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Several studies have shown that acute in- 
fusions of angiotensin I1 stimulate aldoster- 
one secretion in hypophysectomized nephrec- 
tomized dogs (1,2,3). The secretion rates 
achieved, however, are not usually as high as 
the rates observed in secondary hyperaldo- 
steronism in the dog(4,5, and unpublished 
observations). This failure to achieve high 
secretion rates in hypphysectomized ne- 
phrectomized dogs has been attributed to the 
depletion of precursors necessary for aldo- 
sterone biosynthesis due to absence of ACTH. 
A previous study( 6) showed that infusions 
of small doses of ACTH (2-50 m u )  stimu- 
lated only cortisol and corticosterone secre- 
tion, while large doses (100-1000 m u )  stimu- 
lated aldosterone secretion as well. Experi- 
ments with extracts of dog anterior pituitary 
gave results that were similar to those ob- 
tained with commercial ACTH. The present 
experiments were designed to determine 
whether small doses of ACTH would en- 
hance the stimulating effect of angiotensin I1 
upon aldosterone secretion in the dog. 

Methods. Male mongrel dogs weighing 13- 
15 kg underwent a left nephrecto'my one to 
two weeks prior to the experimental day, On 
the experimental day, each dog was hypo- 
physec tomized under pentobarbi tal anes the- 
sia. The right kidney was removed and the 
right lumboadrenal vein cannulated for col- 
lection of adrenal vein blood. Each sample 
of adrenal vein blood was replaced, volume 
for volume, with blood from hypophysecto- 
mized nephrectomized dogs. One hour after 
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hypophysectomy and nephrectomy, a con- 
stant infusion of either 0.042 (Dogs C and 
D, Table I )  or 0.17 pg/min of synthetic 
angiotensin I1 was started. These doses were 
found in a previous study(6) to stimulate 
aldos terone secretion while having no signifi- 
cant effect on the secretion of corticosteroae 
and 17-hydroxycorticoids. In 8 dogs that had 
been receiving angiotensin I1 by continuous 
infusion for one to 4 hours, the effect of a 
single injection of 5 mU of ACTH (Upjohn) 
upon adrenal secretion of 1 7-hydroxycorti- 
coids, corticosterone and aldosterone was 
studied. In 4 dogs, the effect of a priming 
dose of 5 mU ACTH, followed by a constant 
infusion of ACTH (30 mU/hour) added to 
the constant infusion of angiotensin I1 (0.17 
mpg/min) was studied. The ACTH infusion 
was started after the angiotensin I1 infusion 
had been running one hour and 40 minutes. 
A series of preliminary experiments indicated 
that this dose of ACTH did not increase aldo- 
sterone secretion by itself, yet stimulated 17- 
hydroxycorticoids and corticosterone signifi- 
cantly. Corticosterone, aldosterone and 1 7- 
hydroxycorticoid secretion were measured by 
methods previously described ( 1,6). 

Results. In Table I are presented the re- 
sults of single injections of 5 mU of AClW 
upon adrenal secretions of hypophysecto- 
mized neplhrectomized dogs receiving con- 
stant infusions of angiotensin 11. The secre- 
tion rates shown are the rates measured im- 
mediately before and during the fourth to 
fourteenth minute after injection of ACTH. 
Despite a striking stimulation of 17-hydroxy- 
corticoid and corticosterone secretion, there 
was no consistent change in aldosterone se- 
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TABLE I. Effect of Single 5 mU Injection of ACTH During Constant Angiotension I1 
Infusion. 

Change Pre ACTH Post ACTH 
Dog 170H" B" Aldot 170H'# R" Aldot 170H" B" Aldoi 

0 .16 28 
1.2 .20 19 
.1 .033 3 
-3 .037 3 

1 2  .3 
.3 .18 20 
0 2 0  53 

.9 .79 12 

- 

9.7 
.9 

3.6 
.6 

4.3 
8.6 
4.2 
6.7 

1.9 31 
.88 13 

1.2 2 
2.2 1 

16 
9.0 19 
2.3 52 
,99 4 

- 

Mean 

9.7 1.8 
-. 3 .68 
3.5 1.2 

.3  2.2 
4.0 - 
8.3 1.8 
4.2 1.1 
5.8 .2 

= 5.1 1.3 
- -  

6 
-6 
-1 
-2 
4 

-1 
0 

-8 

-1 
- 

" Fg/min. t Alclosterone ni,ug/min. 

TABLE 11. Effect of Addition of ACTH Infusion to Angiotensin I1 Infusion. 

P re  ACTH Post ACTH Change 
Dog 170H" B" Aldot 17OII" R" Aldot 170H" B* Aldot 

13 3.7 20 3.3 - 7 E .4 
F .3 .13 2 6  8 . i  1.5 25 8.4 1.3 -1 
Q .d .18 51 4.3 1.8 69 4.1 1.7 18 
H 1.2 .40 9 7.7 1.2 6 6.5 .83 -3 

- - 

- - -  
Mean = 5.6 1.28 5 

* pg/min. 

cretion. The effect of adding a constant in- 
fusion of ACTH to a constant infusion of 
angiotensin I1 is shown in Table 11. Each of 
the secretion rates represent the mean of 3 
to 4 collection periods taken a t  half-hour in- 
tervals. In only one dog was there a substan- 
tial increase in aldosterone secretion follow- 
ing addition of the ACTH infusion. In the 
other 3, there was little or no change despite 
significant and persistent increases in 17-hy- 
droxycorticoid and corticosterone secretion. 

Discussion. The present experiments dem- 
onstrated that the stimulation of the adrenal 
by ACTH during a constant infusion of an- 
giotensin I1 did not enhance the aldosterone 
stimulating effect of the angiotensin I1 infu- 
sion. The dose of ACTH used stimulated 
17-hydroxycorticoid and corticosterone secre- 
tion markedly but not aldosterone secretion. 
Corticosterone is a major precursor for aldo- 
sterone biosynthesis. Depletion of cortico- 
sterone or some other precursor controlled by 
ACTH, therefore, does not appear to be the 
explanation for the failure of angiotensin I1 
infusion to raise the secretion rate of aldo- 
sterone in hypophysectomized nephrecto- 
mized dogs( 1,2,3) to levels observed in dogs 

t Aldosterone mpg/min. 

with secondary hyperaldosteronism(4,5). It 
is possible that acute hypophysectomy plus 
nephrectomy have a non-specific inhibitory 
effect upon aldosterone production. However, 
no such inhibition of the 17-hydroxycorticoid 
and corticosterone response to ACTH is ob- 
served; the secretion of these compounds at- 
tains the levels found in acutely stressed dogs 
with pituitaries and kidneys. An alternative 
explanation is that hyperplasia of the zona 
glomerulosa is necessary before secretion 
rates can reach the values observed in sec- 
ondary hyperaldosteronism. 

Summary. Addition of ACTH to constant 
infusions of angiotensin I1 in hypophysecto- 
mized nephrectomized dogs resulted in 
marked stimulation of 17-hydroxycorticoid 
and corticosterone secretion but no change in 
aldosterone secretion. Therefore, the absence 
of ACTH in hypophysectomized dogs does 
not explain the failure of acute angiotensin 
I1 infusions to raise aldosterone secretion to 
the levels observed in secondary hyperaldo- 
steronism in the dog. 
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Non-platelet bound 5-hydroxytryptamine 
(5-HT; serotonin) rapidly disappears from 
the circulation after injection( 1,2). Mono- 
amine oxidase activity and platelet binding 
in viva and chemical inactivation by erythro- 
cytes in vitro may occur to decrease the con- 
centration of 5-HT prior to assay. Metabo- 
lism of 5-HT in man is primarily due to 
oxidative deamination by monoamine oxidase 
(3), which is widely distributed and particu- 
larly rich in liver, kidney, heart, and intesti- 
nal mucosa (4).  

Previous studies utilizing 5-HT infusion 
into the liver(5) or perfusion of the isolated 
lung(6,7) have shown that 5-HT is removed 
by the liver and lung. Certain physiologic 
responses, however, may be altered by per- 
fusion of the isolated lung (8). It seemed ad- 
visable, therefore, to evaluate pulmonary 5- 
H T  removal in viva, and to assess the role of 
P-phenylisopropylhydrazine: (PIH) , a po- 
tent monoamine oxidase inhibitor. 

Methods and materials. Adult mongrel 
dogs weighing from 12-15 kg were anesthe- 
tized with sodium nembutal (25 mg/kg), 
and both carotid arteries were cannulated 
with #260 polyethylene cannulae. A #6 
Cournand catheter was introduced into a 
jugular vein and advanced so that its tip lay 
in the pulmonary artery, as confirmed by the 
characteristic pressure contour. 

~ 
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5-HT was used as the 3’-CI4 creatinine 
sulfate$ (specific activity 11.4 mc/mM) , and 
was dissolved in indocyanine green dye 
(IG) , 11 final concentration 1.2 5 mg/ml. Six 
dogs were studied without pretreatment, and 
4 following intravenous pretreatment with 10 
mg/kg of PIH, given 2 hours before 5-HT 
injection. Each dog was given 2 injections 
of C14 5-HT at approximately 30-minute in- 
tervals, the second injection being designated 
by the prime in Tables I and 11. 

Three to five ml of IG were rapidly in- 
jected into the pulmonary artery without, 
and with, added C14 5-HT. Continuous caro- 
tid arterial blood samples were obtained 
thereafter for radioactivity measurement. 
Sample tubes were changed every 2 seconds. 
Five mg of EDTA (per 3-5 ml blood) was 
used as an anticoagulant. After thorough 
mixing, a 0.5 ml aliquot was added to 1.5 ml 
distilled water. It was frozen and thawed 
twice, and 20 pl of hemolysate were plated 
on duplicate 1.25 inch aluminum planchets 
by the method of Smith et aZ(9). Radioactiv- 
ity was counted on an end window automatic 
gas flow counter having a counting efficiency 
of 23%. Corrections were made for the re- 
solving time of the counter, and samples were 
counted at  infinite thinness. Samples were 
counted for a minimum of 1 0  counts. Sam- 
ples were corrected for background, and were 
counted to an error of 4% or less a t  the 96% 
confidence level. Certain samples were cen- 

$ Nuclear Chicago Corp., Des Plaines, 111. 
/I Hynson, Westcott, and Dunning, Inc., Baltimore, 

Md. 


