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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 .  
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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 
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P a r t  of the brain assayed 

Who le  b r a i n .  
H e m i s p h e r e s  
Cerebe l lum* 
Diencepha l i c  p a r t  
Mesencepha l ic  p a r t  

Serotonin content  (y/g) 

Controls 

0.47 4- 0.003 (40) 
0"37 4- 0.012 (40) 
0.11 4- 0-009 (40) 
0.81 4- 0-02 (40) 
0.56 :k 0.03 (40) 

Electroshock 

0.78 :k 0.02 (36) 
0.53 4- 0.019 (36) 
0.17 4- 0.03 (36) 
1"28 4- 0"06 (36) 
1.08 4- 0,06 (36) 

* The figures obtained are at tile. min imum limit of sensit ivity of the method  

The different parts  of the brain were prepared according to a method  previously described 7 

Table I I I  

Increase 
% 

+ 6 6  
+ 4 3  

+ 5 8  
+ 9 3  

< 0.001 
< 0.001 

N . S .  

< 0-001 
<2 0.001 

Time after 
electroshock 

Contro ls  . . 
1 r a i n  . 

10 m i n  . 
20 m i n  . 
30 m i n  . 

Whole brain 

l h  
4 h  
8 h  

1 2 h  
24 h 
26 h 
48 h 
60 h 
7 2 h  
9 6 h  

120 h 
144 h 

0"47 4- 0'01 
0 '54  4- 0"01 
0"64 4- 0"09 
0"69 4- 0"02 
0"58 4- 0"01 

+ 1 5  
+ 3 6 * *  
+ 4 7 * *  
+ 2 4 * *  
+ 1 1  
+ 1 5  
+ 8  
+ 6  
- 4 

+ 4  
+ 17"* 
+21"* 
+ 1 9 " *  
+ 1 7 " *  
+ 1 3  
+ 1 5  

Serotonin content  (y/g) 

* I Diencephalie 
i 

Hemispheres 

I part 

0,52 4- 0.01 
0.54 4- 0.01 
0.51 4- 0"03 
0.50 4- 0.07 

. 0 . 4 5  4 -  0.01 
• . . 0.49 4- 0.01 

0-55 4- 0.02 
. . . 0-57 :t: 0.01 

. . 0-56 .4- 0.01 
. . . 0-55 4- 0.01 
. . . 0-53 :t: 0.01 
• . . 0-54 4- 0.01 

0-78 4- 0 . 0 2 .  - -  
0-87 4- 0-03 
1-21 4- 0-06 
1-28 4- 0.06 
1.09 4- 0.08 
1-10 4- 0.02 
1.00 4- 0.05 
0.88 4- 0.03 
0.98 4- 0.01 
0 '84 4- 0 '04 
0-82 4- 0.06 
1.01 ::k 0-01 
1.07 5= 0.O7 
1.11 4- 0.05 
1-12 4- 0.03 
0.93 4- 0.03 
0-92 4- 0-01 

0.38 4- 0.01 - -  
0.47 4- 0.02 - 2 3  
0.55 4- 0.02 + 4 5 * *  
0.53 4- 0.01 + 4 0 * *  
0.51 4- 0-05 + 3 4  
0.56 4- 0.02 + 4 2 * *  
0.48 ~ 0.01 + 1 8  
0.52 4- 0-01 + 3 7  
0.49 4- 0.02 + 29 
0.41 4- 0.01 + 8 
0-41 4- 0.01 + 8 
0.37 4- 0.01 - 3 
0.48 4- 0.01 + 2  6 
0.50 - t -0 ,09 + 3 2 * *  
0-48 -[- 0.01 + 26 
0-47 ± 0.01 i + 2 3  
o.46 4- o.ol + 2 1  

+ 10 
+ 5 6  
+ 61"* 
+ 39** 
+ 40** 
+ 28** 
+ 12 
+ 25** 
+ 7  
+ 3  
+ 29** 
+ 3 7 * *  
+ 4 1 " *  
+ 4 3 * *  
+ 19 
+ 18 

Mesencephalie 
part  

0.59 ± 0.02 
0.71 4- 0.04 
0.89 :k 0.05 
1.08 4- 0.06 
0.82 4- 0.07 
0.86 ~ 0.01 
0.81 4- 0.04 
0.76 ± 0.03 
0.72 4- 0.03 
0.65 :k 0.04 
0.66 4- 0,09 
0.73 4- 0,01 
0-81 ± 0.02 
0-83 4- 0.02 
0.82 4- 0.01 
0.71 4- 0.03 
0.77 ± 0-03 

+ 20 
+ 5 1  
+ 86** 
+ 39 
+ 4 6 * *  
+ 36 
+ 29 
+ 24 
+ 1 0  
+ 1 2  
+ 2 5  
+ 3 5  
+ 4 1 " *  
+ 39** 
+ 2 2  
+ 31 

Sleeping time after 
pentobarbital*** 

(min 4- S.E.)  

65 4- 2.7 

86 4- 5,4 
116 4- 7,5 
113 ± 6 
107 4- 7.0 

82 4- 7.0 

73 4- 6.5 
50 4- 7.5 
85 4- 4"8 
91 4- 4"4 

100 4- 5,2 
98 4- 4,0 
76 i 5-6 
58 4-10-1 
5 8 4 - 5  

( 5 5 )  - -  

(20) + 3 2 * *  
(15) + 8 0 * *  
(15) + 7 4 * *  
(15) + 6 5 * *  
(10) + 26 

(10) + 22 
(20) - 23 
(15) + 3 1  
(20) + 4 0 * *  
(25) + 5 4 * *  
(20) + 4 6 * *  
(10) + I 7 " *  
( I 0 )  - 1 1  

(10) -- 11 

* Pereentual change respect to controls 
** p < 0.001 

*** Pentobarbital  was injected i, p. at the concentration of 25 mg/kg. In brackets the number  of animals used is reported 
Each figure represents the average of at least 8 determinations Ior the whole brain, and the average of 4 determinations for the 

different eneephalic parts  

A I u r t h e r  a s p e c t  o f  t h i s  i n v e s t i g a t i o n  c o n c e r n s  a d e t a i l e d  
a n a l y s i s  o f  t h e  r e l a t i o n s h i p  b e t w e e n  c h a n g e  i n  b r a i n  se ro-  
t o n i n  a n d  d u r a t i o n  o f  b a r b i t u r a t e  s l e e p i n g - t i m e  a f t e r  
e l e c t r o s h o c k .  T h e  r e s u l t s  o b t a i n e d  a r e  s u m m a r i z e d  in  t h e  
l a s t  c o l u m n  of  t h e  T a b l e  I I I .  

Table I V  

Voltage Serotonin content  N u m b e r  applied (time Convulsions 
of ra ts  = 0"2 S) (~J/g) meseneephalie par t  

1 6  

8 

8 

8 

8 

8 

30 
50 
70 
90 

110 
130 
150 

± 
+ 

+ +  
+ +  
+ +  

* p < 0.01 

0.59 ± 0-02 
0.82 4- 0 .01" 
0.86 4- 0-02* 
0.87 -4- 0-05* 
0.85 4- 0-02* 
0.93 4- 0.03* 
0.84 4- 0-03* 
0.91 4- 0"03" 

T h e s e  d a t a ,  s h o w i n g  a g o o d  p a r a l l e l i s m  b e t w e e n  
c h a n g e s  i n  b r a i n  s e r o t o n i n  a n d  v a r i a t i o n s  o f  s e n s i t i v i t y  
t o  b a r b i t u r a t e  a f t e r  e l e c t r o s h o c k ,  c o u l d  be  r e l a t e d  t o  
o t h e r  i n v e s t i g a t i o n s  r e p o r t i n g  a n  a n t i c o n v u l s a n t  e f f e c t  
e x e r t e d  b y  m o n o a m i n e o x i d a s e  i n h i b i t o r s  * a n d  d e m o n -  
s t r a t i n g  a n  i n c r e a s e  in  b r a i n  s e r o t o n i n  a f t e r  b a r b i t u r a t e  
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Riassunto 

D o p o  e l e t t r o s h o c k  s i  o s s e r v a  n e l l ' e n c e f a l o  d i  r a t t o  u n  
a u m e n t o  d i  s e r o t o n i n a ,  p a r t i c o l a r m e n t e  e v i d e n t e  he l -  
l ' a r e a  m e s e n c e f a l i c a  e d i e n c e f a l i c a ,  t h e  s i  a c c o m p a g n a  a d  
u n a  m a g g i o r  s e n s i b i l i t ~  a l  p e n t o b a r b i t a l .  
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