530

Bulletin of Experimental Biology and Medicine, No. 6, 2003 PHYSIOLOGY

Effect of Baseline Vasodilation on Adrenergic
Reactions of Systemic Hemodynamics
L. I. Osadchii, T. V. Balueva, and L. V. Sergeev

Translated from Byulleten’ Eksperimental noi Biologii i Meditsiny, Vol. 135, No. 6, pp. 622-625, June, 2003

Original article submitted July 18, 2002

Systemic vasodilation produced by sodium nitroprusside in various concentrations and ac-
companied by a decrease in baseline blood pressure was followed by progressive reduction
in pressor responses to o-adrenoceptor agonist phenylephrine (mesatone) in rats. In a blood
pressure range of below the physiological level (80-100 mm Hg), a positive linear correlation
was revealed between the decrease in baseline blood pressure and pressor effect of phe-

nylephrine.
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The law of baseline levels suggests that changes in
activity of functional systems depend on their initial
(prestimulation) activity.

Our previous studies revealed a negative correla-
tion between pressor reactions to o-adrenoceptor ago-
nist phenylephrine (mesatone) and the rise in baseline
blood pressure (BP) in response to the increase in
arterial tone in rats produced by angiotensin-1I [14].
Moreover, the pressor effect of phenylephrine directly
depended on the decrease in baseline BP during ortho-
stasis or papaverine infusion [8].

Here we evaluated whether the decrease in base-
line BP during systemic vasodilation produced by NO
donor sodium nitroprusside (SNP) modulates the vaso-
constrictor effect of phenylephrine.

The interest in the model of hypotension caused
by vasodilation produced by SNP and NO stems from
abundant experimental studies of endothelium-derived
relaxing factor acting similarly to NO on vascular
smooth muscle cells [10,11], in particular, during expo-
sure of blood vessels to mechanical factors — increa-
sed blood flow rate, amplitude of pulse pressure, and
degree of vasodilation [2,4,13]. SNP was used for
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modeling of arterial hypertension and study NO-de-
pendent regulation of blood flow [5].

MATERIALS AND METHODS

Experiments were performed on 10 adult male Wistar
rats (250-350 g) narcotized with 1.2-1.5 g/kg urethane
and receiving 500 U/kg heparin. Artificial ventilation
was performed on a Vita device. Systolic (BPy), diasto-
lic (BPp), and mean BP (BP,,) were recorded in the fe-
moral artery using a PDP-400 detector. Cardiac output
was measured with a RKE-2 electromagnetic flow meter.
This value was determined by blood flow velocity in the
ascending aorta estimated with a 2-mm detector. The
total peripheral resistance was calculated as the ratio be-
tween BP,, and cardiac output in the same time interval.

SNP was infused into the femoral artery using a
NP-1M pump (flow rate 0.25 ml/min). SNP in concen-
trations of 1.9, 3.8, 7.6, 15, and 30 pg/ml was used to
produce baseline hypotension of different step values.
Phenylephrine (10—¢ g/ml) in 0.1 ml polyglucin per
100 g body weight was administered into the femoral
vein. Infusion of SNP in each concentration was ac-
companied by injection of phenylephrine (BP,, ).

The results were analyzed by Student’s ¢ test. The
method for collection and processing of the data was
described previously [6].
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Correlation analysis was performed to determine
the relationship between BP,,; and changes in BPg,
BP,, cardiac output, and total peripheral resistance
produced by phenylephrine. The regression curve was
constructed by the least-square method. The strength
of correlations was evaluated by the correlation coef-
ficient.

RESULTS

BP, ; and cardiac output were 86.9+4.7 mm Hg and
103.94£8.5 ml/min, respectively.

SNP in various concentrations decreased BP, to
a level varying from 22.7+4.4 to 58.0+2.3 mm Hg.
After infusion of SNP the maximum rise in BPg and
BP,, produced by phenylephrine (55.7+4.5 and 44.5+
3.8 mm Hg, respectively) decreased to 16.6+2.3 and
10.5£1.5 mm Hg, respectively. Moreover, a shift in
total peripheral resistance decreased from 1.335+0.159
to 0.462+ 0.043 mm Hg/ml/min, respectively (Fig. 1).
Cardiac output remained practically unchanged (6.2+
1.9 ml/min).

We evaluated the relationship between maximum
effects of phenylephrine and changes in BP,,; during

<

BP,, mm Hg
60

40—

%
%
20
0
201
-40-
ek
%k
%

sk
-60-
0 1 2 3 4 5

21

BP,, mm Hg
60

40

sk
20- x .

0
-20-
-40-
skk
sk
sk
3 4 5

-60-
0 1 2

531

infusion of SNP (Fig. 2). A direct linear correlation
was revealed between the pressor response to phe-
nylephrine and decrease in BP,, ;. This relationship
was moderate for BPg (#=0.4340.13) and significant
for BP,, (=0.56+0.11). The correlation coefficient for
the total peripheral resistance was 0.80+=0.06. These
data reflect a strong correlation between the constric-
tor response to phenylephrine and BP,, ;. Changes in
cardiac output did not depend on BP,,; (+=0.04%0.16).

In the present study we compared pressor respon-
ses to phenylephrine during SNP-induced arterial
hypotension of different degrees and evaluated the
relationship between these values. The pressor respon-
se to phenylephrine progressively decreased under
these conditions. A correlation was revealed for phe-
nylephrine-produced changes in BP,, and total peri-
pheral resistance, but not for cardiac output. There-
fore, these relationships concern only the vascular
effect of phenylephrine and serve as a criterion for
reactivity of the arterial system.

These results are consistent with our previous data
on changes in the relationships during experimental
hypotension under orthostatic conditions or papave-
rine-produced vasodilation. A direct correlation was
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Fig. 1. Maximum shifts in hemodynamic parameters induced by
phenylephrine (light bars) during changes in baseline blood pressure
(BP,, 5. dark bars) after infusion of sodium nitroprusside (SNP).
Hemodynamic parameters: systolic blood pressure (BP, a), diastolic
blood pressure (BP,, b), and total peripheral resistance (c). Before
(0) and after infusion of SNP in concentrations of 1.9-30 ug/ml (7-5).
*p<0.001, **p<0.01, and ***p<0.05: compared to concentration 1
(dark bars); compared to point 0 (light bars).
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Fig. 2. Maximum changes in BP (a), BP (b), and total peripheral resistance (c) induced by phenylephrine in a concentration of 10—° g/mi
as a function of mean baseline blood pressure during infusion of SNP. Straight line: regression curve. Regression equation: y=0.5617x+4.5759

(a), y=0.6738x-7.3142 (b), y=0.0186x-0.2204 (c).

found between the pressor response to phenylephrine
and degree of baseline hypotension [8].

Probably, the mechanism of a decrease in myo-
genic arterial tone does not determine the relationship
between vasoconstrictor response to ¢-adrenoceptor
stimulation and initial tone of arteries during hypo-
tension. These relationships are observed at the redu-
ced baseline tone of arterial smooth muscles resulting
from the decrease in their passive tension (orthostasis)
and vascular relaxation induced by papaverine or NO
donor SNP.

This type of relationships is similar to the para-
bolic dependence of adrenergic reactions in skeletal
muscles on baseline perfusion pressure [2]. Moreover,
they resemble the dependence of arterial segment re-
activity to electrical stimulation and norepinephrine on
the degree of tension [9].

It should be emphasized that reactivity of arteries
depends not only on the direct effect of vasoactive
agents on smooth muscles, but also on the degree of

tension in the vascular wall [12]. Vascular tension
depends on the degree of preactivation with vasoactive
agents (catecholamines and blockers of o~ and B-ad-
renoceptors) [15].

The pressor response to phenylephrine was most
pronounced at BP,,; close to a normal physiological
level (85-90 mm Hg in narcotized rats, Fig. 1). Our re-
sults are consistent with published data that the response
to humoral and neurogenic factors is most pronounced
in the physiological range of BP (80-110 mm Hg).

We found that the dilatory response to B-adreno-
ceptor agonist isopropyl norepinephrine directly de-
pends on baseline BP. The degree of vasodilation was
maximum at BP of 80-90 mm Hg, which agrees with
published data on the effect of phenylephrine [7]. It
remains unclear why the optimal vascular response is
associated with the physiological range of baseline
BP. Probably, in this range of BP the vasomotor re-
sponse corresponds to the maximum in length-tension
curves for vascular smooth muscles.
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Our results show that reserve constrictor reactions

to phenylephrine decrease at baseline BP of above
[14] or below the physiological level. These findings
and previous data [5] indicate that the reactivity of the
arterial system to adrenergic stimulation is determined
by its prestimulation activity and its correspondence
to the physiological range of BP.
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