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Adrenergic mechanism of femoral arterial constriction during -carotid

occlusion in dogs!
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ABSTRACT The adrenergic mechanism of femo-
ral vascular constriction (FVC) elicited by bilate-
ral carotid occlusion (BCO) was studied in 17 anes-
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thetized dogs. When the perfusion pressure was
kept constant the femoral resistance increased,
which was different from that when the perfu-
sion pressure was allowed to rise. Plasma NE
increased at 60 and 120s of BCO. The elevation
of systemic blood pressure occurred before the
change of NE. Yohimbine (Yoh, a, antagonist)
and indoramin (Ind, @, antagonist) caused the
reduction of femoral vascular resistance (FVR)



by 24 and 27%, respectively, and the combina-
tion of the two drugs by 38%. In the presence of
Ind and Yoh, the dose-response curves (DRC) of
phenylephrine shifted rightward as the equipo-~
tent doses increased 25-30 folds, respectively; the
DRC for azepexole shifted rightward as well but
the equipotent dose increased 6 folds only in the
presence of Ind, and almost 30 folds in the
presence of Yoh. Thus it is concluded that BCO
appears to result in neurally mediated stimula-
tion of both postsynaptic @, and «; adrenergic
receptors.
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The marked vasoconstriction in response
to bilateral carotid occlusion (BCO) has
been shown to be abolished after alpha block-
ade(»»), Since the tinding of postsynaptic
adrenergic @, receptors in peripheral resis-
tance vessels, the question has been emerged
that which subiypes of the adrenergic a
receptors is involved in the mechanism of the
increase of vascular resistance induced by
BCO. This paper was designed to study the
neurohumoral machanism of BCO, to define
the subtypes of a adrenergic receptors
responsible to neural and circulating norepi-
nephrine (NE) stimulation and the relative
role of the receptors.

MATERIALS AND METHODS

Yohimbine (Yoh, Sigma), indoramin
(Ind, Sigma), azepexole (Boehinger Ingel-
heim), sodium pentobarbital (Sigma),
phenylephrine (PE, Winthrop) were freshly
dissolved in saline.

17 mongrel dogs, 20 + SD 6 kg, were
anesthetized with iv sodium pentobarbital
15 mg/kg and subsequent doses of 4-7 mg/
kg given hourly. The dogs were ventilated
with a respirator. Femoral arteries from
inguinal ligaments to the distal 1/3 of the
legs, two branches of medial saphenous
artery originated from both femoral arteries
were dissected. A small catheter connected
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with pressure transducer (Statham P 23 ID)
and another small polyvinyl catheter were
introduced into the 2 branches for monitor-
ing the intra-arterial blood pressure (BP)
and intra—arterial injection or infusion of
drugs separately. An electromagnetic blood
flow probe was placed on the proximal
part of the femoral artery with a hydraulic
occluder around the artery nearby. Femoral
artery blood flow (FBF) as well as the BP
were monitored. The hemodynamic data were
recorded with a Hewlett-Packard Model
8800 direct writing oscillograph.

Carotid arteries of both sides were dis-
sected. Umbilical tapes were placed loosely
around the arteries in such a manner that by
lifting and clamping these tapes occlusion
could be obtained. BCO was performed for
2 min each time.

Blood plasma NE was measured by
the radioenzymatic assay using Cat-a-Kit
(Upjohn). Duplicate determination yielded a
coefficient of variation of 8.3% . Blood sam-
ples were collected before 20, 60 and 120s
after the outset of BCO separately.

The dogs were infused with mnormal
saline 1 ml/(kg-min) via femoral artery for
2 min as control. Thereafter, the following
studies were taken.

1. BCO were made on 13 dogs when
the perfusion pressure of femoral artery were
allowed to rise, the effect of BCO of the
femoral artery vascular resistance (FVR)
and the blood NE level were measured.

2. BCO were made when the hydraulic
occluder was inflated manually to keep the
femoral BP constant in order to investigate
the effect of BCO on FVR at constant
perfusion pressure.

3. Antagonists Yoh or Ind 1pg/(kg:
min) were started before and during BCO.

4. Doses of PE 0.003, 0.01, 0.03.
0.1 pg/kg and azepexole 0.1, 1, 3, 10 ug/
kg wete given in the presence of Yoh or
Ind, to verify the selectivitics of antagonists
in femoral artery.
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The hemodynamic data before and after
BCO, PE, azepexole, Yoh, and Ind were
evaluated by paired t test.

RESULTS

Normal saline 1 ml/(kg-min) intra-
arterial infusion for 2 min did not cause any
changes in FBF.

(1) BCO induced an elevation of BP
from 14.04+0.8 to 18.8+1.3 kPa (n=13,
P<0.01). When the perfusion pressure was
allowed to rise, 5 dogs showed significant
increases of FBF over 30 ml/min, 5 showed
moderate increases (11-30 ml/min) and
<{10 ml/min were seen in 3. However, the
FVR showed no substantial changes: from
0.24 + 0.02 before BCO t0 0.21 + 0.03
kPa/(ml-min) during the BCO.

(2) Among the 7 measurements carried
on 4 dogs, BCO caused the decrease of FBF
in 2 when the perfusion pressure of femoral
artery was kept constant. 2 decreased modera-
tely, while no changes were observed in 3.
When the BP increased during BCO, the
FVR rose from 0.314+0.03 10 0.78+0.10
kPa/(ml-min),

(3) The plasma NE concentration was
149417 pg/ml before BCO; 20 s after the
start of BCO, when the BP was elevated,
the NE remained no marked change (p>
0.05). NE increased to 188426 pg/ml
(+26%, p<0.01) at 60s and to 21426
pg/ml (+43%., p<0.01) at 120s. The
elevation of BP occurred definitely before
the increase of NE (Fig 1).

(4) Before BCO, Yoh infusion alone
increased FBF from 64414 to 91+ 24 ml/
min (n=9, p<0.01). Since no appreciable
pressor changes occurred by the intra-arterial
infusion of Yoh, the increase of FBF should
be considered as proportional to the vaso-
dilation of femoral artery due to the block-
ade of a, adrenoceptors. During BCO, BP
increased from 16.9 to 20.5 kPa (+27%.
p<<0.01). Because of the further increase of
FBF to 108 &+ 17 ml/min, the infused side
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Fig 1. Plasma norepinephrine, femoral blood

flow and mean arterial blood pressure during

bilateral carotid occlusion (BCO) in 13 dogs. C

means before BCO, ¥+SD, *p>(.05, **p<{0.05,

***p<0.01

FVR decreased by 24% . As compared to the
control side of +11%, it is demonstrated
that Yoh can effectively prevent FVC
induced by BCO (Tab 1). Before BCO, Ind
ia infusion alone increased FBF significantly
from 67+8 to 93+ 12 ml/min (n=11, p<
0.01), when no systemic pressor response
was noted, indicating blockade of @, adreno-
ceptors by Ind can produce vasodilation of
femoral artery. During BCO, the FBF
increased furthermore to 116414 ml/min
(+73%), thus the FVR of infused side
decreased from (.25 + 0.03 t0 0.18 + 0.02
kPa/(ml-min)( ~27%). In comparison to
the control side of — 6.9, the difference was
highly significant. It seemed that Ind can
prevent the increase of FVC induced by BCO.

Before BCO, combined Yoh and Ind
infusion increased FBF markedly (n=8§,
+439%). During BCO, the combined infu-
sion decreased the FVR by - 38%, which
was significantly lower than the case by

Yoh (p<<0.,01) or Ind alone (p<<0.01).
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Tab 1. Effects of antagonists on femoral vascu-
lar resistance (kPa-ml-!.min-!) before and during
bilateral carotid occlusion in dogs, X+SD, **p<
0.05, ***p<C0.01 vs control or noninfused side

DISCUSSION

In the mechanism of the responses of
skeletal blood flow to BCO, autoregulation

Yohimbine Indoramin Yohimbine +

9 d d indoramin may not be important in the vasoconstriction
0gS 11 dogs > . .
9 doss) ¢ 89) (8 dogs) induced by BCO, since the response of
Control 0.30+0.04 0,27%+0.03 0.1940.03 femoral artery to BCO does not follow the
* W * W, LEE ] 3 i
Infused 0.2240.04 0.1840.02 0.1340.02 typical time course of the change of blood

During bilateral carotid occlusion

Noninfused 0.33+0.05 0.25:+0,03 0.19%0.02

LR R ] (XX

LE X ]
Infused 0.22+0.,02 0.18%+0.,02 0.13+0.02

(5) Dose-response curve for PE and
azepexole: PE 0.003, 0.01, 0.03, 0.3 ug/
kg induced dose-dependent FVC (n=8). In
the presence of Ind, the dose-response curve
shifted rightward significantly; PE 0.3 ug/
kg produced a decrease of FBF which was
almost equivalent to that of (.01ug/kg
prior to the Ind. However, in the presence
of Yoh, only g-10 folds increases were seen
(Tab 2).

flow observed in kidney, mesentric artery,
etc®»4), Skeletal muscle yascular autoregu-
lation occurs only within a relatively
narrow pressure range of §-12 kPa®®). The
pressure both before and during BCO in our
study were in the range of 14-18 kPa.

The study demonstrated that during
BCO, plasma NE increased very slightly to
214+26 pg/ml at 120s after BCO. A time
lag existed between the elevation of BP and
the increase of plasma NE, suggesting that
the increase of peripheral vascular resistance
is not closely related to the increase of
plasma NE. With NE infusion in normal
human being, NE level in excess of 1.8 ng/
ml was required to produce hemodynamic

Tab 2. Decrease of femoral blood flow (ml/
min) produced by the agonists in the presence of
antagonists,n=8, ¥+SD. *p>>0.05, **p<{0.05,

and/or metabolic effectst®). The plasma NE
concentration rarely exceeded 1.8 ng/ml in

***p<<0.01,

Decrease of femoral

blood flow(ml/min)

ug/kg Control Yohimbine Indoramin
1pe/ 1pg/

(kg-min) (kg-min)

Phenyl-  0.003 4923 57:£21%* 53:+35*

ephrine 0.01 3344 50413*"* 52:422%*
0.03 26+3 38+8*** 44L18***
0.3 12+3 21%1** 3248%**

Azepexole 0.1 314 534+26%** 43+14***
1 16+5 40HT7*** 264"
16+2  31k4***  20%2*
10 1244 15+1** 14+4*

Azepexole in the doses of 0.1, 1. 3.
10 ug/kg caused dose dependent vasoconstric-
tions. In the presence of Yoh, DRC for
azepexole shifted rightward, as the equiva-
lent doses increased almost- 30 folds while
Ind only increased 6 folds.

physiological condition except those of pro-
longed or maximal exercise as well as pa-
tients with major acute illness. Apparently,
the increase of plasma NE could not be
accounted for FVC during BCO.

Prazosin has been shown to. be much
more effective in inhibiting the pressor re-
sponse to BCO than in inhibiting that to NE
injection(™. Yoh iv 0.03-0.3 mg/kg prefer-
entially blocked the pressor response to NE,
while iv 1.0 mg/kg inhibited both NE
and BCO induced responses. It is suggested
that the pressor response to BCO is predomi-
nantly mediated via @, adrenoceptors. Our
study provided the strong evidence that not
only Ind but also Yoh ia prevented the
FVC caused by BCO; when both a;, and a,
adrenoceptors were blocked, the inhibition
effect was much more significant than the
antagonist infused, respectively,
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Thus the stimulation of both a, and
a, adrenoceptors locally by the increased
sympathetic tone seems to be the principal
mechanism of BCO, while the hormonal
link of sympathetic system is of fairly sub-
ordinate importance so far as it concerns
the excitatory influence on innervated cardijo-
vascular effectors.

In the present study, we try to simu-
late a condition with elevated sympathetic
tone which has been usually encountered in
congestive heart failure, and to investigate
the vasoconstriction produced by them. The
fact that @, in addition to a, adrenoceptors
antagonists are more effective in prevention
from vasoconstriction induced by increased
sympathetic tone suggests that inclusion in the
current vasodilator therapy with @, adreno-
ceptors antagonists would be appropriate.
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