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h u m a n  T S H  respect ively  (as de t e rmined  by  the  radio- 
immunoassay) .  

By  the  T S H  biological assay a mean  TSH-l ike  ac t iv i ty  
of 0.30 m U / m g  of HCSM was found.  This  would give, 
dur ing  pregnancy ,  a TSH-l ike  ac t iv i ty  of 0.003 m U / m l  
of plasma.  This  value would  be unde tec tab le  by  the  
biological assay. W i t h  HCSM prepara t ion ,  previously  
incuba ted  wi th  T S H  an t i s e rum before the  biological 
assay, or when  incuba ted  wi th  HCSM ant iserum,  no 
TSH-l ike  ac t iv i ty  was present .  These resul ts  suggested 
t h a t  t he  TSH-l ike  ac t iv i ty  found in the  HCSM prepara-  
t ion could be due to a sl ight con t amina t i on  wi th  a TSH-  
like mater ia l  isolated f rom placenta .  This con tamina t ion  
would represen t  only abou t  0.5 7g/rag of HCSM and  
would no t  interfere  e i ther  w i th  the  HCSM or wi th  the  
T S H  rad io immunoassay .  The T S H  increase dur ing 
p r egnancy  was abou t  a threefold  e levat ion  (from 0.19 
m U / m l  to 0.45 mU/ml )  and  th is  occurred as early as 
af ter  t he  s ix th  week. This level remains  e levated  dur ing 
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The effect of human and bovine TSH on the reaction between 
HCSM-I TM and HCSM antiserum. Note the absence of cross reaction 
between HCSM and TSH either from bovine or human origin. 
HCSM antiserum 1/5000 with increasing quantities of unlabelled 
HCSM (@--@), bovine TSH ( x - - -  x ), human TSH (O- - -0 ) .  mU of 
human TSH expressed according to the reference of human TSH 
standard prepared by the National Institute for Medical Research 
(NIMR), Mill Hill, London. mU of TSH expressed according to 
the bovine reference standard established by the United States 
Pharmacopae (USP). 

p regnancy  wi th  a fu r ther  increase a round  the  34th week. 
The presence  of a h igh  level of HCSM would  then  increase 
the  T S H  level by  only 1/100 and  could no t  be responsible  
for the  high T S H  level observed dur ing pregnancy .  The 
reason for th is  b lood T S H  increase dur ing  p regnancy  
remains  unknown.  The possible role of HCG was tes ted  
and was found no t  to in terfere  w i th  TSH.  

Discussion. In  conclusion no cross reac t ion  occurs 
be tween  HCSM and T S H  in rad io immunoassay .  The 
HCSM tes ted  in the  T S H  rad io immunoassay  shows a 
s l ight  TSH-l ike  ac t iv i ty  of 0;27 m U  of T S H / m g  of 
HC SM in the  bovine  r ad io immunoassay  and  of 0.19 m U / m g  
of HCSM in the  h u m a n  T S H  system,  a n d  of 0.30 m U / m g  
of HCSM in the  biological assay. This s l ight  TSH-l ike  
ac t iv i ty  is no t  responsible  for the  increased T S H  level 
found  dur ing pregnancy .  This la t te r  could be due to  a 
TSH- l ike  ac t iv i ty  s e c r e t e d  by  the  p l acen ta  2~ As th is  
TSH-l ike  ac t iv i ty  was suppressed  by  T S H  and HCSM 
ant ibodies ,  it  m a y  be due to t races  of TSH-l ike  mater ia l  
in HCSM prepara t ion .  F u r t h e r  inves t iga t ion  on t h i s  
po in t  is being made .  

Rdsumd. Les au teurs  m o n t r e n t  qu ' i l  n ' ex i s te  pas  d ' in t e r -  
f6rences et  de r6act ion crois6e ent re  la thyr6os t imul ine  
et  l ' ho rmone  placentai re ,  la HCSM (human  chorionic 
s o m a t o - m a m m o t r o p i n e  hormone)  lors des d6 te rmina t ions  
respect ives  de ces hormones  par  tes t  r ad io immunolo-  
gique. L ' H C S M  n ' e s t  donc pas responsable  de l ' augmen-  
ta t ion  de la T S H  p lasmat ique  observ6e au cours de la 
grossesse. 

A, R. GENAZZANI 
and  TtI. LEMARCHAND-BI~RAUD 

Clinica ostetrica e ginecologica, Siena (Italy) and 
Clinique mddicale universitaire, 
lOI 1 Lausanne (Switzerland), 7 November 1968. 

2o p. HENIqEN and J. G. PIERCE, in Proteinand Polypeptide Hormones 
(Ed. M. MARGOULIES; Exeerpta Medica Foundation ICS 161, 
part 2, 1968), p. 511. 

21 M. AUBERT, A. R. GENAZZANI and J. P. FELBER, Acta Endocr., 
in preparation (1969). 

Determination of Human and Bovine Growth Hormones  in the Physiological  Range by the Immuno-  
electroadsorption Method 

The new and rapid  immunoe lec t roadso rp t ion  m e t h o d  
( lEA) for measur ing  an t i gen -an t i body  react ions  has  been 
descr ibed in previous  art icles 1-4 and the  resul ts  ob ta ined  
wi th  th is  m e t h o d  for the  de t e rmina t i on  of circulat ing 
bovine  and h u m a n  growth  hormones  are p resen ted  in 
th is  note.  

In  brief, the  l E A  tes t  consis ts  in carrying out  2 suc- 
cessive e lec t roadsorpt ions  on a ch romium coated glass 
slide w i th  the  help of a smal l  electric cu r ren t  (300 aA) 
wi th  the  proper  polar i ty.  The an t igen  is depos i ted  in the  
first  and  the  an t i body  in the  second adsorpt ion .  W h e n  
the  i m m u n e  serum used in t he  second adsorp t ion  is 
homologous  to the  ant igen,  t he  adsorbed  layer  is th icker  
t h a n  t h a t  adsorbed  f rom the  same an t i se rum when  no 
an t igen  was p re sen t  in the  f i rs t  adsorpt ion .  For  all tech-  
nical detai ls  see the  me thod  by  A. ROTHEN et  al. ~. 

The following procedure  was adop ted  for tes t ing  the  
appl icabi l i ty  of the  I E A  m e t h o d  to the  de t e rmina t ion  
of t h e  concen t ra t ion  of  h u m a n  growth  ho rmon e  in a 
serum. K n o w n  amoun t s  of g rowth  ho rmone  s were dis- 

solved in a 0.001 M buffer  solut ion of veronal  conta in ing  
2% norma l  hufiaan serum. The p H  of th is  solut ion (7.7) 
was much  above  the  isoelectric po in t  of the  ho rmone  
(4.9). This  was the  reason for hav ing  the  slides posi t ively  
charged  dur ing t h e  e lect roadsorpt ion.  

1 C. MATHOT, A. ROTHEN and J. CASALS, Nature 202, 1181 (1964). 
2 C. MATHOT, A. ROTHEN and S. SCHER, Nature 207, 1263 (1965). 
3 C. ~/~ATHOT, P. A. D'ALESANDRO, S. SCHER and  A. ROTHEN, Am. 

trop. Med. Hyg. 76, 443 (1967). 
4 C. MATHOT and A. ROTHEN, Am. J. trop. Med. Hyg. 17, 756 (1968). 

A. ROTH~ and C. MATHOT, Immunochemistry, in print 1969. 
s We are greatly indebted to the National Pituitary Agency for 

providing us with many samples of human growth hormone and 
antihuman growth hormone sera as well as to Dr. HAO-CHIA CHEN 
of Rockefeller University, who most kindly provided us with a 
generous supply of very purebovine and human growth hormones. 
We also wish to thank Dr. H. DEMURA Of Cornell Medical School 
for a sample of a potent rabbit antiserum against human growth 
hormone. 
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Tes t s  were m a d e  in the  r a n g e  of c o n c e n t r a t i o n s  f rom 
0.1 n g / m l  to 1000 ng /ml .  Therefore ,  in all an t igen ic  
so lu t ions  t e s ted  the re  was an  o v e r w h e l m i n g  n u m b e r  of 
p ro t e in  molecules  of the  s e r u m  as  c o m p a r e d  to  t he  
n u m b e r  of g r o w t h  h o r m o n e  molecu les  p resen t ;  H e n c e  
good cont ro ls  could be m a d e  w i th  t h e  ve rona l  so lu t ion  
c o n t a i n i n g  2% n o r m a l  h u m a n  s e r u m  used  for d i sso lv ing  
t h e  h o rm o n e .  Such  a so lu t ion  was  called t he  carrier.  For  
each  t e s t  m a d e  wi th  g r o w t h  h o r m o n e  p lus  carr ier  for t he  
a n t i g e n  adsorp t ion ,  a s i m u l t a n e o u s  t e s t  was  m a d e  us ing  
t h e  carr ier  only,  T h e  s a m e  so lu t ion  of i m m u n e  r a b b i t  
s e r u m  was  t h e n  adso rbed  on b o t h  slides. T h e  i m m u n e  
s e r u m  used  was  d i lu ted  1-50 in ve rona l  buf fe r  0 .03M,  
p H  7.7. A n y  dif ference in t he  t h i cknes s  adso rbed  f rom 
th e  a n t i s e r u m  on t he  2 sl ides gave  an  ind ica t ion  of a n  
i m m u n o l o g i c a l  react ion.  T h u s  the  specific ad so rp t i on  
could be s ep a ra t ed  f rom the  non-speci f ic  one. 

Human growth hormone. A few r e p r e s e n t a t i v e  r e su l t s  
ob t a in ed  in e x p e r i m e n t s  m a d e  as j u s t  descr ibed h a v e  
been s u m m a r i z e d  in Tab le  I. The  n u m b e r s  A A r ep re sen t  
in ]t  u n i t s  the  difference in t he  t h i c k n e s s  of the  layers  
adso rbed  f ro m  the  i m m u n e  s e r u m  on 2 slides, one coa ted  
in the  f i rs t  a d s o r p t i o n  w i th  un i t s  of g r o w t h  h o r m o n e  
p lus  carr ier  a n d  the  o the r  wi th  carr ier  only.  The  th i cknes s  
adsorbed  on sl ides coa ted  w i th  the  carr ier  was  of t he  
order  of 20 A. 

A v e ry  s t r ik ing  fac t  is i m m e d i a t e l y  ev ident .  The  dif- 
ference in t h i ck n es s  (A A) adsorbed  f rom the  a n t i s e r u m  
is i n d e p e n d e n t  of t he  c o n c e n t r a t i o n  of g rowth  ho rmone ,  
excep t  for v e r y  low concen t r a t ions .  U n d e r  the  m o s t  
f avorab le  condi t ions ,  us ing  a ve ry  p o t e n t  a n t i s e r u m ,  t he  
l imi t  of s ens i t i v i t y  reached  was  0.1-0.2 ng /ml ,  wh ich  is 
a d e q u a t e  for clinical  d e t e r m i n a t i o n s .  Th i s  c o m p a r e s  
f av o rab ly  wi th  t h e  va lues  0 .07 - t -50% n g / m l  ob ta ined  b y  
HUNTER an d  GREENWOOD 7 w i th  the  r a d i o i m m u n o a s s a y .  
I t  should  be said t h a t  the  t h i c k n e s s  of t he  layer  specifi-  
cal ly  adsorbed  var ied  g rea t ly  d e p e n d i n g  on the  i m m u n e  
se rum,  va lues  as h igh  as 35 .~ h a v e  been  observed.  W i t h  
the  I E A  m e t h o d  cross - reac t ions  do no t  seem to occur  
be tween  h u m a n  and  bovine  g r o w t h  h o r m o n e  as i l l u s t r a t ed  

Table I. Specific adsorption from an antihmnan growth hormone 
rabbit serum diluted 1/50 in veronal as a function of the concentration 
in growth hormone of the solution used for the adsorption of the 
antigen 

GH 0 0.1 0.2 0.34 0.5 1 5 16 55 200 1000 20,000 
ng/ml (in water 

only) 

A A 0 0 3 10-15 17 15 20 18 18 18 19 21 

Table II. Differentiation of bovine and human growth hormone 
by IEA 

Antigen Sera Thickness in A 

BGH NRS 74 
BGH AHGH 72 
BGH ABGH 115 
HGH AHGH 110 
HGH ABGH 60 
HGH NRS 74 

by  t he  resu l t s  s u m m a r i z e d  in the  Tab le  I I ,  where  t he  
s y m b o l s  N R S ,  A H G H ,  a nd  A B G H  s t a n d  for n o r m a l  
r a b b i t  se rum,  a n t i h u m a n  g row th  h o r m o n e ,  a n d  an t i -  
bov ine  g r o w t h  ho rmone ,  respect ive ly .  T h e  f igures  in t h e  
l a s t  c o l u m n  r ep re sen t  t he  t h i c kne s s  in A obse rve d  a f te r  
n o r m a l  or i m m u n e  sera  a d s o r p t i o n  w h ic h  l a s t ed  30 sec. 
72 n g / m l  of B G H  a n d  70 n g / m l  of H G H  in 0.002 M v e r o n a i  
w i t h o u t  carr ier  were used.  W h e n  t he  c o n c e n t r a t i o n  in 
bov ine  g r o w t h  h o r m o n e  was  as h igh  as 360 n g / m l  no 
c ross - reac t ion  could be obse rved  w i th  a n  a n t i h u n l a n  
g r o w t h  h o r m o n e  se rum.  

Bovine growth hormone. All bov ine  g r o w t h  h o r m o n e  
so lu t ions  were m a d e  in 0.005 M verona l  buf fe r  c o n t a i n i n g  
2% n o r m a l  r a b b i t  s e rum.  The  resu l t s  were s imi la r  to 
those  o b t a i n e d  w i th  h u m a n  g r o w t h  h o r m o n e  e xc e p t  for 
the  fac t  t h a t  the  t h i c k n e s s  adso rbed  f rom the  i m m u n e  
s e r u m  increased  w i th  t he  c o n c e n t r a t i o n  in g r o w t h  hor-  
m o n e  up  to 14 n g / m l  where  a p l a t e a u  was  reached .  The  
m a x i m u m  t h i c k n e s s  specif ical ly adso rbed  was  a b o u t  73 A. 
As seen in Tab le  I in the  case of h u m a n  g r o w t h  h o r m o n e  
the  m a x i m u m  was  reached  for a c o n c e n t r a t i o n  of 
0.5 ng /ml .  

Evaluation o/ the concentration in growth hormone of 
human sera. Tes t s  were c o n d u c t e d  as  fol lows to  d e t e r m i n e  
t he  c o n c e n t r a t i o n  in g r o w t h  h o r m o n e  of h u m a n  sera.  
Slides were t r e a t e d  for the  f i rs t  a d s o r p t i o n  w i t h  t h e  
u n k n o w n  s e r u m  at  success ive  d i lu t ions .  For  t h e  second  
a dso rp t i on ,  one p a r t  of t he  slide was  t r e a t e d  w i th  a 
d i lu te  r a b b i t  a n t i s e r u m  a nd  t he  o ther  p a r t  w i th  a n o r m a l  
r a bb i t  s e r u m  a t  t he  s a m e  di lut ion.  W i t h  inc reas ing  dilu-  
t ions  of the  u n k n o w n  h u m a n  s e r u m  used  in t h e  f i rs t  
adsorp t ion ,  a d i lu t ion  was  ob t a ine d  for w h ic h  t he  th ick-  
ness  obse rved  was  t he  s a m e  on the  2 pa r t s ,  one t r e a t e d  
w i th  t he  i m m u n e  t he  o the r  w i th  t he  n o r m a l  r a b b i t  
s e rum.  The  co r r e spond ing  d i lu t ion  of t he  h u m a n  s e r u m  
is called t he  l imi t ing  di lu t ion.  I t  pe rmi t s ,  w i th  t h e  he lp  
of suc h  d a t a  as s h o w n  in Tab le  I to e s t i m a t e  t he  g r o w t h  
h o r m o n e  c o n c e n t r a t i o n  in the  und i l u t e d  h u m a n  se rum.  
In  a few e x p e r i m e n t s  w i th  sera  f rom a h y p o p i t u i t a r y  and  
a n  ac romega l ic  subjec t ,  0.8 n g / m l  and  12 n g / m l  of g r o w t h  
h o r m o n e  were found  respec t ive ly .  

I t  can  be eas i ly  ca lcu la ted  f rom the  d a t a  g iven  in 
Tab le  I, t he  d i m e n s i o n s  of the  i m m e r s e d  p a r t  of the  
slide a n d  t he  k n o w n  size of an t ibod ies  molecu les  t h a t  a t  
leas t  200 molecules  of an t ibod ies  h a v e  been  immobi l i zed  
by  one molecule  of a n t i g e n  w h e n  t he  c o n c e n t r a t i o n  in 
g r o w t h  h o r m o n e  was  0.5 ng/ml .  

The  resu l t s  p r e s e n t e d  in th i s  r epor t  shou ld  e nc ou rage  
clinical  i n v e s t i g a t o r s  to t r y  and  per fec t  the  a s s a y  of 
i m m u n o e l e c t r o a d s o r p t i o n ,  especial ly  so s ince th i s  a s s a y  
can  be pe r fo rme d  in a ve ry  few m i n u t e s  8. 

Rdsumd. La  m 6 t h o d e  dire d ' i m m u n o 6 1 e c t r o a d s o r p t i o n  
a 6t6 adap t6e  5~ la d 6 t e r m i n a t i o n  des c o n c e n t r a t i o n s  en 
h o r m o n e s  de cro issance  p r6sen tes  d a n s  les s 6 r u m s  h u m a i n  
et  bovin .  L a  l imi te  de sensibi l i t6 a t t e i n t e  es t  de 0.1 /~ 
0.2 ng /ml ,  a m p l e m e n t  su f f i s an te  pou r  une  app l i ca t ion  
cl inique.  
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NRS, AHGH, and ABGH stand for normal rabbit serum, anti- 
human growth hormone and antibovine growth hormone. The con- 
centrations of the antigen solutions were 72 ng/ml for bovine growth 
hormone and 70 ng/ml for human growth hormone in 0.001M 
veronal. The antisera were diluted 1/20 in veronal buffer O.03M. 
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