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Summarv and Conclusions

The objective of this study was to investigate the effect of human

smoking conditions on the specific biological activity of tobacco smoke

condensate. From a preliminary study. two human smoking parameters, puff

duration and puff interval, appeared to have some influence. It was felt

important to investigate the apparent effects of these two parameters while

controlling for puff number. Two commercial Canadian ventilated products,

Brand A and Brand B (declared tar deliveries of 4 and 11 mg respectively) were

selected for use in the studies. The results of the present investigation can

be summarized as follows:

No statistically significantdifferences in the specific biological

activities of either cigarette, as determined by the Ames Test, were found for

the tobacco smoke condensate generated under different human smoking

conditions relative to: 1) standard smoking conditions or

2) each other.

It appears, therefore, that the standard procedure for the determination of

the specific biological activity of cigarette smoke is an accurate indicator

of the specific biological activity to which a smoker may be exposed.
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Introduction

Most studies of the biological activity of tobacco smoke condensate

have been concerned with the relative differences between tobacco and product

types. The majority of these studies have used standard smoking conditions

(35 ml puff, 2.0 s duration, 58.0 s interval) to generate the smoke

condensate. It is known. however, that actual human smoking conditions can

vary from standard conditions. In light of this, it was felt prudentto

assess "he effect, if any, of human smoking conditions relative to standard

conditions, on the Ames biological activity of smoke condensate. The Ames

Test was considered to be the most appropriate short term mutagenic testing

procedure to follow.

A preliminary investigation, carried out in 1984, Indicated that

human s;aokingconditions, specifically puff duration and puff interval may

affect the specific biological activity of smoke condensate. It was decided.

at tha@,point, to focus attention on the effect of varying these two smoking

parame@lars.

C:)
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1 Metrd

1 .1 CiaE!-ette Selection

Two commercial Canadian brands, Brand A and Brand B (declared tar

deliteries 4 and 11 mg. respectively), were selected for investiga:"on.

Thesi two products are typical examples of Canadian cigarettes

repr--senting the extremes of the usual delivery range associated w'th

ven't'lated products.

All cigarettes were selected for weight, pressure drop and

ven@-Tation level. Oetails of the cigarette specifications are gi-,,enin

Tablt, 1.

1.2 Humai Smoking Behaviour

Out of a pool of 95 previously recorded human profiles. 6

prof'les were selected for further investigation using the followl-.g

cri=iria.

1) :.roupA: all smoking parameters except puff duration to remai-.

:onstant.

2) :.roupB: all smoking parameters except puff interval to remal.,t

-Utistant.

4here necessary, profiles were truncated to control for puff n,-mber

ind butt length-, details are given In Table 2.

1.3 DuD-itcation

The Human Smoking Behaviour Research group carried out the
I

dupltcation of each profile using the ITL smoke duplicator
.

In order

to -sitisfy the requirements of the Ames Test in terms of condensa@@i

concentration, each profile was duplicated 10 times. Concurrently. with

dup'jtcation, each brand was smoked under standard machine conditic.,tsto

CZ)
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obtain a control. The duplicated deliveries for each profile are given

in Table 3.

1.4 Mutagenicity Testing

The smoke condensate for each profile and the companion control

samples for the two groups of smoking conditions were passed to the

Microbiologicalgroup for mutagenicity testing. The condensate on the

pads was extracted with OMSO and tested for mutageniclty by the standard

procedure followed in this laboratory
2,3.

Salmonella ty2himurium TA-98

was used to compare the mutagenicities of the condensates. The

microbiological procedures and preparation of the Sprague-Oawley rat

liver post-mitachondrial supernatant (S-9), were according to procedures

described by Ames et al.
4

1.5 Statistical Analysis

The mutagenicities of the condensates were calculated in two ways:

1. Regression analysis of log transformed data in which regression lines
5

were checked for parallelism by an ANOVA test
.

The intercepts.

using a common slope, were employed to express mutagenicities.

2. Converting each dose point to a specific activity (number of

revertants per pg condensate). Means and standard deviations were

calculated for each condensate from a total of 20 points. An ANOVA

was perfoned to determine whether the differences between means were

significant or not.

C:)
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2. Results and Discussion

It can be seen from Table 4 and Figures I and 2, that for varying

puff duration,there were no significantdifferencesin the spectfic

biologicalactivityof the human smoking profiles, nor any differences

between the control and the human smoking profiles. There were also no

significantdifferencesin biologicalactivitywhen puff intervalwas

varied (Table 5. Figures3 and 4).

The earlierstudy indicatedthat an increasein puff duration

resultedIn a decreasein biologicalactivity,while an increasein puff

interval(decreasein puff number) led to an increasein specific

biologicalactivity. However, these preliminary results were obtained

from single experiments. In the study reported here, puff durationand

intervalwere varied while puff number was controlled. Furthermore,

sufficientreplicateswere conductedfor statisticalanalyses. In light

of these points,the preliminary findings appear questionable.

Other researchershave reported that an increase in flowrate

during a puff,decreased the specific biological activity (GR & OC Status

Review Notes, November 1984 - April 1985 and the Biologlcal Conference,

Montreal, Canada 1985). It was not the intent of the study described

here. to investigatethe effectof flowrateon biologicalactivity.

However, it can be seen from Table 2 that flowrates did vary within Group

A smokingconditions(varying puff durations). However, the information

in Table 4 indicatesthat there were no differences In specific

biologicalactivitywhich could be attributed to differencesin either

puff duration,as discussedpreviously, or flowrate. The reasons for

these differentresults are not clear and should perhaps be further

investigated.

CC)
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The results of this study appear to indicate that the Ames

biological activity of smoke condensate is unaffected by changes in the

puff duration or Interval of a smoking regime and possibly unaffected by

changes in flawrate. Therefore these findings support the use of

standard smoking conditions to monitor the biological activity of tobacco

products.

It should be noted. however. that the cigarettes used in this

study were Canadian products which are manufactured with flue-cured

tobacco. Previous work has shown that the most influential factor in
6

relative Ames biological activity is tobacco type
.

Flue-cured tobacco

is less biologically active than other tobacco types. Furthermore the

differences in biological activity between Canadian cigarettes

(flue-cured tobacco) are small. Therefore these results may not be

applicable to all tobacco types and a further study using other tobaccos

may be warranted.

C:)
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TABLE I

CIGARETTE SPECIFICATIONS

Brand A Brand 5

DPM (mg/cigt.) 3.7 11.1

Nicotine.(mg/cigt.) 0.42 0.93

Water (mg/cigt.) 0.37 1.11

CO (mg/cigt.) 3.8 11.4

P.D. (mm W.G.) open 75 94

Dilution 63 37

Paper Porosity (C.U.) 36.8 35.2
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TABLE 2

DETAILS OF THE SMOKING CONDITIONS USED TO GENERATE SMOKE CONDENSATE
(D

0

Smoking No. of Puffs Mean Puff Mean Maximum Mean Average Mean Puff Mean Puff Me
Condition (Butt Length) Volume Flowrate Flowrate Duration interval Pu

0 (mm) (m]) (ml/s) I (ml/s) I (s) I (s)

Standard Condltions 35 17.5 2.0. 58

(D Group A - Varying

0 Puff Duration
h

S #9-328-13 9 (35) 50.8 21.0 16.2 3.0 48.7

S #7-328-11 8 (37) 53.6 35.0 25.0 2.1 49.0

S #6-919-12 9 (37) 46.1 51.7 40.2 1.1 48.0
U)
=r

0 Group_B - Varying
0 Puff Interval

S #1-328-1 6 (38) 42.3 42.0 33.0 1.2 65.4

S #5-328-9 7 (37) 36.8 49.4 32.7 1.2 36.0
cr S #6-328-5 7 (37) 39.5 43.9 30.5 1.3 28.5

z
0

(D
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(D
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TABLE 3

COMPARISON OF THE DELIVERIES OBTAINED FROM THE OIFFERENT SMOKING CONDITIONS

Brand A I Brand B
Smoking Tar Nicotine H 0 co I Tar Nicotine H 0 co
Condition (mg/ciqt.T I (mq/ciqt.)

Group A
Puff Duration

Std. Conditions 4.0 0.40 0.42 -- 1 10.6 0.99 0.99 --
S #9-328-13 4.8 0.45 0.29 3.9 1 9.8 0.83 0.69 9.4
S #7-328-11 5.5 0.52 0.44 5.5 1 11.0 0.93 0.93 12.5
S #16-919-12 7.3 0.67 0.61 7.0 1 13.0 1.13 1.21 15.5

Group 8
Puff Interval

Std. Conditions 4.8 0.47 0.40 -- 1 11.0 0.98 0.70 --
S #6-328-5 3.1 0.27 0.18 3.3 1 5.9 0.48 0.49 6.8
S #1-328-1 3.8 0.32 0.22 3.9 1 6.7 0.57 0.50 8.3
S #5-328-9 2.8 0.23 0.15 2.9 1 5.0 0.41 0.41 5.7

%lc

BATCO document for Province of BritiSh Columbia 4 November 1999

BATCO 00086779



IABLE 4

[WIAGENIC ACIIVIIIES- BY TIIEAIES I[ST Of SMOKE CQNDEKIAIL GENERATED UNRER Dlff[Rffll PuFf DURATIONS

Regressions from Logarithimic nutagenicittes Significance of Differences betweenCigarette and Puff
--, -ti

on 11 1,18 f of His' Revertant NutagenicitiesProfits Code I ouration I Correlti.,f.O'l
IStudent-Ni@wn-Keul- t-lestir+

I Is% I toelf, I (Hutaltnicity) mean t S.C. -Sid,conditions Sn-328-13 541-320-11
0 Bring A

Std. Candttiofts 2.0 0.913 1.156 762 2.109 0.276 N.S. N.S.5 09-320-13 3.0 O.Vbt 1.
1
53 00-694 1.929 0.329 N.S.s #1-326-11 2.1 0.960 1.282 0.686 1.913 0.3520 5 oil,-911-2 1.1 0.903 1.166 0.692 1.915 0.266

<

Brand 6

CD Std. Conditions 2.0 0.986 1.119 0.466 1.416 0.198 N.S. N.S.S #9-328-13 3.0 0.160 1.218

0-
422 1.314

0
.258 N.S.0 S 11-328-11 2.1 1 0.99) 1 ).211 1 0.432 1.395 0.189h s 016-919-12 1.1 0.910 1.206 0.451 1.494 7 0.195

(A
Calculated from 4 replications at 5 concentrations of condensate. each In triplicate.

0 Calculated separately at each concentration of sock* condensate.
0

not significantlydifferent.
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0 TABLE 5

NUfAfiENICACTIVITIES*BY TO( AMES t NSATE GINERAF[DUNOCA 0

CD
0

Regressionsfrom Logarithistc Nutagenicities
Cigaretteand

1:11.1
mation 0 of His' RevertProfile Cod* lat rv it Oiniftercept of TA9614a of C nd

Do I (RutagenicIty) I mean S.O@

brandA

Std. Conditions So 0.224 1.260 0.516 1.814 0.24s
S 01-321-1 6$ 0.192 1.151 0.464 1.703 0.117
s fi-328-9 36 0.976 1.204 0.515 1.606 0.339
S 86-328-5 28.5 0.986 1.241 0.514 1.821 0.285

(D Brand B

0
h

Std. Conditions So 0
*

987 1.174 0.546 1.512 0.205
3 fi-329-1 65

o
.284 1.202 0.536 1.553 0.201

S 06-321-9 36 0.992 1.239 0.616 1.196
0
.255

s 86-323-S 28.5 0.981 1.194 o.sel 1.115 0.232

CO)

0
1Calculatedfrom4 replicationsat5concentrationsofcondensate.eachtotriplicate.0

Calculatedseparatelyateachconcentrationofsmokecondensate.

I.S. notsignificantlydifferent.
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FIGURE I AMES MUTAGEt4ICITY OF SMOKE COIDENSATE
GENERATED UNDER DIFFERENT PUFF DURATIONS
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FIGURE 2: AMES MUTAGEN TCT TY OF SMOKE CONDENSATE
GENERATED UNDER DIFFERENT PUFF DURATIONS
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FIGURE 3: AMES MUTAGENICITY OF SMOKE CONDENSATE
GENERATED UNDER DIFFERENT PUFF INTERVALS
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FIGURE 4: AMES MUTAGENICITY OF SMOKE CONDEN5ATE
GENERATED UNDER DIFFERENT PUFF INTERVALS
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