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From these results we conclude tha t  tannic acid a t  low 
concentrations forms a soluble complex with protein 
modifying its spectrum with subsequent disappearance 
of the peak a t  520 nm for the cytochrome C and a t  500 nm 
for the metamyoglobin~,~; addition of Tween 80 to the 
solution splits the linkage of cytochrome C and metamyo- 
globin with the tannic acid and causes the reappearance 
of the respective peaks. II  tannic acid is added to the 
protein solution in large quantities, a precipitate contain- 
ing the tannic acid-protein complex is formed. With 
cytochrome C, this precipitate if suspended in the presence 
of Tween 80, gives cytochrome C with the characteristic 
spectrum of the reduced form L 

Riassunto. L'acido tannico a basse concentrazioni forma 
complessi solubili con fl citocromo C e la metamioglobina, 
modificandone i relativi spettri di assorbimento nel visi- 
bile. I1 Tweeu 80 aggiunto alle soluzioni contenenti i 

suddett i  complessi determina la ro t tura  del legame pro- 
teina-acido tannico e ia ricomparsa dello spettro carat- 
teristico delle proteine in esame. 
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In f luence  of  P h o t o p e r l o d s  on  the  S e a s o n a l  
F l u c t u a t i o n s  of T S H  Conten t  of  the  P i t u i t a r y  

in a F r e s h w a t e r  Cat f i sh ,  M y s t u s  v i t t a t u s  ( B l o c h )  
In spite of the availabili ty of a vast  amount  of literature 

on seasonal, morphological and physiological changes of 
teleostean pi tui tary 1-z6, very little is known about  varia- 
tions in their hormone content. Using the thyroidal I ~sz 
uptake of rainbow trout, WOODHEAD and FONTAINE 16 
have assessed the thyrotropic potency of cod. SWZFT and 
PICKFORD Z~ have evaluated seasonal fluctuations in thy- 
rotropic act ivi ty  of the pi tui tary in Perca fluviatilis by 
stimulating the thyroid of hypophysectomized Pundulus 
heteroclitus. However, they have used only a histometric 
technique for the evaluation of the activity.  In the present 
investigation an a t t empt  has been made to ascertain the 
effects of photoperiods on seasonal variations in the T S H  
Ievel of the pi tui tary of a freshwater catfish Mystus vil- 
tatus. To avoid species specificity xs effects, the same 
species has also been used for the assay of thyrotropic 
potency. Thyroidal I T M  uptake in response to homogenized 
pi tui tary was taken as criterion for the evaluation of T S H  
potency. To suppress endogeneous T S H  secretion in the 
receptor fish, they were pretreated with L-thyroxin. 

Three groups of adult  specimens of M. viltatus of both 
sexes with an average weight of 11.0 g and total  length of 

10.0 cm were subjected to different photoperiods for 12 
months (November-October).  Group i was kept under 
normal photoperiods, group 2 was subjected to continuous 
illumination and group 3 to total  darkness. For  the assess- 
ment  of thyrotropic content, pi tui tary glands from each 
group in every month were collected for 11 months 
(December-October). The pituitaries were acetone dried 
and stored separately in sealed vials. Mature specimens of 
M. vittatus pretreated with 150/~g of L-thyroxin in 0.25 ml 
physiological saline solution/fish twice a week for 3 weeks, 
were utilized for assay. They were divided into 34 batches 
of 12 specimens each. Each batch from 1-33 received 
pi tui tary extracts of an experimental  group pooled during 
a month. Thus batches 1-11 were injected with pi tui tary 
homogenates of group I collected from December-October  
respectively. Batches 12-22 were given pi tui tary homo- 
genates collected from group 2 in the same monthly  
sequence as tha t  of group 1 and the batches 23-33 received 
pi tui tary extracts drawn from group 3 in the above 
sequence. In all batches each specimen received extracts  
of 2 pituitaries divided into 6 doses, tha t  is 2 doses/week 
for 3 weeks. The pi tui tary extracts were kept in sealed 
vials and stored in deep-freeze, but  before injection ex- 
tracts were brought  to room temperature.  The pi tui tary 
homogenates were prepared in physiological saline solu- 
tion and the quant i ty  of each injection fluid was 0.2 ml. 
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Seasonal variations in the TSH level of the 
pituitary under varied photoperiods in M. 
vittatus. O~O, pattern of cyclic variations 
in TSH level of group 1 (normal photoperiods) ; 
O- - -O,  cyclic variations in TSH level of 
group 2 (continuous illumination) ; e - - e ,  
cyclic variations in TSH level of group 3 (total 
darkness). 
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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 .  

T. P. SIN~H 

Department o~ Zoology, University ol Udaipur, 
Udaipur (Ra]asthan, India), IO May 7967. 

1 M. OUVEREAU, Ann. Inst. Oceanogr. 29, 96 (1954). 
B. VERHOEVE~ and G. E. VAg OORDT, Proc. Sect. Sci. K. ned. 
Akad. Wet. C 58, 628 (1955). 

3 H. W. SOKOL, Anat. Rec. 722, 451 (1955). 
4 j .  M. DODD, Mem. Soe. Endocr. 4, 166 (1955). 

In Techniques in Endocrine Reseqreh (Ed. P. ECKSTEI~ and F. 
KNOWLES; Academic Press Inc., London 1963), p. 161. 

6 j .  M. DODD and T. KERR, Syrup. zooL Soe. Load. 9, 5 (1963). 
G. E. PICKFOgD and J. W. ATZ, The Physiology o! the Pituitary 
gland ol Fishes (New York Zoological Society, New York 1957). 

s G. E. PXCKFORD, in Comparative Endocrinology (Ed. A. GORBMAN; 
John Wiley and Sons, New York 1959), p. 404. 

9 A. G. SATHYANES&N, CeUule. 63, 283 (1963). 
1~ A. G. SATHVA~ESA~ and T. P. SISGH, J. zool. Soc. India, 14, 165 

(1963). 
~10. H. ROBERTSON and B. C. ~V~:XLER, J. Morph. 710, 157 (1962). 
12 M. P. SCHREIBMAN, Zoologica, dg, 217 (1964). 
la M. D. LAGtOS, Gen. eomp. Endoer. 5, 207 (1965). 
14 y.  HOSMA, Bull. Jap. Soc. scient. Fish. 32, (1966). 
1~ y. HosMA and E. TAMURA, Bull. Jap. Soc. scient. Fish. 37, 863 

(1965). 
~6 A. D. WOODHEAD and Y. A. FONTAINE, Bull. Inst. oc~anogr. 

Monaco 56, 1137 (1959). 
~7 D..R. SWIFT and G. E. PICKFORD, Gen. comp. Endocr. 5, 354 

(1965). 
~s M. FONTAINI~ and Y. A. FONTAINE, Gen. comp. Endoer. Supple- 

ment 1, 63 (1962). 
~9 I am grateful to Dr. A. G. SATHVANESAU, Department of Zoology, 

Banaras Hindu University for suggestions and encouragements. 
My thanks are also due to Prof, P. STARR, Pasadena, California, 
Dr. TH, GARRETT, Illinois and Baxtor Laboratories Int., Morton 
Grove, Illinois, for generous supply of crystalline L-thyroxin, to  
Prof. S. P. RAYCHAUDHURI for providing facilities and encourage- 
ments. 

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). 


