
XA04N1376

CHARACTERIZATION OF BIOLOGICAL ACTIVITY OF CIGARETTE SMOKE USING IN VITRO TESTS

Abstract Studies were conducted to characterize

the influence of exposure mode (whole-body conL!nu- PRINCIPAL INVESTIGATORS

ous, nose only intermittent, nose--only continuous) A. L. Brooks

on biological activity of cigarette smoke conden- B. T. Chen

sates. The mutagenic potency of the extracts was J. L. MaudPrly

determined using almonella typhimurium tester strain

TA-98 with and without the addition of S-9. The cytotoxicity of the cigarette smoke with and

without the' addition of S-9 was also determined using Chinese hamster ovary cells (CHO).

Mutagenic activity was observed in the Ames test only after the addition of S-9. The optimum

mutagenic activity was observed following addition of between 3 and 6 S-9. The average mutagenic

potency, when cells were tested at the optimum level of S-9, was 1.5 revertants1mg extract. Cell

killing by cigarette smoke extracts was the same for extracts derived from all three exposure

modes. There was about 20% cell killing at concentrations of 300 mg extractImL culture media. No

differences were observed in either mutagenic or cytotoxic potency among the smoke extracts

produced tinder different exposure conditions.

The mutagenic activity and toxic potency of cigarette smoke may change as a function of the

exposure mode of the smoke. in a review of genotoxicity of cigarette smoke, it was reported that

smoke extracts require the addition of S-9 to be mutagenic.1 It has also been reported that air

samples polluted with sidestream cigarette smoke are mutagenic in te absence of S-9.2 One of the

potential mechanisms for the induction of cancer by cigarette smoke is cell killing and subsequent

stimulation of cell proliferation.

As part of a larger investigation of the health effects of cigarette smoke (this report,

pp. 324-330), this study was used to characterize the cellular activities of cigarette smoke

condensates produced from three different exposure methods.

METHODS

Three in vitro studies were conducted to characterize the biological activity of the cigarette

smoke condensates. First, the mutagenic activity in the Ames test was determined with and without

the addition of S-9. Second, the level of S-9 required to optimize the mutagenic response was

determined. Finally, the Ames mutagenic activity of some extracts produced under each exposure

method was then determined using this level of S-9. The toxicity of the extracts toward mammalian

cells was determined using the colony formation assay with CHO cells.

The cigarette smoke extracts were collected and extracted as described in this report (this

report, pp. 324-330). The Ames test was conducted according to published procedures3 using S-9

prepared from Aroclor-1254-induced rat liver. At least concentrations of cigarette smoke

extract, ranging from 50-600 )jg/plate, were used for each exposure condition. Three plates were

tested per concentration with and without S-9. The level of S-9 was varied (0.0, 30, 60 90

and 12.0%) and the dose-response curves constructed for each level of S-9.
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Standard colony formation methods were used to determine cell killing.4 The toxicity was

tested at concentrations of 0, 75, 150 and 300 pg extract/mL of media. There were 200 cells

plated per well and three wells evaluated for each exposure concentration. All tests were

conducted with and without the addition of S-9.

RESULTS AND DISCUSSION

There was no mutagenic activity without the addition of S-9 over the range of concentrations

tested. The influence of S-9 concentration on the mutagenic activity of cigarette smoke produced

in the whole-body continuous mode is shown in Figure 1. Ihere was a linear increase in mutagenic

activity as a function of the amount of extract added. The maximum response was seen for 36%

S-9, with a slope of 1.5 revertants/)jg extract. Using 6% S-9, smoke extracts produced by all

three methods of exposure, were evaluated. The mutagenic activity of the three different extracts

is shown in Figure 2 There were no differences in te initial slopes of revertant frequency

produced by any of the three extracts. These results suggest that the three smoke samples were

more like mainstream smokel than sidestream smoke,2 and that the method of smoke delivery and the

amount of dilution had little effect on their biological activity.

The toxicity of the smoke extracts toward CHO cells is shown in Figure 3 lhe addition of S-9

decreased toxicity (data not shown). The figure illustrates that there was little cell killing

for any of the extracts at concentrations of up to 300 )jg extract/mL of medium.

These studies provide useful information on the biological activity of cigarette smoke

produced by different exposure modes. Such information, along with chemical and physical

characterization, makes it possible to evaluate the impact of exposure modes on chemical make up

and biological activity of cigarette smoke condensates. This information was used to help select

exposure conditions used in long-term animal studies conducted at IRI.
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Figure I The inf luence of S-9 concentration on mutagenic activity, in Ames bacterial strain
TA-98, of cigarette smoke condensates collected in a whole-body exposure chamber.
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Figure 2 The mutagenic activity of cigarette Figure 3. Cell killing by cigarette smoke
smoke condensates collected in nose-only inter - condensates Collected in noSe-only intermit-
mittent, nose-only continuous and whole-body tent, nose-only continuous and whole-body
continuous exposure chambers. continuous exposure chambers.
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