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TABLE 111. Failure of Atljuvililts to  Alter Jliiiiniuin Inhibitory Coiiceritratiori of Tetracycline 
against  E. cqlt Btrains i n  M-9 Medium. 

MIC of 
01.p iiisin 51 tJtli I i 111 pug/inl of adjuvant tetracycline 

1.56 
I-IIistidine, 10  1.56 

12.5 
tTi.ov;iijir i tvi(1,  I00 12.5 

10 12.5 
1 32.5 

J1istitlinol7 100 13.3 
Histidiii:il, 100 12.5 
I-Histidine, 300 1 2  5 

200 13.5 
-100 13.5 

Iiiiidazolr, 100 13.5 

for tetracycline as determined by the 2-fold 
serial dilution technic in brain heart infusion 
broth. ,411 the 20 strains received were able 
to grow in the synthetic medium approxi- 
mately as well as the parent laboratory strain. 
Therefore, none of these tetracjdine-resistant 
strains, which were developed naturally iii 
z~ivo, had a requirement for 1-histidine. 

Sziiiziizai~j~. 1. A tetracycline-resistant E .  
coli, which had been selected by a laborator! 
technic, was found to have a specific require- 
ment for l-histidine. 2 .  Urocanic acid. imi- 
dazole and 5 analogs, 1-histidinol, and l-histi- 
dinal were unable t o  substitute for 1-histidine. 
nor were they able to antagonize the activity 
of tetracycline against the parent E.  c-oli (tet-  

racycline-sensitive) in synthetic medium. 3 .  
Twenty E.  coli strains, all tetracycline-resis- 
tant and isolated from clinical sources were 
obtained. None had the specific requirement 
for l-histidine. 
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On the Mechanism of Decrease of Aldosterone Secretion in the Dog. (26014) 
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FREDEKIC C. BARTTER 

Section on Clinical Endocrinology, .Vationd Heart Institute, Bethesda, M d .  

Previous experiments ( 1 ) have suggested 
that the integrity of the vagus nerves is neces- 
sary for the decrease in secretion of aldos- 
terone following release of constriction of the 
thoracic inferior vena cava, but not for the 
increase in secretion of aldosterone following 
caval co'nstriction. Further, vagotomy alone 
has no effect on aldosterone secretion in the 
otherwise intact animal. This suggests that 
the vagal pathway is strictly an inhibitory 

one, and that release of this inhibition does 
not result in increased secretion of aldoster- 
one. Other experiments ( 2,3)  have indicated 
that stretch of the right atrium results in di- 
minished secretion of aldosterone. These ex- 
periments suggest a possible mechanism for 
activation of the vagal pathway. 

However, several questions concerning the 
function o1f the vagus nerve in control of se- 
cret ion of aldmterone have remained unan- 
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swered. First, i t  is possible that efferent 
rather than afferent fibers in the vagi may be 
important. Second, it appeared not unlikely 
that the vagal system, if it  were an  afferent 
pathway, might also be able to lead to in- 
creased secretion of aldosterone if other path- 
ways ordinarily involved in increase in secre- 
tion of aldosterone were inactivated. Re- 
cently, i t  has been shown(4) that the integ- 
rity of the barolceptor nerves arising from 
thyro-carotid arterial junctions is necessary 
for the increase in aldosterone secretion which 
normally follows caval ( 1 ) olr carotid (4) con- 
striction. It was not clear whether vagotomy 
would lead to increased aldosterone secretion 
in a dog with thyrocarotid areas denervated. 
In the third place, i t  has been shown(5) that 
bilateral constriction of the common carotid 
arteries produces an increase in right atrial 
pulse pressure without changing atrial mean 
pressure. Caval constriction, on the other 
hand, produces a decrease in atrial mean and 
pulse pressures( 6 ) .  Thus, release of carotid 
constriction should not provide a means of 
activating atrial receptors similar to that 
present following release of caval constriction. 
Consequently, if aldosterone secretion de- 
creases following release of carotid constric- 
tion, it  should do so more slowly than it does 
following release of caval constriction. The 
present experiments were designed to  answer 
these questions. 

Methods. Experiments were performed on 
healthy mongrel dogs anesthetized with pen- 
tobarbital. Adrenal venous blood was col- 
lected intermittently by the method of Hume 
and Nelson( 7 ) .  All collections were of one 
half hour’s duration. Adrenal venous aldos- 
terone was measured by Mills’ modification 
(1,4) of the method of Neher and Wettstein 
(8) .  This method was further modified in 
some experiments by substitution of tritium- 
labelled aldosterone for C14 cortisone as the 
tracer. This added the theoretical advantage 
that the tracer used for correction of losses 
ran with the unknown aldosterone in all 3 
chromatographic systems, rather than only 
the first two. Caval constriction ( 1 j ,  vago- 
tomy ( 1 ) and carotid constriction (4) were all 
performed as reported previously. All blood 
lost through collection or incidentally was 

replaced by homologous transfusion. Arte- 
rial, venous and right atrial pressures were 
measured and recorded continuously. 

Four experiments were performed on intact 
dogs with inflatable cuffs around the thoracic 
inferior vena cava. Following a control col- 
lection of adrenal venous blosd, the cuff was 
inflated, and a second collection begun after 
one half hour. Following this collection, the 
cuff was deflated and a third collectioln made 
after one hour. The cuff was then reinflated 
and a fourth collection was made after one 
half hour. At  the end of the second collec- 
tion, each dog was injected with 2 mg of atro- 
pine intravenously (external jugular) and 2 
mg intramuscularly . 

FGur experiments were performed on dogs 
in which both thyro-carotid arterial junctions 
had been denervated one to 2 weeks previ- 
ously. The vagi were isolated low in the neck 
before experiment was begun. Following a 
control collection of adrenal venous blood, 
both vagi were sectioned. Further collections 
of adrenal venous bloold were obtained at in- 
tervals from 30 to 240 minutes following 
vagotomy. 

Five experiments were performed on in- 
tact dogs with silk loops passed about both 
carotid arteries. The design was similar to 
that in the dogs with caval constriction, ex- 
cept that carotid rather than caval constric- 
tion was used, and no atropine was given. 

The results of caval coinstriction 
and release in dogs given large doses of atro- 
pine are shown in Fig. l A  and Table I. Ke- 
lease of caval constriction in presence of mas- 
sive amounts of atropine resulted in decreases 
of aldosterone secretion (mean -5.53 pg /hr 
t 1.68 SEM) not different from those seen 
in nolrmal dogs (mean -5.14 rtr 1.32) and in 
marked contrast to the effect of release of 

Results. 

TABLE I. Effect  of Caval Clonstrictioii and Rct- 
lease on Aldosterone Secretion (fig/€Ir) i n  X’ormal 
Dogs Given Atropinc (2  mg i.v. and 2 mg i.m.) at 

End of Second Coll~ction. 

Control Coils tric tion Release Cons tric tioii 

1.8 5.2 2.5 3.8 
1.5 8.2 2.3 Be2 

14.0 18.0 8.6 3.4 
3.0 11.4 7.3 12.0 

Fffcct of rc1e:iso: I T I P : H ~  fit11 5,53 2 1.68 8.R.M. 



'TABLE 11. Effect  of Vagotouiy 011 L I l d o ~ t e ~ . o i ~ < ~  
Secretion (pg/Hr) in Dogs with Previous Denerv;~. 
tioii of the  Thyro-carot id  Ar te r ia l  Junct ions.  Vag-  

otoniV r)n.fornird a t  end of first (.ollcctioii 

1 ..5 1 . ( I  1.1 1 . f i  
1 .t' . t i  1 .-I 1 . 1  

<1.4'  <1.4 <1.4 I ..-i 
4.5 4.(\ 4.1 - < :i . h 

' W i e i i  < is sIio\\ii, 110 ;iltlohtcroiic~ I \ : \ \  i l (~ t i lc . t~~l l  
i n  the aaniplc. T11e figiirc slion 11 i s  c:ilciil:itcd f io t i i  

sensi t i r i ty  of thc  nir~tliocl, recovet*? i.ntc1. :iiiil t l i l l i  

tioii of snniplc. Ace rcf. (4 ) . 
caval constriction in vagotomized dogs (mean 
-0.79 t 1.S6) (1 ) .  I t  is evident that the ef- 
fect of vagotomy is not reproduced I)>- atro- 
pine. Atropinizatioii also did not prevent the 
rise in aldosterone secretion following caval 
constriction in 3 of the 4 dogs. The  situation 
was complicated in the fourth dog by the 
onset of atrial fibrillation following injection 
of atropine, and reversion to normal rhythm 
with the second caw1 constriction. Thus. 
atrial pressure rose markedl!. in  thi\ animal 
after caval constriction. 

The results of vagotoniy in dogs with bi- 
lateral denervatim of the thyro-carotid a r -  
terial junctions are shown in Fig. 1B and 
Table 11. As is the case with intact dogs( 1 ) .  

vagotomy produces no change i n  aldosterone 
secretion. 

The  results of release of carotid constric- 
tion in normal dogs are shown in Table I1 I 
and summarized and compared with the re- 
sults of release of caval constriction in Fig. 2.  
The  effect of carotid release is significantly 
less than tha t  of caval release. 

Disrussion. These results suggest that the 
mechanism leading to decreases in aldosterone 
secretion mediated by the vagus nerves oper- 
ates over afferent pathways and is exclusively 

TAJ31,E 111. l3fYcc.t o f  Kelraie of C:itoti(l ( 'o i i \ t i i r  
tiori on hldostn.oiir Swlrtion (pg/lTt ,J iii Sol 1 1 1 , i l  

Dogs. Coiistrictioii 1i;icl I w i i  oii foi o i i t l  111, : i i i t l  :III 
(logs slio~\cvl i i i c . i o : i ~ ~  111 :tI(lu\tc~iotio \o( ' t  citioii ;ilia\ ( 

colltlC~1 l( , \  t ' l s .  

11.9- 10.8 - 1.1 
9.9 10.5 + .6 
X . 6  tj.!] 1.7 

20.3- 17.8 ?.ti 
I7.U 14.0 - 3.0 

8. T DOG o p . 4 / 1 2  
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t I J , Z 6  
r* 

d.f = J 2  
p <  0.01 

inhibitor!' in function. This situation, in 
which a redes mechaiiism serves only to in- 
hibit while a release of inhibition is not suf- 
ficient to stimulate, is unusual but is not 
unique in physiology. Alexander (9) has 
demonstrated a similar reflex, also utilizing 
afferent vagal pathways, in which venous tone 
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is diminished hy increasing central venous 
pressure, but a fall in this pressure does not 
produce increased venous tone. This latter 
effect seems to be predolminantly under the 
control of arterial baroceptors (10). The 
analogy between regulation of venolus tone 
and that of aldosterone secretion is striking. 
I t  is od interest that an increase in secretioln 
of aldosteroine or in venous tone has the ulti- 
mate physiological effect of increasing the 
volume of blood available to the heart for per- 
fusion of the arterial tree, and that both may 
be increased( 11,12) in congestive heart fail- 
ure. The difference between results of release 
of caval constriction, on the one hand, and of 
release of carotid constriction oa the other, 
correlates with the different effects upon atrial 
pressure. This is consistent with the concept 
(1,2,3) that the vagal pathway is activated 
by atrial stretch, but does not exclude some 
other receptor area. Further support is prol- 
vided by the fact that in dogs with prior de- 
nervation of the thyro-carotid arterial junc- 
tions, caval constriction produces no change, 
but caroltid constriction produces a fall in 
aldosterone secretion (4) .  Thus, in the ab- 
sence of the nerves arising from the thyro- 
carotid arterial junction, carotid coastriction, 
which increases atrial pulse pressure(5) may 
activate the vagal mechanism. However, this 
evidence is not adequate to identify the he- 
modynamic parameter mediating decrease in 
aldosteroae secretion or to distinguish 
whether type ,4 or R atrial receptors may be 
involved ( 13 ) . 

Summary. Experiments were done in dogs 
to elucidate the mechanism by which the va- 
gus nerves may influence aldosterone secre- 
tion. The results suggest that the vagus 

nerves form the afierent limb of a reflex acti- 
vated by atrial stretch which may exert only 
an inhibitory effect upon aldosterme secre- 
tion. The role of efferent impulses was elimi- 
nated by atropinization, which did not pre- 
vent the fad1 oif aldosterone secretion which 
follows caval release. The role of atrial 
stretch was suggested by the observation that 
caval release (which increased atrial pres- 
sure) lowered aldosterone secretion more than 
carotid release (which did not). The purely 
inhibitory role of the vagus was suggested by 
the finding that vagotomy did not stimulate 
aldosterone secretion even after denervation 
of the thyro-carotid arterial junctions. 
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