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Inf luence of a Mixture  of Chemica l  Pro tec tors  on  the  L y m p h o p o i e t i c  and H e m a t o p o i e t i c  S y s t e m  of 
Mice Irradiated wi th  a D o s e  of 2000 R of X - R a y s  

Mice i r r a d i a t e d  w i t h  l e t h a l  a n d  s u p r a l e t h a l  doses of 
X- rays ,  wh ich  su rv ive  more  t h a n  3-6  days ,  die b e t w e e n  
t h e  s e v e n t h  a n d  t he  t h i r t i e t h  d a y  of h e m o r r h a g e ,  in fec t ion  
or  p rogress ive  a n e m i a  z. Th i s  m o d e  of d e a t h  is cal led 
h e m a t o p o i e t i c  d e a t h .  S u l f h y d r y t  r a d i o p r o t e c t o r s  a n d  
m i x t u r e s  of r a d i o p r o t e c t o r s  are  k n o w n  to  p r o t e c t  mice  
a g a i n s t  h e m a t o p o i e t i c  death*,~. 

T h e  p r e s e n t  c o m m u n i c a t i o n  r epo r t s  d a t a  on  t he  in- 
f luence  of a m i x t u r e  of r a d i o p r o t e c t o r s  on  t h e  h e m a t o -  
poie t ic  a n d  l y m p h o p o i e t i c  sy s t ems  in mice  exposed  to  
2000 R of X- rays .  

M a t e r i a l s  a n d  me thods .  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  v i a  
s t o m a c h  i n t u b a t i o n ,  25 m i n  before  i r r a d i a t i o n  w i t h  2000 R 
of X- rays .  F i f t e en  m i n u t e s  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  (neu t ra l i zed  
to  p H  7.2 w i t h  N a O H )  a n d  20 ra in  a f t e r  t he  a d m i n i s t r a -  
t ion  of g lu t a th ione ,  w i t h  1 m g  of s e r o t o n i n  c r e a t i n i n e  
sul fa te .  The  cond i t i ons  of X - i r r a d i a t i o n  were :  300 kV, 
20 mA,  1 m m  A1, 2 m m  Cu, dose  r a t e  100 R / m i n .  T h e  
mice  were  kil led b y  cerv ica l  d i s loca t ion  a t  va r i ous  t i m e  
i n t e r v a l s  a f t e r  X - r a y  exposure .  T h e  spleen,  t h e  l y m p h -  
nodes,  t h e  t h y m u s ,  t he  f emurs  a n d  t h e  smal l  i n t e s t i ne  
were  f ixed in B o u i n  or n e u t r a l  fo rma l in  a n d  s t a i ned  w i t h  
h e m a t o x y l i n  eosine saf ran ,  or, for  b o n e - m a r r o w ,  w i t h  
Giemsa .  

R e s u l t s  a n d  d i s cus s i on .  A few h o u r s  a f t e r  a dose of 
2000 R of X- rays ,  d a m a g e  in t he  b o n e - m a r r o w  is e v i d e n t  
f rom o e d e m a  a n d  hemor rhages .  O n  t h e  f o u r t h  day ,  t h e  
b o n e - m a r r o w  is a t roph ic ,  b u t  a m o n g  t h e  few n u c l e a t e d  
b o n e - m a r r o w  cells, large  n u m b e r s  of m e g a k a r y o c y t e s  a re  
st i l l  visible.  The  a t r o p h y  of t he  b o n e - m a r r o w  is m a x i m a l  
b e t w e e n  d a y  5 a n d  7 a n d  on ly  a few re t i cu la r  cells a n d  
h i s t iocy te s  pers is t .  S o m e t i m e s  on  t he  n i n t h  day,  b u t  
usua l ly  on  t h e  t w e l f t h  day ,  large  a reas  of r e g e n e r a t i n g  
cells a n d  some m e g a k a r y o c y t e s  appea r .  T w e n t y  days  a f t e r  
2000 R, t h e  r ecove ry  of t h e  b o n e - m a r r o w  has  progressed,  
mi toses  a n d  smal l  d a r k  cells a re  n u m e r o u s ,  b u t  some  
h e m o r r h a g e s  a n d  cell debr i s  a re  sti l l  visible.  T h i r t y  d a y s  
a f t e r  i r r ad ia t ion ,  t h e  b o n e - m a r r o w  shows a n  a p p a r e n t l y  
n o r m a l  h is to logical  a n d  cy to logica l  p i c tu r e  (Figure  1). 

I n  t h e  spleen,  cell d a m a g e  is m a i n l y  p r e s e n t  in  t h e  
g e r m i n a l  cen t r e  d u r i n g  t h e  f i rs t  12 h a f t e r  t h e  i r r ad ia t ion .  
One  d a y  a f t e r  exposure ,  t h e  n u m b e r  of cells in  t h e  w h i t e  
a n d  t h e  red  p u l p  is m a r k e d l y  r ed u ced  a n d  cell  debr i s  h a v e  
in  p a r t  b e e n  c l eaned  up.  B y  d a y  4, t h e  a t r o p h y  of t h e  
g e r m i n a l  c e n t r e  is v e r y  m a r k e d  a n d  b lood  p i g m e n t s  a re  
depos i t ed  in t h e  r ed  pu lp ;  m e g a k a r y o c y t e s  a re  rare ,  b u t  
r e t i cu la r  cells a n d  f ib rob la s t s  are  n u m e r o u s ;  mi toses  a re  
few, cell debr i s  are  scarce.  R e g e n e r a t i o n  of t h e  w h i t e  
pu lp  w i t h  smal l  d a r k  cells a n d  mi toses  is v is ib le  in  some 
mice  on  d a y  5; in t h e  o thers ,  on  d a y  7, b u t  d u r i n g  follow- 
ing  days ,  th i s  r e g e n e r a t i o n  of t h e  w h i t e  p u l p  a p p a r e n t l y  
p roceeds  m u c h  more  s lowly or  n o t  a t  all. 

I n  t h e  r ed  pulp ,  nodu le s  of r e g e n e r a t i o n  cons i s t ing  of 
sma l l  d a r k  cells a n d / o r  cells w i t h  large  pale  nucle i  are  
n u m e r o u s  12 days  a f t e r  i r r ad ia t ion .  I n  some cases, rows 
of r e g e n e r a t i n g  cells are  fo rmed  below t h e  capsule,  a long  
t h e  t r a b e c u l a e  or a r o u n d  t h e  smal l  vessels.  B e t w e e n  t h e  
zone of r egenera t ion ,  g e r m i n a l  cen t r e s  are  v is ib le  b u t  are  
st i l l  a t roph ic .  Af te r  30 days ,  t h e  spleen shows  a l m o s t  a 
~lormal h is to logica l  p i c t u r e  w i t h  n u m e r o u s  mi toses  a n d  a 
p r e p o n d e r a n c e  of t h e  r ed  over  t h e  w h i t e  p u l p  (F igure  2). 

Twe lve  h o u r s  a f t e r  i r r ad ia t ion ,  t h e  t h y m u s  shows  
m a r k e d  damage ,  especia l ly  in  t h e  cor t ica l  area .  F r o m  d a y  

to  d a y  7, t h e  cel lu lar  debr i s  are ra re  a n d  on ly  a few smal l  
t h y m o c y t e s  a n d  la rge  p o l y m o r p h i c  cells are  p resen t .  T h e  
r e t i c u l u m  is h y p e r t r o p h i c .  On d a y  12, m a r k e d  regenera -  
t i on  of t h e  t h y m u s  is seen a n d  t h e  cor t ica l  a n d  m e d u l l a r  
zones  a re  well  d i s t i n g u i s h a b l e  {Figure 3). T h i r t y  d a y s  a f t e r  
i r r ad ia t ion ,  some b u t  n o t  all  mice  d i sp l ay  a ful l  r egener -  
a t ed  t h y m u s .  

T h e  r e g e n e r a t i o n  of t h e  l y m p h  nodes  a n d  of t h e  P e y e r ' s  
p a t c h e s  seems to  p roceed  a t  a lower  r a t e  t h a n  in t h e  
t h y m u s .  Thus ,  30 days  a f t e r  exposure ,  t h e  r e t i c u l u m  of 
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Fig. 1. Histologic aspect of the bone-marrow of a BALB/c mouse, Fig. 2. Histologic aspect of the spleen of a BALB/e mouse, 30 days 
30 days after a dose of 2000 R of X-rays and pretreatment with a after a dose of 2000 R of X-rays and pretreatment with a mixture of 
mixture of chemical protectors, x 240. chemical protectors, x 400. 
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Fig. 3. Histologic aspect of the thymus of a BALB/c mouse, 12 days 
after a dose of 2000 R of X-rays and pretreatment with a mixture of 
chemical protectors. × 160. 

Fig. 4. Histologic aspect of the Peyer's patches of a BALB/c mouse, 
30 days after a dose of 2000 R of X-rays and pretreatment with a 
nfixture of chemical protectors. × 65. 

t h e  l y m p h  nodes  is h y p e r t r o p h i c ,  t h e  s inus  d i l a t ed ;  
mi toses  a re  r a re  a n d  some  cell debr i s  a n d  m a n y  p l a smo-  
cy tes  a re  p resen t .  T h e  g e r m i n a l  cen t r e s  a re  n o t  well  
d iscernib le .  A t  t h i s  t ime,  t h e  r e g e n e r a t i o n  of t he  Pey e r ' s  
p a t c h e s  is more  a d v a n c e d  (F igure  4) ; some cell debr i s  a n d  
m a n y  y o u n g  l y m p h a t i c  cells are  visible.  All lesions in t h e  
d i f f e ren t  t i ssues  a p p e a r  sooner  un t i l  t h e  d e a t h  of t h e  
a n i m a l  on  t he  f o u r t h  d a y  a n d  are  more  p r o n o u n c e d  in t h e  
X - i r r a d i a t e d  n o n - p r o t e c t e d  t h a n  in t he  p r o t e c t e d  i r radi -  
a t e d  mice. 

Conclusions. The  b o n e - m a r r o w  spleen a n d  t h y m u s  
show, 30 d a y s  a f t e r  a dose  of 2000 R of X - r a y s  a n d  pre-  
t r e a t m e n t  w i t h  A E T  + g l u t a t h i o n e  + 5 -HT ~- cys te ine ,  
a n  a l m o s t  n o r m a l  h is to logic  a n d  cyto iogic  p ic tu re .  A t  t h e  
s a m e  t ime,  r e g e n e r a t i o n  in  t h e  l y m p h  nodes  a n d  t h e  
Peye r ' s  p a t c h e s  h a s  se t  in, b u t  is less a d v a n c e d  4 

Rdsumd. La  moel le  osseuse, la r a t e  e t  le t h y m u s  mon-  
t r en t ,  30 jour s  apr6s  une  dose de 2000 R de r a y o n s  X e t  

un  t r a i t e m e n t  p r6a lab le  avec  u n e  as soc ia t ion  d ' A E T ,  de  
g l u t a t h i o n ,  de 5 - h y d r o x y t r y p t a m i n e  e t  de  cyst6ine ,  u n  
a s p e c t  h i s to tog ique  e t  cy to tog ique  n o r m a l .  Au m~me 
m o m e n t ,  la r6g6n6ra t ion  des  gang l ions  e t  des  p l aques  de  
P e y e r  es t  b o n n e  ma i s  moins  avanc6e .  
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I n c r e a s e  in U r o c a n a t e  C o n c e n t r a t i o n  in H u m a n  E p i d e r m i s  F o l l o w i n g  I n s o l a t i o n  

Since t he  fo rmula t ion ,  b y  ZENi~EK et al. x, of t h e  
h y p o t h e s i s  t h a t  u rocan ic  ac id  (UA) h a s  a phys io log ica l  
role of p r o t e c t i n g  t h e  skin  aga in s t  t he  d a m a g i n g  effect  of 
t he  e r y t h e m a - p r o d u c i n g  r ange  of solar  r ad ia t ion ,  con-  
s iderab le  c i r c u m s t a n t i a l  ev idence  ha s  been  p r e s e n t e d  in 
f a v o u r  of th i s  p roposa l  b y  a n u m b e r  of au thors .  I t  has  
on ly  been  ob j ec t ed  t h a t  p a t i e n t s  w i t h  h i s t i d inemia ,  whose  
ep ide rmis  lacks  h i s t id ine  a m m o n i a - l y a s e  a n d  UA, are n o t  
a b n o r m a l l y  sens i t ive  to  s u n b u r n  s . These  v iews m i g h t  be  
reconci led  b y  t h e  sugges t ion  t h a t  U A  is n o t  t h e  sole 
p r o t e c t i n g  m e c h a n i s m  o p e r a t i n g  a n d  t h a t  these  m e c h a -  
n i sms  may ,  if necessary ,  c o m p e n s a t e  for  each  o t h e r ;  i t  h a s  
long  been  k n o w n  t h a t  a lb inos  c a n  a d a p t  t h e m s e l v e s  to  
r e p e a t e d  in so la t ion  b y  t h e  t h i c k e n i n g  of t h e  h o r n y  layer .  
W e  wish  now to r e p o r t  on  e x p e r i m e n t s  wh ich  add  f u r t h e r  
s u p p o r t  to  t he  c o n c e p t i o n  of t he  phys io logica l  role of UA 
as a n a t u r a l  sunsc reen  b y  showing  i ts  increase  a f t e r  
inso la t ion .  

T h r e e  male  sub j ec t s  exposed  one  u p p e r  a r m  to  solar  
r a d i a t i o n  for the  f i rs t  t i m e  a f t e r  the  w i n t e r  season.  The  
o t h e r  a r m  se rved  as a con t ro l  an d  r e m a i n e d  covered .  
E r y t h e m a  wh ich  fol lowed t h e  in so la t ion  r a n g e d  f rom ju s t  
pe rcep t ib l e  ( sub jec t  H) to  fa i r ly  s t r o n g  w i t h  s u b s e q u e n t  
peel ing  ( sub jec t  S a n d  C). Suc t ion  b l i s t e r s  were  p roduced  
b y  t h e  m e t h o d  of KIISTALA a n d  MUSTAKALLIO 3 a n d  t h e  
ep ide rmis  was  t h e n  r e m o v e d  w i t h  scissors. I t s  e x t r a c t  
was  c h r o m a t o g r a p h e d  on  Kieselgel  HF254 t h i n - l ay e r s  in  a 
p r o p a n - 2 - o l - c o n c e n t r a t e d  a m m o n i a - w a t e r  (17 : 1 : 2) mix-  
ture ,  trans- a n d  cis-U A spo t s  were  s c raped  off sepa ra te ly ,  
e lu ted ,  a n d  U A  e s t i m a t e d  b y  s p e c t r o p h o t o m e t r y .  
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