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Skeletal Lesions Following 
Ingestion of Fluoridated Water 

Clinical  a n d  e x p e r i m e n t a l  t r i a l s  h a v e  disclosed t h a t  
a d m i n i s t r a t i o n  of f luor ides  m a y  give rise to  lesions of 
va r ious  ske le t a l  a n d  d e n t a l  t issues.  M a i n l y  in the  fo rm 
of f l u o r a p a t i t e  1,~, t h e  f luor ine  a p p a r e n t l y  a c c u m u l a t e s  in  
t h e  osseous  t issues,  a n d  t h e  sp ina l  c o l u m n  is one  of t h e  
f i rs t  p laces  whe re  i t  is found ,  I t  h a s  long  b e e n  k n o w n  
t h a t  i n t a k e  of f luor ine  in large  a m o u n t s  - e i t h e r  added  to  
d r i n k i n g  w a t e r  or  b y  i n h a l a t i o n  of f l uo r ide -con ta in ing  
d u s t  - i nduces  a c h a r a c t e r i s t i c  d isease  e n t i t y  wh ich  is 
r e ad i l y  d i a g n o s e d  c l in ica l ly  a n d  r e semble s  spondylos is .  
I n  t h e  ske le t a l  sy s t em,  t h i s  c o n d i t i o n  is m a n i f e s t e d  as 
os teoscleros is  a a n d  in t he  t e e t h  as so-cal led m o t t l e d  
enamel .  Accord ing  to  a t e a m  of U. S. i nves t iga to r s ,  t he  
p r o d u c t i o n  of gross ske le ta l  les ions b y  f l uo r ida t ed  d r ink ing  
w a t e r  requ i res  of a dose  exceed ing  4 m g  of f luorine/l*.  
J u d g i n g  b y  a n i m a l  e x p e r i m e n t s ,  howeve r ,  i t  seems as 
t h o u g h  these  osseous  les ions se t  in  long  before  t h e y  can  
be  d i agnosed  c l in ica l ly  ~. Moreover ,  t h e r e  is a d e a r t h  of 
ev idence  r e g a r d i n g  t h e  ac t ion  on  t he  ske l e ton  of p ro longed  
a d m i n i s t r a t i o n  of sma l l  doses  of f luorine.  

As a rule ,  ske le t a l  les ions h a v e  been  i nduced  in exper i -  
m e n t a l  a n i m a l s  b y  a d m i n i s t r a t i o n  of f luor ine  in large  
a m o u n t s  o v e r  a s h o r t  per iod,  t y p i c a l l y  t h e  v e r y  h igh  
dosage  of 50 m g / k g  b o d y  w e i g h t  da i ly  5. T h e  m o s t  r ecen t  
f ind ings  w i t h  r e spec t  to  t h e  effect  u p o n  g rowing  b o n e  of 
f luor ine  would  seen  to  be  c o n t a i n e d  in a J a p a n e s e  r e p o r t  
d a t e d  1959 e, w h e r e  i t  is c l a imed  t h a t  ske l e t a l  g r o w t h  is 
i n h i b i t e d  b y  h i g h  doses  a n d  p r o m o t e d  b y  m o d e r a t e  doses  
of f luor ine .  

Experimental .  Male a n d  female  a lb ino  r a t s  of t h e  same  
s t r a i n  were  used  for  t h e  e x p e r i m e n t s .  Two g roups  or igin-  
a l ly  c o m p r i s i n g  10 r a t s  were,  f rom b i r th ,  g iven  exc lus ive ly  
d i s t i l l ed  w a t e r  t o  d r i n k  w h i c h  c o n t a i n e d  r e spec t i ve ly  20 
a n d  40 m g  of fluorides/1. T h e y  were  a l lowed t o  d r i n k  t h i s  
w a t e r  ad l ibitum a n d  were  o the rwise  fed a s t a n d a r d i z e d ,  
f luor ide-f ree  r a t  b r ead .  A g roup  of 10 con t ro l s  were fed 
t h e  s a m e  b r e a d  a n d  p l a in  d is t i l led  wate r .  A t  app rox i -  
m a t e l y  q u a r t e r l y  i n t e r v a l s  one  r a t  f r om e a c h  g r o u p  was 
sacr i f iced  a n d  s amp le s  for  ana ly s i s  were  t a k e n  f rom t ee th ,  
m a n d i b l e ,  l u m b a r  spine ,  t h i g h ,  a n d  one  h i n d  leg. T h e  
o f f spr ing  of t h e  2 na a n d  3 rd g e n e r a t i o n  were  s imi la r ly  
t r ea t ed .  

The  bone  spec imens  were  e m b e d d e d  in m e t h y l  m e t h a -  
c ry l a t e  a n d  s a w n  in to  pieces c o n v e n i e n t  for  p r e p a r i n g  
p l ane -pa raUe l  sec t ions  of g r e a t  p l a n e n e s s  a n  s m o o t h n e s s ' .  
These  sec t ions  were  p l aced  on  a p h o t o g r a p h i c  emul s ion  
( K o d a k  Spec t roscop ic  P l a t e  No.  649) a n d  exposed  to 
X - r a y s  in  t h e  w a v e l e n g t h  b a n d  a r o u n d  3 / k n g s t r 6 m  un i t s  
( the  so-cal led K a b s o r p t i o n  edge of c a l c ium is s i t u a t e d  a t  
3 /k). T h e  t r a n s m i t t a n c y  of  t h e  o rgan ic  m a t r i x  is v e r y  
h i g h  a t  t h i s  w a v e l e n g t h  a n d  so is t h e  a b s o r p t i o n  of cal-  
c ium.  Consequen t ly ,  t h e  d e n s i t y  of t h e  b l a c k e n e d  f i lm 
will be  r o u g h l y  i nve r se ly  p r o p o r t i o n a l  to  t h e  ca lc ium 
c o n t e n t  of t h e  spec imen .  T h e  w h i t e  a reas  of t he  f i lm re- 
p r e s e n t  c a l c ium depos i t s  a n d  hence  t h e  d a r k  ones  corre-  
s p o n d  to  less mine ra l i zed  por t ions .  T h e  X - r a y s  were  
g e n e r a t e d  in  a M a t c h l e t t  T y p e  O E G - 5 0 A  tube .  

W i t h  t h e  degree  of w a t e r  f l uo r ida t i on  a d o p t e d ,  no  un-  
m i s t a k e a b l e  gross r a d i o g r a p h i c  les ions were  a p p a r e n t .  
The  m i c r o r a d i o g r a m s  n e v e r t h e l e s s  disclosed d i s t i n c t  dif- 
ferences  b e t w e e n  t he  g roups  r ece iv ing  f l uo r ida t ed  w a t e r  
a n d  t h e  c o n t r o l  g r o u p  in t h e  degree  of ske le t a l  m ine ra l i za -  
t ion .  H o w e v e r ,  s u c h  d i ss imi la r i t i e s  were  a p p a r e n t  on ly  in  
sec t ions  f rom t h e  sp ine  a n d  n o t  in  t hose  f rom o t h e r  p a r t s  

of t h e  ske le ton .  N o r m a l l y  osseous t i ssue  inc ludes  H a v e r -  
s i an  s y s t e m s  w i t h  v a r y i n g  degrees  of m i n e r a l i z a t i o n  
(Fig. i ) ,  as  was  t h e  case in t h e  cont ro l s .  T h e  c o r r e s p o n d i n g  
s i tes  in  t h e  r a t s  g iven  f l uo r ida t ed  w a t e r  were m u c h  more  
u n i f o r m l y  minera l ized ,  an d  low-minera l i zed  os teons  were 
exceed ing ly  ra re  or  a b s e n t  a l t o g e t h e r  in these  groups .  I n  
o t h e r  words,  X - r a y  microscopica l ly  v is ib le  os teosclerosis  
would  seem to  h a v e  se t  in  (Fig. 2). 
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Fig. 1.--Microradiogram showing unequally mineralized Haversian 
systems in the spine from a control rat 

Fig. 2. -- Microradiogram presenting distinctly osteosclerotic appear- 
ances in the spine from rat on fluoridated water 
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In  t he  ra ts  g iven  20 rag/l, as well as in those  g iven  
40 rag/l, these lesions in i t ia l ly  appeared  a t  the  age of 9 
or  12 months .  Specimens  were ob ta ined  f rom three  gene- 
ra t ions  in b o t h  groups on f luor ida ted  water .  Tr ia ls  w i th  
lower  dosages are  in progress, and  in some of these  t he  
t o t a l  a m o u n t  of inges ted  fluorides will be  assayed.  

The  fact  t h a t  lesions could be demons t r a t ed  only  in the  
spine of the  ra ts  on f luor idated wa te r  is well  in line wi th  
observa t ions  repor ted  b y  prev ious  inves t iga tors .  F o r  
example ,  in chronic  f luorine in tox ica t ion  gross lesions 
h a v e  been noted  on rad iograms  of the  spine and pelvis  ~,3, 
sites a t  which the  lesions t end  to be incapac i ta t ing  8. I t  
seems no t  unl ike ly  tha t ,  in ana logy  w i t h  o the r  an ima l  
exper iments  s, our  expe r imen t s  migh t  disclose invo lve-  
m e n t  of  skeleta l  por t ions  o the r  t h a n  the  spine when  t h e y  
have  been going on for a c o m p a r a t i v e l y  long period.  
Accordingly  the  ini t ia l  clinical signs of excessive f luorine 
admin i s t r a t ion  m u s t  be  an t i c ipa ted  f rom t h e  spine. I.t is 
too ea r ly  ye t  to  say  whe the r  microscopic  lesions (corre- 
sponding  to those  encountered  in t he  p resen t  inves t iga-  
tion) m a y  e v e n t u a l l y  give rise to clinical manifes ta t ions .  
Mild l u m b a r  disorders are no t  suscept ible  to diagnosis in 
t h e  r a t ;  and f indings in ra ts  canno t  be  d i rec t ly  t rans la ted  
to  h u m a n  beings unless i t  has  def in i te ly  been  es tabl ished 
t h a t  eve ry  r e l evan t  condi t ion  is comparab le  in the  two  
species. 

Inc iden ta l ly ,  we would  d raw a t t e n t i o n  to  t he  su i tab i l i ty  
of X - r a y  microscopy  as a tool  enabl ing  q u a n t i t a t i v e  
changes  in chemica l  composi t ion  to be coord ina ted  wi th  
morphologica l  appearances .  

H .  ROCKERT and  H.  SUNZEL 

Departments o/ Histology and Surgery, University of 
Gothenburg (Sweden), December 17, 1959. 

Electroshock, Brain Serotonin, 
and Barbiturate Narcosis 

In  previous  papers  L ~ an increase of b ra in  serotonin  has  
been repor ted  in rats  submi t t ed  to electroshock.  Table  I 
shows the  di f ferent  increases in b ra in  serotonin  wi th  
di f ferent  me thods  of dosage, suggest ing t h a t  o the r  com- 
ponents  of t he  bra in  are  affected b y  electroshock.  

An inves t iga t ion  using the  spec t rof luor imetr ic  m e t h o d  
has been carr ied ou t  on dif ferent  par t s  of t he  ra t ' s  b ra in  
to  observe a possible difference in the  va r i a t ion  of sero- 
ton in  con t en t  15 rain af ter  e lec t roshockL 

Othe r  expe r imen t s  concern  the  b ra in  serotonin con t en t  
a t  d i f ferent  t imes  af ter  electroshock.  The  figures ob ta ined  
are summar ized  in Tab le  I I .  

O the r  k inds  of convu l san t  t r e a t m e n t s  h a v e  been  s tu-  
died. The  mos t  i m p o r t a n t  var ia t ions  (increase of  30% in  
whole brain,  p < 0,001) h a v e  been observed  af te r  me t ra -  
zol admin i s t r a t ion  (70 m g / k g  i .p . ) ,  whi le  s t rychnine  
(1.5 mg /kg  i. p.) and hyperox ia  induce only  a smal l  rise 
of b ra in  serotonin  (respect ively 21 and 19% - 0-02 > p > 
0.001) and  a m p h e t a m i n e  (15 m g / k g  i.p.) or  anox ia  are  
prac t ica l ly  inac t ive  L 

T rea tmen t s  wi th  barb i tu ra tes  (phenobarbi ta l  120 m g / k g  
i.p., pen toba rb i t a l  35 m g / k g  f.o. or hexoba rb i t a l  80 mg /kg  
i. p.) or  d ipheny lhydan to ine  (100 m g / k g  i.p.) or  succinyl-  
chol ine (1 m g / k g  i.p.) a re  unable  to  an tagonize  t he  in-  
crease in b ra in  serotonin  induced by  electroshock.  These 
d a t a  indicate  t h a t  the  va r i a t ion  of b ra in  sero tonin  ob-  
served af te r  e lec t roshock could no t  be re la ted to  the  con- 
wfls ive  s ta te  s. This  po in t  has  also been conf i rmed b y  
using e lect roshocks wi th  di f ferent  in tens i ty ,  unable  to 
induce  typ ica l  convulsions,  as repor ted  in Table  IV. 

Zusammen/assung 

Mit Hilfe  der  R6n tgenmik roskop ie  wurde  bei R a t t e n ,  
die wghrend  9-12 Mona ten  ~,Vasser m i t  e inem F luo rgeha l t  
yon  20-40 mgfl ge t runken  ha t t en ,  Ver~inderungen in der  
Mineral is ierung der  Wirbels&ule nachgewiesen.  Die Ver-  
~nderungen sind m i t  makroskopischer  R6n tgenun t e r -  
suchung  n ich t  nachweisbar .  
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Table I 

Method employed 

Isolated colon of rat 3 
Isolated uterus of rat  with destruction of norepinephrine 

according to GARVEN 4 

Spectrophotometer (275 mix) 5 
Spectrophotofluorimeter ~ 

Brain serotonia (F/g) 

ContrMs 

0 . 0 1 3 ± 4  (27) 

0"25 (4 )  
0"97 -1- 0"004 (64) 
0"47 4- 0"003 (40) 

i Electroshock* 
! 

0'360 4- 7 (27) 

i 0-56 (4 )  
i 3.02 4-0.2s (2s) 

0.78 4- 0.021 (36) 

Factor of Increase 

X 27 

X 2.2 
X 3-1 
X 1.6 

* Elcctroshock was always supramaximal (110 V; 0.2 s) and it was obtained by applying electrodes to the ears. In brackets the 
number of determinations is reported 


