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Effect  of  P h o s p h a t e s ,  C a r b o n a t e s ,  and  M a g n e -  
s i u m  Oxide  u p o n  the  In te s t ina l  A b s o r p t i o n  of 

Sr -85  in R a t s  

I n  our  p r e v i o u s  c o m m u n i c a t i o n s ,  v a r i o u s  s u l p h a t e s  a n d  
t h e i r  c o m b i n a t i o n s  were  s h o w n  to be effect ive  m e a n s  for 
d i m i n i s h i n g  t h e  a b s o r p t i o n  of r a d i o a c t i v e  s t r o n t i u m  f r o m 
t h e  i n t e s t i n e  Shor t ly  a f t e r  e x p o s u r e  ~,2. F u r t h e r m o r e ,  t h e  
ef fec t  was  c o m p a r e d  of v a r i o u s  p o s p h a t e s ,  c a r b o n a t e s ,  
a n d  m a g n e s i u m  oxide  u p o n  t h e  m e t a b o l i s m  of o ra l ly  ad -  
m i n i s t e r e d  Sr-85 in ra t s .  

Methods.  T h e  s a m e  e x p e r i m e n t a l  p r o c e d u r e  w a s  used  
as  w i t h  s u l p h a t e s ;  de ta i l s  h a v e  b e e n  r e p o r t e d  p r e v i o u s l y  2. 
I n  all, 93 s t a r v e d  m a l e  SVistar a lb ino  ra t s ,  w e i g h i n g  170 
to  200 g, were  used .  T h e  s u b s t a n c e s  t e s t e d  were  a d m i n i s -  
t e red  b y  s t o m a c h  t u b e  (1.6 m M  each),  10 rain  a f t e r  a n  
ora l  dose  of carr ier - f ree  Sr-85 chlor ide  so lu t ion .  T h e  
a n i m a l s  were  sacr i f iced 48 h la ter .  

Results .  T h e  T a b l e  s u m m a r i z e s  d a t a  f r o m  4 expe t i -  
m e n t s .  I n  the  ske l e ton  of r a t s  t r e a t e d  w i t h  d i sod ium,  cal- 
c i u m  h y d r o g e n  or t r i c a l c i u m  p h o s p h a t e s ,  4 0 - 6 5 %  less 
Sr-85 w a s  r e t a i n e d  in  c o m p a r i s o n  w i t h  cont ro ls .  I n  t h e  
g r o u p  rece iv ing  t r i c a l c i u m  p h o s p h a t e  in c o m b i n a t i o n  w i t h  
d i s o d i u m  p h o s p h a t e ,  the  a v e r a g e  ske le ta l  r e t e n t i o n  of 
Sr-85 was  r e d u c e d  b y  n e a r l y  90%.  

A m o n g  t h e  v a r i o u s  c a r b o n a t e s  t e s t ed ,  on ly  c a l c i u m  car-  
b o n a t e  p r o v e d  effect ive ,  r e d u c i n g  t h e  whole  b o d y  r e t en -  
t i on  of Sr-85 b y  40% in c o m p a r i s o n  w i t h  cont ro ls .  I n  r a t s  
rece iv ing  m a g n e s i u m  oxide,  50% less Sr-85 w a s  r e t a ined .  
W h e n  t h e  c a r b o n a t e s  were a d m i n i s t e r e d ,  each  in c o m-  
b i n a t i o n  w i t h  a n  e q u i m o l a r  dose  of m a g n e s i u m  oxide ,  t h e  
a v e r a g e  r e t e n t i o n  of Sr-85 d e c r e a s e d  in  all t r e a t e d  a n i m a l s  
b y  a b o u t  5 0 - 6 0 %  in c o m p a r i s o n  w i t h  cont ro l s ,  i.e. ap -  
p r o x i m a t e l y  as  m u c h  as  w i t h  m a g n e s i u m  ox ide  alone.  

C a l c i u m  a n d  m a g n e s i u m  c a r b o n a t e s ,  e a c h  w i t h  a n  
e q u i m o l a r  dose  of s o d i u m  h y d r o g e n  c a r b o n a t e ,  were also 
a d m i n i s t e r e d .  No  s ign i f i can t  effect  o n  t h e  r e t e n t i o n  of 
Sr-85 w a s  obse rved ,  a l t h o u g h  t h e r e  w a s  a t r e n d  t o w a r d s  
lower v a l u e s  w i t h  t h e  f o r m e r  c o m b i n a t i o n ,  

Discussion.  CoP~, a n d  GREENBERG ~ f o u n d  t h a t  a 5% 
s u s p e n s i o n  of t r i c a l c i u m  p h o s p h a t e  in  12.5% d i s o d i u m  
p h o s p h a t e  so lu t ion  r e d u c e d  i n t e s t i n a l  a b s o r p t i o n  of rad io-  
s t r o n t i u m  in ra t s ,  b u t  o n l y  w h e n  g i v e n  i m m e d i a t e l y  a f t e r -  
wards .  10 rain la ter ,  d i s o d i u m  p h o s p h a t e  o r  s o d i u m  bi-  
c a r b o n a t e  were  w i t h o u t  effect .  MAcDoNALD e t  al.* re- 
duced  ske le ta l  r e t e n t i o n  of ora l ly  a d m i n i s t e r e d  Sr-90 b y  
u p  to  60% w h e n  a d m i n i s t e r i n g  s i m u l t a n e o u s l y  d i s o d i u m  
or t r i s o d i u m  p h o s p h a t e s .  Acco rd ing  to  BRUCE s, c a l c i u m  
h y d r o g e n  p h o s p h a t e  m i x e d  w i t h  cellulose a n d  m o i s t e n e d  
wi th  a so lu t ion  of sucrose ,  w h e n  g iven  s h o r t l y  a f t e r  radio-  
s t r o n t i u m ,  r e d u c e d  i ts  i n t e s t i n a l  a b s o r p t i o n  in r a t s  b y  u p  
to  85%.  I n  o u r  p r e v i o u s  e x p e r i m e n t s  ~, t h e  ske le ta l  r e t en -  
t i on  of o ra l ly  a d m i n i s t e r e d  Sr-90 dec reased  a p p r o x i m a t e l y  
to the  s a m e  e x t e n t  w h e n  r a t s  were t r e a t e d  i m m e d i a t e l y  
a f t e r w a r d s  w i t h  a special  t r i c a l c i u m  p h o s p h a t e  p r e p a r a -  
t ion.  I n  t h e  p r e s e n t  s t u d y ,  t h e  d e c o n t a m i n a t i o n  ef fec t  of 
v a r i o u s  p h o s p h a t e s  did  n o t  differ  s u b s t a n t i a l l y ,  w h e r e a s  a 
m i x t u r e  of t r i c a l c ium a n d  d i s o d i u m  p h o s p h a t e s  w a s  sig- 
n i f i c a n t l y  mo r e  effect ive.  
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The effect of various phosphates, carbonates, magnesium oxide and their combinations administered orally in doses of 1.6 mM 10 min after 
contamination with Sr-85 

Substances No. of 
tested animals 

% of Sr-85 administered 

Whole body Skeleton a 

After 24 h After 48 h After 48 h 

4- t s ~  % of .~ 4- ts~: % of x" 4- ts~ 
control control 

% of 
control 

Controls 6 42.4 4- 10.2 100 34.8 t 11.0 100 26.8 4- 9.1 100 

Na~HPO 4 5 31.2 4- 10.7 n.s. c 21.0 4- 7.8 56 13.5 -t- 3.7 50 
CaHPO~ 5 16.5 i 2.3 39 11.5 t 1.7 33 9.4 4- 2.8 35 
Caa(PO,) 2 5 19.4 -4- 3.5 46 13.8 ~ 2.0 39 10.3 + 2.6 38 
Caa(PO4) 2 + Na~HPO 4 5 11.4 + 9.4 27 6.3 4- 2.5 18 3.6 -4- 1.2 13 

Controls 6 39.5 4- 10.2 100 33.1 4- 10.1 100 25.3 4- 8.0 100 
NaHCO~ 5 33.1 + 5.1 ms. 26.4 :L I9.1 n.s. 22.6 -t- 3.8 n.s, 
CaCO 3 5 25.4 4- 6.1 64 19.5 t 6.0 59 17.4 4- 7.9 n.s. 
MgCO~ 5 38.0 4- 17.0 n.s. 27.3 ± 10.5 n.s. 20.6 4- 5.7 n.s, 
MgO 5 25.9 4- 7.8 66 15.5 4- 7.4 47 12.5 4- 7.5 49 

Controls 6 50.1 4- 21.0 100 46.1 4- 22.0 100 31.8 4- 7.6 100 

NaHCO 3 + MgO 6 30.2 4- 16.7 n.s. 24.5 4- 13.5 n.s. 14.6 4- 7.9 46 
CaCO a + MgO 6 36.1 q- 8.2 n.s. 25.2 4- 6.5 n.s. 14.9 4- 4.1 47 
MgCO 3 + MgO 5 31.0 4- 23.7 n.s. 19.6 4- 5.2 43 13.8 4- 3.2 43 

Controls 6 28.4 4- 9.2 100 25.3 4- 10.0 100 20.2 4- 9.9 100 
CaCO~ + NaHCO~ 6 22.5 4- 8.1 n.s. 16.2 ~ 7.3 n.s. 12.0 4- 5.9 n.s. 
MgC% + NaHCO~ 6 31.2 -t- 8.0 n.s. 26.2 ± 5.6 n.s. I7.1 4- 4.6 n.s. 

Content of Sr-85 in 1 femur times 20, b Arithmetic mean 4- standard error of the mean multiplied by t-value for 95% confidence level. 
e The difference is not statistically significant. 



572 Br~ves communications- Kurze Mitteilungen EXPERIENTIA XXI]10 

I t  seems no t  u n r e a s o n a b l e  to  a t t r i b u t e  t h e  i n h i b i t o r y  
effect  of p h o s p h a t e  to  a p r e c i p i t a t i n g  ac t ion  on  rad io-  
s t r o n t i u m  in the  gu t  4. This  m i g h t  be t he  case shou ld  car-  
r ier  s t r o n t i u m  be present .  W i t h  t r i c a l c ium p h o s p h a t e ,  
r a d i o s t r o n t i u m  is mos t  p r o b a b l y  b o u n d  m a i n l y  b y  adsorp -  
t i on  and  ion exchange ,  especial ly  w h e n  excess p h o s p h a t e  
ions are added  in t he  fo rm of d i sod ium p h o s p h a t e .  I t  
shou ld  also be  r e m e m b e r e d  t h a t  t h e  l a t t e r  ac t s  as sa l ine  
c a t h a r t i c  which  is a c e r t a i n  a d v a n t a g e ,  because  t r i c a l c i u m  
p h o s p h a t e  a lone causes  cons t ipa t ion .  

The  c a r b o n a t e s  tes ted ,  a n d  also m a g n e s i u m  oxide,  ac t  
as an tac ids .  I n  v i t ro ,  ca lc ium a n d  m a g n e s i u m  c a r b o n a t e s  
in  equ imola r  doses neu t r a l i ze  twice  as m u c h  hyd r och l o r i c  
acid as sod ium h y d r o g e n  c a r b o n a t e  ; m a g n e s i u m  oxide  ha s  
even  g rea t e r  a n t a c i d  effect,  because  no  c a r b o n  d iox ide  is 
fo rmed  d u r i n g  n e u t r a l i z a t i o n .  I n  vivo,  s o d i u m  h y d r o g e n  
c a r b o n a t e  is a sys t emic  a n t a c i d  w i t h  a h i g h  n e u t r a l i z i n g  
power,  whi le  ca lc ium a n d  m a g n e s i u m  c a r b o n a t e s  a n d  
m a g n e s i u m  oxide ac t  in  t h e  s t o m a c h  as local  an tac ids .  
The  r e su l t i ng  ca lc ium chlor ide  is a mi ld  a s t r i ngen t ,  where-  
as t h e  m a g n e s i u m  chlor ide  fo rmed  is a mi ld  pu rga t ive .  

I n  o u r  e x p e r i m e n t s ,  m a g n e s i u m  oxide r educed  t he  re-  
t e n t i o n  of Sr-85 twofo ld ;  c a r bona t e s ,  w i t h  the  e x c e p t i o n  
of ca l c ium c a r b o n a t e ,  were ineffect ive .  M a g n e s i u m  oxide  
was also a d m i n i s t e r e d  i m m e d i a t e l y  before  t he  ca r bona t e s ,  
because  i t  was  expec t ed  t h a t  in  t he  a lka l in ized  m e d i u m  of 
t he  s t o m a c h  t h e y  m i g h t  be effective.  I n  add i t ion ,  t h e  

m i x t u r e  of m a g n e s i u m  oxide  a n d  s o d i u m  h y d r o g e n  car-  
b o n a t e  h a s  b o t h  locM a n d  sys t emic  a n t a c i d  effect  a n d  the  
c o n s t i p a t i n g  effect  of ca lc ium c a r b o n a t e  m i g h t  be  bal -  
anced  b y  t he  l a x a t i v e  effect  of m a g n e s i u m  salt .  However ,  
t he  c o m b i n a t i o n s  were no  more  ac t ive  t h a n  m a g n e s i u m  
oxide  alone.  

Similar ly ,  w h e n  sod ium h y d r o g e n  c a r b o n a t e  was  ad-  
m i n i s t e r e d  w i t h  ca lc ium or  m a g n e s i u m  ca rbona t e s ,  no  
m a r k e d  effect  on  t he  r e t e n t i o n  of Sr-85 was  obse rved .  
These  resu l t s  would  ind ica t e  t h a t  s t r o n g  a lka l i za t i on  of 
the  s t o m a c h  c o n t e n t s  was  n o t  as i m p o r t a n t  as t he  pres-  
ence  of m a g n e s i u m  oxide  as s u c h L  

Zusammen/assung. U n t e r  d ive r sen  P h o s p h a t e n ,  Kar -  
b o n a t e n  u n d  M a g n e s i u m - O x y d  zeigte die K o m b i n a t i o n  
T r i k M z i u m - D i n a t r i u m p h o s p h a t  i m  Ske l e t t  die stS~rkste 
R e d u k t i o n  des  12ad ios t ron t iumgeha l t s  ( fast  90%) .  

V. VOLF 

Institute o/ Radiation Hygiene, 2Prague (Czechoslovakia). 
May 24, 1965. 
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A H i s t o c h e m i c a l  S t u d y  on the  F u n d a m e n t a l  P lan  
of the  Centra l  N e r v o u s  S y s t e m  

As a n  a r c h i t e c t u r a l  p r inc ip le  of t h e  c e n t r a l  n e r v o u s  
sys tem,  i t  h a s  b e e n  k n o w n  t h a t  t he  sulcus  l i m i t a n s  of H I S  
runs  r o s t r o c a u d a l l y  on  b o t h  l a t e r a l  walls  of t he  n e u r a l  
t u b e  a n d  t h a t  t he  v i sce ra l  a reas  der ive  f rom t h e  po r t i ons  
a long  t h e  sulcus.  Accord ing  to  KINGSBURY t, t h e  sulcus  
l i m i t a n s  t e r m i n a t e s  ros t r a l ly  in  t h e  h y p o t h a l a m u s ,  w h i c h  
p lays  t h e  m o s t  i m p o r t a n t  role as t h e  a u t o m a t i c  cent re .  On  
t h e  o t h e r  h a n d ,  BRODIE a n d  SHORE 2 r e p o r t e d  t he  signifi-  
cance  of n o r e p i n e p h r i n e  a n d  s e ro ton in  as chemica l  t r a n s -  
m i t t e r s  for  t h e  v i scera l  func t ions  in  t h e  b ra in .  Therefore ,  
t he  a u t h o r s  dec ided  to  t r a c e  t h e  d i s t r i b u t i o n  of m o n o -  
a m i n e  oxidase  m e t a b o l i z i n g  c a t e c h o l a m i n e s  a n d  s e r o t o n i n  
in t he  c e n t r a l  n e r v o u s  sys t em,  w i t h  due cons ide ra t i on  of 
the  sulcus  l imi tans .  

As mate r ia l ,  ch i ck  e m b r y o s  of 5, 9 a n d  14 d a y s '  i n cuba -  
t i on  were used. The  f resh  a n d  un f i xed  h e a d  of t he  ch i ck  
e m b r y o s  were cu t  i n to  ser ia l  f r on t a l  a n d  s ag i t t a l  sec t ions  
of 30 # w i t h  use of t h e  c ryos t a t .  T he  G l e n n e r  m e t h o d  
was ut i l ized for  d e m o n s t r a t i n g  m o n o a m i n e  oxidase.  A t  
t he  same t ime ,  t he  d i s t r i b u t i o n  of succinic  d e h y d r o g e n a s e  
was d e m o n s t r a t e d  w i t h  t h e  N a c h l a s  m e t h o d ,  in  o rde r  to  
compare  w i t h  t h e  d i s t r i b u t i o n  p a t t e r n s  of m o n o a m i n e  
oxidase.  

Af te r  5 days '  i n c u b a t i o n ,  t h e  b r a i n  a n d  t he  sp ina l  cord  
scarcely  show t h e  r e a c t i o n  of m o n o a m i n e  oxidase  a n d  
succinic  dehydrogenase .  Af te r  9 d a y s '  i n c u b a t i o n ,  t h e  
m o n o a m i n e  oxidase  a c t i v i t y  (Figures  1 a n d  2) is m a r k e d l y  
d e m o n s t r a b l e  in  t h e  sep ta l  pa r t ,  p r eop t i c  area ,  h y p o -  
t h a l a m u s ,  p e r i v e n t r i c u l a r  p a r t  of t h e  t h a l a m u s ,  c e n t r a l  
g rey  of t he  m e s e n c e p h a l o n  a n d  a reas  a long  t h e  su lcus  
l im i t ans  a n d  t he  r a p h e  of t he  m edu l l a  o b l o n g a t a  a n d  

sp ina l  cord. Af te r  14 days '  i n c u b a t i o n ,  t he  h i p p o c a m p u s  
a n d  paleo-  a n d  a r c h i s t r i a t u m  show a n  in t ense  a c t i v i t y  of 
m o n o a m i n e  oxidase,  bes ides  t he  p o r t i o n s  r e p r e s e n t i n g  t he  
a c t i v i t y  of th i s  e n z y m e  a f t e r  9 d a y s '  i n c u b a t i o n .  On  t h e  
o t h e r  h a n d ,  t he  succinic  d e h y d r o g e n a s e  r eac t i on  is n o t  
s h o w n  in  a reas  wh ich  are pos i t ive  for t h e  m o n o a m i n e  
oxidase  ac t iv i ty ,  b u t  a p p e a r  f a i n t l y  in  t h e  p a r t s  of e ach  
s t r i a t u m  facing t h e  l a t e r a l  vent r ic le ,  op t ic  r e c t u m  and  
nuc leus  r o t u n d u s  a f t e r  9 days '  i n c u b a t i o n ,  a n d  moreove r ,  
in  each  nuc leus  of t h e  t h a l a m u s  a f t e r  14 d a y s '  i n cuba t i on .  

F r o m  the  a b o v e - m e n t i o n e d  resul ts ,  m o n o a m i n e  oxidase  
a c t i v i t y  is recognizable  i n t e n s e l y  a n d  c lear ly  in  t he  vis-  
cera l  po r t i ons  a d j a c e n t  to  t he  sulcus l i m i t a n s  a n d  t h e  
h y p o t h a l a m u s ,  and ,  moreover ,  t he  p reop t i c  a n d  sep ta l  
areas,  wh ich  are  t h o u g h t  to  be  f u n c t i o n a l l y  t he  v iscera l  
p a r t s  e x t e n d i n g  ros t r a l ly  to  the  h y p o t h a l a m u s .  F u r t h e r -  
more,  t h e  h i p p o c a m p u s ,  t h e  phy logene t i ca l l y  old p a r t s  of 
t h e  s t r i a t u m ,  a n d  t he  r a p h e  o r i g ina t i ng  t h e  f loor  p la te ,  
show a s t rong  r eac t i on  of m o n o a m i n e  ox idase  c o m p a r e d  
w i t h  t he  soma t i c  areas.  I n  c o n t r a s t  to  t h e  d i s t r i b u t i o n  
p a t t e r n  of m o n o a m i n e  oxidase,  t he  succinic  d e h y d r o g e n a s e  
a c t i v i t y  is s h o w n  to  be  r e l a t i ve ly  i n t ense  in t h e  s o m a t i c  
areas.  I t  is e m p h a s i z e d  t h a t  t h e  a c t i v i t y  of t h e  e n z y m e s  
m e t a b o l i z i n g  t h e  chemica l  regu la tors ,  such  as ca techol -  
a m i n e s  a n d  sero t in in ,  is c lear ly  sho~m in  t h e  n e i g h b o u r -  
hood  of t h e  sulcus  l i m i t a n s  in  ea r ly  s tages  of t h e  deve lop-  
m e n t  of the  b r a i n  c o m p a r e d  w i t h  t he  a c t i v i t y  of succinic 
dehydrogenase ,  w h i c h  p a r t i c i p a t e s  in  aerobic  resp i ra t ion .  
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