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INTRODUCTION 
Asbestos, belongs to a group of naturally occurring 
magnesium silicate fibrous substances. It has a wide variety 
of uses in modem society. It is considered to be a car­
cinogenic for several organ systems. l3 Past study reveals 
that asbestos exposed workers have an increased risk to 
develop mesothelioma, bronchogenic carcinoma and other 
cancers. 3,4 It has also been found to have mutagenic proper­
ties. Sincock and Seabright14 first demonstrated that 
Chinese hamster ovary cells exposed to chrysotile and 
crocidolite asbestos showed the occurrence of chromatid and 
chromosomal changes. It has also been reported that 
chrysotile produced chromosomal aberrations in cultured 
Syrian hamster embryo cells in dose related manner. B 

Chrysotile (UICC) variety has already been reported to in­
duce chromosomal abnormalities in cultured human lym­
phocytes.17 Rom et al. 12 found that asbestos workers had an 
elevated mean sister chromatid exchange (SCE) rate com­
pared to that of controls. In another study slightly higher in­
cidence of chromosomal aberrations in asbestos exposed fac­
tory workers was observed. 16 

An Indian variety of chrysotile asbestos has also been found 
to induce chromosomal aberrations and sister chromatid ex­
change in Chinese hamster ovarian cells in vitro. 1.2 

In India extensive use of asbestos in various occupations 
leading to an increased risk of asbestos exposure to workers 
demands a critical evaluation of asbestos dust. lberefore, 
present work was undenaken to evaluate the cytogenetic ef­
fects of asbestos dust on workers in an asbestos cement fac­
tory. This preliminary report may be helpful to determine 
genotoxic effects of asbestos dust exposure on human 
population. 

MATERIALS AND METHODS 
22 factory workers as well as 12 controls were studied to 
assess the frequency of sister chromatid exchange and the 
incidence of chromosomal aberrations. The controls were 
of similar age, sex, having similar habits and socio-economic 
status. All subjects were carefully examined and detailed 
clinical history was taken. No subject had taken any drug 
for at least two months prior the sampling of peripheral 
blood. All subjects were divided in four groups; asbestos 

exposed smokers, asbestos exposed non-smokers, control 
smokers and control non-smokers. The mean duration of ex­
posure was 12.0 years. 

From each subject, peripheral venous blood was collected 
in a heparinized tube under steriliz.ed conditions. Whole blood 
lymphocyte culture was done in RPMI-1640 medium sup­
plemented with fetal calf serum (20% ), L-glutamine (0.03 % ), 
penicillin (100 I U/ml), Streptomycin (100 µg/ml), Phyto­
hemagglutinin-M (3%), 5'-bromo-2'-deoxyuridine (5 
µg/ml), and blood (0.3 ml). Culture vials were wrapped with 
aluminium foil and incubated at 37°C in 5% CO2 
atmosphere. 

Cultures were harvested at 48 hours to study chromosomal 
aberrations and at 72 hours for SCE analysis. 3 hours prior 
to harvesting colchicine (0.1 µg/ml) treatment was given to 
arrest the cells in metaphase. Centrifugation of the culture 
was done at 1200 rpm for 10 minutes. Supernatant was 
discarded and pellets were resuspended in hypotonic solu­
tion (0.075 M KC!) and incubated at 37°C for 20 minutes. 
Again centrifugation of the material was done for 10 minutes 
at 1200 rpm, the supernatant was discarded and pellets were 
fixed in fresh and chilled fixative methanol and acetic acid 
(3: I). Slides were prepared by flame dry method. For dif­
ferential staining slides were stained with Hoechst 33258 (50 
µg/ml) for 15 minutes and then exposed to bright sunlight 
for 2 hours in the presence of 2 SSC followed by staining 
with Giemsa (4 % ) in phosphate buffer (pH 6.8). Coded slides 
were scored to avoid scoring bias. 100 well spread 
metaphases were scored for chromosomal aberrations and 
50 well spread metaphases with good differentiation were 
scored for SCE analysis for each subject. Students' 't' test 
was used for statistical analysis. 

RESULTS AND DISCUSSION 
In the present study all the subjects were of similar age group. 
It is evident from Table I that the aberrant metaphase percent­
age was significantly higher (p l 0.01) in exposed smoker 
and exposed non-smoker groups in comparison to their 
respective control. Chromosomal aberrations were of 
chromatid gap and break type (Figure I). Mitotic index was 
low in both the groups but not significantly. In both the ex­
posed groups mean SCE/cell was elevated significantly 
(p l 0.001) without affecting mitotic index and cell cycle 
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SubJects 

Ex.,osed 
smokers 
ln=ll) 

Exposed 
non smokers 
(n=ll) 

Control 
smokers 
1n=6) 

Control 
non siookers 
1n=6J 

Age (yr) 
Mean+ 
S.D. -

34,1!2,4 

34.0!2,3 

33.l!l.9 

34.0+2.0 

n = Number of subJect 

*pL0,01 

Table I 

Chromosomal Aberrations in Asbestos Factory Workers 
The Values Represent Mean ± SD •(P J_ 0.01) 

Duration of 
exposure (yr) 
Mean.:!:_S.D. 

12.0!0,3 

12.0!0.4 

0 

0 

No. of 
cells 
scored 

1100 

1100 

600 

600 

Mitottc 
index 
Mean!S,D. 

2,14!0.82 

2 • 90;!_(). 71 

3 .90!0.98 

3.94!0,25 

Chromosomal aberrations 

Aberrant Chronatid 
Metaphase gap Ill 
l S) Mean!S,D. 
Mean+S.D. 

4.09!1.51* 2,05!1.20 

3.54!1.21* 1. 76!1.00 

1.50!0.54 0,60!0,5 

l .3<>:_0.81 0.50!0,4 

Chromatid 
break Ill 
Mean!_S.D. 

2.04!1.21 

1. 78!0.9 

0.90!0,7 

0.80!0,7 

kinetics (Table Il). It indicates that asbestos exposure may 
induce undesirable genetic damage in occupational 
populations. 

The higher SCE/cell (Figure 2) in asbestos exposed smokers 
(8.16±0.45) in comparison to exposed non-smokers 
(6.63±0.50) (pj_0.001) may be due to synergistic action 
of asbestos and smoking (Table Ill). The results are in agree­
ment with other woders. 6.12 The variation in the magnitude 
of chromosomal aberrations among both exposed smoker 
(4.09± 1.51) and exposed non-smoker groups (3.54± 1.21) 
was not significantly different. The elevation of SCE rate 
due to cigarette smoking is in accordance with the earlier 
reports.7••o The highest SCE frequency was observed in ex­
posed smokers and lowest in control non-smokers. These 
results are analogous to lung cancer risk among insulators 
where the vast majority of cases occur in those insulators 
who smoke. The exact mechanism involved in the produc­
tion of SCE is not well established. However, SCE analysis 
bas been adopted as sensitive indicator of genetic damage. n 
The higher incidence of asbestosis in asbestos exposed 
smoker group (72.2 % ) in comparison to asbestos exposed 
non-smokers group (27 .2 % ) (Table Ill) suggests that smok­
ing may act synergistically to enhance asbestosis in the 
smoker group. 
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Figure 1. Cell with chromatid break in an exposed non­
smoker subject. 

544 

Marked variation in SCE frequencies have also been reported 
among individuals with several different types of 
cancer.5-9,18 In addition, increase in SCE level bas reported­
ly been found in cohort studies in those individuals who are 
at a higher risk of cancer due to occupational or environmen­
tal exposure to a wide variety of both mutagens as well as 
carcinogens. 15 We conclude that the evaluation of SCE per 
cell and higher chromosomal aberrations may point out the 
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Table II 

Sister Chromatid Exchange Frequency in Asbestos Factory Workers 
The values are expressed as mean ± SD *(P _L0.001). 

SubJects 

Exposed 
smokers 
ln=llJ 

Exposed 
non smoker 
\n=ll J 

Control 
smokers 
ln=6J 

Control 
non smokers 
ln=6J 

Aye lyrJ 
Mean+ 
s.o. -

34.11:_2.4 

34.01:_2.3 

33.11:_l.9 

34.01:_2.0 

n = Number of s ubJect 

* p L 0.001 

' 
t 
t• ... . . ... _,. .. ~-· -. . .. ~ 

• \ • 

Duration of 
exposure(1rJ 
Mean + S.D. 

12.01:_D.3 

12.0+0.4 

0 

0 

-,., \ • . .. 
' ,',t • .- . ..... ,., 
~ 

,. ., -.. ". -' 
, 

' I - \ 
.,. 

" ... ... - I 

No.of 
cells 
Scored 

550 

550 

300 

300 

Sister chromatid exchange 
Mitotic 
index 
Mean1:_S.D. 

SCE/cell SCE Cell cycle, kinltt1cs IS) 
Mean1:_s.o. range 1st !Ind Illrd 

5.39+ 
0.72-

5.44+ 
0.60-

5.80+ 
0.78-

5.86+ 
0.80-

8.16+ 3-16 30.39+ 55.98+ 12.50+ 
0.45* 6.30- 5.53- 4.lC 

6.63+ 3-12 29.20+ 57 .45+ 10.15+ 
0.50* 6.63- 9.62- l.6C 

5. 73+ 3-9 33.64+ 57 .86+ 8. 74+ 
0.16- 4.32- 3.34- 1.72-

:3. 61 + 3-6 33.48+ 56.44+ 10.05+ 
0.14- 5.18- 4.03- 3.4r 

risk of developing cancer in asbestos exposed workers. 
However, furtber study is required to establish the fact that 
higher SCE and chromosomal aberrations are associated with 
development of lung cancer in asbestos exposed workers. 
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Table m 
Chromosomal Aberrations, Sister Cbromatid Exchange, Frequency 

and Incidence of Asbestosis in Asbestos Factory Workers 
The values represent mean ± SD •(P_L0.001). 

Exposed non smokers 

S.No. Chromosomal SCE/Ce 11 Asbes- Incidence of 
aberrat1on mean±S.O. tosis' asbestosis 

(i) (i) 

l. 2 5.88±2. 13 A 

2. 5 6.56±2. 17 A 

3. 4 7.26±1.73 p 

4. 4 7. 15±2.20 p 

5. 3 6.08±1.95 A 

6. 6 7.16±1.55 p 27.2 

7. 4 7.04±2.90 A 

8. 3 6. 10±2.30 A 

9. 3 6.98±1.34 A 

10. 3 6.40±1.62 A 

11. 2 6.36± l. 74 A 

Mean± 
3.54± 1.21 6.63±0.50 s.o. 

P = Present 
A = Absent 
• = (PL 0.001) 
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5. 3 8,52± 1.68 A 

6. 2 8.66± l.93 p 72. 7 

7. 3 8. 12±2.42 p 

8. 7 8.70tl.18 p 

9. 5 7.58±1.67 p 

10. 6 8.48±1.57 p 

11. 4 7.46±2.40 p 

4.09±1.51 8. 16•0.45* 
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