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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  

I p. CHAKRABORTY~ M. DUTTA CHAWDHURI a n d  G .  C. SHRIVASTAVA, 
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of g lu taminases  in the  Ehr l i ch  ascites cells and the  hos t  
p lasma.  

Materials and methods. The Ehr l i ch  ascites cells (EAC) 
were ma in t a ined  in our l abora to ry  by  serial t r ansp lan ta -  
t ion into Swiss mice. The processing of the  Ehr l ich  
asci tes cells and p lasma  was carried out  according to the  
m e t h o d  descr ibed by  CHAKRABORTY and  SHRIVASTAVA 2. 
The incuba t ion  procedures  and mix tu res  were similar  to 
those  descr ibed earlier 3. The ammon ia  l ibera ted  dur ing  
the  incuba t ion  was e s t ima ted  according to  BRAGANCA et 
al. 4. All a n t i t u n m u r  compounds  used were in jec ted  i.p. 
10 days  af ter  the  tu rnout  t r ansp lan ta t ion .  

Mi tomycin-C manufac tu red  by  M/s. K y o w a  Hakko  
Kgyo  C om pany  Ltd. ,  Japan ,  was received as a gift  f rom 
M/s. Biochemical  Pha rmaceu t i ca l  Indust r ies ,  Bombay ,  
and  E n d o x a n - A s t a  was suppl ied as gift  by  M/s. Khande l -  
wal Labora tor ies ,  Bombay .  The au thors  are thankfu l  to  
b o t h  the  f i rms for the i r  free gifts. Ac t inomyc in -D was 
ob ta ined  f rom M/s. Sigma Chemical  Company,  St. Louis, 
Mo., USA.  

Results. MitomyciI1-C was in jec ted  in normal  and  
tumour -bea r ing  mice a t  a concen t ra t ion  of 4 mg/kg  b.wt .  
I t  can be seen f rom the  Figure  1 t h a t  the  in ject ion of th is  
an t ib io t ic  did not  al ter  the  p lasma GAT/GNase  rat io of 
1.0 in normal  mice, b u t  there  was a shif t  in the  Ehr l i ch  
asci tes  cell rat io f rom 0.5 to  1.0 in abou t  6 h af ter  the  
inject ion.  However ,  it took a longer per iod for the  p lasma  
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Fig. 1. GAT/GNase ratio after 4 mg/kg body weight injection of 
mitomycin-C. -O-,  Plasma (normal animal); -D-,  Ehrlich ceils; 
-&-,  Plasma (tumour-bearing animals). 

ra t io  to  come up to the  normal  value. The actual  t ime  
t aken  being 6 h more  t h a n  the  cells. 

Similar  s tudies  were carr ied out  w i th  ac t inomyc in -D 
which  was in jec ted  at  a concen t ra t ion  of 100 7/kg b.w.t .  
and  the  resul ts  ob ta ined  show t h a t  th is  c o m p o u n d  also 
behaved  like the  previous one, i.e. there  was no shif t  in 
the  GAT/GNase  ra t io  in the  normal  mice, b u t  t he  t u m o u r  
cells and  hos t  p la sma  was e levated  to the  normal  value 
of 1.0 in 6 and  12 h respect ive ly  (Figure 2). 

20 mg/kg  b.w.t ,  of E n d o x a n - A s t a  was in jec ted  in to  
normal  and tumour -bea r ing  mice;  its effect  on the  GAT/ 
GNase ra t io  are depic ted  on Figure 3. Al though  E n d o x a n  
did no t  affect  the  ratio of the  two  enzymes  in the  p lasma  
of normal  animals,  ye t  there  was an effect  on the  t u m o u r  
cells and hos t  p la sma  values. I t  m a y  be observed t h a t  the  
t ime  t aken  for the  rat io in the  t u m o u r  cells and  hos t  
p la sma  to come to normal  value was m u c h  longer t h a n  
those  observed for the  2 previous  a n t i t u m o u r  compounds  
descr ibed above.  

Discussion. F r o m  the  above  da t a  it could be seen t h a t  
all the  3 a n t i t u m o u r  compounds  affected the  GAT/GNase  
ra t io  in the  t u m o u r  cells as well as hos t  p lasma,  bu t  no t  
the  p lasma  ob ta ined  f rom the  normal  mice. I t  m a y  be 
men t ioned  here tha t ,  wi th  the  r e tu rn  of GAT/GNase  
rat io to the  normal  value of 1.0, the  survival  t ime  of the  
t u m o u r  in jec ted  animals  was  also increased.  Leng then ing  
of the  life span  of the  t umour -bea r ing  animals  migh t  
indicate  some sor t  of a correla t ion be tween  the  GAT/  
GNase rat io and the  effect  of a n t i t u m o u r  agents .  This  is 
fu r ther  subs t an t i a t ed  by  the  fact  t h a t  the  per i tonea l  
fluid of the  drug- in jec ted  animals  gave m u c h  less packed  
cell vo lume t h a n  t h a t  of ones which had  no t r e a t m e n t .  

The probable  reason for t he  late effect  of E n d o x a n -  
Asta  could be the  fact  t h a t  th is  c o m p o u n d  has to be 
t r a n s p o r t e d  to  the  liver where  it gets ac t iva t ed  in the  
presence  of some microsomal  enzyme sys tem.  For  th is  
ac t iva t ion  oxygen  and N A D P H  are used and  t h e n  th is  
ac t iva ted  c o m p o u n d  is fu r the r  ac t iva ted  at  the  site of the  
action. This ac t iva ted  der iva t ive  of E n d o x a n - A s t a  is 
supposed to in terfere  wi th  cellular divis ion at  some 
vulnerable  phase.  
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Fig. 2. GAT/GNase ratio after 100 •/kg b.wt. injection of actino- 
mycin-D. - �9 Plasma (normal animals); -D- ,  Ehrlich cells; -A- ,  
Plasma (tumour-bearing animals). 
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Fig. 3. GAT/GNase ratio after 20 mg/kg b.wt. injection of Endoxan- 
Asta. -O- ,  Plasma (normal animals); -=1-, Ehrlich cells; -A- ,  
Plasma (tumour-bearing animals). 
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On  t he  o the r  h a n d ,  SHIBA et  a l )  found  t h a t  m i t o m y c i n -  
C se lec t ively  i n h i b i t e d  t he  syn thes i s  of DNA.  I t  is also 
k n o w n  t h a t  a c t i n o m y c i n - D  inh ib i t s  t he  f o r m a t i o n  of 
m R N A  f rom DNA.  T h u s  b o t h  these  c o m p o u n d s  h a v e  a 
d i r ec t  e t fect  on  t he  cells, hence  t h e  change  in t he  G A T /  
GNase  ra t io  is seen ear l ier  t h a n  t h a t  w i t h  E n d o x a n -  
Asta .  

I n  conclus ion  i t  m a y  be  said t h a t  the  change  in t h e  
p l a s m a  G A T / G N a s e  ra t io  m i g h t  poss ib ly  be useful  for t h e  
t e s t i ng  of c o m p o u n d s  which  m a y  h a v e  a n t i t u m o u r  ac t iv i ty .  

Summary .  Three  k n o w n  a n t i t u m o u r  drugs  h a v e  been  
t e s t ed  for t h e i r  effect  on t he  G A T / G N a s e  ra t io  of  E h r l i c h  
Ascites  ceils a n d  hos t  p l a sma .  I t  was  observed  t h a t  all 
these  d rugs  h a d  ch anged  t he  r a t io  of t he  2 types  of g lu ta-  
minases  f rom below 1.0 to  t h e  n o r m a l  va lue  of 1.0, t h i s  

was  a c c o m p a n i e d  w i t h  an  increase  in t he  su rv iva l  t i m e  of 
t he  t u m o u r - b e a r i n g  an imals .  There  was, however ,  n o  
effect  on t he  p l a s m a  G A T / G N a s e  ra t io  of n o r m a l  a n i m a l s  
in  t h e  presence  of t he  3 a n t i t u m o u r  c o m p o u n d s  t es ted .  
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Are  there  S o m a t o s t a t i n - C o n t a i n i n g  N e r v e s  in the Rat  Gut ? I m m u n o h i s t o c h e m i c a l  
Ev idence  for a N e w  T y p e  o f  Per ip h era l  N e r v e s  

I t  has  been  genera l ly  accep ted  t h a t  the  gu t  receives a 
dua l  i n n e r v a t i o n  b y  chol inergic  a n d  adrenerg ic  nerves,  
exer t ing ,  respect ively ,  an  e x c i t a t o r y  a n d  i n h i b i t o r y  
effect  in  t i le con t ro l  of gu t  m o t i l i t y  1-4. More r ecen t l y  
BURNSTOCK a n d  co l l abora to rs  h a v e  a d v a n c e d  t he  concep t  
of a pur ine rg ic  i n n e r v a t i o n  to  r ep re sen t  t he  m a i n  in-  
h i b i t o r y  sys t em an t agon i s t i c  to  t he  e x c i t a t o r y  ehol inergic  
ne rves  (seeS). F ina l ly ,  i m m u n o h i s t o c h e m i c a l  s tudies  b y  
~ILSSON et  al. 5 h a v e  d e m o n s t r a t e d  t h a t ,  in  t he  mouse,  
S u b s t a n c e  P, or a S u b s t a n c e  P-l ike subs tance ,  is p r e sen t  
in  ne rves  fo rming  a dense  n e t w o r k  m a i n l y  a r o u n d  ti le 
gang l ion  cells of t he  m y e n t e r i c  plexus.  Thus ,  a t  leas t  p a r t  
of t he  Subs t ance  P p re sen t  in  t he  gu t  s, ~ a n d  or ig ina l ly  
i so la ted  f rom th i s  t i ssue  b y  YON EULER a n d  GADDUM 6 is 
of n e u r o n a l  origin. 

I n  t he  p re sen t  p a p e r  we r e p o r t  t he  ex is tence  of p rob -  
able  ne rves  c o n t a i n i n g  s o m a t o s t a t i n  or s o m a t o s t a t i n -  
l ike i m m u n o r e a c t i v i t y  in  t he  r a t  gut .  This  pep t ide  was 
or ig ina l ly  i so la ted  f rom t he  h y p o t h a l a m u s  and  has  a n  
i n h i b i t o r y  ac t ion  on  ti le g r o w t h . h o r m o n e  release s . 
However ,  s o m a t o s t a t i n  is p r e s en t  no t  on ly  in t he  hypo-  
t h a l a m u s  9-n,  b u t  has  r ecen t ly  also been  found  in va r ious  
pe r iphe ra l  t i ssues  w i t h  i m m u n o h i s t o c h e m i s t r y  ~2 a n d  
r a d i o i m m u n o a s s a y  ~3. 

Mater ia l  and methods. A n t i b o d i e s  to  s o m a t o s t a t i n  were 
p r e p a r e d  b y  coupl ing  s y n t h e t i c  s o m a t o s t a t i n  to  h u m a n  
e-globul in  as descr ibed  p rev ious ly  14. 

Male a lb ino  r a t s  (6, wt.  150-200 g) were per fused  w i t h  
ice-cold 4 %  formal in ,  p r e p a r e d  accord ing  to  PEASE X5 as 
descr ibed  p rev ious ly  is. Af te r  r insing,  c ryos t a t  sect ions  
were cu t  f rom t h e  s tomach ,  d u o d e n u m ,  j e j u n u m ,  i leum, 
colon a n d  r ec tum.  The  sect ions  were i n c u b a t e d  w i t h  
s o m a t o s t a t i n  a n t i s e r u m  p r e t r e a t e d  w i t h  h u m a n  e-globul in ,  
d i lu ted  1:20,  for 30 rain,  r insed  in p h o s p h a t e  buf fe red  
sal ine (PBS),  i n c u b a t e d  w i t h  f luoresce in i so th iocyan te  
c o n j u g a t e d  sheep a n t i r a b b i t  i m m u n o g l o b u l i n  (S t a t ens  
Bak te r io log i ska  L a b o r a t o r i u m ,  S tockholm,  Sweden),  di- 
l u t ed  1 :4  for 30 rain,  r insed  in PBS ,  m o u n t e d  a n d  
e x a m i n e d  in a Zeiss J u n i o r  f luorescence microscope.  
Consecu t ive  sect ions  were i n c u b a t e d  w i t h  s o m a t o s t a t i n  
a n t i s e r u m  adso rbed  w i t h  s o m a t o s t a t i n  (control  serum) or  
w i t h  S u b s t a n c e  P. All  sera c o n t a i n e d  0.3 % T r i t o n  X-  10017 

Resul ts  and discussion. Afte r  i n c u b a t i o n  wit l l  somato -  
s t a t i n  a n t i s e r u m  p r e t r e a t e d  w i t h  h u m a n  e-globulin,  
p r inc ipa l ly  two types  of s t r u c t u r e s  e x h i b i t e d  a pos i t ive  
immunof luorescence .  Firs t ly ,  cells m a i n l y  localized in t he  
l a m i n a  p rop r i a  of t he  gu t  m u e o s a  b u t  p a r t l y  also a m o n g  

the  g land  cells were green  f luorescent .  However ,  excep t  
in  ce r t a in  cases descr ibed  below, cells w i t h  a s i m i l a r  
loca l iza t ion  were i m m u n o p o s i t i v e  no t  on ly  a f te r  con t ro l  
se rum followed b y  F I T C  c o n j u g a t e d  an t ibod ie s  b u t  also 
a f t e r  i n c u b a t i o n  wit l l  F I T C  c o n j u g a t e d  an t ibod ies  alone. 
Thus ,  many ,  b u t  p r o b a b l y  no t  all, f luorescent  cells seen 
a f t e r  i n c u b a t i o n  w i t h  s o m a t o s t a t i n  a n t i s e r u m  c a n n o t  be  
cons idered  as c o n t a i n i n g  s o m a t o s t a t i n .  On t he  o the r  hand ,  
in  t he  s t o m a c h  morpho log ica l ly  cha rac te r i s t i c  ceils, 
m o s t l y  send ing  ou t  shor t ,  t h i c k  processes,  were observed  
on ly  a f t e r  i n c u b a t i o n  w i t h  s o m a t o s t a t i n  an t i se rum,  b u t  
no t  in  t he  controls .  These  cells m a y  t h u s  r ep resen t  t r ue  
s o m a t o s t a t i n - c o n t a i n i n g  cells conf i rming  the  rad io im-  
munolog ica l  resul t s  of ARIMURA et  al. la. The  local iza t ion  
of s o m a t o s t a t i n  in cell bodies  in the  i n t e s t i n a l  wal l  will be 
discussed in de ta i l  in a fol lowing p a p e r  18. 
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