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w i t h  t h e  e l eva t i on  of P L  level  of p l a s m a  r e p o r t e d  b y  
KwA a n d  VERHOFSTAD8 

T h e  decrease  in  e i t h e r  P L  c o n t e n t  or  c o n c e n t r a t i o n  
o b s e r v e d  in  t h e  a f t e r n o o n  of P E  was  p r e v e n t e d  b y  t h e  
i n j ec t i on  of s o d i u m  p e n t o b a r b i t 0 n e  (Pb) a t  13.30 h of PE .  
T h e  level  of P L  in t he  p i t u i t a r y  of t he  P b  in j ec t ed  a n i m a l s  
r e m a i n e d  h i g h  even  a t  17.30 h, a n d  i t  was  s ign i f i can t ly  
h i g h e r  t h a n  c o r r e s p o n d i n g  va lues  of i n t a c t  an imals .  

These  t i n d i n g s  seem to  i n d i c a t e  t h a t  t h e  re lease  of 
P L  t a k e s  p lace  on  t h e  a f t e r n o o n  of P E  a r o u n d  t h e  
' c r i t i ca l  pe r i od '  for  L H  surge,  a n d  t h a t  t h e  cen t r a l  
n e r v o u s  s y s t e m  could t r igge r  t h e  release.  NEILL 13 r e p o r t e d  
inc rease  in p l a s m a  p r o l a c t i n  in  t h e  a f t e r n o o n  of p roes t ru s  
in  t h e  r a t  a n d  ~¢VUTTKE a n d  I~IEITES 14 b locked  t he  incre-  
ase  b y  p e n t o b a r b i t a l .  

Rdsumd. L a  t e n e u r  e t  la  c o n c e n t r a t i o n  de  la  p r o l a c t i n e  
darts  le lobe  a n t 6 r i e u r  de  t ' h y p o p h y s e  o n t  6t6 d6 t e r m i n6es  
a u x  t e m p s  var i6s  de l ' oes t rus  chez  la  r a t t e .  D a n s  l ' apr~s-  

m id i  d u  j ou r  du  pro-oes t rus ,  la t e n e u r  e t  la c o n c e n t r a t i o n  
d a n s  la g l a n d e  s ' a b a i s s e n t .  Ce c h a n g e m e n t  a ~t6 b loqu~ 
p a r  le p e n t o b a r b i t r a t e  de  s o d i u m  in jec t6  p a r  voie  i,p. 

13.30 h au  j o u r  du  pro-oes t rus .  
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The Effect of Acety lchol ine  on  Adrenal  Funct ion in 

U n t i l  recen t ly ,  t he  s igni f icance  of a n  i n t i m a t e  a n a t o m i c  
p r o x i m i t y  of a d r e n a l  cor t ica l  to  m e d u l l a r y  t i ssue  was 
obscure .  I n  1965, WURTMAN a n d  AXELROD x r e p o r t e d  t he  
ef fec t  of a d r e n a l  g lucocor t i co ids  u p o n  t he  m e d u l l a r y  en-  
z y m e  p h e n y l e t h a n o l a m i n e - N - m e t h y l  t r a n s f e r a s e  (PNMT)  
w h i c h  is r e spons ib l e  for  t h e  N - m e t h y l a t i o n  of no rep ine -  
p h r i n e  to  fo rm ep inephr ine .  T h i s  e n z y m e  is found  to  b e  
local ized in  h i g h e s t  c o n c e n t r a t i o n s  in t h e  a d r e n a l  m e d u l l a  
of m a m m a l s .  

A c e t y l c h o l i n e  (ACh) h a s  been  s h o w n  to  be  t h e  phys io -  
logicaI  s t i m u l u s  for  t h e  re lease  of e p i n e p h r i n e  a n d  nor -  
e p i n e p h r i n e  f r o m  t h e  a d r e n a l  medu l l a .  However ,  t h e  in  
v i v o  role  of a c e t y l c h o l i n e  as  a n  a d r e n a l  cor t ica l  s t i m u l u s  
h a s  n o t  been  explored .  

T h e  m a i n  ob j ec t i ve  of t h e  p r e s e n t  i n v e s t i g a t i o n  was  
to  s i m u l t a n e o u s l y  s t u d y  t h e  acu t e  a n d  d i rec t  effect  of 
ACh on  a d r e n a l  m e d u l l a r y  a n d  cor t ica l  a c t i v i t y  in  t h e  
h y p o p h y s e c t o m i z e d  an i m a l .  

Experiments. 4 m o n g r e l  dogs  of b o t h  sexes  we igh ing  
b e t w e e n  20 a n d  28 kg  were  used.  Fo l l owing  t h e  i n d u c t i o n  
of a n e s t h e s i a  w i t h  30 m g  of i.v. s o d i u m  p e n t o b a r b i t a l  
p e r  kg  of b o d y  weight ,  a m a i n t e n a n c e  a i r w a y  was  
p r o v i d e d  w i t h  t h e  p l a c e m e n t  of a t r a c h e a l  canula .  Blood  
p ressu re  was  r eco rded  f r o m  t h e  r i g h t  ca ro t id  a r t e r y  b y  
a t r a n s d u c e r  a n d  p h y s i o g r a p h  i n s t r u m e n t .  A 0 .9% 
s o d i u m  ch lor ide  i.v. d r i p  was  begun .  T h e  a n i m a l s  were  
t h e n  i m m e d i a t e l y  h y p o p h y s e c t o m i z e d  b y  t h e  t r a n s -  
b u c c a l  a p p r o a c h  as desc r ibed  b y  MAR~:OWlTZ a n d  ARCHI- 
BALD 2, 4 h la ter ,  t h e  r i g b t  a d r e n a l  was  r e m o v e d  a n d  
qu ick ly  f rozen  us ing  d r y  ice a n d  ace tone .  

A te f lon  ca the t e r ,  s ized acco rd ing  to  t h e  dog ' s  b o d y  
l eng th ,  was  t h e n  fil led w i t h  s o d i u m  hepa r in ,  a n d  passed  
v i a  t h e  le f t  f emora l  ve in  i n t o  t h e  in fe r ior  v e n a  cava ,  
a n d  t h e n c e  i n t o  t h e  le f t  l u m b a r - a d r e n a l  v e i n  a n d  a 
secur ing  l i ga tu r e  placed.  T h i s  c a t h e t e r  a l lowed t h e  d i r ec t  
col lec t ion  of a d r e n a l  v e n o u s  b lood  i n to  h e p a r i n i z e d  t u b e s  
w h i c h  were  m a i n t a i n e d  in ice u n t i l  c en t r i fuged  for  10 ra in  
a t  2000g. T h e  p l a s m a  was r e m o v e d  a n d  s to red  a t  - -  10 °C 
for  ana ly s i s  of e a t e c h o l a m i n e  a n d  h y d r o c o r t i s o n e  con-  
c e n t r a t i o n .  

A t  t h e  conc lus ion  of  t h e  e x p e r i m e n t ,  t he  lef~ a d r e n a l  
g l a n d  was  r e m o v e d  a n d  qu ick ly  f rozen  w i t h  d r y  ice a n d  
ace tone  a n d  s to red  a t  - - 1 0 ° C  u n t i l  ana lys is .  

the H y p o p h y s e c t o m i z e d  Dog 

Ace ty l cho l ine  was  i n j ec t ed  in to  t h e  f emora l  ve in  in  
doses r a n g i n g  f rom 0.42 a n d  0.95 m g / k g  a n d  b lood  
s amp le s  were  d r a w n  5 ra in  a f t e r  each  in jec t ion .  

T h e  a d r e n a l  g l a n d s  a n d  a d r e n a l  v e n o u s  b lood  were  
a s sayed  for  e p i n e p h r i n e  a n d  n o r e p i n e p h r i n e  b y  t h e  
m e t h o d  of y o n  EULER a n d  LmHAJKO s. T h e  a d r e n a l  
g l ands  were also assayed  for P N M T  a c t i v i t y  b y  t he  
m e t h o d  desc r ibed  b y  AXELROD 4 i n v o l v i n g  t h e  use  of 
C14-S-adenosylmeth ionine .  (One u n i t  of e n z y m e  a c t i v i t y  

Table I. Dose.response to acetyleholine in hypophysectomized dogs 

Dog ACh 170 HCS Epi Norepi % E of 
No. dose total cat. 

(mg/kg) secretion 

1 0 5.0 12.6 35 
0,42 0 41.0 12.9 76 
0.83 0 171.1 55.8 76 

2 0 0.4 4.2 8.9 31 
0.43 0.1 41.5 5.2 89 
0.72 0.0 119.4 10.9 90 

3 0 0 2.8 3.0 48 
0.5 0 76.3 18.1 81 

4 0 0.2 3.4 t0,5 25 
0.48 0.9 60.0 14.2 80 
0.72 0.1 180,6 36.8 81 
0.95 0 225,0 45.3 83 

170 HCS reported as lxg/ml of plasma. Epinephrine and Norepi- 
nephrine reported as ~tg]100 ml plasma. 

I R. WURTMAN and I. AXELROD, Science 150, 1964 (1965). 
J. MARKOWITZ and I. ARCHIBALD, Experimental Surgery (The 
Williams and Wilkins Co., Baltimore 1959). 

s U. yon EULER and F. L~SHaJKO, Acta physiol, seand. 51, 348 
(1961). 

4 j .  AXELROD J. biol. Chem. 237, 1957 (1962). 



580 Specialia EXPERIENTIA 27t5 

cata lyzes  t h e  fo rmat ion  of one nmole  of p roduc t  pe r  h.) 
Hydrocor t i sone  was measured  in the  adrena l  venous  
p lasma by  the  t echn ique  of NELSON and SAMUEI.S ~. 

Results and discussion. The results  of this  expe r imen t  
are shown in Tables  I and I I .  Hydrocor t i sone  values  
4 h a f te r  h y p o p h y s e c t o m y  indica te  the  success of the  
operat ion.  Also note  the  ra t io  ma in t a ined  by  epinephr ine  
in the  to ta l  ca techo lamine  secretion.  In  t he  hypophysec-  
tomized  animal ,  this  averages  3 5 % ;  however ,  af ter  t he  
in ject ion of acetylchol ine,  the  percen tage  increases to an 
average  of 82%. 

Acetytchol ine  d id  no t  s ignif icant ly  s t imula te  secret ion 
of hydrocor t i sone .  However ,  an  effect  on ea techo lamine  
was adequa t e ly  demons t r a t ed  and is shown in the  Figure.  
There  is an  observable  corre la t ion be tween  dose of acetyl -  
chol ine and ep inephr ine  secret ion.  

The  enzyme  (PNMT) a c t i v i t y  in t he  adrenal  g lands  of  
these  dogs tes ted  was no t  s ignif icant ly  d i f ferent  f rom 
cont ro l  va lues  (Table II) .  

To  ascer ta in  whe the r  t he  effect  of ace ty lchol ine  on 
adrena l  medu l l a ry  func t ion  is dependen t  upon, or re la ted  

Table II. Effect of acetylcholine on adrenal medullary catechol- 
amine content and PNMT activity 

Dog Gland Epi Norepi PNMT 

1 R 4 h post hypox 204.1 39.1 53.6 
L 0.83 mg/kg ACh 148.9 18.7 61.0 

2 R 4 h post hypox 146.2 41,5 46.8 
L 0,72 mglkg ACh 107.0 28.5 47.4 

3 R 4 h post hypox 125.9 50.3 62.9 
L 0 mglkg ACh 76.3 26,9 64.3 

4 R 4 h post hypox 109.3 32.4 50.3 
L 0.95 mglkg 76.7 16.9 48.4 

Epinephrine" and norepinephrine reported as [zg/g adrenal weight. 
PNMT reported as units of activity. One unit catalyzes the forma- 
tion of 1 nmole of product per h. 
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Dose or acetylcholine 

Composite linear regression of catecholamine response to ACh in 
hypophysectomized dogs. 

to, adrena i  cor t ica l  funct ion,  graded doses of  ace ty lchol ine  
were adminis te red  to  t he  hypophysec tomized  dog, and 
adrena l  o u t p u t  of glucocort icoids  measured.  Severa l  in 
v i t ro  s tudies 6,7 have  demons t r a t ed  release of cor t ical  
hormones  f rom a d r e n a l  slices incuba ted  in an acetyl-  
choline-r ich med ia ;  however ,  no repor ts  h a v e  been found 
in the  l i t e ra ture  of an  in v i v o  s t imula t ion  of adrena l  
cor t ical  secret ion by  acetylchol ine .  

Our  resul ts  in v ivo  demons t r a t e  t h a t  admin i s t r a t ion  
of ACh fails to s t inlula te  glucocort icoid secret ion in t he  
hypophysec tomized  dog a t  a t ime  when amoun t s  of 
ca techolamines  were  released a t  levels comparab le  to 
those  observed  fol lowing sptanchnic s t imula t ion  s. 

Prev ious  exper iments  h a v e  described the  release of 
epinephr ine  and norepinephr ine  f rom the  adrena l  g land 
af te r  t he  in jec t ion  of ACh 9,10 Our  f indings suppor t  these  
ear l ier  reports .  Fu r the rmore ,  the  present  f indings suggest  
t h a t  ACh media ted  release of ca techolamines ,  suggested 
to  be a mechan i sm invo lv ing  granule  release n,  opera te  
independen t ly  of adrenal  cor t ica l -medul la ry  interrela-  
t ionship  described earl ier  by  WURTMAN and AXELROD12. 
Our  results  showing no consis tent  change in the  enzyme  
P N M T  a c t i v i t y  suggest  t h a t  this enzyme  is p robab ly  no t  
effected by  acetylchol ine.  Ra ther ,  we would  propose a 
dual  cont ro l  of the  adrenal  medu l l a ry  catecholamines .  
One invo lv ing  the  p roduc t ion  of epinephrine,  and the  
o ther  concerned wi th  the  release of bo th  epinephr ine  
and norepinephrine.  The  convers ion of norepinephr ine  
to  epinephrine,  which  occurs in adrenal  medul la ry  cyto-  
p lasmic  areas, is regula ted  by  levels  of P N M T  and under  
t he  permiss ive  cont ro l  of  ava i lab le  adrena l  cor t ical  
steroids.  Vv'hereas, t h e  ac t ive  release of epinephr ine  and 
norepinephr ine  into  the  c i rcula t ion occurs f rom s torage  
sites, p r e sumab ly  granules  n ,  and is med ia t ed  or con- 
t ro l led  by  acetylchol ine.  Absence  of an effect  of ACh on 
P N M T  levels,  as described in th is  paper,  lends suppor t  
to th is  concept .  

Rdsumd. Apr~s in jec t ion  d'acOtylcholine,  les chiens 
hypophysectomisOs ne secr~tent  pas d 'hydrocor t i sone ,  
mais  prOsentent nne 61evation d'OpinOphrine e t  de nor- 
6p in@hrine  dans le sang ve ineux  surrOnal. Aucun  
changemen t  ne fur  observ6 dans  la  concen t ra t ion  de  la 
ph~nylOthanolamine-N-methy l  transf~rase darts ces glan- 
des. Ces expOriences ind iquen t  que  la re la t ion  m~dul la i re  
surrOnale cor t icale  q u e  nous avons  mentionOe prOcOdem- 
meri t  fonc t ionne  indf ipendamment  de  la secrOtion de 
catOcholamines,  engendr6e pa r  l 'Ach,  de  la  glande sur- 
r~nale. 
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