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Habits associated with the use of tobacco are found world wide, with countless variations
in the nature of the product used. The predominant use of tobacco is either by smoking or in
the form of smokeless tobacco which is mainly used orally. Consumption of tobacco other
than smoking has now become popular as an alternative to smoking, though the genetic risk
to individuals for non-smoking tobacco is now well established (Stedmen 1968, Schmeltz and
Hoffman 1977, Banerjee and Sharma 1979, Bandyopadhyay and Sharma 1980, Shapiro 1981,
Stich and Stich 1982, Stich and Rosin 1984, IARC Monograph 1989).
The mutachromosomal
and mutagenic effects of the tobacco extracts in water before
thermal combustion is of special importance under Indian conditions, where a sizeable pro
portion of the population uses tobacco as chew or snuff with different additives but without
smoking. The tobacco marketed in India have been shown to have high tar (19-27mg) and
high nicotine (1.00-1.4mg) yeilds (WHO Tech Report Series 1983).
The present investigations
were undertaken
to study the effects of water souble extracts
of different forms of tobacco preparations
used in India on plant test system.
The endopoints
screened were the frequencies
of cell division and chromosomal
changes.
The action was
seen on both mitotic index and chromosome
behaviour,
using different dosages and different
periods

of treatment.

Material

Four different varieties of commonly used tobacco materials were tested. These included
two varieties of Nicotiana tabacum L. leaves directly in the raw form. They were collected
from the local market and designated according to their specific leaf shapes as 'round leaf' and
' long leaf'. The other two types of tobacco were ingredinets of bidi, a local smoking form and
of cigarettes of a known commercial popular brand.

(i) Round leaf is a variety of Nicotiana tabacum L. cultivated in India, in Assam, West
Bengal, Bihar, Uttar Pradesh and Punjab and used widely for smoking through water pipes
i.e., hookah. Its common market name is 'Matihari' (The Wealth of India, 1972).
(ii) Long leaf is a variety of Nicotiana tabacum L. used for chewing and snuff tobacco.
The leaves are long with a thick midrib. It is cultivated in Bihar and South India. It is com
monly known in the local market as the 'Khaini' tobacco.
(iii) Ingredients of Bidi, a form of smoked tobacco. It was collected directly from the
local market, without the outer wrappings and consisted of chopped up pieces of tobacco leaves.
This material is sun cured and processed mainly for bidi making.
(iv) Ingredients of Cigarette were collected from 'Charminar', a brand of common use
among the heavy smokers. The material was taken out from the paper wrappings. It was
the roasted form of tobacco leaf used in the cigarette.
The effects were observed on the plant system Allium cepa in vivo. Young bulbs with
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Bulbs of Allium cepa were sown in saw dust. After 2 days bulbs with fresh root tips from
the same collection were used as test system (Grant 1982).They were washed and placed in the
tobacco extracts of different concentrations calculated according to the fraction of LD50 of
pure nicotine present as shown by acute exposure. 500, 250 and 125 ppm. of the extract cor
responded with LD50,acute and subchronic doses of nicotine were used.
Root-tips were excised after exposure and fixed in glacial acetic acid: absolute ethyl alcohol
(1:2). The tips were removed after exposure for 1, 2, 3, 4, 5, 6, 12 and 24 hr and onwards
till lethality ensued. The tips were stained in (9:1) aceto-orcein and squashed following the
usual schedule (Sharma and Sharma 1980). Control sets were maintained simultaneously in
distilled water.
About 5000 cells were scored for each smapling period per concentration.
The numbers
of dividing cells of various stages were recorded and the mitotic index was calculated.
The abnormalities
observed in dividing cells were of two categories
and were expressed
as percentage
of total dividing cells.
Group I included effects due to spindle disturbances,
such as laggards, tripolarity,
sticky bridge and clumping.
Group II types were lethal, shown
by pycnosis and gross pulverisation.
Frequencies
of aberrant
cells at different doses were
compared
statistically with control at the various durations.

Results

and

discussion

The data obtained has been summarised in Tables 1 to 4 with detail statistical 'Anova'
between each type with different concentrations. Certain general trends can be observed by
analysing these tables, which can be summarised as follows:
(i) Frequency of abnormal cells: the biri extract, at high concentrations, (500 ppm) dif
fers significantly (1% level) from round leaf extract and cigarette extract.
Round leaf extract differs significantly from cigarette and long leaf extracts after acute
treatment (500 ppm). Cigarette leaf extract differs significantly at 1% level from long leaf
extract the highest concentrations. With 250 ppm, percentage of abnormality differ signifi
cantly between all types extracts except between the extracts of long leaf and cigerette.
With 125 ppm, there is no significant difference between round leaf extract and cigarette
extract. All other types differ significantly in frequency of abnormalities induced.
The abnormalities are directly dependent on the dose and duration of treatment. No
breaks, unequal separation or lagging are found. No telophase was observed. Most of the
cells affected were at metaphase indicating metaphase arrest. Stickiness at metaphase is the
only abnormality found.
In all the cases the root-tips recovered gradually depending on the duration of treatment.
Following treatment with high concentrations for 48 hr in all the 4 types, root-tips did not
recover. Percentage of abnormal cells decreased gradually with the duration of recovery
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period.
The cells became gradually
normal, with decrease clumping and stickiness.
In all
the cases there is a direct dose duration relationship
on which the recovery of the root-tips is
dependent.
96 hr of treatment
is lethal in all the cases.
The mitotic index is not different
from the control sets during the recovery in all the extracts.
Polyploidy,
multipolarity
or
unequal separations
are not found.
No high level of differences was found in the comparative
effects of the 4 different extracts considering the rate of recovery.
Mitotic index indicated
that certain concentrations
of tobacco extract were mitotic in
Allium cells.
The round leaf extract and cigarette extract have higher range of mitotic frequency
at significant
level when compared
with the control.
Aqueous extract of Bidi and Khaini
tobacco on the other hand showed a strong
ever, in lower 125 ppm, the range of mitotic
Table

1.

FISHER 't'

Formula

used:

mitostatic
frequency

effect in higher concentrations.
was similar to that of control.

values for comparison

between

treatment

sets of Allium cepa

and control

total number

How

of dividing cells in

t=(p1•`p2)_??_

In general, the abnormalities
induced include spindle disturbances
like stickiness, somatic
bridge formation,
diplochromatid
and clumping.
These effects are expected in view of the
known action of nicotine and its related substances on the disulphide and sulphydryl linkages
which enter into spindle formation.
Since these effects are principally
at the subnarcotic
levels, they are gradually
lost as tissue recovers following treatment
with lower dosages.
The
effects of tobacco extracts at dosages containing
low nicotine are reversible for lower durations
of treatment.
There is a clear proportionality
of the duration of treatment and concentration
with abnormality.
In no case however, C-mitosis or C-tumour formation
could be recorded.
This indicates that the effect is an immediate
one which is lost gradually on recovery.
Pre
sumably the effect of the extracts on root tip cells is at the physico-chemical
level.
The absence
of any breaks suggests the possibility that the action is entirely on the spindle formation
and
no chemical action takes place with the DNA or DNA-protein
complex.
Therefore,
there
appears to be no appreciable
correlation
between the effect of nicotine and changes at chromo
somal or genic level in plant system.
These data are in accordance
with the known properties
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of nicotine (Wilkinson 1976). The harmful effects of nicotine have been observed on different
metabolic pathways on spindle formation, due to its known preference for -SS- and -SHgroups (Tonge 1962). The four forms of tobacco tested by us were basically prepared by dif
ferent processing methods. The general effects however, not significantly different and could
be traced to their different nicotine contents. The mode of processing did not appear to
make any appreciable change in their properties of affecting cell and chromosome division.
Table 2.

* Ranges

Comparison between computed and actual table values of 'tp' to find the range of levels
of significance (p) different tobacco extracts following Allium test

of 'p'

are found

Table
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values

for
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t13=(p1•`pj)/_??_for i•‚j, i

between

percentage

of abnormal

extracts

=1

, 2,

3, 4 j=1, 2, 3

Summary

The mutachromosomal
and mutagenic effects of water soluble extracts of different forms
of tobacco preparations
used in India, were observed on the plant system Allium cepa in vivo .
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The four forms of tobacco tested prepared
by different
indicated that certain concentrations
of tobacco extracts
abnormalities
recorded were stickiness, somatic
ing. The mode of processing did not appear
cell and chromosome
division.
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