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F l u o r i d e  a n d  C a l c i u m  L e v e l s  i n  t h e  A o r t a  

A m o n g  soft  t issue organs which  store fluoride (F-) ,  the  
aor ta  conta ins  the  h ighes t  levels 1,*. Calcifications of ar-  
ter ies of t he  M6nckeberg t y p e  have  been  repor ted  in 
re la t ive ly  young  persons  affl icted wi th  skeletal  fluorosis 
f rom endemic  areas 8-5. I t  was ,  therefore ,  of in te res t  to 
de t e rmine  w h e t h e r  or no t  there  is a sys t emat i c  correla t ion 
of F -  levels wi th  those  of calcium (Ca++) in the  aorta.  

Methods.  Aorta  t issues were selected at  r a n d o m  f rom 23 
autopsies ,  w i thou t  reference to  sex, age or cause of dea th ,  
on persons  who died in 3 De t ro i t  hospi ta l s  ~ of various 
diseases. In  16 cases F -  and  Ca++ de t e rmina t ions  were 
m a d e  on grossly calcified t issue and  compared  wi th  those  
in ad j acen t  t issue which showed no gross evidence of 
calcification. In  7 addi t ional  cases only  F -  levels were 
de t e rmined  in b o t h  grossly calcified and  less calcified 
tissue. 

The t issues were collected in plast ic  conta iners  wi th  an 
alkaline F - - f r ee  formal in  solution. F r o m  each aor ta  
spec imen all grossly calcified pieces were sepa ra ted  and 
placed together ,  as were pieces of the  less calcified areas. 
B o t h  sets of samples  were f inely chopped  unt i l  t h e y  were 
homogeneous .  

F -  was separa ted  by  the  double dis t i l la t ion m e t h o d  of 
WILLaRD and WINTER 7 and  t i t r a t ed  by  the  WILLIAMS 8 
procedure  as modif ied  by  SMITH and GARDNER 9. Two 
de t e rmina t ions  were made  on each sample  10. 

Fo r  the  Ca++ de te rmina t ion ,  ano the r  weighed por t ion  
of the  same samples  was ashed in p l a t i n u m  crucibles a t  
575 ~ for 16 h. The ash was then  t aken  up in the  mini-  
m u m  q u a n t i t y  of 0.1 M HC1 and  the  Ca++ sepa ra ted  f rom 
o r t h o p h o s p h a t e  and  h e a v y  meta ls  t h r o u g h  the  use of 

gelatinoUs hydro lys i s  product  of  Zr 4+n. The  Ca ++ w a s  
then  determined  b y  a c o m p l e x o m e t r i c  t i t ra t ion  w i t h  
E D T A  w i t h  ca lcon  as the  indicator  lz,13. 

Results. Ca ++ levels :  In  all  instances ,  the  gross ly  calci-  
f ied t i ssues  conta ined  m o d e r a t e l y  more Ca++ t h a n  the  
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Tab le  I 

Case No. 
a n d  d a t e  

Name ,  age 
a n d  sex 

Cause of d e a t h  F luor ide  (ppm) Calc ium (rag/g) 
Less Calcif ied Less Calcified 
calcif ied calcif ied 

Ca /F  m o l a r  r a t i o  
Less Calcified 
calcif ied 

1 
2 
3 
4 
5 

6 
7 

8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 

30. I. 60 
24 .V .63  

6 . V I I I . 6 3  
6 . V I I . 6 3  

15 .1 .64  

15 .1 .64  
15. I . 64  

25. I . 64  
2 5 . I . 6 4  

2 4 . I . 6 4  

7. I I I . 6 4  
7 . I I I . 6 4  
7. I I I . 6 4  
7. I I I . 6 4  
7 . I I I . 6 4  

9 . V I I . 6 4  
1 5 . I X . 5 9  
15. I X . 5 9  

6. I X . 6 1  
3. XI I .  62 

15. IV.63  
6 . V I I I . 6 3  
6 . V I I I . 6 3  

D.T. ,  32, M 
F.A. ,  65, M 
J .L . ,  63, M 
V.D. ,  61, M 
L.K., 82, F 

S .E .R . ,  90, M 
C.F.,  82, F 

G.S. ,  49, F 
L .W. ,  74, F 

J.E., 55, ~[ 

W.M.B. ,  56, F 
J . J . ,  70, M 
J .D . ,  50, F 
J.J. Jr., 47, M 
F.A. ,  70, M 

16 h ,  M 
G.M., 75, F 
P.MeC., 76, M 
R.P . ,  39, F 
W.D. ,  42, M 

H.B . ,  67, M 
J .B . ,  51, M 
H.S. ,  68, F 

C o r o n a r y  th rombos i s  2.0 
Ca rc inoma ,  s to inach  20.3 
C a r c i n o m a ,  e sophagus  14.3 
Ca rc inoma ,  k idneys  17.6 
Ca rc inoma ,  b l a d d e r  6.0 

A d e n o c a r c i n o m a ,  l ung  6.7 
Arter ioscl .  h r t .  dis.,  5.5 
c o r o n a r y  occlus ion 
B r a i n  t u m o r  4.1 
H y p e r t e n s i v e  h r t .  dis.,  7.4 
c a r c i n o m a ,  b r e a s t  
Occlus ion c a r o t i d  a r t e ry ,  4.5 
ce reb ra l  i n f a r c t i o n  

Ca rc inoma ,  cerv ix  ni l  
C o r o n a r y  occlus ion nil  
R h e u m a t i c  h r t .  dis. nil  
C o r o n a r y  occlus ion 3.2 
C o r o n a r y  occlus ion ni l  

Sclerosis  of a r te r ies  9.4 
Cerebra l  h e m o r r h a g e  
O b s t r u c t i v e  e m p h y s e m a  
Bronch ia l  a s t h m a  
P u l m o n a r y  e d e m a  0.2 

L e u k e m i a  
Congen i t a l  h e a r t  7.7 
A c u t e  enter i t is ,  a cu te  5.6 
r ena l  fai lure,  ch ron ic  
p a n c r e a t i t i s  

4.8 5.1 8.4 1220 835 
59.0 13.3 161.0 310 1300 

165.1 2.8 3.9 92 11 
49.5 1.1 5.4 30 52 
19.6 2.9 7.4 230 180 

16.7 4.8 5.7 340 162 
36.2 8.3 17.2 715 226 

14.6 2.6 2.8 298 91 
27.9 3.5 57.8 224 985 

11.2 2.3 6 . i  243 258 

5.8 8.8 22.4 - 1840 
4.6 4.1 11.0 - 1140 

nil  6.6 14.2 - - 
6.3 2.9 11.9 430 895 
4.1 1.6 2.3 - 266 

59.3 8.6 20.0 435 160 
158.0 

71.5 
6.8 

87.8 
77.9 

8.9 
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less calcified t i ssue ,  e x c e p t  in case  8, a 49-year -o ld  w o m a n  
w i t h  a b r a i n  t u m o r  (Table  I) .  H e r e  t h e  Ca ++ levels  of 
b o t h  s p e c i m e n s  were  r e l a t i v e l y  low a n d  a b o u t  equal ,  
n a m e l y  2.4 a n d  2.8 m g / g  (2400 a n d  2800 p p m ) .  T h e  
h i g h e s t  Ca ++ level  in t h e  calcif ied g r o u p  w a s  161 m g / g  in 
case 2, t h e  lowes t  2.3 m g / g  in  case  15. 

F -  levels:  F l u o r i d e  c o n t e n t  of  t h e  a o r t a  va r i ed  w ide ly  
f r o m  p e r s o n  to  pe r son .  I n  4 o u t  of t h e  ' less  calcif ied '  

Table II. CALL et al.'s 2 data 

No. Age Fluoride ppm No. Age Fluoride ppm 
Aorta Bone Aorta Bone 

1 71 1.3 600 31 17 8.1 130 
2 51 3.4 390 32 71 86.0 1340 
3 61 8.3 342 33 82 16.4 556 
4 85 11.2 698 34 29 12.0 340 
5 53 5.8 492 35 25 3.5 240 

6 66 2.5 320 36 53 3.6 226 
7 80 17.8 482 37 78 125.5 463 
8 42 4.0 360 38 66 1.0 542 
9 42 2.7 470 39 38 21.2 435 

10 60 16.9 634 40 55 2.0 347 
11 45 21.1 815 41 50 15.6 284 
12 16 0.7 82 42 77 0.6 702 
13 56 1.0 242 43 67 17.0 422 
14 64 8.0 1370 44 55 10.1 382 
15 74 16.0 310 45 49 9.7 386 

16 55 5.4 312 46 55 9.0 562 
17 79 12.0 408 4 7  72 14.2 660 
18 66 5.5 302 48 25 10.0 198 
19 55 12.0 622 49 78 118.0 345 
20 45 2.1 793 50 88 45.0 973 

21 73 79.0 256 51 84 25.1 803 
22 47 7.9 474 52 75 58.3 1290 
23 80 21.0 554 53 79 31.9 935 
24 50 0.8 776 54 32 1.8 220 
25 69 0.3 340 55 61 20.0 673 

26 61 1.6 240 5 6  79 45.0 440 
27 77 2.0 382 57 70 131.0 707 
28 85 57.0 483 58 77 28.0 624 
29 26 15.1 220 59 70 143.0 430 
30 35 10.9 260 60 79 10.0 1007 

t i ssues ,  t h e  F -  levels  were  nil. O n l y  one  (case 13), of  t he  
' g ros s ly  calcif ied '  s p e c i m e n s  s h o w e d  a F -  level  of 0. H e r e  
t h e  Ca++ c o n t e n t  w a s  14.2 mg /g .  T h e  h i g h e s t  F -  c o n t e n t  
of  165 p p m  w a s  e n c o u n t e r e d  in a ' g ros s ly  calcif ied '  
s p e c i m e n  (case 3). 

C a + + / F -  r a t i o :  T h e  Ca++/F  - mole  r a t i o  va r i ed  non -  
s y s t e m a t i c a l l y  f r o m  11-1820 b e t w e e n  t h e  ' g ro s s ly  calci- 
f ied '  a n d  the  ' less  calcif ied '  t i ssues .  T h e r e  w a s  no  con-  
s i s t e n t  p r o p o r t i o n  of  Ca ++ to  F -  in e i t h e r  g r o u p  of a o r t a  
s amp le s .  

Addit ional data. A o r t a / b o n e  f luor ide  r a t io :  B o n e s  are  
k n o w n  to  s to re  m o r e  F -  t h a n  o t h e r  t i ssues .  A poss ib le  
c o r r e l a t i o n  b e t w e e n  a o r t a  F -  a n d  b o n e  F -  w a s  e x p l o r e d  
b y  e v a l u a t i n g  s t a t i s t i c a l l y  t h e  de ta i l ed  d a t a  f r o m  a n o t h e r  
s t u d y .  I n  1960, CALL et  al. 2 for  F -  a n a l y z e d  60 a o r t a s  
(Table  I I ) .  T h e i r  F -  levels  s h o w e d  a r e m a r k a b l y  wide  
range ,  f r o m  0.3 in  a 69-year -o ld  p e r s o n  to  258 p p m  in 
a n  80-year -o ld  pe r son ,  w i t h  a m e a n  of  30.0 p p m .  T h e  F -  
c o n t e n t  of  d r y  fa t - f ree  b o n e s  r a n g e d  f r o m  40 p p m  to  
2025 p p m  w i t h  a m e a n  of 557 p p m .  B o n e  Ca ++ levels  were  
m o r e  cons i s t en t .  T h e y  r a n g e d  f r o m  14.0-29.5~o.  S ta t i s t i -  
cal  e v a l u a t i o n  of  these  d a t a  de t ec t ed  no  co r r e l a t i on  be-  
t w e e n  a o r t a  F -  a n d  b o n e  F-14. 

Age a n d  F - :  I n  t h e  p r e s e n t  s t u d y ,  as  well  as  in t h a t  of 
CALL e t  al. 3, t h e r e  w a s  a s t r o n g  n u m e r i c a l  c o r r e l a t i o n  be-  
t w e e n  age  a n d  a o r t a  F - .  

Fig. 2. Calcification 
of the posterior ti- 
bial artery. Skele- 
tal fluorosis in a 49- 
year-old man resi- 
ding in Sicily where 
water contains F-  
naturally at 5 ppm. 
(Courtesyof Drs. G. 
NALBO~E and F. 
PARLATO, Univer- 

sity of Palermo, 
Italy.) 

Fig. 1. Skeletal fluorosis in a 44-year-old man with calcifications of 
arteries from an endemic area in Arabia. (Courtesy of Drs. S. P. 
IKUMAR and R. A. KEMP HARPER, St. Bartholomew's Hospital, 

London, England.) 
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L. J. SAVAGE of the Department of Statistics at Yale University. 
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A o r t a  F -  a n d  disease : CALL et  al. 2 n o t e d  a s ign i f i can t ly  
h i g h e r  s torage  of bone  F -  in cases w i t h  pye lonephr i t i s ,  
b u t  no r e l a t ionsh ip  of a o r t a  F -  levels w i t h  t h e  causes  of 
dea th .  I n  t he  p r e sen t  s tudy ,  no  co r re l a t ion  could be  
e s t ab l i shed  be tween  a o r t a  F -  levels and  t he  disease.  

Discussion. As ind i ca t ed  in Tab le  I, F -  levels in  t he  
a o r t a  d e p e n d  l i t t le ,  if a t  all, on  the  a m o u n t  of Ca++ 
presen t .  T h a t  F -  does no t  seem to be  bound . in  apprec iab le  
a m o u n t s  as ca lc ium-f luor ide  (CaF2), has  been  recognized 
b y  o thers ,  w i th  respec t  to  bones  a n d  t e e t h  15. T he  e r ra t i c  
f l uc tua t ions  of F -  levels in  the  a o r t a  f rom per son  to  per-  
son  are n o t e w o r t h y  in th i s  as well  as in  CALL'S s tudy .  
Some samples  of a o r t a  t i ssue  c o n t a i n e d  v i r t u a l l y  no F - ,  
a n d  o the r s  up  to 258 ppm.  I n  a single o rgan  such  as t he  
p l a c e n t a  1~ or in  t he  skin  of p a t i e n t s  w i t h  var ious  d e r m a t o -  
logical lesions 1~ F -  levels v a r y  widely  in closely ad jo in ing  
t i ssue  areas.  

Since t he  F -  c o n t e n t  of the  a o r t a  does no t  para l le l  F -  
levels  in t he  skele ton,  bone  F -  c a n n o t  be cons idered  a 
c r i t e r ion  of F - ' s  presence  elsewhere in t he  s y s t e m  no r  can  
possible  ill effects in  the  sys t em be p rec luded  on  t he  basis  
of low F -  levels in  bones.  

Zusammen/assung. Fluor-  u n d  K a l z i u m w e r t e  in  ve rka lk -  
tern  Aor t engewebe  w u r d e n  m i t  denen  yon  m a k r o s k o p i s c h  
n o r m a l  e r s che inendem Aor t engewebe  vergl ichen.  Der  

F l u o r g e h a l t  de r  A o r t a  ve r sch i edene r  P e r s o n e n  zeigte 
grosse ind iv idue l le  S c h w a n k u n g e n ,  die unabh i ing ig  v o m  
K a l z i u m g e h a l t  waren.  E ine  d i r ek t e  Kor re l a t i on  des 
Aor ten f luors  m i t  dem L e b e n s a l t e r  wurde  tes tgestel l t .  Die 
s t a t i s t i s che  A u s w e r t u n g  de r  U n t e r s u c h u n g e n  v o n  CALL 
e t  al. ~ ergab,  dass  de r  F l u o r g e h a l t  de r  A o r t a  unabh / ing ig  
yon  d e m j e n i g e n  des Ske le t tes  ist. 
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Site of Action of Dop ami n e  and Apomorph ine  on 
Compuls ive  Gnawing  Behaviour  in Rats 

Accord ing  to ea r ly  pub l ica t ions ,  in j ec t ion  of apo-  
m o r p h i n e  in to  roden t s  resul ts  in  gnaw i ng  behav iou r ,  
wh ich  effect  is d e p e n d e n t  on the  p resence  of the  corpus  
s t r i a t u m l .  Recen t ly  i t  has  been  shown  t h a t  a p o m o r p h i n e  
shares  th i s  effect w i t h  D O P A  (as a p recursor  of dopamine )  
a n d  t h a t  the  presence  of a p h e n y l e t h y l a m i n e  conf igura-  
t i on  w i t h  OH-groups  a t  the  para- and  meta-positions of 
t h e  p h e n o l  r ing is ob l iga to ry  for p r o v o k i n g  a compuls ion  
to  gnaw 3. 

I n j e c t i o n  of D O P A  resu l t s  in  a n  a c c u m u l a t i o n  of 
d o p a m i n e  in t he  b ra in ,  especial ly  in  e x t r a p y r a m i d a l  
s t r u c t u r e s  3. I t  could be  an t i c ipa t ed ,  therefore ,  t h a t  t he  
si te  of ac t ion  of d o p a m i n e  and  a p o m o r p h i n e  would  be  
s i t u a t e d  wi th in  the  e x t r a p y r a m i d a l  sys tem.  This  r e p o r t  
p rov ides  d a t a  s u p p o r t i n g  th i s  a s sumpt ion .  

Experimental. Crys ta l l ine  D O P A  or a p o m o r p h i n e  was 
t a m p e d  in to  a s ta inless  s teel  cannula ,  w h i c h  was in t ro -  
duced  s t e reo tax ica l ly  in to  the  b r a i n  of male  a lb ino  ra t s  

(140-160 g) u n d e r  l igh t  e t h e r  anaes thes ia .  W h e n  the  t ip  
of t he  c a n n u l a  h a d  r eached  t h e  desi red posi t ion,  t he  com- 
p o u n d  was de l ivered  b y  p u s h i n g  a s ty le t  down  the  can-  
nula.  The  a m o u n t  of i m p l a n t e d  m a t e r i a l  was a b o u t  100 fig. 
Af te r  i m p l a n t a t i o n ,  t he  an ima l s  were p laced  in m e t a l  
cages w i t h  a wi re -mesh  floor, on  wh ich  the  r a t s  were able  
to  gnaw, a n d  the i r  b e h a v i o u r  was obse rved  for  severa l  
hours .  

Results. I m p l a n t a t i o n  si tes are s h o w n  in F igures  1-3. 
Ef fec t ive  i m p l a n t a t i o n s  of D O P A  resul ted ,  a f t e r  a de lay  
of 1-2 h, in  in t ense  compuls ive  g n a w i n g  behav iour ,  l a s t ing  
for  3 h a n d  some t imes  longer.  Af te r  a p o m o r p h i n e  im- 
p l a n t a t i o n  g n a w i n g  s t a r t e d  w i t h i n  30-40 min,  l as t ing  f o r  
a b o u t  2 h. Pos i t ive  effects were obse rved  w i t h  b o t h  com- 
p o u n d s  a f t e r  i m p l a n t a t i o n  in t he  dorsa l  p a r t  of t he  cau-  

1 C. AMSLER, Naunyn-Schmiedenbergs Arch. exp. Path. Pharmak. 
97, I (1923). 
A. M. ERNST, Psychopharmacologia 7, 391 (1965). 

s A. BERTLER and E. ROSENGREN, Experientia 15, 382 (1959). 

~]OPA Apomorphine 

Fig. 1. Implantation sites of 1-DOPA, shown in sagittal section of Fig. 2. Implantation sites of apolnorphine, shown in sagittal section, 
rat brain. + = evoking gnawing behaviour; -- = ineffective, at plane indicated in Figure 3 by broken line. 


