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CIGARETTES for the study of chemical composition of smoke are usually
conditioned at 60 per cent r.h. and 70'F. for at least 48 hours (Bentley and
Burgan, 1959). But it is common to see people in Europe smoke very dry cigarettes
in heated rooms in winter. A statistical study has shown that death rates due to
lung cancer which occur in countries where principally cigarettes have been smoked
may be correlated with the existence or absence of heating facilities which make
cigarettes dry (Sato and Sakai, 1960; Sato et al., 1961). In Japan the rate is
very low and the influence oii it of cigarette smoking is difficult to detect, although
the consumption of cigarettes is at the same level as in Finland and Austria
where the rates are very high.

In the present study cigarette smoke has been studied for the mode of adhesion
and for SH reactive substances which inhibit SH enzymes in smoke solution, and
a haemolyzing factor contained in water irisoluble fraction of smoke condensate.
These activities have been studied with special reference to the effects of cigarette
moisture content.

EXPERIMENTAL AND RESULTS

1. General conditions for the trapping of smoke
Most of the smoke inhaled into the lung is seen to be exhaled. This means

that only a small portion of the visible part of the smoke is retained in the body.
During cigarette smoking the smoke is held for a short time in the mouth and then
rapidly inhaled with a large volume of air into the lungs. This rapid inhalation
makes it unlikely that the diluted smoke reaching the lungs has had time to
become saturated with water vapour.

When smoke is forced through a capillary tube the amount of material which
is deposited upon the capillary walls depends upon the rate of flow of the gas
and upon the dimensions and shape of the capillary used. Accumulation of the
smoke deposit tends to occur at bends or points of irregularity in a capinary.

Similarly, when smoke is bubbled through a liquid (buffer solution or organic
solvent), the amount trapped in solution depends upon the rate of flow of gas.

II. Water insoluble fraction of cigarette condensate and it8 haenwlyzing activity
Experiment IIa.-Preparation of the water insoluble fraction of cigarette

condensate.
The apparatus shown in Fig. I was used. Cigarette smoke (25 ml.) was forced

from a dry sy-ringe through the capillary tube (about 1-5 mm. internal diameter)
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into 5 ml. of a buffer solution containing acetone in 0-5 to I second. The buffer
solution was prepared by mixiny a salt solution (aqueous sodium chloride (0-9
per cent w/v) : aqueous phosphate buffer (0-1 m, pH 7-4), 9: 1) with an equal
volume of acetone. The apparatus was maintained at 37'C. Any uncondensed
smoke remaining in the capillarv was displaced by 50 ml. of air. Smoke we's taken
at the rate of I two-second pui. of 25 ml. per minute and 4 cm. of the cigarette
was smoked (6 to 8 puffs). The capillary was removed from the apparatus and the
inside walls were gently washed 10 times with buffer solution containing acetone
and then washed 10 times with water.

oke

FIG. I.-Impinger for trapping smoke (see Experiment Ila in the text).

The quantity of smoke condensate prepared in this way depends upon the size
and shape of the capillary tube used. In this work, variations due to this factor
were obviated by the use of the same apparatus in all the experiments.

This fraction was soluble in acetone, ethanol, methanol and ethyl ether with
yellow-brown colour. It did not migrate from ether solution to sodium hydroxide
or hydrogen chloride solution. The acetone or alcohol solution became turbid on

adding water.
This fraction did not react with glutathione or cysteine using the method which

will be described later (Experiment IIId).
This fraction migrated with the solvent front on paper chromatograms run

in butanol, acetic acid, water (4: 1 : 1) and most of it did not move with 50 per
cent alcohol.



CIGARETTE SMOKE 9

Experiment Ilb.-Haemolyzing activity of the water insoluble fraction.
A solution of the water insoluble fraction of smoke condensate was prepared

,by dissolving the material in I ml. acetone and adding 15 ml. of the sodium
chloride-phosphate buffer solution used in the preparation (Experiment Ila).

A measured volume of this condensate solution was pipetted out and made
up to 2 ml. with acetone/salt-buffer solution (I : 15). The diluted solution was
maintained at 40' C. and 0- I ml. of pig red blood cells was added. The blood cells
had been washed with sodium chloride solution (0-9 per cent w/v), adjusted to
contain 0-5 mg./O-I ml. of haemoglobin and stored in a refrigerator. The mixture
was stirred occasionally and the haemolyzation time was recorded. The haemo-
lyzing activity paralleled the intensity of yellow colour when dissolved in acetone,
or the turbidity when mixed with the salt solution. The quantity of the con-

densate solution necessary to haemolyze the red blood cells just in 120 minutes
was taken as a measure of the concentration of the agent in the solution (Table 11).

Water insoluble fraction obtained in a solution devoid of acetone contained
much of the haemolyzing agent, but lost most of it, when it was washed off with
the solution containing acetone, leaving a small amount of residue.

Experiment llc.-The quantity of water insoluble fraction according to cigar-
ette moisture.

Water insoluble fraction of cigarette condensate was obtained according to the
method described in Experiment Ila. The fraction, made by a dry cigarette at
200 C. . 50 per cent r.h., was dissolved in II ml. of acetone and the concentration
was measured by absorption at 400 m/t. with 13 mm. light path. The extinction
coefficient averaged 0-158 for 15 cases with a distribution range of +40 per cent.
The concentration from moist cigarettes (13 per cent moisture) averaged 0-075
with the range of ± 50 per cent. The concentration of the tar before washing was

independent of the moisture of cigarettes. The absorption curve of the fraction in
methanol declined from 220 ma. to 450 m/t. without any special absorption band.

Smoke of dry cigarettes from a wet syringe deposited half the quantity of the
fraction as from a dry syringe. The fraction, from dry cigarettes smoked at the
atmosphere of 37' C., and 15 per cent r.h. into a dry sy-ringe and trapped at 20' C.,
showed the extinction of 0-25, but that from moist cigarettes at 37' C., 15 per
cent r.h., showed the same level as smoked at room temperature (Table I).

TABLE L-Quantity of Water In801uble Fraction (Experiment Ila) According to
Cigarette Moisture and Smoking Conditions. The Fraction was Dissolved in
I I ml. of Acetone and Determined at, 400 m/,t

Moisture of Number of Mean Range of
Srnoking condition cigarette cases value distribution

20- C., 60 70% dry 15 0- 158 ±40
r.h. 13% 15 0- 075 + 50

37- C., 15% dry 8 0- 250 ±50
r.h. 13% 8 0- 078 ±50

Experiment Ild.-Effect of temperature and aeration on the haemolyzing
activity.

The fraction was dissolved in the acetoile and salt solution (Experiment Ilb)
and heated at 550 C. for 30 minutes. Haemolyzing activity decreased as shown in
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Table 11. There was an exceptional case which showed an increase when smoke
was taken at the rate of successive four-second puffs of 50 ml. (Table 11).

TABLEII.-Effect of Temperature and Aeration on Haemolyzation.
Method is Described in Experiment Ilb in the Text

Exainple
Quantity of the solutioii (ml.) .

liaei-t-iolyzation tiiiie (minutes)
. 0-70 . 0-60 . 0-50 0-40 . 0-38 0-30 . 0-20

25 - 35 . 58 . 100 . 120 . 180 . none*

* After 5 tiours left overiiiglit at 20' C.

Treatiiieiit of
the fi-action

r Without treatinent
55' C., 30 minutes
55' C., 30 i-yiinutes
with aeration

Witliout treatment
55' C., 30 iniiiutes
55' C., 30 minutes

with aeration

Quantity of the solution
haemolyzing in 120 iiiiiiutes

0 38
0- 48
0- 54

0 38
0- 29
0 50

Condition of sinoking

25 ml./2 see. suction in I miii. ititerval : 4 cm.
of a cigarette was sinoked

50 ml./4 sec. : successively smoked for 4
times

When the solution was bubbled with air as well as heating at 55' C., the
activity decreased more than when heated without aeration (Table 11). The
activity was not influenced by the pre-incubation of the fraction with cysteine
(pH 7-4).

About one third of the activity was lost when the solution was left at 20' C.
for 24 hours. The decrease in activitv was minimised by keeping the solution
frozen at -20'C,. (Table 111).

TABLEM.-Pre8ervation of the Water Insoluble Fraction and Haemolyzation
(8ee Experiment Ilb in the text)

Experiineiit
iiuiiiber

1

2

3

4

Preserving
method

0 time
24 hr at rooin temp.
24 hr. at 37' C.
24 hr. at -20' C.
48 hr. at room temp.
48 hr. at 37' C.
48 hr. at -20' C.
0 time

24 hr. at room tenip.
120 hr. at rooin temp.

0 time
24 hr. at room temp.
47 hr. at room temp.
0 time

24 lir. at rooin temp.
48 hr. at room temp.
72 hr. at room temp.

Quantity of the solution
liaeiiiolyzing in 120 iiiinutes

(MI.)
0 37
0.59
0- 61
0- 38
0- 64
0 73
0- 38
0- 36
0- 53
1- 50
0- 80
1- 15
1- 55
0- 29
0- 48
0- 65
0- 86

Experiment Ile.-Quantity of condensate at a bending part of a capillary.
Trapping experiments were carried out using a capillary containing a bent

portion near the exit. Smoke condensate from moist cigarettes tended to spread
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along the tube after being deposited at the bend. This spreading of the condensate
only occurred after passing 50 ml. of air through the capillary in experiments
with smoke from dry cigarettes.

The condensate which accumulated at the bend in the capillary was dissolved
in I I ml. of acetone and the light absorption was measured at 400 mlt. witb a
13 mm. path. The amount of smoke from dry digarettes condensing in the bent
capillary was double that obtained from moist cigarettes (Table IV).

TABLE IV.-Quantity of Condensate at a Bending Part of a Capillary
Speed of blowing smoke Moisture of Number Mean Range of the

into the capillary cigarette of cases value distribution
M

50 ml./3-..,4 see. dry 8 0-115 ± 30
13% 8 0.054 ± 30

50 ml. /O - 5,-..,l - 0 sec. dry 8 0- 298 ± 30
13% 8 0-153 ± 30

Smoke was taken at the speed of 50 ml. /4 sec. in I minute interval, 4 times for a dry cig-
arette, 5 times for a moist cigarette. The capillary was about I - 2 mm. in diameter (see
Experiment Ile, in the text).

Using a narrow capillary (about 0-5 mm. diameter) and controlling the smoke
flow so that the minimum of condensate was deposited from smoke of moist
cigarettes, gave conditions which produced 3 times the amount of condensate
when the experiment was repeated with smoke from dry cigarettes.

III. SH binding substances and the inhibition Of 8uccinic dehydrogenase and urea8e

Experiment IIIa.-Inhibition of suceinic dehydrogenase.
Cigarette smoke was passed through 15 ml. of phosphate buffer (O. I m, pH 7-4)

at 37' C. through a pipette, the end of which was not so small as to avoid the
accumulation of the smoke condensate, at the rate of I two-second puff of 25 ml.
per minute for 4 cm. of a cigarette. Mitochondria of the heart of a pig were iso-
lated (Bonner, 1955). The mitochondrial preparation (0-2 " 0-4 ml.) was incu-
bated with the smoke solution (I , 3 ml.). Suceinic dehydrogenase activity was
determined using methylene blue after 1-5 , 2-5 hours, and a marked decrease
was observed. The water insoluble fraction of the condensate (Exper-iment IIa)
did not inhibit the enzyme activitv.

Experiment IIIb.-The effect of temperature and SH reaaents on the inhibition
of succinic dehydrogenase.

The smoke solution (4 ml.) was pre-incubated with eysteine or glutathione
(I mg., pH 7-4) at 37' C. for 30 minutes. The inhibition of suceinic dehydrogenase
by the smoke solution decreased practically to zero.

The smoke solution was heated at 100' C. for 10 minutes and the inhibition
decreased, but it was difficult to seen any difference after aeration (Table V).

When the smoke solution was left overnight at 20' C., the inhibition decreased
markedly, and the decrease for the first 24 hours was the largest. It was difficult
to preserve the inhibition activity even at 20' C. (Table VII).

The succinic deliydrogenase inhibiting activity of the smoke solution from
dry cigarettes smoked at. 20' C. was often a little stronger than that from moist
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TABLE V.-Inhibition of Succinic Dehydroqenase by Smoke Solution and the Effect
of Temperature (see Expertment III in the Text)

Suceinic dehydrogenase activity
with the pre-incubation of mito-
chondria with smoke solution for

1-5 hr. 2-5 hr.
16 - 5 min. 36 min.
10- 5 17
6 5 6 5

11 - 5 min. 30 min.
5 - 7 11
3- 4 3 - 5

11 5 min. 40 min.
5 - 7 10- 5
3 4 3 5

Sample
number

Treatment of
smoke solution

I Without treatment
100' C. for 10 min.
Without smoke solution

2 Without treatment
100' C. for 10 min.
Without smoke solution

3 Without treatment
100' C. for 10 n.dn.
Without smoke solution

2-0 ml. of smoke solution and 0-3 ml. of mitochondira solutiori was added to
3-7 ml. of phosphate buffer solution (0-1 m, pH 7-4). After the pre-incubation
2-5 ml. was taken out of it and the suceinic dehydrogenase activity was deter-
mined using methylene blue.

TABLE VI.-Quantity of Smoke Solution and the Inhibition of Succinic Dehydro-
genase. Pre-incubation wa8 made with 0-3 ml. of Mitochondria and Pho8phate
Buffer Solution : Total Volume 6 ml. (8ee 7'able V)

Quantity of Suceinic dehydrogenase activity
smoke solution witli pre-incubation of 1,5 hours

- I: --- -

39 min.
25
11
6
4- 5

5 ml.
2-5 ml. .

1-25 inl. .

0-625 ml.
Without smoke solution .

TABLEVII.-Preservation of Smoke, Solution and Succinic Dehydrogenase Inhibiting
Activity (,3ee Table V)

Suceinic dehydrogenase activity (minutes)
'N

I 5 hr. pre-incubation 2 5 hr. pre-incubation
16- 0 24- 0
9 - 5 9.5
11.5 12- 0
8 - 0 8- 5

12- 0 12- 5
7 - 0 7 - 0

Experimental
number

1

2

Preserving method
0 time

24 hr. at 37' C.
24 hr. at -20' C.
47 hr. at 37' C.
48 hr. at -20' C.
Without smoke solution
0 time

24 hr. at 37' C.
24 hr. at -20' C.
48 hr. at 37' C.
48 hr. at -20' C.
Without smoke solution

14- 0
9.5
11.5
8- 5

12- 0
6- 0

18- 0
9 - 3

11- 5
8- 5

12 - 5
6- 0

cigarettes ; this effect did not appear to be significant. The haemolyzing activity
of the smoke solution was stronger by 30 per cent in the solution from dry cigar-
ettes than in that from moist cigarettes.

Experiment lllc.-Inhibition of urease by smoke solution.
A solution of crystalline urease (0-7 mg. ammonium production from urea in

5 minutes) was pre-incubated with the smoke solution obtained as described in
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Experiment IIIa, and the activity of the urease was tested. (Sumner, 1955). A
small portion of the reaction mixture was taken out 5 minutes after the addition
of urea, diluted with water, and the ammonia was detected with Nessler reagent.
Almost complete inhibition was observed using 10 ml. of the smoke solution with
3 hours' pre-incubation.

The smoke solution (4 ml.) was pre-incubated with SH reagents (I mg., pH 7-4
solution of cysteine or glutathione) at 37' C. for 30 minutes. The inhibition of
urease by the smoke solution was almost completely antagonized by this pro-
cedure. On heating the smoke solution at 100' C. for 20 minutes the inhibition
did not decrease. But when the solution was left overnight at 20' C., the inhi-
bitiiig activity decreased considerablv..1

Experiment IIId.-Detection of SH combined substances on paper chroma-
tograms.

Smoke solution was obtained by the method of Experiment lIla, and 10 ml.
was used for the test. Glutathione or cysteine (I , 2 mg., pH 7-4) was added to
the solution and incubated at 37' C. for 15 minutes. The combined substances
were adsorbed to charcoal and eluted with ammonia/methanol. The eluate was

applied to paper and chromatographed with the solvent of butanol, acetic acid,
water (I 2 : 3 : 5) by ascending method. Completed chromatograms were examined
for colour, fluorescence under ultraviolet light, ninhydrin reaction and organic
sulphur test by bichromate solution spray followed by silver nitrate solution
(Booth et al., 1960). Seven spots were detected on the paper, but details of them
await further elucidation (Table VIII).

TABLE VIII.-Olutathione Combined Substances in Smoke Solution (see Experiment
IlId in the Text). Solvent : Butanol, Acetic Acid, Water (I 2 : 3 : 5) by
Ascending Method

Number of spot
r

__A_
I

1 2 3 4 5 6 7

Rf value 0- 04 0- 23 0- 30 0- 42 0- 55
0-20 0-27 0-38 0-48 0-63 0 75

'-'0-25 0- 33 0-45 ,O- 62 0- 70 --O- 85
Colour yellow yellow

orange orange browm brown
Fluorescence + + absorption
Organic sulphur test +++ + + + + + + + + + + + +
Ninhydrin R. + + + + + + + +

Ninhydrinreaction: No.2isclear,severalpatternsappeararoundNo.1; No.3andNo.4are
faint and diffuse. Smoke solution from dried cigarettes contains much of No. 1 and No. 5.

The combination was accelerated by the addition of the supernatant liquid
from liver homogenates of the rat as has been observed in the case of the epoxide
of dihydronaphthalene (Booth et al., 1960).

The water insoluble fraction of the condensate in the salt solution devoid of
acetone (Experiment IIb) contained SH binding substances as well as the haemo-
lyzing factor.

Substances No. I and No. 5 (Table VIII) formed from the condensate from
dried cigarettes appeared in about double the quantity as from the condensate
from moist cigarettes. Leaving the smoke solution at 37' C. for four days caused
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the spots below No. 4 to diminish markedly. Heating the solution at I 00' C for
I 0 minutes caused the spots below No. 4 to decrease and spots No. 6 and No. 7
appeared to increase with this treatment.

DISCUSSION

In the present study it has been demonstrated that the water insoluble fraction
of the condensate of cigarette smoke possesses haemolytic properties, and the
buffer soluble fraction contained SH binding and SH enzyme inhibiting substances.
Cigarette smoke has been shown to precipitate at bends or points of swelling
in a capillary. A reduction in the diameter of a capillary, or an increase in the
velocity of smoke forced through it, results in the precipitation of a greater
quantity of condensate on the walls. Smoke from dry cigarettes precipitates more
effectively on these parts of a capillarv than that from moist cigarettes. The
precipitate from dry cigarettes has been shown to be resistant to washing with
the mixture of acetone and salt solutions.

Without the haemolvzing activitv of the precipitate, the cell membrane of
the respiratory svstem will remain intact and the SH inhibiting and combining
substances will be unable to react with the cell constituents inside the membrane.
The results presented in this work suggest that smoke of dry cigarettes will con-

dense on the respiratory walls in greater quantitv and will remain longer at
bending or swelling parts of capillaries (phvsiological and pathological) with the
result of greater i-nj-ury to the wall cells than the smoke of moist cigarettes.
Repeated injuries of cells might lead to malignant chancre as discussed bv
Smithers (1960). Also the existence of SH combining substances in the smoke
solution suggests that some of them might have radiomimetic action. At the
present stage of study, it is difficult to evaluate the results obtained in this paper
with respect to carcinogenesis. However the level of moisture in cigarettes and
the mode of precipitation of cigarette smoke are conditions which do not seem to
have been taken into consideration hitherto.

Any theory proposed for the causation of lung cancer should be able to explain
the high incidences of the cancer in England, Austria, and Finland and the verv low
incidence in Japan. In these countries cigarettes principally have been smoked
at similar levels. In winter, dry cigarettes have been observed to be common in
the European countries but seldom in Japan. The different heating facilities
existing in these countries may offer a key to the problem.

There may be many other factors which should be studies in connection witb
the moisture content of cigarettes, such as electrical charge, of smoke from dry
cigarettes together with its pathogenic effects on the walls of the respiratory
system. Although some factors have been considered in the present study, further
studies appear to be needed for a most complete elucidation of the problem.

The observations that haemolyzing and SR binding activities of smoke con-
densate are rather unstable show that it is advisable to use freshly prepared smoke
condensate for the experimental cancer study of cigarette smoke.

SUMMARY

Cigarette smoke was found to precipitate at the bending or swelling portiolis
of a capillary. The extent of this precipitation depends on the velocity of the smoke
and narrowness of the capillarv.
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Water insoluble but organic solvent soluble fraction of smoke condensate
haemolyzed red blood cells effectively. This activity decreased by one third in
24 hours at room temperature and was susceptible to aeration but not to SH
reag,ents.

Smoke trapped in phosphate buffer solution was found to contain several SH
binding substances and to inhibit SH enzymes such as succinic dehydrogenase and
urease. This activity decreased markedly in 24 hours at room temperature and
was susceptible to SH reagents.

Smoke from dry cigarettes has been shown to be more easily precipitated than
smoke from moist cigarettes and the precipitate is more resistant to removal.
From these observations it appears that smoke from dry cigarettes acts first to
injure the cell membrane and allows SH binding substances to enter inside the
cell membrane more effectively than smoke from moist cigarettes.

We are indebted to Professor A. Haddow and Professor E. Boyland of the
Chester Beatty Research Institute, London, for their kind interest, and to Dr. P.
Sims of the Institute for teaching methods and sharing chemicals for the
experiment.
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