
THE MUTAGENICITY BY THE AMES BACTERIAL TEST OF SMOKE CONDENSATES

FROM CIGARETTES BELONGIIIG TO THE JANUS Bll SERIES

M.H. Bilifwria

Background:

It was decided earlier this year to conduct the Ames test on

condensates from sertes of cigarettes for which data such as mouse skin

carcinogenicity.sebaceous gland, promotion activity or NMFI are available.

A comparisonof the results of the Ames test with data obtained from

the testingof the same tobacco products by these other tests, to see

if any relationshipexists. should provide interestinginformationto

tobacco scientistsinvi3lvedin mutagenicityand carcinogenicitytesting.

It must be statedat the very outset, however,that even if no relation-

ships exist. the result of these mutagenicstudies can be of value by

themselvesin assessing the biological propertiesof tobacco products.

The Ames bacterial test:

While the mutagenesis assay on petri dishes was carried out

essentiallyaccording to the procedures developed by Ames and his colleagues,

a considerableamount of time was spent on examining the activation step

in the test procedure. This was done on accountof the fact that the

targetorgan of tobacco smoke is primarilythe lung. and this organ is

known to contain the enzymes necessary for the metabolism of carcinogenic

compounds. However; every rat and guinea pig lung preparation that we tried,

failed to activate cigarette smoke condensate to intermediate(s)mutagenic

towards Salmonella typhimurium TA-98. On account of the metabolic differences
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between rat and guinea pig tissues, we also compared Iiver and kidney

preparationsfor their metaboliccapabilities,and having found that

rat liverwas the most suitable,have decided to use this tissue for

our studies on the mutagenicity of tobacco smoke condensates.

The Ames test is most frequently used by others for a quick

yes or no answer for chemicalsof unknown activity,and it takesone

operator about a week to test several chemicals. However, when the

test is adapted for quantitativestudies,as we have done for differen-

tiationof cigarettes.severalreplicationsare called for, and the

time period to complete the testing is extendedconsiderably.

Cigarette samples:

Two series of cigarettes have been chozen. viz., three samples

from the Janus Bli series, and fifteen samples from the cigarettes made

for the Agriculture Canada Tobacco and Health Study (Experiment No. 40,

1973), and kindly supplied by Dr. B. Zilkey. The formerwas chosen

because it has been examined by a varietyof biological tests, while the

latterwas selectedbecause It includeda wide variety.of tobacco materials

produced under controlledconditions. Although each series has Its own

controls,a'laboratorycontrol cigarette (PlayersCheck 20) was always

Includedso as to permit inter-comparisonof samples tested over different

periods of time.

On accountof the metabolic studies referred to earlier,the exam-

co
ination of the Janus samples was not begun until about the middle of May.
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and was completed a month later. The summer holidays and a delay in

statisticalanalysis, combined'witha very busy schedule at McGill

University,have delayedthe presentationof resultstill now. Work

on the Zilkey series is progressingwell, and it is hoped that the

laboratory work will be finished by the middle of November. A memorandum

will be issued as soon as possible.

Results and Discussions:

In this memo are presented the resultsof the examinationof the

Janus samples In the Ames test. A brief descriptionof the Janus samples

is presented in Table 1, while the mutagenic activitiesof these samples

are presented in Tables 2 and Figures I and 2. From these illustrations

it will be clear that the dose responseswere linear. However, fr(xn

.Table2 it will be seen that In the case of all four cigarettes,the

variances at highest and lowest dose levels differed considerably.

Consequently. a logarithmictransformationwas carried out to make the

range of values as well as thevariancesmore uniform. The regression

lines were then checked for parallelism by a standard ANOVA test, following

which the intercepts%ere employed to express the mutagenicitiesof the

four condensates. These are also presented in Table 2. A Student-fiewman-

Keul test was perfomed to test the intercepts for significant differences

and the results are skown in Table 3.

From Table 3. it will be seen that both Bll-l and Players Check

20 cigarettesare very similarIn their mutagenicactivity,but are

si.9nificantlydifferent from 811-2 and BII-3, the two types of cigarettes co
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made from reconstitutedtobaccos. It will also be seen that cigarette

BII-2 does not differ fromcigaretteBII-3.a resultthatconflicts

with that obtained by the twuse carcinogenicitytest. in which 811-3 is

significantlylower than BII-2. and both of these significan.tlylower

than 811-1 (please see Table 4). The results obtained by the Ames

test also differ from those obtained by the Sebaceous gland test, in

which Bil-2was not significantlydifferentfrom Bll-l,but BII-3 was

significantlylower thin bothBll-land BII-2 (seeTable4). The

promotiontest told a similarstory in that BII-3 was lower than both

811-1 and 811-2.

This lack of correlationbetween these testing procedures Is

not surprisingwhen one considers the complexity of tobacco smoke and

the proceduresemployed in the tests. In the skin painting test the

condensatesare stored for long periods of time. while in the bacterial

test theyare used within a day or two of their collection. One has

also to contend with the promotionactivity of tobacco smoke when

performingthe skin paintingtest. It must also be rememberedthat not

all carcinogensare positive on mouse skin, and other routes and species

have to be used to detect their carcinogenicpotential. Since 90% of

the known carcinogens (detectedby different routes In different species

of animals) respond positively in the Ames tests the chances of the

latter test responding to more carcinogens in the smoke than the mouse

skin test are greater. Furthey-,because of the complexity,as well as

expenseof biological tests such as mouse skin painting, they are not. Lr4
C-0

often replicated,whicp leaves their Interpretationopen to question,
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whereas the Ames test, because of Its simplicity,lends itself to

replicationand thoroughstatisticalanalysisquite readily.

When the results of the Ames test are compared with the NMFI

data (Table4), It will be found that bothof these tests show that

811-2 and B]1-3 are much lower than Bli-I. but not different from each

other. Itwill be interestingto see if thiscorrelationbetweenthe

Ames and NMFItests is obtainedagainwhenwe compare the results

of the Zilkeycigarettes.

Conclusions:

This study with the Janus cigarettessuggests that the Ames test

is suitablefor detecting biologicaldifferencesbetween smokingraterials

as widely differentas flue-cured tobaccoand reconstitutedtobacco sheet

made therefrom. While it is unlikely that the Ames test will pick up

differencesbetween different brands of cigarettes made from the same

kind of tobacco, the results obtained are encouraging enough to warrant

an examinationof cigarettes made from tobaccos.such as air-cured, sun-

cured and the fermented Turkish and Perique. as well as other types of

sniokingproducts such as cigarillos. cigars and pipe tobaccos. Since the

mutagenicactivity of chemical agents Is of great concern to modern man,

a biologicalassay based on this property should be considereda valuable

addition to the arsenal of tests already available to the tobacco Industry.

co
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TABLE I

DESCRIPTION OF JANUS Oll SAMPLES

Code Description

IL CK 20 Laboratorycontrol: -lamina 73%, PCL 8% and CRS 19%.

Bil-T Control: lamina60%, CRS 40% blend.

Bit-2 MontrealPCL sheet from Bll-l blend.

811-3 SchweitzerSRT sheet from Bll-l blend.

CP
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TABLE 2

MUTAGENICITY OF SMOKE CONDENSATES FROM 811 CIGARETTES

Regressinns from Logarithmic
Cigarette Dose No. of His Transformationof Data

No. pq Condensate Revertants
CorrelationCoefficient Slope Intercepper Plate Mean t S.D. (Dose Response)

so 53.Otl5.8
PL C' 100 105.0!21.29 0.9658 9.7357 3.928
20 200 238.9t55.O6

400 455.2!63.36

so 47.2tl4.76
all-I 100 98.7t22.47 0.9617 0.7219 3.820.
(Co-itrol) 200 202.7137.78

400 39S.5t62.22

so 31.9tlO.24
311-2 100 70.2tl2.45 0.9661 0.7633 3.435
(PCL) 200 143.8t25.95

400 310.4!58.92

so 31.4tlf).65
111-3 100 67.2til.87 0.9675 0.7458 3.415
(SRT@@-. 200 137.3!22.60
Schweitzer) 400 283.3:t35.44

co
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> TABLE 3
i
0
0
CL The Student-fiewnan-KeuI test for significanceof observeddifferencesir
0

(D No. of Mutagenicity in terms of intercepts from transformeddata
stepsr+

-ft &part
0

p
PL CK 20 Bil-I 611-2 811-3

0

3.93 3.83 3.44 3.42

0
h 1

Differences in intercepts

F+
PL CK vs Bll-l 811-1 vs 811-2 811-2 vs 811-3a*

:r 0.10 0.39* 0.02

0
o

PL CK vs Bli-2 Bll-l vs 011-3
0.49* 0.41*

cr

PL CK vs Bil-3
0.51*

Significantdifferencesat both I and 51 levels.

oc
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03 TABLE 4

0 A COMPARISO!I CF THE J@";USBll SERIES ClGtRETTES IN SEVERAL BIOLOGICAL AND BIOCHEI.1
0

0

r_
Mouse Skin Sebaceous gland Promotion -

3 to Produce % animals bearingTumorigenicity Dose HM(D Cigarette animals Suppression hyperplasias%
neoplasiasShowi ng Turnours

0

0
46 loo.c. 22.2 24 6.

(Control)C)

0 BII-2 39* 2. 24.9 23 4.

03 (PCL)

r4L

4.811-3 17* 40.9 38.9* 17*
(SRT)

0
0

*Si4jniftcantlydifferentfrom appropriatecontrol.

to
to
to
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--FIGURE 1: T14E MLIRAGC-NICITY OF rANUS Bil
-CIGARETrEs IN rHE AMES TEST
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FIGURE 2.- THE murAGeNiciry OF TANUS 1311
CIGARC-TTES- LQGARITi4MIC 'rP.ANSFOAMAriQiv
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