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Blockade of NO synthesis in most narcotized rats was followed by an increase in de-
pressor effects (by 45%) and decrease in total peripheral resistance (by 63%) upon treat-
ment with isopropyl norepinephrine (isoproterenol). Our results indicate that NO secre-
tion in the endothelium modulates the systemic hemodynamic response to β2-adreno-
ceptor stimulation.
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Our previous studies demonstrated the role of the
NO-dependent mechanism in systemic hemodyna-
mic response to increase in circulating blood vo-
lume [2] and orthostatic stress in rats [3]. Elimina-
tion of NO-dependent vasodilation increases the
degree of changes in blood pressure (BP) and total
peripheral resistance (TPR) after stimulation of α1-
adrenoceptors in rats [4].

Here we studied the role of NO in systemic hemo-
dynamic response (change in BP, TPR, and cardiac
output) to stimulation of β2-adrenoceptors in vascular
smooth muscles of rats. Published data show that
activation of these receptors with agonists (isoprote-
renol) causes vasodilation [5]. This reaction reflects
the cardiovascular response to adrenergic influences.
It is mediated by not only α1- and α2-adrenoceptors,
but also β2-adrenoceptors in vascular smooth mus-
cles. Little is known about the NO-dependent endo-
thelial mechanism of systemic vasodilation. The role
of NO in the vascular response to β2-adrenoceptor sti-
mulation was studied only on isolated vessels [6-12].

MATERIALS AND METHODS

Experiments were performed on 21 adult male Wi-
star rats (220-340 g) anesthetized with 1.2-1.5 g/kg

urethane and receiving 500 U/kg heparin. Artificial
ventilation was performed on a Vita device. BP was
recorded in the femoral artery using a PDP-400
detector. The value of BP was digitized with a com-
puter system for data collection. We estimated sys-
tolic, diastolic, and mean BP. Cardiac output was
estimated from blood flow velocity in the ascen-
ding aorta measured with a RKE-2 electromagnetic
flowmeter. We used a detector (diameter 2 mm)
and H-3021 pen recorder. TPR was calculated as
the ratio of mean BP to cardiac output in the same
interval of time.

β-Adrenoceptors were stimulated with isoprote-
renol. Isoproterenol in a concentration of 10—9 mg/ml
was infused into the femoral vein (0.1 ml per 100 g
body weight).

NO synthase was inhibited by injection of Nω-
nitro-L-arginine methyl ester (L-NAME) into the
femoral vein (1 mg per 100 body weight). Mesa-
tone (phenylephrine) was injected 10 min after
L-NAME administration.

The results were analyzed by Student’s t test.
Data processing involved standard software.

RESULTS

Basal mean BP was 105.5±5.8 mm Hg. Mean car-
diac output was 82.8±6.1 ml/min (Table 1, Fig. 1).
The mean response of TPR and mean BP to isopro-
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terenol was -0.43±0.07 mm Hg/ml/min and -30.8±
3.3 mm Hg, respectively.

Blockade of NO synthesis in 15 rats potentiated
the decrease in TPR, mean systolic BP, and mean dia-
stolic BP. Cardiac output remained practically unchan-
ged under these conditions (Fig. 1). Administration of
isoproterenol before and after blockade decreased TPR
by 31.3 and 39.3% from the basal level, respectively;
BP decreased by 29.5 and 35.4%, respectively.

During NO synthesis blockade, TPR and hypo-
tensive response underwent more significant chan-
ges compared to the pre-blockade conditions (by
63 and 45.2%, respectively).

Paired Student’s t test revealed significant dif-
ferences between the effects of isoproterenol be-
fore and during blockade of NO synthesis. This test
allowed us to compare the reactions of each animal
(Table 2). Figure 2 shows the dynamics of iso-
proterenol-induced changes in TPR before and du-
ring NO synthesis blockade. TPR and BP decreased
most significantly 20 sec after isoproterenol ad-
ministration.

Changes in TPR in 6 animals did not differ be-
fore and during blockade of NO synthesis. Mean

BP decreased by 24.2 and 6.6% of the basal level
before and during blockade of NO synthesis, re-
spectively.

Taking into account insignificant and opposite
changes in cardiac output and the fact that HR in-
crease was observed only in 11 rats, our findings
suggest that the negative shift in systemic hemo-
dynamics of 15 animals after isoproterenol admini-
stration is associated with vascular response to β2-
adrenoceptor stimulation.

Isoproterenol is not a selective β2-adrenoceptor
agonist. However, our findings suggest that after
administration of this agent in the specified doses
the cardiac response was not observed, while the
development of hypotension was associated with
vasodilation due to stimulation of vascular β2-adreno-
ceptors. Hence, changes in the reaction to β2-adreno-
ceptor stimulation are determined by blockade of
NO synthesis.

There is no general agreement about the role
of NO in vasodilation induced by β2-adrenoceptor
stimulation. Some experiments showed that NO bloc-
kade completely [6,8,11,12] or partially prevented
[10] relaxation of isolated vessels or vascular seg-

Fig. 1. Systemic hemodynamic response to isoproterenol before
(1) and after blockade of NO synthesis (2). Mean BP (a), cardiac
output (b), and TPR (c).
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ments in response to β2-adrenoceptor stimulation.
It was hypothesized that these changes were asso-
ciated with the increase in NO synthesis in the
endothelium after β2-adrenoceptor stimulation, which
contributed to relaxation of vascular smooth mus-

cles. Blockade of NO synthesis decreased vasodila-
tion [8]. Other authors [7-9] reported that blockade
of NO synthesis had no effect on the degree of β2-
adrenergic vasodilation.

Our study was performed on the entire cardio-
vascular system. Therefore, it is important to take
into account the influence of factors associated with
changes in systemic hemodynamics (TPR and intra-
vascular pressure) on the vascular endothelium.
Under these conditions systemic blood flow re-
mains practically unchanged, while vasodilation
results in a decrease in shear strain of the endothe-
lium. The observed changes are followed by a de-
crease in NO secretion and vasoconstriction [1].

Elimination of this mechanism after NO syn-
thesis blockade potentiated vasodilation and caused
arterial hypotension.

A similar mechanism was revealed during the
orthostatic response. The reduction of shear stress
under these conditions resulted from the decrease
in BP and systemic blood flow [3].

The NO-dependent mechanism of vasodilation
plays a role in the β-adrenergic hemodynamic re-
sponse. The decrease in blood epinephrine concen-
tration is accompanied by vasodilation, which is

TABLE 1. Effect of NO Synthase Blockade on the Systemic Hemodynamic Response to Isoproterenol (M±m, n=15)

Before blockade mean BP, mm Hg 105.5±5.8 �30.8±3.3

systolic BP, mm Hg 136.1±5.4 �31.7±4.7

diastolic BP, mm Hg 86.5±6.3 �29.4±3.4

cardiac output, ml/min 82.8±6.1 3.3±2.8

TPR, mm Hg/ml/min 1.38±0.13 �0.43±0.07

During blockade mean BP, mm Hg 123.5±5.4* �44.9±3.9**

systolic BP, mm Hg 150.2±5.3 �39.4±4.1

diastolic BP, mm Hg 105.9±5.6* �45.3±4.1**

cardiac output, ml/min 74.9±5.8 7.1±3.2

TPR, mm Hg/ml/min 1.78±0.15 �0.7±0.1*

Note. *p<0.05 and **p<0.001 compared to the pre-blockade parameter.

Parameter Response to isoproterenolBasal level

TABLE 2. Differences between Basal Levels and Isoproterenol-Induced Responses before and during NO Synthesis
Blockade (M±m, n=15)

BP, mm Hg mean 17.9±5.7** �14.1±2.3***

systolic 14.1±5.4* �7.7±4.2

diastolic 19.4±5.9** �15.9±2.6***

Cardiac output, ml/min 7.9±2.8* 3.7±3.4

TPR, mm Hg/ml/min 0.4±0.1** �0.27±0.09**

Note. *p<0.05, **p<0.01, and ***p<0.001 compared to the pre-blockade parameter.

Parameter Differences between isopro�
terenol�induced responses

Differences between
basal levels

Fig. 2. Isoproterenol-induced changes in TPR before (1) and after
blockade of NO synthesis (2).
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realized via β2-adrenoceptors. By contrast, the in-
crease in epinephrine concentration causes vasocon-
striction due to binding of this compound to α1-ad-
renoceptors [5].

We conclude that NO prevents vasodilation du-
ring the β2-adrenergic response of systemic hemo-
dynamics. This mechanism mediates the decrease
in the range of BP variations upon adrenergic influ-
ences on the circulatory system via vascular β2-ad-
renoceptors.
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