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INTRODUCTION

The sister chromatid exchange (SCE) ana-
laysis has been extensively used for thie assess-
meni of the DNA damaging potential of vari-
ous physical and chemical environmental
agents (Latt et al., 1980). However, neither the
mechanism of prodoction nor the biological
conscquences are fully understood, The
present study was undertnken:

I. to investigate the frequency of SCEs in
human amnion cells,

Z. to investiigative the effect of betel and to-
bacco chewing on the frequency of SCE,

3, 1o investigate the effect of bidi and ciga-
reme smaoking on the frequency of SCE in hu-
man lymphocyie chromosomes.

4. to investigate the SCE levels in the pe-
ripheral blood of patients with oral leukopla-
kia nnd to correlate them with the habits of
different forms of tobacco wsage.

5. to investigale SCE levels in the periph-
eral blood of patients with submucuous fibro-
sis and (o correlate them with the habits of dif-
ferent Forms of ohbacco usage,

6. 1o investigate the effect of betel chewing
af the frequency of SCE in pregnanl women
and women using oral contraceptives, in
whom the hormonal profile is known to be dif-
ferent from normal women (For details see,
Ghosh and Ghosh, 1984, 1986, 1987, 1988;
Ghosh et al., 1988, 1990).

MATERIALS AND METHODS

The material collected and analysed for
various investigations were as follows:

I.vo study the frequency of SCEs in human
amnion cells, the aumber of pregnant women
participating im the study was 27. This consist-
ed of 12 smokers who smoked at least 10 cig-
arettes per day and 15 non-smoking controls.
The average age of smoking women was 36.4
years (range 35-38 years) and those of non-

smoking control was 35.7 years (range 34-39
years) (For details see Ghosh and Ghosh,
1986).

2, to study will effect of betel and (obacco
chewing on the frequency of SCE. Peripheral
blooed samples were obtained Irom 53 healthy
adult males who were not occupationally ex-
posed (o mutagens, they were non-smokers
and had no previous history of drug consump-
tion. 18 were betel chewers, 15 chewed beiel-
with-1obacco, and the remaining 20 individ-
uals were apparently normal non-chewing
males who served as controls.

3. to study the effect of bidi and cigarctte
amoking in the SCE samples were oblained
from 62 healthy adult males belonging to low-
ef spCio-economic staius who were not docu-
potionally exposed to mutagens and who had
no known disense or recent viral, chemical, or
radiation exposure, Twenty-four were bidi
smokers, 18 smoked cigareites, and the re-
maining 20 individuals were apparently nor-
mal, nonsmoking males who served os con-
trols (For details see Ghosh and Ghosh, 1987),

4. 1o study the SCE levels in the paticnis
with oral leukoplakia and to correlate that
with habits of different forms of tobacco us-
age, peripheral blood sampels were collected
from 59 cases of oral leukoplakia. Leukopla-
kin was defined as a white paich that canno
be removed by scraping and cannot be attrib-
uted to any other diagnosable discase, This
definition has no histologic connotation. The
control group consisted of 65 age-matched
normal individuals with no history of tobac-
¢o usage, radintion, or viral exposure. The
mean age was 38.42 years (range 23-54 years)
for individuals with oral lcukoplakias and
356,53 vears (range 21-52 years) for the con-
trols (For details see Ghosh et al., 1988).

3. to study SCE in will patients with oral
leukoplakia and to correlate them with the
habitz of different forms of wwbacco usage, pe-
ripheral blood samples were collected from 45
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coses of oral submucous fibrosis. Submocous
fibrosis was diagnosed solely on clinical
grounds and only when the patients exhibit-
ed the presence ol palpable librous bands. The
control group consisted of 56 age-matched
normal individuals with no history of tobac-
co usage or radiation or viral exposure. The
mean age was 41,53 years (range 24 1o 58
yiears) for individuals with oral submucous fi-
brosis and 39.25 years (range 22-55 years) for
the controls (For details see Ghosh et al.,
1990,

6, o study the effect of betel chewing on the
SCE lrequency, peripheral blood samples
wore obtained from 129 healthy adult femaoles
who were nod occupationally cxposed 1o mu-
tagens. They were non-smokers without re-
cent viral infections or radiation exposure,
The first group included non-chewers consist-
ing of 20 pormal women, 24 pregnant wainm-
en, and 27 women using oral coniraceptives.
The second group included betel chewers con-
sisting of 16 control women, |9 pregnant
women, and 23 oral contraceptive users, All
pregnant women were in their last irbmesier of
pregnancy. A combination of etheayl estradi-
ol and d-norgesirel has becn taken by women
using oral contraceptives for periods ranging
from 5 to 26 months {mean, 17 months}.
Chewing hobits were 15.2+6.4 (range, 6-29)
betel leaves per day for normal women,
14.5=5 8 {range. B-24) betel leaves per day for
pregnant women, and 148261 (range, B-31)
bete] leaves per day for women using oral con-
iraceptives (For details see Ghosh and Ghosh,
| 98B,

RESULTS AND DISCUSSION

1. Sister Chromatid Exchanges in Human
Amnion Cells

There wos a morked difference in the SCE
frequency between smoking pregnant women
(X=8.27) and their amnion cells {X=6.46)
(1), In 10 ouwt of 12 lymphocyte-amni-
on comparisons, o f-lest produced p values
=001 indicating a highly significant differ-
ence in SCE frequency (Table 1.1),

The group mean of the ron-smoking pregnant
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Table 1.1: SCE [requency in smoklng prégnant wam-
en and their amnbon cells (in years)
Cave Trexwe

¥ ACEpereell  -riatisiics
Al ean s ]

1 Lyrmighocyic 9 G198 3,76
Amaion 3132031

F Lymphocyie 5 Q042 8T Z4e
AT B1142.29

3. Lymphocywe ] THELNT  5.60+
Amindomn LT

4. Lymphocyte 10 THexZ3r 521+
Amnaon 5 6d=0.01

5 Lymphocyte 5 A.132256 04T*
Amnson Ta1z211

G, Lympiocyie & 474345 T.aie
Amneon §.20x1 B2

T,  Lymphocoyte 4 B 32233  E2p=
Amnion G l420.91

i Lymphocoyie (1] 7462l BT 177*
Amnian 6142172

2. Lymphacyre B 1565296  1.03*
Amnion H.9HE2 67

10,  Lyenphocyie 12 1hT42326 4.51*
Ammnion B1T£2.42

1L, Lymphocyie B 6.95:3.11  4.460*
Amnicn 5121719

11 Lymphecyic 7 1752117 6F7*
#mnion £521=1.54

Mean Lymphocyie SCE B2Tel. 15 1.54=

Mean Amnion SCE Gdfe] 15

* Significand {p=01.01),

women is 8.58 SCEs per cell compared 1o 6.84
for the amnion cells (Table 1.2). This difference
was also highly significant (p<0.01). In 12 out
of 15 lymphocyte-amaion compensons, o f-test
produced p walues that were signilicant at the 1
per cent level. A comparison of the mean SCE
frequency of smoking pregnanl women
{X=8.27) and that of the non-smaoking pregnam
women (X=8.58) showed no significant differ-
ence (palh 3}, This agrees well with cenain ear-
lier findings (Ardito et al., 1980; Sutherland et
al., 1980 but contradicts other (Husgofvel et al.,
1980; Lambertet al., 1978; Livingsione and Fin-
eman, 1983; Lundberg and Livingston, 1983;
Murthy, 197%) who observed higher SCE levels
in smrokers than in non-smokers {Table 1.2,
The difference in the SCE frequency of am-
nion cells and the lvmphocytes of pregnant
waomen from whom these amnion cells are de-
rived may correspond o different growth ki-
netics as a relationship between SCE frequen-
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Tahie 1.2: SCE fregquency in non-smoking pregnant
women amnd their amnlan cells

Core  Tidiué SCE percell I- Rt EIiCE

o, ~HenzS T

1. Lymphocyie 1453, 14 403"
AT 06 B 19221 38

2. Lymphocyie 7. TBxl .93 4.43"
A i f.1d=1.85

3. Lymphocyte BEa=1.71 5,70
Anmamion G 18:0.93

4, Lymphocyie 0194268 LR 1
Ammian B.T3x+2 44

5 Lymphocyie todd+T. |4 1.15
Ammion 597193

&, Lymphacy e TA8:1.93 §5|=
Apmnlon S.b6x1.59

7. Lymphacyte H 3229 447
Amnnion 6.35+2. 18

H. Lymphacyte 942 21 1RE=
Amnbom 5722 14

9. Lymphocyse t RS ] 14%e
AEnkon 6. 720.91

10.  Lymphacyse 278292 320
AEnnkon B l1£2.23

1. Lymphocyts 6,4T£2.12 0%
A g e &, 0 1=].50

12. Lymphocyie 9512328 5.40=
A o T.i3=].64

13, Lymphosyie [E Rt e 5.0E*
A sl on T.69a2 24

i4. Lymphocyic 793,12 4530
& s o B. 172243

15, Lymphocyie T.A31z1 18 L L
B | 5.T73=].95

Mean Lymphooyie 3CE  B.58z1.41 3E6-

SCE freqjuesiy

Mean Amnion 6. 842 .03

Fregquoncy

= Significan {p=000i ).

cy and cell proliferation kinetics has been ob-
served (Lamberti et al., 1983; Lindbald and
Lambert, 1981). The reduced frequcency of
SCE: in human amnion cells as compared 1o
adulis may be attributed to several factors, The
elevared SCE frequency in adulis may be due
to their exposure to potential DNA-damaging
agents in the environment. The lack of ante-
natal effect could be due to insufficient expo-
gure, inability of metabolic products to cross
the placenta or placenial detoxification of
DMA-damaging agents. Further studics with
known mutagens and carcinogens in amnion
cells and lymphocytes may tell us whether
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there exists a differential response in terms of
DA damage in these cells.

2, Sister Chromatid Exchanges in Betel and
Tobacco Chewers

Diatn on the mean frequency of 3CE per cell
are presented in table 2.1, Betel chewers had
a mean SCE percell of 7.95£1.53 whereas be-
tel-with-tobacco chewers had a mean SCE per
cell of 9.62+32.32. These values are signifi-
cantly higher than the mean walue of
5.32£1.21 found in normal controls, The mean
SCE frequency in those who chewed more
than 10 betel leaves per day, immespective of
duration, was 9, 84£2.37, while those who
chewed less than 10 betel leaves per day had
a mean SCE frequency of 7.53£1.49, This dif-
ference was highly significant {p<.01). Simi-
larly, the light betel-with-tobaceo chewers had
a mean SCE frequency of B.1722.14 which
was significamtly different from the mean SCE
frequency of heavy betel-with-tobacco chew-
ers 12132358 (p=0.01). The mean SCE fre-
quencies in those who had chewed habitually
for ower 10 years, irrespective of number of
betel leaves chewed, were 10.61£2.85 betel
chewers and 12,5643 47 for betel-with-lobac-
co chewers (Table 2.2). These values were sig-
nilcantly different from the mean SCE fre-
quencies in those who had chewed for less
than 10 years; the frequency being 715116
for betel chewers, and 7.98+1 81 for betel-
with-tobacco chewers (p<0.001). The corre-
lation coefficient was also calculated for the
2 variables (betel chewing versus SCE fre-
quency ) and tested by the ~~test, There was sig-
nificant correlation between the number of be-
tel leaves chewed (with or without tobacco)
and the mean SCE freguency (r=0.61;
p=0.001}, and the duration of chewing and
mean SCE frequency (r=0.63, p<0.001). The
degree of exposure to betel chewing may be
an imporiant determinant of frequency of oc-
currence of SCE, as the difference in SCE fre-
gquency beiwoen betel chewers and betel-with=
tobacco chewers is only significant in the
group who had chewed for more than 10 years
ip<.05). Moreover, chewing of betel-with-
tohacco may have o synergistic effect com-
pared to chewing betel alone, since ihere are
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indications that betel extract definitely accel-
erate the promotion of tobaces carcinogene-
sis (Ranadive et al., 1976), Cur data indicate
that a dose-response relutionship may exist
between the level of chromosome damage, as
reflecied by SCE lrequency, and the degree of
exposure 1o betel and tobacco chewing.

The signilicance of the increased frequen-
cy of SCE in betel and wobacco chewers 15 not
clear. In India, the buccal cavity and pharynx
are frequently affected by cancer (JTussawalla
etal., 1968, The incidence of oral cancer has
been reported to be as high as 34.9% of all can-
cers reported in Indian males {Paymaster,
1964}, This high incidence of oral cancer has
been attributed to the habit of betel and tobac-
cochewing (Atkinson et al., 1964; Hirayvama,
1966; Mehraet al,, 196%; Sanghvictal., 1955;
Schonland and Bradshaw, 1969), The risk of
developing oral concer in chewers of betel-

Table 3.0 Mean Frequenches of SCE in chewers

& Groag Wamher af  Mean apr ICE percell
L1 mbiecis i vears) ﬁ:uti.rﬁ. Eg:
| Moa-chewess 20 18.0 3,531,231 o-13
I All bate] Dheweta I8 1N4E 1.052.5] 19
|a} thl 1] [ f.43z1 43 13
iby Heavy L] 17.1 U E4:3 0T b O |
3. Al berel-withphecon
chawers 15 (LN LR ]
{al Ligh ¥ g BTl 1-19
by Heavy & JE.S 12132358 44

Diflerences betwsen § and 3 and botweon | and 3 are sig-
nificant {p-c0000 5 by the paired r-sest.

[Hifferenee between Taand Ib and botween 3o and Yb are
sigmificant (p-c0).01] by ke paired r-sest,

Tahle 2.2: Mean Freguencies of SCE in "HIGH' and
LW chewers

3 Il'a'mrl Namtier of  Mean aze ECE per ceit
M, mbypects (i pears| Weapzh D, Rumpr
|. Mon-chewers rl ] JB.E £33:1.10 G212

1. Hensl chewers

2] Mooe than 10 years 8 L] 10A121 8% 3-19

bk Lees ban |0 years 9 L1 T.15:1.18 007
1 Hessl-with-iohaces chewen

{a) Moere than E0 peaes 7 5ER 12.56:3.47 5.12

(b} Lok nbaa 10 vears 8 .l ToRs1 8k 0-07

DiMerenced betweea 2o and 2k s briween Ja emd b are mgnifi-
cant {pliil | by ihe paired i-req.

Biffereece between 1o mad b2 Ja are sgnificam (p<f.05) by the
paired raes
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with-1obaceo was found 19 be 4.8 times high-
er than in non-chewers, and those who chewed
the betel guid without wobacco showed a 3-
fold greater risk of developing such cancer
than the non-chewers {(Jussawalla and
Desphande, 1971). Thus ihe carcinogenic
potetial of betel is enhanced by tobacen, Stied-
ies of SCE vis-g-vix oral cancer in betel and
tobacco chewers, may help ws to undersiad the
epidemiology of buccal and pharvngeal car-
cinogenesis.

3. Sister Chromaiid Exchanges in Tobacco
Smokers

Data on the mean frequency of SCE per
cells are presented in table 3.1, Bidi smokers
had a mean SCE per cell of 10,122 .41,
whereas, the cigarette smokers had o mean
SCE per cell of B.15£1.62, These values are
significantly higher than the mean value of
5482029 found in controls, The mean SCE
frequency in those who smoked more than ten
bidis per day ierespective of duration, was
12.25+3.43, whereas, those who smoked less
than ten bidis per day had o mean SCE fre-
quency of B.2322.16, This difference was
highly significant (p<0.01). Similarly, the
light cigarenie smokers had & mean SCE fre-
guency of 8.72£1.53, which was significani-
Iy different from the mean SCE frequency of
heavy cigarcite amokers (ie., 9.56+2.28;
01}, The mean 3CE frequencies in those
who had smoked habitwally for over 10 years,
irrespective of the number of bidis or ciga-
retics smoked, were 12.71+3.52 for bida
smokers and 10482263 for cigaretie smok-
ers {Toble 3.2}, These valucs were significant-
Iy different from the mean SCE frequencics in
those who had smoked for less than 10 years;
the frequency being 8.03+1 .49 for bidi smok-
ers and 7.86+£1.12 for cigarette smokers
(<L}, The correlation coefficient was also
calculated for the twao variables {(smoking ver-
sus SCE Irequency ) and tested by the r-test
There was significant correlation between the
number of bidis or cigarettes smoked and the
mean SCE frequency (r=0.67; p<0.001), and
the duration of smoking and meéan SCE fre-
guency (r=0.69; p<(L.01 ), The degree of expo-
sure 1o tobacco smoking may be an import-
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ment determinant of the frequency of ocour-
rence of SCE, as the difference in SCE [re-
guency between bidi smokers and cigaretic
smokers is only significant in the group who
had smoked for more than 10 years {p=<0.01}.
Our dota indicates that a dose-response rela-
tionship may exist between the level of chro-
mosome damage, as reflected by the SCE fre-
quency, and the degree of exposure 10 tobac-
oo amoking.

The significance of the increased frequen-
ey of SCE in bidi smokers compared with cig-
Tubbke 3.1 : Mean frequencles of SCE in smokeors

& Graup Number of Mrumaps  SCE par call
M. aebierts  fiwpears) MeaesS 0 Banpe
1. Noasmekers I i | S48zl B-01
I, All bidi smakers b | 6T 18 i2£2 41 3-19
{al Heay ] 35K 11252345 2-11
{hy Light 14 s E13:2.04 119
3. Al cigareue smokers 18 5B.2 B.15&l.60 1-16
] Heavy 11 kLR R R
1h Light 1 39.1 6. T2xl.5) &4

[ithessnces between wansmokers and bid weokers. behanm possmlen sl
cigaretie smabers ane sipuificand (peludl ) by the pured r-iew

Difference berween heavy bidi amakers and light bk smolers md betweth
bavey ciganitic imaker uidl bight ciarene emokers e agmificant (p<iLil)
Iy the: paired 1120

Table 3.2; Mean frequencies of SCE n high and low

amakers

L Gemp Nembivrof  Mras age SCE per cell
Ma sbjectr i pracsl  Meanid B Sespr
|. Noaumeksm n GRS S41:1.8 11
I Bidi imokers |

[nh Moe thas a3 IR (el 5 K b

{b) L thum 10 yearn n: I EEAI L A
5. Cigareilr imaken

() Whows Lk 1D ey B ITE BB )19

ibi Lesdhm 10 years 10 I Thkzl 0l 018

nlﬂlrllnﬂ.hd:'uuiﬁ]l Eidi errokers and betwcen > I-ﬁ:rl E1pseile B
em and < [0 yr cipmeie imeber o sgmbican (poidl ) by te paired i-lest.
Dilferesce berween » 10 y7 bidh sookers sad > W pr cigarem: siers o
sigrificant {pcB 1) by the paired 1ieu

aretie smokers is not elear. The amount of to-
bacen content of the "Indian bidi® varies from
0.2 1o 0.3 g in comparison with 1 g of tobacco
contained in a standard sized cigarette (Jus-
sawala and Deshpande, 1971). In a compara-
tive chemical annlysis of the mainstream
smoke of Indian bidi and U5, nonfiller ciga-
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retie, 1l was found by Hoflman e al, (1974)
that bidi smoke has a higher conlent of sever-
al toxic agents, such as carbon monoxide (7.7
vi 3.5 vol/dl}, ammonia (284 vs 180 pgl, hy-
drogen cyanide (903 vy 445 pg), phenol (250
ws 150 pg), other volatile phenols (264 vs 173
HE), and carcinogenic hydrocarbons,
benz{ajanthracene (117 »x Bl ng) and
benzofa)pyrene (78 va 47 mg). These chemi-
cal data suggest that the smoke of bidi has
miore carcinogenic activity compared with the
smoke of cigareties.

The iobacco smoke condensates produce
DMA lesions that result in SCE and there may
be qualitative similarities between the resp-
sonse 10 tobacco tar of lymphocyles in virro
and bronchial epithelium in vive, The level of
carcinogenic ingredients that can react with
cellulor DMNA may be partiularly high in the
respiratory airways of inhaling cigarente
smokers {Hopkin and Evans, 1978). Epidemi-
ologic studies indicate an association between
iz habit of bidi and cigarette smoking and
lung cancer (Mehta et al., 196%; Notani and
Banghvi, 1974) and there is increasing evi-
dence to support the development of cancer as
a result of somatic mutation (Hopkin and
Evans, 1980). The risk of developing lung
cancer in bidi smokers was found to be 3,38
times higher than nonsmokers and those who
smoked cigarettes showed 236 limes greater
risk of developing such cancer than r.onsmok-
ers (Motani et al., 1977, However, factors
besides smoking may also play an important
role in the etiology of these cancers {Jayant et
al,, 1971, The bidi and cigaretie smokers of
the present study belonged 1o lower socio-gco-
pomic status where nutritional deficiencies
miay exist. Several studies have shown that the
level of nutrition affects the frequency of SCE
(Balabrishna et al., 1980, 1982) and that na-
tritional deficiency is an important underly-
ing factor in the etiology of human cancer
(Wynder and Mabuchi, 1972), Studies of SCE
vig-a-vis lung cancer in bidi and cigareie
smokers belonging to the higher socio-eco-
nomic classes, where the occurrence of nutri-
tional deficiency is low, may be helpful 1o a
benter understanding of the mechanizsm by
which smoking leads to cancer.
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4. Sixter Chromadit Exchanges Among Oral

Lenkoplakie Patients

[rata on the mean frequency of SCE per cell
in patienis with oral leukoplokia and normal
controls are presented in table 4. Potients with
oral levkoplakia had o mean 3CE frequency
of B.61+1.89, which was significantly higher
than the mean SCE value of 5.58+1.26 ob-
served in normal contrals (p<0,001). The
mean SCE frequency in patients with oral lew-
koplakia who were addicied o the single habit
of betel with tobaceo chewing, bidifeigaremne
smaoking, of combined habits of chewing and

FEK. OHOSEH

attributed to their addiction to tobacco habits,
Several studies have indicated that the habit
of tobacco smoking and tobacco chewing en-
hances the frequency of $CEs {16-23) (Ghosh
and Ghosh, 1984, 1937, 1988; Lambert et al.,
1978, Livingstone and Fineman, 1983; Mei-
ving et al., 198Z; Obectal, 1982; Wulf et al.,
1983). Howewer, the extent of SCE induction
in patients with oral leukoplakia by different
types of 1obaceo usage was not identical. The
mean elevation of SCE frequency in patients
with oral leukoplakia induced by single hab-
its of betel with tobacco chewing, bidifciga-

Table4: Mean frequencies of SCE in potients with oral leukeplakia in relation to differend habiis of iobacco ws=

age

5 rmgp T Py g Wamirar e Meom age SCE per cell

Mu, Turbipg wwbifacis {in weare) Mrane5.0  Range

| Mormal conkrols Mo iobaceo habits 65 3653 158026 g-13

2 Ol leukopdakins 50 3842 B&1xl BS 1-19
{a) Boiel with ichacco chowing 17 1764 79521683 1-16
{1 Bidifcigarene smoking 9 EER L B17=l66 217
{ch Combaned habiis’ 23 o 4232204 319

I. Dafferences hevween | and 2, | amd 20, | and 2k, | and 2e sre gignificant (g<0.001) by student’s t-test

2. Persons addicied to bath iohacco chewing and smoking.

smoking twwobacco were found to be 7.95£1.63,
8.17£1.66, and 9.2342, 14, respectively, These
values wenz also significantly higher as com-
pared 1o the SCE values observed in normal
controls (p<0.001). There was significant cor-
relation between the number of bewel leaves
with abacco chewed and the mean SCE (re-
gueney (r=-62; p<0.001) and alzo the aumber
of cigarenes or bidis smoked and the mean
SCE frequency (/=0.65; p=0.001}).

The most striking finding of the study iz the
association ol leukoplakia with tobaceo us-
age, All the patients with oral leukoplakia
were habiated w twobacco usage, and not o
single individual without this habil was en-
countered in the series. OF the patients with
'eukoplakia, 28.8% were addicied 1w betel
with tobacco chewing, 32.20% smoked 1obac-
co in the form of bidi or cigareites, and
A8.98% were habituated to the combined us-
age of tobacco chewing as well as tobacco
smoking. In the present study, an increase in
the frequency of SCEs was observed in pa-
tients with oral leukoplakia, which may be

rette smoking and the combined habiis of,
chewing and smoking of tobacco was found 1o
be 2.37, 2.5%, and 3.65 SCEs, respectively, as
compared to the SCE values observed in nor-
mal controls, This finding may imply that
combined habits of tobacco smoking and
chewing induces more chromosomal instabil-
ity as compared 1o the single habits of batel
with tobacco chewing or tobacco smoking
alene, Epidemiclogic studies have reported an
increased frequency of oral leukoplakia as
well as oral cancer in people addicted 1o the
combined habits of tobacco chewing and
smoking as compared 10 those addicted 1o the
single habits of tobacco chewing or smoking
{Mehtaeral., 1969a,b, 1972 a,b, 1976). It may
be possible thay simultaneous chewing and
smoking of wwbacco has a synergistic effect,
that is, chewing of lobacco may cause more
damage 1o the lymphocyie chromosomes of
tobacco smokers as compared (0 nonsmokers,
Experimental studies with animals have
shown that chronic exposure 1o tobacco smoke
resulis in impaired immupe responsivencss
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and decrensed resistance to tumor challenges.
(Esberetal., 1973; Jacob et al., | 980; Roszam
and Rogers, 1973, Thomas et al,, 1973, 1974
a.bi. Michalek et al., (1985), hased on his ob-
servation of patienis with bladder cancer,
speculated that cigaretie smoking may de-
crease the body's resistance to tumor chal-
lenge, thereby accelerating tumor growth, Al-
ligon and Law { 1968} and Allison and Taylor
{1967} claimed that tumor induction and pro-
maotion by carcinogens may be related to the
immunosuppressive property of tobacco
smoking. Shubick { 1985) observed a decrease
im the natural killer cell activity in tobacco
smokers, resulting in a lowered defence
against cancer. Since the ingredients of the be-
tel nut, which is invariably chewed with betel
leal and wobaceo, have been shown 1o induce
tumaors in the hamster buccol pouch (Suri &1
al., 1971) it may be possible that betel chew-
img enhances the process of malignant truns-
formation in smokers as compared 1o non-
smokers. This may explain the increased in-
cidence of precancercus lesions of oral cavi-
tv {leukoplaokia) wis-g-vix inereased SCE fre-
quency in people addicted 1o the combined
hakits of tlohacco chewing and tobacco smok-
ing as compared 1o people addicted to single
tabacoo habitz of either chewing or smoking.

In the 1978- 1979 period, the quantity of
raw lobacea ¢leared for home consumption in
India was 4 1 million kg, Sisty-five per cent ol
this tobaceo was cleared for smoking, 1 1% for
chewing, 1% for snoff use, and 21% for other
miscellaneous purposes including use in ag-
rieulture and industry. Due to the implemen-
tation of stronger legislation regarding the 1i-
censing of land under ebaceo cultivation, the
quantity of raw tobacco cleared for consump-
tion was reduced to 35 million kg in 1982 and
1983 (Tobacen in India, 1983). This is o wel-
come trend since the usage of tobacco scems
ter b an tmportant factor in determiming the
hilogic behavior of precancerous lesions of
oral cavity like leukoplakio in terms of their
progression to cancer. The reduction of tobac-
co consumption may thus be one of the con-
tributory fectors in lowering the incidence riste
of oral cancer,

It has been observed that the leukoplakias
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regressed more often among tobacco chewers,
wherecas among smokers, the leukoplakia was
found to be more persistent [Pindborg et al..
1967}, Long-term epidemiologic studies have
revealed the rate of malignant transformation
of oral leukoplakia to be around 0.9-1.4%
(Mehtaetal,, 1972b; Pindborg, 1969}, Two as-
sumptions prevail in the Herature on leuko-
plakia: that the condition is precancerous, and
that its prevalance (like that of oral carcino-
i) is correlated with tobacco habits. It would
secin useful 1o west both these assumplions in
controlled epidemiologic studies. A long-term
contralled follow-up of leukoplokia patients
for possible malignant changes should estab-
lish more clearly the nature of the lesion, Fur-
ther, an assessment of the prevalence of leu-
koplakia in the general population, especial-
I% 1obaccn weers, may be helpful in carly can-
cerdetection campaigns, Since most oral can-
cers are preceded by precancerous lesions, ed-
ucation on tebacco habits should be o leas:-
ble and effective method for primary preven-
tion of oral cancer. Recent long-term interven-
tion studies in South India have already pomni-
ed to the success of such an approach (Mehia
gl oal., 1982; Gupta et al,, 1986},

5. Sister Chromatid Exelanges (n Oral Sus-
imrcons Fibrosis Patlents

Data on the mean frequency of SCE per cell
in patienis with oral submuocous librosis and
normal controls are shown in table 5. Patienis
with oral submucous fibrosis had a mean SCE
[requency of 9.26£2.15, which was signili-
cantly higher than ihe mean SCE value of
5494 .24 ohserved in normal controls
(1,001 ), The mean SCE frequency in pa-
fienis with oral submucous fibrosis who were
addieted to the single habit of betel with 1o-
bacco chewing or bidifcigaretie smoking or to
combined habits of chewing and smoking to-
bhacco was B.12+1.69, 9.4321.67, and
[0.06£2 28, respectively, These values were
alzo significantly higher as compared with the
SCE values observed in normal contrals
(.00 ), There was signifcant correlaton
between number of betel leaves with wbacco
chewed and mean SCE frequency {r/=0.05;
P01 ) and also the number of cigareties or
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bidis smoked and the mean SCE frequency
(r=0.68; p<0.0017.

Oral cancer presents & major health prob-
lem in India. The buccal cavity and pharynx
are the areas most frequently involved by can-
Tabie £; Mean frequencles of SCE in patients witharal

submucoss fibrosks in relation o dilferent
hinbits of tolacco usage

i dinoap Mambsr ol Wemm oge SCE per el
L3 mebiects  fimyears)  Meawef 0 Nemgpe
1. Mormal cerirahien
i halsia i L L] jlgel 2 000
1 Ciral wbascss Nbeaiis 4% 4143 L TR L ]
{a) Bl wihi iabacca
chewiag | 1595 LiTzhE%  |-bé
() Bdifogarie sroking 11 11.24 LikidT Rl
(e) coenbired kabain 2 AL 15 Hp6ellE 1M

Parsons addiched to bolk tobaooo chewing and smoking.
[dfferences between series 1 and 2, 1 asd 2a, | and 24, 1
amd Ze woro signaficam (p<0001 ) by Stedend's st

cer and constitute 34 9% of the otal cancers
in India {(Paymasier, 1964), Tobacco usage is
an important eticlogical factor in development
of cancer of oral cpithelium Sanghvi (1981).
In India, tobacco is smoked in the form of cig-
arettes in urban arcas, whereas in rural areas,
particularly in the lower socig-economic
¢lnsses, the prevalent habit is bidi smoking.
The other impartant form of tobacco usage in
India is betel chewing, which is practiced ina
variely of ways, Every patient with oral sub-
mucieus fibrosis studied in the present inves-
tigation was addicted 1o either one form of 1o-
bacco usage or the other: 24.4% of the patients
with oral submucous fibrosis were addicted 1o
betol with inbhaceo chewing, 28.9% smoked io-
bacco in the form of bidi or cigarettes, and
46.T% were habituated o the combination of
tobacco chewing and tobacco smoking. This,
the increase in frequency of SCEs observesd in
patiznts with oral submucous fibrosis may be
altributed o their addiction to tobacco habits,
a5 has been widely reported (Ghosh and
Ghosh, 1984, 1987, |988; Ghosh et al., [988;
Livingstone and Fineman, 1983; Meiying ef
al,, 1982), The SCE lrequencies in patients
with oral submucous librosis varied agcording
o the mode of tobaceo usage. The single hab-
itz of betelftobaceo chewing and bidi'cigarens
smoking and the combined habits of chewing
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and smokng tobacco induced a mean elevation
of 2.63, 3 94, and 4.57 SCEs, respectively, s
compared with the SCE values observed in
normal controls. Thus, the combined habits of
tobacco smoking and chewing may induce
more chromosomal instability as compared
with the single habns of betel with tobacco
chewing or tobacco smoking alone,

About 250,000 persons in India are be-
lieved (o have submucous fibrosis. Epidemi-
ological studies on the prevalence of submu-
cous fibrosis have been conducted by
Pindborg et al. (1965) and Zachariah et al.
(1966), who examined 33,000 urban Indians
seeking admission to clinics of dental colleg-
es of various hospitals of India and reported
the frequency of submucous fibrosis to range
from (L2% 1o 1.2%. The etiology of submu-
cous fibrosis is still unknown. The most like-
Iy explanation is that chilli, a spicy ingredi-
ent of Indian food, may play a role in its on-
sel. Sirsal and Khanolkar (1962} demonstrat-
ed experimentally that painting rat palates
with capsicum, the active ingredient of chili,
causes | connective tssue response similar 1o
the changes observed in humans with submu-
cous fibrosis,

Patients with oral submucous fibrosis are
often characierized by epithelial atypia. Lem-
mer and Shear (1968) reported the incidence
of atypia 1o be 16,6% in patients with submu-
cous Tibrosis, In a series of surveys, Pindborg
{1966, 1972) and Pindborg et al, (1970) found
the frequency of epithelial atypia to range
from 7% 1o 23.8% in patients with oral sub-
mucous fibrosis. Similar figures were report-
ed by Seedat (1986} who found atypia in 23%
of 4% specimens of submucous Dbrosis, The
extent to which this high rate of atypia indi=
cotes the premalignant potential of oral sub-
mucous fibrosis is not precisely known, espe-
cially because atypia may not be a permanent
feature. Ina follow-up of patients with gastric
dysplagia, Andersson et al, (1987} reported
that atypia disappeared afier 10 to 63 months.
Furthermore, submucous fibrosis has been
reported in patients who never chewed tobac-
cofbetel nut {Paizsar, 1981, Seedat and Van
Wyk. 19388a). Some patients showed severa
¢arly changes in the mucosa with minimal be-
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tel nut contact, whereas in others this change
was nol induwced despite prolonged betel nul
chewing [ Scedat and Van Wyk, 1985), This in-
dicates o varying suscephibility among chew-
ers which may be genetically determined.
That this may be true was recently reperted by
Cannif ctal. {1985}, who performed HLA typ-
ing in 50 paticnis with oral submucous lbro-
sis. They reporied that haplotypes-A 10, B7,
and DR3 showed a sigmiicant elevation and
haplotype DRT was substantially decreased in
these patients, A syslematic long-term follow-
up of patients with oral submucous fibrosis
with and withol the habit of wwbaccofetel mu
chewing with respect o epithelial atypiain re-
lation to chromosomal instabiliy may help vs
understand the processes involved in initiation
of oral carcinogenesis,

6, Sister chromadil Exchanges Among Preg-
mani Women and Women Using Oral Con-
traceptives Wha are Chewing Betel

Data on mean frequency of SCE per cell in
betel chewing and non-chewing normal wom-
en, pregnant women, and oral contraceptive
wsers are shown inwable &, Mon-chewing preg-
nant woimen had a mean SCE per cell of
T.82400.24, whereas, non-chewing oral contra-
ceptive users had a mean SCE per cell of
8.27+0.27. This value was significantly higher
as found in normal non-chewing women
(52120, 18}, Betel chewing pregnant women
and oral contraceptive wsers, on the other
hand, had a mean frequency of SCE of
11.7920.38 and 12.51+£0.44, respectively,
which was significantly higher than the mean
SCE frequency of 6252021 found in betel
chewing normal women, There was signifi-
cant correlation between the number of betel
leaves chewed and the mean SCE frequency
(r=0.523, p<01)

Changes in the level of certain sex hor-
mones, such as progesterone and estrogen are
known 1o occur during pﬂ:gm;y. capecially
in the last trimester (Simmer,;1968; Brother-
ton, 1976; McArther and Powell, 1976). Sex
hormones, when administered in vive, have
been shown to induce chromosome aberra-
tions (Carr, 1967; Wippiams et al,, 1968; Badr
et al., 1972; Prasad and Haider, 1982}, Wom-

209

Tahle fi: Mean frequencies sl SCE in hetel ¢ bewlng and
nan=chewing nermal women, pregnant wam-
i, and wonsen wiing arsl contraceptives

i Liroap Wumber of  Mlron apr SCE per celt
A smabjerti  finpewrsl  Weana3 0 Fange
I, Nomal wemen
Wi eheee - -] LY 220000 il
Chewers 1€ 15E S0 D-lE
L Pregrand women
W cheEwen u 11L% L LE S T H
Chrwrre ¥ 111 IR 1-11
1. Oral costiacsmee wen
W chewei i 141 1321 -0
Cheseis 11 1wy fl8islhia L3Y

[hlletencss berwesn noa-cheming sormal women ind pospaant women. be
tween ron-chewing natmal vora il enl comineepive er s sigeili-
cand {pod01) by Sndeat’s relest

DilTercees briwwer pon-chewing sarmeal womed &) e chewing rormal
wemes, beiween poe-chewing pregraat waren and beiel chewing peopuent
worm, bl wetn i -chewing ol gaalfaesive etk bl o] chesing odul
ol iept ve uiers me siguilicem (p0L001 ] By Sioderd’s dten.
Dilferences boiscen beted chewing normal women and Bl chewing preg-
i wamen. beiween bened chewing roomal women and beiel chewing oral

comiracoprivg ser wn vignificand (pcll 0] By Stecknd’s Bl

en using an estrogen-progesterone combina-
tion contraceptive exhibited either an in-
creased frequency in SCE (Murthy and Prema,
1979) or no change (Husum et al, 1982), SCE
frequency has been found 1o be enhanced in
pregnant women in the last trimester of preg-
nancy and also in the lymphocyte cultores of
norimal women to which the sex hormones
progestrone estrogen, and human chroionic
gonadotrophin have been exogenously added
{Sharma and Das, 1930). The increased fre-
quency of spontaneous SCE in pregnant wom-
en and women using oral contraceptives ob-
served in the present study, thus, may be due
to the altered hormonal profile in these wom-
en, compared with normal controls,

The observation of increased frequency of
ECE in betel chewing normal women, preg-
nant women, and women using oral contracep-
tives indicates that betel induces SCE. This is
in agreement with our previous study where
an increase in the frequency of SCE were ob-
served in batel chowers (Ghosh and Ghosh,
1984). However, the extent of SCE increase
induced by betel chewing in the present study
was found to be much more pronounced in
pregnant women and women using oral con-
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traceptlives, compared with normal women.
Betel chewing pregnant women and oral con-
iraceptive users showed an elevation of the
mean SCE frequency of 3.97 and 4.24 5CE
compared with non-chewing females in con-
trast (o an increase of mean valees of only 1.07
SCE in betel chewing control women. This
finding may imply that chromosomes from
pregnant women and women using oral con-
traceplives are more suscephible 1o DNA dam-
age induced by betel chewing compared with
aormal women. This obsefvation may be re-
lated to the different hormonal environment.
There are indications that a higher level of sex
hormones in pregnant women and those osing
oral coptraceptives may increase the sensitiv-
ity of lymphocytes 1o genetic damage (Ben-
consfied and Ginsberg, 1968; McQuarric et
al., 1970} The frequency of X-ray induced
chromosome aberrations was found to be sig-
nificantly higher in prégnant muntjat com-
pared with normal controls (Das and Sharma,
1983). Lymphocytes of pregnant women and
oral contraceptive users have bean found to be
more susceptible to SCE induction by diethy]-
stilbestrol and mitomycin=-C (Hill and Wolf,
1982; Murthy and Prema, 1983},

The incidence of oral cancer has been
found to be as high as 34.9% of all cancers
reparted from India (Pavmaster 1964). This
high incidence ol vral cancer has been as-
eribed 1o the habit of bewel chewing {Aikinson
et al,, 1964; Mirayama, |1966; Mehta et al.,
1969, McMichad, 1984; Sanghir et al., 1935;
Schonpand and Bradsham, 1969, Winn et al.,
1981} According 1o Jussawalla and Desh-
pande (1971), the bete]l chewers showed a
three-fold greater risk of developing oral can-
cer than non-chewers. Presence of high levels
of sex hormenes during pregnancy may alano
initiate processes leading to an enhanced
growth of certain cancers due to increased
sensitivity of lymphocytes to mutagens/car-
cinogens (Sisteri et al., 198 1; Urmanchesva et
al, 1981; MacMohan et al., 1983; Pike et al.,
1983). S5CE are good indicators of genetic
damage and there ¢xists a relationship be-
tween incréased SCE rates and altered muta-
tion frequency {(Carrano et al., 1975), In-
creased SCE frequency observed in berel
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chewing pregnant women and oral contracep-
tive users may be due (o the mutagenic activ-
ity of betel on the one hand and estrogen or its
meiabolites on the other, [t seems that the car-
cinogenic potential of betel is enhanced by the
elevated hormonal profile in pregnant wom-
en and oral contraceptive users. Epideminlog-
ic sludies may tell us whether there 15 an in-
creased likelihood of developing cancer in
betel chewing pregnant women and oral con-
Irsceplive users due o the increased sensitiv-
ity of their lymphocyies to genetic damage
compared with son-chewing pregnant wom-
en and oral contraceplive users.

KEYWORDS Sigler Chromatid Exchange. Tobscoo
Chewers on'and Smokers, Berel Chew-
ETE.

ABSTEALUT  The lrequency of sisber chromatid ax-

chamge {SCE}) is now believed to be a more sensistive in-

diceior of genetbc damage than chromoeome sherralions,

In the present study sn ablompl has been made to study the

effect on individuals who are chewing asdiar smoking 10-

bagcen and chewing betel, The findings are as follows:

| Tha incidence of sister chromstid exchamge (SCE)
in haman amnion cells and the Iymphacyies of
wimen from whom these amnion cells are derived
was dolermined uxing the Bed U-Geemsa techalgue
The resules shoswed that the SCE rake in b ammion
cells is significandly less tham the lymphocyies of
windnen fram wham these amnion o6k ane durived.
These 3CE frequencies were mot affeceed by the
smiking habir of the pregnant women,

1 The incidence of sister-chromatid exchange {SCE)
amang beiel chewers and bered-with-tohaceo chew-
ars showed higher vields of SCE than normal con-
trols. Higher frequencies of SCE were aleo ob-
perved in individuals who chewed more than 10
hetels lesves, or beta] beaves with-ohseen, perdiy.
compared 1o people wio chewed less than 10 beiel
leaves, or berel-with-iohacon, per day, respeclive-
Iy, Subsjecis wha had chewed beicl leaves ared baizl
leaves + lehacoo for more than 10 years showed an
elevared frequency of S3CE

1. The incidence of wster chromadid exchange (SCH)
im hidi and chgareie smokers had a nscan SCE per
cell of 10.1222. 41 and B.15=1.62, regpectively,
whbch wese signaficantly ki gher than the mean val-
ug of 3 A%& 1,29 foand in controls. Higher freqeen-
cies of SCE were also observed in individuals wha
smoked mare than ten bidis or cigarerics per day,
compared with people who smoked bess than ten
hdes o cigareiies per day, respectively. Individu-
als who smoked bidis or cigareties for mose thas §0
years also showed an increased Trequensy of 3CE
s cnmpared with those who smoked bidis or ciga-
retnes for less than 10 years,

4 The fmequency af SCE was found io be B.tul;l.l!-‘i

L
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in patients with el beukeplakis, which wes signifs
icantly higher than the mean SCE value of
& SHa ] 26 aheerved in sormel condrods. The fre-
guescy of SCE in palionts wilh oral leukoplakia
addicied 1o the singhe hakar of betel with tobacco
ehewing, hedifcigareoe smoking, and combrimed
habits of chewing and smoking of tobacco were
tound tobe 7951 61 8,1 Tel 66, and % 235214,
reapeetively, These valoes were also sigmificasily
higheer as compared fo the SCE values ohserved in
narial conlials, ) )

5. The frequency of SCE was .26t 13 in patients
with peral submucous fibroziz, which was signifi-
cantly kigherthan the mesn SCH value of §.459+1.24
pbesereed in normal contmls. The freguency of SCE
im paticnis with sral submmeous fibresi= addiciad 1o
1B habit of hotel wilh obacoo chewing, "Bt icig:
arcdle apuaking and combined habiis of chovwing and
smoking of tobacea wene B 12+ 649, 5436187,
arsdl 10002 2N, respectively. Those valees weng
also significantly higher ag compared with the SCE
values ohaerved im neormsal controfs.

£ The frequency of SCE was foond io be 7 822024
anid #.27+0.27 in non-chewing pregrant Women
arsd women uding oral coMracepbives respoctivaly.
which were significanily higher iham the mean wal=
we ol 5 2040, 18 pbserved in non-chewing narmal
women. Betel chawisg indeeed higher im preg-
il weamen snid women usng oral comiraceptives,
thiz Fregquencies being 117 A and 12.50120.44,
respectively, whith were sigalficantly higher than
e SOCF frequency of 6. 2820021 Toursl in pormal
bt chewing Females,
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