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The Relation of Fluoride to Other Inorganic Substances in vivo.*
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The recognition of toxicity produced by
high concentrations of fluoride in humans was
reported as early as 1899(1). In 1932
Mgller and Gudjonsson(2) first described
pathological changes in the bones in workers
engaged in crushing and refining cryolite and
ascribed the changes to ingestion of fluoride.
The curious sclerosis which appeared in the
bones of the affected subjects did not cause
any trouble unless the ligaments and the mus-
cular attachments had become involved.
Mgller and Gudjonsson suggested the use
of cryolite or of “some compound of fluorine
such as sodium fluoride” to treat bone dis-
eases that produced pronounced osteoporosis.
They quote the work of Brissemoret(3) in
which similar therapy for bone diseases had
been proposed. Rich and Ensinck(4) re-
ported results of observations in patients with
osteoporosis or with Pagets’ disease who had
been treated with sodium fluoride over a
period of 14 weeks. The work described here,
in which rats were used as experimental ani-
mals, shows that ingestion of fluoride can
produce alterations in the absorption and
excretion of minerals. Differences in mineral
content of bone and of teeth when a high
concentration of fluoride is given have also
been demonstrated.

Materials and methods. Thirty-one female
rats (Charles River Laboratories) of mean
weight 40 g were placed on a synthetic diet
(5) with fluoride omitted from the trace mix-
ture used. Analysis of the diet for fluorine
showed the concentration to be 1.02 p.p.m.
The diet was prepared and tube fed as pre-
viously described(6). Each animal initially
received 4 g of the diet per day, the amount
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being gradually increased until the fifth day
when 8 g were fed. The food intake there-
after was maintained at 8 g.

After 18 days on the diet the rats were
divided into 2 groups, one of which (Group
I with 16 rats) continued to receive the same
diet as previously and served as control ani-
mals. The other 15 rats (Group II) had the
same diet as Group I with sodium fluoride
added so that the concentration of F— was
0.001%. After 12 days and again after 20
days 12 of the animals from Group I, and
11 animals from Group II were placed in
metabolic cages(6) and urine and faecal
specimens were collected for 2 daily periods.
The excretion of calcium and of magnesium
was measured in both the urine and faecal
specimens by methods previously described
(7). Inorganic phosphate was measured by
the method of Sumner(8). The presence of
fluoride in concentrations up to 1% did not
show any interference in these or subse-
quently described analytical methods. The
rats in Group II were then given a diet con-
taining 0.035% F—. After 7 and again after
14 days on the diet with increased fluoride
balance studies were again carried out for
2 daily periods. At the end of the last period
8 rats from each group were sacrificed and
the 2 femurs removed and a blood sample
collected. The remaining rats were sacrificed
after they had been on the high fluoride in-
take for a period of 61 days. At this time
the 2 femurs and one incisor were removed
from each animal, and again a blood sample
was collected. The femurs and incisors were
dried, and defatted. Analysis of one of each
pair of femurs and the incisors for calcium,
magnesium, phosphate, sodium and potassi-
um was carried out(5,9) after heating the
samples to constant weight to determine the
ash content. The remaining femurs were used
for fluoride determination. They were ground
with an agate mortar and pestle and a sample
(5-10 mg) of the powdered bone used for



Faeces

(total phosphate)

Urine

Phosphate excretion (ymoles/day)
(inorg. phosphate)

Faeces

Magnesium excretion
(uequivalents/day)

Urine

Faeces

(uequivalents/day)

TABLE I. Urinary and Faecal Excretion of Caleium, Magnesium and Phosphate.
Calcium excretion

Urine

Treatment

FLUORIDE AND INORGANIC SUBSTANCES 151

No added 0.001 % F 0.035%F
N v fluoride1 r l_
2 o] 8 __100 e Fluoride treated
HH H 4 \/ é‘ r O Conftrol
IS ma| & S
A e 5
o1 b g%
W O ES
B~ IS ~
med wA s
=3 2
1) A ~H N E eor
s oz Y :
HA HA Y * e
OF oF 2 4or
NN =
N @ 2
28 aa s ) L ) . .
mem e 2% g 28 38 a8 58
S Days on diet
o 61 FIG. 1. Effect of sodium fluoride ingestion on
P e urinary excretion of caleium in the rat.
H4 H 4
Fo aa the determination by a modification of the
gg §§ method of Wharton(10). The blood was
S ad analyzed for calcium, magnesium and inor-
i ganic phosphate. The results were analyzed
o o statistically by the “t”. test(11). _
15 o3 06 o Results. The excretion of calcium, mag-
i'il ilil nesium and phosphorus during the balance
IIII periods when fluoride was given is compared
<t W with that of the controls in Table I. The
23 I3 effect of fluoride at the initial dose of 0.001%
on excretion of calcium in the urine is marked
S (Fig. 1). Further diminution in calcium ex-
b n Rl cretion was observed with the higher doses
e o | 0 of fluoride. In addition the higher fiuoride
HA HH ] H d Lo
PPN PN ose produced a gross alteration in absorp-
§,§ @i ] tion of phosphate from the gut and also
N § excretion in the urine of inorganic phosphate.
ARS| g The faecal phosphate was diminished and
o on o 3 urinary output increased. A rise in plasma
P D inorganic phosphate (Table IT) found at the
HA HA| B end of the balance periods when F— intake
3 E}:/: ) g 2 was 0.035% persisted to the_: end of the‘ex—
e | periment. No alteration in either the calcium
IR 5 or magnesium level in the plasma was found
* -+ . .
E after the high dose of fluoride.
s Table IIT shows the ash content and the
? g sodium, potassium, magnesium, phosphate,
3 E‘ g calcium and fluoride content of the femurs at
& of 8 the end of the balance periods and also at
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TABLE II.
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Plasma Caleium, Magnesium and Inorganic Phosphate Following Ingestion of

0.0359 F-in Diet.

Plasma ealeium

~ Plasma. magnesium  Plasma inorg. phosphate

Treatment (mequiv./1) (mequiv./1) (mequiv:/1)
Control 5.6 (8) + .03 1.8 (8) +.03 4.6 (8) = .02
.035% ¥- (16 days) 5.5 (8) + 01 1.7 (8) = .07 *5.6 (8) + .36
Control 5.7 (7) ==. 1.6 (7) == .03 4.0(7) = .2
.035% F- (61 days) 58 (5) +. 1.7 (5) = .02 15.2 (5) = .3

Results are expressed as mean (No. of determinations) + S.E.M. *p<L05 tp <005

the high fluoride intake and shows that the
bone has a remarkable capacity for fluoride.
There is an increase in magnesium in bone
as early as 14 days after commencing the
higher fluoride intake. Prolonged exposure
to the high fluoride resulted in an increase
in bone potassium concentration but this was
not statistically significant. There is no alter-
ation in concentration of the other inorganic
components measured nor was any change in
the ash content of the bones detectable fol-
lowing fluoride ingestion.

In the whole incisors which were analyzed
for calcium, magnesium, sodium, potassium,
phosphate and ash content, there was a
marked increase in both sodium and potas-
sium (Fig. 2). The change in magnesium
concentration associated with high fluoride
intake was not significant,

Discussion. Small amounts of fluoride in-
gested by humans—O0.5-1.0 mg per day—are
excreted(12) while at high levels of intake,
increased absorption, storage of fluoride in
bone and teeth and an increase in the amount
in urine occurs. Ingestion of water contain-
ing 8 p.p.m. of fluoride over a period of 30
years has been associated with dental fluoro-

sis with the possibility of increased density
of bone(13); by contrast drinking water con-
taining less than 0.1 p.p.m. F~ was associ-
ated with a high incidence of osteoporosis.
Experimental animals—rats, kittens and rab-
bits—appear able to tolerate at least 10 times
the fluoride intake of humans without ad-
verse effect(14). Although an intake of 10
p.p.m. of fluoride in the drinking water has
been reported to be extremely toxic to humans
(15) it is not clear whether other factors con-
tributed towards the toxicity, since the high
temperatures experienced seemed to accentu-
ate the symptoms and malnutrition may have
been a significant accompanying factor.
The initial dose—0.001% F— in the diet—
given rats in the present work represents an
average daily intake for a 40-80 g rat drink-
ing 10 ml of water containing 10 p.p.m. The
higher dose—0.035% F—~—corresponds to an
intake of approximately 100 p.p.m. in the
drinking water of the older rats. Slightly
diminished weight gain noted by Talmage
and Doty(16) when water containing 187
p.p.m. F~ was given to 160-180 g rats may
have been related to food intake. In the
present work a sudden retardation in weight
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FIG. 2. Electrolyte composition and % ash of whole incisors after administration of

0.035% T for 61 days. Mean values + S.E.M.
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28 gain occurred when the intake of fluoride was
H+H = increased to 0.035%, but this was followed
DX 3 after 3 days of adaptation by an increase
@ . o in weight at the same rate as the control
=22 |7 animals. Since the animals were tube fed
- the retardation was not due to a change in
- ® food consumption.
'J_ril :L;I 8 The depressed urinary calcium excretion
oV when fluoride intake was low is in agreement
e | A with that reported in humans suffering from
(= ] . . .
e b osteoporosis treated therapeutically with
NelpNe) . .
fluoride(4) and may reflect enhanced deposi-
o o tion of calcium in bone. A resulting depressed
g8 plasma calcium level undetected by the ana-
HH lytical methods used could be sufficient to
Pl produce the differences in calcium excretion
© < observed.
I~ O
X

The marked increase in phosphate absorp-
tion in the gut and excretion of inorganic
phosphate in the urine on the high fluoride
dose previously reported(17) raises the ques-
tion as to whether absorption and excretion
of phosphate are interdependent. A primary
action by phosphate is suggested by the en-
hancement of fluoride absorption from the

304 (8) = .01
326 (7) =+ .01

- gut in rats in the presence of sodium di-
HH hydrogen phosphate(18). Although higher
© = than normal inorganic phosphate has been
@ = reported in human patients with fluorosis
=) (19) the data are inconclusive since there
w0 .
- 4 was no control over phosphorus intake. In-
g3S o creased inorganic phosphate excretion in
HH g monkeys fed fluoride has also been reported
sc | % 19).
o | F Although Lantz and Smith(20) found that
N e % an ad lib diet containing 0.05-0.1% sodium
< fluoride caused an alteration in phosphorus
= | retention by the body, the results were vari-
T able. Generally the fluoride treated rats
oo |2 excreted increased phosphate via the gut, a
N finding contrary to that in the present work.
== i Bone has a tremendous capacity for fluor-
b ide. Fourteen days after receiving 0.035%
L ] F~ in the diet the ash from the femurs con-
s | & tained 0.5% F—; the concentration in the
ey 5 growing rats had risen to 1.0% after 61 days.
< 2 The increased bone magnesium associated
EE ; with increased fluoride concentration found
= §,§§ E here and reported by others(21,22) presents
£ Eé@ & some incompatibility between the postulation
S = that bone magnesium is located on the crystal
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surface(23) and that the crystal size in-
creases with increasing fluoride concentration
(24).

The marked increase in potassium and
sodium concentration in the whole incisors is
striking. Analysis of the dentin, enamel and
pulp separately is necessary to localize the
site of the increase. This warrants further
investigation in view of the protective prop-
erty of fluoride against dental caries(25).

Summary. The ingestion of 0.001% F—
in the diet of young rats decreased the excre-
tion of calcium in the urine. In addition to
decreasing the calcium excretion in the urine,
0.035% F— produced a marked alteration in
phosphate metabolism; absorption of phos-
phate from the gut was increased, plasma in-
organic phosphate elevated and its excre-
tion in the urine increased. No change in
bone phosphate was found. Apart from con-
centration of fluoride in bone and an increase
in concentration of magnesium in this tissue
the mineral composition was the same as in
the control animals. Analysis of teeth from
the rats after 61 days of high fluoride inges-
tion revealed a striking rise in the sodium
and potassium concentration in the whole
tissue.

1. Baldwin, H. B, J. Am. Chem. Soc., 1899, v21,
517.

2. Mgller, P. F., Gudjonsson, S. V., Acta Radiol,,
1932, v13, 269.

3. Brissemoret, M. A, Bull. Gen. Therapie, 1908,
v156, 147.

4. Rich, C., Ensinck, J., Nature, 1961, v191, 184.

5. Macintyre, I, Davidsson, D. D., Biochem. J,,
1958, v70, 456.

FLUORIDE AND INORGANIC SUBSTANCES

6. Hanna, S., Alcock, N, Clin. Sci,, 1961, v21, 285.
7. Alcock, N., Maclntyre, I, ibid., 1962, v22, 185.
8. Sumner, J. B., Science, 1944, v100, 413.

9. Alcock, N. W., MacIntyre, I, Radde, I., J.
Clin. Path., 1960, v13, 506.

10. Wharton, H. W., Anal. Chem., 1962, v34, 1296.

11. Snedecor, G. W., Statistical Methods, Iowa
State College Press, 1956.

12. Machle, W., Largent, E. J., J. Indust. Hygiene
& Toxic., 1943, v25, 112,

13. Leone, N. C., Arch. Ind. Health, 1960, v21, 324.

14. Weidmann, S. M., Weatherell, J. A., J. Path.
Bact., 1959, v78, 243.

15. Singh, A, Jolly, S. S, Quart. J. Med., 1961, v30,
357.

16. Talmage, R. V., Doty, S. B., Gen. Comp. En-
docrin., 1962, v2, 473.

17, Alcock, N. W., Fed. Proc., 1963, v22, 553.

18. Stookey, G. K., Crane, D. B., Muhler, J. C,
Proc. Soc. Exp. Biol. and Med., 1964, v115, 295.

19. Singh, A, Jolly, S. S., Bansal, B. C., Mathur,
C. C., Medicine, 1963, v42, 229.

20. Lantz, E. M., Smith, M. C, Am. J. Physiol,
1934, v109, 645.

21. Zipkin, 1., McClure, F. J., Lee, W. A, Arch.
Oral Biol., 1960, v2, 190.

22, Weidmann, S. M., Weatherell, J. A, White-
head, R. G., J. Path. Bact., 1959, v78, 435.

23. Neuman, W. F., Neuman, M. W., The Chemical
Dynamics of Bone Mineral, Univ. of Chicago Press,
1958, p9o0.

24. Schraer, H., Posner, A. S., Schraer, R., Zip-
kin, I., Biochim. Biophys. Acta, 1962, v64, 565.

25. Reports on Public Health and Medical Sub-
jects No. 105. The Conduct of the Fluoridation
Studies in the United Kingdom and the Results
Achieved after Five Years. Her Majesty’s Stationery
Office.

Received November 30, 1964. PS.EB.M., 1965, v120.



