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Table II. Effect of mouse nerve growth factor on ~5S incorporation into chick pelvic cartilage 

EXPERIENTIA 30110 

35S incorporation • SEM (cpm x 10-3/mg cartilage) 
Experiment Test sample 0 ~ 2.5% �9 20% ~ 

1 0.1 ml NGF (100 U]ml) 8.7 ~ 0.8 -- -- 
Control 9.0 4- 1.4 -- -- 

3 0.1 mi NGF (100 U/ml) -- 58.8 4- 3.7 84.9 i 3.5 
0.1 ml NGF (500 U/ml) 47.9 4- 3.7 81.6 i 4.3 
Control -- 50.8 4- 1.1 79.7 :L 3.4 

4 0.1 mlNGF (10,000 U/ml) -- 33.8 + 2.2 57.3 :tz 2.2 
ControI 32.6 4- 2.9 59.0 4- 1.1 

Six cartilages were used for each observation. Incubation volume = 1 ml. 
Serum concentration in medium. 

These  re su l t s  ind ica te  t h a t  ne i the r  CSF  ob t a ined  f rom 
m o u s e  u t e r u s  nor  N G F  p repa red  f rom m o u s e  s a l i va ry  
g l ands  s t i m u l a t e  p r o t e o g l y c a n  s y n t h e s i s  in chick e m b r y o  
car t i lage,  ev en  w h e n  used  a t  c o n c e n t r a t i o n s  well in excess  
of t hose  wh ich  are effect ive  in p r o m o t i n g  co lony  f o r m a t i o n  
or neu ra l  g r o w t h  in vi t ro.  I n  add i t ion ,  t h e y  ind ica te  t h a t  
m o u s e  N G F  has  no apprec iab le  co lony  s t i m u l a t i n g  ac t iv i ty .  
The  f i n d in g s  are  in a g r e e m e n t  w i t h  t he  o b s e r v a t i o n  b y  

Table III. Effect of mouse nerve growth factor on colony formation 
by mouse b0ne-marrow cells 

Test sample No. of colonies 

0.1 ml NGF (625 U]ml) 0,4 

0.1 ml NGF (2500 U/ml) 0,0 

0.1 ml NGF (10,000 U/ml) 0,4 

0.1 ml H20 0,2 

0.05 mI CSF 221,202 

0.05 ml CSF + 0.05 ml NGF (5000 U/ml) 201,208 

Results obtained with mouse colony stimulating factor are also 
shown. 

METCALF et  al. 10 t h a t  C S F  h a d  no effect  on t he  g r o w t h  of 
f ib rob las t s  a n d  severa l  o the r  cell-lines in cu l ture .  I t  
there fore  a ppe a r s  t h a t  ne i t he r  N G F  nor  CSF  h a v e  the  
more  genera l  biological  effects  w h ic h  h a v e  been  a t t r i b u t e d  
to SM. 

Rdsumd. Le f ac teu r  n e r v e u x  de croissance  des sour is  
(mouse  ne rve  g r o w t h  fac to r :  N G F)  et le <~ colony s t i m u l a t -  
ing factor~ (CSF) f u r e n t  testGs pou r  contrGler l ' ac t iv i t6  
de la somatomGdine ,  en m e s u r a n t  l ' i nco rpo ra t ion  du  S ~s 
d a n s  du  car t i lage  d ' e m b r y o n  de poule t .  A u c u n e  de ces 
d e u x  p rGpara t ions  ne s t i m u l a i t  ce t te  incorpora t ion .  
De plus ,  le N G F  n ' a v a i t  pa s  d ' e f fe t  su r  la f o r m a t i o n  des  
colonies de moel le  osseuse.  Ces dGcouvertes  i n d i q u e n t  que  
n i l e  N G F  n i l e  CSF  ne p a r t i c i p e n t  a u x  effets  b iologiques  
gGnGraux at t r ibuGs X la somatomGdine .  

JUDY HAMBLEY, A. HOWELL and  D. B. GRANT 

Clinical Research Centre, Wat/ord Road, Harrow, 
(Middlesex HA 1 3U J, England), 26 March 797d. 

10 D. ~'~ETCALF and M. A. S. MOORE, Haemopoetic Cells (North 
Holland Publishing Co., Amsterdam 1971). 

P l a s m a  T h y r o t r o p h i n  C o n c e n t r a t i o n  in the Foeta l  Calf 

P rev io u s  o b se rva t i ons  on t h y r o x i n e  levels in foetal  
ca lves  w i t h  indwel l ing  va scu l a r  c a t h e t e r s  h a v e  s h o w n  t h a t  
t o t a l  p l a s m a  t h y r o x i n e  falls in t he  las t  3 d a y s  of i n t r a -  
u t e r ine  life, while  t he  c o n c e n t r a t i o n  of t o t a l  free t h y r o x i n e  
does n o t  c h a n g e  s ign i f i can t ly  1. These  f ind ings  sugge s t  t h a t  
the  p i t u i t a r y - t h y r o i d  ax is  a d j u s t s  t he  level  of secre t ion  of 
t h y r o x i n e  to m a i n t a i n  a c o n s t a n t  c i rcu la t ing  c o n c e n t r a t i o n  
of free t h y ro x in e .  The  p r e s e n t  p a p e r  r epor t s  t he  foetal  
p l a s m a  t h y r o t r o p h i n  (TSH) c o n c e n t r a t i o n s  ill t h e  s a m e  
7 an im a l s ,  an d  t h e  changes  in T S H ,  eor t isol  and  t h y r o x i n e  
wh ich  o ccu r r ed  w h e n  p a r t u r i t i o n  was  induced  w i th  
S y n a c t h e n .  

Materials and methods. P l a s m a  s a m p l e s  were ob ta ined  ~ 
f rom  chron ica l ly  ca the te r i zed  foe tuses  d u r i n g  t he  las t  15 
d a y s  of ges ta t ion .  The  ca lves  were bo rn  b e t w e e n  261 a nd  
283 d a y s  g e s t a t i o n  ( te rm 280 days)2.  P r e m a t u r e  pa r t u r i -  
t ion  was  induced  in 2 cows b y  t he  a d m i n i s t r a t i o n  of 

0.06--0.125 m g  S y n a c t h e n  /5 1-24 Cor t i co t roph in  (CIBA) 
4 t i m e s  da i ly  i .m. to  t he  foetns .  I n  a 3rd cow the  foe tus  
was  g iven  cort isol  (Efcor te lan ,  Glaxo,  i.v., 4 t i m e s  daily) 
to  in i t i a te  del ivery.  G e s t a t i ona l  age was  be tw e e n  250 and  
260 d a y s  in these  i nduc e d  p regnanc ies .  

P l a s m a  T S H  w a s  m e a s u r e d  in a double  a n t i b o d y  
r a d i o i m m u n o a s s a y .  The  coeff icient  of v a r i a t i o n  of t he  
a s s a y  was  7.4% a n d  t h e  r ecovery  of a dde d  T S H  f rom calf 
p l a s m a  was  96.1~o over  t he  r ange  1.25-25 ~U/ml .  Cross 

;t p. W. NATHANIELSZ, R. S. COMLINE, i~[. SILVER and A. L. THOMAS, 
J. Endoer. 58, 21 (1974). 

z R. S. COMLtNE, L. HALL, R. B. LAVELLE, P. YV. NATHANIELSZ and 
M. SILVER, J. Endocr., in press. 
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reactivity with luteinizing hormone was less than I%. 
Plasma thyroxine and cortisol Were estimated as described 
previously ~. 

Results and discussion. Figure  1. shows the  mean  
changes  in foetal  p l a sma  T S H  dur ing  the  last  15 days  of 
ges ta t ion  toge the r  wi th  the  mean  percen tage  changes  
in to ta l  p l a sma  thy rox ine  in the  same animals.  T S H  
levels var ied  widely  unt i l  a week before de l ivery ;  the  
values  t hen  fell gradual ly  unt i l  the  day  before bi r th .  
Samples  t aken  on the  day  of del ivery  wi th in  t he  last  4 h 
of in t ra -u te r ine  life have  been exc luded  f rom the  p resen t  
series since the re  was evidence t h a t  t he  t hy ro id  axis was 
ac t iva ted  by  the  ac tua l  processes of del ivery.  All samples  
t aken  at  o ther  t imes  on the  last  day  of foetal  life had  T S H  
concen t ra t ions  below the  l imits  of sens i t iv i ty  of the  assay 
(0.25 ~U/ml).  The resul ts  indica te  t h a t  t he  fall in to ta l  
p l a sma  thy rox ine  is p receded  by  a drop  in p lasma  T S H  
before  b i r th  in th is  species. 

A gradual  rise in foetal  p l a sma  cortisol  begins  abou t  
6 days  before pa r tu r i t i on  in the  calf ~, and in Figure  I the  
increase in mean  p lasma  cort isol  in the  p resen t  series of 

calves is shown in relation to the changes in mean plasma 
TSI-I concentration. 

In both the animals which received foetal injections of 
Synacthen there was a rise in plasma cortisol and fall in 
plasma thyroxine and TSH comparable with that ob- 
served in untreated catheterized animals before delivery 
(Figure 2). In 1 animal (Figure 2b) TSH concentration 
on the morning of commencement of Synacthen adminis- 
tration was < 0.25 FU/ml. However, this finding was 
occasionally observed in untreated animals and this was 
the only low value obtained prior to the Synacthen 
treatment. After Synacthen administration, TSH was 
undetectable during the last 3 days of intra-uterine life. 
The rise in cortisol preceded the changes in thyroxine by 
at least 24 h. 

P. W. NATHANIELSZ, R. S. COMLINE, ~'VI. SILVER and A. L. THOMAS, 
J. Endocr. 58, 535 (1973). 
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Fig. i. Plasma TSH, cortisol and thyroxine in 7 foetal calves during 
the last 18 days of intrauterine life. All values for TSH are the mean 
and SEM of at least 4 animals. Plasma thyroxine for each animal 
was expressed as a percentage of the value observed in the last day 
of intrauterine life. Thyroxine values are the mean of 7 animals. 

Fig. 2. Changes in plasma TSH, thyroxine and cortisol in 2 calves 
in which parturition was induced by the fcetal administration of 
Synacthen. A) Parturition occurred at 259 days gestation after 
6 days administration of Synaethen at 0.5 rag/day. B) Parturition 
occurred at 261 days gestation. 0.25 rag/day was administered for 
4 days followed by 0.5 rag/day for 2 days before parturition occurred. 
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In the cow in which the foetus was given cortisol, like 
those receiving Synacthen, foetal plasma TSH was 
greatly depressed during the period of treatment (Figure 
3). However the prenatal depression of TSH was not 
sufficient  to  inh ib i t  the  pos tna t a l  rise in T S H  which 
occurred wi th in  30 rain af ter  b i r t h  (Figure 3), a l though  
endogenous  cort isot  secret ion remained  ve ry  low, no t  
demons t r a t i ng  the  usual pos t -na t a l  rise in the  new b o rn  
calf 2. 

The p resen t  f indings in the  calf foetus under  chronic 
condi t ions  suggest  t h a t  the  p ronounced  fall in foetal  
p l a sma  thy rox ine  which occurs before b i r th  in th is  species 
is p receded  by  a drop in foetal  p lasma TSH.  These 
changes  con t r a s t  w i th  the  s i tua t ion  in the  foetal  l amb in 
which  the  p ic ture  is far  less clear cu t :  HOPKINS and  
THORBURN 4 r epo r t ed  a p rena t a l  falI in p l a sma  thy rox ine  
bu t  no  change  in p lasma  TSH,  whereas  s table  p lasma  
thy rox ine  levels were observed in foetal  l ambs  in th is  
l abora to ry  up to  the  t ime  of pa r tu r i t i on  3. 
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Fig. 3. Changes in plasma TSH and cortisol during initiation of par- 
turition with cortisoI (100 rag/day) for 5 days to a foetal calf. Delivery 
occurred at 258 days gestation. 

Rdsumd. On a mesur6 le t a u x  de t h y ro t ro p h i n e  (TSH), 
t hy rox ine  et  cortisol  dans  le p la sma  du foetus  du veau 
p e n d a n t  les 18 j ours pr6c6dant  la naissance.  La d iminu t ion  
du T S H  a pr6c6d6 de 6 jours et  s ' es t  poursuivie  en m4me 
t e m p s  que celle du t a u x  de thyroxine .  

A. L. THOMAS, t{. S. COMLINE, MARIAN SILVER 
and  P. W. !X~ATI-IANIELSZ 5, 

Physiological Laboratory, Cambridge C B 2  3EG 
(England), 29 March  1974. 

4 G. D. THORBURN and P. S. HOPKINS, (1973) Foetal and Neonatal 
Physiology. Proceedings of the Sir Joseph ]3arcroft Centenary 
Symposium (Ed. R. S. COMLINE; Cambridge University Press), 
p. 488. 

5 We are grateful to the Medical Research Council and the Milk 
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6 The TSH preparation used for iodination in these studies was 
kindly provided by Dr. J. PIERCE, and the antiserum to Pierce 
bovine TSH was provided by Dr. G. D. THORBURN. Synacthen was 
kindly provided by Dr. D. M. ]3URLEY, CIBA Laboratories, 
Horsham, Sussex and Efcortelan by Dr. E. S. SNELL,Glaxo 
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T H E O R I A  

Ligand-Leakage in Affinity Chromatography, a Mathematical Approach 

Al though  cel lulose-bound,  h ighly  specific subs t ra tes  
have  a l ready been used by  CAMPBELL and  LERMAN 1, 2 
abou t  20 years  ago, for the  isolat ion and  pur i f ica t ion  of 
biological macromolecules ,  the  large increase in the  
appl ica t ion  of th is  technique ,  n a m e d  aff in i ty  chromato-  
g raphy  3, only  s t a r t ed  in 1967. The in t roduc t ion  of the  
cyanogen bromide  ac t iva t ion  of insoluble poIysacchar ides  
for the  coupling wi th  l igand molecules by  Axl~N et  al. 4-6 
and the  use of beaded  agarose 7 as the  solid suppor t  s have  
cer ta in ly  been i m p o r t a n t  s t imuli  f o r  th is  overwhe lming  

A B M N 

Fig. i. Schematic representation of the detachment of a multiply 
bound ligand-molecule from a matrix. II, matrix; PI ,  ligand; h, 
detachment rate constant. 

deve lopmen t  s 12. A fur ther  i m p r o v e m e n t  of th is  tech-  
nique was ob ta ined  by  the  inser t ion  of spacer-molecules  
be tween  the  l igand and the  ma t r i x  3, s 

Several  a l t e rna t ives  for agarose as the  solid suppor t  
have  been proposed,  e.g. glass beads,  ny lon  fibres, 
po lyacry lamide ,  cel lulosederivat ives,  e thylene-male ic  

1 D. H. CAMPBELL, E. L. LUESCHER and L. S. LERMAN, Proc. natn. 
Acad. Sei., USA 37, 575 (1951). 

2 L. S. gERMAN, Proc. natn. Acad. Sci. ,USA 39, 232 (1953). 
3 p. CUATRECASAS, ~V[. WILCHEK and C. ]3. ANFINSEN, Proe. natn., 

Aead. Sei., USA 67, 636 (1968). 
4 R. AXt~N, J. PORATH and S. •RNBACK, Nature, Lond. 214, 1302 

(1967). 
5 j .  PORATH, R. AXI~N and S. ERNBACK, Nature, Lond. 215, 1491 

(1967). 
s R. AX~N and S. ERNBACK, Eur. J. ]3iochem. /8, 351 (1971). 
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1971), p. 79. 
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