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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 .  



15. 3. 1971 Specialia 247 

A n i m a l s  were  exposed  16 a t  a t i m e  in a p e r f o r a t e d  
r o u n d e d  f l a t  p lexig lass  cage, on  a r o t a t i n g  t u r n - t a b l e  to  
675 R X - r a y  p r o d u c e d  b y  a 250 K V P  X - r a y  u n i t  o p e r a t e d  
a t  1 5 M A ,  w i t h  a H V L  of S /4mm copper  a n d  l m m  
a l u m i n i u m .  T h e  dose r a t e  was  30.4 R / m i n .  Cont ro l s  were  
t r e a t e d  in a s imi l a r  m a n n e r  w i t h o u t  X - r a y  exposure .  
One  h o u r  fol lowing exposure ,  a bone  m a r r o w  suspens ion  
c o n t a i n i n g  2X 10 s cells was  in j ec t ed  i.v. in to  one-ha l f  
of t he  i r r a d i a t e d  an imal s ,  phys io log ica l  sa l ine  so lu t ion  
(0.9%) was  i n j ec t ed  i.v. i n to  t h e  r e m a i n i n g  an imal s .  
One -ha l f  of a n i m a l s  w h i c h  were  s h a m  i r r a d i a t e d  were  
also t r a n s f u s e d  w i t h  b o n e  m a r r o w  cells as above .  

W o u n d i n g  was  p e r f o r m e d  4 d a y s  fol lowing r a d i a t i o n  
u n d e r  l i gh t  e t h e r  anes thes ia .  T h e  h a i r  was  c l ipped  f rom 
t h e  dorsa l  surface.  A circle  m e a s u r i n g  a p p r o x i m a t e l y  
3 c m  in  d i a m e t e r  was  m a r k e d  ove r  t h e  h i g h  l u m b a r  
reg ion  in  t h e  mid- l ine .  T he  c i rcu la r  piece of sk in  was  
r e m o v e d  b y  s h a r p  d i s sec t i on  down  t h e  a r eo la r  t i s sue  to  
t h e  deep  s u b c u t a n e o u s  fascia.  T h e r e  was  no  i m m e d i a t e  
m o r t a l i t y .  T h e  w o u n d s  were  le f t  open  a n d  n o t  t r e a t e d  
in  a n y  m a n n e r .  T h e  l o n g i t u d i n a l  a n d  l a t e r a l  d i a m e t e r s  
of t h e  w o u n d s  were  m e a s u r e d  a t  t h e  t i m e  of w o u n d i n g  
a n d  r egu l a r l y  t he rea f t e r .  T he  p r o d u c t s  of t h e  l o n g i t u d i n a l  
a n d  l a t e r a l  d i a m e t e r s  of  t he  w o u n d s  were  ca l cu la t ed  a n d  
t h e  dec rease  in t h e  v a l u e  of t he se  p r o d u c t s  w i t h  t i m e  
was  used as  a n  i n d e x  of w o u n d  c o n t r a c t i o n .  

T h e  re su l t s  of t h e  w o u n d  c o n t r a c t i o n  p a t t e r n s  of these  
4 g roups  of a n i m a l s  is p r e s e n t e d  in  t h e  Figure.  The re  
a re  no  d i f fe rences  b e t w e e n  t h e  n o n - i r r a d i a t e d  m a r r o w  
t r a n s p l a n t e d  or  sa l ine  t r e a t e d  w o u n d  c o n t r a c t i o n  p a t t e r n s .  
T h e  w o u n d s  of t h e  i r r a d i a t e d  a n i m a l s  d e m o n s t r a t e d  a 
m a r k e d  in i t i a l  e n l a r g e m e n t  of t he  w o u n d  to  a size 90% 
g rea t e r  t h a n  t h e  o r ig ina l  w o u n d  a rea  as c o m p a r e d  w i t h  
a 25% e n l a r g e m e n t  in t h e  n o n - i r r a d i a t e d  an imals .  Sub-  
sequen t ly ,  fo l lowing a lag p h a s e  of 4 - 6  days,  t h e  i r ra-  
d i a t ed  w o u n d s  e s t ab l i shed  a r a t e  of c o n t r a c t i o n  s i m i l a r  
to  t he  o t h e r  groups.  Th i s  r e t a r d a t i o n  of t h e  w o u n d  
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Wound healing curves. Each point represents the average of 32 
animals. The curves of the irradiated animals are indicated by 
solid lines. The curves of the non-irradiated animals are indicated 
by the interrupted lines. 

c o n t r a c t i o n  p a t t e r n  fol lowing r a d i a t i o n  is c o m p a t i b l e  
w i t h  our  p r io r  r epo r t s  ~-* a n d  t h e  r epo r t s  of o the r sS-L  
The  bone  m a r r o w  t r a n s p l a n t e d  i r r a d i a t e d  a n i m a l s  a n d  
the  n o n - i r r a d i a t e d  r a t s  t r e a t e d  w i t h  e i t h e r  bone  m a r r o w  
t r a n s p l a n t a t i o n  or  sa l ine  d e m o n s t r a t e d  s imi l a r i t y  as to  
be  a l m o s t  i den t i ca l  in  t he  cu rves  of w o u n d  c o n t r a c t i o n .  

I n  b o t h  ins t ances ,  t h e  n o n - i r r a d i a t e d  a n d  t h e  bone  
m a r r o w  t r a n s p l a n t e d  i r r a d i a t e d  w o u n d  c o n t r a c t i o n  pa t -  
t e rn s  are  m a r k e d l y  d i f f e ren t  f rom the  sa l ine  t r e a t e d  
i r r a d i a t e d  g roup  of an imals .  These  resu l t s  p r o v i d e  f u r t h e r  
ev idence  t h a t  b o n e  m a r r o w  is necessa ry  for t h e  n o r m a l  
process  of w o u n d  c o n t r a c t i o n .  I n  add i t ion ,  these  resu l t s  
p rov ide  f u r t h e r  i n f o r m a t i o n  wh ich  s t rong ly  sugges ts  t h a t  
t he  r a d i a t i o n  i n d u c e d  r e t a r d a t i o n  of w o u n d  hea l ing  c a n  
be  cor rec ted  b y  t h e  i n s t i t u t i o n  of a f u n c t i o n a l  m a r r o w  
b y  m e a n s  of t r a n s p l a n t a t i o n .  W e  h a v e  sugges ted  in  p r io r  
p u b l i c a t i o n s  ~,a t h a t  t h e  m a r r o w  m a y  e x e r t  a n  ef fec t  
on w o u n d  hea l ing  e i t h e r  d i r ec t l y  b y  p r o v i d i n g  p r ecu r so r  
ce l lu lar  e l e m e n t s  w h i c h  a re  necessa ry  in  t i ssue  repa i r ,  
i nd i r ec t ly  b y  p r o v i d i n g  e i t h e r  a h u m o r a l  s u b s t a n c e  
wh ich  ac t s  to  i n i t i a t e  or  r e t a r d  w o u n d  h e a l i n g  or  a l te r -  
n a t i v e l y  b y  p r o v i d i n g  non-spec i f ic  s u p p o r t  for  t h e  w o u n d  
hea l ing  process  b y  r e n d e r i n g  t h e  a n i m a l  less suscep t ib l e  
to  in fec t ion  a n d  t h e  ca t abo l i c  e f tec t s  of  r a d i a t i o n .  

S tud ies  w i t h  a n t i m i c r o b i a l  t h e r a p y  4 would  sugges t  
t h a t  in fec t ious  agen t s  do  no t  m a r k e d l y  r e t a r d  w o u n d  
c o n t r a c t i o n  of t hemse lves ,  a n d  t h a t  t h e  r a d i a t i o n  i n d u c e d  
de l ay  in w o u n d  hea l i ng  d id  n o t  a p p e a r  to  be  m e d i a t e d  
p r i m a r i l y  t h r o u g h  infec t ion .  Therefore ,  t h e  two  h y p o -  
theses  w h i c h  requ i re  f u r t h e r  exp lo r a t i on  are  t he  poss ib i l i ty  
of t h e  p a r t i c i p a t i o n  of specif ic  bone  m a r r o w  e l e m e n t s  
such  as  t h e  l y m p h o c y t e  in w o u n d  hea l ing  or  t h e  pos-  
s ib i l i t y  of a h u m o r a l  m e d i a t e d  m e c h a n i s m  con t ro l l i ng  
w o u n d  repa i r .  B o t h  of t he se  poss ib i l i t ies  a re  p r e s e n t l y  
b e i n g  i n v e s t i g a t e d  in our  l abora to r ies .  

Zusammen/assung. Es  wird  gezeigt ,  dass  bei  N a g e r n  
R T n t g e n - G a n z t i e r b e s t r a h l u n g  m i t  675 R w/ ih rend  4 T a g e n  
v o r  "Wundse tzung  zu e iner  be t r~ tch t l i chen  V e r z 6 g e r u n g  
de r  W u n d k o n t r a k t i o n  f i ihr t .  Diese V e r z 6 g e r u n g  k o n n t e  
d u r c h  eine K n o c h e n m a r k t r a n s p l a n t a t i o n  a u f g e h o b e n  
werden .  
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