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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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Results and discussion. Table I presents  the  results  of 
the  s tudy.  I t  is ev iden t  t h a t  the  ingest ion of selenium by  
ra ts  af fec ted  g rea t ly  the i r  food and  wa te r  intake.  Tile 
an imals  in the  exper imen ta l  group consumed 3.5 g less 
food and  9.0 ml less wa te r  as compared  wi th  the  controls.  
These figures represen t  a reduc t ion  of 21.6% ill food in- 
take  and  29.6% in wa te r  in take  by  the  selenium group of 
rats.  The differences in the  mean  values of food and wa te r  
consumpt ion  be tween  the  se lenium and control  animals  
were t e s t ed  by  the  ' t '  t e s t  and  were found to  be h ighly  
significant .  Tile mean  final weight  of the  animals  ingest ing 
se lenium was abou t  34 g less t h a n  t h a t  of the  controls  as a 
resul t  of se lenium intoxicat ion.  

Ano the r  in te res t ing  observa t ion  f rom the  da t a  in 
Table I is tile difference in the  ra t io  of food to wa te r  
in take  be tween  tile two groups of animals.  Whereas  the  
controls  ma in t a ined  the  normal  food to wa te r  ratio,  
which  is in a re la t ion of abou t  1 to 2, in the  selenium 
t r ea t ed  ra ts  tile rat io was down to  1:1.7. This demon-  
s t ra tes  t h a t  ingest ion of selenium upse ts  the  physiological  
balance by  which  wa te r  in take  is quan t i t a t i ve ly  re la ted 
to food intake.  Such an observa t ion  on the  effect  of 
selenium has no t  been repor ted  before. The depress ion in 
wa te r  in take  could no t  be a t t r i b u t e d  to a dislike on the  
p a r t  of the  animals  to  dr inking wa te r  conta in ing  selenium. 
I t  has  been  shown t h a t  se lenium given to ra ts  by  in ject ion 
produces  the  same sys temic  mani fes ta t ions  of chronic 
selenium in tox ica t ion  as t h a t  when  mixed  in food or 
wa te r  5-7. 

The mater ia l  p resen ted  in Table I I  reveals  for the  f i rs t  
t ime t h a t  ingest ion of selenium by  ra ts  produces  impor-  
t a n t  changes  in the  p a t t e r n  of food and wa te r  consump-  
t ion.  This  was made  possible by  calculat ing the  a m o u n t  
of food and  wa te r  consumed b y  weekly intervals .  At  the  
end of the  first  expe r imen ta l  week, the  selenium group of 
ra t s  ate 24.5% less food and  d rank  26.3~o less wa te r  in 
compar i son  wi th  the  controls.  However ,  in subsequen t  
weeks, the re  was a gradual  increase in food consumpt ion  
b u t  a considerable  decrease in wa te r  consumpt ion  by  the  

Table I. Effect of selenium on food and water intake in male rats 

Item Group Group 
Control Selenium 

ra ts  on selenium. By  the  end of the  four th  and final  week, 
the  difference in food in take  be tween  the  two groups of 
animals  was down to 20.0% whereas  t h a t  of wa te r  in take  
increased to  33.3%. 

Reduc t ion  of food in take  in ra ts  is known to  be asso- 
c ia ted wi th  reduced caries act ivi ty ,  and  recent ly  a h igh ly  
s ignif icant  decrease in caries was r epor ted  in a group of 
ra t s  ea t ing  20% less food t h a n  the i r  controls  s. In  t he  
p resen t  s tudy ,  ingest ion of selenium by  ra ts  decreased 
the i r  food in take  by  21.6%. In  the  exper iments  men-  
t ioned  previously  ~,3, inges t ion  of selenium by  ra t s  a f te r  
the  deve lopmen t  of the i r  t e e t h  p roduced  an incidence of 
caries similar  to t h a t  of the  controls.  This ac tua l ly  m a y  
represen t  an increase in caries by  the  ra ts  on selenium, 
because a l though  the i r  food in take  was reduced consider-  
ably  the i r  suscept ib i l i ty  to caries was as high as t h a t  of 
the  controls  eat ing normally.  In  view of the  resul ts  of the  
p resen t  s tudy ,  it  is p roposed  t h a t  the  subs tan t ia l  decrease 
in wa te r  consumpt ion  of ra ts  ingest ing selenium enhances  
the  car ies- inducing po ten t i a l  of the  die t  by  favor ing the  
r e t en t ion  of food part icles  on the  surfaces of the  t e e t h  
which  are responsible for the  in i t ia t ion of carious lesions. 
Reduc t ion  in the  q u a n t i t y  of sa l ivary  secret ion m a y  be 
also involved.  

In  a previous  work  9, ingest ion of selenium by  ra t s  
dur ing the  deve lopmenta l  per iod of the i r  t ee th  p roduced  
a s ta t i s t ica l ly  s ignif icant  increase in caries which  was 
p ropor t iona t e  to the  a m o u n t  of selenium ingested.  I t  is 
bel ieved t h a t  th is  resul ted  main ly  f rom incorpora t ion  of 
selenium into  the  s t ruc ture  of the  t ee th  making  t h e m  more 
suscept ible  to caries. I t  is known,  for example,  t h a t  incor- 
pora t ion  of fluoride into the  t ee th  dur ing d e v e l o p m e n t  
decreases caries. Thus  it appears  t h a t  admin i s t r a t ion  of 
selenium to ra t s  e i ther  dur ing  the  per iod of deve lopmen t  
of the  t e e t h  or af ter  the i r  fo rmat ion  produces  an increase 
in caries a l though the  mechan i sm th rough  which th is  is 
accompl ished  seems to  be different .  

The following conclusions m a y  be drawn f rom this  
work:  (1) Inges t ion  of selenium by  weanling ra ts  reduces  
subs tan t i a l ly  the i r  food and  wa te r  intake,  and  also dis- 
tu rbs  the  physiological  balance by  which  water  consump-  
t ion  is quan t i t a t i ve ly  re la ted to food consumpt ion .  (2) No 
val id conclusions can be d rawn  regarding the  effect  of 
selenium ingested  af ter  the  deve lopmen t  of the  t ee th  on 
caries in ra t s  w i thou t  t ak ing  in to  considerat ion tile a m o u n t  
of food and  water  consumed1~ 

No. of animals 15 13 
Mean initial weight (g) 47.2 46.4 
Mean final weight (g) 226.1 192.5 
Mean food intake (g/day) 16.2 -c 0.31 ~ 12.7 • 0.32 
Mean water intake (ml/day) 30.4 ~ 0.73 21.4 -- 0.51 
Ratio food/water intake 1 : 1.9 1 : 1.7 

Standard error. 

Table II. Consumption of food and water by weekly intervals in rats 
receiving selenium 

Zusammen/assung. Verabre ichung  von  Selen verXndert  
das  Stoffwechselgle ichgewicht  bei 21-Tage a l ten  Ra t t en ,  
bei denen  der Wasse rve rb rauch  propor t iona l  zur Nah-  
rungsau fnahme  erfolgt,  ebenso besonders  die freiwillige 
Fu t t e r -  und  Wasse raufnahme.  Diese Befunde sind bei der  
U n t e r s u c h u n g  der  Wi rkung  von  Selen auf die Zahnkar ies  
im R a t t e n v e r s u c h  zu berficksichtigen.  

D. M. HADJIMARKOS 

University o/ Oregon Dental School, Portland 
(Oregon USA), August 27, 1965. 

Time Food intake (g/day) Water intake (mI/day) 
interval 

Se Control % Dif. Se Control % Dif. 

First week 7.1 9.4 24.5 13.2 17.9 26.3 
Second week 12.0 15.6 23.1 20.8 28.6 27.3 
Third week 15.0 19.2 21.9 24.3 35.6 31.7 
Fourth week 16.5 20.6 20.0 26.4 39.6 33.3 

Total 12.7 16.2 21.6 21.4 30.4 29.6 
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