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Angiotensin converting enzyme inhibitors (ACE-Is) are the main drugs
used in the treatment of essential hypertension and congestive heart failure
in adults. Recently, we have demonstrated the antithrombotic effect of capto-
pril (CAP) and enalapril (ENA) in venous thrombosis model in adult rats.
One might also suggest the beneficial effect of those drugs on hemostasis in
young individuals. Two months old male Wistar rats were used in the study.
Acute administration of CAP at a dose of 50 and 100 mg kg�� significantly
reduced the venous thrombus weight. Dose-dependent reduction in the
thrombus weight was also observed in ENA (3, 10, 30 mg kg��)-treated rats.
Strong reduction in the thrombus weight was also seen after chronic admini-
stration of CAP (2 × 25 mg kg��) and ENA (1 × 15 mg kg��). Both drugs
given chronically reduced the frequency of thrombi. Systolic blood pressure
was reduced to similar extent after acute and chronic application of the
drugs. CAP shortened euglobulin clot lysis time (ECLT) when given acutely
(100 mg kg��) and chronically (2 × 25 mg kg��). ENA decreased ECLT only
when given at multiple doses (1 × 15 mg kg��). None of the drugs changed
prothrombin time or activated partial tromboplastin time. We conclude that
CAP and ENA possess antithrombotic effect in young individuals. Activa-
tion of the fibrinolytic pathway seems to play an important role in the
mechanism of their antithrombotic action.
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Abbreviations: ACE-Is – angiotensin convert-
ing enzyme inhibitors, Ang II – angiotensin II,
APTT – activated partial tromboplastin time, CAP
– captopril, ECLT – euglobulin clot lysis time,
ENA – enalapril, PAI-1 – plasminogen activator
inhibitor type 1, PT – prothrombin time, RAS –
renin-angiotensin system, SBP – systolic blood
pressure, TF – tissue factor

INTRODUCTION

Renin-angiotensin system (RAS) consists of
several components that constitute one efficiently
operating biochemical system responsible for blood
pressure regulation and hydroelectrolite balance [14].

Introduction of angiotensin converting enzyme
inhibitors (ACE-Is) marked a significant progress
in the therapy of essential hypertension and con-
gestive heart failure in adults [6]. Hypertension is
also considered a serious problem in pediatrics.
Similarly to adults, children suffering from hyper-
tension who are not able or cannot reduce the con-
sumption of sodium and calories, and in children
showing arterial hypertension regardless of dietary
restrictions, pharmacological treatment has been
recommended, focused primarily on the selection
of diuretics or �-adrenergic receptor blocking agents
[17]. In contrast to adults, however, only limited data
are available with respect to pharmacological ef-
fects of ACE-Is in children. It has been demon-
strated that ACE-Is have beneficial effect in chil-
dren with congenital heart disease [13], in infants
with left-to-right shunt [33] and innate nephritic
syndrome [1], in normotensive children with prote-
inuria in nephritic syndromes [8, 20, 32], in high-
risk subgroup of microalbuminuric diabetic adoles-
cents [3]. Among ACE-Is, enalapril (ENA) is con-
sidered an efficient drug for children in the treat-
ment of arterial hypertension and circulatory insuf-
ficiency [31]. However, ACE-Is are not often
administered to children, mainly because of con-
cern for adverse reaction. Reports describing the
safety index of ACE-Is in children are lacking.

Recently, a crucial role in the regulation of he-
mostasis has been attributed to RAS system. It has
been demonstrated that captopril (CAP), ACE-I ad-
ministered to patients after myocardial infarction,
significantly decreased the frequency of recurrent
coronary thrombosis [27]. Moreover, other ACE-Is,
namely ramipril in survivors with clinical evidence
of heart failure and trandolapril in patients with left

ventricular dysfunction also reduced mortality after
myocardial infarction [18, 34]. These clinical obser-
vations were confirmed by studies demonstrating
prothrombotic activity of angiotensin II (Ang II), the
main active peptide of RAS. Ang II promotes
thrombosis by increasing the production and secre-
tion of plasminogen activator inhibitor type 1
(PAI-1) and augments the expression of tissue fac-
tor (TF) [23, 36].

In our previous study, we have demonstrated
the antithrombotic effect of CAP and ENA (ACE-
Is) in venous thrombosis model in normotensive
and hypertensive adult rats [4, 19, 25, 26]. One
might suggest that the beneficial effect of those
drugs on hemostasis also occurs in young individu-
als. Therefore, the present study aims at investigat-
ing the antithrombotic effect of ACE-Is in young
rats.

MATERIALS and METHODS

Materials

The study was conducted on young (2 months
old) male Wistar rats (70–100 g). Animals were
housed in a room with a 12 h light/dark cycle, in
group cages as appropriate, and were given tap wa-
ter and fed a standard rat chow. Procedures involv-
ing the animals and their care were conducted in
accordance with the institutional guidelines that are in
compliance with national and international laws and
Guidelines for the Use of Animals in Biomedical Re-
search (Thromb Haemost, 1987, 58, 1078 –1084).

Chemicals and drugs

CAP (RBI, USA), ENA (Sigma, Germany), pen-
tobarbital (Vetbutal, Biovet, Poland), sodium citrate
(Polish Chemical Reagents), sodium chloride (Pol-
ish Chemical Reagents) were used in the study.

Experimental protocol

CAP and ENA were administered per os acutely
or continuously for 10 days. The aqueous solution
of CAP was administered at a single dose (10, 50 or
100 mg kg–1), and in chronic mode at 2 × 25 mg
kg–1. ENA dissolved in 18% ethanol was also ad-
ministered at a single dose (3, 10, 30 mg kg–1) or
continuously at a dose of 15 mg kg–1. The control
animals were receiving distilled water or 18% etha-
nol solution in the same way and volume (0.1 ml
100 g–1).
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Induction of venous thrombosis

In the experiments in which CAP or ENA was
administered at single doses, venous thrombosis
was evoked 60 min (CAP) or 240 min (ENA) after
administration of the drug, respectively, whereas in
chronic mode of drugs administration they were
given on the 11th day (approximately 12 h after the
last administration). Twelve hours before induction
of venous thrombosis rats were deprived of food
but had free access to water. The venous thrombo-
sis was induced as previously described by Reyers
et al. [30]. The abdomen was opened under pento-
barbital anesthesia (40 mg kg–1, ip), the vena cava
was carefully separated from the surrounding tis-
sues and then ligated tightly with a cotton thread
just below the left renal vein. Subsequently, the ab-
domen was closed with a double layer of sutures
(peritoneum with muscles and the skin separately).
After 2 h the animals were anesthetized again and
the abdomen was then re-opened, the vena cava was
carefully dissected and inspected for the presence
of a thrombus. The thrombus was air-dried at 37°C
and after 24 h its weight was measured.

Hemostatic parameters

For the determination of prothrombin time
(PT), the activated partial tromboplastin time
(APTT), euglobulin clot lysis time (ECLT), blood
was obtained from the heart. The collection started
2 h after the venous thrombosis induction from rats
treated with single doses of CAP or ENA (100 and
30 mg kg–1, respectively) and after chronic treat-
ment (2 × 25 mg kg–1 and 1 × 15 mg kg–1 for CAP
and ENA, respectively). Blood was collected to
disposable syringe containing 3.13% sodium cit-
rate. The volume ratio of blood to sodium citrate
was 9:1. Blood was centrifuged in plastic test-tubes
for 20 min at the speed of 2500 rpm, at the tem-
perature of 4°C. The plasma was used to determine
the PT, APTT, ECLT by routine laboratory assays.

Blood pressure measurement

The systolic blood pressure (SBP) was measured
by the “tail cuff” method [39] (Student Oscillograph,
Harvard Rat Tail Blood Pressure Monitor) after single
drug administration 1, 2, 3 h for CAP (100 mg kg–1)
or 4 h after ENA treatment (1 × 15 mg kg–1). When
drugs were given continuously SBP was measured
before and after 10 days of management. Each

value was the average of three consecutive read-
ings.

Statistical analysis

The data are shown as the mean ± SEM (n –
number of animals). In calculating the thrombus
weight, the lack of the thrombus was regarded as
0 mg [26]. The frequency of clot formation was
compared using Fischer´s test. In all other cases,
analysis of the variance (ANOVA) was applied, ad-
ditionally verified with Student-Newman-Keuls
test; p values of less than 0.05 were considered sig-
nificant.

RESULTS

Thrombus weight

Acute administration of CAP reduced the throm-
bus weight in a dose-dependent manner (1.33 ± 0.3,
0.38 ± 0.1, 0.17 ± 0.1 mg for 10, 50 and 100 mg kg–1

of CAP, respectively, vs. control value of 1.0 ± 0.2 mg;
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Fig. 1. The effect of acute (10, 50, 100 mg kg��; CAPa) or
chronic (2 × 25 mg kg��; CAPchr) CAP administration (A) and
acute (3, 10, 30 mg kg��; ENAa) or chronic (1 × 15 mg kg��;
ENAchr) ENA administration (B) on venous thrombus
weight. *p < 0.05, **p < 0.01, ***p < 0.001,****p < 0.0001
vs. control (CON). Each column represents the mean ± SEM
from 6–26 experiments



ns, p < 0.01, p < 0.001) (Fig. 1A). In rats receiving
CAP chronically (2 × 25 mg kg–1) thrombus weight
amounted to 0.1 ± 0.001 mg and was markedly lower
than in the control group (1.2 ± 0.4 mg; p < 0.0001)
(Fig. 1A).

In the control group receiving 18% ethanol the
thrombus weight was 1.1 ± 0.1 mg. Similarly to
rats receiving CAP, acute administration of ENA
dose-dependently reduced the thrombus weight
(0.9 ± 0.2, 0.75 ± 0.1, 0.17 ± 0.6 mg for 3, 10 and
30 mg kg–1 of ENA, respectively; ns, p < 0.05,
p < 0.0001) (Fig. 1B). Also chronic treatment with
ENA (15 mg kg–1) resulted in significant reduc-
tion in thrombus weight (0.15 ± 0.1 mg vs. control
1.2 ± 0.1 mg; p < 0.001) (Fig. 1B).

The frequency of thrombosis

The frequency of thrombosis observed in con-
trol group of rats receiving single treatment with

vehicle for CAP amounted to 92.3%. The single
dose of CAP (50 and 100 mg kg–1) reduced the fre-
quency of thrombi to 87.5% and 66.6%, respectively
(Fig. 2A). In rats receiving CAP chronically at doses
of 2 × 25 mg kg–1 for 10 days, thrombus developed
only in 46.2% of cases. The incidence of thrombus
formation was significantly smaller than in the con-
trol (87.5% of cases; p < 0.01) (Fig. 2A).

The single-dose of ENA (10, 30 mg kg–1) only
tended to decrease the frequency of thrombus for-
mation (87.5% and 54.5%, respectively, vs. 100%
of control) (Fig. 2B). When ENA was administered
for 10 days (15 mg kg–1) the development of
thrombi was significantly reduced (43.1% of cases
comparing to control 100%; p < 0.05) (Fig. 2B).
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Fig. 2. The effect of acute (10, 50, 100 mg kg��; CAPa) or
chronic (2 × 25 mg kg��; CAPchr) CAP administration (A) and
acute (3, 10, 30 mg kg��; ENAa) or chronic (1 × 15 mg kg��;
ENAchr) ENA administration on venous thrombus frequency.
*p < 0.05, **p < 0.01 vs. control (CON). n = 6–26 experiments
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Fig. 3. The effect of acute (100 mg kg��; 1, 2, 3 h after treatment;
CAPa) or chronic (2 × 25 mg kg��; CAPchr) CAP
administration (A) and acute (30 mg kg��; ENAa) or chronic
(1 × 15 mg kg ��; ENAchr) ENA administration (B) on systolic
blood pressure (SBP). **p < 0.01, ****p < 0.0001 vs. control
(CON). Each column represents the mean ± SEM from 6–19
experiments



Blood pressure

The SBP measured in the control group of rats
amounted to 145.7 ± 3.1 mmHg. In the group re-
ceiving a single dose of CAP (100 mg kg–1), the
SBP was 106.7 ± 3.3; 118.3 ± 1.0 and 128.3 ± 4.2
mmHg, 1, 2, and 3 h following the drug administra-
tion, respectively (p < 0.01, p < 0.0001). The chronic
administration of CAP (2 × 25 mg kg–1) also signifi-
cantly reduced SBP (140.4 ± 2.5 mmHg vs. 109 ± 2
for the control and CAP, respectively; p < 0.0001)
(Fig. 3A).

In the group of rats treated with the vehicle for
ENA, the SBP measured 4 h after the administra-
tion was 155.7 ± 3.1 mmHg. A single dose of ENA
(30 mg kg–1) considerably decreased the SBP
(107.7 ± 2.8 mmHg; p < 0.0001). The chronic admi-
nistration of ENA (1 × 15 mg kg–1) also significantly
reduced the SBP (106.1 ± 2.5 vs. 148.3 ± 4.8 mm Hg;
p < 0.0001) (Fig. 3B).

Hemostatic parameters

Neither CAP nor ENA given at the single (100
mg kg–1 and 30 mg kg–1, respectively) or at re-
peated doses (2 × 25 mg kg–1 and 1 × 15 mg kg–1,
respectively) changed PT or APTT (Tab. 1).

Significant changes were observed in the case of
ECLT. CAP shortened ECLT from 254 ± 18 min in the
control group to 112.5 ± 15.0 min and 199 ± 12 min
for acute (100 mg kg–1) and chronic administration
(2 × 25 mg kg–1) (p < 0.001, p < 0.05, respectively).
ENA decreased ECLT when given at multiple doses
(1 × 15 mg kg–1) (335 ± 43 min vs. 216 ± 5 min for
control and ENA, respectively; p < 0.01) (Tab. 1).

DISCUSSION

The present studies demonstrated that acute and
chronic treatment with CAP and ENA reduced
thrombus weight in the venous thrombosis model
in young normotensive rats. Both drugs adminis-
tered chronically significantly inhibited the fre-
quency of thrombosis. This effect was weaker after
single-dose administration of both drugs. The anti-
thrombotic effect of the studied ACE-Is seems to
involve the activation of fibrinolytic pathway. As
suspected, CAP and ENA also decreased arterial
blood pressure.

Although ACE-Is have been broadly applied in
hypertension therapy in adults, there are still few
records of their effectiveness in children, especially

in infants. There is a growing number of clinical
and experimental data confirming the significant
role of ACE-Is in the regulation of hemostasis, yet
they all refer to adults [9, 10, 18, 28, 34]. The lack
of data concerning the impact of these drugs upon
hemostasis in young individuals prompted us to
perform investigation on young animals. Our previ-
ous research have shown that ACE-Is, such as CAP
and ENA, possess antithrombotic effect in mature
rats both in venous and arterial thrombosis models
[4, 5, 19, 25, 26]. Based on the above, the venous
thrombosis model has been adopted in the present
work for the assessment of CAP and ENA impact
in young rats. It extends the observations that the
thrombosis model, applied in the present work,
turned out to be very useful for the evaluation of
antithrombotic impact of numerous compounds be-
cause of its sensitivity and repeatable character.
The performed procedures rendered it possible to
obtain from 87 to 100% thrombi in control groups,
which is comparable with the results obtained by
Reyers et al. [30], Chabielska et al. [4], and Pawlak
et al. [25, 26] in adult rats.

Multi-center research conducted for several
years has demonstrated the advantageous impact of
ACE-Is not only in hypertension therapy, but also
in the treatment of congestive heart failure and
ischemic heart disease [6, 28, 29]. The analysis of
these studies indicate that drugs from this group
possess, alongside the hypotensive effect, also anti-
thrombotic or fibrinolytic impact. This suggestion
has been confirmed by numerous experiments con-
ducted on animals. Chabielska et al. and Pawlak et
al. [4, 19, 25, 26] showed that CAP and ENA in-
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Table 1. The effect of acute (100 mg kg��; CAPa) or chronic (2 ×
25 mg kg��; CAPchr) CAP administration and acute (30 mg
kg��; ENAa) or chronic (1× 15 mg kg��; ENAchr) ENA admini-
stration on prothrombin time (PT), activated partial tromboplas-
tin time (APTT), euglobulin clot lysis time (ECLT)

PT(s) APTT ECLT (min)

CON 28.13 ± 1.3 19. 6 ± 0.6 254 ± 18

CAP a 30.3 ± 0.9 18.4 ± 0.1 112 ± 15 ���

CAP chr 31.5 ± 1.2 19.5 ± 0.5 199 ± 12 �

CON 30.1 ± 1.5 18.5 ± 0.1 335 ± 43

ENA a 29.6 ± 1.0 18.7 ± 0.1 306 ± 29

ENA chr 29.1 ± 0.7 18.6 ± 0.1 216 ± 5 ��

* p < 0.05, ** p < 0.01, *** p < 0.001 vs. control (CON). Each
column represents the mean ± SEM from 6–17 experiments



duced antithrombotic effect in venous thrombosis
model, both in normo- and hypertensive adult rats.
The present study conducted upon young rats
showed that CAP and ENA inhibited both the
thrombus weight and also the frequency of throm-
bosis. As it was the case of adult rats, the effect of
captopril and enalapril was stronger after long ap-
plication of drugs.

While analyzing the mechanism of antithrom-
botic impact of CAP and ENA, the conclusion
should be drawn that the above impact seems to be
complex. First of all, it might involve coagulation
and fibrinolysis pathways. In our study neither
CAP nor ENA affected PT, APTT, independently of
administration time. It is in agreement with the re-
ports of Chabielska et al. [4] who used the same
model of thrombosis, but did not find any changes
in the above parameters of coagulation system in
adult rats. Also the study conducted by Omosu et
al. [24] indicated that another drug from this group,
ramipril, did not change the coagulation parameters
in rats, rabbits or dogs. Furthermore, no changes in
coagulation system have been reported in patients
with primary hypertension treated with ENA [37].
Considering the results of the present study and the
existing literature data, the thesis can be accepted
that, similarly to the adults, in the younger animals
the antithrombotic effect of CAP and ENA was not
related to the influence of the drugs on the studied
coagulation factors.

Another very important element to be consid-
ered is the impact of ACE-Is on the fibrinolytic
system. In our study, acute and chronic administra-
tion of CAP and only chronic administration of
ENA significantly shortened the euglobulin clot ly-
sis time. In other studies, Ang II has been shown to
increase the level of the PAI-1 and PAI-2 and, there-
fore, to promote thrombosis [12, 23, 36]. Thus, pre-
vention of the synthesis of Ang II by ACE-Is might
account for the profibrinolytic effect. Indeed, it has
been demonstrated that CAP inhibits the secretion
of PAI-1 from vascular smooth muscle cells [34].
Moreover, numerous studies indicate that both
CAP and ENA increase the fibrinolytic activity [16,
38]. The above observation is corroborated by our
previous study which has demonstrated profibrino-
lytic effect of CAP [27]. The present results suggest
that the observed antithrombotic impact of the
ACE-Is in young rats depends at least on the profi-
brinolytic influence. However, this might be a com-
bined effect dependent on both suppressing the re-

lease of plasminogen inhibitors and stimulating the
release of its activators that, however requires fur-
ther studies in our experimental model. On the
other hand, Zehetgruber et al. [40] did not find any
activation of fibrinolytic system in hypertensive
patients receiving long-term treatment with lisino-
pril. Therefore, the role of ACE-Is in the activation
of fibrinolytic pathway needs to be further eluci-
dated.

Our observation of profibrinolytic effect of
ACE-Is might be of great importance in pediatric
patients, especially in the treatment of disorders of
fibrin deposition. Erikson and Saldeen [9] have
showed that CAP reduced fibrin deposition and de-
creased kidney and lung damage caused by mass
intravascular clotting. It has also been suggested
that pharmacological blockade of ACE may be
helpful in preventing renal fibrosis associated with
reflux nephropathy in children, since ACE in-
creases contents of extracellular matrix compo-
nents, such as fibronectin, and via up-regulation of
Ang II induces renal fibrosis [7].

The important step in thrombus development is
the platelet adhesion to subendothelial matrix and
their aggregation. It has been demonstrated that
ACE-Is inhibit the activation of platelets in humans
[22] and adult rats [21]. Our very preliminary ex-
periments indicate that other ACI-Is, ramipril and
quinapril, inhibit platelet aggregation in whole
blood also in young rats (data not published). This
effect may have crucial importance to the mecha-
nism of antithrombotic impact of the studied drugs,
especially at the moment of the initiation of clot-
ting cascade. This suggestion is corroborated also
by other observations which show that the inhibi-
tion of adhesion and aggregation of platelet is es-
sentially caused by the nitric oxide (NO) and pros-
tacyclin (PGI2) released under the influence of
ACE-Is [2, 11].

It has been suggested that the beneficial effects
of ACE-Is depend on the accumulation of tissue
bradykinin. ACE-Is, by blocking kininase II, sup-
press bradykinin degradation and through the acti-
vation of bradykinin B2 receptor, increase NO,
PGI2 and tissue plasminogen activator (t-PA) re-
lease [15]. Since we have shown before that the an-
tithrombotic effect of ACE-Is depends on NO and
PGI2 release [26], these mediators might account
for the antithrombotic effect of CAP and ENA in
young rats. Among CAP properties, the role of
thiol group should be emphasized that is responsi-
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ble for the stabilization and prolongation of NO
half life. Pawlak et al. [27] have shown that, in-
deed, thiol repletion, at least in part, accounts for
the antithrombotic effect of CAP. However, the
present study still does not provide the explanation
why ENA, which does not contain the thiol moiety,
has equally strong antithrombotic impact in young
rats as CAP.

ACE-Is decrease arterial blood pressure by re-
ducing vascular resistance. Therefore, it is not un-
likely that CAP and ENA affect primary hemostasis
through their effect on blood vessels. The exam-
ined compounds administered at single doses or
continuously in similar way reduced SBP, while the
frequency of thrombosis and thrombus weight were
significantly lower after continuous administration
of the drugs. This finding, together with our previ-
ous report demonstrating that the antithrombotic ef-
fect of CAP in adult normotensive rats did not cor-
relate with blood pressure reduction [26], allows us
to put forward the hypothesis that the hypotensive
component does not contribute to the antithrom-
botic effect of the studied drugs.

In conclusion, we have demonstrated for the
first time the antithrombotic effect of CAP and
ENA in young individuals confirming and extend-
ing our previous reports in adult animals. Activa-
tion of the fibrinolytic pathways seems to play an
important role in the mechanism of antithrombotic
action of the studied drugs. Our results might be of
great practical significance, since they extend the
possible application of ACE-I to pediatrics.
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