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Figs. 6 10.6. An outer segment of a stage 45 chick retina. Note a few very small and inconspicuous granular deposits (arrows) of ATPase 
positive sites. Unstained section, • 22,500. 7. and 8. Outer segments of hatched chick retinas. Note increase in granular ATPase positive sites 
(arrows). Unstained sections, • 47,500. 9. and 10. Retinal oil droplets at stage 45. Note different intensity of ATPase localization. Unstained 
sections, • 13,500. 

(Figures  7 a n d  8). The  i nne r  s egmen t s  on ly  d i sp lay  
A T P a s e  pos i t i v i t y  in  ce r t a in  oil d rop le t s  of b o t h  s tages  45 
a n d  ha tch ing .  (Figures 9 a n d  10). Accord ing  to  t he  pos i t ion  
of t he  droplets ,  t h e y  be long  to  those  of t h e  chief  cones. 

Discussion. Our  resu l t s  i nd i ca t e  a n  increase  in A T P a s e  
p o s i t i v i t y  in  13ruch's m e m b r a n e  a n d  basa l  in fo ld ing  layer  
a t  h a t c h i n g ,  sugges t ing  a poss ible  increase  in n u t r i e n t  
t r a n s p o r t .  M o v e m e n t  of n u t r i e n t  across t h i s  region has  
been  obse rved  in t he  adu l t s  8, is, 1~ 

Pos i t i ve  A T P a s e  r eac t ions  in  t h e  ou te r  s egmen t s  of t h e  
a d u l t  r e t i na s  h a v e  been  r epo r t ed  1, ~, and  i t  was  specu la ted  
t h a t  th i s  e n z y m e  m a y  be  r e l a t ed  to rhodops in .  Our  
resu l t s  ind ica te  t he  in i t i a l  p resence  of A T P a s e  a c t i v i t y  in  
t h e  ou te r  s egmen t s  a t  s tage  45, wh ich  coincides  in  t i m e  
w i t h  t h e  f i rs t  de t ec t ed  adu l t  E R G  1~ a n d  w i t h  t h e  
b e g i n n i n g  of pup i l l a ry  ref lex 3% Thi s  f u r t h e r  impl ies  t h a t  
A T P a s e  is i m p o r t a n t  in  t he  process  of vis ion,  poss ib ly  
t h r o u g h  i ts  r e l a t i onsh ip  w i t h  rhodops in .  

I n  t he  i nne r  segments ,  pos i t ive  A T P a s e  s i tes  are 
de t ec t ed  in chief  cone oil d rop le t s  a n d  n o t  in  o the r  
drople ts ,  sugges t ing  t h a t  d i f fe ren t  t ypes  of oil d rop le t s  
m a y  h a v e  d i f fe ren t  func t ions  or  m e t a b o l i c  act iv i t ies .  

T h e  A T P a s e  pos i t ive  d rop le t s  p r o b a b l y  serve to s tore  
A T P  31. 

Zusammen[assung. I n  der  R e t i n a  des H i i h n e r e m b r y o s  
wurde  im Z e i t p u n k t  des Schl i ipfens  - sowohl  in  der  
t3 ruchschen  M e m b r a n ,  wie a u c h  im P i g m e n t e p i t h e l  u n d  
de r  gusse ren  St~ibchenschicht  - eine v e r m e h r t e  A T P a s e -  
A k t i v i t i i t  fes tgestel l t .  
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A C o m p a r i s o n  Be tween  the Free Graft ing of Sliced and Intact  Musc les  in the Rat 1 

The  m e t h o d  of free g ra f t i ng  of en t i re  m a m m a l i a n  mus-  
cles offers a n u m b e r  of a d v a n t a g e s  ill t h e  s t u d y  of t h e  
phys io logy  of muscle  r egenera t ion ,  b u t  one d r a w b a c k  to  
th i s  mode l  is t he  pers i s tence  of a t h i n  r i m  of or ig ina l  
muscle  f ibres  a t  t he  p e r i p h e r y  of t he  g ra f t  3. Th i s  compl i -  
ca tes  t h e  ana lys i s  of ear ly  con t rac t i l e  proper t ies .  On t h e  
o the r  h a n d ,  t h e  c o m m o n l y  used  mode l  of m i n c e d  muscle  

r e g e n e r a t i o n  3 has  d i s a d v a n t a g e s  due to  t h e  s t r u c t u r a l  
pecul ia r i t ies ,  large a m o u n t s  of connec t ive  t i ssue  a n d  low 
degree of r ecove ry  of muscle  we igh t  a n d  t ens ion  develo  p- 
m e n t  ~. 

I n  a n  ef for t  to  c i r c u m v e n t  t h e  d i s a d v a n t a g e s  of b o t h  
sys tems ,  a new e x p e r i m e n t a l  mode l  was  devised.  I t  
cons is t s  of sl icing a muscle  in to  a n u m b e r  of t h i n  slabs,  
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m u c h  l ike  a s a u s a g e .  I n  t h i s  w a y  m a n y  of  t h e  a r c h i -  
t e c t u r a l  a d v a n t a g e s  oi  i n t a c t  m u s c l e  g r a f t s  w o u l d  r e m a i n  
w h e r e a s  t h e  r e p e a t e d  s e c t i o n i n g  w o u l d  e n s u r e  t h a t  n o  
m u s c l e  f i b r e s  r e m a i n e d  u n i n j u r e d  as  c o n t r a s t e d  to  t h e  
p e r i p h e r a l  r i m  of  p e r s i s t i n g  o r i g i n a l  m u s c l e  f i b r e s  in  
i n t a c t  (free) t r a n s p l a n t s .  T h e  r e s u l t s  h a v e  s h o w n  t h a t  t h i s  
is a n  e f f i c i e n t  m e t h o d  for  p r o d u c i n g  p u r e  p o p u l a t i o n s  of  
r e g e n e r a t i n g  m u s c l e  f ib res .  

Methods. 65 o n e - m o n t h - o l d  m a l e  W i s t a r  r a t s  we re  u s e d  
in  t h i s  s t u d y .  E i t h e r  t h e  e x t e n s o r  d i g i t o r u m  I o n g u s  ( E D L )  
or  s o l e u s  (SOL)  m u s c l e  w a s  r e m o v e d  f r o m  one  leg  a n d  c u t  
t r a n s v e r s e l y  i n t o  7 o r  8 s l ices  of  a p p r o x i m a t e l y  e q u a l  
t h i c k n e s s .  T h e  m u s c l e  s l ices  w e r e  t h e n  r e t u r n e d  t o  t h e i r  
o r i g i n a l  m u s c l e  b e d  in  as  n e a r  t o  n o r m a l  o r i e n t a t i o n  as  
pos s ib l e .  A t  i n t e r v a l s  f r o m  4 - 6 0  d a y s  a f t e r  i m p l a n t a t i o n  
o f  t h e  s l i ced  m u s c l e s ,  t h e  g r a f t s  w e r e  r e m o v e d  a n d  
a n a l y z e d  in  v i t r o  b y  m e t h o d s  d e s c r i b e d  p r e v i o u s l y  ~ fo r  
c o n t r a c t i o n  t i m e  ( t i m e  t o  p e a k )  a n d  t e t a n i c  t e n s i o n .  
A f t e r  d e t e r m i n a t i o n  of  c o n t r a c t i l e  p r o p e r t i e s ,  t h e  m u s c l e s  
w e r e  f r o z e n  in  l i q u i d  n i t r o g e n ,  c r o s s  s e c t i o n e d  a n d  s t a i n e d  
fo r  s u c c i n i c  d e h y d r o g e n a s e  ( S D H )  a n d  m y o s i n  a d e n o s i n e  
t r i p h o s p h a t a s e  ( A T P a s e )  a t  p H  9.4 as  in  o u r  p r e v i o u s  
s t u d i e s  5. I n  a d d i t i o n  to  s e l e c t e d  s p e c i m e n s  f r o m  t h e  g r a f t s  
s t u d i e d  a b o v e ,  a s e p a r a t e  se r ies  of  16 s l i ced  E D L  g r a f t s  
f r o m  1 - 2 0  d a y s  a f t e r  g r a f t i n g  w a s  s t u d i e d  h i s t o l o g i c a l l y .  

Results. Histology. D e s p i t e  a t t e m p t s  to  r e p l a c e  t h e  
m u s c l e  s l ices  in  p r o p e r  o r i e n t a t i o n ,  m a n y  of t h e  s l i ces  h a d  
r o t a t e d  w i t h i n  t h e  m u s c l e  b e d  ( p r e s u m a b l y  d u r i n g  t h e  

Table I. Summary  of histological events in regeneration of the sliced 
rat extensor digitorum Iongus nmsele 

Days Regenerative events 

1-2 
3 
4-5 
6-7 

7-14 

14+ 

Myoblastie recruitment 
Early myotubes 
Peak of myotube stage 
Peripheral myotubes develop into young muscles 
fibres 
Myofibres align parallel to long axis of muscles. 
Scattered poorly oriented myotubes still present in 
central region 
Gradual histological maturat ion of muscle fibres 

e a r l y  h o u r s  a f t e r  i m p l a n t a t i o n )  so  t h a t  t h e i r  f i b re  o r i e n t a -  
t i o n  w a s  n o  l o n g e r  p a r a l l e l  t o  t h e  l o n g  a x i s  oI t h e  o r i g i n a l  
m u s c l e .  T h e  h i s t o l o g i c a l  r e s u l t s  l e f t  n o  d o u b t  t h a t  v i a b l e  
o r i g i n a l  m u s c l e  f i b r e s  h a d  b e e n  e l i m i n a t e d  f r o m  t h e  s l i ced  
g r a f t s  a n d  t h a t  c o n t r a c t i l e  p r o p e r t i e s  of  t h e  m u s c l e s ,  
p a r t i c u l a r l y  d u r i n g  t h e  f i r s t  2 w e e k s  a f t e r  s l i c ing  c o u l d  b e  
a t t r i b u t e d  to  r e g e n e r a t i n g  m u s c l e  f ib res .  Al l  i s c h e m i c  
o r i g i n a l  m u s c l e  f i b r e s  in  E D L  s l ices  h a v e  n o r m a l l y  c o m -  
p l e t e l y  d i s a p p e a r e d  b y  t h e  e n d  of  t h e  1st  week .  T a b l e  I 
s u m m a r i z e s  t h e  m a i n  r e g e n e r a t i v e  e v e n t s  in  s l i ced  E D L  
g ra f t s .  

F r o m  t h e  e n d  of  t h e  1s t  t o  e a r l y  in  t h e  3rd  w e e k  
p o s t o p e r a t i v e l y ,  t h e  g r a f t s  c o n t a i n e d  s m a l l  b u t  c o n s i s t e n t  
n u m b e r s  o f  d e g e n e r a t i n g  m y o t u b e s .  T h e s e  h a v e  a l so  b e e n  
s e e n  in  t h e  r e g e n e r a t i n g  m i n c e d  E D L  of  t h e  r a t  6 a n d  a r e  
a t t r i b u t e d  to  loca l  d e n e r v a t i o n  c h a n g e s .  

Contractile properties. T h e  m a j o r  d i f f e r e n c e  b e t w e e n  
s l iced  a n d  i n t a c t  m u s c l e  g r a f t s  w a s  t h e  a b s e n c e  of  c o n -  
t r a c t i l e  a c t i v i t y  in  s l i ced  g r a f t s  4 d a y s  p o s t o p e r a t i v e l y .  
I n t a c t  g r a f t s  of  n o r m a l  E D L  or  S O L  m u s c l e s  t e m p o r a r i l y  
lose t h e i r  a b i l i t y  to  c o n t r a c t  d u r i n g  t h e  f i r s t  2 d a y s  a f t e r  
t r a n s p l a n t a t i o n  v b u t  b y  4 d a y s  t h e y  c o n t r a c t  w e a k l y .  T h e  
h i s t o l o g y  of 4 - d a y  i n t a c t  g r a f t s  s h o w s  i m m a t u r e  r e g e n e r -  
a t i n g  m y o t u b e s  w i t h  a t h i n  r i m  of  o ld  m u s c l e  f i b r e s  
a r o u n d  t h e  p e r i p h e r y  s, a n d  t i re  c o n t r a c t i l e  a b i l i t y  of  4- 
d a y  i n t a c t  g r a f t s  h a s  b e e n  a t t r i b u t e d  t o  t h e  s u r v i v i n g  
( d e n e r v a t e d )  o r i g i n a l  m u s c l e  f ib res .  I n  s l i ced  g r a f t s ,  t h e  
l a c k  of  c o n t r a c t i o n s  a t  4 d a y s  is  c o r r e l a t e d  w i t h  a n  a b s e n c e  
of  s u r v i v i n g  o r i g i n a l  m u s c l e  f i b r e s  a n d  a p o p u l a t i o n  of  
m y o t u b e s  t oo  y o u n g  to  e n g a g e  in  s i g n i f i c a n t  c o n t r a c t i l e  
a c t i v i t y .  

D u r i n g  l a t e r  p e r i o d s ,  t h e  c o n t r a c t i l e  p r o p e r t i e s  of  t h e  
s l i ced  g r a f t s  a r e  v e r y  s i m i l a r  t o  t h o s e  of i n t a c t  g r a f t s  
(Tab l e  I I ) .  T h e  c o n t r a c t i o n  t i m e s  of b o t h  S O L  a n d  E D L  

1 Supported in part  by a grant from the Muscular Dystrophy Asso- 
ciations of America, Inc. 

2 B. CARLSOS and E. GUTMANN, Pfltigers Arch., in press. 
3 A. STUDtTSKY, Experimental Surgery o] Muscles (Russian) (Izdatel. 

Akad. Nauk SSSR, ?ffoskwa 1959). 
B. CARLSON and E. GUTMANN, Exp1. Neurol. 36, 239 (1972). 

5 E. GUTMANN and B. CARLSON, Pfliigers Arch,, in press. 
8 B. CARLSON and E. GUTMANN, unpublished data. 
7 F. VYSKOClL, B. CARLSON and E. GUTMAtCN, Pfliigers Arch. 3&l, 

181 (1973). 
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Table II. Comparison of contraction time, tetanic tension and weight between sliced and intact  grafts of the rat  soleus and extensor digitormn 
longus muscles 

Extensor digitorum longus 

Days Contraction time (msee) Tetanie tension (g) Weight (rag) 
Intact  ~ Sliced Intact �9 Sliced Intact  �9 Sliced 

4 (n -- 4) 14.63 =c 2,50 _ b 1.21 ~ 0.03 none --  --  
7 (n = 4) 13.83 • 0.88 16.38 • 2.01 1.93 ~ 0.58 1.53 • 0.51 -- 57.25 ~= 6.56 

14 (n = 10) 17.63 q- 1.17 18.98 • 1.65 5.45 ~ 0.53 4.82 J= 1.17 --  36.70 ~ 5.36 
30 (n ~ 9) 14.28 • 0.20 13.73 ~ 0.86 13.50 4- 3.57 7.54 • 1.23 59,40 =t- 7.26 44.33 4- 5.04 
60 (n ~ 8) 11.29 ~ 0.35 12.97 _4- 0.53 85.45 ! 15.00 15.61 ~ 3.35 123.12 • 9.75 84.13 q- 15.31 

Soleus 

4 (n = 4) 34.04-L 2.50 ~ 4.62 :~ 0.52 none --  --  
7 (n ~ 4) 33.66 _L 2.03 35.82 i 3.54 3.64-E 0.66 0.35 ~- 0.23 --  35.50 ]_ 1.73 

14 (n ~ 3) 27.33 -~ 0.75 33.93 4- 2.02 10.14 i 0.44 2.86 ~: 1..91 --  35.67 i 19.66 
30 (n ~ 4) 26.60 i 0.31 22.15 4- 12.79 6.79 ~ 0.78 5.73 -t= 7.20 52.00 i 5.63 57.00 d= 6.68 
60 (n -= 3) 19.15 -E 2.88 22.77 ~- 1.42 14.23 :~ 4.80 8.83 ~ 5.68 76.25 -E 6.84 56.67 ~- 10.41 

~Data from B. CARLSON and E. GUTMANN, Pfliigers Arch., in press, bSlight contraction (not measurable) after s t imulus of 5 msec duration. 
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A) Normal rat extensor digitorum longus muscle stained for ATPase. 
t3) 60-day sliced extensor digitorum longus graft stained for ATPase. Distinct differences in fibre type staining are seen. Fibre type grouping 
rather than the normal checkerboard pattern is eonlmon. 

graf t s  are r e l a t ive ly  slow a t  f i rs t  and  speed up  as t h e  
r egene ra t i ng  muscle  f ibres  m a t u r e .  

Te t an ic  t ens ions  of sliced graf t s  were cons i s t en t ly  less 
t h a n  those  of i n t a c t  g ra f t s  t h r o u g h o u t  t he  d e v e l o p m e n t a l  
per iod  t e s t ed  (Table  II) .  These  differences are a ref lec t ion 
of t he  gross a p p e a r a n c e  of t he  two types  of grafts .  Gra f t s  
of i n t a c t  muscles  are n o r m a l l y  t h i cke r  and  h a v e  a larger  
a rea  of dense ly  p a c k e d  muscle  f ibres t h a n  do sliced grafts .  
Compar i sons  of we igh ts  are of l i t t le  va lue  because  of 
va r i ab l e  a m o u n t s  of c o n n e c t i v e  t i ssue  a d h e r e n t  to  t h e  
muscles.  

Hislochemistry. The  h i s tochemica l  d i f f e ren t i a t ion  of 
muscle  f ibres  w i t h i n  t he  sliced graf t s  followed a course  
t yp ica l  of t h a t  seen in r egene ra t i ng  m a m m a l i a n  muscle.  
B y  30 days  differences in  f ibre  types  were beg inn ing  to  
emerge w h e n  sect ions  were s t a ined  for e i the r  S D H  or 
A T P a s e  ac t iv i ty ,  and  b y  60 days  the  graf t s  were p o p u l a t e d  
w i t h  d i s t inc t  t y p e  I a n d  t y p e  I I  f ibres  (Figure).  As is t h e  
rule  in r egene ra t ed  a n d  t r a n s p l a n t e d  muscles,  t y p e  group-  
ing was c o m m o n l y  observed .  Overall ,  t he  h i s tochemica l  
p r epa ra t i on~  revea led  a close r e t u r n  of the  r egene ra t ed  
muscle  f ibres  to  t he  n o r m a l  condi t ion .  

Discussion. The  m e t h o d  of t r a n s v e r s e  sl icing has  p r o v e n  
to be  a useful  mode l  for s t u d y i n g  r egene ra t ing  m a m m a l i a n  
muscle,  a n d  i t  r ep resen t s  a n o t h e r  t e c h n i q u e  w h e r e b y  an  
en t i re  muscle  can  be  r egene ra t ed  or t r a n s p l a n t e d .  Slicing 
is super ior  to  m i n c i n g  w i t h  r e spec t  to  t he  g rea t e r  a m o u n t  
of func t iona l  muscle  t h a t  regenera tes .  Sliced muscle  
g ra f t s  are easier  to  ana lyze  phys io logica l ly  and  s t ruc tu r -  
al ly t h a n  gra f t s  of i n t a c t  muscles .  Because  or iginal  muscle  

f ibres  do n o t  survive ,  t h e  d e v e l o p m e n t a l  g r ad i en t s  of 
c o n t r a c t i o n  can  be  a s s u med  to r ep re sen t  the  p roper t i e s  of 
r e g e n e r a t i n g  muscle  f ibres  alone. The  s t r e n g t h  of con t rac -  
t ion ,  however ,  is less t h a n  t h a t  of i n t a c t  muscle  grafts .  
Th i s  is p r o b a b l y  due to  t h e  d i s r u p t i o n  of t h e  i n t e rna l  
a r c h i t e c t u r a l  f r a m e w o r k  of the  muscle  b y  the  sl icing 
process.  T h u s  as a physio logica l  model  sl icing is a prefer-  
able  t e c h n i q u e  of muscle  g ra f t i ng  whereas  i n t a c t  muscle  
g ra f t s  p roduce  muscles  t h a t  are b e t t e r  f rom t h e  clinical  
s t a n d p o i n t .  

Summary. Transve r se  sl icing is a new t e c h n i q u e  
w h e r e b y  a m a m m a l i a n  muscle  can  be  freely g ra f t ed  w i t h  
success. This  m e t h o d  e l imina tes  c o n t a m i n a t i o n  of t he  
ea r ly  g ra f t  b y  su rv iv ing  muscle  f ibres  an d  allows one to  
measu re  the  d e v e l o p m e n t  of con t r ac t i l e  p roper t i e s  on a 
u n i f o r m  p o p u l a t i o n  of r egene ra t i ng  muscle  fibres. 
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Glutamine  Aminotrans ferase  and Glutamine  A m i n o h y d r o l a s e  Ratio as a Poss ib le  Tes t  
for A n t i t u m o u r  C o m p o u n d s  

CHAKRABORTY" et  al. 1, d u r i n g  t h e i r  s tud ies  on  t h e  
p l a s m a  ra t io  of g l u t a m i n e  a m i n o t r a n s f e r a s e  (GAT) a n d  
g l u t a m i n e  a m i n o h y d r o l a s e  (GNase) in  p a t i e n t s  suffer ing 
f rom mye lopro l i f e ra t ive  diseases a n d  d i f fe ren t  t ypes  of 
o t h e r  b lood  disorders ,  h a d  obse rved  f l u c t u a t i o n  in t h e  
r a t io  of these  two  enzymes  w i t h  cl inical  and  h a e m a t o -  
logical  cond i t ions  of t he  pa t i en t s .  T h e y  also found  t h a t  
t h e  r a t io  was  d e p e n d a n t  u p o n  t he  response  of t i le  p a t i e n t  

to  a p a r t i c u l a r  d rug  t h e r a p y .  Hence  i t  was  decided to see 
if  t h e  f l u c t u a t i o n s  in  t i le p l a s m a  G A T / G N a s e  ra t io  could 
be  used as a t e s t  for t h e  a n t i t u m o u r  compounds .  W i t h  
t h i s  idea in v iew 3 of t h e  k n o w n  a n t i t u m o u r  c o m p o u n d s  
were screened for  t h e i r  effect  on  ti le r a t io  of the  two  types  
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