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All in j ec t ions  were  g i v e n  i .p.  T h e  34 th  b a t c h  was  t r e a t e d  
as con t ro l  a n d  g i v e n  phys io log ica l  sa l ine  in jec t ions .  T h e  
las t  i n j ec t i on  in  al l  b a t c h e s  was  fol lowed b y  a t r a c e r  dose  
of 5.0 #c  of I ~n w h i c h  was  a d m i n i s t e r e d  i.p. for  t h e  
e v a l u a t i o n  of t h y r o i d a l  iodine  up t ake .  T h e  region of t h e  
lower j aw  of t h e  spec imens  c o n t a i n i n g  t h y r o i d  follicles 
was c u t  out ,  b l o t t e d  d r y  a n d  i t s  t h y r o i d a l  iod ine  u p t a k e  
was m e a s u r e d  in  well  t y p e  sc in t i l l a t ion  coun te r .  

Us ing  t h e  i n d u c e d  I TM u p t a k e  as  a n  i n d i c a t o r  of T S H  
ac t iv i ty ,  I f ound  t h a t  t h i s  species e x h i b i t e d  seasona l  
cycl ical  v a r i a t i o n s  in  i t s  t h y r o t r o p i c  p o t e n c y .  W i t h  n o r m a l  
pho tope r iod i c  cond i t i ons  t h e r e  were  2 p e a k s  in  T S H  con-  
t e n t  a l t e r n a t i n g  w i t h  p h a s e s  of v e r y  low ac t iv i ty .  F r o m  
the  F igu re  i t  c an  be  seen t h a t  Apr i l  a n d  S e p t e m b e r  gave  
peak  values ,  J a n u a r y  a n d  J u l y  low values .  T he  p a t t e r n  
of cyclic f l u c t u a t i o n s  was  t h e  s a m e  in  g roup  2, exposed  
to  c o n t i n u o u s  i l l umina t ion ,  e x c e p t  t h a t  t h e  p e a k s  were  
e n c o u n t e r e d  2 m o n t h s  ear l ie r  t h a n  w i t h  g r o u p  1. I n  con-  
t ru s t  to  th is ,  T S H  level  in  t he  s amples  ot  g roup  3, w h i c h  
was k e p t  u n d e r  t o t a l  da rkness ,  was  v e r y  low t h r o u g h o u t  
t he  y e a r  a n d  m a y  b e  c o m p a r e d  w i t h  t h e  m i n i m a l  po tenc ies  
of t h e  o t h e r  2 g roups  (Figure) .  T he  34 th  b a t c h  w h i c h  was  
t r e a t e d  as  con t ro l  showed  v e r y  low u p t a k e  of I TM, due  to  
t h e  b locked  ind igenous  sec re t ion  of T S H .  

U n d e r  n o r m a l  p h o t o p e r i o d s  t h e  p a t t e r n  of cycl ic  
v a r i a t i o n s  in  T S H  level  r e sembIes  to  some  e x t e n t  t h a t  of 
P. [luviatilis x~, where  J u n e  and  S e p t e m b e r  s amples  
showed  a n  increase  in T S H  c o n t e n t  b u t  A u g u s t  s amples  
were f o u n d  to  be  inac t ive .  C o n t i n u o u s  i l l u m i n a t i o n  
appea r s  to  be  one  of t h e  i m p o r t a n t  e x t e r n a l  fac to rs  
respons ib le  for  t h e  ea r ly  a c t i v a t i o n  of t h e  p i t u i t a r y  wi th -  
ou t  d i s t u r b i n g  t h e  bas ic  p l a n  of cyclic a c t i v i t y  a n d  t h e r e b y  
ra i s ing  t h e  p e a k s  of  t h y r o t r o p i c  c o n t e n t  b y  2 m o n t h s  in  
a d v a n c e  as  c o m p a r e d  to  t h a t  k e p t  u n d e r  n o r m M  p h o t o -  
periods.  T o t a l  d a r k n e s s  seems  to  be  a n  o t h e r  e x t e r n a l  
r e g u l a t o r  w h i c h  t e n d s  to  abo l i sh  t h e  i n h e r e n t  c a p a c i t y  of 
p i t u i t a r y  for  cycl ical  a c t i v i t y  ~. 

Zusammen/assung. Mystus vittatus zeigt  u n t e r  na t i i r -  
l i chen  ]3ed ingungen  j ah re sze i t l i che  V a r i a t i o n e n  des T S H  
Geha l t e s  de r  H y p o p h y s e .  V e r ~ n d e r u n g  de r  L i c h t v e r h ~ l t -  
nisse k a n n  d iesen  T S H  Zyk lus  bee in f lus sen :  D a u e r l i c h t  

v e r s c h i e b t  d ie  P h a s e n ,  D a u e r d u n k e l  u n t e r d r i i c k t  die 
zyk l i s chen  V e r ~ n d e r u n g e n  auf  e inen  ge r ingen  AktivitA~ts- 
grad .  
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T i m e  Course  of  the Di s tr ibut ion  of  in v ivo  
A d m i n i s t e r e d  SgSr+ + in Rat  Liver  Subce l lu lar  

Fract ions  

A r e c e n t  s t u d y  of t h e  subce l lu la r  d i s t r i b u t i o n  of in- 
j ec ted  sgSr++ in  r a t  l ive r  ha s  s h o w n  t h a t ,  a few ra in  a f t e r  
t he  in jec t ion ,  m i t o c h o n d r i a  c o n t a i n e d  a v e r y  la rge  pro-  
po r t i on  of t h e  t o t a l  r a d i o s t r o n t i u m  of t h e  cell x. E xpe r i -  
m e n t s  w i t h  u n c o u p l e r s  of o x i d a t i v e  p h o s p h o r y l a t i o n  h a v e  
led to  t h e  conc lus ion  t h a t  ene rgy - l i nked  m e c h a n i s m s  for  
Sr++ u p t a k e  a re  o p e r a t i n g  in t h e  l iver  cel l .  Sma l l e r  
a m o u n t s  of sgSr++ were assoc ia ted  w i t h  t h e  microsomes ,  
a n d  w i t h  t h e  f r ac t ion  t h a t  con t a in s  t h e  nucle i  of t he  cells. 
The  a f f in i ty  of t he  cel lular  organel les  for Sr++ is e v i d e n t l y  
v e r y  h igh ,  s ince  on ly  negl ig ib le  a m o u n t s  of r a d i o a c t i v i t y  
were r ecove red  in t h e  cell  sap.  P r e l i m i n a r y  e x p e r i m e n t s  
were  also ca r r i ed  o u t  o n  t h e  poss ib le  v a r i a t i o n s  in  t h e  
Subcel lular  d i s t r i b u t i o n  of r a d i o a c t i v i t y  as a f u n c t i o n  of 
t i m e  a f t e r  t h e  in j ec t ion  of sgSr++: shif ts  in  t he  p a t t e r n  of 
d i s t r i b u t i o n  were  i ndeed  de tec ted ,  i n d i c a t i n g  t h a t  t h e  
Subcellular  pools  of Sr  ++ were  n o t  i r r eve r s ib ly  seques te red  

in  t h e  organel les ,  b u t  were  to  a c e r t a i n  e x t e n t  i n t e r -  
changeab l e ,  a n d  c o m m u n i c a t i n g  w i t h  each  o the r .  A se- 
q u e n t i a l  t r a n s f e r  of Sr++ f r o m  one  subce l lu l a r  s t r u c t u r e  
to  a n o t h e r  could  t h e n  be  a p a r t  of t h e  process  b y  w h i c h  t h e  
l iver  cell assumes ,  m a i n t a i n s ,  a n d  d i scha rges  t h e  i n j ec t ed  
sgSr++" 

A de t a i l ed  s t u d y  of t h e  p r o b l e m  h a s  t he r e fo re  b e e n  
ca r r ied  out ,  w i t h  specia l  e m p h a s i s  on  t h e  t i m e s  im-  
m e d i a t e l y  fo l lowing t h e  i n j ec t i on  of s~Sr++. T h e  r e su l t s  
o b t a i n e d  h a v e  s h o w n  t h a t  de f in i t e  c h a n g e s  in  i t s  i n t r a -  
ce l lu lar  d i s t r i b u t i o n  do  indeed  occur  ea r ly  a f t e r  t h e  
in jec t ion ,  a n d  t h a t  t h e y  invo lve  all  subce l lu l a r  f r ac t ions  
s tud ied  ; i t  is t h u s  poss ib le  to  sugges t  a sequence  of e v e n t s  
for t h e  fa te  of Sr  ++ in  t he  l iver  cell. 

Methods. C o m m e r c i a l  r a t s  were  used,  we igh ing  250-300 
g, a n d  f a s t ed  16 h before  t h e  sacrifice,  sgSrC12 (20/~c/100 
g b.w.,  in  0.5 m l  d is t i l led  wa te r )  was  i n j ec t ed  i.p. F rac -  
t i o n a t i o n  a n d  a n M y t i c a l  m e t h o d s  h a v e  b e e n  desc r ibed  

1 E. CARAFOLI, J. gen. Physiol 50, 1849 (1967). 
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elsewhere z. The 'heavy '  microsomes fraction has however 
been omit ted from this presentation. The distribution of 
8oSr++ is expressed on a % basis, referred to the total  
radioactivi ty of the homogenate. 

Results and discussion. Seconds after injection, ~Sr  ++ 
can be measured in liver. The radioact ivi ty in the homo- 
genate rises in 2-3 min to a plateau that  is maintained for 
at least 60 min (Figure 1). Other experiments have shown 
tha t  after this t ime the radioact ivi ty in liver decreases. 
The distribution of *~Sr ++ among subcellular fractions is 
variable with t ime (Figure 2). The main modifications 
can be described as follows: (a) immediately after injec- 
tion, the largest par t  of the radioactive isotope is found 
in mitochondria. However, the totaI amount  of mito- 
chondrial ~Sr++ decreases rapidly in the first 3 rain, and 
then more slowly; after 60 rain, about  23% of the total  
~Sr++ of the cell is in mitochondria, as compared with a 
figure of about 57% immediately after the injection. (b) 
~Sr++ in the 'residue' also shows a rapid decrease, tha t  
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Fig. 1. Radioactivity in rat liver homogenates at various times" after 
injection of saSr ++. For technical details see text. Values as epm in 

totalliver (4,5 g). 
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Fig. 2. % distribution of radioactivity among liver subeellular 

fractions. For technical details see text. 

levels off after 2-3 min. The 'residue' is a heterogenous 
fraction tha t  contains the nuclei of the cells, cell debris, 
mitochondria, microsomes, and some lysosomes: it is 
therefore not  useful to discuss it  as an individual fraction. 
(c) A minor percentage of the total  89Sr++ of the cell is 
found in microsomes immediately after injection; how- 
ever, in about  3 min this amount  doubles, and it increases 
more slowly thereafter. A plateau is reached in 15-30 
min: at this thne, almost 20% of the total  s~Sr++ of the 
cell is recovered in the microsomes. (d) Small amounts of 
89Sr++ are found in the cell sap immediately after injec- 
t ion: however, this amount  rises quickly, to account for 
15-20% of the total  radiostrontium of the cell after 2-3 
min. Afterwards, the rise of the 8°St++ in the cell sap 
continues more slowly; after 60 rain, almost 40% of the 
total 89Sr++ is soluble. 

These results indicate that  Sr++ is not  irreversibly se- 
questered in the organelles o1 the liver ceU, but  i t  is trans- 
ferred from one organelle to another. Mitochondria seem 
to be the earliest loci of Sr++ uptake, probably because 
of their high affinity for St++, which has been described 
in in vitro studies 2. However, they do not maintain Sr ++ 
for a long time. Par t  of the 89Sr++ ejected by them is 
taken up by the endoplasmic reticulum, which has only 
a limited capacity to accumulate Sr++, as shown by the 
relatively small amount  of radioact ivi ty assumed in 15-30 
min; in the meantime, mitochondria continue to lose 
s°Sr++, par t  of which therefore remains in the soluble 
phase. 8°Sr++ in the endoplasmic reticulum is however 
maintained for a Iong t ime:  the binding of Sr ++, and/or 
its physical s tate in the endoplasmic reticulum and in the 
mitochondria is possibly different. A recent s tudy of the 
in vivo transport  of Ca ++ in liver has indeed shown tha t  
Ca+ + in the endoplasmic reticulum is in a stable state, 
while Ca++ in mitochondria is in a dynamic steady state. 
As for the increase of ~gSr++ in the cell sap at later times, 
it apparently means tha t  Sr++ cannot leave the cell easily. 

The deposition of radiostrontium in the animal tissues 
seems therefore to involve both mitochondria and the 
endoplasmic reticulum; mitochondria would be respon- 
sible for the early uptake of large amounts of radio- 
st~'ontium from the extracellular fluids, while endoplasmic 
reticulum would be the locus for a longer-term accumula- 
tion of part  of the s"Sr++ set free by mitochondria. Radia- 
tion damage could conceivably follow the accumulation 
of 89Sr++, due to the presence of DNA and RNA in the 
organelles 8. 

Riassunto. ~L stata studiata la distribuzione dello s"Sr++ 
nelle frazioni subcellulari di legato di ratto. Net primi 
secondi dopo l'iniezione, la maggior parte dello 8~Sr++ si 
trova net mitocondri. In  alcuni minuti, la radioatt ivi t~ 
diminuisce net mitocondri ed aumenta  nel reticolo endo- 
plasmico e nella fase solubile. Lo sgSr++ viene probabil- 
mente trasferito da una s t rut tura  cettulare al l 'a t tra;  i 
mitocondri ed il reticolo endoplasmico svolgono ruoli 
distinti nella deposizione dello Sr ++ nella cellula epatica. 
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