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The renal vasoconstrictor action of angio- 
tensin is reported to be due to: a direct 
action on vascular smooth muscle, or a 
peripheral interaction with the sympathetic 
nervous system and a central autonomic com- 
ponent. The evidence regarding the relative 
significance of each component is conflicting. 
Zimmerman (1) reported no consistent cen- 
tral component of the renal vasoconstrictor 
response to angiotensin administered into the 
carotid or vertebral artery. He did, however, 
find that intrarenal infusion of angiotensin 
potentiated the response to stimulation of the 
renal sumpathetic nerves. Since this effect 
could be elicited without a vasoconstrictor 
effect of angiotensin, this action appears to be 
independent of the vasoconstrictor action of 
angiotensin. McCubbin et al. (2) reported 
that a peripheral sympathetic interaction 
with subpressor doses of angiotensin could 
result in hypertension. 

McGiff and Fasy (3) suggested that the 
renal vasoconstrictor response to angiotensin 
is mediated through central and direct 
peripheral actions upon the sympathetic ner- 
vous system. They reported that denervation 
of the kidneys abolished the renal vasocon- 
strictor response to intravenous angiotensin 
and reduced the response to intra-arterial an- 
giotensin. In contrast to these results, we 
observed (4) an increased sensitivity to an- 
giotensin in the excised kidney perfused with 
the dog's own blood. Similarly, Korner et a,?. 
( 5 )  observed an increased sensitivity to an- 
giotensin in the denervated kidney of a rab- 
bit. The present investigation was undertaken 
to study the relative contributions of these 
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peripheral and central components to the ren- 
al vascular response to angiotensin. 

Methods. Seven mongrel dogs (20-24 kg) 
were anesthetized with morphine (3 mg/kg) 
subcutaneously and chloralose ( 100 mg/kg) 
intravenously. Left and right renal blood 
flows were measured simultaneously in all 
animals except one, in which only left renal 
flow could be obtained satisfactorily. A Sta- 
tham (M-40W) electromagnetic flowmeter 
was used. Flow sensors (3-4 rnm diameter) 
were selected to fit snugly the renal arteries. 
Zero flow was determined at regular intervals 
by momentarily occluding the renal arteries 
distal to the magnet. Flow calibrations were 
made after each experiment by perfusing and 
catching timed samples of blood from an 
isolated segment of the carotid artery. 

Mean systemic arterial blood pressure was 
measured from a branch of the left femoral 
artery using a Statham strain gage. Mean 
flow and pressure were recorded on an Offner 
oscillograph. The vagi were cut in all ani- 
mals. 

Changes in left renal flow in response to 
intrarenal artery (IRA) angiotensin (0.01 
and 0.02 pg/kg of body wt.) were recorded 
before and after denervation of this kidney. 
The appropriate dose was selected to produce 
comparable flow responses and less than a 
5 %  change in mean arterial pressure. Angio- 
tensin was given through a catheter (1 mm 
0.d.) introduced through the femoral artery 
and advanced so that the tip extended about 
5 mm into the left renal artery. The place- 
ment of this catheter caused no detectable 
reduction in renal blood flow. After obtaining 
the control responses this kidney was dener- 
vated. 

Denervation consisted of stripping the ren- 
al artery, vein, and ureter. In all but one case 
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TABLE I. Average Flow Responses (2  SEM) to IRA Angiotensin (0.01-0.02 pg/kg of body 
wt.) in Seven Dogs Before and Following Left Renal Denervation. 

Condition Base level Change (%) 

Predenervation (19) 
Mean arterial blood pressure (mm Hg) 
Left renal flow (ml/min) 
Left renal resistance (P/F) 

Left renal denervation (35) 
MABP 
LRF 
LR resistance 

Bretylium (36) 
MABP 
LRF 
LR resistance 

122 2 8 
168 2 6 
0.777 k 0.05 

113 2 2 
172 210 
0.753 2 0.06 

112 & 6 
145 212 
0.954 & 0.07 

< +2 
- 4 0 ~  5 
+91& 19 

< +I 
- 4 9 2  3 
+119 2 11 

< +2 
- 4 0 4  3 
4-120 & 14 

Number of responses in parentheses. 
* In four dogs. 

these structures were then painted with con- 
centrated phenol. Application of phenol was 
without effect on the results. The denervation 
procedure took about 20 min. Care was tak- 
en to keep the innervation of the right kid- 
ney intact. The flow response to bilateral 
carotid artery occlusion was used as a test for 
denervation. Carotid occlusion increased 
mean blood pressure from an average level of 
112 to 174 mm Hg. Flow in the denervated 
kidney increased parallel with pressure in re- 
sponse to carotid occlusion while either a 
decrease or no change in flow was observed in 
the innervated kidney. 

Simultaneous flow changes in both left and 
right renal arteries to intravenous (i.v.) an- 
giotensin (0.05 and 0.1 pg/kg) were recorded 
before and following denervation of the left 
kidney. The dose was selected to produce 
comparable pressure and flow responses. 

Angiotensin-amide (Hyper tensin-Ciba) was 
made up in Locke’s solution in concentra- 
tions of 1 and 10 pg/ml. Bretylium tosylate 
(5-10 mg/kg i.v.) was given in four animals. 

The analog data were digitized at 6-sec 
intervals using a Benson-Lehner Oscar and 
decimal converter system. The mean pres- 
sure-mean flow ratio was calculated at  each 
point using a CDC 3600 computer. The max- 
imal changes in pressure, flow, and resistance 
are presented. 

Results. The average maximal changes in 
pressure, flow, and renal resistance (mean 
pressure/mean flow) in response to intra- 
arterial angiotensin are shown in Table 1. 
Denervation of the kidney caused little or no 
change in renal flow or resistance. The aver- 
age change in flow or resistance in response 
to angiotensin (IRA) was not significantly ( p  
>.OS) different from control following de- 
nervation of the kidney. In the seven experi- 
ments, the renal response to angiotensin was 
slightly reduced in one case, increased in two 
experiments and not changed by denervation 
in the other four. 

The results obtained in response to i.v. 
angiotensin are presented in Table 11. 
Denervation of the left kidney did not great- 
ly alter the level of renal flow or the flow 
responses of either kidney to angiotensin. 
Similarly, bretylium (5-10 mg/kg) had no 
significant ( p > . O S )  effect on the renal re- 
sponse to angiotensin in either the innervated 
or denervated kidney. The control flow re- 
sponses in the right kidney were consistently 
greater than those in the left. This may pos- 
sibly be explained by the presence of the 
catheter in the left renal artery. However, the 
catheter did not appear to reduce the level of 
left renal flow. The changes in renal resis- 
tance in response !to the i.v. angiotensin prob- 
ably are poor indices of the active changes in 
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TABLE 11. Average Pressure and Flow Responses ( f SEM) to i.v. Angiotensin (0.05-0.10 pg 
/kg of body wt.) in Six Dogs Before and Following Left Renal Denervation. 

Condition Base level Change (% ) 

Predenervation (15) 
Mean arterial blood pressure (mm Hg) 
Left renal flow (ml/min) 
Right renal flow (ml/min) 
Left renal resistance (P/F) 
Right rend resistance (P/F) 

Left renal denervation (25) 
MABP 
LRF 
RRF 
LR resistance 
RR resistance 

Bretylium (22) 
MABP 
LRF 
RRF 
LR resistance 
RR resistance 

124 2 8 
180 * 11 
174 & 16 

0.708 2 0.05 
0.769 4 0.07 

112 -1- 3 
162 -4 13 
149 -t- 6 

0.830 4 0.08 
0.807 2 0.03 

126 -1- 4 
164 2 13 
142 4 7 

0.893 2 0.08 
0.883 -c- 0.03 

+ 2 3 2  3 
- 3 7 k  8 
- 5 2 2  5 

+141 -t- 43 
+234 A 57 

+ 2 0 *  2 
-48+ 3 
-48-1 5 

+137 f 15 
+ 1 9 1 2  44 

+32+ 4 
-48+ 3 
- 5 1 2  5 

+146 4 23 
+196 41 

Number of responses in parentheses. 
In four dogs. 

vascular tone, since both renal flow and sys- 
temic pressure are changing. It should be 
remembered that the resistance values 
presented are peak values and do not neces- 
sarily coincide with the peaks of the flow or 
pressure response. The area under the re- 
sponse curves was calculated to determine 
whether the peak responses were representa- 
tive of the overall effects observed. In all 
cases, these areas paralleled the data 
presented. 

Discussion. Bickerton and Buckley (6) 
have described in dogs an effect of angioten- 
sin on central autonomic structures as well as 
a direct peripheral action on vascular 
smooth muscle. A central effect of i.v. angio- 
tensin resulting in peripheral vasoconstriction 
has also been reported in man (7-9). Re- 
ports of peripheral interactions of angiotensin 
with the sympathetic nervous system are 
numerous. Zimmerman (10) found that 
denervation of the hindquarters of dogs re- 
duced the vascular action of angiotensin. 
Similar results were obtained by Laverty 
(11) in the rat. Angiotensin is reported to 
facilitate the vacular response to sympathetic 

 stimulation in the cutaneous (12)  and 
mesenteric (13) vascular beds, to release 
catecholamines from the adrenal medulla 
(14, 15) and to enchance the pressor re- 
sponse to tyramine (13). McCubbin et al. 
( 2 )  reported ,that long-term infusion of sub- 
pressor amounts of angiotensin results in sus- 
tained arterial hypertension presumably by 
an action on the sympathetic nervous system. 

The renal vasoconstrictor action of angio- 
tensin has been related to the integrity of the 
sympathetic nervous system. McGiff and 
F a y  ( 3 )  reported that the response of the 
renal vascular bed to angiotensin is reduced 
or abolished by either renal denervation, 
spinal cord transection, and by bretylium, 
guanethidene, and other autunomic *blocking 
agents. They suggest that the renal vascular 
response to angiotensin is determined by cen- 
tral and direct peripheral actions upon the 
sympathetic nervous system, Zimmerman ( 1) 
reported that angiotensin infusion facilitates 
the vasoconstrictor response to renal nerve 
stimulation by a mechanism that is apparent- 
ly not dependent upon the renal vasoconstric- 
tor action of angiotensin. He was, however, 
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unable to demonstrate a central sympathetic the dose in the innervated perfused kidneys. 
action of angiotensin on the renal vascular In  the present study, renal denervation 
bed. caused sensitization to angiotensin in only 

The results of the present experiments sup- two of the seven animals and then not to the 
port the evidence presented by Zimmerman degree we found in the excised kidnep per- 
that a central sympathetic effect of angioten- fused at  a constant rate. We have no explana- 
sin on the renal vascular bed is unlikely in a tion for these differing results. 
physiological situation. Renal denver va t ion 
by destruction of the renal nerves had no 
effect on the response to IRA angiotensin. 
Bretylium, which depletes and then blocks 
norepinephrine release from sympathetic 
nerve endings, did not alter the response to 
angiotensin in either the innervated or dener- 
vated kidney. This suggests that angiotensin 

Summary. The renal vasoconstrictor re- 
sponse to angiotensin was not altered by ren- 
al denervation or by bretylium. This suggests 
that the action of angiotensin on renal vas- 
cular smooth muscle is mainly a direct action 
rather than a n  indirect one involving a 
peripheral or central autonomic component. 
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