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(Reprinied from Nature, Vbl. 194, No. 4833, pp. 1089-1090,”
June 16, 1962) |

Rele of 3,4-Benzopyrene in
~ Carcinogenesis by Tobacco Smoke
- Condensate
TuaaT those engaged in the chemical analysis of
cigarette smoke have focused so much of their
attention on 3,4-benzopyrene suggests that it has B
been tacitly assumed that this substance is wholly or
mainly responsible for the carcinogenicity of the
smoke. R | |
~ The benzopyrene content of cigarette smoke has
been measured or estimated by many groups of
‘workers (for review, see ref. 1). - The majority of
estimates fall within the range 0-5-2-5 ugm. per 100
cigarettes. In some cases where much higher estimates
have been obtained the methods of analysis have
been criticized!. It has been pointed out elsewhere®
that the carcinogenicity of the condensate cannot be
explained in terms of the carcinogénicity of a benzo-
pyrene content of the order 0-5-2-5 pgm. per 100
cigarettes. o B
Smoke condensate applied to'the backs of mice
thrice weekly for 60 weeks such that mice received
only 0-005-0-025 pgm. benzopyrene at each applica-
‘tion developed benign and malignant tumours of the
skin®4. Yet, in experiments in which graded dilutions
~ of benzopyrene in acetone were applied to mouse
~ skin, amounts of benzopyrene well in excess of
 0-38 pgm. per application were- necessary to obtain
‘a similar carcinogenic response®. -
‘The discovery that the phenolic fraction of cigarette
smoke promotes tumour development in mouse skin
following - initiation by  subcarcinogenic ‘doses of
9,10-dimethyl-1,2-benzanthracene (DMBA) led to a
new explanation of the carcinogenic activity of -
- cigarette smoke*. According to this hypothesis, the
low activity of benzopyrene and other carcinogenic
constituents of smoke is enhanced cocarcinogenically
by certain irritant phenolic; ~and possibly other,
~ constituents. This hypothesis is now regarded as at
~ least plausible by several of those working in the
'ﬁeld‘”_._ | o o I
In the experiment which is reported preliminarily
here, the part played by 3,4-benzopyrene in carcino-
genesis by a condensate of cigarette smoke was
assessed by Gomparing the carcinogenicity of an un-
adulterated sample of the condensate with that of
samples to which benzopyrene had been added in
“various raneasured amounts. R ,
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[image: image3.png] Smoke condensate obtained by artificially smoking
cigarettes in a special machine was kindly supplied
by Dr. F. G. Bock of the Roswell Park Memorial
Institute, Buffalo, New York. Tt was sent from the
United States at approximately 6-week intervals
packed in dry ice. After arrival it was stored at
/4° C. until required. A sample of the condensate
was analysed by Dr. A. J. Lindsey of the Sir John
Cass Institute, London, and found to contain
approximately 0-6 pgm. 3,4-benzopyrene/gm. -
One hundred male and a similar number of female
mice of a stock albino strain were divided at random
into five groups containing 20 mice of each sex. At
the beginning of the experiment, and thereafter as
necessary, hair was removed from the backs of mice
by electric elippers. -~ .
“Mice of group 1 were given thrice-weekly applica-

_ tions of 0-2 ml. 20 per cent w/v smoke condensate in
acetone, that is to say, 40 mgm. of condensate con-
taining approximately 0-025 pgm. 3,4-benzopyrene
three times weekly. Mice of groups 2, 3 and 4 were
gimilarly treated except that 3,4-benzopyrene was
" added to the condensate so as to increase the amounts
applied on each occasion to 0-06 pgm., 0-25 pgm.
“and 1-25 pgm. respectively. Group 5, on the other
_hand, received thrice-weekly applications of 1-25p.gm.

~ 3,4-benzopyrene dissolved simply in ‘acetone. . All -
" treatments were continued for 68 weeks during which

- period the different groups received totals of approx-

imately 5, 12, 51, 255 and 255 pgm. 3,4-benzopyrene "

respectively. During treatment and after treatment
~ was stopped all mice were examined at fortnightly

~intervals for benign and malignant tumours of the -

~gkin. Malignant tumours were removed at operation
under ether ansesthesia when they reached approx-
imately 1 ¢m. in-diameter. They were: examined
histologically and only recorded as malignant if they
showed penetration of the panniculus. carnosus -
musele. T
- The results of the experiment are given in Tables 1
" Comparison of the results in groups 1 and 5
" indicates that unadulterated smoke condensate is, if
Table 2. TUMOUR INCIDENCE AT 68 WEEKS AND 84 WEEKS = -
Tumour incidence at 68 weeks Tumour incidence at 84 weeks

Sur-  Total Total = Sur- - Mice with Total
Group vivors benign malignant vivors malignant - malignant

tumours tumours* tumours  tumours* .
1 - 31 0 0 6 3 o 3
2 21 . 4 0 15 -4 7 5
3 19 0 1 - 15 2 2
4 24 17 5 14 9 10
5 21 0 B 14 0 0

* Cumulative total excluding recurrent tumours. . .




[image: image4.png]anything, more carcinogenic than an acetone solution
contammg 50 times as much 3,4-benzopyrene. Com-
parison of the results in groups 4 and 5, on the other
hand, shows that benzopyrene mixed with smoke
condensate is far more carcinogenic than the same
concentration of benzopyrene in acetone. If this were,
due to simple summation of the carcinogenic effects
of smoke condensate and benzopyrene, the tumour
incidence in group 4 should have equalled the sum
- of the incidences in groups 1 and 5: it is obviously
~ well in excess of it. The high yield in group 4; thus,
suggests a multiplication rather than a summation
of effect. This fits the hypothesis that smoke con-
‘densate contains cocarcinogenic -substances 1n the
phenolic and possibly other fractions.

Judged by the comparison of tumour-induction
times and of ‘tumour incidence, the - carcinogenic
responses of groups 2 and 3 tended to be inter-
. mediate between those of groups 1 and 4. |

The clear-cut nature and obvious interest of these
results prompted their pubhcatlon before the com-
pletion of the period of observation.
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