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C h o l i n e  A c e t y l t r a n s f e r a s e  o f  H u m a n  P l a c e n t a  D u r i n g  t h e  F i r s t  T r i m e s t e r  o f  P r e g n a n c y  

The presence in h u m a n  p lacen ta  of h igh concen t ra t ions  
of choline ace ty l t ransferase  (acetyl-CoA-choline O-acetyl-  
t ransferase,  EC 2.3.1.6., ChAc), the  enzyme which  cata-  
lyzes the  b iosynthes i s  of acetylchol ine  (ACh) f rom acetyl-  
coenzyme A (AcCoA) and choline has been  well docu- 
mented~-K Remarkab l e  var ia t ions  in specific ac t iv i ty  
and to ta l  t issue con ten t  in dependency  of l eng th  of 
ges ta t ion  were r epo r t ed  for th is  enzyme by  m e a s u r e m e n t  
of ChAc in acetone  dr ied t issue powders  der ived f rom 
p lacen tae  be tween  11 weeks of p regnancy  and  t e r m  2,4 
The funct ions  of ACh in p lacen ta  which  is no t  inne rva ted  
are still  unknown.  The c o m p o u n d  was f irs t  p roposed  to  
induce u ter ine  cont rac t ions  dur ing del ivery  ~, bu t  more  
recent ly  i t  has  been specula ted  t h a t  ACh fulfills as ye t  
undef ined  funct ions  in act ive t r a n s p o r t  and  pe rmeab i l i ty  
regula t ion a,a. In  view of the  po ten t i a l  impor t ance  of 
ACh for p lacenta l  func t ion  it was of in teres t  to learn more  
abou t  the  deve lopmen t  of the  cholinergic sys t em in th is  
organ. This communica t ion  repor t s  de tec t ion  of ChAc in 
p lacen ta  specimens  as early as 6 weeks af ter  concept ion.  
Chorionic villous t issue was ob ta ined  f rom vacuum uter -  
ine evacua t ion  procedures  7. The vacuum aspira te  was col- 
lected in small  c loth  bags f rom which pieces of chorionic 
m e m b r a n e  wi th  chrionie villi a t t a ched  were r emoved  
and  washed  in icecold Krebs -Hense le i t  solution. Chorionic 
villi  were subsequen t ly  scraped  off the  membrane .  
Ini t ia l ly  ChAc de te rmina t ions  were pe r fo rmed  on such 
specimens wi thou t  histological  control .  However ,  var iable  
resul ts  and  somet imes  lack of enzyme ac t iv i ty  p r o m p t e d  
us to  rou t ine ly  use a small  piece of t issue t h o u g h t  to  be 
represen ta t ive  for the  compos i t ion  of the  whole sample  
for histological  examinat ion .  The p rob lem of collecting 
pure  chrionic villi  by  teas ing  t h e m  away  f rom m e m b r a n e  
f r agment s  of the  chorionic sac appl ied  pr imar i ly  to  the  
early specimens  (6-9 weeks), because the  a m o u n t  of villous 
t issue is smal l  and the  chorionic sac usual ly t o rn  into 
m a n y  small  f r agment s  by  v a c u u m  suction.  The mate r ia l  
was b lo t t ed  on absorben t  paper ,  we t  weigh t  de t e rmined  
and  t h e n  homogenized  in h a n d  opera ted  Tenbrook  s glass 
homogenizers  to  yield a 1:10 (w/v) suspension in disti l led 
water .  This homogena t e  was fu r the r  d i lu ted  to a final 
concen t ra t ion  of 1:100 (w/v). ChAc was de t e rmined  
using 1-~4C-AcCoA9 wi th  an ion exchange  method10 and  
the  incuba t ion  m ed ium descr ibed elsewhere n.  Reac t ion  
tubes  of dupl ica te  samples  conta ined  the  equiva len t  of 
0.5 mg of t issue wet  weight  in a to ta l  vo lume of 100 al 
and  were incuba ted  10 to  20 min.  a t  37~ The following 
control  expe r imen t s  were pe r fo rmed  to  ensure t h a t  t he  
syn thes i s  of ~4C-ACh fo rma t ion  by  p lacenta l  ChAc: 1. 

Omission of choline f rom the  incuba t ion  medium.  2. Use 
of specific intl ibitors of ChAc which have  become avail- 
able more  recent ly  0nly such as: a) Chloroacetyl-chol ine 
(C1ACh) synthes ized  in our laboratory12, b) b romoace ty l -  
choline (BrACh)~, ~a and  c) 4-(7-naphthylvinyl)  pyr id ine  
(NVP) 14,1~. P ro te in  was de t e rmined  wi th  the  Biure t  
m e t h o d  ~6 

The earl iest  p l acen ta  specimens  der iving f rom pregnan-  
cies of 6-7 weeks dura t ion  had  s ignif icant  a m o u n t s  of ra- 
d ioac t iv i ty  in the  f rac t ion  into which  au then t i c  1-14C-ACh 
or any  1-~4C-ACh syn thes ized  dur ing  the  preceeding  reac- 
t ion  would Mute, suggest ing presence  of C h A c  Boiling of 
the  homogena t e  pr ior  to incuba t ion  reduced  the  a m o u n t  
of ~4C in those  samples  to background  levels of the  radio- 
met r ic  m e t h o d  (0.4% of to ta l  radioact iv i ty ,  which  was 
0.1 aCt per  tube).  W h e n  choline was omi t t ed  f rom tubes  
conta in ing  i m m a t u r e  p lacen ta  homogena t e  rad ioac t iv i ty  
in the  ACh frac t ion was also reduced  to background  
levels. These observa t ions  allowed the  conclusions t h a t  
the  1-~4C-aeetyl t r ans fe r  was a) ca ta lyzed  by  hea t  labile 
enzymes  and  b) p ro b ab l y  due to  ChAc because when  
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Table I. Effects of inhibitors of ChAe on enzyme activity of immature human placenta 

Drug Drug ACh synthesized moIes x 10-6/g Inhibition (%) 
concentration fresh tissue • h -1 
(M) Expt No. 1 Expt No. 2 Expt No. 1 Expt No. 2 

None 0 16.28 18.81 0 0 
(Control) 
BrACh 5 • 10 .6 1.25 0 92 100 
C1ACh 5 • 10 -6 1.96 0 88 100 

None 0 13.80 22.35 0 0 
(Control) 
NVP 2.5 • 10 -4 3.51 6.14 75 73 
NVP 2.5 • 10 -~ 11.72 16.81 15 25 

Values represent mean of duplicate determinations. ChAc derived from placentae 6-9 weeks gestational age, Enzyme activity is expressed in 
moles of ACh synthesized per gram fresh tissue. ]3r ACh, CI ACh and NVP were handled with the precautions indicated in the text, 
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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  


