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6.2% CO 2 and  n i t rogen ,  co r respond ing  to  oxygen  tens ions  
of 23, 57 and  126 m m  Hg, respect ively .  Al iquo t s  were 
sampled  a t  f ixed in t e rva l s  for analysis .  Oxygen  c o n t e n t  
of the  so lu t ion  was d e t e r m i n e d  b y  gas c h r q m a t o g r a p h y ~ L  
a n d  t he  O~-sa tura t ion  of h e m o g l o b i n  was  computed .  Fo r  
m e t h e m o g l o b i n  d e t e r m i n a t i o n ,  c a l i b r a t i on  curves  were  
cons t ruc t ed  f rom abso rbances  of k n o w n  m i x t u r e s  of 
oxyhemog lob in ,  m e t h e m o g l o b i n  and  p lasma,  wh ich  were 
p r e - i n c u b a t e d  for  1 h a t  room t e m p e r a t u r e .  I d e n t i c a l  
resul t s  were o b t a i n e d  w i t h  two ca l i b r a t i on  curves,  us ing  
differences A~77-Aa0 a and  A577-A630, respect ively .  

Results a~d discussion. Oxygen  s a t u r a t i o n  was de ter -  
m ined  fol lowing 30 m i n  of equ i l ib ra t ion  w i t h  t h e  gas 
mix tu re .  The  re su l t ing  oxygen  dissocia t ion  cu rve  shows a 
m a r k e d  sh i f t  to  t h e  lef t  w h e n  c o m p a r e d  w i t h  t he  s t a n d a r d  
d issoc ia t ion  cu rve  of whole  h u m a n  b lood:  H b O  2 (126 mm)  
= 99% ; H b O ~ ( 5 7 m m )  -- 9 2 % ; H b O  2 ( 2 3 m m )  = 54%. 
The  observed  h i g h  a f f in i ty  for oxygen  is in accord  w i t h  
resul t s  of BUNN et  al. 13 who  d e m o n s t r a t e d  a Pa0 of 17 m m  
Hg u n d e r  s imi la r  condi t ions .  A u t o - o x i d a t i o n  r a t e  at  
126 m m  Hg seems to  increase  w i t h  t he  t i m e  of incuba t ion ,  
r each ing  a c o n s t a n t  va lue  af te r  12 h (Figure).  Th i s  t ime- 10G  
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d e p e n d e n c e  of ox ida t ion  r a t e  can  be  exp la ined  b y  e i t he r  
i n a c t i v a t i o n  of a p ro t ec t i ve  m e c h a n i s m  or release of 
an  a u t o - o x i d a t i o n  e n h a n c i n g  pr inciple .  Red  ce l lhemolysa t e  
a n d  p l a s m a  con t a in  a n u m b e r  of subs t ances  wh ich  are 
k n o w n  to  af fec t  t h e  ox ida t i on  r a t e  of h e m o g l o b i n  b y  
dissolved oxygen,  i.e. organic  p h o s p h a t e s  8, copper  ions 15, 
g l u t a t h i o n e  15 a n d  t he  complex  e n z y m a t i c  s y s t e m  for 
m e t h e m o g l o b i n  r educ t i on  ~6. F u r t h e r  i nves t iga t ions  are  
necessa ry  to  recognize t h e  re la t ive  i m p o r t a n c e  of these  
c o n s t i t u e n t s  in a u t o - o x i d a t i o n  of p l a s m a  h e m o g l o b i n  
u n d e r  physio logica l  condi t ions .  Slow p r o d u c t i o n  of 
m e t h e m o g l o b i n  in t h e  in i t ia l  per iod  is c o m p a r a b l e  to  t h a t  
d e m o n s t r a t e d  b y  BUNN et  al. ~3. Half- l i fe  of t he  ful ly  
o x y g e n a t e d  h e m o g l o b i n  in p l a s m a  (T1/e = 20 h) seems to  
be ha l f  as long as t h a t  found  in d i lu te  buffer  so lu t ions  7. 
In  add i t ion ,  t h e  a u t o - o x i d a t i o n  curve  in buffer  showed  a 
b iphas ic  course, t he  in i t i a l  r a t e  be ing  fas te r  t h a n  t he  
consecu t ive  7, a f ind ing  a t  va r i ance  w i t h  our  resul t s  w i t h  
p lasma.  Half - l ives  of o x y h e m o g l o b i n  a t  57 and  23 m m  H g  
were 12 and  7 h, respect ively .  These  va lues  aga in  ind ica te  
a cons ide rab ly  fas te r  ox ida t ion  of h e m o g l o b i n  in p l a s m a  
t h a n  in a buf fer  so lu t ion  7. P r o v i d e d  t h a t  a n  e x t r a p o l a t i o n  
of these  resul t s  is a d m i t t a b l e ,  a r a t h e r  fas t  in  v ivo  oxida-  
t ion  of free h e m o g l o b i n  has  to  be  expected .  However ,  a 
rel iable  e s t i m a t i o n  of t he  in v i v o  ox ida t ion  r a t e  is diff icul t ,  
since t he  oxygen  t ens ion  of c i rcu la t ing  b lood  f l uc tua t e s  in 
t h e  vascu la r  bed. I f  60 m m  H g  is a r easonab le  a s s u m p t i o n  
of t h e  m e a n  i n t r a v a s c u l a r  O2-tension, free h e m o g l o b i n  
m a y  undergo  a u t o - o x i d a t i o n  w i t h  an  a p p r o x i m a t e  ha l f -  
life of 1 2 h .  
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Summary. T h e  effect  of comple t e  a n d  tac t i l e  i so la t ion  on  p l a s m a  t e s t o s t e r o n e  a n d  estradiol-17/3 was  s tud ied  in ma le  
r a t s  a t  t he  age of 60 a n d  180 days .  A decrease  in  t h e  p l a s m a  levels  of t h e  two  h o r m o n e s  was observed .  

I n  r e c e n t  years  m a n y  inves t iga t ions  p roduced  ev idence  
t h a t  modi f i ca t ions  of t he  social  e n v i r o n m e n t  c an  af fec t  
endocr ine  p a r a m e t e r s  in  rodents .  I t  is well  e s t ab l i shed  
t h a t  ad rena l  2-7 a n d  gonadal*,  6, s-t0 func t ions  are i nvo lved  
in t he  effects p roduced  b y  social dep r iva t ion ,  and  pa r t i cu -  
l a r ly  b y  isolat ion.  

I so la t ion  inf luences  also m a n y  b e h a v i o u r a l  t ra i t s ,  
p a r t i cu l a r l y  sexual  b e h a v i o u r  t1-14. GERALL e t  al. la and  
SPI~VAK et  al. 1~ found  differences  in sexua l  b e h a v i o u r  
b e t w e e n  social ly rea red  a n d  i so la ted  ra ts ,  b u t  d id  no t  
f ind  differences be tw een  sub jec t s  rea red  in t o t a l  a n d  in 
c o n t a c t  isolat ion.  

The  purpose  of th i s  i nves t i ga t i on  is to  s t u d y  t he  modif i -  
ca t ions  of t e s t o s t e rone  and  es t radiol-  17/3plasma concen t r a -  
t ion  induced  a t  60 a n d  180 days  of age b y  v a r y i n g  degrees  
of social d e p r i v a t i o n  in t h e  r ea r ing  of t h e  male  ra t .  Fo r  

th i s  s tudy ,  48 Sprague  Dawley  r a t s  f rom a s tock  m a i n -  
t a i n e d  in  our  I a b o r a t o r y  (original ly o b t a i n e d  f rom Char les  
River)  were used. A t  t h e  age of 21 days,  sub jec t s  were 
weaned  a n d  r a n d o m l y  d iv ided  in to  3 groups  of 16 r a t s  
each. 

Group  1. To ta l  isolates.  An ima l s  were ra ised  a lone  in a 
cage 15 cm wide b y  12 cm h i g h  b y  33 c m  long. T h e y  could  
receive a u d i t o r y  a n d  o l fac to ry  s t imul i .  Group  2. C o n t a c t  
isolates.  An ima l s  were s e p a r a t e d  b y  a wire  m e s h  screen 
a n d  so d isposed  t h a t  e ach  sub j ec t  was  a d j a c e n t  to  a ma le  
a n d  a female.  E a c h  c o m p a r t m e n t  was  25 cm wide b y  20 
cm h i g h  b y  25 cm long. G r o u p  3. Social ly reared .  4 males  
a n d  4 females  were housed  in a cage (38 cm wide X 60 cm 
long •  cm high) .  L i t t e r s  de l ivered  in t he  cage were 
r e m o v e d  a t  t h e  age of 20 days.  

E i g h t  an ima l s  of each  g roup  were sacr i f iced a t  t he  age 
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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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