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

F J Shcth, A S Multani and N J Ckinoy 
Aluiicdabad. India 

SUMMARY: 711c purposc o f  this prcliminafi- invcsfigation n-as to cornparc thc 
gcnotosic cffcct of fluoridc in human iiidividuals directl!. csposcd to high con- 
ccntrations of drinking \vatcr fluoridc (1  -95 to 2.2 ppm) vith those in individuals 
csposcd to coiiccntrations (0.6 to 1.0 pym) jvithin thc WHO ycmissiblc limit. 
Sister chromatid exchanges (SCE) and cell q c l c  prolifcrativc indcx wcrc studicd 
in whole-blood cultures of fluoratic individuals and comparcd with normal controls 
of agc-matchcd groups. Thc results suggest that the SCE ratc in persons esposd 
to fluoride in the endemic (1.95-2 2 ppni) areas of North Gujarat is significantly 
higher than that of those living in Ahmedabad (0.6-1 .O pprn). There is no signifi- 
cant differcncc in the cell cyclc proliferative indm. Fufiher investigations are 
needed to wnfim the findings. 
Kcy words: Fluorosis; Gcnotoxic; Mutagen; Sister chromatid cxchmgcs. 

Introduction 
Fluoridc is  ubiquitously distributd in our cnvironmcnt. It is present in air, 

watcr, and fertilizcr residues, and traces havc bccn rcported ki almost WET edible 
matcrial that we consume in our daily life. Water is ordinarily the principd source 
of fluoride intake by the human population. Continuous elTosure to higher than 
pcrmissible levels of fluoride (> 1.0 pprn) in drinking water leads to crippling 
fluorosis. More than a million people in India are afflicted with skeletal and dental 
fluorosis. Numerous studies haw been camcd out in relation to the influence of 
fluoride on thc cnvironmcntal and biological yVstems, but tlierc is a peat' d d  of 
controvcrs?. regarding i t s  potential genotoxic cffkcts in mammals (1,2), The present 
study was undertaken with a Vim- to invcstigare the gcnotoxic cffcct of fluoridc, if 
any, on thc endemic population of Gujarat 

Materials and Methods 
Pcripheral blood w s  collectcd from 100 individuals, mainly fiom Mchsana 

District of North Gujarat, and 21 from Ahmedabad. The inhabitants of these 
Villagcs w r e  cxamincd for apparcnt mottld teeth, back pain, stificss of back and 
joints, and other clinical manifcstations including skclctal problcms prior to blood 
sampling. Most of thcsc individuals werc unable to bend due to a stiff back, which 
indicatal fhat thcy were afflicted nith fluorosis The clinical history was recordcd 
in a standard proforma. Water samples of the villagcs were coliccted for the 
estimation of fluoride levels. 

Mctaphasc chromosome preparations from the blood samples of the fluoridc- 
affectcd individuals and control mcmbers were carried out by routine p h p -  
hacm.gghtinin (PHA) stirnulatcd culturcs 5-Bromodeosj-uridinc (BrdU) was 
addd  at a final concentration of 10 pg/ml at 0 houw. 

Dirision of Human Gcnctics, Dcpartrncni of 20010~. Uni\*ersiry School of Scicnccs. 
Gujarat Uni\*crsity. Ahmedabad 380 009, India. Concspondcncc io Profcssor Chinay. 
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Tlie fluorcswncc plus Gicmsa incthod was uscd for thc scoring of sistcr 
cliromatid cschangcs. and tlic proccdurc of Pcrn and Wolff (3) \vas folloncd uith 
slight modifications. All thc slides \\-ere randomizcd \vith code numbers and wcrc 
scanned b!- a single indir.idual. The chromosomes \\em cxaminod under a Nikon 
light microscope. Thc influcnce on the cell cycle prolifcrativc indcs \\-as evaluatd 
by rccording the percenmge of cclls in thc first (MI), sccond (M2). and third (M3) 
cell divisions. A minlmum of 100 cells verc anal!scd from caeh culturc. Thc cclls 
in M2 phasc wcrc furthcr csamined and only the cells with w l l  spread chromo- 
somes werc scored for sistcr chromatid exchanges (SCES). A total of 25 cells from 
each culture were examined for SCE frequency. The Studcnts 't. test \vas u s d  for 
statistical analysis of SCE data. 

determined with an Ion Selcctivc Electrode Onon Model 70 1 A. 

' ,  8 
Fluoride concentrations from the serum as well as from the watcr samplcs were ; 4 

Results 
Thc ficqumcies of sistcr chromatid exchanges in fluoride affected individuals 

and in normal controls are slioun in Tablc 1. Thc values are the averagc ( m w )  
numbcr of SCEs observcd in minimum 25 M2 cells each With 46 chromosomes. 
Statistical analysis indicated a significant increase (pC0.05) in the SCE/plate in 
the study group when cornpard to the normal controls. The influence of fluoride 
toxicity on cell cycle proliferative index was also carried out. Cultures from both 
the fluaide affkctd individuals and normal controls shawed presmce of cclls in 
Ist, 2nd and 3rd cell cycles indicating the existence of all thrcc cell cycles in both 
the groups of cells. No significant variation w a s  obsetved h the cell cyclc proli- 
ferative index of fluoride affected individuals as compared to controls (Figure 1) .  

The serum fluoride level was sig&canrly elevated (p<O.OOI) 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 study the genoroxicity 

of fluoride (1,4-12). ln thc present study, human populations directly exposed to 
fluoride in d d m g  water in endemic re&ms of North Gujarat wcre investigared to 
evaluate the possible effect of fluoride on SCE. To the best of our knowledge this 
i s  the first report on genotoxic effects follo~ing long-term fluoride intake in an 
endemic area in India. In this study, the rcsuts from cultured human lymphocytes 
indicate a significant increase in the frequenq- of SCE in the study group corn- 
pared to the normal control In vitro studies have jielded inconsistcnt findings wth 
regard to SCE in white blood cells. h human I~mphocytes exposed to doses up to 
4 mM ( 1  1) and 3 rnM (12) of NaF, no significant variation in the fi-equencv of 
SCE was reportcd. In vivo studies camed out in mice maintained for seven genera- 
tions on a diet containing l .2 mM NaF indicated no increase in SCE frequencies in 
bonc mamow cells (8). On the other hand, an incrcasc in the incidence of SCE was 
obsmed in cultured Red Muntjac cells and in cultured Sjl ian Hamster embryo 
cells at dosage levels of O S ,  1 .O, and 1.9 mM, rcspectively (9,lO). 

c 

L 



I 

1 

r 

5 

09/15/2084 15: 83 3152297421 SLU CHEM AND PHYSICS PAGE a7 

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" 
in vest iaated screened 2nd cell cycle 

1 Control 21 21 73 01 2 7.46 f 0.52 
2 Study 100 11005 3856 8.79 k 0.26 

* = mean f SE 
The values are significantly different (p  c 0.05) 

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

Area 

Control 
(Ahmedabad) 

Range 
n 

Endemic Region 
(Mehsana District) 

Range 
n 

Water 
Fluoride (pprn) 
0.62 f 0.02 

0.60 - 1.04 

2.20 f 0.05* 

1.949 - 2.21 1 
36 

24 

Serum 
Fluoride (ppm) 
0.04 i 0.002 

0.03 - 0.05 
25 

0.286 f 0.02' 

0.177 - 0.539 
24 

Values are mean f SE 
n = number of samples 
* = p e 0.001 

FIGURE: Influence of fluoride on the cell cycle proliferation 
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Furthcmlorc. no signxfiant chromosomal daniayc \vas obscn*cd in 1jmlphoc:tcs 
of cattlc n-ith signs of chronic fluoridc poisoning (13), in mousc ooc>tcs at doscs 
as high as IO0 pprn, and cn-c ooqtcs csposd to IO ppm NaF ( 14) A significaiit 
incrcasc in chromosome abcmation was rcportcd in l~urnan Icukoc>tcs ( I  5). human 
fibroblasts ( 16.1 7), and in mkc ( 18) maintaincd on fluoridated watcr. 

I t  is, hotvevcr, difficult to carrclatc thc results of the prcsent study it311 thc 
carlicr rcports, sincc mast of thcm have bccn carried out using cithcr 117 wtro 
culturcs or 117 vivo s!*stcms b). treatins tlic cspcrirncntal animal uitli fluoridated 
compounds. Morcovcr, thc doses of fluoridc uscd for i17 uilro studies wcre much 
higher than those evcr attaincd i f7  VIVO in body fluids of rnamnalian organisms ( 19), 
and thc in vivo studies have been carncd out at concentrations far in excess of 
those cncountercd in dailj. living (2). In the present study, the fluoride content in 
drinking ur-ater of the endemic villages (Table 2) was higher than the pcrmissible 
levcl of 1 ppm, according to the WHO standards (20). Serum fluoride conccn- 
trations wcre also SignificantIy highcr in the fluorotic subjects of these areas, 
corroborating carlier data (2 1-23). 

The results of the prcsent invcstigation suggest that in fluoride-affectcd 
pcrsons csposcd to 1.95-2.2 ppm fluoride in drinkzng watcr chromosomal altcra- 
tions as indicated by SCE fkqucncy and chromosome aberrations wcre higher than 
in normal pcrsons exposed to 0.6-1 .O ppm drinking water fluoride. However, 
analysis of samples from other endCmic areas, and also usc of a series of  iuvesti- 
gations includmg 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 jess than 0.2 pprn fluondc. Hot\-e\cr, die fluoride lcvcls III drinking water in 
Ahmcdabad and its vicin$ m g c  from 0.6 to 1.04 pprn (see Table 2). 
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