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Short-term aortic barodenervation diminishes a -adrenoceptor reactivity1

in rat aortic smooth muscle
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Abstract

Our previous studies have shown that aortic baroreceptor denervation elicits acute increases in blood pressure and significant
Ž .elevations of sympathetic activity and peripheral vascular resistance. This study investigated the short-term 3 and 48 h effect of aortic

barodenervation and associated sympathetic hyperactivity on the functional activity of a -adrenoceptors in rat aortic smooth muscle.1

Compared with sham operation, aortic barodenervation caused acute rises in blood pressure and heart rate and reductions in baroreflex
sensitivity. Blood pressure and heart rate remained elevated when measured in conscious aortic barodenervated rats 3 h after surgery but

Ž .subsided to sham-operated levels at 48 h; the baroreflex sensitivity, however, remained attenuated. Hexamethonium 0.5–4 mgrkg, i.v.
Ž .elicited significantly P-0.05 greater depressor responses in conscious aortic barodenervated rats than in sham-operated rats at both 3

and 48 h, suggesting a higher sympathetic activity in denervated rats. Exposure of aortic rings from aortic barodenervated and
Ž y8 y4 .sham-operated rats to cumulative addition of phenylephrine a -adrenoceptor agonist, 3=10 –1=10 M resulted in concentration-1

Ž .related contractile responses that were similar in the two groups of rats at 3 h in contrast to significantly P-0.05 smaller contractions
Ž .in rings from denervated rats at 48 h. The maximum contraction developed E at 48 h showed approximately 50% reduction in ringsmax

Ž .from aortic barodenervated compared with sham-operated rats 239"16 vs. 558"15 mg tensionrmg tissue . The pA value for2
Ž . Ž .prazosin a -adrenoceptor antagonist was not altered by aortic barodenervation at 3 h but showed significant P-0.05 increases,1

compared with sham-operated values, at 48 h. It is concluded that short-term aortic barodenervation results in an elevation of sympathetic
activity that coincides with reduced responsiveness of aortic smooth muscle to a -adrenoceptor activation. The aortic barodenervation-in-1

duced a -adrenoceptor desensitization is not a result of decreased receptor affinity but may involve an alteration of receptor density or in1

the post-receptor activation events. q 1997 Elsevier Science B.V. All rights reserved.
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1. Introduction

The arterial baroreflex arc plays an important role in the
Žregulation of arterial blood pressure Kumada et al., 1990;

.Chalmers and Pilowsky, 1991 . Impaired baroreflex activ-
Žity is known to exist in hypertensive animals Takeda et

. Ž .al., 1989 and humans Goldstein, 1983 and after partial
Ž .El-Mas and Abdel-Rahman, 1992; El-Mas et al., 1994b

Ž .or complete Alexander and Morris, 1986 denervation of
baroreceptors. Reported findings including our own have
shown that transection of the aortic baroafferent nerves
elicits an immediate increase in blood pressure followed
within 48 h by full recovery to sham-operated levels

) Corresponding author. Present address: Department of Pharmacology,
School of Medicine, East Carolina University, Greenville, NC 27858,

Ž . Ž .USA. Tel.: 1-919 816-2180; Fax: 1-919 816-3203.

ŽOsborn and England, 1990; El-Mas and Abdel-Rahman,
.1992, 1995 or the blood pressure remains slightly elevated

Ž .Fink et al., 1980, Patel et al., 1981 . The mechanism of
pressure normalization in barodenervated rats has been
attributed to the assumption that the initial sympathetic
hyperactivity induced by barodenervation is not chroni-

Žcally maintained Patel et al., 1981; Osborn and England,
.1990 . An alternative mechanism for pressure normaliza-

tion may involve the occurrence of pressure diuresis and
subsequent plasma volume contraction in response to the

Žbarodenervation-evoked hypertension Guyton et al., 1974;
.Cowley, 1992; El-Mas et al., 1993 . In a previous study

Ž .El-Mas et al., 1994a , we have shown that restoration of
normal blood pressure levels after aortic baroreceptor den-
ervation is due to a reduction in cardiac output which acts
to offset increases in sympathetic activity and peripheral
vascular resistance.
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It has been reported that noradrenergic pathways in the
brain and spinal cord contribute to the central integration
and processing of baroreflexes. This is supported by the
observation that the nucleus tractus solitarii, the primary

Ž .central synapse of baroafferents Cowley, 1992 , and the
rostral ventrolateral medulla, the vasopressor area of the

Ž .brain stem, have high catecholamine levels Fuxe, 1965
Žand abundant catecholaminergic nerve terminals Korner,

. Ž .1971 . Moreover, Haeusler 1973 reported that the barore-
flex arc contains a-adrenoceptors and their activation facil-
itates baroreflexes. Evidence for alterations in sympathetic
activity at central and peripheral sites after baroreceptor
denervation has also been demonstrated. For instance,
surgical elimination of baroreflexes has been shown to
elevate indices of catecholaminergic activity in the brain
Ž . ŽAlexander and Morris, 1988 and peripheral organs Patel

. Ž .et al., 1981 . Further, ganglionic Abdel-Rahman, 1992 or
Ž .total autonomic blockade Sannajust et al., 1992 resulted

in greater decreases in blood pressure of aortic barodener-
vated compared with sham-operated rats. Our recent study
Ž .El-Mas et al., 1994a showed that plasma norepinephrine
levels and total peripheral vascular resistance were sub-
stantially increased as early as 3 h after aortic barodenerva-
tion and remained so when measured 48 h later.

Interruption of baroreceptor afferent activity has also
been shown to modify the binding activity of a-adrenocep-
tors in medullary sites that play a critical role in the

Ž .control of cardiovascular function. MacLean et al. 1990
have demonstrated an increase in the affinity of a -adren-1

oceptors in the nucleus tractus solitarii of sinoaortic dener-
vated rats. In a recent autoradiographic study, we have
reported an upregulation of a -adrenoceptors in the rat2

Žbrain stem subsequent to aortic barodenervation submitted
.for publication . These changes seem to be correlated with

the elevated sympathetic neural activity commonly seen in
Ž .these rats Abdel-Rahman, 1992; El-Mas et al., 1994a,b .

There has been no study that evaluated the consequence of
Ž .surgical elimination partial or complete of baroreceptor

afferents and associated elevations in sympathetic activity
Žand peripheral vascular resistance Sannajust et al., 1992;

.El-Mas et al., 1994a,b on the functional activity of a-
adrenoceptors in vascular smooth muscles.

The present study was, therefore, designed to investi-
gate whether partial attenuation of baroreceptor afferent
activity evoked by aortic barodenervation alters the func-
tional responsiveness of isolated aortic smooth muscle to
a -adrenoceptor activation. In vitro studies were con-1

ducted to evaluate a -adrenoceptor reactivity to phenyl-1
Ž .ephrine a -adrenoceptor agonist in isolated thoracic aor-1

tas obtained from aortic barodenervated rats during the
Ž .pressor phase of barodenervation 3 h and when nor-

Ž .motensive levels were restored 48 h . Prazosin, an a -1

adrenoceptor antagonist, was used to determine changes in
receptor affinity by the dissociation constant method
Ž .Hamed et al., 1983 . Depressor responses to hexametho-
nium in conscious freely moving aortic barodenervated

and sham-operated rats were used as a measure of periph-
Ž .eral sympathetic activity Abdel-Rahman, 1992 . In all

groups of rats, the time-related changes in blood pressure,
heart rate and baroreflex sensitivity were monitored before
aortic barodenervation or sham operation and then at 5 min
Ž . Ž .anesthetized state and 3 and 48 h conscious state later.

2. Materials and methods

2.1. Preparation of the rats

ŽMale Wistar rats 300–360 g; High Institute of Public
.Health, Alexandria, Egypt were used in the present study.

For measurement of blood pressure, the method described
Žin our previous studies El-Mas and Abdel-Rahman, 1992;

.El-Mas et al., 1994a,b was adopted. Briefly, the rats were
Ž .anesthetized by thiopental 50 mgrkg i.p. . Catheters

Ž .Polyethylene 50 were placed in the abdominal aorta and
vena cava via the femoral artery and vein for measurement
of blood pressure and i.v. administration of drugs, respec-
tively. The catheters were inserted about 5 cm into the
femoral vessels and secured in place with sutures. The
arterial catheter was connected to a Gould-Statham pres-

Ž .sure transducer Oxnard, CA, USA and blood pressure
Žwas displayed on a Grass polygraph model 7D, Grass

.Instrument, Quincy, MA, USA . Heart rate was computed
from blood pressure waveforms by a Grass tachograph and
was displayed on another channel of the polygraph. Blood
pressure and heart rate were monitored until the sham or
aortic barodenervation operation was completed. Experi-
ments were performed in strict accordance with institu-
tional animal use guidelines.

2.2. Aortic baroreceptor denerÕation

Aortic barodenervation was accomplished by bilateral
transection of the superior laryngeal, cervical sympathetic
and aortic depressor nerves following a midline incision in
the cervical region as described in our previous studies
Ž .El-Mas and Abdel-Rahman, 1992; El-Mas et al., 1994a,b .
Sham-operated rats were prepared by exposing the relevant
nerve trunks without sectioning. A single dose of phenyl-

Ž .ephrine 8 mgrkg was injected i.v. before and after aortic
barodenervation or sham operation. A smaller decrease in
heart rate of aortic barodenervated, compared with sham-
operated, rats in response to phenylephrine-induced eleva-
tion in blood pressure indicated successful denervation
Ž .El-Mas and Abdel-Rahman, 1992; El-Mas et al., 1994a,b .
Finally, the catheters were tunnelled subcutaneously and
exteriorized at the back of the neck between the scapulae.

Ž .The catheters were flushed with heparin 200 Urml and
plugged with stainless steel pins. Incisions were closed by
surgical clips and swabbed with povidone-iodine solution
Ž .Betadine . Each rat received an intramuscular injection of
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Ž .penicillin G procaine 60 000 U and was housed in a
separate cage with free access to food and water.

2.3. Rat isolated aortic ring preparation

Isolation of rat aortas and recording of isometric con-
traction were performed as described in previous studies

Ž .including ours Nagao et al., 1992; Fahim et al., 1994 .
Rats were killed by decapitation and thoracic aortas were
removed, trimmed free of connective tissue and cut into
ring segments 3 mm in length. Aortic rings were mounted
in 10 ml organ baths containing physiological solution at
378C and aerated with 95% O and 5% CO . The physio-2 2

Ž .logical solution was composed of the following in mM :
NaCl 118, KCl 4.7, CaCl 2.5, MgSO 1.2, KH PO 1.2,2 4 2 4

NaHCO 25, and glucose 11.1. Aortic rings were mounted3

in the organ baths by means of two stainless steel wire
hooks inserted through the lumen of the ring. One of the
hooks was anchored to a stationary pin at the bottom of the
organ bath and the other was connected to an isometric

Ž .force-displacement transducer Grass FT-03C which was
Ž .connected to a Grass polygraph Model 7d for recording

isometric contractions of the aorta. An optimum resting
tension of 1 g was placed on the tissue and an equilibration
period of 2 h was allowed before the start of the experi-
ment, with the bath fluid being replaced every 20 min. A

Ž y6 .concentration of phenylephrine 3=10 M , which was
found in preliminary experiments to produce 50–60% of
the maximal response, was added to the bath on two
separate occasions during the 2-h equilibration period. This
procedure was found to stabilize the preparation, allowing
the subsequent construction of more consistent concentra-

Žtion-response curves Hamed et al., 1983; Fahim et al.,
.1994 .

2.4. Experimental protocols

2.4.1. Time-course of hemodynamic effects of aortic baro-
denerÕation

Ž . ŽThe acute 5 min, anesthetized state and short-term 3
.and 48 h, conscious state effects of aortic barodenervation

and sham operation on mean arterial pressure and heart
rate were investigated. The baroreflex sensitivity was mea-
sured at the same time intervals by i.v. administration of a

Ž .single dose of phenylephrine 8 mgrkg . Changes in mean
arterial pressure and heart rate evoked by phenylephrine
were measured and used for calculation of the baroreflex
sensitivity as detailed later. A period of 30 min was
allowed at the beginning of the experiment to allow for
stabilization of blood pressure and heart rate. The acute
hemodynamic measurements were made in all groups of
aortic barodenervated and sham-operated rats used

Žthroughout the study. Each rat group aortic barodener-
.vated or sham-operated was then allocated for short-term

hemodynamic measurement and subsequent in vitro stud-
ies at either 3 or 48 h.

2.4.2. Effect of aortic barodenerÕation on sympathetic
actiÕity

Two groups of rats, one aortic barodenervated and one
Ž .sham-operated ns6–8 , were used in this experiment to

investigate whether partial attenuation of baroreflex func-
tion evoked by aortic denervation alters peripheral sympa-
thetic activity. This was achieved by measuring depressor
responses to hexamethonium, a ganglion blocker, in con-
scious freely moving rats at 3 and 48 h after surgery. After
blood pressure stabilization, cumulative bolus i.v. doses of

Ž .hexamethonium 0.5, 1, 2, and 4 mgrkg were adminis-
tered and peak changes in mean arterial pressure were
calculated and compared in the two groups of rats. Each
dose of hexamethonium was administered at the peak
depressor response to previous dose.

2.4.3. Effect of aortic barodenerÕation on baroreflex-medi-
ated control of heart rate

This experiment investigated the effect of 48 h aortic
barodenervation on pressor and depressor responses to
phenylephrine and nitroprusside, respectively, and the as-
sociated changes in heart rate. Two separate groups of rats
Žone aortic barodenervated and one sham-operated, ns7–
.9 were used in this experiment. A series of bolus i.v.

Ž .doses 1, 2, 4, 8, and 16 mgrkg of phenylephrine or
nitroprusside were administered randomly at 5-min inter-
vals. Changes in mean arterial pressure and heart rate were
measured and compared in aortic barodenervated and
sham-operated rat groups.

2.4.4. Effect of aortic barodenerÕation on a -adrenocep-1

tor-mediated contractions of rat aortic rings
This experiment investigated whether short-term aortic

barodenervation alters the vascular responsiveness of aor-
tic smooth muscle preparations to a -adrenoceptor activa-1

tion. Contractile responses to a -adrenoceptor activation1
Ž .by phenylephrine were evaluated in aortic rings obtained
from aortic barodenervated and sham-operated rats 3 h
Ž .during the pressor phase of aortic barodenervation and 48

Ž .h when aortic barodenervated rats were normotensive
after surgery. After equilibration, concentration-contractile

Ž y8 y4 .response curves of phenylephrine 3=10 –1=10 M
were established by the method of stepwise cumulative

Ž .addition Hamed et al., 1983 . The concentration of
phenylephrine was increased by half-log units with each
addition. Each new addition was made only after the
response to the previous concentration had attained a
steady state. To investigate changes in a -adrenoceptor1

affinity, another phenylephrine concentration-response
curve was constructed in the same rings after the addition

Ž y9 .of prazosin a -adrenoceptor antagonist, 5=10 M1
Ž .Hamed et al., 1983 . A wash period of 60 min was
allowed after the first curve to help the muscle relax to
baseline tension. Prazosin was then added and the second
curve was established after an additional 30 min. The pA 2
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value of prazosin was determined by the dissociation
constant method as described later. In a preliminary con-
trol experiment, two consecutive phenylephrine concentra-
tion-response curves were constructed in five aortic rings,
in the absence of prazosin, and exhibited similar contrac-
tile responses, thus eliminating the role of time as a factor

Ž .that may alter the responses data not shown . At the end
of the experiment, the aortic rings were dried on a filter
paper and weighed. Contractile responses were expressed
in terms of mg tensionrmg tissue.

2.5. Drugs

Phenylephrine hydrochloride, prazosin hydrochloride,
Žsodium nitroprusside, hexamethonium bromide Sigma, St.

. ŽLouis, MO, USA , thiopental Triopental, Biochemie, Vi-
. Ženna, Austria , povidone-iodine solution Betadine, Nile

. ŽPharmaceutical, Egypt and Penicid Cid Pharmaceutical,
.Egypt were purchased from commercial vendors. Prazosin

was prepared by levigation with a drop of glycerol and
then a 5% dextrose solution was added slowly under
vigorous stirring. Other drugs were prepared in saline and
stored refrigerated.

2.6. Data analysis

Values are presented as mean"S.E.M. Mean arterial
pressure was calculated as diastolic pressureqone-third

Ž .pulse pressure systolicydiastolic pressures . The barore-
flex sensitivity tested with phenylephrine was measured by
calculation of the ratio Dheart raterDmean arterial pres-

Ž .sure El-Mas and Abdel-Rahman, 1992 . The increases in
Ž .muscle tension mg tensionrmg tissue of aortic rings

evoked by cumulative addition of phenylephrine were
calculated. The contractile force evoked by a particular
concentration of phenylephrine was expressed as a percent-

Ž .age of the maximum response E to phenylephrinemax
Ž .Hiremath et al., 1991 . The concentrations of phenyl-

Ž .ephrine producing 50% of the maximal contraction EC50

were determined by regression analysis of the linear por-
Ž .tions approximately 15–85% of the concentration-re-

Ž .sponse curves for individual tissues Hamed et al., 1983 .
The pA value of prazosin at the a -adrenoceptors was2 1

determined by the dissociation constant method described
Ž .by Hamed et al. 1983 . The agonist dose ratios were

calculated at the EC and used for calculation of the50
Ž .dissociation constant K according to the equation: KB B

w x w xs antagonist r agonist dose ratioy1 . The pA value2

was then calculated from the formula: pA sylog K .2 B
Ž .Analysis of variance ANOVA followed by a Newman-

Keuls post-hoc analysis was used for multiple comparisons
among means. Simple contrasts were made with t-test.
Probability levels less than 0.05 were considered signifi-
cant.

3. Results

3.1. Time-course of hemodynamic effects of aortic baro-
denerÕation

Section of the aortic depressor nerves while the rats
were anesthetized with thiopental resulted in an immediate

Ž .and statistically significant P-0.05 increase in mean
Ž .arterial pressure from 122"2 to 143"2 mmHg and

Ž .heart rate from 384"8 to 412"10 beatsrmin . These
increases in mean arterial pressure and heart rate remained

Ž .until the wounds were clipped Fig. 1 . In sham-operated
rats, no significant change in either variable was demon-

Ž .Fig. 1. The immediate 5 min, during thiopental anesthesia and short-term
Ž .3 and 48 h, conscious rats effects of aortic baroreceptor denervation
Ž . Ž .ABD or sham operation on mean arterial pressure top panel , heart rate
Ž . Ž .middle panel and baroreflex sensitivity BRS, lower panel . Values are
means"S.E.M. of observations obtained from rats of all groups used

) ,a Ž .throughout the study. P -0.05 vs. pre-ABD or pre-sham and
post-sham values, respectively.
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Fig. 2. Effects of cumulative i.v. injections of hexamethonium on mean
Ž .arterial pressure in conscious aortic baroreceptor-denervated ABD and

Ž . Ž .sham-operated rats 3 h top panel and 48 h lower panel after surgery.
Values are means"S.E.M. and the number of rats in each group is shown
in parentheses. ) P -0.05 vs. respective sham values.

Ž .strated Fig. 1 . The mean arterial pressure and heart rate
of conscious aortic barodenervated rats remained signifi-

Ž .cantly P-0.05 elevated when measured 3 h after surgery
Ž .and subsided to near predenervation levels at 48 h Fig. 1 .

Intravenous administration of a test dose of phenylephrine
Ž .8 mgrkg before aortic barodenervation and sham opera-
tion and then 5 min and 3 and 48 h later elicited increases
in mean arterial pressure associated with decreases in heart

Ž . Žrate data not shown . The baroreflex sensitivity Dheart
.raterDmean arterial pressure measured with phenyl-

ephrine 5 min after aortic barodenervation was signifi-
Ž .cantly P-0.05 suppressed, compared to predenervation

and respective sham-operated values, and remained so at 3
Ž .and 48 h Fig. 1 . The baroreflex sensitivity was not

affected by sham operation at 5 min in anesthetized rats
and showed significant increases at 3 and 48 h in con-

Ž .scious rats Fig. 1 .

3.2. Effect of aortic barodenerÕation on sympathetic actiÕ-
ity

Depressor responses to hexamethonium, as a measure
of sympathetic activity, were determined in conscious
freely moving aortic barodenervated and sham-operated
rats. Intravenous administration of cumulative doses of

Ž .hexamethonium 0.5, 1, 2 and 4 mgrkg to aortic baroden-
ervated and sham-operated rats 3 and 48 h after surgery
produced dose-related decreases in mean arterial pressure

Ž .that were significantly P-0.05 greater in aortic baro-

Ž . Ž .Fig. 3. Line graphs showing phenylephrine right panels and nitroprusside left panels evoked increases and decreases, respectively, in mean arterial
Ž .pressure and associated changes in heart rate in conscious aortic baroreceptor-denervated ABD and sham-operated rats 48 h after surgery. Values are

means"S.E.M. and the number of rats in each group is shown in parentheses. ) P-0.05 vs. respective sham values.
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denervated rats at both time intervals. The depressor re-
sponse to a particular dose of hexamethonium started
immediately after i.v. administration and reached its nadir
within 1–2 min. As shown in Fig. 2, differences between
the depressor responses to hexamethonium in aortic baro-
denervated and sham-operated rats were more evident at
48 h. Maximal depressor responses of 54"3 and 27"2
mmHg were obtained in aortic barodenervated and sham-
operated rats, respectively, at 48 h.

3.3. Effect of aortic barodenerÕation on baroreflex-media-
ted control of heart rate

The effects of aortic barodenervation and sham opera-
tion on increases and decreases in mean arterial pressure
evoked by phenylephrine and nitroprusside, respectively,
and the associated changes in heart rate of conscious rats
48 h after surgery are shown in Fig. 3. In the two groups

Žof rats, intravenous administration of bolus doses 1, 2, 4,
.8 and 16 mg of phenylephrine and nitroprusside at 5 min

Žintervals elicited dose-related increases in case of phenyl-
. Ž .ephrine and decreases in case of nitroprusside in mean

arterial pressure associated with reciprocal changes in heart
Ž .rate Fig. 3 . The pressor effects elicited by phenylephrine

were similar in the two groups of rats whereas signifi-
Ž .cantly P-0.05 greater depressor responses to nitroprus-

Ž .side were obtained in aortic barodenervated rats Fig. 3 .
The baroreflex-mediated heart rate responses were greatly
attenuated by denervation, as demonstrated by the signifi-

Ž .cantly P-0.05 smaller decreases in heart rate in aortic
Ž .barodenervated compared with sham-operated rats Fig. 3 .

3.4. Effect of aortic barodenerÕation on a -adrenoceptor-1

mediated contractions of rat aortic rings

Changes in a -adrenoceptor responsiveness in aortic1

rings obtained from aortic barodenervated and sham-oper-

Fig. 4. Contractile responses evoked by cumulative addition of phenyl-
ephrine to aortic rings obtained from aortic baroreceptor-denervated
Ž . Ž . Ž .ABD and sham-operated rats 3 h left panel and 48 h right panel after
surgery. Values are means"S.E.M. and the number of rings in each
group is shown in parentheses. ) P -0.05 vs. respective sham values.

Ž y9 .Fig. 5. Effect of prazosin Pz, 5=10 M on the contractile responses
evoked by cumulative addition of phenylephrine to aortic rings obtained

Ž .from aortic baroreceptor-denervated ABD and sham-operated rats 3 h
Ž . Ž .left panel and 48 h right panel after surgery. Values are means"S.E.M.
and the number of rings in each group is shown in parentheses.

ated rats 3 and 48 h after surgery are shown in Figs. 4 and
Ž y85. Cumulative addition of phenylephrine 3=10 –1=

y4 .10 M resulted in concentration-related increases in the
contractile force of aortic rings from both groups of rats
Ž .Fig. 4 . Aortic barodenervation had no effect on a -1

adrenoceptor responsiveness at 3 h as the contractile re-
sponses to phenylephrine in aortic rings obtained from
aortic barodenervated and sham-operated rats were similar
Ž .Fig. 4 . In contrast, phenylephrine elicited significantly
Ž .P-0.05 smaller contractile responses in rings from
aortic barodenervated rats compared with sham-operated

Ž . Ž .rats at 48 h Fig. 4 . The maximum contraction E inmax

response to phenylephrine in rings from aortic barodener-
vated rats amounted to 239"16 mg tensionrmg tissue
compared with 558"15 mg tensionrmg tissue in rings
from sham-operated rats, i.e. aortic barodenervation caused
approximately 50% reduction in a -adrenoceptor respon-1

siveness.
Ž y9 .Exposure to prazosin 5=10 M caused parallel

Table 1
The EC and E values of phenylephrine before and after addition of50 max

Ž y9 .prazosin Pz, 5=10 M to aortic rings obtained from aortic barodener-
vated and sham-operated rats 3 and 48 h after surgery

Group EC E50 max
y5Ž . Ž .=10 M mg tensionrmg tissue

Before Pz After Pz Before Pz After Pz

Sham operated
3 h 0.28"0.02 7.78"0.39 390"11 418"45

48 h 0.17"0.02 4.89"0.85 558"15 642"49

Aortic barodenerÕated
3 h 0.32"0.01 8.77"0.35 417"11 450"17

48 h 0.17"0.02 26.30"1.60 240"16 271"18

Values are means"S.E.M. of 6–8 observations.
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Table 2
pA values of prazosin at postjunctional a -adrenoceptors assessed2 1

against phenylephrine-induced contractions of aortic rings obtained from
aortic barodenervated and sham-operated rats 3 and 48 h after surgery

Group n pA 2

Sham operated
3 h 7 9.73"0.02

48 h 8 9.59"0.12

Aortic barodenerÕated
3 h 6 9.74"0.03

a48 h 7 10.56"0.08

Values are means"S.E.M. a P -0.05 versus respective sham value.

rightward shifts in the concentration-response curves of
phenylephrine in aortic rings from aortic barodenervated

Ž .and sham-operated rats at 3 and 48 h Fig. 5 without
Ž .significant changes in the E values Table 1 . Themax

magnitudes of the shifts in the curves evoked by prazosin
were similar in rings from aortic barodenervated and
sham-operated rats at 3 h but a markedly greater shift was
demonstrated in rings from barodenervated rats at 48 h
Ž .Fig. 5 . Comparison of the EC values of phenylephrine50

Žbefore and after prazosin showed a similar increase ap-
.proximately 30-fold in rings from aortic barodenervated

Žand sham-operated rats at 3 h see Table 1 for the EC50
.values . At 48 h, prazosin pretreatment caused an approxi-

mately 150-fold increase in the EC value of phenyl-50

ephrine in rings from aortic barodenervated rats versus
only a 30-fold increase in rings from sham-operated rats
Ž .Table 1 . The pA values determined by the dissociation2

constant method revealed no differences in a -adrenocep-1

tor affinity for prazosin at 3 h in rings from aortic baroden-
Ž .ervated and sham-operated rats Table 2 . In contrast, the

pA value of prazosin in rings from aortic barodenervated2
Ž .rats was significantly P-0.05 higher compared with

Žthat in rings from sham-operated rats at 48 h 10.56"0.08
.vs. 9.59"0.12 .

4. Discussion

The main finding of the present study was that surgical
elimination of aortic baroafferent nerves significantly en-
hanced peripheral sympathetic activity that was associated
with time-dependent changes in a -adrenoceptor reactivity1

in aortic smooth muscle. The a -adrenoceptor reactivity of1

aortic rings was not altered 3 h after aortic barodenervation
but it exhibited significant attenuation at 48 h compared
with sham operation. The pA value of prazosin at a -2 1

adrenoceptors showed significant increases in aortic rings
from aortic barodenervated, compared with sham-operated,
rats suggesting that mechanisms other than modifications
in receptor affinity are involved in the reduced aortic
a -adrenoceptor reactivity. These mechanisms may in-1

clude a decrease in a -binding sites triggered by the1

elevated sympathetic activity in denervated rats or an
alteration in the post-receptor activation events.

The arterial baroreceptor reflex plays a crucial role in
the regulation of sympathetic tone and central control of

Žthe circulation Kumada et al., 1990; Chalmers and Pi-
.lowsky, 1991 . Surgical elimination of baroreceptor affer-

ents has been shown to elevate indices of sympathetic
Žactivity at central and peripheral sites Patel et al., 1981;

Alexander and Morris, 1988; Abdel-Rahman, 1992; Sanna-
.just et al., 1992; El-Mas et al., 1994a . Little is known,

however, about the consequence of baroreceptor denerva-
tion on the binding and functional activities of adrenocep-
tors at these sites. In an autoradiographic study, MacLean

Ž .et al. 1990 have shown that total baroreceptor denerva-
Ž .tion sinoaortic denervation increases the affinity of a -1

adrenoceptor binding sites in the nucleus tractus solitarii.
The present study investigated, for the first time, the effect
of selective elimination of aortic baroafferent nerves on the
functional activity of peripheral a -adrenoceptors in aortic1

smooth muscle. The hypothesis was tested that elevation of
sympathetic activity and peripheral vascular resistance as a

Žconsequence of aortic barodenervation Sannajust et al.,
.1992; El-Mas et al., 1994a,b may diminish a -adrenocep-1

tor reactivity in vascular smooth muscle.
The finding of the present study that the depressor

responses to hexamethonium were enhanced in aortic baro-
denervated, compared with sham-operated, rats supports

Žearlier reports Abdel-Rahman, 1992; Sannajust et al.,
.1992; El-Mas et al., 1994a that sympathetic activity and

peripheral vascular resistance are higher in these rats. The
increase in sympathetic activity, indicated by depressor
responses to hexamethonium, was demonstrated as early as
3 h after aortic barodenervation and became more evident
at 48 h. It is notable, however, that the dose of hexametho-

Ž .nium used in the present study 7.5 mgrkg was lower
Ž .than the standard dose 20 mgrkg used in rats to com-

Ž .pletely block autonomic ganglia Santajuliana et al., 1996 .
Nonetheless, substantially greater depressor responses were
clearly demonstrated in aortic barodenervated rats with this
submaximal dose range of hexamethonium. Reported find-
ings revealed similar differences between aortic barodener-
vated and sham-operated rats after complete autonomic

Ž . Žblockade with hexamethonium 32 mgrkg Abdel-Rah-
.man, 1992 . Our recent findings that plasma norepineph-

rine levels and peripheral vascular resistance are signifi-
cantly elevated at 3 h after aortic barodenervation and

Ž .remained so at 48 h El-Mas et al., 1994a,b provide
further support for the presence of a higher sympathetic
activity in aortic barodenervated rats.

The in vitro studies conducted in the current investiga-
tion showed that aortic barodenervation elicited time-de-
pendent changes in a -adrenoceptor reactivity in isolated1

aortas. At 3 h, when blood pressure and sympathetic
activity were elevated, aortic barodenervation had no affect
on a -adrenoceptor reactivity since the contractile re-1

sponses to phenylephrine in aortic rings from barodener-
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vated and sham-operated rats were similar. Further, a -1
Ž .adrenoceptor affinity pA determined by prazosin was2

not different in aortas from the two groups of rats. The
pA values of prazosin at aortic a -adrenoceptors in this2 1

Žstudy are similar to those reported by others Digges and
.Summers, 1983; Muramatsu et al., 1990 . Studies of exper-

imental and genetic hypertension have shown the influence
of elevated blood pressure and sympathetic activity on the
binding and functional activities of vascular a -adrenocep-1

Žtors varied from an increase Perry and Webb, 1988;
. Ž .Michel et al., 1990 , a decrease Wilson, 1991 or no

Ž .change Smith et al., 1987; Perry and Webb, 1988 . These
discrepancies have been attributed to factors including
animal models of hypertension, vascular bed under investi-
gation, and time elapsed between induction of hyper-

Žtension and a -adrenoceptor reactivity determination Mc-1

Elroy and Zimmerman, 1989; Michel et al., 1990; Wilson,
.1991 . Because elevations in blood pressure and sympa-

thetic activity are expected to be associated with adreno-
Ž .ceptor desensitization, Michel et al. 1992 pointed out that

the demonstration of increased or unchanged a-adrenergic
reactivity in some studies may suggest that the mecha-
nisms of adrenoceptor regulation are impaired in hyper-
tension.

The current results showed that a -adrenoceptor reac-1

tivity in isolated aortas was significantly decreased, com-
pared with sham-operated values, when tested 48 h after
aortic barodenervation, as manifested by the substantial
decreases in the contractile responses and maximal force
generated by a -adrenoceptor activation. It is notable that1

at 48 h the blood pressure of aortic barodenervated rats
was restored to predenervation levels whereas the sympa-
thetic activity remained elevated. The reduced responsive-
ness of a -adrenoceptors may presumably represent recep-1

tor desensitization in response to the sympathetic overac-
tivity and increased levels of norepinephrine being re-
leased at nerve terminals andror in circulating plasma
Ž .Lefkowitz, 1981; Wilson, 1991 . In fact, it is generally
accepted that prolonged exposure of a tissue to an agonist
drug or hormone results in a decreased responsiveness of

Žthis tissue to subsequent stimulation by the agonist Gold-
.stein et al., 1974 . This phenomenon has been proved true

in in vivo and in vitro studies that tested the effect of
prolonged exposure of tissues to catecholamines. For ex-

Ž .ample, Hiremath et al. 1991 found that desensitization of
a -adrenoceptor-mediated vascular smooth muscle con-1

traction occurs in aortas from pheochromocytoma-bearing
rats and also in vitro aortic rings exposed to phenylephrine
for 6 h. Desensitization of a-adrenoceptor-mediated
smooth muscle contraction has also been demonstrated in

Žblood vessels after in vitro exposure to epinephrine Car-
.rier et al., 1978; Lurie et al., 1985 as well as after in vivo

Ž .infusion of the same drug Maze et al., 1985 .
Surprisingly, the present study demonstrated that a -1

adrenoceptor desensitization in aortic rings of aortic baro-
denervated rats was associated with a marked increase in

receptor affinity, as evidenced by the significantly higher
pA value of prazosin in rings from aortic barodenervated2

compared with sham-operated rats. This finding may sug-
gest that the diminution of a -adrenoceptor reactivity in1

rings from aortic barodenervated aortic rats is independent
of a change in receptor affinity. The alteration in a-adren-
oceptor reactivity has been generally attributed to changes

Žin receptor density or affinity Perry and Webb, 1988;
.Kiuchi et al., 1992 . It is possible, therefore, that a de-

crease in a -adrenoceptor density, rather than affinity, due1

to aortic barodenervation-evoked prolonged sympathoexci-
tation may have contributed to a -adrenoceptor desensiti-1

zation in aortic smooth muscle. In support of this assump-
tion, elevated plasma levels of catecholamines in humans
have been associated with decreased density of leukocytic

Ž .adrenoceptors Fraser et al., 1981 . Similarly, Colucci et
Ž . Ž .al. 1981 and Gengo et al. 1987 demonstrated a decrease

in a -adrenoceptor density in mesenteric artery and car-1

diac tissues after prolonged a -adrenoceptor activation. An1

alternative mechanism for the occurrence of a -adrenocep-1

tor desensitization may involve alterations in the post-re-
ceptor activation events. This view is supported by the
notion that prolonged activation of a -adrenoceptors is1

associated with attenuation of a -adrenoceptor-induced1

stimulation of polyphosphoinositol turnover in cultured
Ž .smooth muscle cells Leeb-Lundberg et al., 1987 and in

Ž .intact vessels Lurie et al., 1985 .
It is notable that attenuation of baroreflex sensitivity is

usually associated with greater responsiveness to vasoac-
Ž . Žtive pressor and depressor agents Shepherd et al., 1983;

.Page, 1978 . Similarly, diminished baroreflex sensitivity in
pre-eclampsia is parallelled by increased responsiveness to

Žangiotensin and norepinephrine Talledo et al., 1968;
.Wasserstrum et al., 1989 . The finding in the present study

that attenuation of the baroreflex-mediated tachycardia in
aortic barodenervated rats coincided with enhanced depres-
sor responses to nitroprusside further supports the role of
baroreflexes in suppressing responses to vasoactive agents.
Given that baroreflex-mediated bradycardia was also atten-
uated in aortic barodenervated rats, the lack of an expected
increase in the pressor responses to phenylephrine may
infer that physiological desensitization of vascular a -1

adrenoceptors occurred in these rats and served to mask
remarkable increases in a -adrenoceptor-mediated pressor1

responsiveness. This conclusion, however, appears to con-
Žtradict findings of this and previous Abdel-Rahman, 1992;

.Sannajust et al., 1992; El-Mas et al., 1994a studies that
peripheral resistance remains elevated as does sympathetic
activity after aortic barodenervation. A higher peripheral
resistance implies that a reduction in a -adrenergic re-1

sponsiveness of resistance vessels does not occur. In ef-
fect, the enhanced depressor responses to hexamethonium
in aortic barodenervated rats indicates that elevation of
vascular resistance after aortic barodenervation is sympa-
thetically mediated. Further, it has been emphasized that
physiological desensitization is more difficult to demon-
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strate since it is masked by central and peripheral neuronal
Ž .mechanisms Kiuchi et al., 1992 . Future studies are needed

Ž .to investigate i the influence of elimination of aortic
baroafferents on pressor responsiveness to a -adrenocep-1

Ž .tor activation in the absence of autonomic reflexes, and ii
whether aortic barodenervation exerts differential effects
on a -adrenoceptor responsiveness in conduit and resis-1

tance vessels. These studies will help explain the role of
aortic baroafferents in the regulation of vascular tone and
whether alterations in vascular responsiveness to a -adren-1

oceptor activation contribute to blood pressure normaliza-
tion after aortic barodenervation.

Reported findings concerning the effect of sympathetic
hyperactivity on a -adrenoceptor responsiveness in con-1

duit and resistance vessels have been conflicting. Wilson
Ž .1991 reported that elevation of sympathetic activity in

Žexperimental models of hypertension deoxycorti-
.costerone-salt and two-kidney, one-clip hypertension elic-

its significant reductions in the binding activity of aortic
and mesenteric a -adrenoceptors. McElroy and Zimmer-1

Ž .man 1989 demonstrated an increase in the affinity of the
intrarenal arterial but not in the aortic a -adrenoceptor in1

Ž .two-kidney, one-clip hypertension. Kiuchi et al. 1992
proposed different mechanisms of a -adrenoceptor desen-1

sitization after chronic activation of a -adrenoceptors in1
Ž . Žlarge reduction in receptor affinity and small reduction

.in receptor number vessels. These discrepancies have
been attributed to factors including differences in animal
species, duration of sympathetic hyperactivity, and re-
gional differences in vascular a -adrenoceptor reserve1
ŽBevan, 1979; McElroy and Zimmerman, 1989; Wilson,

.1991; Kiuchi et al., 1992 .
In addition to sympathoexcitation, baroreceptor dener-

vation is known to elicit other humoral changes that may
contribute to the elevated peripheral resistance in aortic

Žbarodenervated rats. The reduced water intake Werber and
.Fink, 1981; El-Mas and Abdel-Rahman, 1992 and plasma

Žvolume contraction Fink et al., 1980; Werber and Fink,
.1981 that develop after aortic barodenervation may elicit

Žhigher plasma levels of angiotensin and vasopressin Cow-
.ley, 1992 , which elicit vasoconstriction and elevate pe-

ripheral resistance. In effect, increases in plasma vaso-
pressin levels after baroreceptor denervation have been

Ždocumented Bond and Trank, 1972; Alexander and Mor-
.ris, 1986 . Further, the elevation of sympathetic activity

that follows aortic barodenervation may trigger the release
of renin and hence increase the plasma angiotensin levels.
A mutual interaction exists between the sympathetic ner-
vous system and the renin-angiotensin system, with the
activation of one amplifying the activity of the other
Ž .Zimmerman et al., 1984 .

In conclusion, the findings of the present study support
the hypothesis that the sympathetic hyperactivity that fol-
lows short-term aortic barodenervation results in a reduced
reactivity of aortic smooth muscle to a -adrenoceptor1

activation. The diminution of aortic a -adrenoceptor reac-1

tivity cannot be attributed to changes in receptor affinity
since the pA value of prazosin at a -adrenoceptors2 1

showed significant increases in aortic rings from aortic
barodenervated compared with sham-operated rats. Other
mechanisms including alterations in receptor density
andror in the post-receptor activation events may explain
the development of a -adrenoceptor desensitization in vas-1

cular smooth muscle after aortic barodenervation.
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