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SISTER CHROMATID EXCHANGES: A STUDY IN
FLUOROTIC INDIVIDUALS OF NORTH GUJARAT

F J Sheth, A S Multani and N J Chinoy
Ahmedabad, India

SUMMARY: The purposc of this prcliminary: investigation was to compare the
genotoxic cffect of fluonide in human individuals directly exposcd to high con-
centrations of drinking water fluoride (1.95 to 2.2 ppm) with those in individuals
exposcd to concentrations (0.6 to 1.0 ppm) within thc WHO permussible limit.
Sister chromatid exchanges (SCE) and cell eycle proliferative index were studied
in whole-blood cultures of fluorotic individuals and compared with normal controls
of agc-matched groups. The results suggest that the SCE ratc in persons exposed
to fluoride in the endemic (1.95-2.2 ppm) areas of North Gujarat is significantly
higher than that of those living in Ahmedabad (0.6-1.0 ppm). There is no signifi-
cant differencc in the cell eycle proliferative indcx. Further investigations are
needed to confirm the findings.
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Introduction

Fluoride is ubiguitously distributed in our environment. It is present in air,
watcr, and fertilizer residues, and traces have been reported in almost cvery edible
matcrial that we consume in our daily life. Water is ordinarily the principal source
of fluoride intake by the human population. Continuous exposure to higher than
pcrmissible levels of fluoride (> 1.0 ppm) in drinking water leads to crippling
fluorosis. More than a million people in India are afflicted with skeletal and dental
fluorosis, Numerous studies have been carried out in relation to the influence of
fluoride on the cnvironmental and biological systems, but there is a great deal of
controversy regarding its potential genotoxic cffects in mammals (1,2). The present
study was undcrtaken with a view to investigate the genotoxic effect of fluoridc, if
any, on the endemic population of Gujarat.

Materials and Methods

Pcripheral blood was collected from 100 individuals, mainly from Mchsana
District of North Gujarat, and 21 from Ahmedabad. The inhabitants of thesc
villages were examined for apparent mottled teeth, back pain, stiffness of back and
joints, and other clinjcal manifestations including skeletal problems prior to blood
sampling. Most of thesc individuals werc unable to bend due to a stiff back, which
indicated that thcy were afflicted with fluorosis. The clinical history was recorded
in a standard proforma. Water samples of the villages were collected for the
estimation of fluoride levels.

Mctaphase chromosome preparations from the blood samples of the fluonde-
affected individuals and control members were carried out by routine phyto-
hacmagglutinin (PHA) stimulated cultures. 5-Bromodeoxyuridine (BrdU) was
added ar a final concentration of 10 pg/ml at 0 houts. '
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The fluorcscence plus Gicmsa mcthod was used for the scoring of sister
chromatid exchanggs, and the procedurc of Perry and Wolff (3) was followed with
slight modifications. All the slides were randomized with code numbers and were
scanned by a single individual. The chromosomes were examincd under a Nikon
light microscope. The influcnece on the cell cycle proliferative index was evaluated
by recording the percentage of cells in the first (M 1), sccond (M2). and third (M3)
cell divisions. A minimum of 100 cells werc analysed from cach culturc. The cells
in M2 phasc wecre further examined and only the cells with well spread chromo-
somes werec scored for sistcr chromatid exchanges (SCEs). A total of 25 cells from
each culture were examined for SCE frequency. The Students ‘t” test was uscd for
statistical analysis of SCE data.

Fluoride concentrations from the serum as well as from the water samplcs were
determined with an Ion Selective Electrode Orion Model 701A.

Results

The frequencies of sistcr chromatid exchanges in fluoride affected individuals
and in normal controls are shown in Table 1. The values are the average (mcan)
number of SCEs observed in minimum 25 M2 cells each with 46 chromosomes.
Statistical analysis indicated a significant increase (p<0.05) in the SCE/plate in
the study group when compared to the normal controls. The influence of fluoride

toxicity on cell cycle proliferative index was also carried out. Cultures from both -

the fluoride affected individuals and normal controls showed presence of cells in
1st, 2nd and 3rd cell cycles indicating the existence of all threc cell cycles in both
the groups of cells. No significant vanation was observed in the cell cycle proli-
ferative mndex of fluoride affected individuals as compared to controls (Figure 1).

The serum fluoride level was significantly elevated (p<0.001) in persons
residing in Gujarat as compared to those examined in Ahmedabad (Table 2).

Discussion

A number of investigators have utilized the SCE test to studv the genotoxicity
of fluoride (1,4-12). In the present study, human populations directly exposed to
fluonide in drinking water in endemic regions of North Gujarat were investigated to
evaluate the possible effect of fluoride on SCE. To the best of our knowledge this
is the first report on genotoxic effects following long-term fluoride intake in an
endemic area in India. In this study, the resuts from cultured human lymphocytes
indicate a significant increase in the frequency of SCE in the study group com-
pared to the normal control. Jn vitro studies have yielded inconsistent findings with
regard to SCE in white blood cells. In human Iymphocytes exposed to doses up to
4mM (11) and 3 mM (12) of NaF, no significant varation in the frequency of
SCE was reported. Jn vivo studies carried out in mice maintained for seven genera-
tions on a diet contaming 1.2 mM NaF indicated no increase in SCE frequencies in
bonc marrow cells (8). On the other hand, an increasc in the incidence of SCE was
observed in cultured Red Muntjac cells and in cultured Syrian Hamster embryo
cells at dosage Jevels of 0.5, 1.0, and 1.9 mM, respectively (9,10).
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TABLE 1. Frequencies of SCEs in control and study group

Sr.No. Group No. of No. of No. of meta- SCE/
cases metaphases  phases with plate”
investigated screened 2nd cell cycle

1 Control 21 2173 612 7.46 £ 0.52
2 Study 100 11005 3856 879+026

*=mean t SE
The values are significantly different (p < 0.05).

TABLE 2. Fluoride concentration in drinking water samples and
in serum of control and fluorotic cases screened for SCE

Area Water Serum
Fluoride (ppm) Fluoride (ppm)
Control 0.62 £ 0.02 0.04 £ 0.002
(Ahmedabad)
Range 0.60-1.04 0.03-0.05
n 24 25
Endemic Region 2.20 £ 0.05* 0.286 % 0.02*
(Mehsana District)
Range 1.949 - 2.211 0.177 - 0.539
n 36 24

Values are mean + SE
n = number of samples
*= p < 0.001

FIGURE: Influence of fluoride on the cell cycle proliferation
50

[\ (2]
8 8 &

wrrmo —4zmoImo
o

CELL CYCLE

R conNTROL, S8TUDY GQROUP



218  Sheth er af Fluonide 27 (4)

Furthcrmore, o significant chromosomal damage was obscrved in lymphocytes
of cattlc with signs of chronic fluoride poisoning (13), In mousc oocytes at doscs
as high as 100 ppm, and cwc oocytes cxposed to 10 ppm NaF (14). A significant
increasc in chromosome abcrration was reported in human Icukocytes (15), human
fibroblasts (16,17), and 1n micc (18) maintaincd on fluoridated water.

It is, howevcr, difficult to corrclatc the results of the present study with the
carlicr rcports, since most of them have been carried out using cither in vitro
culturcs or in vivo systems by treating the experimental animal with fluoridated
compounds. Morcover, the doses of fluoride uscd for in vitro studies wecre much
higher than those ever attained in vivo in body fluids of mammalian organisms (19),
and the in vivo studies have been carned out at concentrations far in excess of
those cncountered in daily hiving (2). In the present study, the fluoride content in
drinking water of the endemic villages (Table 2) was higher than the permissible
level of 1 ppm, according to the WHO standards (20). Serum fluoride concen-
trations were also significantly higher in the fluorotic subjects of these areas,
corroborating carlier data (21-23).

The results of the present investigation suggest that in fluoride-affected
persons cxposed to 1.95-2.2 ppm fluoride in drinking watcr chromosomal altera-
tions as indicated by SCE frequency and chromosome aberrations were higher than
in normal persons exposed to 0.6-1.0 ppm drinking water fluoride. However,
analysis of samples from other endemic areas, and also usc of a series of investi-
gations including cytogenetic and mutagenic assays, arc necessary to confirm the
findings. Work is also needed on a large control group who are consuming 0 ppm
or less than 0.2 ppm fluondc. However, the fluoride levels in drinking water in
Ahmcdabad and its vicinity range from 0.6 to 1.04 ppm (see Table 2).

Acknowledgements

This work was supported by the Council of Scientific and Industrial Research,
New Delhi. The help rendercd by Shri Nanak Kumar, Engincer, Scwage and Water
Board, Sidhpur, and Dr Mahendrabhai A Patel in collection of blood samples
durning the field visits is gratefully acknowledged.

Relercnces

1 Li Y, Hecrema NA. Dunipace AJ, Stookey GK. Genotoxic effcets of fluoride
evaluated by sister chromatid exchange. Mutation Research 192 191-201 1987.

2 Li Y, Dunipace AJ. Stookey GK. Genotoxic effects of fluoride: a controversial

1ssuc. Mutation Research 195 127-136 1988.

Perry P, Wollf S. New Gicmsa method for the diffcrential staining of sister

chromatids. Nature 251 156-158 1974.

Wollf S. Sister chromatid cxchange. Annual Review of Genetics 11 183-201 1977.

Abe S, Motomichi S. SCE as an indcx of mutagencsis and/or carcinogenesis. In:

Sandberg A (Ed). Sister Chromatid Exchange. Liss, New York 1982 pp 461-514.

Perry P, Thomson EJ. The mcthodology of sistcr chromatid exchanges. In:

Kilbey BI, Legator M, Nichols W, Ramel C (Eds). Handbook of Metagenicity

Test Procedures. 2nd cd. Elsevier, Amstcrdam 1984 pp 495-529,

7 Perry P and Evans HJ. Cytological detection of mutagen-carcinogen exposure
by sister chromatid exchange. Nature 258 121-125 1975.

W

S Wb



"]

S~ ¢ ]

Vi

October 1994 Sister chromatid exchanges in fluorotic individuals 219

9

10

11

12

13
14
15

16

17
18
19
20
21
22
23

Kram D. Schncider EL, Singer L, Martin GR. The effects of high and low
fluoride dicts on the frequencics of sister chromatid cxchanges. Mutation
Rescarch 57 51-55 1978.

He W, Liu H, Bao H ¢t al. Effcct of sodium fluoride and fluorcacetamide on
sister chromatid cxchanges and chromosomal aberrations in cultured Red Munt-
jac (Muntjacus munijak) cells. Acta Scientiae Circumstantiae 3 94-100, 1983.
Tsutsui T, Susuki N, Ohmori M. Sodium fluoride-induced morphological and
ncoplastic transformation. Chromosomc aberrations, sister chromatid cox-
changes, and unscheduled DNA synthesis in cultured Syrian hamster embryo
cells. Cancer Research 44 938-941 1984.

Kishi K, Tonomura A. Cylogenelic effects of sodium f{luoride. Mutation Re-
search 130 367 1984,

Thomson EJ, Kilanowski FM, Perry PE. The effect of fluoride on chromosome
aberration and sister chromatid cxchange frequencies in cultured human
Jlymphocytes. Multation Research 144 89-92 1985.

Leonard A, Duknudt GH, Decat G, Leonard ED. Cytogenetic investigations on
Icukocytcs of catile intoxicated with fluoride. Toxicology 7 239-242 1977.
Jagicllo G, Lin IS. Sodium Muoride as potential mutagen in mammalian cges.
Archives of Environmental Health 29 230-235 1974.

Jachimczak D, Skotarczak B. The eflect of fluoride and lcad ions on the
chromosomes of human leucocytes in vitro. Genetica Polonica 19 353-357 1978.
Tsutsui T, Suzuki N, Ohmori M, Maitzumi H. Cytotoxicity, chromosome
aberrations and unscheduled DNA synthesis in cultured human diploid
fibroblasts induced by sodium fluoride. Mutation Research 139 193-198, 1984,
Scott D. Cytogenetic effects of sodium fuoride in cultured human fibroblasts.
4th International Conference on Environmental Mutagens, Stockholm, 1985.
Mohamed AH, Chandler, ME. Cyrological cffects of sodium fluoride on mice.
Fluoride 15 (3) 110-118 1982.

Katz S, McDonald Jr JL, Stookey GK. Preventive Dentistry in Action. DCP,
Upper Montclair NJ 1979 pp 306-392. ,

Fluorine and Fluorides. Environmental Health Criteria 36. World Health Orga-
nization, Geneva 1984 pp 1-136.

Chinoy NJ, Narayana MV, Sequeira E et a!. Studics on cffects of fluoride in 36
villages of Mechsana District, North Gujarat. Fluoride 25 101-110 1992.

Chinoy NJ, Narayana MV. Studies on fluorosis in Mehsana District of North
Gujarat. Proceedings, Zoolagical Society, Calcutia 45 157-161 1992.

Chinoy NJ, Barot VV, Michacl M et al. Fluoride toxicity studies in Mchsana
District, North Gujarat. Journal of Environmmental Biology 15 163-173 19%4.

_ Published by the International Society for Fluoride Research
Editorial Office: 216 Atkinson Read, Titirangi, Auckland 7, New Zealand





