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t he  i m m a t u r e  sp ina l  cord. T he  lack of ch l o r p r omaz ine  
effect  on  t he  m a t u r e  sp ina l  cord f u r t h e r  suppor t s  t he  
ex is t ing  d i sag reemen t s  conce rn ing  t he  effects  of chlor-  
p r o m a z i n e  upon  a d u l t  sp ina l  levels~. 

I t  can  be  specu la ted  t h a t  t he  h igher  A C h E  a c t i v i t y  in  
t he  c h l o r p r o m a z i n e - t r e a t e d  9-day-old  sp ina l  cord ex- 
p l an t s  m a y  ref lect  e n z y m e  i n d u c t i o n  b y  th i s  drug.  Chlor-  
p romaz ine ,  l ike o t h e r  CNS drugs  such as b a r b i t u r a t e s ,  di- 
p h e n y l h y d a n t o i n  a n d  chlordiazepoxide ,  has  been  re- 
p o r t e d  to  induce  enzymes  6. F u r t h e r  s tudies ,  however ,  
are requ i red  in o rder  to  propose  such a select ive ac t ion  of 
ch lo rp romaz ine  on  ACHE. 

A C h E  a c t i v i t y  has  been  used as ev idence  for  the  pre-  
sence of acetylcholine~2, a p roposed  n e u r o t r a n s m i t t e r  in  
m a n y  CNS areas  lz. Thus ,  t he  h igher  AChE ac t i v i t y  in t he  
m a t u r i n g  sp ina l  cord obse rved  in th i s  s t u d y  and  also in 
p rev ious  s tud ies  1 suggests  t h a t  ch lo rp romaz ine  inf luences  
chol inergic  sys t ems  of t h e  deve lop ing  sp ina l  cord. More- 
over, ch lo rp romaz ine  has  been  found  to  increase  t he  
sens i t i v i ty  of t he  deve lop ing  CNS to seizures el ici ted b y  
e lec t roshock  s t i m u l a t i o n  in ch ick  e m b r y o s  1 a n d  in m a t u r -  
ing r a t s  (unpub l i shed  observa t ions ) .  Sp ina l  ref lex 
sys tems  p l ay  a s u b s t a n t i a l  role in  t he  i n t e g r a t i o n  of 
seizure ac t iv i ty .  The  inf luence,  therefore ,  of ch lo rp roma-  
zinc on  chol inergic  sys t ems  of t he  deve lop ing  sp ina l  cord  

m a y  be  a n  u n d e r l y i n g  fac to r  in  t he  sens i t iv i ty  to  electri-  
cal convuls ions  i nduced  b y  ch lo rp romaz ine  14,15. 

Rdsumd. L ' a c t i v i t 6  ac6 ty lcho l ines te ras ique  de frag- 
m e n t s  de moelle  d ' e m b r y o n  de pou le t  de 9 jours  a u g m e n t e  
lorsqu ' i l s  son t  m a i n t e n u s  en  cu l tu re  o rgano typ ique ,  apr~s 
a d d i t i o n  de Ch lo rp romaz ine  au  mil ieu s t a n d a r d  de 
EAGLE 3. 
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Radioprotection and Recovery by Dithiothreitol 

I t  is well  k n o w n  t h a t  m a n y  chemica l  c o m p o u n d s  pro-  
vide p r o t e c t i o n  aga ins t  t he  effects of ioniz ing r a d i a t i o n s  
in  m a m m a l s  and  l iv ing  organisms.  The  m o s t  effect ive 
class of r ad iop ro t ec t i ve  molecules  seems to  be  t he  amino-  
thiols.  The  presence  of b o t h  t he  - S H  and  - N H  2 groups  
appea r s  to  be cr i t ica l  for p r o t e c t i o n  i; moreover ,  a spa t i a l  
s epa ra t i on  be tween  these  groups  of more  t h a n  3 c a r b o n  
a t o m s  causes  a m a r k e d  decrease  in a c t i v i t y  ~. A l t h o u g h  
d i t h io th r e i t o l  (DTT) 3 bears  no - N H  2 group,  i t  came  to our  
a t t e n t i o n  for i ts  h igh  e r y t h r o s t i m u l a t i n g  a c t i v i t y  4, i ts  
v e r y  low redox  p o t e n t i a l  ( -  0.33 V a t  p h  7) a n d  the  pre-  
sence of i ts  molecule  of 2 free - S H  groups.  I n  add i t ion ,  
i ts  h igh  so lub i l i ty  in  physio logica l  m e d i u m  a n d  i ts  v e r y  
low ra te  of ox ida t i on  a t  room t e m p e r a t u r e  m a k e  i t  a v e r y  
su i t ab le  c o m p o u n d  for r ecove ry  and  r a d i o p r o t e c t i o n  
e x p e r i m e n t s  5. 

Malerial and method. Male a lb ino  mice, Swiss s t ra in ,  
8 weeks old,  we igh t  r ange  24-27 g, k e p t  un l imi t ed  
s t a n d a r d  diet ,  were who le -body  i r r ad ia t ed  in groups  of 
20 in a ' P e r s p e x '  b o x  lying on  a wooden  s u p p o r t  to  avo id  
backsca t t e r ing .  The  an i m a l s  were exposed to  an  X - r a y  
dose of 625 R b y  a S iemens  S t a b i l i p a n  u n i t  ope ra t i ng  a t  
180 kV, 10 mA, f i l t r a t ion  0.5 Cu, 26 R/ ra in .  I n  these  con- 
d i t ions  on ly  5.6 4- 3.5% of t he  u n t r e a t e d  an ima l s  su rv ived  
i r rad ia t ioa ,  t he  effect  be ing  obse rved  in 200 mice. The  
m o r t a l i t y - r a t e  was  checked  da i ly  up  to t he  30th  d a y  
fol lowing X - r a y  exposure .  

D i t h i o t h r e i t o l  in  t h e  r educed  form was p u r c h a s e d  f rom 
Calb iochem (USA). The  t r i a l  so lu t ion  a d j u s t e d  to  p H  7.0 
was in jec ted  i.p. in  each  group  of 50 animals ,  a t  a c o n s t a n t  
vo lume  of 0.2 ml /mouse .  I n  t he  p r o t e c t i o n  expe r imen t s ,  
t he  in jec t ion  was pe r fo rmed  15 ra in  p r io r  to  exposure .  

Results. Owing to  d rug  toxic i ty ,  t he  h ighes t  dose of 
D T T  in t h e  reduced  fo rm t h a t  could be  a d m i n i s t e r e d  was 
120 mg/kg.  As s h o w n  in F igure  1, th i s  dose causes  a 
m o d e r a t e  su rv iva l  p e r c e n t a g e  (294- 3.4%).  A dose of 
80 mg/kg ,  however ,  p roduces  a su rv iva l  p e r c e n t a g e  of 

15 :t: 1 .2%;  while no r ad iop ro t ec t i on  was de tec ted  w h e n  
lower doses were admin i s t e red .  

I n  s epa ra t e  e x p e r i m e n t s  (Figure 2), w h e n  the  120 m g / k g  
dose was in jec ted  0.5, 2.5, or 24 h a f t e r  i r rad ia t ion ,  no  
s ign i f ican t  di f ference in t he  su rv iva l  r a t e  could be ob- 
served.  Only  w h e n  t he  c o m p o u n d  was admin i s t e r ed  72 h 
a f t e r  exposure,  d id  su rv iva l  decrease  to 14 4- 1.0%. 

F r o m  these  e x p e r i m e n t s  i t  was  e v i d e n t  t h a t  d i th io-  
t h re i to l  h a d  a low r ad iop ro t ec t i ve  a c t i v i t y  and  t h a t  t he  
same effect  could be  de t ec t ed  w h e n  t he  d rug  was g iven  
w i t h i n  24 h a f t e r  exposure .  Since, to  our  knowledge,  no 
o t h e r  free - S H  groups  bea r ing  c o m p o u n d  has  th i s  pa r t i -  
cu lar  fea ture ,  a ques t ion  was ra ised w h e t h e r  the  oxidized 
fo rm of D T T  r a t h e r  t h a n  t he  reduced  one accoun ted  for 
th i s  effect. The  fo rmer  was easi ly o b t a i n e d  fol lowing 
Cle land ' s  m e t h o d ,  b y  oxidiz ing t he  - S H  groups  to  form a 
d i su lph ide  br idge,  i.e., p roduc ing  a c ic l izat ion of t he  
molecule.  

As shown  in F igure  1, w h e n  D T T  in t he  oxidized fo rm 
(200 mg/kg)  was in jec ted  i.p. before  X - r a y  exposure,  sur-  
v iva l  a t  30 days  was  increased up  to  56 • 0 .6%. A dose of 
120 m g / k g  gave  10% surv iva l ,  while  a h igher  dose (160 rag/  
kg) b r o u g h t  t he  su rv iva l  to  34 4 -6 .2%.  No d i f fe rent  re- 
sul ts  were o b t a i n e d  in o the r  e x p e r i m e n t s  (Figure 2) w h e n  
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t h e  d r u g  (200 m g / k g )  w a s  a d m i n i s t e r e d  0 .5 -2 .5  h after 
i r r a d i a t i o n ' ,  i n j e c t i o n s  a t  24 a n d  72 h a f t e r  X - r a y  e x p o s u r e  
g a v e  a s u r v i v a l  of  46 -4- 4 . 6 %  a n d  30 4- 2 . 3 %  r e s p e c t i v e l y .  

B o t h  t h e  v e r y  low r e d o x  p o t e n t i a l  of  r e d u c e d  D T T ,  a n d  
t h e  h i g h  c o n c e n t r a t i o n  of p e r o x y  r a d i c a l s  in  b i o log i ca l  
f l u id s  d u r i n g  i r r a d i a t i o n ,  m a k e  i t  h a r d  to  see  h o w  t h e  
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lqg. 1. Effect of reduced and oxidized dithiothreitol on the survival 
rate of irradiated mice. Data were obtained on groups of 50 animals 
given an X-ray dose of 625 R. 
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Fig. 2. Percentage of sltrvival at 30 days in mice treated with re- 
duced and oxidized dithiothreitol at different times before and after 
irradiation with 625 R. Each experimental p~iat is the average of 
50 ammals.  

e f f e c t  a s c r i b e d  to  t h e  h i g h e r  d o s e  of  o x i d i z e d  D T T  m a y  
be  d u e  to  i t s  c o n v e r s i o n  in  t h e  r e d u c e d  f o r m .  

I n  f ac t ,  w h e n  in  s e p a r a t e  e x p e r i m e n t s  a q u e o u s  s o l u t i o n s  
of  r e d u c e d  D T T  a t  a c o n c e n t r a t i o n  of  3 m g / m l  w e r e  ex -  
p o s e d  to  a d o s e  of  625 R in  c o n d i t i o n s  i d e n t i c a l  t o  t h o s e  
u s e d  in  t h e  a n i m a l  e x p e r i m e n t s ,  a l m o s t  9 0 %  of  t h e  c o m -  
p o u n d ,  as  s h o w n  b y  t h e  i n c r e a s e  in  a b s o r b a n c y  a t  
268 n m ,  w a s  c o n v e r t e d  to  t h e  o x i d i z e d  f o r m .  O n  t h e  
o t h e r  h a n d ,  no  c h a n g e  in  a b s o r b a n c y  w a s  o b s e r v e d  in  co n -  
t r o l  e x p e r i m e n t s  u s i n g  o x i d i z e d  D T T  a t  a c o n c e n t r a t i o n  
of  5 m g / m l .  

Dicussion.  W e  m a y  t h e r e f o r e  s u m m a r i z e  t h e  3 m a j o r  
f e a t u r e s  of  t h e  e f f ec t  of  D T T  o n  i r r a d i a t e d  m i c e  as  fol-  
l ows :  (1) t h e  r e d u c e d  f o r m  is a b l e  to  b r i n g  a b o u t  r e c o v e r y  
f r o m  X - r a y  d a m a g e  w i t h  t h e  s a m e  e f f e c t i v e n e s s  u p  to  24 h 
a f t e r  i r r a d i a t i o n ,  a n  e f f ec t  w h i c h  s e e m s  t o  be  u n i q u e  a m o n g  
s u l p h y d r y l  c o m p o u n d s ;  (2) t h e  o x i d i z e d  f o r m  s h o w s  a n  
a p p r e c i a b l e  r a d i o p r o t e c t i o n  a n d  r e c o v e r y  e f f ec t  u p  to  
72 h a f t e r  e x p o s u r e ;  (3) t h e  o x i d i z e d  f o r m ,  u s e d  a t  a co n -  
c e n t r a t i o n  t w i c e  as  h i g h  as  t h a t  of  t h e  r e d u c e d  one ,  h a s  
g r e a t e r  e f f ec t  (60%)  on  s u r v i v a l  t h a n  r e d u c e d  D T T  (30%) ,  
in  b o t h  p r o t e c t i o n  a n d  r e c o v e r y  e x p e r i m e n t s .  

I t  h a s  r e c e n t l y  b e e n  r e p o r t e d t h a t  c h r o m o s o m a l  a b e r r a -  
t i o n s  in l e u c o c y t e  c u l t u r e s  e x p o s e d  to  a n  X - r a v  d o s e  of  
21)0 R a r e  d e c r e a s e d  if t h e  c u l t u r e s  a r e  p r e t r e a t e d  w i t h  
1 4 d i t h i o t h r e i t o l  6. T h e  r e s u l t s  o b t a i n e d  w i t h  r e d u c e d  
D T T  in  w h o l e  a n i m a l s  s h o w  a f a i r  c o r r e l a t i o n  w i t h  t h e s e  
o b t a i n e d  in  v i t r o .  MAISIN e t  al. 7 h a v e  s h o w n  t h a t  y e a s t  
R N A  h y d r o l y s a t e  is ab l e  to  r e c o v e r  m i c e  f r o m  X - r a y  ex-  
p o s u r e ,  b u t  t h e  m e c h a n i s m  of t h e  a c t i o n  of s u c h  e f f e c t  is 
n o t  y e t  f u l l y  u n d e r s t o o d .  

T h e  c h e m i c a l  s t r u c t u r e  of  D T T  d o e s  n o t  r e s e m b l e  a 
n u c l e o t i d e  a n d  in  o r d e r  to  e x p l a i n  i t s  e f f e c t s  as  a r e c o v e r y  
f ac to r ,  s o m e  o t h e r  m e c h a n i s m  s h o u l d  be  i n v o k e d .  P r o -  
b a b l y  D T T  a c t s  as  i n d u c e r  m o l e c u l e  for  r e p a i r i n g  p ro -  
c e s se s  in i r r a d i a t e d  cells.  

Rdsmnd. L e  D T T  r d d u i t  e t  o x y d 6 ,  a d l n i n i s t r 6  k d e s  
s o u r r i s  i r r ad ide s  p a r  des  d o s e s  m o r t e l l e s  de  r a y o n s  X,  
p r o v o q u e  u n e  s u r v i e  n o t a b l e ;  le m e i l l e u r  e f f ec t  e s t  
o b t e n u  a v e c  le D T T  o x y d 6 ,  a d m i n i s t r 4  i n d i f f 6 r e m m c n t  
a v a n t  ou a p r 6 s  l ' i r r a d i a t i o n .  
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U n t e r s c h i e d e  der  A T P a s e - H e m m u n ~  d u r c h  A z i d  

M a n  u n t e r s c h e i d e t  in  d e r  q u e r g e s t r e i f t e n  S k c l e t t -  
m u s k u l a t u r  z w i s c h e n  w e i s s e n  u n d  r o t e n  F a s e r n .  Be i  
m a n c h e n  T i e r a r t e n  g i b t  es g a n z e  M u s k e l n ,  d ie  e n t w e d e r  
w e i s s e  o d e r  r o t e  F a s e r n  e n t h a l t e n ,  wie  z u m  B e i s p i e l  b e i m  
K a n i n c h e n  ode r  H u h n .  Bei  a n d e r e n  T i e r a r t e n  s i n d  in  ve r -  
s c h i e d e n e n  M u s k e l n  we i s s e  u n d  ro t e  F a s e r n  m e k r  o d e r  
w e n i g e r  v e r m i s c h t  v o r h a n d e n .  B e i  de r  R a t t e  k a n n  m a n  in 
v e r s c h i e d e n e n  M u s k e l n  we i s s e  u n d  ro t e  Te i l e  v o n e i n a n d e r  
t r e n n e n .  W e i s s e  u n d  ro t e  M u s k e l f a s e r n  u n t e r s c h e i d e n  
s i ch  in  i h r e n  m e c h a n i s c h e n ,  e l e k t r i s c h e n  u n d  b i o c h e m i -  

in  w e i s s e n  u n d  r o t e n  M u s k e l f a s e r n  der  Rat t e  

s c h e n  R e a k t i o n e n  in  v e r s c h i e d e n e r  Ar t .  I n  d e n  r o t e n  
F a s e r n  i s t  e i n  m e h r f a c h  h 6 h e r e r  G e h a l t  a n  M i t o c h o n d r i e n  
v o r h a n d e n  a ls  in d e n  w e i s s e n  F a s e r n  (PADVKULA u n d  
G A U T m E R t ) .  E s  1/~sst s i ch  d a r a u s  fo lgern ,  d a s s  a n  Mito- 
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