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Recently it has become apparent that in
some vascular beds the observed pressor re-
sponse to administered angiotensin is the re-
sult of both direct stimulation of vascular
smooth muscle as well as neuronally medi-
ated effects. It has been reported that angio-
tensin can stimulate the central nervous sys-
tem (1-4), peripheral autonomic ganglia
(5-7), and can cause the release of catechola-
mines from the adrenal medulla (8, 9). Some
experimental evidence indicates that angio-
tensin may interact with adrenergic nerve
endings either to cause release of catechola-
mines (10-12) or inhibit the rate of their re-
uptake (13, 14). The following experiments
were designed primarily to test whether an-
giotensin could cause the release of catechola-
mines from adrenergic nerve endings innervat-
ing blood vessels in the perfused canine hind
limb.

Methods. Seventeen mongrel dogs (12.1-
18.1 kg) of either sex were anesthetized
with 30-35 mg/kg iv sodium pentobarbi-
tal. Each was intubated with a cuffed endo-
tracheal tube and was ventilated with a
Harvard respirator. A partial or complete la-
minectomy was performed at L5 or L6 in
order to expose the epidural space and a 3-ft
length of polyethylene tubing (PE 160) was
threaded anteriorly into the epidural space
until the tip rested at approximately T1.
Both femoral arteries were exposed distal to
the inguinal ring for about 5 cm and were
freed from their connective tissue sheaths. An
electromagnetic flow probe was positioned

1 These studies were performed during tenure of a
Wisconsin Heart Association research fellowship and
contributed in part to a dissertation submitted in
partial fulfillment of the requirements for the degree
of Doctor of Philosophy at the University of Wiscon-
sin.

around the right femoral artery and flow was
measured using a Medicon-K 2000 electro-
magnetic flowmeter. Volume flow in this ves:
sel was estimated using calibration curves
previously determined for each probe. The
exposed left femoral artery was occluded
proximally and distally and an arteriotomy
was performed. Inflow and outflow cannulas
of the perfusion system were inserted in the
proximal and distal segments of the artery.
respectively, and were tied in place. Perfu-
sion was established and a Harvard No. 1202
pump was set to deliver the same flow mea-
sured in the right femoral artery. Animals
were heparinized (3.0 mg/kg) 5 min prior to
cannulation and supplemental heparin (8.33
mg) was administered hourly. The polyvinyl
chloride tubing (¥4 X 3% in.) in the perfu-
sion system had a dead space of approximate-
ly 100 ml and was filled with heparinized
saline prior to cannulation. An extracorporeal
flow probe was inserted in the perfusion
system distal to the pump. A three-way stop-
cock penetrated the flow probe and was used
for drug injections as well as measurement of
perfusion pressure. Both common carotid ar-
teries were exposed through a median longi-
tudinal incision in the neck. The left common
carotid was cannulated and a catheter was
passed caudally into the thoracic aorta for
measurement of aortic pressure. Aortic and
perfusion pressure were measured using
Statham transducers. Pressure records, heart
rate, and flow in either the right femor-
al artery or the perfusion system were dis-
played on an Offner type S dynograph. The
animal and perfusion system were covered to
minimize heat loss. The right common caro-
tid was occluded for 30 sec to assess barore-
ceptor mediated reflex alterations in perfu-
sion pressure. Epidural blockade was induced
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after the method of Flacke (15) by slow
infusion of 0.5% lidocaine HCl through the
polyethylene tube into the epidural space.
After infusing approximately 1 ml/min for 30
min, the carotid clamping procedure was re-
peated as a test of completeness of epidural
blockade. In almost all cases alterations in
perfusion pressure were absent, and in those
animals where changes in pressure persisted,
continued infusion of lidocaine abolished
them. Total quantity of lidocaine infused
never exceeded 50 ml.

Other drugs used in this study were: an-
giotensin (Hypertensin, CIBA), phenoxyben-
zamine HCl (Dibenzyline, Smith, Kline &
French), propranolol (Inderal, Ayerst), iso-
proterenol (K & K Labs., Inc.), and /-
phenylephrine ( K & K Labs., Inc.). Injec-
tions of drugs were made rapidly in a
1.0-ml volume into the perfusion system un-
less otherwise noted. All drugs except angio-
tensin were made up daily in 0.9% NaCl
Angiotensin was made up in 0.9% NaCl to 10
pg/ml and frozen in 10-ml portions. Suitable
amounts were unfrozen prior to each experi-
ment. Mean perfusion pressure and time
from injection to the point maximum pres-
sure was achieved were obtained for various
trials from the Offner records, and analysis
was accomplished with a Control Data Corp.
3600 computer using the analysis of covari-
ance (16).

Results. From initial experiments in two
dogs, it was found that 0.5 ug/kg would be a
suitable dose to use in these studies. This
dose fell on the linear portion of the dose-re-
sponse curve; it increased perfusion pressure
50-90 mm Hg; and tachyphylaxis did not
occur when doses were given at 20-min inter-
vals.

Effect of epidural blockade on the pressor
response to angiotensin. Forty-eight control
injections were made in 12 epidurally
blocked dogs and were compared to 11 angio-
tensin injections made in three nonepidurally
blocked animals. Following epidural block-
ade it became apparent that the level of
initial perfusion pressure in the hind limb
was in part responsible for the magnitude of
the change in perfusion pressure following
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F1c. 1. Response of the perfused femoral vascular
bed of the dog to injection of angiotensin (0.5
ug/kg: (¥, angiotension before epidural blockade;
(®), angiotensin following epidural blockade. Linear
regression lines common to each group of data points
are indicated.

administration of angiotensin or other pressor
agent (Fig. 1). There was variability in the
magnitude of the pressor response at different
initial perfusion pressure levels and, there-
fore, the analysis of covariance was applied
to both groups of data. After adjustment with
covariance a highly significant F value
(8.57, p < 0.01) indicates that real differ-
ences exist between treatment means of ep-
idurally blocked and nonepidurally blocked
animals (Table TA).

Effect of alpha adrenergic blockade on .the
pressor response to angiotensin in epidurally
blocked dogs. Results of 24 angiotensin injec-
tions in 6 dogs were compared to 48 control
injections in 12 dogs. Alpha adrenergic block-
ade was induced with phenoxybenzamine
HCl (3-4 mg/kg iv). Completeness of this
blockade was tested for by administration of
l-phenylephrine (30 pug/kg) before and 45 min
after administration of phenoxybenzamine.
After adjustment with covariance so that
treatments could be compared from a com-
mon initial pressure level, no significant dif-
ference in the magnitude of the pressor re-
sponse to angiotensin was found in alpha
blocked animals from that obtained in con-
trol animals (Table IB).

Effect of beta adrenergic blockade on the
pressor response to angiotensin in epidurally
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TABLE I. Effects of Angiotensin Injection on Perfusion Pressure in the Canine Hind Limb Before and
After Adjustment with Covariance.

Treatment IPP MAXPP AMAXPP
A. Control (48) 91.7 + 2.79 142.9 + 3.07 143.8 + 2,29
R - - - F(1,59) = 8.5 .01
Nonepidurally blocked® (11) 121.4 +5.31 145.4 + 510 128.4 +5.70 (1,59) 7p<0.0
B. Control (48) 91.7 +2.79 1429 = 3.07 143.8 +2.29
- - - F(1,69) = 2.10
Alpha blocked (24) 958 +4.71 152.2 + 524 1502 + 3.61 (1,69) s
C. Control (48) 91.7 +2.79 1429 =+ 3.07 143.8 + 2.29
- - - F(1,65) = 0.17
Beta blocked (20) 83.8 + 5.86 138.0 + 8.41 1429 + 4.34 (1,65) e
T™P ATMP
D. Control (47) 91.1 + 2.78 121.6 + 4.47 1224 + 6.17
Alpha blocked (24) 95.7 +4.71 133.4 +14.18 1288 +8.71  F(2,87) — 0.53 ns
Beta blocked (20) 83.8 + 5.86 1159 = 545 119.3 + 9.58

¢ All other groups are epidurally blocked; values represent the mean + SE; number of injections in
parentheses; IPP, initial perfusion pressure (mm Hg); MAXPP, maximum perfusion pressure (mm Hg);
AMAXPP, adjusted maximum perfusion pressure (mm Hg); TMP, time to peak response (sec); ATMP,
adjusted time to peak response (sec); ns, not significant.

blocked dogs. The results of 20 angiotensin
injections in 5 beta blocked dogs were com-
pared to 48 control angiotensin injections in
12 dogs. Beta adrenergic blockade with pro-
pranolol was found to be transient and it was
necessary to supplement the initial dose (2
mg/kg iv) with 1 mg/kg iv, 5 min prior to
each subsequent angiotensin injection. Com-
pleteness of the blockade was tested for by
administration of 5 pg/kg isoproterenol be-
fore and after propranolol. After adjustment
with covariance no significant difference in
the pressor response to angiotensin was ob-
served between beta blocked and control ani-
mals (Table IC).

Effect of adrenergic receptor blockade on
the time for development of the pressor re-
sponse to angiotensin. The correlation be-
tween the initial perfusion pressure and the
time for the development of the pressor re-
sponse to angiotensin was low (0.288) but
significant (p < 0.01). Comparison was,
therefore, made among the following groups
after adjustment with covariance: (i) control,
(ii) alpha blocked, and (iii) beta blocked. All
of these animals were epidurally blocked. No
significant differences were observed among
these three groups in the time for the de-
velopment of the pressor response to angio-
tensin (Table ID). Typical records of perfu-

sion pressure following angiotensin adminis-
tration are shown in Fig. 2.

Discussion. It has been reported that close
arterial administration of angiotensin can en-
hance the action of postganglionic sympathet-
ic nerve stimulation in some vascular beds.
In an attempt to explain these observations
Hertting and Suko (17) suggested that the
decrease in flow associated with the vasocon-
strictor action of this peptide would allow
more time for catecholamines released by
nerve stimulation to interact with vascular
adrenergic receptors. Others believe that an-
giotensin may itself cause release of
catecholamines from adrenergic nerve end-
ings (10-12) or affect the rate of their reup-
take (13, 14). Since postganglionic adrenerg-
ic neurons can be presumed to be virtually
inactive in this preparation, little if any neu-

. rotransmitter should be released, and hence

no conclusion can be made as to the ability
of angiotensin to affect reuptake by adrener-
gic nerve endings. However, if angiotensin can
cause the release of catecholamines from
adrenergic nerve endings, catecholamine-
produced effects should be superimposed on
the effects related to the vasoconstrictor ac-
tion of this peptide. Magnitude and possibly
rate of development and duration of the
pressor response would be altered by
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catecholamine-produced effects. However,
since angiotensin can cause release of
catecholamines from the adrenal medulla (8,
9), and thus might prolong the response fol-
lowing intra-arterial injection, the duration of
the pressor response was not examined in
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these studies. The local effects of angiotensin
would be most clearly evident in a vascular
bed in which reflexly induced and central
hemodynamic actions of this peptide have
been eliminated. It should be possible to
modify the catecholamine-dependent portion
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Fic. 2. Pressure response in the ‘perfused canine hind limb following injection of angiotensin (0.5
ug/kg: (A1), injection of angiotensin before epidural blockade; (B11), injection of angiotensin after
epidural blockade and before blockade with phenoxybenzamine HCl (3-4 mg/kg). (B2 1), injection
of angiotensin after epidural blockade and after blockade with phenoxybenzamine HCL (C11),
injection of angiotensin after epidural blockade and before blockade with propranolol (2-6 mg/kg).
(C271), injection of angiotensin after epidural blockade and after blockade with propranolol. Small
differences in the magnitude of the pressor response seen in the same animal following alpha or beta
blockade can be attributed to different initial perfusion pressure levels as indicated by statistical

analysis.
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of the pressor response by injection of agents
-which produce either alpha or beta adrener-
gic blockade. More rapid development as well
as an increase in the magnitude of the
pressor response might be expected after beta
blockade while after alpha blockade the
magnitude of the pressor response should be
diminished and its development slowed. In
the femoral vascular bed of the dog perfused
at constant flow in which reflex regulation
was abolished by epidural blockade, angio-
tensin does not appear to cause the release of
catecholamines from adrenergic nerve end-
ings since no significant differences were ob-
served in the magnitude or in the rate of
development of the pressor response between
control animals and those which had under-
gone either alpha or beta adrenergic block-
ade.

The results of these studies may be more
clearly interpreted if one considers the work
of Glick et al. (18). They have indicated
that in skeletal muscle of the canine hind
limb neuronally released catecholamines are
incapable of interaction with beta receptors
which are accessible to bloodborne agents.
Difficulty was encountered in suppressing al-
pha receptors located in the vicinity of
adrenergic nerve endings, while those which
could be reached by bloodborne agents were
more easily blocked. The possibility exists
that in the present studies neurotransmitter
released by angiotensin might always interact
with unblocked alpha receptors and might
never reach an area where beta receptors
exist. If this is so, no change in the magni-
tude or the duration of the pressor response
would be observed following ‘alpha or beta
blockade.

An alternative explanation has been pro-
posed by Khairallah (19). He suggested that
in situ blood vessels in different sites may
respond to angiotensin in different ways.
Only a direct vasoconstrictor response is ex-
hibited by umbilical arteries whereas renal
arteries show an indirect response which is
dependent on the presence of sympathetic
innervation. Most vascular beds are appar-
ently combinations of both types of vessels.
The lack of response observed in these
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studies could signify that the femoral vascu-
lar bed contains only the direct responding
type of vasculature.

Recently Davis and Hammond (20) re-
ported that the changes in resistance ob-
served following postganglionic nerve stimu-
lation in a vascular bed perfused at constant
flow are much less than when the vascular
bed is perfused at constant pressure. Because
the femoral vascular bed was perfused at con-
stant flow in these studies, small angiotensin-
induced catecholamine effects might not have
been detected.

Summary. The ability of angiotensin to
cause release of catecholamines from adrener-
gic nerve endings was studied in anes-
thetized dogs in which the femoral vascular
bed was perfused at constant flow and in
which reflexly induced changes in perfusion
pressure were abolished by epidural block-
ade. Magnitude and rate of development of
the pressor response to angiotensin were ex-
amined prior to blockade and after alpha
adrenergic blockade with phenoxybenzamine
or beta adrenergic blockade with propranolol.
No significant alterations in the pressor re-
sponse were observed following adrenergic re-
ceptor blockade. As no evidence was obtained
for release of catecholamines by angiotensin
in this preparation, any effects of angiotensin
on reuptake of catecholamines would not be
tested. ’

The author thanks Dr. W. B. Youmans for his
continued encouragement and for his many helpful
suggestions during the preparation of this manuscript.

1. Laverty, R., J. Pharm. Pharmacol. 15, 63
(1963).

2. Smookler, H., Severs, W., Kimnard, W., and
Buckley, J. P., J. Pharmacol. Exp. Ther. 153, 485
(1966).

3. Dickenson, C. J., and Yu, R,, Circ. Res. 20, 21
(Suppl. 2), 157 (1967).

4, Whelan, R. F., and Scroop, G. C., Aust. J. Exp.
Biol. Med. Sci. 45, 12 (1967).

5. Lewis, G. P, and Reit, E.; Brit. J. Pharmacol.
Chemother. 26, 444 (1966).

6. Farr, W. C.,, and Grupp, G., Fed. Proc., Fed.
Amer. Soc. Exp. Biol. 26, 465 (1967).

7. Aiken, J. W,, and Reit, E.; J. Pharmacol. Exp.
Ther. 159, 107 (1967).



ANGIOTENSIN AND ADRENERGIC NEURONS

8. Feldberg, W., and Lewis, G. P., J. Physiol. (Lon-
don) 171, 98 (1964).

9. Robinson, R. L., J. Pharmacol. Exp. Ther. 156,
252 (1967).

10. Benelli, G., Della Bella, D., and Gandini, A.,
Brit. J. Pharmacol. Chemother. 22, 211 (1964).

11. Distler, A., Liebau, H., and Wolff, H. P., Na-
ture (London) 207, 764 (1965).

12, Peach, M. J., and Ford, G. D., J. Pharmacol.
Exp. Ther. 162, 92 (1968).

13. Palaic, D., and Khairallah, P. A, J. Pharm.
Pharmacol. 19,396 (1967).

14. Zimmerman, B. G., and Whitmore, L., Int. J.

Neuropharmacol. 6, 27 (1967).

15. Flacke, J. W., Osgood, P, F., and Bendixen, H.

1065

H, J. Pharmacol. Exp. Ther. 158, 519 (1967).

16. Dixon, W. J., (ed.), i “BMD. Biomedical
Computer Programs,” rev, ed., p. 525. Health Sciences
Computing Facility, Department of Preventive
Medicine and Public Health, School of Medicine,
University of California, Los Angeles (1965).

17. Hertting, G., and Suko, J., Brit. J. Pharmcol.
Chemother. 26, 686 (1966).

18. Glick, G., Epstein, S. E., Wechler, A. S, and
Braunwald, E., Circ. Res. 21, 217 (1967).

19. Khairallah, P. A,, Proc. Int. Union Physiol. Sci.
7,235 (1968).

20. Davis, D. L., and Hammond, M. C., Amer. J.
Physiol. 216, 1292 (1969).

Received Nov. 3, 1969. P.SEB.M.,, 1970, Vol. 133,






