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chol ine  was o m i t t e d  no  1-14C-ACh was formed.  F u r t h e r  
iden t i f i ca t ion  t h a t  t h e  e n z y m e  was ChAc was o b t a i n e d  b y  
i nh ib i t o r  s tudies .  C1 Ach a n d  B r A C h  were  p r e p a r e d  j u s t  
p r io r  to  t r a n s f e r  in to  i n c u b a t i o n  t u b e s  because  of t h e i r  
i n s t a b i l i t y  in  aqueous  solut ion~L A t  a c o n c e n t r a t i o n  of 
5 • 10-s M b o t h  h a l o g e n a t e d  ACh de r iva t i ve s  i n h i b i t e d  t he  
e n z y m a t i c  1-~4C-acetyl t r a n s f e r  b y  a b o u t  90% a n d  100~ 
in two p l a c e n t a  h o m o g e n a t e s  (Table  I). N V P  so lu t ions  
were h a n d l e d  in a d a r k r o o m  only  as. Th i s  d r u g  i n h i b i t e d  
t he  e n z y m e  of i m m a t u r e  p l a c e n t a e  b y  75% a t  2 . 5 x  10 -4 
M or 15 a n d  25% a t  2.5 • 10 -s M (Table  !). T he  resul t s  
o b t a i n e d  w i t h  these  t h r e e  specific ChAc inh ib i to r s  s t rong ly  
s u p p o r t e d  t h e  conclus ion  t h a t  t he  ear ly  p l a c e n t a e  e x a m -  
ined c o n t a i n e d  th i s  e n z y m e  a t  6 -9  weeks of ges ta t ion .  
ChAc a c t i v i t y  a t  th i s  s tage of p r e g n a n c y  was a l r eady  
h ighe r  t h a n  in t e r m  p l a c e n t a  (Table  I I )  and  g radua l ly  
increased.  All  va lues  shown  a f t e r  12 weeks  are single 
d e t e r m i n a t i o n s  f rom elect ive  abo r t i ons  (13 a n d  14 weeks) 
or p r e m a t u r e  del iver ies  (27-37 weeks). E lec t ive  t e r m i n a -  
t ions  of p r e g n a n c y  u n d e r  t he  1973 U n i t e d  S ta te s  S u p r e m e  
Cour t  ru l ing  are  p re f e r ab ly  p e r f o r m e d  be t w een  7-10 
weeks w h i c h  m a d e  such  spec imens  more  read i ly  avai lable .  

Table II.  ChAc act ivi ty of human placenta at various lengths of 
pregnancy 

Length of 
pregnancy 
(weeks) 

ACh synthesized 

Moles x 10-6/g fresh Moles • 10-9/mg 
tissue • h -1 protein • h ~ 

6-7 17.344-2.31 2454-54 
(5) (5) 

8 16.644-3.16 2914-37 
(9) (9) 

9 20.474-3.67 3884-40 
(5) (5) 

10 44.702L14.93 6434-67  
(3) (3) 

11 44.534-6.89 6724-52  
(3) (3) 

12 37.88=[-2.88 7514-17 
(2) (2) 

13 34.40 882 
14 55.59 794 

27 24.10 199 
32 32.50 262 
36 20.33 289 
37 12.64 177 

4t 42 7.854-1.04 60.04-8.02 
(term) (6) (4) 

Values represent mean -~ S.E. of the mean. The number of placentae 
is indicated in brackets. All determinations from pregnancies 
longer than 12 weeks are single observations with exception of the 
term placentae. ChAe activity is expressed in moles of ACh synthe- 
sized per gram fresh tissue or mg protein as specified. 

The  resul t s  a l low the  specu la t ion  t h a t  ChAc is p r e s e n t  
in  h u m a n  p l a c e n t a  as soon as p l a c e n t a t i o n  begins.  The  
d e v e l o p m e n t  of ChAc a c t i v i t y  d u r i n g  t he  second and  
t h i r d  t r i m e s t e r  r e sembled  p rev ious  obse rva t i ons  4 and  
e n z y m e  a c t i v i t y  seemed qu i te  c o m p a r a b l e  w h e n  ca lcu la ted  
b a c k  to a f resh we igh t  bas is  in  b o t h  i m m a t u r e  a n d  t e r m  
p l a c e n t a  2-4. There  was a r ap id  decl ine of ChAc t o w a r d s  
t h e  n o r m a l  end  of p r egnancy ,  t h e  a c t i v i t y  be ing  lower 
in  t he  t e r m  p l a c e n t a  t h a n  a t  a n y  p rev ious  p o i n t  of 
m e a s u r e m e n t  (Table  II) .  

The  ChAc of ear ly  p l a c e n t a l  vi l lous t i ssue  was easi ly 
re leased u p o n  homogen iza t ion .  The  a d d i t i o n  of butanol19 
or e ther ,  wh ich  grea t ly  inc reased  t h e  e n z y m e  a c t i v i t y  in  
b r a i n  tissue2~ 21 did  no t  resu l t  in  f o r m a t i o n  of more  
1-~iC-ACh, an  o b s e r v a t i o n  wh ich  is in  a g r e e m e n t  w i t h  
o b s e r v a t i o n s  on  t e r m  p l a c e n t a 2  

The  presence  of ChAc wit t l  h igh  specific a c t i v i t y  in  
i m m a t u r e  p l a c e n t a  suggests  a func t ion  of ACh t h r o u g h o u t  
p r e g n a n c y  r a t h e r  t h a n  a role d u r i n g  t h e  de l ive ry  process  
on ly  5. The  h ighes t  enzyme  a c t i v i t y  was obse rved  long 
before  t e r m  (Table  I I  a n d  refs. a, 4). These  f ind ings  s u p p o r t  
p rev ious  specu la t ions  ~, s t h a t  ACh (which was de t ec t ed  in  
s ign i f ican t  c o n c e n t r a t i o n s  b y  pyro lys i s  gas c h r o m a t o -  
g r a p h y  in 8-9-week-old p lacen tae ,  u n p u b l i s h e d  observa-  
t ions)  m i g h t  h a v e  some func t i on  in p e r m e a b i l i t y  a n d  
t r a n s p o r t  regu la t ion .  The  p r e s e n t  resu l t s  would  sugges t  
t h a t  such  as ye t  unde f ined  chol inerg ic  m o d u l a t i o n  of 
p l a c e n t a  func t ions  could become  ac t ive  a t  a v e r y  ear ly  
s tage of fe ta l  deve lopmen t .  

Zusammen/assung. Chol inace ty l t r ans fe ra se  (ChAc) 
wurde  m i t  r a d i o m e t r i s c h e r  M e t h o d e  i m  H o m o g e n a t  
unre i fe r  mensch l i che r  P l a z e n t a  b e s t i m m t .  Das  E n z y m  
war  bere i t s  n a c h  6-7 W o c h e n  Grav id i t / i t  e indeu t ig  
m e s s b a r  u n d  h a t t e  h6he re  spezif ische A k t i v i t g t  als das- 
jenige  der  re i fen  P lazen ta .  Die Ergebn i s se  lassen ver-  
n m t e n ,  dass  ChAc schon  m i t  B e g i n n  der  P l a z e n t a t i o n  
a u f t r i t t  u n d  u n t e r s t i i t z e n  f r t iher  gegusser te  V e r m u t u n g e n ,  
dass  ACh in der  m e n s c h l i c h e n  P l a z e n t a  b i she r  n o c h  n i c h t  
genaue r  def in ie r te  A u f g a b e n  in der  R e g u l a t i o n  y o n  
M e m b r a n p e r m e a b i l i t g t  u n d  a k t i v e m  T r a n s p o r t  h a b e n  
k6nn te .  
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T h e  Role  of  T h y r o x i n e  in the  M a i n t e n a n c e  of a N o r m a l  G l y c o g e n o l y t i c  R e s p o n s e  to  
S p l a n c h n i c  N e r v e  S t i m u l a t i o n  in A d r e n a l e c t o m i z e d  Calves  

S t i m u l a t i o n  of sp l anchn ic  s y m p a t h e t i c  e f fe ren t  f ibres  a t  
phys io logica l  f requencies  causes r ap id  m ob i l i z a t i on  of 
l iver  g lycogen in t h e  calf. Three  s epa ra t e  p a t h w a y s  
m e d i a t e  th i s  response :  d i rec t  a c t i v a t i o n  of t h e  hepa t i c  
s y m p a t h e t i c  i n n e r v a t i o n  a, release of g lucagon  f rom the  
p a n c r e a t i c  islets  2 a n d  t he  release of c a t e c h o l a m i n e s  f rom 

the  a d r e n a l  medu l l ae  a. The  e x p e r i m e n t s  descr ibed  here  
were devised  to e luc ida te  the  e x t e n t  to wh ich  t h y r o x i n e  
m i g h t  inf luence  t h e  f i rs t  two of these  mechan i sms .  

F ive  pedigree  Je r sey  calves  were t h y r o i d e c t o m i z e d  
b e t w e e n  7 a n d  15 days  of age and  m a i n t a i n e d  on  a mi lk  
diet .  3 weeks l a t e r  t h e  an ima l s  were a n a e s t h e t i z e d  w i t h  
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Fig. 1. Comparison of the changes in plasma glucose concentration in 
response to stimulation of the peripheral ends of the splanchnic 
nerves (4.0 c/s; 20 V, I msec square-wave stimulus) in adrenalecto- 
mized calves. �9 thyroidectomized; O, thyroid intact 4 (n -- 4). 
Vertical bars = S.E. of mean increments. Horizontal bar: duration 
of stimulus. 
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Fig. 2. Comparison of the changes in plasma glueagon concentration 
in response to stimulation of the peripheral ends of the splanchnic 
nerves in adrenalectomized calves (4.0 c/s; 20 V, 1 msee square wave 
stimulus). O, thyroideetomized; 0,  thyroidectomized, thyroxine- 
replenished. Horizontal bar: duration of stimulus. 

sod ium p e n t o b a r b i t o n e ,  b o t h  ad rena l  g lands  were 
r e m o v e d  and  t he  pe r iphe ra l  ends  of b o t h  sp l anchn ic  
nerves  a t t a c h e d  to f luid e lect rodes  as descr ibed  pre-  
v ious ly  1. I n  con t ro l  e x p e r i m e n t s  2 of these  t hy ro idec tomiz -  
ed calves were g iven  i.m. in jec t ions  of exogenous  t h y r o x i n e  
(50 [zg k g - l d a y  -t)  for 7 days  pr io r  to  tes t ing.  Samples  of 
jugu la r  b lood were col lected each  day  for t h y r o x i n e  
e s t ima t ions  a n d  t he  ope ra t i on  s i te  was sc ru t in ized  a t  
pos t  m o r t e m  to ensure  t h a t  t h e  t h y r o i d  h a d  been  com- 
p le te ly  r e m o v e d  in each  an imal .  P l a s m a  glucose was 
e s t i m a t e d  w i t h  glucose oxidase  and  p l a s m a  glucagon b y  
means  of an  an t ibody ,  specific for p a n c r e a t i c  glucagon,  
a n d  which  did  no t  r eac t  w i t h  en te rog lucagon .  

The  resul t s  show t h a t  r e m o v a l  of t he  t h y r o i d  g land  
s u b s t a n t i a l l y  reduces  t he  rise in  p l a s m a  glucose concen t ra -  
t ion  which  occurs  in  response  to  s t i m u l a t i o n  of t h e  
sp l anchn ic  ne rves  a t  4.0 c/s (Figure 1). E a c h  of these  
an ima l s  was  found  to h a v e  a l iver  glycogen c o n c e n t r a t i o n  
in excess of 10 mg/g  a t  t he  end  of t he  expe r imen t .  The  
changes  in p l a s m a  glucose c o n c e n t r a t i o n  in t hy ro id -  
ec tomized,  t h y r o x i n e - r e p l e n i s h e d  an ima l s  are no t  s h o w n  
as the  l iver  g lycogen c o n c e n t r a t i o n s  were found  to be  
un i fo rmly  low ( <  4.0 mg/g) .  

The  rises in  p l a s m a  g lncagon  c o n c e n t r a t i o n  d u r i n g  
these  e x p e r i m e n t s  were also m u c h  less t h a n  those  o b t a i n e d  
p rev ious ly  in cont ro l  an ima l s  of the  same age 2. I n  t h e  
p rev ious  s t u d y  s t i m u l a t i o n  was c o n t i n u e d  for 10 m i n ;  
d i rec t  compar i son  m u s t  the re fore  be  res t r i c ted  to t he  
rise which  h a d  occur red  5 min  a f t e r  onse t  of s t imu la t i on .  
I n  calves w i t h  i n t a c t  t h y r o i d  g lands  m e a n  p l a s m a  gluca- 
gon c o n c e n t r a t i o n  h a d  r i sen  b y  675 • 40 p g / m l  (n ~ 4) 
whereas  t he  co r respond ing  va lues  in 3 t h y r o i d e c t o m i z e d  
calves r anged  be tween  90 and  270 p g / m l  (Figure  2). I n  
con t ras t ,  t h e  p l a s m a  glucagon c o n c e n t r a t i o n  of 2 t hy ro id -  
ec tomized,  t hy rox ine - r ep l en i shed  calves h a d  r isen b y  
850 a n d  920 p g / m l  respect ively ,  5 ra in  a f t e r  onse t  of 
s t i m u l a t i o n  (Figure 2). The  changes  in m e a n  aor t ic  
b lood pressure  and  the  p e r c e n t a g e  change  in haema toc r i t ,  
wh ich  occurred  d u r i n g  these  e x p e r i m e n t s  in response  
to sp lanchn ic  n e r v e  s t imu la t ion ,  were a p p a r e n t l y  un-  
af fected b y  pr ior  r e m o v a l  of t he  t h y r o i d  g land  and  closely 
r e sembled  those  in con t ro l  animals*.  

I t  is conc luded  t h a t  b o t h  the  release of p a n c r e a t i c  
g lucagon  a n d  t he  mob i l i za t i on  of l iver  g lycogen which  
occurs  in  response  to  sp l anchn ic  ne rve  s t i m u l a t i o n  
depend  to  some e x t e n t  u p o n  t he  presence  of t h y r o x i n e .  

Rdsumd. L a  s6cr@tion de g lucagon  pancr@atique auss i  
b ien  qne  la mob i l i s a t i on  du  glucog~ne du  role, p rovoqu6s  
p a r  la s t i m u l a t i o n  des nerfs  sp l anchn iques  des v e a u x  
surr6nalectomis@es son t  s ens ib l emen t  d iminu6s  pa r  la 
r6sect ion pr6able  de la thyro[de .  
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