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Mean values (-4- SE) of testosterone and estradiol-17fl plasma con- 
centration (ng/ml) in male rats reared under different environmental 
conditions, at 60 and 180 days of age 

60 days 180 days 

Tes- Estradiol- Tes- Estradiol- 
tosteroue 17fl tosterone 17fl 
Mean SE Mean SE Mean SE Mean SE 

Totalisolates 0.43 ~ 0.11 0.27 d 0.02 0.53g 0.11 0.17 ~ 0.02 
Contaetisolates 1.43 b 0.25 0.18~ 0.01 1:76 h 0.62 0.18= 0.02 
Socials 4.52 ~ 0.38 0.58 * 0.07 4.52 ~ 0.83 0.36 ~ 0.05 

Comparison of means (F-test): a-c, b-c, d--f, e--f, g--i p < 0.001; 
a-b, i-n p % 0.01; d--e, h-i, m-a p < 0.05. 

of 60 days  by  decap i ta t ion .  The o thers  were sacrificed a t  
the  age of 180 days.  P l a sma  was ex t r ac t ed  wi th  d ie thy l  
e the r  and  the  concen t ra t ion  of t e s tos te rone  and  estradiol-  
17/5 was de t e rmined  by  r ad io immunoas say  according to  
COLLINS et  a1.15 and  EMMENT et  al.~6 respect ively ,  w i t h o u t  
c h r o m a t o g r a p h y .  

Fac tor ia l  analysis  of var iance  of the  d a t a  shows for 
p la sma  t e s tos t e rone  s ignif icant  differences caused by  
t r e a t m e n t  (F = 39.09; d/ = 2/42; p < 0.001), while age 
(F  = 0.06; df = 1/42; p > 0.2) and in te rac t ion  (F  
0.09; d/  = 2/42; p > 0.2) do no t  s ignif icant ly  affect  th is  
pa rame te r .  

The values  of p l a sma  estradiol-17/3 show s ignif icant  
differences for t r e a t m e n t  (F = 23.95; df = 2/42; 
p < 0.001) and  age (F = 8.64; d/ = 1/42; p < 0.025), 
b u t  no t  for in te rac t ion  (F  = 2.96; d/  = 2/42; p < 0.1). 

Mean values  of t e s tos te rone  and  estradioi-17fl  p l a sma  
concen t ra t ion  (ng/ml ~k SE) in subjec ts  of 60 and  180 
days  are shown in t he  Table,  w i th  t he  levels of significance 
in the  compar i son  be tween  groups.  

Complete  social depr iva t ion  (total  isolation) affects  
the  p l a sma  level of t e s tos te rone  and  estradiol-17fl:  th i s  
resul ts  in a Significant dec remen t  of bo th  hormones ,  
which  is more  re levan t  for t e s tos t e rone  than  for estradiol-  
17/3. The effect  of tac t i le  dep r iva t ion  (contac t  isolation) 
appears  to be in t e rmed ia t e  be tween  those  of t h e  o the r  
two condi t ions  of rearing,  excep t  t h a t  for estradiol-17/5 
a t  60 days.  Social rear ing  is corre la ted  wi th  the  h ighes t  
level of b o t h  hormones .  

The fac t  t h a t  differences be tween  to ta l  and  con tac t  
isolates  are s ta t i s t ica l ly  s ignif icant  a t  60 days  only, and  
t h a t  the  differences be tween  socials and  b o t h  k inds  of 
isolates are grea te r  a t  60 days,  suggests  a connec t ion  wi th  
the  d e v e l o p m e n t  of the  rat .  A sensi t ive per iod be tween  
weaning  and  sexual  m a t u r i t y  m a y  be hypo thes ized  in 
which  the  social e n v i r o n m e n t  p lays  a ma jor  role on 
contro l  mechan i sm of endocr ine  secretion.  This  ac t ion  
seems to be reversible:  actually,  a f ter  sexual  m a t u r i t y  is 
reached,  these  differences are going to" diminish,  or to  
d i sappear  a l together .  

Differences be tween  socials and  co n t ac t  isolates can  be 
accounted  for by  tact i le  s t imula t ion  and,  in subjec ts  under  
60 days,  by  p lay  act iv i ty ,  which  in ra t s  is a p r o m i n e n t  
fac tor  in the  ontogenesis  of behaviour ,  as sugges ted  by  
GERALL et  al. .3 and  SPEVAK et  al. ~4. P l ay  ac t i v i t y  could 
be re levan t  in t he  ontogenesis  of endocr ine  equi l ibr ium 
too. On the  o the r  hand ,  as differences be tween  socials, 
co n t ac t  isolates and  to ta l  isolates decline f rom 60 to  180 
days,  i t  appears  t h a t  in th is  respec t  sexual  exper ience  and 
the  presence  of l i t ters  p lay  a minor  role. 
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Summary. T3 t r e a t m e n t  enhanced  the  g rowth  and  d e v e l o p m e n t  of l ac rymal  bone  in Salmo trutta alevin. I t  was also 
s h o w n  t h a t  T3 is more  p o t e n t  t h a n  T4 in t he  case of fish. 

Thyrox ine  (T4) and  t r i - iodo thyron ine  (T3) are known  
to  p lay  an i m p o r t a n t  role in t he  no rma l  d e v e l o p m e n t  and  
g rowth  of mammals .  One of t he  m o s t  sensi t ive effects  
no ted  in mammals ,  is the i r  inf luence in enhanc ing  the  
g rowth  and  d e v e l o p m e n t  of skeletal  t issues. A t t e m p t  to  
d e m o n s t r a t e  the  comparab le  effects  of t he  ho rmones  in 
t he  fish has  also been made  2. W h e t h e r  the  ho rmones  p l ay  
some role in the  normal  g rowth  and  d e v e l o p m e n t  of 
skeletal  t issue of t he  fish is a m a t t e r  ye t  to be resolved. 

However ,  i t  has  been shown t h a t  exogenous T4 p romotes  
t he  syn thes i s  of preosseus m a t r i x  and  the  fu r the r  develop-  
m e n t  of the  lacrymal  bone in Salmo trutta alevin dur ing  
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Number of transverse sections (8 txm thickness) of the lacrymal bones of left hand side (LHS) and right hand side (RHS) of controls and 
tri-iodothyronine treated alevins of brown trout 

Age (days) 13 15 17 23 31 

Numbers of sections 

Controls LH S 
RHS 

8 • 10 -7 Tri-iodothyronine treated LHS 
RHS 

4 • 10 -7 Tri-iodothyronine treated LHS 
RHS 

0 0 0 - -  51 
0 0 0 14 51 
( n = l )  ( n = 3 )  ( n = l )  ( n = l )  ( n = 7 )  

0 14 20 56 99 
0 15 31 54 94 
( n = l )  ( n = 3 )  ( n = l )  ( n = l )  ( n = 6 )  

0 24 21 54 87 
0 23 24 51 83 
( n = l )  ( n = 2 }  ( n = l )  ( n = l )  ( n = 5 )  

n = Numbers of fish examined. 

t h e  f i r s t  31 d a y s  a f t e r  h a t c h i n g  2. A n e e d  t h e n  a r o s e  for  
t h e  s t u d y  of  t h e  e f f e c t s  o f  T3 ,  a s  wel l ,  o n  t h e  s k e l e t a I  
t i s s u e  of  t h e  f i sh  a n d  a l so  t o  see  if T 3  is  m o r e  p o t e n t  t h a n  
T 4  as  i t  h a s  b e e n  f o u n d  i n  t h e  c a s e  of  t h e  r a t 3 ,  4. 

T h e  p r e s e n t  r e p o r t  is o f  t h e  w o r k  c a r r i e d  o u t  o n  t h e  
e f f ec t  of  T3  o n  t h e  g r o w t h  of  s k e l e t a l  t i s s u e  o f  Salmo 
trutta a l ev in .  T h e  p r o c e d u r e  of  a n a l y s i s  in  t h i s  s t u d y  w a s  
t h e  s a m e  a s  t h a t  of  BARRINGTON a n d  I~&WDON 3. T h e  f i s h  
w a s  t r e a t e d  w i t h  8 X 10 .7 a n d  4 • i 0  -7 d i l u t i o n s  of  T3  in  
t a p  w a t e r .  T r a n s v e r s e  s e c t i o n s  o f  t h e  head of  the f i sh ,  f r o m  
s a m p l e s  f i x e d  in  B o u i n ' s  s o l u t i o n  a t  d a y  13, 15, 17, 23 a n d  
31 w e r e  p r e p a r e d  a n d  s t a i n e d  w i t h  t h e  A z a n  t e c h n i q u e .  
A t  d a y  13, a r e  f i s h  f r o m  e a c h  of  t h e  c o n t r o l ,  8 x 10 .7  
a n d  4 • 10_ 7 g r o u p s  w a s  e x a m i n e d .  T h e  s e c t i o n s  of t h e  
l a c r y m a l  b o n e s  o r  of  t h e i r  p r e o s s e u s  m a t r i x  a p p e a r e d  
in  n o n e  o f  t h e  f i sh  r e p r e s e n t i n g  t h e  3 g r o u p s  a t  t h i s  
s t a g e .  A t  d a y  15 t h r e e  f i s h  f r o m  t h e  con t ro l ,  3 f r o m  
8 •  .7 T3  a n d  2 f r o m  4 • 10 -7 T 3  t r e a t m e n t  g r o u p s  
w e r e  e x a m i n e d .  I n  t h e  c o n t r o l  a n i m a l s  n o  s i g n  of  t h e  
b o n e  o r  p r e o s s e u s  m a t r i x  w a s  seen .  I n  t h e  f i sh  of  t h e  
8 • 10 .7 T3  t r e a t m e n t  g r o u p  14 a n d  15 s e c t i o n s  of  t h e  
l a c r y m a l  b o n e s  w e r e  f o u n d  o n  t h e  l e f t  h a n d  s ide  ( L H S )  
a n d  r i g h t  h a n d  s ide  ( R H S )  r e s p e c t i v e l y  (a r e s u l t  a v e r a g e d  

from 3 individuals), whereas in the fish of 4 • 10 -7 T3 
t r e a t m e n t  g r o u p  24 a n d  23 s e c t i o n s  of  l a c r y m a l  b o n e  o n  
t h e  L H  S a n d  R H  S w e r e  f o u n d  (an  a v e r a g e  o f  2 i n d i v i d u a l s ) .  
A t  d a y  17 o n e  f i s h  f r o m  e a c h  o f  t h e  3 g r o u p s  w a s  e x a m i n e d .  
I n  t h e  c o n t r o l  g r o u p  t h e r e  w a s  n o  s i g n  of  b o n e .  I n  t h e  
8 • 10 -7 T 3  t r e a t e d  f i s h  20 t o  31 s e c t i o n s  of  t h e  L H S  a n d  
1RHS were  f o u n d  a n d  in  t h e  4 • 10 .7 T 3  t r e a t e d  f i sh  21 
a n d  24 s e c t i o n s  o f  t h e  l a c r y m a I  b o n e s  of  t h e  L H S  a n d  
1RHS w e r e  o b s e r v e d .  A t  d a y  23 o n e  f i s h  f r o m  e a c h  of  t h e  
3 g r o u p s  w a s  s t u d i e d .  T h e  c o n t r o l  o n  t h e  R H S  h a d  14 
s e c t i o n s  of  t h e  l a c r y m a l  b o n e  ( the  L H S  w a s  d a m a g e d  
t h e r e f o r e  i~ w a s  n o t  t a k e n  i n t o  a c c o u n t ) .  T h e  f i s h  o f  
8 •  .7 T3  g r o u p  h a d  56 a n d  54 o n  t h e  L H S  a n d  R H S  
r e s p e c t i v e l y ,  w h e r e a s  i n  t h e  f i sh  of t h e  4 • 10 .7 T 3  g r o u p  
54 a n d  51 s e c t i o n s  o n  t h e  L H S  a n d  R H S  r e s p e c t i v e l y  
w e r e  o b s e r v e d .  F i n a l l y  a t  d a y  31 s e v e n  of  t h e  c o n t r o l ,  6 
of  t h e  8 • 10 .7 T3  a n d  5 of  t h e  4 • 10 .7 T 3  g r o u p s  w e r e  
e x a m i n e d .  O n  a v e r a g e  t h e  l a c r y m a l  b o n e  in  t h e  c o n t r o l  

3 j .  I. GRoss and R. PITT-RIVERS, Bioehem. J. 53, 652 (1953). 
* E. G. To•Acn and E. A. WOLLET, J. Endoer. 11, 131 (1954). 

A portion from a transverse 
section of the head of a 31-day- 
old trout alevin to show the 
development of lacrymal bones 
(arrow marked). Azan, • A) 
Control; B) tri-iodothyronine treat- 
ed, alevins. 
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f ish ex t ends  to  51 a n d  51 sect ions,  in  t he  4 •  -~ T3 
g roup  to  87 a n d  83 sec t ions  a n d  in t h e  8 • 10 -7 T3 g roup  
to  99 a n d  94 sec t ions  on  t h e  LI-IS a n d  R H S  respect ive ly .  
These  resu l t s  are  s u m m a r i z e d  in t he  Table .  

The  m o s t  conv inc ing  p o i n t  n o t e d  in th i s  ana lys i s  was  
t h a t  a m o n g  t he  13 con t ro l  f ish a n d  t he  22 t r e a t e d  f ish 
s tud ied  n o t  a s ingle case of ove r l ap ing  resu l t s  was  found  
in t h e  2 groups.  C o m p a r i n g  t h e  responses  to  t h e  two  
levels  of t h e  ho rmone ,  n o t  a g r ea t  deal  of di f ference was 
no t i ced  excep t  a t  d a y  31 w h e n  t h e  t r e a t m e n t  of 8 • 10 .7 
T3 caused  a sma l l  b u t  a n  in s ign i f i can t  a d v a n c e d  g r o w t h  
of t he  bone.  F igure  a a n d  b show t h e  s t a t e  of deve lop-  
m e n t  of t h e  l a c r y m a l  bone  in a con t ro l  a n d  a T3 t r e a t e d  
a lev ins  r e spec t ive ly  a t  d a y  31 a f t e r  h a t c h i n g .  

These  resu l t s  p rov i de  f u r t h e r  ev idence  in  s u p p o r t  of 
t he  f ind ing  t h a t  exogenous  T4 p r o m o t e s  syn thes i s  a n d  
f u r t h e r  d e v e l o p m e n t  of l a c r y m a l  bone  in Salmo trutta 
a lev in  d u r i n g  t h e  31 days  a f t e r  h a t c h i n g K  Moreove r  t he  

resu l t s  of T3 t r e a t m e n t s  are c o n s i s t e n t  as unl ike  those  of 
T4 t r e a t m e n t ;  no  ove r l ap ing  cases were f o u n d  in t he  T3 
t r e a t m e n t s .  T h e  resu l t s  also i nd ica t e  t h a t  t h e  effect  of 
h ighe r  c o n c e n t r a t i o n  was s l igh t ly  i n h i b i t o r y  as c o m p a r e d  
to  t he  lower  c o n c e n t r a t i o n  one. I t  is also d e m o n s t r a t e d  
here  t h a t  T3 is more  t h a n  8 t i m e s  as p o t e n t  as T4 - a 
s i t u a t i o n  s imi la r  to  t h a t  r e p o r t e d  in t h e  case of t h e  r a t  3, 4. 
The  precise  r ea son  for  t he  h i g h  p o t e n c y  of T3 are  n o t  
known,  however ,  i t  m a y  be  t h a t  T3 is me t abo l i z ed  fa s t e r  
t h a n  T45, t h u s  t h e  T3 t r e a t m e n t  resu l ted  in a n  eff ic ient  
response  6. 

5 j .  HERRMANIq, H. J. RUSCHE and H. L. I~EUESKEMPER, Acts 
endocr. Copenh. Suppl. 18d, 72 (1974). 
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Summary. W h e n  free D H E A ,  i ts  sul fa t ide ,  a n d  su l fa te  were  a s sayed  in m a t e r n a l  p l a s m a  as well  as in  umbi l i ca l  cord  
a r t e r i a l  a n d  v e n o u s  p lasma ,  r a t h e r  h i g h  c o n c e n t r a t i o n s  were f o u n d  in e i t he r  f r ac t ion  f rom cord  a r t e r i a l  p lasma,  re-  
f lec t ing  t he  fe ta l  c o n t r i b u t i o n  n o t  on ly  of free D H E A  a n d  D H E A  sulfate ,  b u t  also of t h e  l ipophi le  s te ro id  sulfaf ide.  
Since h i g h  D H E A  levels were  assoc ia ted  w i t h  e l eva t ed  c -AMP concen t r a t i ons ,  a ce r t a in  i n t e r r e l a t i o n s h i p  of b o t h  
p a r a m e t e r s  is ind ica ted .  I n  t h e  course  of del ivery ,  a r ap id  decrease  of free es t r io l  in  m a t e r n a l  p l a s m a  was obse rved .  
H i g h e r  c o n c e n t r a t i o n  of free es t r io l  in  umbi l i ca l  venous  p l a s m a  po in t ed  a t  i ts  p l a c e n t a l  b io syn thes i s  f rom fe ta l  pre-  
cursors.  

The  role of su l focon juga ted  D H E A  (dehydroep ian -  
d ros te rone ,  3 f i -hydroxy-5-andros ten-17-one)  as a m a j o r  
p recursor  of e s t rogens  in t h e  f e top l acen t a l  u n i t  ha s  been  
e s t ab l i shed  b e y o n d  a n y  doubt1 ,  2. C o m p a r a t i v e l y  h ighe r  
c o n c e n t r a t i o n s  of su l focon juga ted  D H E A  in umbi l i ca l  
cord  a r t e r i a l  b lood  sugges ted  t he  b io syn thes i s  of t h i s  
p recurso r  in  fe ta l  a d r e n a l  t i ssue  8. Since, however ,  u n d e r  
physio logica l  cond i t ions  t h e  p r e d o m i n a n t  p o r t i o n  of 
su l focon juga ted  D I t E A  in a d u l t  h u m a n  sub jec t s  ap-  
p a r e n t l y  occurs  as a l ipophi le  c o m p o u n d ,  e.g. a di- 
g lycer ide  su l fa te  or  ' su l fa t ide '  4, 5, i t  s eemed  of p a r t i c u l a r  
i n t e r e s t  to  i n v e s t i g a t e  w h e t h e r  also t h e  fe ta l  ad r ena l  pro-  
duces  such  l ipophi le  su l foconjuga tes .  Espec ia l ly  in  v iew 
of t he  fac t  t h a t  on ly  D H E A  su l fa t ide  affects  t he  a c t i v i t y  
of G - 6 - P D H  (g lucose-6-phospha te  dehydrogenase)* ,7  or 
t he  c o n c e n t r a t i o n  of c -AMP in  p l a s m a  s, whereas  D H E A  
su l fa te  p r o v e d  to be  c o m p l e t e l y  i nac t i ve  in t he  G - 6 - P D H  
i n h i b i t i o n  tes t .  

Therefore ,  D H E A  was  d e t e r m i n e d  in t h e  f r ac t ions  of 
free s teroids,  s te ro id  sulfa t ides ,  a n d  s te ro id  su l fa tes  f rom 
umbi l i ca l  cord  a r t e r i a l  a n d  venous  p l a s m a  as well  as 
m a t e r n a l  p l a s m a  before,  dur ing ,  a n d  a f t e r  deI ivery.  A t  
t h e  same  t ime,  c -AMP a n d  free estr iol  (1, 3, 5(10)-estra-  
triene-3,16,17fl-triol) were  m e a s u r e d  in  these  samples .  

Material and methods. I n  20 n o r m a l  p r e g n a n t  women ,  
b lood  samples  were col lected d u r i n g  t h e  in i t ia l  s tage  of 
labour ,  in  t h e  expu l s ion  period,  a n d  2 a n d  48 h a f t e r  
de l ivery .  F r o m  t h e  umbi l i ca l  cord, a r t e r i a l  a n d  venous  
b lood were  w i t h d r a w n  i m m e d i a t e l y  a f t e r  del ivery,  
y ie ld ing  0.8 to  3.7 ml  of hepa r in i zed  p lasma .  

All heparinized plasma samples were assayed for the 
above-mentioned parameters by standard procedures. 
Steroid sulfatides and sulfates were isolated by ion 
exchange chromatography on polyamide columns and 
subseuqnet thin layer chromatography 9. Following 
solvolysis of sulfoeonjugates I)HEA was separated by 
repeated thin layer chromatography and quantitated by 
densitometry of its 2, 4-dinitrophenylhydrazone 10. c-AMP 
was measured by the protein binding assay of BROWN et 
al. n, while free estriol was determined by radioimmuno- 
assay 12. 

Results and discussion. As shown  in t he  Table ,  "the 
m a t e r n a l  p l a s m a  levels  of D H E A  v a r i e d  cons ide rab ly  in 
t h e  course of del ivery.  W h e r e a s  in  t h e  in i t ia l  s tage  of 
labour ,  t he  c o n c e n t r a t i o n  of t o t a l  D H E A  ave raged  83.9 ~g/  
100 ml,  a t o t a l  of 97.2 vg D H E A / 1 0 0  inl  were found  d u r i n g  
t h e  expu l s ion  period.  As c o m p a r e d  to  42.3 ~ 18.9 ~g/  
100 ml,  m e a s u r e d  in pe r iphe ra l  p l a s m a  of 10 n o r m a l  preg-  
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