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P r o t e c t i o n  A g a i n s t  C o c a r c i n o g e n e s i s  by 
A n t i o x i d a n t s  

The metabol ic  sequence of events  responsible  for the  
in i t ia t ion and  p romot ing  stages of co-carcinogenesis  has  
no t  been elucidated.  

Tile react ions  of the  co-carcinogens wi th  skin compo-  
nen t s  m a y  produce  free radicals  or peroxidize lipid mem-  
branes.  A hydroperox ide  der ived f rom cholesterol  has  
been  shown to  be carcinogenic under  cer ta in  condi t ions  1. 
The main  reac t ion  of polycyclic hydroca rbons  appears  to  
be ox ida t ion  by  hyd rogen  peroxide  or an oxygen  a tom to 
ac t iva te  double  bonds,  to yield i n t e rmed ia ry  epoxides2. 

Pe rox ida t ion  m a y  damage  ceils in several  ways3:  
des t ruc t ion  of enzymes  and  cy tochromes  of e lectron 
t r anspo r t ;  des t ruc t ion  of cy tochrome  bs; b reak ing  of 
lysosomal  and  microsomal  lipid m e m b r a n e s  and  releasing 
of hydro ly t i c  enzymes ;  and hemolysis  of e ry th rocy tes .  

In  th is  p re l iminary  s tudy,  mice were f irs t  in i t ia ted  wi th  
7 ,12-d imethy lbenzan th racene .  An t iox idan t s  and  free 
radical  inhib i tors  were appl ied concomi tan t ly  wi th  the  
t u m o r  p romote r ,  i.e. c ro ton  oil. 

30 ICR Swiss female mice, 55-60 days  old, were initi-  
a ted  once wi th  125 7 7, 12 -d imethy lbenzan th racene  dis- 
solved in 0.25 ml  acetone.  Af te r  a per iod of th ree  weeks, 
the  animals  were pa in t ed  five t imes  weekly for 16 weeks 
wi th  0.25 ml  of a mix tu re  of 0.033% cro ton  oil and  the  
var ious  t e s t  subs tances  dissolved in an 80 % acetone,  20 % 
wa te r  solution.  The t es t  subs tances  were 0.0005 % sodium 
selenide, 0.01% hydrocor t i sone ,  0.25% D,L-e-tocophero1 

and 0.25% cys teamide .  The group which  received the  
cro ton  oil alone was the  posi t ive  control.  One group re- 
ceived 7, 12 -d imethy lbenzan th racene  only. Tile animals  
were examined  weekly and  the  n u m b e r  and d i s t r ibu t ion  
of tumors  were noted.  Resul ts  a f ter  16 weeks are indica ted  
in the  Table.  

Sodium selenide appl ied concomi tan t ly  wi th  the  croton 
oil marked ly  reduced  t u m o r  fo rmat ion  (Table). Selenium 
is a known powerful  an t ioxidanta .  Hydrocor t i sone  and 
D,L-~-tocophero1 also reduced t u m o r  format ion.  Bo th  
subs tances  p ro tec t  agains t  lipid pe rox ida t ion  5& Cyste- 
amide,  known  to  p ro t ec t  against  radia t ion  7, had  a small  
p ro tec t ive  effect. The relat ive effect iveness of each anti-  
o x i d an t  was calcula ted (Table). Sodium selenide was 
2780/3.78 or 735 t imes  as effective as D,L-e-tocopherol  
agains t  t u m o r  format ion .  Selenium an t iox idan t s  on a 
molar  basis are k n o w n  to  have  500 to 2000 t imes  the  ant i -  
ox idan t  ac t iv i ty  of D, L-e-tocopherol  in vi t ro  3. 

An t iox idan t s  are l ikely to inhibi t  early crit ical oxida- 
t ion  and reduc t ion  react ions  necessary  for t u m o r  forma-  
t ion s. 

Zusammen/assung. Nat r ium-Se len id  und andere  Anti -  
oxydan t i en  k6nnen  die E n t s t e h u n g  yon  Tumoren  hem-  
men.  Die Wi rkung  k o m m t  m6glicherweise zus tande  fiber 
eine H e m m u n g  der  Bi ldung yon  Co-Carcinogenen. 
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The effect of antioxidants on the prevention of croton oil induced 
tumors 

0.033 % croton oil No. of Relative 
+ addition tumors effectiveness 4 

Sodium selenide 9 2780.0 
D, L-~-Tocopherol acetate 50 3.8 
Hydroeor tisone 55 65.8 
Cysteamide 84 0.37 
None 132 0 
Dmba only 0 - 
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The  Effect  of S p l e n e c t o m y  on the  R a d i a t i o n  
D i s e a s e  of in u tero  Irradiated  F o e t u s  

If  t he  spleen is r emoved  per  l apa ro tomiam wi th in  5 h 
af ter  a suble tha l  whole -body  irradiat ion,  the  survival  ra te  
of mice and  ra ts  is h igher  t h a n  in the  case of animals  
which were sham opera ted  or only  i r rad ia ted  l& I t  is 
a ssumed t h a t  in the  i r rad ia ted  spleen a humora l  factor  is 
formed which  influences the  rad ia t ion  disease unfavour -  
ably. The l ibera t ion of this  factor  seems to  be p r even t ed  
by  sp l enec tomy  3. This  a s sumpt ion  is suppor t ed  by  the  
l imited t ime  of effect iveness  of sp lenec tomy 1 and the  
h igher  surviva l  ra te  of sp lenec tomized  mice 4. While  
opinions subs tan t i a l ly  agree t h a t  the  shielded spleen or 
in jec ted  spleen cells 5-7 have  a pro tec t ive  effect,  i t  has  no t  
ye t  been  clarified wily the  i r rad ia ted  spleen blocks bone-  

mar row regenerat ion.  Bo th  the  format ion  of a humora l  
fac tor  8,9 and  the  des t ruc t ion  of pro tec t ive  or resis tance 
factors  10 in the  i r rad ia ted  spleen are possible causes. 

The ques t ion  of the  ex t en t  to which  sp lenec tomy is 
able to modi fy  rad ia t ion  damage  of the  foetus will now 
be examined.  F r o m  the  12th to  the  17th day  of preg- 
n a n c y  11, 6 groups  of 15 mice each were subjec ted  to  
whole -body  i r rad ia t ion  wi th  250 R. 2 h af ter  i r radiat ion,  
5 mice were splenectomized,  5 were sham opera ted  and 
5 were anaes the t i zed  in each group. The ra te  of deceased 
and  resorbed foetus was calculated on the  20th day of 
p regnancy  af ter  section.  

The Table shows t h a t  sp lenec tomy wi th in  2 h af ter  
whole-body  i r rad ia t ion  wi th  250 R resul ts  in no improve-  
m e n t  of foetal  survival  rate.  On the  contrary ,  the  foetal  
d e a t h  ra te  is h igher  in the  case of sp lenectomized and 
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The survival rate and the average weight of the foetus after 250 R whole-body irradiation performed 2 h previous to spleneetomy 
and sham operation dependent on the day of pregnancy 

Day of Survival Average Survival Average Survival Average 
pregnancy rate weight rate weight rate weight 

250 R without operation 250 R 2 h before sham operation 250 R 2 h before spteneetomy 

17th day 100.0% 1.41 4- 0.12 g 95.0% 1.36 -7}- 0.14 g 100.0% 1.33 4- 0.14 g 
16th day 100.0% 1.34 ~ 0.13 g 76.0% 1.27 • 0.13 g 81.7% 1.21 i 0.13 g 
15th day 90.5% 1.29 --  0.13 g 39.0% 1.25 + 0.13 g 32.9% 1.15 ~ 0.12 g 
14th day 60.0% 1.16 ~ 0.14 g 5.9% 0.98 ~_ 0.11 g 9.5% 0.99 4- 0.12 g 
13th day 32.6% 1.06 4- 0.12 g 0.0% 0.90 4- 0.10 g 0.0% 0.81 _u 0.10 g 
12th day 0.0% 0.98 4- 0.11 g 0.0% 0.84 4- 0.11 g 0.0% 0.88 4- 0.11 g 

s h a m - o p e r a t e d  m i c e  t h a n  for  i r r a d i a t e d  mice .  D a m a g e  as  
a r e s u l t  of  o p e r a t i o n  s h o c k  m u s t  t h e r e f o r e  be  a s s u m e d .  

N o  d e f i n i t e  c o n c l u s i o n  as  to  t h e  d i f f u s i b i l i t y  o f  t h e  
s p l e e n  f a c t o r  c a n  t h u s  be  m a d e  f r o m  t h e  i n a b i l i t y  o f  
s p l e n e c t o m y  to  i n c r e a s e  t h e  foe t a l  s u r v i v a l  r a t e .  A n a -  
l o g o u s  to  t h e  ' r e c o v e r y  f a c t o r '  in  n o n - i r r a d i a t e d  s p l e e n  12, 
h o w e v e r ,  i t  c a n  be  a s s u m e d  t h a t  t h e r e  is  t h e  q u e s t i o n  o f  
a d i a p l a c e n t a l l y  n o n - d i f f u s i b l e  m a c r o m o l e c u l e  :a. 

Zusammen/assung. E i n e  S p l e n e k t o m i e  2 h n a c h  e i n e r  
G a n z k O r p e r b e s t r a h l u n g  v o n  250 R f i i h r t  be i  g r a v i d e n  
M u t t e r t i e r e n  zu  k e i n e r  V e r b e s s e r u n g  d e r  fOta len  ( ) b e r -  
l e b e n s r a t e .  I n  A n a l o g i e  z u m  ' r e c o v e r y  f a c t o r '  d e r  g e s u n -  
del l  Milz  d a r f  a n g e n o m m e n  w e r d e n ,  d a s s  s i ch  in  d e r  be -  
s t r a h l t e n  Milz e i n  h o c h m o l e k u l a r e r ,  d i a p l a z e n t a r  n i c h t  
d i f fus ions f~ th ige r  S to f f  b i lde t .  
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Effect  of S e l e n i u m  o n  Food  a nd  W a t e r  I n t a k e  in  
t h e  Rat  

E p i d e m i o l o g i c a l  s t u d i e s  a m o n g  c h i l d r e n  a n d  w o r k  w i t h  
e x p e r i m e n t a l  a n i m a l s ,  r e v i e w e d  r e c e n t l y  1, h a v e  s h o w n  
t h a t  s e l e n i u m  i n c r e a s e s  t h e  s u s c e p t i b i l i t y  to  ca r i e s  w h e n  
c o n s u m e d  d u r i n g  t h e  p e r i o d  of  t h e  d e v e l o p m e n t  of  t he  
t e e t h  a n d  i n c o r p o r a t e d  i n t o  t h e i r  s t r u c t u r e .  O n  t h e  o t h e r  
h a n d ,  a d m i n i s t r a t i o n  of  s e l e n i u m  to  r a t s  a f t e r  t h e  de -  
v e l o p m e n t  of  t h e i r  t e e t h  d i d  n o t  i n c r e a s e  ca r i e s  ~,a. H o w -  
eve r ,  in  t h e s e  e x p e r i m e n t s  t h e  a n i m a l s  o n  s e l e n i u m  
s h o w e d  e v i d e n c e  of  t o x i c i t y  i n c l u d i n g  r e t a r d a t i o n  of  
g r o w t h  w h i c h  is one  of  t h e  m a i n  s y m p t o m s  of s e l e n i u m  
p o i s o n i n g  r e s u l t i n g  f r o m  l a c k  of a p p e t i t e  a n d  food  i n t a k e .  
S ince  food  i n t a k e  in  r o d e n t s  is d i r e c t l y  r e l a t e d  to  t h e  
d e v e l o p m e n t  of  car ies ,  t h e  p r e s e n t  e x p e r i m e n t  w a s  de-  
s i g n e d  t o  t e s t  t h e  e f f ec t  of  s e l e n i u m  i n g e s t i o n  on  b o t h  t h e  
food  a n d  w a t e r  i n t a k e  in  r a t s .  N o  s u c h  s t u d y  h a s  b e e n  
r e p o r t e d  p r e v i o u s l y .  

Materials and methods. T h i r t y  m a l e  w e a n l i n g  S p r a g u e -  
D a w l y  s t r a i n  r a t s  w e i g h i n g  b e t w e e n  43 50 g we re  
e q u a l l y  d i v i d e d  i n t o  a s e l e n i u m  a n d  a c o n t r o l  g r o u p .  T h e  
a n i m a l s  were  h o u s e d  i n d i v i d u a l l y  in  m e t a l  c a g e s  w i t h  
r a i s e d  s c r e e n  b o t t o m s .  S e l e n i u m ,  as  s o d i u m  se l en i t e ,  in  

t h e  a m o u n t  o f  3.0 p p m  w a s  a d d e d  to  t h e  d r i n k i n g  w a t e r  
of  t h e  e x p e r i m e n t a l  g r o u p  a n d  o f f e r ed  a d  l i b i t u m .  I t  
h a s  b e e n  s h o w n  t h a t ,  in  gene ra l ,  w a t e r  does  n o t  c o n t a i n  
a p p r e c i a b l e  a m o u n t s  of  s e l e n i u m  4. T h e  c o n t r o l s  we re  
d r i n k i n g  t a p  w a t e r .  Al l  a n i m a l s  we re  fed  g r o u n d  P u r i n a  
l a b o r a t o r y  c h o w  a d  l i b i t u m .  T h e  food  w a s  p l a c e d  in  
s c a t t e r - p r o o f  f ood  c u p s ,  m a d e  of m e t a l ,  w i t h  a c o v e r  
h a v i n g  a c e n t r a l  f e e d i n g  ho l e  of  11/4 in.  d i a m e t e r .  T h e  
w a t e r  c o n s u m p t i o n  w a s  m e a s u r e d  a c c u r a t e l y  b y  u s i n g  
n o n - s p i l l a b l e  a n i m a l  d r i n k i n g  t u b e s ,  m a d e  of g l a s s ,  h a v i n g  
a c a p a c i t y  of  100 ml ,  a n d  g r a d u a t e d  a t  i n t e r v a l s  of  1 m l .  
T h e  a m o u n t  of  food  c o n s u m e d  d a i l y  w a s  m e a s u r e d  b y  a 
d o u b l e  b e a m  b a l a n c e .  T h e  e x p e r i m e n t  l a s t e d  for  4 w e e k s  
a n d  d u r i n g  t h a t  p e r i o d  t w o  a n i m a l s  in  t h e  e x p e r i m e n t a l  
g r o u p  d i ed  f r o m  s e l e n i u m  p o i s o n i n g .  
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