16, Faceini, J, M,: Fluoride Induced Hyperplasia of the Parathyroid
Glands, Proc, Royal Soc, Med,, 62:241, March 3, 1969,

17, Teotia, S, P, S,, Teotia, M,, Burns, R, R,, and Heels, S,: Circu-
latory Plasma Immunreactive Parathyroid Hormone Levels (IPTH)
in Endemic Skeletal Fluorosis with Secondary Hyperparathyroidism.
Fluoride, 7:200-207, 1974,

18, Leone, N, C,, Shimkin, M, B,, Arnold, F, A,, Jr,, Stevenson, C, A,,
Zimmerman, E, R,, and Lieberman, ], E,: Medical Aspects of Exces-
sive Fluoride in a Water Supply, Public Health Report, 69:925, 1954,

19, McClure, F, J., Mitchell, H, H,, Hamilton, T, S,, and Kinser, C, A,:
Balances of Fluorine Ingested from Various Sources in Food and Water
by Five Young Men, ], Ind, Hyg, and Tox,, 27:159-70, 1945, P ,H,S,
Publ, No, 825, p. 377, 1962,

20, McClure, F, J,, McCann, B, G,, and Leone, N, C,: Excessive Flu-
oride in Water and Bone Chemistry, Publ, Health Rep,, 73:741 -746,
1958,

21, Shambaugh, G, E, and Petrovic, A,: Effects of Sodium Fluoride on
Bone, Journ, Amer, Med, Assoc,, 204:969-980, 1968,

22, Call, R, A,, Greenwood, D, A,, LeCheminant, W, H,, Shupe, J. L.,
Neilsen, H, M,, Olsen, L, E,, Lamborn, R, E,, Mangelson, F, L,,
and Davis, R, V,: Pathological and Chemical Studies in Man with
Respect to Fluoride, U,S, Public Health Reports, 80:529-38, 1965,

* k k%

THE MUTAGENIC ACTIVITY OF INORGANIC FLUORINE COMPOUNDS
by

E. A, Gileva, E, G, Plotko, and E, E, Gatiyatullina
Sverdlovsk, SSSR

(Condensed from Gig, Sanit,, 37:9-12, Jan, 1972)
During the last three decades much experimental evidence has

accumulated showing that many substances possess mutagenic activity,
in some cases even greater than that of ionizing radiation, Increases

From the Sverdlovsk Institute of Labor Hygiene and Occupational Diseases,
Note: abstract of this report was published in FLUORIDE, 6 (3) : 179-181,
July, 1973. 47



48 Gileva, et al,

in the frequency of gene mutations in human gametes,therefore,pose a
grave threat to the genetic fund of mankind, Direct investigation of
the mechanisms of such changes in man is virtually impossible, however,
and indirect experimental and statistical methods have to be used, One
of these methods is to study the effect of a given compound on the oc-
currence of chromosomal aberrations in human cell cultures and in so-
matic cells of experimental animals in vivo,

The present investigation concerns the influence of inorganic
fluorine compounds on chromosomes in bone marrow and on the mytotic
activity of epithelial cells of the cornea in female white rats, The ani-
mals were exposed 6 hours a day, six days a week, for 5 months, to the
inhalation of cryolite (Na;AlFg) in concentrations of 3, 1, and 0 5 mg/m3
(calculated as fluoride ion), which is frequently encountered in the air of
electrolysxs areas of aluminum plants, and also of a mixture of 0,5 mg/
m3 of cryolite and 0, 35 mg/m3 of hydrogen fluoride,

Four rats were used in each variant of the experiment for cyto-
genic analysis, Bone marrow preparations were stained with azure-eosin,
All types of chromosomal and chromatid aberrations were considered in
the metaphases, but for the analysis only undamaged metaphasal plates
with the typical 42 chromosomes were selected, Gaps were not included
in the count of aberrations; tears were distinguished from gaps by dis-
placement of the fragment with respect to the chromatid axis, On the
average 80 metaphasal plates were analyzed for each rat, Total corneal
preparations were stained with hematoxylin; mytotic activity was deter-
mined by the number of mytoses per 15,000 cells in each cornea, The
experimental results were processed by dispersion analysis,

As seen in Table I, there was no significant effect on the myto-
tic activity of the corneal epithelia immediately following inhalation and
up to a month afterward, However, at the end of the recuperation per-
iod there was a definite increase in mytotic activity in the corneal epi-
thelia of all the experimental animals (P<0, 05), probably attributable to
seasonal variations in the rate of cell division,

TABLE 1

Mytotic Activity in the Corneal Epitheliam Cells of
Experimental Animals (in %)

Mytotic Activity (x + S )

Cryolite (in mg/m3) Cryolite
;’gﬁ:; . | Contrel 0.5 1.0 3.0 g’;i;‘%": ;/;3)
ztme::ﬂ‘:: 5.4 +0,3 [55+0,3| 58+0,4| 6,0+0,9[5.9+0,4"
After one
month of re- |6,0+0,3 16,0+0.316,3+0,3(6,3+0,2/6,9+0,7

cuperation
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The distribution of dividing cells among the phases of mytosis
was also examined, The phase coefficient (equivalent to the ratio be-
tween the fraction of cells in the prophase and metaphase and the frac-
tion in the anaphase and telophase) showed little variation and had a
mean value of 1,4, Thus, long-term inhalation of fluorine com pounds
did not produce any significant cytostatic effect on the cells of the
corneal epithelium,

Chromosomal aberrations were taken as the basic criterion of
genetic damage, and, as seen in Table 2, the animals exposed to flu-
orides showed an increase in the percentage of aberrant bone marrow
cells, Statistically significant differences were found, however, only
with the highest concentration of cryolite and the mixture of cryolite
and hydrogen fluoride. The absence of reliable difference after inhala-
tion of the lower concentrations of cryolite probably reflects the small
number of animals used, Whether threshold doses of mutagenic agents
exist remains open to question,

That fluorine is primarily responsible for the chromosomal aber-
rations is seen in the fact that almost 3 1/2 times more aberrations og-
curred in the cells of animals exposed to the mixture of 0.5 mg/m3 of
cryolite and 0, 35 mg/m3 of HF as in those exposed to cryolite in a con-
centration of 0, 5 mg/m3, Inboth of these experiments the sodium and
aluminum concentrations were unchanged while the fluorine concentration
in the cryolite-HF mixture was 0,7 times higher than in the cryolite a-
lone, Moreover, fluorine is fully absorbed from HF which enters the
lungs, whereas it is assimilated to a lesser extent and with greater dif-
ficulty from cryolite,

TABLE 2

Number of Cells (in %) with Chromosomal Aberrations in the Bone Marrow
of Rats Subjected to Exposure to Fluorine Compounds

. 3 Cryolite (0.5
C 3 ry

ryolite (in mg/m”) mg/m3) + HE
Index Control 0.5 1.0 3.0 | (0,35 mg/m3)

No, of cells

with chromo-
somal aberra- | 1.430.88 |1,5010,56 | 2,400, 59 | 6, 5010, 66| 5,1040,55

tions, X *Sg

Reliability of
the difference
from the con-
trol, P

- 20.05 >0,05 <0,001 <0.01
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Most of the aberrations observed were of the chromatid type,
More than 70% of the damage was to individual fragments, which is ty-
pical of spontaneous mutations occurring under the influence of meta-
bolic automutagens, Hence, in view of its marked biological activity,
fluorine may be assumed to stimulate the formation of mutagenic me-
tabolites in rats.

Although the percentage of mutations occurring in the experi-
ments is not very large (5-6%), it is typical of inorganic mutagens, This,
however, does not detract from their potential danger for humans, With
long-term exposure, even weak mutagens can produce considerable damage
to the practically irreversible mechanism of genetic changes, Because of
the extensive industrial employment of inorganic fluorides, substantial
guantities of fluorine enter the human environment and affect large num-
bers of people, Thus the present findings show the need for more de-
tailed studies of the mutagenicity of fluorine in order to evaluate and
predict its potential for genetic damage to man,

Other findings in this w0rk showed that inhalation of cryolite in
concentrations as low as 1 mg/m and also cryolite combined with HF
leads to retardation effects in the central nervous system, suppressxon
of the activity of a number of enzymes, to morphological changes in in-
ternal organs and tissues, etc, At a concentration of 0,5 mg/m cryo-
lite was not observed to have these effects,

Conclusions

1. Chronic mhalatxon by white rats of cryolite in concentranons
of 3, 1, and 0.5 m m3 , and also of a combination of 0,5 mg/m of cryo-
lite and 0.35 mg/m” of hydrogen fluoride, had no cytostatic effect on the
epithelial cells of the cornea,

2. Cryolite concentrations of 3 mg/m? as well as a mixture of
0. 5 mg/m3 of cryolite and 0.35 mg/m3 of hydrogen fluoride increases by
31/2 to 4 1/2 times (over controls) the percentage of cells with chromo-
somal aberrations in the bone marrow of rats,

3. The data indicate the need for further study of the mutage-

nic features of fluorine compounds in relation to their potential for harm-
ful impact on the mechanism of inheritance in humans,

* ok ok o* A, W, B,
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