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metabolic balance subsequent diabetic management in more
conventional forms will be more successful.

Brittle diabetes is remarkable difficult to manage and totally
disrupts the life of the patient. Long-term continuous intra-
venous infusion of insulin using a small portable system allows
acceptable metabolic control to be achieved when other methods
have failed.

I thank the patient for her cheerful co-operation, the nursing staff
of Pinewood Ward for their enthusiastic help; Miss J R Tomlinson
for her secretarial help; Dr Kurtz of the Cobbold Laboratories,
Middlesex Hospital, for measuring free insulin concentration and
insulin binding; Miss A Mansfield for inserting the catheter; and
Dr G P Blanshard for allowing me to report on his patient.
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Variation in response to cytotoxicity of cigarette smoke
J M HOPKIN, V S TOMLINSON, R M JENKINTS

Abstract

The cytotoxic effect of cigarette smoke condensate on
human polymorphs was investigated in vitro by the
method of vital dye exclusion. Exposure to 1/800 of the
smoke from one high-tar cigarette killed a detectable
proportion of a population of 106 cells. The response
among the cells from 40 healthy people varied widely,
the percentage of dead cells ranging from 3% to 66% and
from 17% to 87% at exposure levels of 125 stg and 250 tg
cigarette smoke condensate respectively. Differences in
individuals' responses were reproducible and unrelated
to age or sex or smoking habit. The cells from 10 patients
with irreversible obstructive airways disease and prob-
able emphysema were significantly more sensitive than
those from 10 patients with no respiratory disability
matched for age and smoking habits.

Genetically influenced variation in cellular response to
cytotoxicity may be an important determinant of the
risk of developing emphysema among smokers.
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Introduction

Cigarette smoke is the dominant factor in producing lung cancer
and emphysema, but many heavy cigarette smokers escape
either or both these fates, which suggests that other factors
influence outcome after prolonged smoking.
We have shown that individuals vary in their in-vitro cellular

responses to DNA damage induced by cigarette smoke, as
detected by sister chromatid exchanges.' We have also shown
that among smokers this variation in response is related to the
risk of developing lung cancer.' These findings are in keeping
with the somatic mutational theory of malignant transformation.
We report here an investigation into the cytotoxicity of cigarette
smoke for human polymorphs to determine whether there was
any variation in response and whether this was related to the
risk of developing emphysema.

Methods

Using an automatic smoking machine2 we produced cigarette smoke
condensates from three popular brands of British cigarettes, one with
a high-tar content, one with a middle-tar content, and one with a low-
tar content. Each condensate was dissolved in dimethyl sulphoxide
(DMSO) at a series of dilutions and stored at -20°C before use.
Polymorphs were separated from freshly defibrinated venous blood by
sedimentation over Hypaque-Ficoll3 and after washing were suspended
in samples of 106 cells in 1 ml of Ringer's solution. Samples of 106
cells were exposed to 5 [ul of DMSO alone and a series of doses of
cigarette smoke condensate each dissolved in 5 [1 of DMSO.
After one hour's incubation at 37°C, when no cell lysis had occurred,
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we assessed cytotoxicity by counting the number of cells that failed
to exclude the vital dye Nigrosin.4

Initially we examined the responses of cells from five individuals to
a series of doses of condensate from each of the three types of cigarette.
Then we used condensate from the high-tar cigarette alone to study
the responses of cells from the following groups.

Group 1 comprised 40 healthy subjects aged 20-50 years; 20 were
men and 20 women and 20 were smokers and 20 non-smokers.
Group 2 comprised 10 men who were heavy smokers and had

clinical, physiological, and radiological evidence of severe, irreversible
airways obstruction and probable emphysema.

Group 3 comprised 10 men matched with those in group 2 for age
and smoking habits (inhalation, duration, and average consumption)
but in whom there was no evidence of respiratory disability. Six had
ischaemic heart disease, two peptic ulceration, and two varicose veins.

All subjects in groups 2 and 3 were studied while they were out-
patients and their clinical problems were stable. They were all lifelong
city dwellers and had worked as skilled or semi-skilled manual
workers. Oral medication in the two groups was similar but six of the
men with probable emphysema used simple bronchodilator aerosols.
Individuals from both groups were tested in matched pairs, and their
polymorphs were exposed to the same cigarette smoke condensate
throughout the series. The table shows the age, smoking habits, and
results of simple ventilatory function tests in these two groups.
Differences between the three groups' responses at each level of
exposure were tested by the Wilcoxon Rank test.

TABLE I-Age, smoking habits, and ventilatory function in groups 2 and 3

Group 2 Group 3
(n= 10) (n= 10)

Age (years) 59 60 1
Smoking:

Duration (years) 40 42-1
Consumption (per day) 27 4 28

Forced expiratory volume (1) 0 98 2-92 (2 8)*
(0-55-1 2) (2 6-3 5)

Forced vital capacity (1) 2 87 4 21 (3 9)*
(1 3-3-9) (3 2-5-3)

*Predicted values for age and height.

Results

Table II shows the mean responses of cells from five individuals to
condensate from the three types of cigarette. Cell suspensions with
DMSO alone suffered no loss of cell viability over one hour, but
cigarette smoke condensate produced a dose-related cytotoxic effect.
The three doses used-50 jig, 125 ,ug, and 250 p±g-represented,

TABLE II-Response of human polymorphs (mean
of 5 individuals) to cytotoxicity of smoke conden-
sates from low-tar, middle-tar, and high-tar
cigarettes. Results are percentages of polymorphs
killed

Condensate dose (,ug/ml)
Type of
cigarette 50 125 250

High tar 9 0 18 9 44-0
Middle tar 9 6 20 8 42-7
Low tar 11-0 168 408

respectively, 1/800, 1/320, and 1/160 of the smoke from one high-tar
cigarette. Although the different types of cigarette produced different
amounts of condensate (in the ratio 4:2:1 for high-, middle-, and low-
tar categories), the condensate from each type of cigarette produced
the same cytotoxic effect.

Cells from the 40 healthy subjects in group 1 showed a continuously
distributed variation in response to condensate from the high-tar
cigarette, with the proportion of dead cells ranging from 30% to 66%
and from 17 to 87%, at exposure levels of 125 and 250 cug cigarette
smoke condensate respectively. Fig 1 shows a representative sample
of the cells from eight healthy individuals tested concurrently. The
retesting of the responses of 15 subjects from group 1 under different
circumstances-split samples tested concurrently, repeat tests after

BRITISH MEDICAL JOURNAL VOLUME 283 7 NOVEMBER 1981

one month, or tests after exposures of 30, 60, and 90 minutes-showed
that these differences in response were reproducible (table III). An
analysis of the results of all 40 healthy subjects in group 1 showed
that these stable differences in response were unrelated to age, sex,
or smoking habit.

100

Polymorphs
killed ('/1)

0 50 125
Cigarette smoke condensate (,ug /ml)

250

FIG 1-Response of polymorphs from eight subjects from group 1
tested concurrently to condensate from high-tar cigarettes.

TABLE III-Results of testing under different circumstances
in group 1. Fifteen subjects were tested and the results in
three are shown

Cigarette smoke condensate (,ug/ml)

50 125 250

Split samples tested concurrently
Case 1 6 9/8-8 39-1/46-3 70-9/65-7
Case 2 4-0/2-7 18 0/13-9 54 7/38-8
Case 3 1 7/0 2-8/4 2 13 5/20 5

Repeated tests: original values and those at 1 month
Case 1 8 0/6 8 18 0/15 9 40-5/37-8
Case 2 7-8/12 1 42 5/23-2 68-0/52-7
Case 3 0-8/0-9 3-4/7-9 17-2/28-2

Dose response tests
Case 1 24 0 65-7 86-3
Case 2 12-9 24 1 63 8
Case 3 08 34 172

Time response tests: dose 250 1tg/ml
30 min 60 min 80 min

Case 1 64 7 86 3 98-1
Case 2 27-8 63 8 87-6
Case 3 4-0 17-0 43-0

Fig 2 shows the responses of cells from groups 2 and 3 after
exposure to the three doses of cigarette smoke condensate. Cells from
neither group lost viability in suspensions exposed to DMSO alone
but cigarette smoke condensate produced a dose-related cytotoxic
effect. There was some overlap between the two groups at each level
of testing, but as a group the controls (group 3) were more resistant to
the cytotoxic effect of cigarette smoke, and this finding was consistent
and significant at each level of -testing (p < 0:01). There was no
difference in response between the patients with emphysema who
used bronchodilator aerosols and those who did not.

Discussion

This study showed that cigarette smoke is a potent cytotoxic
agent. The effect of the smoke was detectable in a population of
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106 polymorphs exposed to 50 .tg of cigarette smoke condensate
-a quantity derived from 1/800 of the smoke from one high-tar
cigarette. The cytotoxicity of the condensate from the filtered
cigarettes (middle- and high-tar categories) was the same as

that from the unfiltered high-tar cigarette, which reinforces
recent evidence that filter cigarettes are safe in only a limited
sense.5
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FIG 2-Responses of polymorphs from groups 2 and 3. Horizontal
lines show mean values.
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tested, which may reflect the presence of younger, more
metabolically active polymorphs in their circulation. Further-
more, the finding that the cells of the heavy smokers in group 3
(who had no respiratory disability and no active disease) were

more resistant than those of the healthy unselected group
strongly supports the conclusion that the differences in responses
between our two highly selected groups (2 and 3) were primary.
Our results therefore support the epidemiological evidence

that many heavy smokers can escape the development of
emphysema, but suggest that this may not be by the effect of
chance alone but, in a proportion of individuals, because their
cellular responses differ from those of their emphysematous
counterparts. Our findings also accord with the current theory of
the development of emphysema, which states that polymorphs in
the lungs that have been damaged by cigarette smoke release
proteolytic enzymes which initiate the pathological process by
digesting supporting tissues in the lung.6 Exposure of poly-
morphs from the peripheral blood to cigarette smoke condensate
in vitro results in significant release of elastase and a loss of cell
viability.7 Our results suggest that individuals whose cells are

more sensitive to cigarette smoke would release more of the
damaging enzyme and suffer greater lung damage than their
more resistant counterparts.
The origin of the continuously distributed variation in

individuals' responses is probably multifactorial. The stability of
individuals' responses and evidence from epidemiological
studies of a significant familial effect on the risk of emphysema8
suggest that genetic factors are probably important. These
conclusions parallel those that we have made about the variation
in response to the mutagenicity of cigarette smoke and the risk
of lung cancer, and are hardly surprising in view of the complex
events examined, involving many cellular proteins, and in view of
the outbred and diverse nature of man as a species, in whom
there is increasing evidence of high rates of genetically
determined protein polymorphism.9
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FIG 3-Mean responses of polymorphs from groups 1, 2, and

Comparison of our two highly selected groups (2 and
our younger healthy group (1) showed that none of the inc
responses from the selected patients fell outside that foun
healthy group. The responses of the patients with p

emphysema (group 2) and of their heavily smoking c

(group 3) clustered at either end of the spectrum of
responses. We have no evidence to suggest that the re,

of the patients with emphysema were secondary to their (

with its low grade inflammation. The responses of a fourt]
of patients with acute infective and chronic suppurative
of the chest and inflammatory disorders of other systems
that their cells were more, rather than less, resistant
effects of cigarette smoke than those of the other three

We thank the Research Department of Imperial Tobacco Ltd for
lending us the smoking apparatus.
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MISERABLE indeed is the lot of man in the flate of infancy. He
comes into the world more helplefs than any other animal, and flands
much longer in need of the proteEtion and care of his parents; but,
alas! this care is not always beflowed upon him; and when it is, he
often fuffers as much from improper management as he would have
done from negleEt. Hence the officious care of parents, nurfes, and
midwives, becomes one of the mofI fruitful fources of the diforders
of infants.

(Buchan's Domestic Medicine, 1786.)
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