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c o n t r o l  t issue.  I t  is be l i eved  t h a t  t h e  9 kca l /mole  cor- 
r e s p o n d s  to  a m o b i l i t y  a c t i v a t i o n  ene rgy  for pass ive  ion 
t r a n s p o r t  across  t h e  m ucos a l  m e m b r a n e .  I t  is supposed  
t h a t  t h e  ef fec t  of o c t a p e p t i d e  ho rmones ,  a ldos t e rone  a n d  
a m p h o t e r i c i n - B  is to  increase  t h i s  pas s ive  m o v e m e n t  of 
ions  across  t h e  mucosa l  m e m b r a n e  to  a r a t e  t h a t  t e n d s  
t o  exceed  t h e  a c t i v i t y  of t h e  e n z y m e  p u m p .  I n  t h e  s t e a d y  
s t a t e  t h e  p u m p  would  l i m i t  t h e  mucosa l  p e r m e a b i l i t y  b y  
p r o d u c i n g  a n  inc reased  level  of s o d i u m  in t h e  t r a n s p o r t  
pool,  whe rea s  t h e  reverse  s i t u a t i o n  would  ex i s t  if t h e  
m u c o s a l  p e r m e a b i l i t y  were  l imi t ing .  D u r i n g  ou r  a n o x i a  
t r e a t m e n t  i t  is poss ib le  to  ach ieve  a s t a t e  in  w h i c h  t he  
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Fig. 2. A typical activation energy plot for the SCC measured across 
frog skin in aerated conditions (-O-©-) and following oxytocin 
(10 mU/ml) treatment (top plot). The results obtained following 
increasing conditions of anoxia in the presence of oxy'toein are 
shown in the lower plots. 

p u m p  is l i m i t e d  to  such  a n  e x t e n t  t h a t  a t  lower  t e m -  
p e r a t u r e s  t h e  pass ive  p e r m e a b i l i t y  t e n d s  to  exceed  p u m p  
a c t i v i t y  whe rea s  t h e  r eve r se  is t r u e  a t  h i g h e r  t e m p e r a -  
tu res  once  t h e  p u m p  h a s  been  suf f i c ien t ly  a c t i v a t e d  
t h e r m a l l y .  

Cyclic A M P  (10-32Y/) or  t h e o p h y l l i n e  (I0-~3~r) a d d e d  
to  t o a d  b l a d d e r  in  a e r a t e d  cond i t ions ,  led t o  a n  inc reased  
sod ium t r a n s p o r t .  T h e  t h e r m a l  a c t i v a t i o n  ene rgy  meas -  
ured,  fo l lowing such  t r e a t m e n t ,  gave  a r ep roduc ib l e  
a c t i v a t i o n  e n e r g y  of 14 kca l /mole .  T h e  ef fec t  of  cyclic 
A M P  is t he r e fo re  be l i eved  to  i nvo lve  a n  effect  on  t h e  
ion p u m p  r a t h e r  t h a n  on  t h e  p e r m e a b i l i t y  of t h e  mucosa l  
m e m b r a n e ,  p r o b a b l y  b y  a c t i n g  as a source  for  inc reased  
s u p p l y  of A T P  to  t h e  A T P a s e  p u m p .  

Zusammen/assung. Es  wi rd  die T e m p e r a t u r a b h ~ n N i g -  
keNt zur  E n t s e h e i d u n g  t iber  d e n ,  a k t i v e n  >> oder  <,passiven ~ 
N a - T r a n s p o r t  in  de r  A m p h i b i e n h a u t  b e n i i t z t :  O x y t o c i n  
ver /~ndert  die N a - P e r m e a b i l i t R t ,  w~ihrend zykl isches  A M P  
( + T h o p h y l l i n )  e inen  a k t i v e n  Prozess  zu bee inf lussen  
schein t .  
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Multiple Forms of M o n o a m i n e  O x i d a s e  i n  D e v e l o p i n g  X e n o p u s  

T h e r e  h a s  r e c e n t l y  been  a g rowing  b o d y  of ev idence  
to  i n d i c a t e  t h a t  t h e  e n z y m e  m o n o a m i n e  ox idase  (MAO) 
is n o t  a s ingle  enzyme .  M e t h o d s  t h a t  h a v e  b e e n  e m p l o y e d  
to  d e m o n s t r a t e  i t s  m u l t i p l i c i t y  include,  d r u g  a n d  inh i -  
b i t o r  effects  1-4, a n i o n  i n h i b i t i o n  5, t h e r m o s t a b i l i t y  1.4 gel 
f i l t r a t i o n  a n d  d e t e r g e n t  ac t ion  6, cel lulose a c e t a t e  e lec t ro-  
phores i s  ~, p o l y a c r y l a m i d e  e l ec t rophores i s  4,s-1° a n d  p H  
o p t i m a  4. N o n e  of  t he se  s tud ie s  h a s  used  e m b r y o n i c  
t issues.  A d e v e l o p m e n t a l  s t u d y  of MAO f o r m s  shou ld  
b e  of i n t e r e s t  to  t hose  conce rned  w i t h  p r o b l e m s  of 
e n z y m e  a n d  m o n o a m i n e  d i f f e ren t i a t ion .  Th i s  p r o j e c t  
was  u n d e r t a k e n  us ing  mic roe lec t rophores i s  a n d  e m b r y o s  
of t h e  S o u t h  Af r i can  Clawed Toad ,  Xenopus taevis. 

Methods. A B i o n i x  p o l y a c r y l a m i d e  disc  e lec t rophores i s  
a p p a r a t u s  was  used. I t  has  been  desc r ibed  in some  de t a i l  
b y  i t s  designers ,  PUN a n d  LOMBROSO n.  A r u n n i n g  gel 
of 18 .75% a t  p H  8.7, a n d  a s t a c k i n g  gel of 2 .5% a t  p H  6.7 
were  used.  Xenopus e m b r y o s  were o b t a i n e d  b y  ar t i f ic ia l  
o v u l a t i o n  a n d  breed ing ,  a n d  s t aged  us ing  t h e  N o r m a l  
T a b l e  of NIEUWKOOP a n d  FABER 1~. S tages  7, 10, 18, 25, 
38, 40, 41, 42, 46, 47, a n d  48 were  se lec ted  to  tes t .  W h o l e  
e m b r y o s  in  g roups  of 4 were  h o m o g e n i z e d  in  250 ~1 of 
a 15% d e t e r g e n t  so lu t ion  ( 'Lub ro l '  f rom ICI  A m e r i c a  
I n c o r p o r a t e d ,  S t amfo rd ,  Conn.) .  Th i s  h a s  b e e n  shown  
to  b e  a n  ef fec t ive  a g e n t  in m i t o c h o n d r i a l  d i s r u p t i o n  for 
t h e  re lease  of MAOT. E a c h  h o m o g e n a t e  was  lef t  a t  3°C 
for  72 h,  a n d  t h e n  f rozen  a t  - - 3 0 ° C  u n t i l  used. B r a i n  

t i s sue  was  p r e p a r e d  in t h e  s a m e  way  us ing  100 b ra ins  
for  e ach  sample .  T h a w e d  h o m o g e n a t e s  were  cen t r i fuged  
in t h e  cold a t  20,000 × g  for I h. T h e  s u p e r n a t a n t  was  
r e m o v e d  a n d  m i x e d  w i t h  a n  e q u a l  v o l u m e  of an t i con -  
vec t i on  m e d i u m  of 0.521i r sucrose  in 0 . 0 2 ~ I  Tris a t  p H  6.7, 
c o n t a i n i n g  b r o m p h e n o l  b lue  i n d i c a t o r  n .  Cont ro l  p r epa ra -  
t i ons  were  m a d e  in  t h e  s a m e  way  e x c e p t  t h a t  ip ron iz id  
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(an MAO i n h i b i t o r )  was  a d d e d  to  t h e  a n t i c o n v e c t i o n  
m e d i u m  to  a c o n c e n t r a t i o n  o5 0.25 mg/m113. 100 Ixl of 
t he se  s a m p l e s  were  used  for  each  run .  A r u n n i n g  buf fe r  
o5 Tris glycine  a t  p H  8.3 was  e m p l o y e d  a n d  t h e  c o n s t a n t  
c u r r e n t  s u p p l y  was  se t  to  de l ive r  0.5 m A  a t  400 vol ts .  
A r u n  r equ i r ed  a b o u t  50 m i n  for  t h e  b r o m p h e n o l  b lue  
f r o n t  t o  m i g r a t e  t h r o u g h  3 em of t h e  r u n n i n g  gel n .  Gels 
were  t r a n s f e r r e d  to  a n  i n c u b a t i o n  m e d i u m  c o n t a i n i n g  
25 m g  t r y p t a m i n e  hydroch lo r ide ,  4 m g  s o d i u m  sulfa te ,  
5 m g  n i t r o - b l u e  t e t r a zo l i um ,  5 m l  0.1 .M p h o s p h a t e  buf fe r  
a t  p H  7.6, a n d  15 m l  water .  T h e  gels were  i n c u b a t e d  a t  
37°C for  40 rain,  w a s h e d  i n . t a p  water ,  a n d  f ixed in 10% 
buf fe red  f o r m a l i n  ~s. 

Results. I t  is poss ib le  to  d e m o n s t r a t e  4 s epa ra t e  k i n d s  
of MAO in whole  Xenopus e m b r y o s  (Figure) .  All  4 are  
d e m o n s t r a b l e  for  s tages  b e t w e e n  b l a s t u l a  (S tage  7) a n d  
p r e - s w i m m i n g  (S tage  41). One of these  d i s a p p e a r s  b y  
s w i m m i n g  (S tage  42), a n d  on ly  one  r e m a i n s  b y  S tage  46. 
Fo r  t h e  b r a i n  p r e p a r a t i o n s  a t  S tage  47 t h e r e  are aga in  
four  s e p a r a t e  k i n d s  of MAO. T h r e e  of these  are s imi l a r  
to  whole  e m b r y o  MAO, b u t  one  is c lear ly  d i f fe rent .  Con t ro l  
r u n s  w i t h  MAO i n h i b i t o r  i n d i c a t e d  no  MAO in e i t h e r  
whole  e m b r y o  or  b r a i n  p r e p a r a t i o n s .  

Discussion. Var ious  i n v e s t i g a t o r s  h a v e  been  ab le  to  
d e m o n s t r a t e  m u l t i p l e  fo rms  of MAO in r a t  l iver  b y  cel- 
lulose a c e t a t e  e lec t rophores i s  7 a n d  p o l y a c r y l a m i d e  elec- 
t r ophore s i s  4,s-l°. MAO as say  on  whole  Xenopus e m b r y o s  
ha s  s h o w n  a c o n s t a n t  increase  in  e n z y m e  a c t i v i t y  d u r i n g  
d e v e l o p m e n t .  Th i s  p roceeds  in  phases ,  showing  a series 
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Multiple forms of monoamine oxidase in developing Xenopus laevis. 

of acce le ra t ions  a f t e r  h a t c h i n g  (S tage  38) a n d  s w i m m i n g  
(Stage  42), a n d  a s lowing d o w n  a l t e r  S t age  4614. Measure -  
m e n t s  of 5 - h y d r o x y t r y p t a m i n e ,  a m a j o r  MAO s u b s t r a t e ,  
show s ign i f i can t  sh i f t s  in  leve l  a t  t hese  s ame  s tages  ~5. 
MAO b a n d s  3 a n d  4 a re  i den t i ca l  to  b a n d s  f r o m  s imi l a r  
p r e p a r a t i o n s  s t a i n e d  w i t h  t h e  genera l  p r o t e i n  s t a i n  a m i d o  
b l a c k  ~s. T h e r e  is r e a s o n  to  be l ieve  t h a t  these  2 f r ac t i ons  
are  in  p a r t  y o l k  p r o d u c t s  b e i n g  c o n s u m e d  d u r i n g  dif-  
f e r e n t i a t i o n  is. T h i s  is in  p a r t  s u p p o r t e d  b y  yo lk  u t i l iza-  
t i o n  s tud ies  i n d i c a t i n g  t h a t  t h e  t e r m i n a l  p h a s e  of yo lk  
b r e a k d o w n  occurs  a r o u n d  S tage  46 ~7. I n  t h i s  s a m e  con-  
t ex t ,  t h e r e  is ev idence  for yo lk  f o r m a t i o n  in a s soc ia t ion  
w i t h  m i t o c h o n d r i a  xs, a n d  MAO is a m i t o c h o n d r i a l  
e n z y m e  t~. T h e  poss ib i l i ty  of a yo lk  assoc ia t ion  for  M A O  
d u r i n g  d e v e l o p m e n t  dese rves  ser ious cons idera t ion ,  a n d  
ha s  been  sugges ted  p rev ious ly  15. The  p a t t e r n  of MAO for 
S tage  47 b r a i n  ind ica tes  t h a t  t h e r e  are  specif ic  o rgan  
v a r i a t i o n s  f rom the  whole  e m b r y o  p a t t e r n .  A t  l eas t  one  
MAO b a n d  in b r a i n  is no t  d e m o n s t r a b l e  in whole  embryo .  
Specific b r a i n  p a t t e r n s  h a v e  b e e n  d e m o n s t r a t e d  in b o t h  
r a t  a n d  h u m a n  t i ssues  4,~-°,20. 

Zusammen/assung. Das  I s o e n z y m m u s t e r  der  Mono-  
a m i n o x i d a s e  ve r / i nde r t  s ich w/ ih rend  de r  f r i ihen  E n t -  
w ick lung  de r  L a r v e n  y o n  Xenopus laevis. Die A n z a h l  
e l e k t r o p h o r e t i s c h e r  B a n d e n  v e r k l e i n e r t  s ich w/ ih rend  de r  
E n t w i c k l u n g  yon  v ie r  au f  eine. 
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C o m b i n e d  S u r g i c a l  and  R a d i a t i o n  In jury  V. T h e  Effect  of  B o n e  M a r r o w  T r a n s p l a n t a t i o n  

P r e v i o u s  s tud ies  in  t h i s  l a b o r a t o r y  h a v e  d e m o n s t r a t e d  
a d e l a y  in w o u n d  c o n t r a c t i o n  in i r r a d i a t e d  r o d e n t s  w h i c h  
is m o s t  p r o n o u n c e d  w h e n  t h e  surgica l  w o u n d  fol lows 
i r r a d i a t i o n  b y  4 d a y s  ~. Th i s  r e t a r d a t i o n  o5 w o u n d  con-  
t r a c t i o n  is correc ted ,  in  pa r t ,  b y  t h e  p r io r  a d m i n i s t r a t i o n  
of r a d i o p r o t e c t i v e  c o m p o u n d s  2 or  p a r t i a l  b o n e  m a r r o w  
sh ie ld ing  d u r i n g  r a d i a t i o n  3, b u t  no t  b y  t h e  a d m i n i s t r a -  
t i o n  of a n t i m i c r o b i a l s  4. T h e  p u r p o s e  of t h e  p r e s e n t  s t u d y  
was  to  e v a l u a t e  a n d  c o m p a r e  t h e  w o u n d  c o n t r a c t i o n  
process  in  n o n - i r r a d i a t e d  roden t s ,  i r r a d i a t e d  r o d e n t s  a n d  
roden t s  s u b j e c t e d  to  whole  b o d y  X - i r r a d i a t i o n  a n d  sub-  
s e q u e n t l y  t r a n s p l a n t e d  w i t h  syng ina ic  bone  mar row.  

I n b r e d  t e m a l e  Lewis  ra ts ,  6 -9  weeks  of age, h o u s e d  
in a con t ro l l ed  e n v i r o n m e n t  a n d  a l lowed w a t e r  a n d  food 
ad  l i b i t um,  were  used  in  al l  e x p e r i m e n t s .  I n  p r e l i m i n a r y  
s tudies ,  t h e  L D  50]30 was  d e t e r m i n e d  to  be  675 R X- ray .  

T h e  r a t s  were  d iv ided  i n to  4 g roups  of 32 r a t s  each.  
One  g r o u p  was  n o t  i r r a d i a t e d  a n d  m a r r o w  t r a n s p l a n t e d ,  
a 2rid g roup  was  i r r a d i a t e d  a n d  g iven  sal ine,  a 3rd  g roup  
was i r r a d i a t e d  a n d  m a r r o w  t r a n s p l a n t e d  a n d  t h e  4 th  
g roup  was  no t  i r r a d i a t e d  a n d  g iven  sal ine.  

H a r v e s t i n g  of bone  m a r r o w  was accompl i shed  fo l lowing 
sacrif ice of d o n o r  r a t s  b y  i n j ec t i ng  N e m b u t a l  i.p. Femur s ,  
t i b i a s  a n d  h u m e r i  were  r e m o v e d  a n d  p laced  in H a n k s '  
so lu t ion .  The  end  of e ach  bone  was r e m o v e d  a n d  aspi r -  
a t e d  in  H a n k s '  so lu t ion  a t  37°C us ing  a 20 G needle .  
I n  o rde r  to  o b t a i n  a h o m o g e n o u s  suspension,  a series 
of dec reas ing  sized needles  d o w n  to  25 G were  used.  T h e  
b o n e  m a r r o w  suspens ion  was  t h e n  f i l te red  t h r o u g h  s ter i le  
gauze  a n d  w a s h e d  twice  in H a n k s '  so lu t ion  a t  37°C. 
T h e  ave rage  of 4 h e m o c y t o m e t e r  c o u n t s  of n u c l e a t e d  
cells were used to measu re  t h e  cell c o n c e n t r a t i o n .  


