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po in t s .  "When t he  l a t t e r  m e a n  was e q u a t e d  to 100% for 
t h r ee  such  expe r imen t s ,  t h e  ave r age  of the  0800 a n d  1200 
va lues  was  h igher ,  b y  21, 43. a n d  4 3 %  respec t ive ly ,  t h a n  
t h e  m e a n  of t he  r e m a i n d e r  of values .  I n  t he  f i rs t  exper i -  
m e n t  dep ic ted  in F i g u r e  1, va lues  were  b a s e d  on  a d r e n a l  
i n c u b a t i o n  w i t h  on ly  a single pool  of p i t u i t a r i e s  a t  each  
t i m e  poin t .  A second a n d  t h i r d  e x p e r i m e n t  wh ich  gave  
c o m p a r a b l e  resul ts ,  i n v o l v e d  seve ra l  p i t u i t a r y  pools  a t  
e a c h  t i m e  p o i n t  a n d  t h e  c o r r e s p o n d i n g  P va lues  for  t h e  
l a t t e r  e x p e r i m e n t s  were  0.013 a n d  0.036. 

The  p r e s e n t  s tud ies  a n d  d i f f e ren t  ear l ie r  work  ~ b o t h  
exp lo re  c o m p l e m e n t a r y  face ts  of t h e  i n  vivo t i m i n g  of 
s p o n t a n e o u s  p i t u i t a r y - a d r e n a l  i n t e r a c t i o n s  b y  a n  in vitro 
a p p r o a c h .  C o n t i n u a n c e  of such  in vitro i n v e s t i g a t i o n  will 
se rve  to  e x a m i n e  in f u r t h e r  de ta i l  t h e  per iodic  i n t e r a c t i o n s  
of p i t u i t a r y  a n d  a d r e n a l  factors ,  in t h e  absence  of com-  
p l i c a t i n g  effects,  e.g., f rom o t h e r  h o r m o n a l ,  n e u r a l  or  
c i r c u l a t o r y  controls .  Such  work  m a y  t h e n  serve  for a more  
r igorous  ana lys i s  of r e l a t ed  o b s e r v a t i o n s  a n d  p o s t u l a t e s  
o n  t h e  a d r e n a l  cycle b a s e d  u p o n  in vivo work  exclu-  
s ively  ~,s,1~,14. 

I n  a n y  even t ,  t he  in vitro a p p r o a c h e s  show t h a t  t he  
r e a c t i v i t y  of the, a d r e n a l  to  ACTH,  on  t he  one h a n d ,  a n d  
t h e  a d r e n o c o r t i c o t r o p i c  a c t i v i t y  of t h e  p i t u i t a r y ,  on  the  
o ther ,  b o t h  f u n c t i o n  pe r iod ica l ly  in  a p r e d i c t a b l e  f a sh ion  
u n d e r  s t a n d a r d i z e d  condi t ions ,  and ,  also, t h a t  these  two  
r h y t h m s  do n o t  p e a k  s i m u l t a n e o u s l y  4. F igure  2 v isual izes  
t h i s  po in t .  The  p a r a m e t e r s  of p i t u i t a r y - a d r e n a l  f u n c t i o n  
s t u d i e d  r evea l  t he  s a m e  f requency .  I m p o r t a n t  d i f ferences-  
i n -phase  a m o n g  these  c i r cad ian  per iodic  func t ions  are  also 
a p p a r e n t .  

All d a t a  s h o w n  in  F igure  2 were  c o n v e r t e d  f i r s t  i n to  a 
p e r c e n t a g e  of  t h e  m e a n  for  a g iven  series. T h e  m e a n s  of 
these  r e l a t i ve  va lues  p l o t t e d  aga in s t  t ime  for t h r e e  exper i -  
m e n t s  i n v o l v i n g  t h e  p i t u i t a r y  i n c u b a t i o n s  w i t h  ad rena l s  
( . . . . . .  ) a re  c o m p a r e d  w i t h  those  for s : : rum co r t i cos t e rone  
a n d  a d r e n a l  r e spons iveness  to  A C T H  t e s t e d  in vitro as 
d o c u m e n t e d  ear l ie r  1 in  t he  s a m e  s t r a i n  of mice  a n d  u n d e r  
t he  same  condi t ions .  I n  t he  C mice  s tud ied ,  all  t h r ee  

func t ions  show clear ly  a c i r cad ian  r h y t h m .  C i rcad ian  
per iodic  a d r e n o c o r t i c o t r o p i c  a c t i v i t y  of t h e  C mouse  
p i t u i t a r y  l eads - in -phase  t h e  r h y t h m  in  s e r u m  cor t ico-  
s t e rone  which ,  in  t u r n ,  is a b o u t  180 ° ou t -o f -phase  w i th  
t h e  r h y t h m  in a d r e n a l  r e a c t i v i t y  to  A C T H  a d d e d  in vitro. 

F u r t h e r  work  will h a v e  to  be  done  before  possible  
r h y t h m s  in  h o r m o n e  p r o d u c t i o n  a n d / o r  re lease  can  be  
seg rega ted  f rom t h e  c o n t r i b u t i o n  of ch an g es  in  h y p o -  
p h y s e a l  A C T H  c o n t e n t  as such  to  t h e  p i t u i t a r y  ad reno-  
co r t i co t rop ic  r h y t h m  here  r epor t ed .  F u r t h e r  ques t ions  
de se rv ing  a d d e d  s t u d y  in  t h e m s e l v e s  r e l a t e  to  t h e  degree  
of g e n e r a l i t y  of p i t u i t a r y  a d r e n o c o r t i c o t r o p i c  r h y t h m  a n d  
to  i t s  t i m e  re la t ions  in  o t h e r  s t r a i n s  or  species. N e v e r t h e -  
less, these  in vitro d a t a  as a whole  r evea l  a se t  of in te r -  
es t ing  t e m p o r a l  p a r a m e t e r s  for  s t u d e n t s  of p i t u i t a r y -  
ad r en a l  phys io logy  a n d  r e l a t ed  b ioassays .  

These  s tud ies  were s u p p o r t e d  b y  g r a n t s  f rom t h e  U n i t e d  
S ta t e s  Pub l i c  H e a l t h  Service a n d  t h e  A m e r i c a n  Cancer  
Society.  

Zusammenfassung. E i n  c i r cad i an e r  R h y t h m u s  in de r  
a d r e n o c o r t i c o t r o p e n  \ V i r k u n g  de r  H y p o p h y s e  bei  I n z u c h t -  
C-M~tusen wi rd  d u r c h  ein in vitro-Verfahren nachgewiesen .  
Es  w e r d e n  A n g a b e n  d e r  P h a s e n u n t e r s c h i e d e  zwischen  
d e m  hypophys~i ren  R h y t h r n n s  u n d  d e n  gleichfal ls  circa-  
d i a n - p e r i o d i s c h e n  S c h w a n k u n g e n  g e m a c h t :  (1) im Serum-  
Cor t i cos te ron  u n d  (2) in  de r  R e a k t i o n  de r  N e b e n n i e r e  au f  
A C T H ,  in vitro. 
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Antiarrhythmic Action of Synthetic Oxytocin 
in A n e s t h e t i z e d  M a n  

The  pu rpose  of t h i s  c o m m u n i c a t i o n  is to  p r e s e n t  pre l im-  
i n a r y  work  on  t he  use of s y n t h e t i c  o x y t o c i n  ( S y n t o c i n o n ® )  
in the  t r e a t m e n t  of e l e c t roca rd iog raph i ca l l y  obse rved  
v e n t r i c u l a r  a r r h y t h m i a s  occur r ing  u n d e r  genera l  anes-  
thes ia .  T e n  p a t i e n t s ,  e igh t  of w h o m  were  a n e s t h e t i z e d  
wi th  h a l o t h a n e  a n d  two w i t h  m e t h o x y f l u o r a n e  were 
s tudied .  T h e  a r r h y t h m i a s  o b s e r v e d  were  f r e q u e n t  pre-  
m a t u r e  v e n t r i c u l a r  c o n t r a c t i o n s  ( three  pa t i en t s ) ,  bi-  
g e m i n y  (five pa t i en t s )  a n d  mul t i foca l  v e n t r i c u l a r  con-  
t r a c t i o n s  ( two pa t i en t s ) .  T h e  a r r h y t h m i a s  were assoc ia ted  
w i th  e n d o t r a c h e a l  i n t u b a t i o n  ( two cases), c a r b o n  dioxide  
r e t e n t i o n  (one case), a t t e m p t e d  cough ing  in response  to  
t he  e n d o t r a c h e a l  t u b e  ( two cases),  b r e a t h  ho ld ing  (one 
case), a n d  ad rena l  m a n i p u l a t i o n  ( two cases).  I n  two  cases 
the  e t iology of the  a r r h y t h m i a  was not  known.  

The  r ap id  i n t r a v e n o u s  in fus ion  of 10 U of s y n t h e t i c  
o x y t o c i n  res to red  n o r m a l  s inus  r h y t h m  in  seven cases 
whi le  20 U was r equ i r ed  in one  case. Convers ion  e f t he  
a r r h y t h m i a s  occurred  w i t h i n  30-60 see. F igure  1 shows a 
r e p r e s e n t a t i v e  case. In  two cases a t o t a l  dose of 20 U of 
s y n t h e t i c  oxy toc in  h a d  no  effect  on  t h e  a r r h y t h m i a .  A 

rise in pulse  r a t e  of 10-20 b e a t s  pe r  m i n  was obse rved  in 
t h r e e  p a t i e n t s  a n d  l a s t ed  60-90  sec. I n  five p a t i e n t s  a fall 
in  m e a n  a r t e r i a l  b lood  pressure  of 15-20 m m  H g  was ob- 
s e r v e d  (60 sec d u r a t i o n ) .  
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Lead 2 of electrocardiogram during halothane anesthesia in a 62 year 
old male. (A) Control record after 30 rain of anesthesia. Normal sinus 
rhythm. (B) Ventricular arrhythmia associated with adrenal mani- 
pulation. (C) 2 rain later, arrhythmia still present. At arrow l0 units 
of synthetic oxytoein given intravenously, (D) Normal sinus rhythm 
33 sec after synthetic oxytocin infused, (E) (F) (G) Normal sinus 

rhythm during remainder of operation. 
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Synthetic oxytocin was previously shown to afford 
protection against epinephrine induced arrhythmias under 
cyclopropane and (richlorethylene anesthesia in the dog x. 
PAN ISSET and BEAULNES2 demonstrated an antiarrhyth- 
mic action on (1) atrial arrhythmias induced in isolated 
rabbit atria by electrical stimulation, administration of 
acetylcholine and lowering of potassium concentration, 
(2) ventricular arrhythmias produced by electrical stimu- 
lation of the isolated perfused rabbit heart, (3) chloroform- 
epinephrine induced cardia arrhythmias in the dog. 
BIRCHER, KANAI, and V~rANG ~ were able to convert ven- 
tricular arrhythmias induced by pentytenetetrazol ad- 
ministered intravenously in the dog, but not when pentyl- 
enetetrazol was injected into the fourth ventricale. The 
antiarrhythmic action has been attributed to a quinidine- 
like property of the molecule bringing about cell mem- 
brane permeabili ty changes 2, or to an inhibition of 
oxidative metabolism 4,L 

Zusammen[assung. Synthetisches Oxytocin wurde fiir 
die Behandlung yon ventrikul~iren Arrhythmien, welche 
bei Patienten im Lauf einer Allgemeinnarkose au fgetreten 

sind, verwendet. In 8 von 10 FAllen erfolgte eine prompte 
Wiederherstellung des normalen Sinusrhythmus. Es konn- 
ten keine unerwiinschten kardiovaskul/iren Wirkungen 
beobachtet werden. 
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T h e  E f f e c t  of  B r a d y k i n i n  on  B l o o d  F l o w  

a n d  H e a t  P r o d u c t i o n  in  t h e  M y o c a r d i u m  

The use of ' internal calorimetry'  in the evaluation of 
blood flow in rabbit  myocardium has already been de- 
scribedL Its use in the evaluation of heat production 
changes in other tissues has also been describedL The 
technique uses a heated thermocouple which can be im- 
planted in the myocardial muscle mass with little trauma. 
Measurements are of the difference between the apparent 
thermal conductivity of the living myocardium and the 
thermal conductivi ty of the dead myocardium (which has 
been shown to be an approximate linear function of blood 
flow in any likely biological range of flow) and of corrected 
temperature, i.e. myocardial temperature recorded with 
the 'cold junction'  in the aorta and corrected for changes 
due solely to blood flow change. In so far as heat losses are 
constant and alterations in blood temperature are auto- 
matically compensated by the cold junction, the remain- 
ing changes are regarded as due to alterations in local heat 
production. 

These methods were applied to a study of the action of 
bradykinin in various species. 

Bradykinin was given by infusion and by single in- 
jection. The effect of infusion was investigated in 13 rab- 
bits. Doses ranged from 0.05 ~g/kg/min to 2.0 ~zg/kg/min 
continued for 10 min. In all animals blood pressure fell 
initially by amounts  proportional to the concentration. 
In all perfusions, however, whatever the concentration, 
the blood pressure drop was transient, the pressure re- 
turning to resting levels or near resting levels within 5 to 
10 rain. 

Blood flow responses were variable. When vascular 
resistance was calculated as pressure/flow, however, the 
results were consistent in every experiment. Vascular 
resistance always felt with bradykinin, the initial fall being 
a function of the dose. In every experiment and at all 
dose levels, however, vascular resistance recovered during 
the infusion pari-passu with the recovery in blood pressure, 
to resting or near resting levels. 

Changes in heat  production were not observed during 
infusions with bradykinim 

The effect of 40 single injections was investigated in 
11 rabbits. Doses given ranged from 0.05 t~g to 20 ~tg/kg. 

The effect on blood pressure was consistent. Blood 
pressure fell by an amount proportional to the dose. 

The effect on blood flow was variable and not directly 
related solely to the dose. 

The effect on vascular resistance, however, was con- 
sistent in all experiments (Figure 1). Small doses of brady- 
kinin produced small changes in resistance, large doses 
produced reductions of resistance of up to 50%, the 
magnitude of the change being a function of the dose. 

The effect of bradykinin on corrected temperature was 
also recorded in the above experiments, A typical result is 
shown in Figure 1. Small doses of bradykinin had no 
effect. Doses of 5 t~g/kg or more produced marked in- 
crements in corrected temperature. 

In order to confirm that  these effects were, in fact, due 
to change in myocardial heat production, experiments 
were performed in which absolute temperature was re- 
corded by means of fine gauge thermocouples from the 
myocardium, the aorta and the thoracic cavity near the 
heart. In these experiments the temperature of the myo- 
cardium was the same as, or slightly hotter than, that  oI 
the aortic blood, the temperature of the thoracic cavi ty 
being lower than either. Injections of bradykinin in doses 
of 5.0 vg/kg increased the differential (i.e. myocardial 
temperature rose more than aortic) by values ranging from 
0.06 to 0.38°C (Figure 2). 

Since the heart was surrounded by a medium cooler 
than itself it could only attain a temperature higher than 
that  of the afferent blood by virtue of considerable kraal 
heat production. A further increase of myocardial tem- 
perature relative to the afferent blood can only be inter- 
preted as direct evidence of increased local heat pro- 
duction. 

In the rabbit, thereh)re, we have concluded that  brady- 
kinin has a 'threshold' effect on heat production, small 
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