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Effect of Fluorine on the Growing of Rats
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Introduction

An inorganic major constituent of the animal bone or
tooth consists of small crystals of hydroxy-apatite in the
hexagonal crystallographic system. The actual bio-apatite
has such a complicated structure as has various substituted
or defective ions at each position of Ca®*, POi‘, and
OH™ '"¥. F is easily substituted for QH' with shrink-
age of the crystal lattice of apatite to form fluoro-apatite,
resulting in hardening the structure of the bone or tooth.
It is presumed that the solubility of hydroxy-apatite will
gradually decrease with increase in the amount of F~ sub-
stituted. In the present study, calcium phosphate materials
of various F~ contents were made from wet-process phos-
phoric acid containing impurities such as magnesium,
iron, aluminum, fluorine, silica, and sulfulic acid, and

then used for animal-feeding test.

Materials and Methods
Animals and diets. Male Sprague-Dawley strain
rats (Japan Clea Co., Tokyo) weighing approximately
68—75 g were used. Animals were housed individually
in wire mesh cages in an air-conditioned room (23 + 1°C,
50—60% humidity lighted for 12 h a day (07:00 h to
19:00 h). Table 1 shows the composition of AIN-76TM
mineral mixture. The composition of the experimental diet
described previously” was based on 20% casein diet ac-
cording to AIN-76™ mixture. Four kinds of calcium

hydrogen phosphates such as 100% tluoro-apatite-A, 27%
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Table 1. Composition of AIN-76™ mineral mixture

Ingredient g/kg
mixture
CalHPO, % 500.0
NaCl1 74.0
KyCeHs07 ¢ Ho0 220.0
K2S0,4 52.0
HnCO; 3.5
FeCegHBsg07 + x HoO 6.0
CuCO3 « 5H,0 0.3
Kt 0.0078
Na,SeO3 - S5H,0 0.01
CrkK(S04), » 12H,0 0.55
ZnC0; 1.60
Mg0 24.0

Sucrose,finely powdered
to make 1000.90

* Mineral B,C or A were mixed
in place of CaliPO,

apatite-B, 3% apatite-C, and calcium hydrogen phosphate
anhydride CaHPOQ, as a standard were prepared (Fig. 2).
The sample A of 100% fluoro-apatite is synthesized at
about 1000°C. Sample B and C were made from the
defluorinated phosphoric acid obtained by adding a small
amount of sodium chloride to precipitate sodium hex-
afluorosilicate.

Animals were divided into 4 groups (5 rats per group)
and fed on 4 different experimental diets contained A,
B, C, D mineral mixture for 40 days. Water and diets
were given ad libitum and their body weights were record-
ed daily.
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Fig. 1. Growth curves of rats
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Results and Discussion

As shown in Fig. 1, the body weight of group D gained
at the rate of about 7 g/day. Abnormal phenomena were
not recognized with the cases of group B and C as well
as that of the control group D. The body weight of group
A was significantly lower than the control group on day
20 and tended to decrease after the 35th day, although
the bone of the rat hardened due to the crystal growth
of fluoro-apatite; the rate, in addition, not only became
weak but also bad alopecia after two weeks depending
on the difficulty of its digestion and absorption. From
these results, it is indicated that less content of apatite
than 10% had no problem. On the other hand, Table 2
shows relative liver weight of rats fed A was significant-
ly low among 4 groups; also their conditions were ob-
served and then the liver weights were measured after
feeding the mineral with various concentrations of fluo-
rine. It was expected from these results that the human
body was effected by intaking a large amount of fluo-
rine. A great care should be taken on the food contain-
ing excessive amount of fluorine. As Umebayashi reported
already that the concentration of fluorine in workers urine

and serum increased with increase in the amount of
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Fig. 2. X-ray powder diffraction patterns®

of synthesized calcium phosphate (CuKa)

Table 2. Liver weight of rats (g)

Greup
No. g
A 10.92¢2.07°"
B 16.87+3.68
C 17.4742.57
D 15.0741.64

Values indicate means t SD.

Significant difference compared with group control. ¥ % p<0.01
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hydrochloric acid used in the fluorine chemical plant elec-
tronic industry®, it is needed to investigate the effect of
excess or deficiency of F~ on workers health. Further
study will be made on the relation between the excessive
amount of F~ intaked and the amount of F~ in the form
of apatite used, including its influence on the function

of vital defense mechanism.
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