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sys t em,  ana lyses  of l a c t a t e / p y r u v a t e  r a t i o s  in  ce l lu lar  or  
ex t r ace l l u l a r  s y s t e m s  m i g h t  give i m p o r t a n t  i n f o r m a t i o n  
o n  t h e  r edox  s t a t e  of t h e  cells3A,L H o w e v e r ,  t h e  s t e a d y  
s t a t e  r e l a t i o n  b e t w e e n  t h e  s y s t e m s  invo lves  h y d r o g e n  ions  
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The relation between the arterial CO~ tension and the lactate 
concentration and the lactate/pyruvate ratio of cisternal CSF in 
anaesthetized and immobilized cats. The animals were either spon- 
taneously breathing air or 7-9% CO~, or they were mechanically 
hyperventilated for 60-90 min. Control samples are denoted by filled 
circles. Note increased laetate/pyruvate ratio at CO 2 tensions below 
20-25 mrn Hg. 

w h e r e  K is t h e  equ i l i b r i um c o n s t a n t .  T h e  e q u a t i o n  shows 
t h a t  a t  a c o n s t a n t  r e d o x  s t a t e  t h e  l a c t a t e / p y r u v a t e  r a t i o  
will v a r y  d i rec t ly  w i t h  t h e  h y d r o g e n  ion  c o n c e n t r a t i o n .  
Thus ,  we would  e x p e c t  t h e  l a c t a t e / p y r u v a t e  r a t i o  to  in-  
c rease  in h y p e r c a p n i a  (see Figure)  a n d  decrease  in  h y p o -  
capn ia .  T h e  fac t  t h a t  t h e  l a c t a t e / p y r u v a t e  r a t i o  increases  
d u r i n g  h y p e r v e n t i l a t i o n  t h u s  sugges ts  a n  increased  
N A D H / N A D +  ra t io ,  i.e. a s t a t e  of h y p o x i a  (eL ref. 
s a n d  9) 1o. 

Zusammen/assung. Pass ive  H y p e r v e n t i l a t i o n  an / i s the-  
s ie r te r  u n d  i m m o b i l i s i e r t e r  K a t z e n  f i ih r t  zu s ign i f ikan te r  
E r h 6 h u n g  des L a k t a t - P y r u v a t - Q u o t i e n t e n  in Zerebrosp i -  
nai f l i i ss igkei t  u n d  Geh i rngewebe .  W e g e n  der  V e r b i n d u n g  
zwischen  L a k t a t / P y r u v a t -  u n d  N A D H / N A D + - S y s t e m  is t  
s o m i t  a n z u n e h m e n ,  dass  H y p e r v e n t i l a t i o n  (CO2-Druck 
u n t e r  20-25 m m  Hg) zu ze rebra le r  H y p 0 x i e  f i ihr t .  
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Influence of a M i x t u r e  of Radioprotec tors  on the 
w i t h  2000 R of X - R a y s  

I n t e s t i n a l  d e a t h  occurs  f rom t h e  t h i r d  to  t he  f i f th  d a y  
a f t e r  doses of 1-10 k R  a n d  is p r eceded  b y  i n h i b i t i o n  of 
cell  d ivis ion,  d e s t r u c t i o n  of t h e  c ryp t s ,  s h o r t e n i n g  of t h e  
vil l i  a n d  d e n u d a t i o n  of t h e  i n t e s t i n a l  e p i t h e l i u m  (QUAST- 
LER 1, MAIMS2). Mix tu re s  of  chemica l  p r o t e c t o r s  offer  a 
b e t t e r  p r o t e c t i o n  to  t h e  s t e m  cells in  t h e  d u o d e n u m  of 
mice  t h a n  t h e  m o s t  p a t e n t  s u l f h y d r y l  r a d i o p r o t e c t o r s  
g i v e n  a lone  (~{AISIN g,3, MAISIN a n d  ~¢IATTELIN4). T h e  
p r e s e n t  c o m m u n i c a t i o n  r e p o r t s  d a t a  on  t h e  in f luence  of 
m i x t u r e s  of r a d i o p r o t e c t o r s  on  t h e  s t e m  cells of t h e  duo-  
d e n u m  of mice  d u r i n g  a pe r iod  of 30 d a y s  a f t e r  a dose  of 
2 0 0 0 R  of  X- rays .  

Materials and methods. Twelve -week-o ld  ma le  mice  of 
t h e  B A L B / c  s t r a i n  we igh ing  25-30 g were  used.  T h e  
t r e a t e d  mice  were  g iven  16 m g  of r educed  g l u t a t h i o n e  b y  
s t o m a c h  t u b e  25 m i n  before  i r r a d i a t i o n  w i t h  2000 R of 
X - r a y s  (300 kV, 20 mA,  l m m  A1, 2 m m  Cu;  dose  r a t e  
100 R / m i n ) .  F i f t e e n  r a i n  la ter ,  t h e  mice  were  i n j ec t ed  i.p. 
w i t h  15 m g  of cys te ine  a n d  10 m g  of A E T  (bo th  n e u t r a l -  
ized to  p H  7.2 w i t h  N a O H )  and,  20 ra in  a f t e r  a d m i n i s t r a -  
t i on  of g lu t a th ione ,  w i t h  1 m g  of s e ro ton in  c r e a t i n i n e  
su lpha te .  The  n u m b e r  of nuclei ,  mitoses ,  k a r y o r r h e x i s  
a n d  pycnos i s  were d e t e r m i n e d  in  a t  l eas t  75 c r y p t s / t i m e  
po in t .  T h e  mice  were  ki l led b y  eerv ica t  d i s loca t ion  a t  

M u c o s a  o f  t h e  S m a l l  Intest ine of Mice Irradiated 

va r ious  t i m e  i n t e r v a l s  a f t e r  X - r a y  exposure .  The  duo-  
d e n u m  was  f ixed in B o u i n  or  n e u t r a l  fo rmal ine ,  or  in  
Carnoy .  Slices were s t a i n e d  w i t h  h e m a t o x y l i n  eosine or  
w i t h  Feulgen .  

Results and discussion. O n  t h e  f i r s t  d a y  a f t e r  exposure  
to  2000 R of X- rays ,  some  cel lu lar  debr i s  a n d  fewer, o f t en  
a b n o r m a l ,  mi toses  are  visible,  b u t  o the rwise  t h e  m u c o s a  
of t he  d u o d e n u m  a p p e a r s  normM.  On  t h e  t h i r d  d a y  t h e  
c r y p t s  a re  a t r o p h i c  a n d  i r regular ,  m o s t  of t h e  villi  h a v e  a 
n o r m a l  aspect .  Seven  d a y s  a f t e r  i r r ad ia t ion ,  some  c r y p t s  
a re  st i l l  a t roph ic ,  o t h e r s  are  i r r egu la r  a n d  deepe r  t h a n  
n o r m a l ;  t h e  vil l i  a p p e a r  no rma l .  F r o m  t h e  n i n t h  to  t h e  
t h i r t i e t h  day ,  t h e  m u c o s a  of t h e  d u o d e n u m  rega ins  i t s  
n o r m a l  aspec t .  

T h e  n u m b e r  of t h e  nuclei  in  t h e  c r y p t s  c o l u m n  is pre-  
s e n t e d  in F i g u r e  1. I n  t h e  i r r a d i a t e d  p r o t e c t e d  mice,  t h e  
n u m b e r  of t h e  nucle i  decreases  u n t i l  d a y  2 (38% of t h e  

1 H. Q U A S T L E R ,  Radiat. Res. if, 303 (1956). 
2 j .  R. MAISXN, Radiations ionisantes, radioprotecteurs et syndrome 

gastro-intestinal (Ed. Masson, Paris 1966). 
3 j .  R. MAISIN, Nature 204, 196 (1964). 
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Fig. 1. The effect of a mixture of 2-fl-aminoethylisothiouronium Br- 
H B r  (AET) + glutathion (GSH) + creatinine serotonine sulphate 
(5-HT) + cysteine (Cyst.) on the number of nuclei in the duodenal 
crypts of BALB/e  mice at different times after 2000 R. 
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Fig. 2. The effect of a mixture of radioprotectors on the number of 
nuclei in the duodenal villi of BALB/c mice at different times after 
2000 R. 

normal  value),  t h e n  increases rap id ly  to reach more  than  
twice  the  normal  va lue  by  day  5 and declines gradua l ly  
unt i l  the  th i r t i e th  day.  A t  this t ime, the  average  number  
of t he  nuclei  is still  s l ight ly  above  the  normal  va lue  
(4- 16%). I n  t he  villi, the  n u m b e r  of nuclei  reaches a 
m i n i m u m  (1/3 of the  normal  value) 4 days  a f te r  i r rad ia t ion  
and  re turns  a lmos t  to  normal  on day  5 (Figure 2). 

T h e  n u m b e r  of mi toses  falls rap id ly  in the  i r rad ia ted  
p ro tec ted  mice af ter  X-i r radia t ion,  so t h a t  12 h af ter  
i r rad ia t ion  ha rd ly  any  mitoses  can be  found (Figure 3). 
Later ,  t he  n u m b e r  of mi toses  increases steeply,  reaching 
more  t h a n  3 t imes  the  normat  va lue  on day  7 and  s tays  
a t  th is  level  unt i l  day  12. On  day  30 t h e  n u m b e r  of 
mi toses  is still  above  the  normal  value.  

The  n u m b e r  of the  pycnot ic  and karyor rhec t ic  nuclei  
shows 2 peaks  12 h and 7 days  af ter  i r rad ia t ion  (Figure 4). 
T h e  first  peak  corresponds to the  ear ly  damage  of i r radia-  
t ion. The  second peak  coincides wi th  t he  second mi to t i c  
peak  and m a y  resul t  f rom abno rma l  cells d iv id ing  dur ing  
or  j u s t  a f te r  division.  
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Fig. 3. The effect of a mixture of radioprotectors on the number of 
mitoses in the duodenal crypts of BALB/c  mice at different times 
after 2000 R. 
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Fig. 4. The effect of a mixture of radioprotectors on the number of 
pycnosis and karyorrhexis in the duodena[ crypts of BALB]e mice 
at different times after 2000 R. 

Conclusions. Our resul ts  on the  n u m b e r  of nuclei,  pyc-  
noses, ka ryor rhex is  and  mitoses  in p ro t ec t ed  i r rad ia ted  
mice demons t r a t e  t h a t  mix tu res  of chemica l  protec tors  
largely diminish the  lesions produced  in the  s tem cells of 
the  d u o d e n u m  of mice i r rad ia ted  wi th  2000 R of X-rays,  
b u t  a de lay  of abou t  30 days  is never theless  needed to 
al low comple te  recovery  of t he  duodena l  mucosa  5. 

Rdsumd. Nos r6sul ta ts  sur  le nombre  de noyaux,  de  
pycnoses,  de caryorrexis  et  de mitoses,  chez les souris 
prot6g6es et  irradi6es, m o n t r e n t  qua des associations de 
substances  radioprotec t r ices  d iminuen t  fo r t emen t  les 16- 
sions produi tes  dans les cellules souches du duod6num 
de souris irradi6es avec  une  dose de 2000 R de rayons  X ;  
un  d61ai d ' au  moins 30 jours  es t  n6anmoins n6cessaire 
a v a n t  qua  la muqueuse  duod6nale  aft re t rouv6 un aspec t  
en t i~rement  normal .  
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