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SISTER CHROMATID EXCHANGE FREQUENCY AND
CHROMOSOME ABERRATIONS IN RESIDENTS OF
FLUORIDE ENDEMIC REGIONS OF SOUTH GUJARAT

Sajayan Joseph, PK Gadhia®
Guijarat, India

SUMMARY: Peripheral blood lymphocytes of residents of three villages and
one nearby township in South Gujarat with fluoride concentrations in the
drinking water of 1.56 - 3.46 and 0.6 - 0.8 ppm, respectively, were examined for
their frequency of sister chromatid exchanges (SCE) and chromosome aberra-
tions. The rates of SCEs and chromosome aberrations in persons living in one
of the endemic villages were significantly higher than in the others, and their
lymphocytes were more susceptible to the clastogen Mitomycin-C.
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INTRODUCTION

Although explored for some time, in vitro studies on genotoxic effects of
fluoride in human cells remain inconclusive. In combination with certain alkyl-
ating agents, fluoride suppresses chromosome aberrations. In cultured human
lymphocytes, sodium fluoride (NaF) is reported to induce chromosome aberra-
tions.2 In contrast, no increase in chromosome aberrations was found in human
diploid fibroblast.®> Recently, Gadhia and Joseph* observed an increase in
chromosome aberrations but not in sister chromatid exchanges (SCE) in cul-
tured human lymphocytes exposed to 30 ppm of NaF. Few in vivo studies have
been carried out in endemic fluoride areas, and those on SCE frequency in hu-
man lymphocytes yielded contradictory results. Thus, an increase in SCE has
been reported in fluorosis patients>® but a reduction in residents of endemic
fluoride areas.’

As far as we are aware, no study has been reported on chromosome aberra-
tions in residents of an endemic fluoride area. We therefore thought it worth-
while to analyze chromosome aberrations and SCE frequencies in a population
exposed to higher concentration of fluoride (1.56 - 3.46 ppm) than the current
permissible 1 ppm level. The study also included clastogenic testing with My-
tomycin-C (MMC) to assess the sensitivity of the residents living in an en-
demic fluoride area to chromosome aberrations.

MATERIALS AND METHODS
A total of 42 blood samples from 7 adult males and 7 adult females (ages
ranging between 28 and 35 years) were collected from each of the three vil-
lages of Gamtalav, Amalsadi, and Khedpur. For comparison with a lower fluo-
ride village, 14 blood samples were collected from Mandvi township, which is
2 to 3 km away from these three endemic fluoride villages. M etaphase chromo-
some preparations from blood samples of fluoride-exposed and control indi-
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viduals residing in Mandvi township were carried out by routine phyto-
hemaagglutinin (PHA) stimulated cultures as described elsewhere.* The fluo-
rescence plus Giemsa (FPG) technique was used for SCE.2 Separate cultures
were set up from each sample for chromosome aberrations, SCE and MMC.
Bromodeoxyuridine (BrdU) (10 pg/mL) and MMC (30 ng/mL) were added to
two sets of cultures 24 hr after initiation of culture. All slides were coded and
scored by a single individual. A total of 100 second metaphases for SCEs and
100 metaphases for chromosome aberrations were scored from each culture.
The cdll replicative index (RI) was also calculated by recording the percentage
of cellsin first (M1), second (M2) and third (M3) cell division using the for-
mulaRIl = (1 X % of M1 + 2 X % of M2 + 3 X % of M3)/100. The results were
analyzed by two-tailed Student’s ‘t’ test using SSPS/PC+ statistical package.

RESULTS

The frequencies of sister chromatid exchanges (SCE), cell proliferative in-
dex, and chromosome aberrations of residents living in the endemic fluoride
area are shown in Tables 1 and 2. Table 3 shows MM C-induced chromosome
aberrations in residents to determine whether or not they are more sensitive to
a clastogenic agent than healthy normal individuals.

A significant increase (P <0.01) in frequencies of SCE was observed in one
of the three villages. However, no significant variation was observed in the cell
cycle proliferative index of fluoride-affected individuals as compared to the
lower fluoride control (Table 1).

Table 2 shows that the frequency of chromosome aberrations was signifi-
cantly higher (P <0.001) in the study group than in the control and also higher
in one of the endemic villages. MM C-induced chromosome aberrations showed
a significant increase (P <0.05) in this village compared to the control and the
other villages (Table 3).

Table 1. Sister chromatid exchange (SCE) frequencies and cell replicative
index in lymphocytes of residents of endemic fluoride area

Village Fluoridein ~ No.of Mean No.cells %ofcellsin  Replicat-  SCE/Cell
water mg/L  samples age scored M1 M2 M3 iveindex

Control 0.6-08 14 28 1400 37 37 30 2.01 7.50+0.30

(Mandvi)

Gamtalav 2.36 - 3.06 14 29 1400 37 39 24 1.87 7.56+0.19

Amalsadi 2.64-3.46 14 29 1400 41 35 26 1.89 751+0.24

Khedpur 1.56-2.90 14 35 1400 36 49 15 1.79 9.35 + 0.85*

Range of 3en- 1.56 - 3.46 42 31 4200 38 38 22 1.80 8.14 +0.42
demic villages

*Significantly different (P < 0.01) from control and the other two endemic villages.
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Table 2. Chromosome aberrations in blood of residents of an endemic fluoride area

Village Fluoride in No. of No. of meta- Chromosome type Chromatid type Total aberrations
water (mg/L) samples phases scored aberrations/100 cells aberrations/100 cells) minus gap
D R F G B |

Control (Mandvi) 0.6-0.8 14 1400 0.0 0.0 3.0 32.0 0.0 0.0 3.0
Gamtalav 2.36 - 3.06 14 1400 4.8 15 2.0 36.0 1.4 0.7 10.47
Amalsadi 2.64 - 3.46 14 1400 3.3 0.7 2.0 33.0 1.2 1.9 9.1"
Khedpur 1.56 - 2.90 14 1400 5.3 1.9 4.0 48.0 0.6 2.7 14.57
Range of three 1.56 - 3.46 14 4200 4.5 1.4 2.7 39.0 1.1 1.8 11.57

endemic villages

Significantly different “(P < 0.05) and T(P < 0.001) from control. D - Dicentric; R - Ring; F - Fragment; G - Gap; B - Break; | - Interchange.

Table 3.

Chromosome aberrations in Mitomycin-C treated lymphocytes of residents of endemic fluoride area

Village Fluoride in No. of sam- MMC Chromosome type Chromatid type Total aberrations
water ple/metaphase dose (aberrations/100 cells) (aberrations/100 cells) minus gaps
(mg/L) scored ng/mL D R F G B |

Control (Mandvi) 0.6-0.8 14/1400 30 35 3.0 2.7 57.0 35 25 15.2

Gamtalav 2.36 - 3.06 14/1400 30 7.0 25 1.9 51.0 1.0 1.7 14.1

Amalsadi 2.64 - 3.46 14/1400 30 55 21 3.9 55.0 1.0 0.9 13.4

Khedpur 1.56 - 2.90 14/1400 30 11.0 53 7.4 59.0 4.1 1.9 29.7"

Range of three 1.56 - 3.46 14/4200 30 7.8 3.3 4.4 55.0 2.0 15 19.0°

endemic villages

Significantly different
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DISCUSSION
That fluoride causes genetic damage in vitro is generally acknowledged.
Most of the in vitro studies carried out with sodium fluoride showed mainly
chromatid gaps and breaks.*%° However, these indices are not considered reli-
able indicators of real damage to the genome.!* Moreover, the fluoride con-
centrations used in the in vitro studies were many times higher than the level
often present in drinking water.

On the other hand, in vivo studies have also yielded conflicting results. A
significant increase in chromosomal aberrations in mice was found by Mo-
hamad and Chandler.'> However, Kram et al*® reported no significant differ-
ence in SCE and chromosomal aberrations between mice raised on a high (50
ppm) and a low (1 ppm) fluoride diet. It is difficult to compare our findings
with these studies, since the latter were conducted on experimental animals.

With regard to human lymphocytes, Sheth et al® reported a significantly ele-
vated SCE rate in fluorotic individuals exposed to 1.95 - 2.2 ppm fluoride. Wu
and Wu® also reported a significant increase in the SCE rate in fluorosis pa-
tients exposed to 4-15 ppm fluoride. On the other hand, Li et al” reported a re-
duction in SCE frequencies in persons exposed to fluoride concentration as
high as 4 ppm.

The SCE results of the current study are in partial agreement with the first of
the two foregoing reports.>® As far as we are aware, no study on chromosome
aberrations in human populations exposed to higher concentration of fluoride
in drinking water has been reported. Our results indicate that there is a signifi-
cant increase in the frequencies of chromosome aberrations and SCE in one of
the village populations exposed to a fluoride concentration higher than the
permissible limit. The lymphocytes of these residents were also more suscepti-
ble to a clastogen such as Mitomycin-C than the other populations and dis-
played a significant increase in chromosome aberrations.

ACKNOWLEDGMENT
The authors thank Dr Vikas Desai and Mr Salil Vaniawala for their help.
The work was supported by University Grants Commission, New Delhi.

REFERENCES

1 Obe G, Slacik-Erben R. Suppressive activity by fluoride on the induction of
chromosome aberrations in human cells with alkylating agents in vitro. Mutat
Res 1973;19:369-71.

2 Jachimczak D, Skotarczak B. The effect of fluorine and lead ions on the
chromosomes of human leukocytes in vitro. Genetica Polonica 1978;19:353-7.

3 Tsutsui T, Tanaka Y, Matsudo Y, Uchama A, Someya T, Hamagachi F, Y&
mamoto F, Takahashi M. No increase in chromosomal aberrations in human
diploid fibroblasts following exposure to low concentrations of sodium fluo-
ride for long times. Mutat Res 1995;335(1):15-20.

Fluoride 33 (4) 2000



158 Joseph, Gadhia

4

10

11

12

13

Gadhia PK, Joseph S. Sodium fluoride induced chromosome aberrations and
sister chromatid exchange in cultured human lymphocytes. Fluoride 1997
30(3):153-6.

Sheth FJ, Multani AS, Chinoy NJ. Sister chromatid exchanges. A study in
fluorotic individuals of North Gujarat. Fluoride 1994,27(4):215-9.

Wu DQ, Wu Y. Micronucleus and sister chromatid exchange frequency in
endemic fluorosis. Fluoride 1995;28(3):125-7.

Li Y, Liang CK, Katz BP, Brizendine EJ, Stookey GK. Long time exposure
to fluoride and drinking water and sister chromatid exchange frequency in
human blood lymphaocytes. J Dent Res 1995;74(8):1468-74.

Perry PF, Wolff S. New Giemsa method for differential staining of sister
chromatid. Nature 1974;51:156-8.

Tsutsui T, Suzuki N, Ohmori M. Sodium fluoride induced morphological and
neoplastic transformation, chromosome aberrations, sister chromatid ex-
changes and unscheduled DNA synthesis in cultured Syrian hamster embryo
cells. Cancer Res 1984;44,938-41.

Thomson EJ, Kilanowski FM, Perry PE. The effect of fluoride on chromo-
some aberrations and sister chromatid exchange frequencies in cultured hu-
man lymphocytes. Mutat Res 1985;144:89-92.

Evans HJ, O’'Riordan ML. Human peripheral blood lymphocytes for the
analysis of chromosome aberrations in mutagen tests. Mutat Res 1975;
31:135-48.

Mohamed AH, Chandler ME. Cytological effects of sodium fluoride on mice.
Fluoride 1982;15(3):110-8.

Kram D, Schneider EL, Singer L, Martin GR. The effects of high and low
fluoride diet on the frequencies of sister chromatid exchanges. Mutat Res
1978;57:51-5.

Published by the International Society for Fluoride Research
Editorial Office: 727 Brighton Road, Ocean View, Dunedin 9051, New Zealand

Fluoride 33 (4) 2000



