-1b release

by 18% (p < 0.05) and 41% (p < 0.001), and MCP-1

release by 19% (p < 0.05) and 31% (p < 0.001). The

effect of perindopril on cytokine release was more

pronounced at the end of the study than after 30 days

of treatment. At the end of the treatment period, cyto-

kine secretion in enalapril-treated patients, but not in

perindopril-treated patients, still differed from that

observed in the control subjects.

The analysis of subgroups

At entry, HOMA-IR, plasma hsCRP and monocyte

cytokine release were higher in insulin-resistant than

in insulin-sensitive subjects (Tab. 3).

Insulin-sensitive patients

Neither enalapril nor perindopril administered for 90

days affected blood pressure, plasma lipids, plasma

glucose and HOMA-IR in this subgroup of patients

(data not shown).

Enalapril administered to insulin-sensitive patients

did not affect plasma hsCRP levels and monocyte cy-

tokine release (Tab. 3). After 30 days of perindopril

treatment, the decrease in hsCRP and cytokine release

was insignificant (hsCRP: –17%, p = 0.059; TNF-a:

–14%, p = 0.095; interleukin-1b –15%, p = 0.089; and

MCP-1: –16%, p = 0.074). After 90 days, perindopril

reduced hsCRP, TNF-a release, interleukin-1b release

and MCP-1 release by 27% (p < 0.01), 23% (p <

0.05), 19% (p < 0.05) and 20% (p < 0.01), respec-

tively.

Insulin-resistant patients

ACE inhibitor treatment exhibited no effect on blood

pressure, plasma lipids and plasma glucose in

insulin-resistant subjects (data not shown).
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Ninety-day, but not 30-day, enalapril treatment

tended to reduce HOMA-IR (by 20%, p = 0.076)

(Tab. 3). When given for 30 days, perindopril insig-

nificantly decreased HOMA-IR (by 16%, p = 0.092),

while after 90 days it decreased this index by 23%

(p < 0.05).

After 30 days of treatment, enalapril tended to re-

duce plasma hsCRP (by 12%, p = 0.096), while at the

end of the study hsCRP, when compared to baseline,

decreased by 27% (p < 0.05). Perindopril reduced

plasma levels of this protein by 27% (p < 0.01) and

48% (p < 0.001) after 30 and 90 days, respectively.

The effect of perindopril was stronger at the end of

the study than after 30 days of treatment.

Enalapril administered to insulin-resistant patients

reduced TNF-a release by 17% (p < 0.05) and 21%

(p < 0.01), interleukin-1b release by 16% (p < 0.05)

and 20% (p < 0.01), and MCP-1 release by 18%

(p < 0.05) and 23% (p < 0.001) after 30 and 90 days

of treatment, respectively.

Thirty and 90 days of perindopril administration to

insulin-resistant subjects reduced TNF-a release by

21% (p < 0.05) and 48% (p < 0.001), interleukin-1b

release by 21% (p < 0.01) and 58% (p < 0.001), and

MCP-1 release by 21% (p < 0.01) and 39% (p <

0.001).

The effect of perindopril, but not enalapril, was

stronger after 90 days of treatment than after 30 days.

Comparisons between the groups

Perindopril was superior to enalapril in reducing

plasma hsCRP and monocyte release of TNF-a,

interleukin-1b and MCP-1. The superiority of perin-

dopril over enalapril was observed in the whole popu-

lation of normotensive subjects with CAD and in the

1472 Pharmacological Reports, 2012, 64, 1466�1475

Tab. 3. Effect of angiotensin-converting enzyme inhibitors on plasma hsCRP and monocyte cytokine release in insulin-sensitive and insulin-
resistant subjects with coronary artery disease and normal blood pressure1

Enalapril-treated patients Perindopril-treated patients

Insulin-sensitive subjects
(n = 12)

Insulin-resistant subjects
(n = 14)

Insulin-sensitive subjects
(n = 12)

Insulin-resistant subjects
(n = 13)

HOMA

Baseline

After 30 days

After 90 days

1.4 ± 0.2

1.3 ± 0.3

1.2 ± 0.2

5.4 ± 0.8***

4.7 ± 0.7***

4.3 ± 0.8***

1.4 ± 0.2

1.2 ± 0.3

1.0 ± 0.3

6.1 ± 0.8***

5.1 ± 0.7***

4.7 ± 0.6***#

hsCRP (mg/l)

Baseline

After 30 days

After 90 days

2.8 ± 0.4

2.6 ± 0.3

2.4 ± 0.3

4.2 ± 0.4***

3.7 ± 0.3***

3.5 ± 0.3***#

3.0 ± 0.4

2.5 ± 0.4

2.2 ± 0.3##

4.4 ± 0.5***

3.2 ± 0.5##
2.3 ± 0.3###$$^^^

TNF-a release (pg/ml)

Baseline

After 30 days

After 90 days

1327 ± 182

1125 ± 185

1099 ± 195

1752 ± 173***

1452 ± 132**#
1376 ± 188##

1335 ± 148

1145 ± 151

1028 ± 157#

1816 ± 223***

1439 ± 153*#
938 ± 112###$$$^^^

Interleukin-1b release (pg/ml)

Baseline

After 30 days

After 90 days

121.2 ± 11.3

115.2 ± 15.2

110.2 ± 11.2

154.1 ± 15.2***

129.7 ± 11.5#
123.2 ± 12.8##

124.3 ± 11.2

106.2 ± 8.4

100.8 ± 12.1#

145.9 ± 14.6*

115.4 ± 12.8##
60.7 ± 7.9###$$$^^^

MCP-1 release (ng/ml)

Baseline

After 30 days

After 90 days

18.0 ± 1.4

16.9 ± 1.5

16.5 ± 1.6

22.5 ± 2.3***

18.5 ± 1.8#
17.4 ± 2.1###

17.6 ± 1.9

14.7 ± 2.1

14.0 ± 1.5##

22.3 ± 2.4***

17.6 ±2.0##
13.6 ± 1.5###$$$^^^

1 Only data of 99 patients who completed the study were included in the final analyses. Each value represents the mean ± SD; * p < 0.05, ** p <
0.01, *** p < 0.001 vs. insulin-sensitive patients in the same treatment group; # p < 0.05, ## p < 0.01, ### p < 0.001 vs. baseline values; $$ p < 0.01,
$$$ p < 0.001, the effect was stronger than after 30-day treatment; ^^^ p < 0.001 vs. the effect of enalapril in the same subgroup of patients



subgroup of insulin-resistant patients (Tab. 2 and 3).

Both these treatment options were equipotent when it

comes to affecting blood pressure, plasma lipids and

plasma glucose.

Correlations

At baseline, there was a correlation between plasma

hsCRP and monocyte secretory function (r values be-

tween 0.42 and 0.60, p < 0.001), as well as between

cytokine release or hsCRP and HOMA-IR (r values

between 0.48 and 0.61, p < 0.001). No other correla-

tions between baseline values were found. There were

correlations between ACE inhibitor-induced changes

in hsCRP and in cytokine release (r values between

0.46 and 0.58, p < 0.001 for perindopril; r values be-

tween 0.49 and 0.60, p < 0.001 for enalapril). Perin-

dopril- and enalapril-induced changes in hsCRP and

in cytokines correlated with their action on HOMA-IR

(r values between 0.46 and 0.62, p < 0.001 for perindo-

pril; r values between 0.42 and 0.56, p < 0.01 for enala-

pril). None of the treatment groups showed any corre-

lations between changes in monocyte cytokine release

or plasma hsCRP levels and the effect of treatment on

plasma lipids and blood pressure.

Discussion

This study has shown for the first time that perindo-

pril produced a more prominent monocyte-sup-

pressing effect than enalapril did and that the drug-

induced changes in cytokine release were not related

to hypotensive or metabolic effects of ACE inhibitors.

Considering these findings, as well as our previous re-

sults which documented stronger lymphocyte-

suppressing, anti-oxidant and hemostatic effects of

the former agent [10, 12], as well as a stronger action

of perindopril on adipose tissue function [14, 15], we

may assume that normotensive patients with CAD,

particularly those at high cardiovascular risk, should

be treated rather with a tissue- than with a plasma-

type of ACE inhibitor. However, larger prospective

trials are needed to support this hypothesis before it

can be applied in the clinical practice.

Our study has shown that individuals with CAD

exhibited higher monocyte production of proinflam-

matory cytokines than their control counterparts. This

finding is in line with previous data showing that in-

creased plasma levels of TNF-a, interleukin-1b and

MCP-1 are associated with increased cardiovascular

risk [7, 25, 26]. Interestingly, monocyte cytokine re-

lease and plasma hsCRP were higher in insulin-

resistant than in insulin-sensitive subjects, which may

reflect the presence of more advanced atherosclerotic

changes in the coronary vasculature in the former

group of patients. Because plasma glucose levels in

both groups were similar, higher levels of hsCRP and

increased monocyte cytokine release in the former

group of patients may suggest that the risk of progres-

sion of CAD and the development of acute vascular

events is increased if CAD is accompanied by even

small abnormalities of glucose metabolism.

Another finding resulting from a subgroup analysis

of our study is that the degree of tissue insulin sensi-

tivity may determine the strength of monocyte-

suppressing and systemic anti-inflammatory effects of

ACE inhibitors, particularly those of perindopril. Pre-

viously, we observed the existence of a similar rela-

tionship between insulin sensitivity and lymphocyte-

suppressing and resistin-lowering actions of these

agents [10, 15]. All these findings indicate that ACE

inhibitors, particularly tissue-type, should be recom-

mended to CAD patients with even early glucose me-

tabolism abnormalities. Interestingly, according to the

present recommendations, ACE inhibitors or angio-

tensin II receptor blockers should be administered to

type 2 diabetic patients independent of blood pressure

and the presence of systolic dysfunction of the left

ventricle [1, 17]. The results of the present study seem

to broaden these indications also to individuals with

only slightly disturbed insulin sensitivity.

In our study, the effect on monocyte cytokine re-

lease correlated with the treatment-induced changes

in plasma hsCRP levels. Because CRP is directly in-

volved in atherogenesis [23], it may represent an im-

portant way through which an ACE inhibitor-induced

decrease in monocyte secretory function delays the

progression of atherosclerosis-related disorders. A si-

multaneous reduction in monocyte cytokine release

and plasma hsCRP in light of our previous results

may also partially explain why tissue-type ACE-

inhibitors produce their beneficial cardiovascular and

cerebrovascular effects, reported in some large clini-

cal trials [5, 22, 27]. In these studies, perindopril

(EUROPA) [5] and ramipril (HOPE) [27] reduced

mortality and fatal and non-fatal cardiovascular

events in atherosclerotic patients without heart failure
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and left ventricular systolic dysfunction, while perin-

dopril (PROGRESS) reduced the risk of stroke among

both hypertensive and non-hypertensive individuals

with a history of stroke or transient ischemic attack

[22]. They may also partially explain the results of

a combined analysis of several large clinical trials [3]

that showed that treatment with ACE inhibitor should

be considered in all patients with atherosclerosis.

Interestingly, the majority of the patients included

in this study had already been treated with acetylsali-

cylic acid, a statin and a b-adrenolytic agent, often ad-

ministered in high doses. The finding that despite this

fact perindopril was still able to reduce monocyte cy-

tokine release is an argument in favor of the treatment

with perindopril (and probably also with other tissue-

type ACE inhibitors) in CAD patients, even if the dis-

ease is clinically controlled by the remaining drugs.

Unfortunately, our study is not free from some

limitations. Firstly, CAD was diagnosed on the basis

of the clinical picture and/or the results of the exercise

test. Coronary angiography was not performed, and

therefore, we cannot exclude that the treatment groups

included subjects misdiagnosed with CAD, while the

control group may have included individuals with

asymptomatic atherosclerotic lesions of the coronary

arteries. Secondly, our sample size was relatively

small. As several differences in monocyte-suppres-

sing, systemic anti-inflammatory and HOMA-IR-

lowering effects did not achieve a p value below 0.05

(ranging between 0.05 and 0.1), it appears that

slightly larger groups would ensure significant differ-

ences. Moreover, the doses of perindopril and enala-

pril were not maximal, and the duration of treatment

was relatively short. It is likely that the effect of both

these agents is more pronounced in the case of long-

term treatment with their higher doses. Finally, the

definition of insulin resistance and insulin sensitivity

was arbitrary, and therefore, the results obtained

might be slightly different if other criteria of insulin

sensitivity were used.

In conclusion, compared with control subjects, ac-

tivated monocytes from normotensive patients with

stable CAD released more proinflammatory cytoki-

nes. Perindopril was superior to enalapril in reducing

monocyte cytokine release and low-grade systemic

inflammation, and the strength of its action depended

on insulin sensitivity. These effects may contribute to

the clinical effectiveness of tissue ACE inhibitors in

the therapy of atherosclerosis-related disorders, par-

ticularly in insulin-resistant subjects.
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