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Soon a f t e r  ha t ch ing ,  also, the  3 cha rac t e r i s t i c  e -bands  
m a k e  t h e i r  appea rance .  This  m a y  be c o n n e c t e d  w i t h  t h e  
d i f f e r en t i a t i on  of t h e  p h o t o r e c e p t o r s  of t h e  re t ina ,  s ince 
accord ing  to t~INGGENBERG 1~ t he  r e t i n a  of t he  t r o u t  is 
ful ly d i f f e ren t i a t ed ,  ove r  m o s t  of i ts  area,  sho r t l y  a f t e r  
ha t ch ing .  I n  Lebistes reticulatus, where  t he  eyes of all  
e m b r y o n i c  s tages  were t e s t ed  for e - b a n d s  as well  as 
his tological ly ,  t he  a p p e a r a n c e  of t he  e-group coincides 
w i t h  t he  d i f f e r en t i a t i on  of rods  a n d  cones11. 

W h e n  t he  e m b r y o  a n d  yo lk  sac of b o t h  s a l m o n  a n d  t r o u t  
are t e s t ed  separa te ly ,  t he  m o s t  a n o d a l  i sozymes  of g roup  
(b) m o v e  more  rap id ly  in t he  l a t t e r .  Th i s  m a y  be  due  to a 
possible  b i n d i n g  of yo lk  m a t e r i a l  to  t i le  e n z y m e  ill a 
s o m e w h a t  ana logous  fash ion  to t he  b i n d i n g  of N A D  to 
a lcohol  d e h y d r o g e n a s e  le. The  p a t t e r n  of t he  yo lk  sac - 
w i th  inc reas ing  a c t i v i t y  f rom the  c a t h o d a l  to  a n o d a l  end  
of g roup  (b) a n d  a f a i n t  s m e a r  a n o d a l l y  to i t  - r e m a i n s  t h e  
same un t i l  t h e  las t  s tage.  

b) Development o~ organ patterns. 1. Tai l  muscle.  W h e n  
t he  p a r r  m a r k s  a p p e a r  on  t he  pos t embryo ,  t he  full  a d u l t  
c o m p l e m e n t  of b a n d s  in  g roups  (a) a n d  (b) is p resen t ,  w i t h  
g roup  (b) s t a in ing  less in tense ly .  However ,  t he  r e l a t ive  
a c t i v i t y  w i t h i n  group  (a) is d i f fe ren t  f rom the  adul t .  In  t h e  
p o s t e m b r y o ,  t he  a n o d a l  b a n d s  are more  p ronounced ,  
whereas  in t he  a d u l t  t he  c a t h o d a l  b a n d s  s t a in  more  
in tense ly .  On ly  in  t he  s m o l t  s tage of t he  s a l m o n  a n d  t h e  
p r e s p a w n i n g  s tage  of t h e  t rou t ,  t h e  muscle  p a t t e r n  
acqui res  a d u l t  express ion  (Figure 1). 

2. Eye.  Group  (b) a n d  group  (e) deve lop  sho r t l y  a f t e r  
h a t c h i n g  (group (e) m o v e s  fas te r  ill t h e  s a l m o n  t h a n  in 
t he  t rou t ) .  The  re la t ive  i t l tens i t ies  w i t h i n  b o t h  g roups  are 
t h e  s ame  as for the  adu l t .  2 b a n d s  of g roup  (d) a p p e a r  
t o w a r d s  t he  end  of yo lk  sac resorp t ion .  Thus ,  b y  t h e  end  
of t he  p o s t e m b r y o n i c  phase,  t he  eyes of b o t h  s a l m o n  
a n d  t r o u t  possess t he  a d u l t  n u m b e r  a n d  d i s t r i b u t i o n  of 
L D H  a c t i v i t y  (Figure  2). The  p a t t e r n  r e m a i n s  t h e  same 
d u r i n g  s u b s e q u e n t  deve lopmen t .  

3. Hea r t .  H e a r t  e x t r a c t  of b o t h  s a l m o n  a n d  t r o u t  f ry  
(1 week  a f t e r  yo lk  resorp t ion)  yield g roup  (b), b u t  w i t h  
t he  excep t ion  of t he  second m o s t  r ap id ly  m o v i n g  b a n d .  
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Fig. 2. LDH isozyme pattern of trout heart (left) and sahnon eye 
(right) showing that both organs have acquired an adult pattern 
alreday at the fry stage. 

The  n u m b e r  of b a n d s  a n d  d i s t r i b u t i o n  of a c t i v i t y  are 
t h e  same  as in  t h e  adu l t  f ish (Figure  2). The  p a t t e r n  
r e m a i n s  u n c h a n g e d  in  all  s tages  of t h e  s u b s e q u e n t  g r o w t h  
period.  

4. Bra in .  5 b a n d s  of equa l  i n t e n s i t y  (group (b)) are 
resolved  in t h e  f ry  of s a lmon  a n d  t rou t .  F a i n t  an d  diffuse 
a c t i v i t y  in  t h e  region of g roup  (a) a n d  g roup  (d) is also 
observed .  The  p a t t e r n  r e m a i n s  t h e  same  t h r o u g h o u t  t he  
g r o w t h  per iod  in to  a d u l t h o o d .  

5. Liver .  L ive r  e x t r a c t s  of s a lmon  an d  t r o u t  f ry  
exhib i t ,  w i t h  inc reas ing  a c t i v i t y  f rom t h e  c a t h o d a l  to  t i le 
a n o d a l  end,  all 5 b a n d s  of g roup  (b). A t  t h e  pos i t ion  of 
g roup  (d) diffuse a c t i v i t y  is some t imes  ev iden t .  Th i s  
ear ly  l iver  p a t t e r n  resembles  closely the  i sozyme p a t t e r n  
for t h e  yo lk  sac. Morphologica l  a n d  h is to logica l  obse rva -  
t ions  show t h a t  in  te leos ts  t h e  l iver  is in close c o n t a c t  
w i t h  t h e  yolk :  in  sa lmonids  tile c o n t a c t  is p a r t i c u l a r l y  
close, w h i c h  m a k e s  some a u t h o r s  sugges t  t h a t  t h e  l iver  
is a r e so rp t ive  o rgan  for  yo lk  13. The  s imi la r i ty  of b o t h  ea r ly  
l iver  a n d  yo lk  p a t t e r n s  m a y  ref lect  t i le  p resence  of yo lk  
m a t e r i a l  in t h e  l iver.  The  a d u l t  d i s t r i b u t i o n  of l iver  L D H  
ac t iv i ty ,  where  g roup  (d) is p r o n o u n c e d  a n d  g roup  (b) is 
smeared ,  is ach ieved  in the  s a lmon  a t  t h e  s m o l t  s tage  a n d  
in t h e  t r o u t  a t  t h e  p r e s p a w n i n g  stage.  

Thus ,  t i le d e v e l o p m e n t a l  L D H  isozyme p a t t e r n  of ear ly  
organogenes is  in  t h e  2 sa lmonids  s tud ied  seems to  para l le l  
o b s e rv a t i o n s  in Xenopus laevis~,6: Once t h e  yo lk  d isap-  
pears  e i the r  as i n t r ace l lu l a r  p la te le ts ,  as in Xenopus, or 
c o n c e n t r a t e d  ex t r ace l lu l a r ly  in  a yo lk  sac, as in  s a p  
m o n i d s  t h e  adu l t  n u m b e r  of b a n d s  in all o rgans  t e s t e d  
(l iver excepted)  is es tab l i shed .  The  presence  of yo lk  m a y  
h a v e  some inf luence  on  gene r egu la t i on  or  d i r ec t ly  on  
e n z y m e  express ion.  Also, w h e n  t h e  yo lk  is a b s o r b e d  or 
i m m e d i a t e l y  a f te rwards ,  eye, h e a r t  musc le  a n d  b r a i n  show 
a d u l t  d i s t r i b u t i o n  of ac t iv i ty .  However ,  in  skele ta l  
muscle  an d  in t h e  d iges t ive  t r a c t  ( in tes t ine  in Xenopus 
an d  l iver  in  sa lmonids) ,  t h e  a d u l t  p a t t e r n s  emerge  
g radua l ly  a n d  are ful ly e s t ab l i shed  a t  a v e r y  m u c h  l a t e r  
stage. 

Zusammen/assung. Die o n t o g e n e t i s c h e n  A n d e r u n g e n  des 
I s o e n z y m - M u s t e r s  der  L a k t a t d e h y d r o g e n a s e  (LDH)  v o n  
Salmo salar u n d  S. trutta wurde  mi t t e l s  St/ irkegeI- 
E l e k t r o p h o r e s e  verfolgt .  WX h ren d  der  f r i ihen  E n t -  
w i ck l u n g s s t ad i en  ( F u r c h u n g  u n d  Gas t ru l a t i on )  s ind al lein 
die <~ H e r z - B a n d e n  ~ v o r h a n d e n .  I n  a l len gepr i i f t en  O r g a n e n  
wird  die adu l t e  B a n d e n z a h l  u n m i t t e l b a r  n a c h  der  
D o t t e r s a c k - R e s o r p t i o n  erre icht .  I m  se lben S t a t i u m  weisen 
Herzmuske l ,  Auge  n n d  G e h i r n  bere i t s  das  adu l t e  Ver-  
t e i l u n g s m u s t e r  auf, wS~hrend dieses im Ske l e t tmuske l  
u n d  der  Lebe r  ers t  n a c h  2-3 J a h r e n ,  v o r  E r r e i c h u n g  der  
Geschlechtsre i fe ,  a u t t r i t t .  
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Metabolic Changes Induced by Galactose 

D i e t a r y  c a r b o h y d r a t e s  h a v e  been  r epo r t ed  to decrease  
blood choles terol  ill man1,  ~, b u t  l i p a e m i a  rises w i t h  
glucose, sucrose a n d  f ruc tose  a-10. W e  h a v e  s tud ied  
glucol ipidic  m e t a b o l i s m  a f t e r  a n  oral  dose of galactose.  

Material and methods. Blood samples  were t a k e n  f rom 
9 v o l u n t a r y  h e a l t h y  sub jec t s  a f t e r  a f a s t i ng  per iod  of 8 h, 
a n d  i m m e d i a t e l y  a f t e r -wards  100 g of ga lac tose  dissolved 
in w a t e r  were a d m i n i s t e r e d  orally.  F u r t h e r  b lood samples  
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Cases Basal 1/~ hour 1 hour 2 hours Amounts in 

Triglycerides 9 145 ~ 50.48 179.55 4- 76.46 177.66 ~_ 55.14 147.22 + 55.27 mg/100 ml 
Free fatty acids 9 0.42-- 0.15 0.30=t- 0.16 0.26:t= 0.17 0.334- 0.17 mEq/1 
Total cholesterol 8-9 166.00 4- 28.96 188.88 • 49.49 183.50 • 48.99 178.50 4- 57.82 rag/100 ml 
Blood sugar 9 89.47 =}= 14.8 100.57 4- 12.82 91.57 • 12.73 85.70 • 15.42 mg/100 ml 
Insuline 9 30.11 4- 13.27 49.88 4- 14.32 47.66 4- 16.85 32.44 4- 9.11 ~U/ml 

were t aken  ~/2, 1 and 2 h later.  The following were 
e s t ima ted  in each sample :  free f a t t y  acids n-~a, to ta l  
cholesterol~,~5, triglycerides~8, blood sugarlT, ls and 
serum insulin19 The to ta l  cholesterol  in t he  basal  sample  
and  in t he  1-h and 2-h samples  could onIy be checked in 
8 pa t ien t s .  For  s ta t i s t ica l  t r e a t m e n t ,  t he  resul ts  were 
analyzed by  S t u d e n t ' s  t-test.  

1 A. t(E'YS, F. GRANDE and J. T. ANDERSON, Proc. Sot. exp. Biol. 
Med. 706, 555 (1961). 

2 R. KUYKEN, N. A. PII{AAR, H. IDOLMAN and F. A. SCHIPPERS, 
Voeding 23, 447 (1962). 

3 ~{. WINITZ, J. GRAFF and D. A. SEEDMAN, Arch.. Biochem. 
Biophys.  708, 576 (1964). 

4 A. M. PLESHKOV, Terapevt iehesk i i  Arkhiv .  35, 66 (1963). 
I. ~AcDoNALD and D. M. BRAITHWAITE, Clin. Set. 27, 23 (1964). 
J. T. ANDERSON, F. GRANDE, Y. MATSUMOTO and A. KEYS, 
J.  Nutr .  79, 349 (1963). 

7 A. ANTONIS and I. BERSOItN, Lance t  7, 998 (1960). 
A. ANTONIS and I. BERSOHN, Lancet  ~, 3 (1961). 
P. T. Kuo  and D. R. BASSET, Ann. in tern .  Med. 19, 1199 (1965). 

10 E. A. NIKKILA and K. OJALA, Life Sci. 4, 937 (1965). 
11 W. G. DUNCOMBE, Bioehem. J.  88, 7 (1963). 
12 p. j .  N. HOWORTH, Clin. claim. Aeta  14, 69 (1966). 
la A. ROVESCALLI, At tuaL Lab.  77, 33 (1965). 
14 D. WATSON, Clin. chim. Acta  5, 637 (1960). 
la N. ZOLLNER, Dr. reed. Wschr.  84, 386 (1959). 
1~ S. LARTILLOT and  CH. VOGEL, Feuil i .  Biol. 71, 39 (1970). 
17 F. H. SCH~_IDT, Klin. Wsehr.  39, 1244 (1961). 
18 U. E. RENSCHLER, Dt.  reed. Wsehr.  90, 2349 (1965). 
is C. N. HALES and P. J.  RANDLE, Bioehem. J.  88, 137 (1963). 

Comments. The results  are shown in the  Table.  There  
were no s ignif icant  var ia t ions  in serum-choles terol ,  
serum-t r ig lycer ides  and glucose concent ra t ions .  The free 
f a t t y  acids decreased s ignif icant ly  af ter  1 h (p 0.05). 
Serum insulin increased s ignif icant ly  af ter  1/2 h (p < 0.01) 
and  con t inued  to  be high af ter  1 h (p < 0.05). Af te r  2 h 
the  basal  concen t ra t ions  were res tored.  

F r o m  the  foregoing i t  m a y  be deduced  t h a t  galactose 
does no t  exer t  any  inf luence on the  se rum cholesterol ,  
t r iglycer ides  or glucose concent ra t ions .  I t  does, however ,  
p rovide  an effect ive s t imulus  for  t he  secret ion of insulin, 
resul t ing in an appreciable  ant i l ipolyt ic  effect  as demon-  
s t r a t ed  by  the  decrease of free f a t t y  acids, a fact  which  
po in t s  to  t he  possible  ex is tence  of pancrea t ic  recep tors  for 
galactose or to t h e  p roduc t ion  by  the  gut  of some subs tance  
which  increases the  blood sugar  co n t en t  when  galactose is 
present .  

Resumen. La admin i s t rac ion  de 100 g de galactosa  a 
9 voluntar ios  sanos po t  via  oral, demos t ro  ser capaz  de 
elevar  la insulinemia,  sin modif icar  la glucosa en sangre.  
Secundar iamente  se aprecio un descenso de los acidos 
grasos libres. La galactosa puede  ac tua r  d i r ec t amen te  
sobre el pancreas  o a t r aves  del in tes t ino.  
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Calcium in Myonuclei: Electron Microprobe X-Ray 

Our previous  work  wi th  e lectron microprobe  X- ray  
analysis  of e m b e d d e d  th in  sect ions of skeletal  muscle  and  
m y o c a r d i u m  has shown t h a t  calcium can be de tec ted  
and localized at  a subcellular  level and tha t ,  indeed,  the  
h ighes t  in t racel lular  concen t ra t ion  of the  e lement  is in 
the  nucleus 1,~. Here  we reporL fur ther  s tudies  of the  
calcium dis t r ibut ion,  in par t i cu la r  wi th in  the  nucleus, and 
s tudies  of t he  changes occurr ing in condi t ions  known  to 
increase intracel lular  calcium ~. W'e have  been  especially 
concerned  in th is  recent  work  to see how the  observed 
d i s t r ibu t ions  are af fec ted  by  di f ferent  me th o d s  of 
spec imen prepara t ion .  

Three  types  of p r epa ra t i on  were s tudied,  a) Frogs '  
sar tor ius  muscles  were f ixed and e m b e d d e d  in var ious  
ways  (some are shown in Table  I). b) Hea r t s  of rats,  e i ther  
un t r ea t ed  (controls) or in jec ted  wi th  i soproteranol  
(100 mg/kg  i.p. 6 h before sacrifice), were f ixed in a 
m ix tu r e  of 1% osmium and 2% p y r o a n t i m o n a t e  (K~H~Sb~. 
4H20) 3. The embedd ing  was e i ther  convent iona l  in 
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E p o n  812 or in a polymer izable  mix tu re  of 50% glutaral-  
dehyde  and  urea in which  d e h y d r a t i o n  is o mi t t ed  4. 
c) Biopsies were t a k e n  f rom the  hea r t  of an open-ches ted  
dog dur ing slow and  fast  hea r t  ra tes  induced  by  electrical  
pacing ~. The t issue was f ixed in a mix tu re  of osmium plus 
p y ro an t i mo n a t e ,  as in b), dehydra ted ,  and emb ed d ed  in 
E p o n  812. 
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