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47 E d i t o r i a l  

enzyme systems,  i s  l i k e l y  t o  reduce t h e  body's a b i l i t y  t o  cope w i t h  
f l u o r i d e .  One s u s p e c t s  t h a t  t h e  a l c o h o l i c s  who developed s k e l e t a l  
f l u o r o s i s  a f t e r  long-term i n t a k e  of  wine a d u l t e r a t e d  w i t h  f l u o r i d e  
r e p o r t e d  by Soriano ( 9 ) ,  became more s u s c e p t i b l e  t o  t h e  d i s e a s e  
because of e x i s t i n g  l i v e r  damage. Like i n  p l a n t s ,  d e f i c i e n c y  of 
f luor ide-b inding  e l e c t r o l y t e s  i n  t h e  bloodstream, p a r t i c u l a r l y  c a l -  
cium, magnesium, and o t h e r  metals are known t o  a f f e c t  t h e  s u s c e p t i -  
b i l i t y  t o  f l u o r i d e  t o x i c i t y .  

Whether o r  n o t  t h e  g e n e r a l  s t a t e  of n u t r i t i o n  I n  a popula t ion ,  
e s p e c i a l l y  v i tamin  i n t a k e ,  e n t e r s  i n t o  t h i s  problem h a s  not  y e t  
been s u f f i c i e n t l y  e l u c i d a t e d .  C e r t a i n  food h a b i t s  of popula t ions  
such as  excess  consumption of tea, seafood,  and chicken are bound t o  
a l t e r  t h e  s u s c e p t i b i l i t y  t o  f l u o r o s i s .  J o l l y  ( 10)  h a s  shown t h a t  
t h e  presence  of c e r t a i n  t r a c e  elements  i n  s o i l s  and water are o t h e r  
c o n t r i b u t i n g  f a c t o r s .  A g e n e t i c  t rend ,  perhaps condi t ioned  by t h e  an- 
c e s t o r s '  long-term consumption of  f l u o r i d e  is undoubtedly another  
f a c t o r  in t h e  de te rmina t ion  of t o l e r a n c e  t o  f l u o r i d e .  This may be  
s i g n i f i c a n t  i n  e x p l a i n i n g  t h e  d i f f e r e n t  response  of i n d i v i d u a l s  t o  
f l u o r i d e  i n t a k e  i n  areas of endemic f l u o r o s i s .  Thus a combination 
of causes  seems t o  de te rmine  whether o r  n o t  a p a r t i c u l a r  person can  
o r  cannot  t o l e r a t e  f l u o r i d e  a t  a magnitude of i n t a k e  t h a t  might be  
harmful t o  o t h e r s .  

Two major f e a t u r e s  involv ing  t h e  s u s c e p t i b i l i t y  t o  f l u o r i d e  ln- 
t o x i c a t i o n  have emerged, namely t h e  a c i d i t y  of  body f l u i d s  (stomach 
c o n t e n t ,  u r i n e ,  s a l i v a ,  e t c . )  and t h e  a b i l i t y  o f  a ce l l  t o  r e t a i n  o r  
e l i m i n a t e  f l u o r i d e  a f t e r  t h e  i o n  h a s  p e n e t r a t e d  t h e  c e l l  membrane. 

Whitford and Pashley (11) demonstrated t h a t  f l u o r i d e  is absorbed 
through t h e  e p i t h e l i u m  of t h e  u r i n a r y  b ladder  i n  rats a t  a r a t i o  in-  
v e r s e l y  r e l a t e d  t o  t h e  a c i d i t y  of t h e  u r i n e .  A t  a pH range of 1 .85 
t o  5.50, 70% t o  5% f l u o r i d e  r e s p e c t i v e l y  w a s  absorbed a f t e r  15 m i -  
nu tes .  Formation of HF, which r e a d i l y  permeates t i s s u e ,  appears  t o  
be involved i n  t h e  process  of absorp t ion .  The i r r i t a t i n g  a c t i o n  of  
HF i n  organs  i s  bound t o  a f f e c t  t h e  response of a n  i n d i v i d u a l  t o  t h e  
t o x i c  a c t i o n  of f l u o r i d e .  

The o t h e r  development concerns experiments  by Repaske e t  a l . ( l 2 ) .  
When t h e  f l u o r i d e  c o n c e n t r a t i o n  i n  growing mouse f i b r o b l a s t s  w a s  
i n c r e a s e d  by 5 ppm each month u n t i l  a maximum of 70 ppm w a s  reached,  
they developed r e s i s t a n c e .  
t h a t  of  normal c e l l s .  A decrease  i n  i n t r a c e l l u l a r  f l u o r i d e  concen- 
t r a t i o n  w a s  t h e  major f a c t o r  involved i n  t h e  development of t h e  re- 
s i s t a n c e .  This  d e c r e a s e  of f l u o r i d e  i n  t h e  ce l l  could r e s u l t  from 
e i t h e r  lesser p e r m e a b i l i t y  of  t h e  c e l l  membrane t o  f l u o r i d e  o r  from 
a c t i v e  t r a n s p o r t  of f l u o r i d e  o u t  of t h e  c e l l  i n t o  t h e  c u l t u r e  medium. 
The i n v e s t i g a t o r s  demonstrated t h a t  t h e  la t ter  mechanism, namely a n  
a c t i v e  pumping of f l u o r i d e  o u t  of t h e  ce l l ,  main ta ins  t h e  low f l u o r -  
i d e  l e v e l  i n s i d e  of t h e  c e l l  i n  t h e  presence  of h igh  f l u o r i d e  concen- 

Their  growth ra te  d i d  n o t  d i f f e r  from 
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6 1  Shlosberg,  Bartana, Egyed 

sodium f l u o r i d e ,  t h e  form most commonly used i n  experimental  f l u o r -  
o s i s  (4, 1 3 ) .  The s a f e  l e v e l  of f l u o r i d e  der ived  from rock phosphate 
(13) i n  t h e  t o t a l  d i e t  f o r  d a i r y  cows w a s  e s t a b l i s h e d  a t  60-100 ppm 
(13). The f l u o r i d e  c o n c e n t r a t i o n s  found i n  t h e  rock phosphate i n  
t h i s  ou tbreak  were from 1330-8490 ppm (Table 5) which a f t e r  incorpo- 
r a t i o n  i n t o  t h e  c o n c e n t r a t e s  would provide from 13-89 ppm. The high 
y i e l d i n g  d a i r y  cows inges ted  about  15  kg of concent ra tes  daily.Thus, 
a 500 kg cow would i n g e s t  as much as 1.35 g/F/day o r  
body weight. This  is above t h e  t o l e r a t e d  dose which w a s  repor ted  as 
1 . 5  mg/F/kg (14) when rock phosphate is t h e  source.  However, insuf-  
f i c i e n t  d a t a  are a v a i l a b l e  t o  determine a n  a c c u r a t e  t o l e r a n c e  based 
on t h e  f l u o r i d e  c o n c e n t r a t i o n  p r e s e n t  i n  var ious  phosphate supple- 
ments ( 4 ) .  

2.67 mg/F/kg 

Table 3 
F l u c t u a t i o n s  i n  Urinary F luor ide  Concentrations* (ppm) i n  F l u o r o t i c  Cows 

Days A f t e r  Removal of Die ta ry  Rock Phosphate 

Cow No. 1-30 31-60 61-90 91-120 

1 44 19 - 17 
2 99 28 20 10  
3 17 23 29 17 
4 19 10  18 11 
5 29 24 - 10 
6 28 28 - 28 
7 - 11 11 - 
8 - - 14 16  - - 12 12  9 

10 15  - - 10 
11 - 1.7 - 16 

* Corrected t o  s p e c i f i c  g r a v i t y  of 1.030 

Table 4 
Fluor ide  Concentrat ion i n  Bones from Cows with C l i n i c a l  F l u o r o s i s  

Farm - 
A Metacarpus 10500 ppm (Fat-Free Ash) 
B 13485 ppm Metacarpus Calf Embryo: 202 ppm 
C 6200 ppm 
D Metatarsus  7850 ppm 

Ribs 2424 ppm 
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