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t ion of serum.  The ra ts  were sacrif iced 50 h af ter  hepa tec -  
t o m y  (26 h a f te r  t he  in jec t ion  of serum).  Paraf f in  sect ions  
were made,  s t a ined  wi th  hematoxy l in -eos in ,  and the  
mi toses  were t h e n  coun ted  in 100 fields (5000 cells). The 
mi to t ic  i ndex  ( s ta thmocine t ic  index)  was  expressed as the  
n u m b e r  of mi toses  per  100 cells. 

F r o m  the  resul ts  of our  expe r imen t s  (Table), it  may  be 
as sumed  t h a t  i n t r ape r i t onea l  in jec t ions  of se rum from 
par t ia l ly  h e p a t e c t o m i z e d  ra ts  have  a s t imula t ing  effect  on 
mitosis  in the  regenera t ing  livers of all animals .  The rise in 
the  mi to t i c  index  was, however ,  lower in all those  cases 
where  t he  donor  ra t s  h a d  been i r rad ia ted .  

I t  m a y  be pre l iminar i ly  conc luded  t h a t  rad ia t ion  re- 
duces t he  mi tos i s - s t imula t ing  ac t i v i t y  of serum. I t  is 

qui te  possible t h a t  the  a m o u n t  of a mi tos i s - s t imula t ing  
agent  is r educed  by  rad ia t ion ,  or t h a t  the  a m o u n t  of a 
mi tos i s - inh ib i t ing  a g e n t - - w h e t h e r  specific or non-specif ic  
- - i s  increased as a resul t  of rad ia t ion .  

Zusammen/assung. Der  Mi tose index  in der  R a t t e n l e b e r  
wird du rch  In jek t ion  yon  Serum h e p a t e k t o m i e r t e r  R a t t e n  
be t rgch t l i ch  geste iger t .  XVerden die Dona to r t i e r e  mi t  700 r 
bes t rah l t ,  d a n n  ist  dieser  E f fek t  s igni f ikant  reduzier t .  

.'~I. ~ILHA 

Institute o/ Biophysics, Czechoslovak Academy o~ Sciences, 
Brno Czechoslovakia), January 14, 1963. 

A C T H  A n t i b o d i e s  a n d  t h e i r  U s e  for  a R a d i o -  
i m m u n o a s s a y  for  A C T H  

Unt i l  r ecen t ly  no conclusive evidence of specific ant i-  
bodies  to  ACTH has  been  ob ta ined  because of the  lack of 
p rec ip i t a t ion  of the  A C T H - a n t i b o d y  complexL The first  
d e m o n s t r a t i o n  for t he  an t igen ic i ty  of ACTH was pre-  
sen ted  wi th  the  use of an haemagg lu t ina t i on  t echn ique  2.s. 
Using a modi f ica t ion  of the  YALOW and  13ERSON compet i -  
t ive  inh ib i t ion  t echn ique*  fu r the r  evidence is p resen ted  
for t he  an t igen ic i ty  of ACTH. Detai ls  of the  b inding  be- 
tween  ACTH and  a n t i b o d y  are given. 

The d e v e l o p m e n t  of a sensi t ive  m e t h o d  for the  deter-  
mina t ion  of c i rcula t ing ACTH has  long been awai ted .  The 
i m m u n o a s s a y  p re sen ted  here  is based  on a modif ica t ion  by  
HALES and  RANDLE 5 of the  insulin r a d i o i m m u n o a s s a y  
of YALOW and  BERSON 4. I t  allows the  de tec t ion  of as 
l i t t le as 100 tztzg ACTH in 0.1 ml and  makes  possible the  
d e t e r m i n a t i o n  of ACTH in no rma l  h u m a n  p lasma  as well 
as in p l a sma  of pa t i en t s  whose  ACTH level has been 
lowered by  large doses of cort isol  or der ivat ives .  

Material and Methods. ACTH:  Pure  porcine A~ ACTH 
was a gift  f rom Dr. H. :13. F. D i x o n  of the  D e p a r t m e n t  of 
B iochemis t ry  of the  Unive r s i ty  of Cambridge .  I t  was ob- 
t a ined  by  a modi f ica t ion  of t he  m e t h o d  of DixoN and 
STACK-DUNNE ~ and  found  to  be ch roma tograph ica l ly  
pure.  

A C T H - U  sl : ACTH was labelled wi th  1 TM by  an adap t a -  
t ion  of t h e  m e t h o d  deve loped  by  HALES and  RANDLE 5 for 
insulin (on the  pr inciple  given by  MC~'ARLANE?). 50 gg 
ACTH in 10 t,l p H  1.8 glycine-HC1 buffer  was incuba ted  
for 5 rain wi th  a m ix tu r e  of 20 ~,1 IC1 and  4 to 12 mC NaD sx 
in 50 gl. I t  was then  d ia lysed  for 24 h agains t  five changes  
of 0 .01N N H s O H  and  puri f ied on a cellulose column* 
using 15% h u m a n  a lbumin  as eluant .  The specific ac t iv i ty  
ob ta ined  var ied  be tween  4 and  10 mC per  mg ACTH. 

Ant ibod ies :  One guinea-pig  was  immun ized  wi th  pure  
porcine ACTH (7 mg in 5 inject ions)  and  two guinea-pigs 
wi th  a commerc ia l  p repa ra t ion  of ACTH (75 in te rna t iona l  
uni ts  in 5 inject ions) .  The animals  were no t  adrena lec to-  
mized.  Fo r  i m m u n i z a t i o n  these  ho rmones  were emulsif ied 
in comple te  F r e u n d ' s  ad juvan t .  

Ant i -y-g lobul in :  /~abbit  an t i -guinea-p ig  y-globulin was 
p r epa red  b y  in jec t ing  rabb i t s  wi th  a p r epa ra t i on  of crude 
guinea-pig  y-globulin emulsif ied wi th  comple te  F r eund ' s  
ad juvan t .  The guinea-pig  y-globulin was ob ta ined  by  pre- 
c ip i ta t ion  of 2 volumes  of no rma l  guinea-pig  se rum wi th  
one vo lume  of s a t u r a t e d  (NH4)2SO 4. 

Buffers :  Di lut ions  were m a d e  in 0 .04M p h o s p h a t e  buf- 
fer p H  7.4 con ta in ing  1/4000 mer th io la t e  and  2 mg per  ml  

Fig. 1. Paper clectrophoresis of antiserum (above) and normal serum 
(below) incubated for 24 h at 0 ° with ACTII-P at. Th(' cl('ctr(,phoresis 
was done in vcronal buffer pl[ 8.6, 0.1 ionic strength at t 4' for 15 h 
at constant voltage 4 V i)cr era. The inain peak of radioactivity 
shown by contact photography moved with the y-globulins in the 
incubation of the antiscrunt, whereas it remained at the origin in the 

case of normal sorttln. 
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Fig. 2. Antibody dilution curve. Successive dilutions of antiserum or 
normal  serum in 0.1 ml were incubated at + 4 ° with 0.1 ml of a con- 
s tan t  dilution of ACTH-I TM. The antiserum (or normal  serum) dilu- 
tion is plotted against the radioactivity in comlts per rain of the 

precipitate. 
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Fig. 3. Binding of ACTH-I 1at to antibodies. 0.1 ml ACTH-I T M  was 
added at time 0 to 0.1 ml of a suspension of antibodies precipitated 
by anti-T-globulin. The incubation was carried out  at 0 ° and the 
mierofiltration done at regular intervals. The radioactivity of the 
precipitate collected on the filter is plotted against the time after the 

addition of ACTH-P ax. 
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Fig. 4. Dissociation of ACTH-I z31 from the ACTH-1131 antibody com- 
plex. 5 F-g unlabelled ACTH in 1 [zl were added 60 min after the addi- 
tion of 0.I ml ACTH-I TM to 0.2 ml of a suspension of antibodies 
precipitated by  anti-y-globulins. Microfiltration of the suspension was 
carried out at regular intervals. The radioactivity of the precipitate 
collected on the microfilter is plotted against the time after the 

addition of the unlabelled ACTH. 

150[ 
CPM L 

100 

5O 

0 

0.15 

030125 
[i:6z lo 

rnpg ACTH 

Fig. 5. Radioactivity of the precipitate as a function of added un-  
labelled ACTH. Increasing concentrations of ACTH in 0.I ml was 
incubated with 0.1 ml ACTH-I TM and 0.1 ml antiserum 1]100. The 
radioactivity of the precipitate is plotted against the concentration 

of added unlabelled ACTH. 

b e e f  s e r u m  a l b u m i n .  0 . 9 %  NaC1 w a s  a d d e d  t o  t h e  b u f f e r  
fo r  t h e  d i l u t i o n s  u s e d  in  t h e  s t a n d a r d  c u r v e s  o f  A C T H  
w h e n  t h e  c u r v e s  w e r e  to  s e r v e  a s  a r e f e r e n c e  for  p l a s m a  
A C T H .  

I n c u b a t i o n s  a n d  A s s a y  : I n  t h e  s t u d y  of  t h e  b i n d i n g  o f  
A C T H - I  TM t o  a n t i b o d y  a n d  of  t h e  d i s s o c i a t i o n  o f  t h e  
A C T H - I 1 3 1 - a n t i b o d y  c o m p l e x  b y  e x c e s s  u n l a b c l l c d  A C T t t ,  
o n e  v o l u m e  of  a n t i s e r u m  d i l u t e d  11100 w a s  f i r s t  m i x e d  
w i t h  t w o  v o l u m e s  of  a n t i - y - g l o b u l i n  d i l u t e d  1/5. 0.2 m l  
of  t h e  m i x t u r e  w a s  i n c u b a t e d  fo r  24 h i n  a s e r i e s  of  s m a l l  
t e s t  t u b e s .  O n  t h e  f o l l o w i n g  d a y  0.1 m l  o f  d i l u t e d  A C T H -  
11~1 w a s  a d d e d  to  e v e r y  t e s t  t u b e ,  m i x e d  w e l l  w i t h  a 
v i b r a t i n g  m i x e r  a n d  t h e  p r e c i p i t a t e s  c o l l e c t e d  b y  m i c r o -  
f i l t r a t i o n  a t  r e g u l a r  i n t e r v a l s .  T h e  d i s s o c i a t i o n  o f  t h e  
A C T H - I ~ 3 ' - a n t i b o d y  c o m p l e x  w a s  o b t a i n e d  b y  a d d i t i o n  of  
5 ~g  u n l a b e l l e d  A C T H  in  1 F1. T h e  w h o l e  p r o c e s s  w a s  
c a r r i e d  o u t  a t  0% 

I n  t h e  a n t i b o d y  c o n c e n t r a t i o n  c u r v e s  o r  i n  t h e  A C T H  
a s s a y ,  0.1 m l  of  v a r y i n g  c o n c e n t r a t i o n s  o f  u n l a b e l l e d  
A C T H  o r  0.1 m l  p l a s m a  o r  b u f f e r  w a s  i n c u b a t e d  w i t h  0.1 
m l  d i l u t e d  A C T H - U  ~1 a n d  0.1 m l  d i l u t e d  a n t i s e r u m .  A f t e r  
4 h i n c u b a t i o n  a t  + 4  °, 0.1 m l  a n t i - y - g l o b u l i n  d i l u t e d  5 
t i m e s  w a s  a d d e d .  T h e  i n c u b a t i o n  w a s  c o n t i n u e d  a t  + 4  ° 

fo r  16 t o  20 a d d i t i o n a l  h o u r s .  T h e  p r e c i p i t a t e s  w e r e  t h e n  
c o l l e c t e d  o n  O x o i d  f i l t e r  m e m b r a n e s  u s i n g  a Mi l l i po re  
f i l t e r  h o l d e r .  T h e y  w e r e  w a s h e d  o n  t h e  m e m b r a n e  w i t h  
0 . 0 4 M  p h o s p h a t e  b u f f e r  p H  7.4 c o n t a i n i n g  1 /4000  m e r -  
t h i o l a t e  a n d  50 m g / m l  b e e f  s e r u m  a l b u m i n  a n d  a s s a y e d  
fo r  r a d i o a c t i v i t y  i n  a M o d e l  D 4 7  n u c l e a r  g a s  f l ow  c o u n t e r  
w i t h  a u t o m a t i c  s a m p l e  c h a n g e r .  

H u m a n  b l o o d  w a s  d r a w n  i n t o  a s y r i n g e  p r e v i o u s l y  
m o i s t e n e d  w i t h  h e p a r i n  a n d  i m m e d i a t e l y  c e n t r i f u g e d  a t  
+ 4  °. T h e  p l a s m a  w a s  s e p a r a t e d  i n t o  a t e s t  t u b e  w h i c h  w a s  
s e a l e d  a n d  k e p t  f r o z e n  u n t i l  r e q u i r e d  fo r  t h e  A C T H  a s s a y .  

P a p e r  e l e c t r o p h o r e s i s :  P a p e r  e l e c t r o p h o r e s i s  w a s  p e r -  
f o r m e d  i n  v e r o n a l  b u f f e r ,  0.1 i on i c  s t r e n g t h ,  p H  8.6, a t  
+ 4  ° for  15 h a t  c o n s t a n t  v o l t a g e  4 V / c m .  

Results. P a p e r  e l e c t r o p h o r e s i s  i n  v e r o n a l  b u f f e r  p H  8.6 
o f  A C T H - I  TM p r e v i o u s l y  i n c u b a t e d  for  24 h a t  0 ° w i t h  
a n t i - s e r u m  o r  w i t h  n o r m a l  s e r u m  s h o w e d  t h a t  A C T H - D  al 
d o e s  n o t  m i g r a t e  w h e n  i n c u b a t e d  w i t h  n o r m a l  s e r u m  b u t  
m o v e s  w i t h  t h e  y - g l o b u l i n  w h e n  i n c u b a t e d  w i t h  a n t i s e r u m  
( F i g u r e  1). 

A s  t h e  A C T H - a n t i b o d y  c o m p l e x  d o e s  n o t  s p o n t a n e o u s l y  
p r e c i p i t a t e ,  i t  w a s  p r e c i p i t a t e d  w i t h  r a b b i t  a n t i - g u i n e a - p i g  
? - g l o b u l i n  a c c o r d i n g  t o  t h e  t e c h n i q u e  of  SKOM a n d  TAL- 
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MAGE 8. The  p r ec ip i t a t e s  were  col lected b y  mic ro f i l t r a t i on  
a n d  assayed  for  r a d i o a c t i v i t y .  T h e  p rec ip i t a t e  of an t i -  
s e r u m  i n c u b a t e d  w i t h  A C T H - I  TM was s t rong ly  r ad i oac t i ve  
whe rea s  t h e  p r e c i p i t a t e  of n o r m a l  s e r u m  i n c u b a t e d  in  t h e  
s a m e  c o n d i t i o n s  d id  n o t  show a n y  s ign i f i can t  r ad io -  
a c t i v i t y  (Table) .  

I n c u b a t i o n  of successive d i lu t ions  of a n t i s e r u m  or  nor -  
m a l  s e r u m  w i t h  a c o n s t a n t  d i l u t i on  of ACTH-113x shows 
t h a t  t h e  r a d i o a c t i v i t y  increases  w i t h  inc reas ing  concen-  
t r a t i o n s  of a n t i s e r u m ,  whereas  no  c h a n g e  occurs  w i t h  
n o r m a l  s e r u m  (Figure  2). 

I n  t h e  s t u d y  of t he  b i n d i n g  of A C T H  to i t s  an t ibod ies ,  
A C T H - I  TM was  a d d e d  to  a suspens ion  of t h e  an t ibod ie s  
p r e c i p i t a t e d  b y  an t i -y -g lobul in .  T h e  m i x t u r e  was incu-  
b a t e d  a t  0 ° a n d  mic r o f i l t r a t i on  ca r r ied  o u t  a t  r egu la r  
in te rva l s .  T h e  r a d i o a c t i v i t y  of t he  p rec ip i t a t e  col lected 
on  t h e  microf i l te rs  inc reased  w i t h  t ime,  r each ing  a max i -  
m u m  a f t e r  90 ra in  (Figure  3). 

The  r eve r s ib i l i t y  of t he  process  a n d  i ts  t ime  d e p e n d e n c y  
was  ver i f ied  b y  t h e  decrease  in r a d i o a c t i v i t y  of the  precipi-  
t a t e d  c o m p l e x  fol lowing t h e  a d d i t i o n  of a n  excess of un-  
labe l led  A C T H  (Figure  4). 

W h e n  un labe l l ed  A C T H  is a d d e d  to  A C T H - P  31 pr ior  to  
t h e  a d d i t i o n  of a n t i s e r u m  a n d  ant i -7-g lobul in ,  t he  radio-  
a c t i v i t y  of t h e  r e s u l t a n t  p r ec ip i t a t e  decreases  w i t h  in- 
c reas ing  c o n c e n t r a t i o n s  of a d d e d  un labe l l ed  A C T H  (Fi- 
gure  5). T h e  s y s t e m  al lows t h e  de t ec t i on  of as l i t t l e  as 
100 ~ g  A C T H .  

A C T H  in  h u m a n  p l a s m a  can  b e  d i rec t ly  c o m p a r e d  
w i t h  a d i l u t i on  c u r v e  for p u r e  ACTH.  T h e  va lues  o b t a i n e d  
in  f ive n o r m a l  sub j ec t s  were  3 to  5 m ~ g  A C T H  in 0.1 ml  
w h e n  a n  a n t i s e r u m  to  c o m m e r c i a l  A C T H  was  used  a n d  

10 to  25 m ~ g  us ing  a n t i s e r u m  to  pu re  porc ine  A~ A C T H .  
In  a sub j ec t  t r e a t e d  w i t h  large doses of p r e d n i s o n e  (200 m g  
pe r  day)  t h e  A C T H  level  was  0.7 m v g  in  0.1 ml  us ing  t h e  
a n t i s e r u m  t o  c o m m e r c i a l  A C T H .  

Discussion. O u r  d a t a  con f i rm  t h e  ex i s t ence  of a n t i -  
bodies  to  A C T H  w h i c h  were  f i r s t  d e m o n s t r a t e d  b y  h a e m -  
a g g l u t i n a t i o n  b y  FISHMAN, McGARRY a n d  BECK*. L ike  
t h e  a n t i b o d i e s  to  insu l in  ~ a n d  to  g lucagon  ~°,n, t h e y  a re  
non -p rec ip i t a t i ng .  T h e  d a t a  a lso d e m o n s t r a t e  t h a t  t h e  
b i n d i n g  of A C T H  to  i t s  a n t i b o d y  is t i m e  d e p e n d e n t  a n d  
t h a t  t h e  process  is revers ible .  

T h e  decrease  in  r a d i o a c t i v i t y  o b s e r v e d  a f t e r  a d d i t i o n  of 
un labe l l ed  A C T H  to t he  m i x t u r e  of  a n t i s e r u m ,  A C T H - I  ~3z 
a n d  an t i -y -g lobu l in  p rov ides  t h e  bas i s  for  a n  i m m u n o -  
assay.  T h e  s ens i t i v i t y  of t he  a s say  al lows t he  d e t e r m i n a -  
t ion  of t he  basa l  level  of h u m a n  p l a s m a  A C T H  a n d  of t h e  
A C T H  level  d u r i n g  i n h i b i t i o n  of t he  p i t u i t a r y  re lease  of 
A C T H  b y  cor t isol  or  i ts  de r iva t ives .  T h e  d i f ferences  ob-  
se rved  in t he  A C T H  level  of n o r m a l  sub j ec t s  w h e n  us ing  
a n t i s e r u m  to  d i f fe ren t  A C T H  p r e p a r a t i o n s  show t h a t  ab-  
solute  va lues  will on ly  b e c o m e  poss ible  w h e n  h u m a n  
A C T H  is used as a s t a n d a r d  ~. 

Rdsumd. Des an t i co rps  a n t i - A C T H  on t  6t6 p rodu i t s .  I ls  
f o r m e n t  avec  I ' A C T H  un complexe  n o n  p r6c ip i t ab le ,  l l s  
o n t  serv i  au d d v e l o p p e m e n t  d ' u n  t e s t  r a d i o - i m m u n o l o -  
g ique  de d 6 t e r m i n a t i o n  de I 'ACTH.  

J . -P .  FELBER 

Laboratoire de Biochimie, Clinique it/Iddicale Universitaire, 
Lausanne (Suisse), le 1/dvrier 1963. 

ACTH-I TM 

Binding of ACTH-I TM to antibodies 

Counts per rain 
in the precipitate 

+ antiserum 1/100 226 
+ normal serum 1]100 ~5 
+ phosphate buffer 27 
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Catecholamines of the Spinal Cord Normally  
and after Transection 

Using  a new  h i s t o c h e m i c a l  t e chn ique ,  CARLSSON et  at. 1 
h a v e  o b t a i n e d  s t r o n g  ev idence  for  t h e  v iew t h a t  t he  nor-  
a d r e n a l i n e  p r e s e n t  in  t h e  cen t r a l  n e r v o u s  s y s t e m  serves  
as  a n e u r o t r a n s m i t t e r .  O t h e r  d a t a  s u p p o r t i n g  t h i s  v iew 
are  p r e s e n t e d  in t h i s  paper .  

T h e  e x p e r i m e n t s  i nc luded  f ive r a b b i t s ,  t h e  sp ina l  cords  
of w h i c h  were  c u t  a t  t h e  level  of t h e  2nd  thorac ic  s e g m e n t  
u n d e r  e t h e r  anaes thes i a .  T h e  t r a n s e c t i o n  was pe r fo rmed  
w i t h  a pa i r  of  scissors a f t e r  a n  incis ion in t h e  m e d i a n  l ine 
of t h e  back .  T h e  a n i m a l s  were g iven  a suspens ion  of peni -  
ci l l in a n d  s t r e p t o m y c i n  i m m e d i a t e l y  a f t e r  t h e  opera t ion .  
T h e y  seemed  to  feel wel l  a n d  to t ake  t h e i r  food normal ly ,  
a n d  were  ki l led 6-7  d a y s  a f t e r  t h e  opera t ion .  T he  nor-  
a d r e n a l i n e  c o n t e n t s  of t h e  p a r t s  of the  cord  a b o v e  a n d  
be low t h e  t r a n s v e r s e  sec t ion  were  d e t e r m i n e d  us ing  t he  
m e t h o d s  desc r ibed  b y  B E R T L E R ,  CARLSSON a n d  t{OSEN- 
GREN 2 a n d  HAGGENDAL 3. Con t ro l  va lues  were o b t a i n e d  
f rom a n i m a l s  n o t  o p e r a t e d  on. T h e  va lues  are  found  in  
t h e  Table .  

I t  will a p p e a r  f rom the  Tab le  t h a t  t h e  sp ina l  cord  of 
r a b b i t  con ta ins  0.15 ag  n o r a d r e n a l i n e  pe r  g. I t s  c o n t e n t  of 

Noradrenaline content of tlle spinM cord of the normat rabbit and 
after transection at the 2nd ttxoracic segment. The figures indicate [~glg 

Controls Operated animals 
above Th 2 below Th 2 above Th 2 below Th 2 

0.13 0.12 0.14 0.02 
0.15 0.15 0.10 0.02 
0.11 0.11 0,12 0.03 
0.09 0.10 0.09 0.03 
0.29 0.26 0,11 0.01 
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