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Abstract

The role of the renin-angiotensin system in the haemodynamic changes induced by acute administration of N v-nitro-L-arginine methyl
ester in anaesthetised dogs was investigated. The left femoral artery and vein were cannulated for blood pressure measurement and drug
administration, respectively. A Swan-Ganz catheter was introduced through the right femoral vein and advanced to the pulmonary artery.

v ŽPulmonary arterial pressure, right atrial pressure and cardiac output were also determined. N -Nitro-L-arginine methyl ester 0.01–10.0
. Ž . Žmgrkg was administered alone control animals, ns18 or in the presence of the angiotensin-converting enzyme inhibitors, captopril 2

. Ž . w 3 5 7 8x Žmgrkg, ns9 or enalapril 2 mgrkg, ns7 or of the bradykinin B receptor antagonist D- Arg-Hyp ,Thi ,D-Tic ,Oic bradykinin Hoe2
.140, 0.1 mgrkg, ns6 . Cerebellum nitric oxide synthase and serum angiotensin-converting enzyme activities were also measured.

N v-Nitro-L-arginine methyl ester induced dose-dependent increases in blood pressure and systemic vascular resistance and decreases in
v Žheart rate and cardiac output. Nitric oxide synthase activity was inhibited 58% by N -nitro-L-arginine methyl ester from 3.37"0.30 to

.1.40"0.24 pmolrmin per mg protein, P-0.05, ns5 . Both enalapril and captopril potentiated the cardiovascular changes induced by
Ž .bradykinin 300 ngrkg, bolus . Moreover, enalapril inhibited angiotensin-converting enzyme activity from 12.8"1.2 to 1.1"0.2

Ž . vnmolrml per min P-0.05, ns6 . Under these conditions, N -nitro-L-arginine methyl ester administration elicited the same
haemodynamic changes as those observed in non-treated animals, except for preventing the decrease in systolic index. Hoe 140 had no
effect on the cardiovascular responses to N v-nitro-L-arginine methyl ester. These results indicate that the renin-angiotensin system does
not modulate these haemodynamic changes.

Ž . v Ž .Keywords: Nitric oxide NO ; Renin-angiotensin system; N -Nitro-L-arginine methyl ester L-NAME ; Hoe 140; Enalapril; Blood pressure

1. Introduction

Endothelium-derived nitric oxide plays a fundamental
role in the control of blood pressure by maintaining an

Ž .active state of vasodilatation Moncada and Higgs, 1993 .
Indeed, the acute administration of nitric oxide synthase
inhibitors, such as N v-nitro-L-arginine methyl ester, in-
creases systemic vascular resistance and blood pressure
ŽRees et al., 1989; Gardiner et al., 1990; Van Gelderen et

.al., 1993 . In addition, these inhibitors commonly cause a
Ždecrease in both cardiac output and heart rate Stamler et

.al., 1994; Zappellini et al., 1996 . The chronic inhibition of

) Ž .Corresponding author. Fax: 55-19 252-1516.

nitric oxide synthase in rats increases arterial blood pres-
Ž .sure Baylis et al., 1992; Ribeiro et al., 1992 and repre-

sents a useful model of endothelium-dependent hyper-
tension. Both angiotensin-converting enzyme inhibitors
Ž .Pollock et al., 1993; Moreno et al., 1995 and angiotensin
II receptor antagonists can markedly reverse this hyperten-

Ž .sive state Ribeiro et al., 1992 . In this paper, we have
investigated the involvement of the renin-angiotensin sys-
tem in the N v-nitro-L-arginine methyl ester-induced
haemodynamic changes in anaesthetised dogs using two

Žangiotensin-converting enzyme inhibitors enalapril and
.captopril and the bradykinin B receptor antagonist D-2

w 3 5 7 8 x ŽArg-Hyp ,Thi ,D-Tic ,Oic bradykinin Hoe 140, Wirth et
.al., 1991 .
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2. Material and methods

2.1. Experimental procedure

Ž .Mongrel dogs of either sex 11.2"0.7 kg were ini-
Žtially anaesthetised with sodium pentobarbital Sagatal, 30

.mgrkg, i.v. . The animals were then intubated and artifi-
cially ventilated with pure oxygen. Anaesthesia was main-

Žtained with a combination of fentanyl citrate Fentanil,
. Ž0.01 mgrkg per h , diazepam Dienpax, 0.25 mgrkg per

. Žh and pancuronium bromide Pavulon, 0.10 mgrkg per

.h . The left femoral artery was cannulated for mean arterial
Žblood pressure measurement pressure transducer MX-860,

.Medex, USA and the left femoral vein, for drug adminis-
Žtration. A 7F-Swan-Ganz catheter Edwards Laboratories,

.USA was introduced through the right femoral vein and
advanced to the pulmonary artery. The location of the
catheter was confirmed by detection of the typical pressure
wave of this artery. The catheter was connected to two
MX-860 pressure transducers for the measurement of pul-
monary arterial and right atrial pressures. The cardiac

Žoutput was measured by the thermodilution technique Fe-
.gler, 1954; Ganz et al., 1971 . Briefly, 10 ml of cold saline

Ž .4–68C were injected through the proximal lumen of the
Swan-Ganz catheter. The injection of this saline led to a
change in blood temperature which was detected by a
thermistor located 4 cm from the catheter tip, and transmit-

Ž .ted to a computer SDM 2000, Dixtal, Brazil which
calculated cardiac output. The measurement of cardiac
output was performed at least in duplicate. All catheters

Ž .were filled with heparinised saline 10 IUrml to prevent
clotting. The heart rate was measured via a surface electro-

Ž .cardiogram lead I . The haemodynamic parameters were
allowed to stabilise for 20 min before any drug administra-
tion.

2.2. Experimental design

( )2.2.1. Control animals ns18
In these animals, we assessed the effects of N v-nitro-

L-arginine methyl ester on the haemodynamic parameters
described above. After basal measurements had been ob-

v Žtained, N -nitro-L-arginine methyl ester 0.01–10.0
.mgrkg was infused at a flow rate of 0.5 mlrmin during 8

min. At the end of each infusion, the resulting haemody-
namic changes were recorded. At the end of the entire
protocol, the total amount of N v-nitro-L-arginine methyl
ester which had been administered to each animal was
14.44 mgrkg.

( )2.2.2. Enalapril-treated animals ns7
After stabilisation and measurement of the haemody-

Žnamic variables, bradykinin was injected 300 ngrkg, 0.5
.ml, bolus and at the maximum hypotensive response, the

haemodynamic changes were measured. Following recov-
ery, the haemodynamic variables were again measured and

Ž .enalapril 2 mgrkg was infused at a flow rate of 0.5
mlrmin during 8 min. To check the efficacy of enalapril,
at the end of the infusion, we repeated the bradykinin
injection in order to assess whether there was any potentia-
tion of the cardiovascular changes. Upon complete recov-
ery from the effects of bradykinin, we obtained new
haemodynamic measurements and then initiated the dose-
response curve to N v-nitro-L-arginine methyl ester as de-
scribed above. This entire protocol was repeated using

Ž .captopril 2 mgrkg at 0.5 mlrmin during 8 min instead
of enalapril.

( )2.2.3. Hoe 140-treated animals ns6
After stabilisation and measurement of basal haemody-

Ž .namic parameters, bradykinin 300 ngrkg, 0.5 ml, bolus
was injected and the maximum hypotensive effect mea-
sured. When the haemodynamic parameters returned to

Žbasal values, the bradykinin antagonist Hoe 140 0.1
.mgrkg was infused at a flow rate of 0.5 mlrmin, during

8 min. The effects of the antagonist on the haemodynamic
parameters were measured at the end of this infusion. To
assess the efficacy of receptor blockade, the injection of
bradykinin was repeated. Subsequently, N v-nitro-L-
arginine methyl ester was administered as described for the

Ž .control animals see above .

2.3. Calculation of haemodynamic parameters

All haemodynamic events, including mean arterial blood
pressure, pulmonary arterial pressure, right atrial pressure,
heart rate and cardiac output, were continuously displayed
on a computer monitor and were recorded on a printer

Ž .coupled to this system SDM 2000, Dixtal, Brazil . Sys-
temic vascular resistance was calculated as systemic vascu-

ŽŽlar resistances mean arterial blood pressurey right atrial
. .pressure rcardiac output =80, where 80 is the constant

that converts mmHgrl per min to dynPsrcm5.
Systemic vascular resistance, systolic volume and car-

Ždiac output were corrected for body surface area ex-
2 .pressed in m and were expressed as the index of sys-

Žtemic vascular resistance index of systemic vascular resis-
.tancessystemic vascular resistance=body surface area ,

Žthe systolic index systolic indexssystolic volumerbody
. Žsurface area and the cardiac index cardiac indexscardiac

.outputrbody surface area .

2.4. Determination of cerebellum nitric oxide synthase
actiÕity

In some of the control animals, we examined the inhibi-
tion of brain nitric oxide synthase as described by Forster-¨

Ž .mann et al. 1990 . This assay is based on the conversion
w3 x w3 xof H L-arginine to H L-citrulline. At the end of the

dose-response curve to N v-nitro-L-arginine methyl ester
the cerebellum was rapidly removed, weighed and ho-

Žmogenised in 5 volumes of cold incubation buffer Tris-HCl
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.50 mM, pH 7.4 containing phenylmethylsulphonyl fluo-
Ž .ride 1 mM and 1 mM of L-citrulline. The homogenates

were incubated at room temperature for 30 min in the
presence of 1 mM NADPH, 2 mM CaCl and 10 mM of2

w 3 x Ž .L- 2,3,4,5- H arginine monohydrochloride 100 000 dpm .
Nitric oxide synthase activity was also measured in the

2q Žabsence of Ca omission of CaCl and addition of 12
. vmM EGTA and in the presence of 1 mM N -nitro-L-

arginine methyl ester in the incubation medium. The pro-
tein content of the samples was determined by the method

Ž .of Peterson 1977 and the enzyme activity was expressed
as pmol L-citrullinermin per mg protein. Nitric oxide
synthase activity was also assayed in the cerebella of
animals which received no drug, except for anaesthetic.

2.5. Determination of serum nitrate and nitrite leÕels

Nitrate and nitrite levels were quantified by the method
Ž .of Muscara and De Nucci 1996 . Briefly, after separation´

on a strong anion-exchange column, nitrate anions were
reduced to nitrite on a copper-plated cadmium-filled col-
umn and then detected by the Griess reaction. The sensitiv-
ity of the method was 30 pmol for both anions. For the
assay, 3 ml blood samples were withdrawn before and
after N v-nitro-L-arginine methyl ester administration from
animals which had not been allowed to eat or drink for 12
h before the experiment in order to avoid nitrate ingestion.
The blood was allowed to clot at room temperature and

Ž .was then centrifuged 4200 rpm, 10 min and the serum
separated and stored at y208C until analysed. The concen-
trations are expressed in mM.

2.6. Measurement of serum angiotensin-conÕerting enzyme
actiÕity

Serum angiotensin-converting enzyme activity was as-
sayed by measuring the amount of hippuric acid released
from the synthetic substrate hippuryl-L-leucine at pH 8.3

Ž .and at 378C Cushman and Cheung, 1970 . The released
hippuric acid was quantified spectrophotometrically at 383

Žnm after reaction with cyanuric chloride Hurst and
.Lovell-Smith, 1981 . For the determination of

angiotensin-converting enzyme activity in enalapril-treated
animals, 3 ml blood samples were collected before and
after administration of the drug and processed as described
above. The sera were stored at y208C until assayed for
angiotensin-converting enzyme activity which was ex-
pressed as nmolrml per min.

2.7. Drugs

Bradykinin and N v-nitro-L-arginine methyl ester were
Ž .purchased from Sigma USA and pentobarbital sodium

Ž . Ž . ŽSagatal was from May and Baker UK . Diazepam Di-
. Ž .empax was purchased from Sanofi Brazil . Fentanyl cit-

Ž . Ž .rate Fentanil was donated by Cristalia Brazil and pan-
Ž .curonium bromide Pavulon was obtained from the Uni-

versity Hospital Pharmacy. Hoe 140 was kindly provided
Ž .by Hoechst Germany , and enalapril by Biosintetica´

Ž . w 3 x ŽBrazil . L- 2,3,4,5- H Arginine specific activity 60
. Ž .Cirmmol was supplied by Amersham UK . The reagents

used in the serum angiotensin-converting enzyme and cere-
bellum nitric oxide synthase assays were purchased from

Ž .Sigma USA .

2.8. Data and statistical analysis

All data are shown as the mean"standard error of the
Ž .mean S.E.M. and were analysed by analysis of variance

for multiple comparisons followed by Duncan’s test. In the
case of nitric oxide synthase activity the data were anal-
ysed by analysis of variance followed by Newman-Keuls
test. A P value -0.05 was considered to be significant.

3. Results

3.1. Control animals

v Ž .N -Nitro-L-arginine methyl ester 0.01–10.0 mgrkg
induced a dose-dependent rise in mean arterial blood pres-

Ž . vsure Fig. 1A . At 10 mgrkg, N -nitro-L-arginine methyl
ester increased blood pressure by 41.7% when compared to

Žbaseline values from 91.3"3.6 to 129.4"4.0 mmHg,
. vP-0.05 . N -Nitro-L-arginine methyl ester also increased

Ž .systemic vascular resistance Fig. 1D . At the highest dose,
N v-nitro-L-arginine methyl ester increased the index of

Žsystemic vascular resistance by 148.2% from 1915.3"
5 2 .177.6 to 4754.4"363.5 dynPsrcm per m , P-0.05 .

Ž .Parallel with these increases, the cardiac output Fig. 1B
Ž .and the heart rate Fig. 1C decreased. At the highest dose

of N v-nitro-L-arginine methyl ester, the cardiac index
Ždecreased by 44.3% from 3.88"0.25 to 2.16"0.16

2 .lrmin per m , P-0.05 , the systolic index decreased
Ž .12.3% Table 1 and the heart rate decreased by 38.5%

Ž .from 117"6.7 to 72"5.2 bpm, P-0.05 .
N v-Nitro-L-arginine methyl ester inhibited cerebellum

nitric oxide synthase activity by 58% when compared to

Table 1
v Ž .Effect of N -nitro-L-arginine methyl ester 0.01–10.0 mgrkg on the

Ž .systolic index of control animals L-NAME, ns18 or in the animals
Ž . Ž .pre-treated with captopril 2 mgrkg, ns9 , enalapril 2 mgrkg, ns7

Ž .or Hoe 140 0.1 mgrkg, ns6

L-NAME Captopril Enalapril Hoe 140

Basal 34.2"2.8 28.3"2.8 28.7"1.8 37.3"2.4
L-NAME 0.01 35.8"2.5 29.0"2.7 28.4"2.9 36.7"3.2

0.03 36.9"2.5 32.2"3.2 30.4"3.1 35.6"2.3
0.1 35.4"2.7 32.0"3.1 33.6"4.2 37.8"3.3
0.3 34.2"2.5 37.1"4.5 33.7"5.3 36.1"4.0
1.0 33.4"2.3 35.2"3.8 35.1"5.1 34.7"3.3

a3.0 30.6"2.6 35.1"4.6 34.6"6.3 31.3"2.4
a a10.0 30.0"1.9 34.5"3.9 35.4"6.1 27.9"2.1

The values are mean"S.E.M. and are expressed as mlrbeat per m2.
a P -0.05 when compared to basal values.
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v ŽFig. 1. Effects of N -nitro-L-arginine methyl ester L-NAME, 0.01–10.0
. Ž .mgrkg on the mean arterial blood pressure MABP, panel A , cardiac
Ž . Ž .index CI, panel B , heart rate HR, panel C and index of systemic

Ž .vascular resistance ISVR, panel D of anaesthetised dogs in the absence
Ž . Ž . Ž .I, ns18 and in the presence ', ns7 of enalapril 2 mgrkg . Each
dose of N v-nitro-L-arginine methyl ester and enalapril was infused for 8
min at a rate of 0.5 mlrmin. Values are the mean"S.E.M. ) P -0.05

Ž .versus the respective control C .

Table 2
Ž .Nitrate and nitrite levels and angiotensin-converting enzyme ACE activ-

ity in dog serum

Treatment Nitrate Nitrite ACE
Ž . Ž . Ž .mM mM nmolrml per min

Basal – 10.2"1.9 0.26"0.12 13.0"1.7
L-NAME 0.01 12.1"2.5 0.42"0.16 12.0"1.9

0.03 9.3"1.5 0.54"0.17 12.1"1.3
0.1 10.7"1.2 0.58"0.18 12.0"1.5
0.3 9.2"2.0 0.28"0.10 11.8"1.7
1.0 7.9"1.5 0.60"0.22 12.3"1.4
3.0 8.7"1.5 0.48"0.13 12.9"2.3

10.0 9.3"2.5 0.50"0.18 11.2"1.7

Ž .Blood was withdrawn before Basal and after the infusion of each dose
v Ž .of N -nitro-L-arginine methyl ester 0.01–10.0 mgrkg . Values repre-

Ž .sent the mean"S.E.M. ns5 .

Table 3
Ž . Ž .Effect of enalapril 2 mgrkg, ns9 and Hoe 140 0.1 mgrkg, ns6

Ž .infusions on the basal mean arterial blood pressure MABP, mmHg ,
Ž 2 . Ž 2 .cardiac index CI, lrmin per m , systolic index SI, mlrbeat per m ,

Ž . Žheart rate HR, bpm and index of systemic vascular resistance ISVR,
5 2 .dynPsrcm per m of anaesthetised dogs

Enalapril Hoe 140

Before After Before After

MABP 94.4"4.7 90.6"3.4 97.5"6.2 95.5"8.6
aCI 3.08"0.47 3.48"0.21 3.79"0.31 3.63"0.33

aSI 26.7"2.4 28.5"2.1 36.6"4.6 36.4"4.5
HR 117"7.2 124"8.7 107"8.9 103"8.8

aISVR 2471.4"187.0 2091.6"122.3 2110.0"187.7 2103.3"101.8

Values represent the mean"S.E.M. Results were analysed by analysis of
variance followed by Duncan’s test. a P -0.05 when compared to values
before drug administration.

Table 4
Potentiation of the bradykinin-induced cardiovascular changes by enalapril

Enalapril

Before After Poten-
Ž .tiation %

aŽ .MABP mmHg y19.7"2.8 y48.7"2.6 146
2 aŽ .CI lrmin per m y0.73"0.10 q2.00"0.41 174

Ž .HR bpm q22"6.1 q48"16.0 118
aŽISVR dynPsr y993.8"132.5 y1466.1"107.7 147

5 2 .cm per m

The haemodynamic parameters measured were mean arterial blood pres-
Ž . Ž . Ž .sure MABP , cardiac index CI , heart rate HR and index of systemic

Ž . Ž . avascular resistance ISVR . Values are the mean"S.E.M. ns7 . P -

0.05 when compared to values obtained before enalapril administration.

Ž .Fig. 2. Nitric oxide synthase NOS activity in cerebellum homogenates
Ž .from control animals no drug administered, ns5, Control and animals

v Žwhich received N -nitro-L-arginine methyl ester total dose of 14.44
.mgrkg, ns5, L-NAME . Nitric oxide synthase activity was assayed in

2q Ž .normal Ca -containing buffer total activity, open columns , in the
Ž 2q .presence of 1 mM EGTA Ca -free buffer, stippled columns , and in the

v Ž .presence of 1 mM N -nitro-L-arginine methyl ester solid columns . The
data represent the mean"S.E.M. ) P -0.05 and ) ) P -0.01 when
compared to the corresponding activity in Ca2q-containing buffer. a P -

0.01 when compared to the activity in Ca2q-containing buffer of the
non-N v-nitro-L-arginine methyl ester-treated animals.
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v ŽFig. 3. Effects of N -nitro-L-arginine methyl ester L-NAME, 0.01–10.0
. Ž .mgrkg on the mean arterial blood pressure MABP, panel A , cardiac
Ž . Ž .index CI, panel B , heart rate HR, panel C and index of systemic

Ž .vascular resistance ISVR, panel D of anaesthetised dogs in the absence
Ž . Ž . Ž .I, ns18 and presence ', ns9 of captopril 2 mgrkg . Each dose
of L-NAME and captopril was infused for 8 min at a flow rate of 0.5
mlrmin. The values are the mean"S.E.M. ) P -0.05 versus the respec-

Ž .tive control C .

Ž .animals in which no drug was administered Fig. 2 . The
w3 x w3 xin vitro conversion of H L-arginine to H L-citrulline
Ž . 2qwas strongly inhibited )90% when Ca was omitted

or N v-nitro-L-arginine methyl ester was added to the incu-
bation medium, indicating that this conversion is due to the
constitutive form of nitric oxide synthase. Despite the
marked enzyme inhibition, neither the serum nitrate and
nitrite levels nor the serum angiotensin-converting enzyme
activity was significantly altered by N v-nitro-L-arginine

Ž .methyl ester Table 2 .

3.2. Enalapril-treated animals

Table 3 shows the effects of enalapril on basal haemo-
dynamic variables. Enalapril potentiated the cardiovascular

Ž .changes induced by bradykinin 300 ngrkg, Table 4 and
inhibited serum angiotensin-converting enzyme activity by

Ž91% from 12.8"1.2 to 1.1"0.2 nmolrml per min,
. vns6, P-0.05 . Despite the enzyme inhibition, the N -

nitro-L-arginine methyl ester-induced haemodynamic
changes were unaltered. At the highest dose, N v-nitro-L-
arginine methyl ester increased mean arterial blood pres-

Žsure by 29.6% when compared to basal values from
.90.6"5.4 to 117.4"10.1 mmHg, P-0.05, Fig. 1A .

N v-Nitro-L-arginine methyl ester also dose-dependently
Ž .increased the systemic vascular resistance Fig. 1D . At 10

mgrkg, the index of systemic vascular resistance increased
Ž124.1% from 1857.4"88.4 to 4163.5"785.4 dynP

5 2 . vsrcm per m , P-0.05 . Finally, N -nitro-L-arginine
methyl ester produced a dose-dependent decrease in the

Ž .cardiac output and heart rate Fig. 1B and C, respectively .
At the highest dose, the cardiac index decreased 30.1%
Ž 2 .from 3.89"0.17 to 2.72"0.48 lrmin per m , P-0.05 ,

Žwhile the heart rate decreased 50.0% from 136"10.7 to
.68"6.3 bpm, P-0.05 . However, in enalapril-treated

animals, the systolic index did not decrease in response to
v Ž .N -nitro-L-arginine methyl ester administration Table 1 .

v ŽFig. 4. Effects of N -nitro-L-arginine methyl ester L-NAME, 0.01–10.0
. Ž .mgrkg on the mean arterial blood pressure MABP, panel A , cardiac
Ž . Ž .index CI, panel B , heart rate HR, panel C and index of systemic

Ž .vascular resistance ISVR, panel D of anaesthetised dogs in the absence
Ž . Ž .I, ns18 and presence ', ns6 of the bradykinin B receptor2

Ž . vantagonist Hoe 140 0.1 mgrkg . Each dose of N -nitro-L-arginine
methyl ester and Hoe 140 was infused for 8 min at a rate of 0.5 mlrmin.
Values are the mean"S.E.M. ) P -0.05 compared to the respective

Ž .control C .
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3.3. Captopril-treated animals

Captopril induced similar changes to enalapril in the
basal haemodynamic parameters, i.e., a fall in mean arte-

Žrial blood pressure from 95.9"5.0 to 90.1"5.0 mmHg,
.P - 0.05 . Captopril infusion also potentiated the

Žbradykinin-induced cardiovascular changes data not
.shown . As with enalapril, captopril failed to affect the

N v-nitro-L-arginine methyl ester-induced haemodynamic
Ž .changes Fig. 3 . Despite the fall in the cardiac index,

N v-nitro-L-arginine methyl ester did not decrease the sys-
Ž .tolic index Table 1 .

3.4. Hoe 140-treated animals

Ž .Hoe 140 0.1 mgrkg did not significantly change the
Ž .haemodynamic parameters of anaesthetised dogs Table 3 .

The maximum hypotensive effect induced by bradykinin
Ž . Ž300 ngrkg was y42.8"7.1 mmHg from 98.4"4.8 to

.55.6"7.3 mmHg and was abolished by Hoe 140. In the
presence of bradykinin B receptor blockade, N v-nitro-L-2

arginine methyl ester dose-dependently affected all of the
haemodynamic parameters. At 10.0 mgrkg, mean arterial

Žblood pressure increased 39.8% from 94.3"8.2 to 131.8
"7.3 mmHg, P-0.05 when compared to basal values,

.Fig. 4A . At the same dose, the index of systemic vascular
Žresistance increased 199.8% from 1956.8"135.8 to

5 2 .5867.3"619.6 dynPsrcm per m , P-0.05; Fig. 4D .
Simultaneously, N v-nitro-L-arginine methyl ester de-

Žcreased the cardiac output and caused bradycardia Fig. 4B
. vand C . At the highest dose, N -nitro-L-arginine methyl

Žester reduced the cardiac index by 52.9% from 3.89"0.35
2 .to 1.83"0.11 lrmin per m , P-0.05 while the heart

Žrate decreased 36.8% from 106"11.3 to 67"5.1 bpm,
.P-0.05 . The decrease in the cardiac index was accompa-

Ž .nied by a decrease in the systolic index 25.2%, Table 1 .

4. Discussion

The present results clearly demonstrate that the an-
giotensin-converting enzyme inhibitors enalapril and cap-
topril failed to affect the haemodynamic changes induced
by acute N v-nitro-L-arginine methyl ester administration
in the anaesthetised dog. The bradykinin B antagonist2

Hoe 140 also had no significant effect on these haemody-
namic changes. These results are unlikely to reflect inade-
quate doses of the compounds used, since enalapril and
captopril strongly potentiated, while Hoe 140 abolished,
the cardiovascular changes induced by bradykinin. Further-
more, at the dose used, enalapril markedly inhibited serum
angiotensin-converting enzyme activity. Together, these
findings indicate that the renin-angiotensin system does
not modulate the haemodynamic changes induced by acute
N v-nitro-L-arginine methyl ester administration in the
anaesthetised dog. Similar results were obtained by

Ž .Nafrialdi and Mimran 1993 who verified that angiotensin
II receptor blockade by losartan did not prevent the devel-
opment of either arterial hypertension or bradycardia in-
duced by acute N v-nitro-L-arginine methyl ester adminis-
tration. Moreover, losartan did not alter the decrease in
cardiac output induced by N v-nitro-L-arginine methyl ester

Žin two-kidney, one-clip hypertensive rats Sigmon and
.Beierwaltes, 1993 .

In rats, chronic inhibition of nitric oxide synthesis by
N v-nitro-L-arginine methyl ester leads to hypertension
Ž .Baylis et al., 1992; Ribeiro et al., 1992 . In contrast to the
acute situation, daily co-administration of N v-nitro-L-

Ž .arginine methyl ester and losartan Ribeiro et al., 1992 or
v ŽN -nitro-L-arginine methyl ester and enalapril Pollock et

.al., 1993; Moreno et al., 1995 prevents the development
of arterial hypertension. These observations indicate that
chronic, but not acute N v-nitro-L-arginine methyl ester-in-
duced hypertension is modulated by renin-angiotensin sys-
tem activation.

One possible explanation for this discrepancy would
reflect the action of nitric oxide synthase inhibitors on
renin release. Acute nitric oxide blockade induces renal

Žvasoconstriction Gardiner et al., 1990; Zatz and De Nucci,
.1991 and hence could evoke the release of renin. How-

ever, acute nitric oxide blockade diminishes renin secretion
ŽJohnson and Freeman, 1992; Naess et al., 1993; Deng et

.al., 1994; Schricker et al., 1995 further indicating that the
haemodynamic effects induced by acute N v-nitro-L-
arginine methyl ester administration are independent of the
renin-angiotensin system activation. Indeed, chronic ad-
ministration of nitric oxide synthesis inhibitors is associ-

Žated with hyporeninemia Dananberg et al., 1993; Navarro
.et al., 1994 . Considering that tissue renin-angiotensin

system seems to play a more important role in controlling
blood pressure than circulating renin-angiotensin system
Ž .Dzau, 1986; Campbell, 1987; Falkenhahn et al., 1994 ,
these studies may reflect this difference since they have
measured plasma, and not tissue renin activity.

Pretreatment of the animals with either enalapril or
captopril prevented the decrease in the systolic index
induced by N v-nitro-L-arginine methyl ester. Since an-

Žgiotensin II exerts a positive inotropic effect Falkenhahn
.et al., 1994 , this protection suggests that bradykinin,

rather than angiotensin II, modulates canine myocardial
contractility. The finding that the decrease in cardiac out-
put persisted even in the animals treated with angiotensin-
converting enzyme inhibitors indicates that this effect is
mainly due to bradycardia.
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