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Intreduction

Philip Morris is funding a long-term inhalation study on room-aged sidestream smoke
(RASS) and diesel engine exhanst (DEE), currentiy underway at INBIFO (Institut flir biologische
Forschung, Kéln, Germany), with the objective of comparing classic and mechanistic endpoints

considered to be relevant in experimental carcinogenesis.

Appended to this chapter are the following manuscripts prepared and submitted or

accepted for publication based on several completed pilot studies:

. Haussmann, H.-J., Anskeit, E., Becker, D., Kuhl, P., Stinn, W., Teredesai, A., Voncken, P.,
Walk, R.-A., Comparison of fresh and room-aged cigarette sidesiream smoke in a subchronic
inhalation study on rats, Toxicol. Sci. 41: 100-116 (1598). [Tab A]

. Haussmann, H.-J., Anskeit, E., Gerstenberg, B., Gocke, W., Kuhl, P., Schepers, G., Stabbert,
R., Stinn, W., Teredesai, A., Terpsira, P., Tewes, F,, Twelve-month inhalation study on
room-aged sidestream smoke in rats (Submitted). [Tab B]

. Voncken, P., Stinn, W., Haussmann, H.-J., Anskeir, E., Influence of aging and surface
contact on the composition of cigarette sidestream smoke -- Models for environmental
tobacco smoke, In: Dungworth, D.L., Mauderly, J.L., Oberdorster, G. (Eds.): Toxic and
carcinogenic effects of solid particles in the respiratory tract, Washington: ILSI Press, ILSI
Monograpis, pp. 637-641 {1994). [Tab Cj
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Concept of the Long-Term Inhalation Study

The study will correlate mechanistic data gained from intermediate biomarker assays
with tumor development. as well as compare these data for the two test materials. The study is
designed to investigate the test materials at toxicologically relevant concentrations that bear a more

realistic relationship to human exposure.

This study will also contribute to the discussion on the biological plausibility of the
twmorigenic risk purportedly attributable to ETS and DEE exposure. Mechanistic investigations on
the interaction between the test model and the test materials will be an integral part of the study in
order to provide a comprehensive interpretation of effects. The integration of mechanistic endpoints
in long-term bioassays and the use of these data in risk assessment has been recommended by the
NTP Board of Scientific Counselors (1992) and the Intemational Agency for Research on Cancer
(IARC) Working Group (1992), as well as in the Guidelines for Carcinogen Risk Assessment

recently proposed by the 1.S. Environmental Protection Agency (EPA) (19963,

The study has been designed to generally comply with regulatory requirements and
recommendations (OECD guideline 451, 1986, NTP, 1991). There are two major exceptions from
these gunidelines in the present study design. The use of only two instead of three dose ievels is
motivated by the comparative nature of the study design; it is not the intention to perform a classical

carcinogenesis study with the determination of a no-effect level. Also, doses have not been selected
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based primarily on the concept of maximum tolerated dose {MTD), but rather are linked to certain

muitiples of realistic human environmenial concentrations.

In the following, critical parameters of the study concept will be discussed.

Test Atmosphere Definitions

Environmental tobacco smoke {ETS) is a complex mixture mainly composed of aged
sidestream smoke (S8) as well as of small amounts of exhaled mainstream smoke (MS) {First, 1985;
Baker and Proctor, 1990). Since “real” ETS cannot be generated for long-term laboratory research,
RASS will be used in the long-term study as a surrogate for ETS. It will be obtained by diluting and
aging S8 generated from the standard reference cigarette 1R4F in a controlied, noninert environment.
[nternational standards applying to the generation of MS will be adapted to produce SS. Generally,
the same chemical compounds are found in S8, RASS, and ETS, but there are quantitative

differences in the concentrations and phase distribution {Guerin et al., 1992; Voncken et al., 1994).

DEE is a complex combustion acrosol like SS. The composition of DEE depends on
the fuel and lubricants used as well as on the engine and its mode of use. In the long-term study,
standard fle] and lubricant will be used. and intemational standards for diesel engine operation and

the dilution of DEE will be applied (EPA, 1990).
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Both ETS and DEE are reported in the environmern at similar concentrations. The
most significant difference in the chemical composition of the two combustion aerosols is the
insoluble carbon core of DEE particles, whereas ETS particles are almost completely soluble (Zaebst

ctal. 1991).

Test Atmosphere Generation

RASS will be generated from the S8 of'the standard reference cigaretie 1 R4F, a lower
yield filter cigarette supplied by the University of Kentucky (Tobacco and Health Research Institute,

1990). The 1R4F is in line with current consumer preference.

Dilution and aging of S8 involve physicochemical changes (e.g., particle/gas phase
distribution and particle size distribution), particle losses due te deposition and adsorption on
surfaces, and chemical reactions (Benner et al., 1989; Eatough et al., 1989 and 1990; Baker and
Proctor, 1990). In comparison to other SS constituents, nicoting has been shown to interact most
readily with surfaces (Neurath et al., 1991; Voncken et al., 1994}, To quantify ETS concentrations
in field studies, particle and nicotine concentrations have most frequently been determined. Due to
different kinetics, the ratio of particle/nicotine mass concentrations changes with time and has thus
been considered as a determinant to characterize ETS and fresh SS (Eatough et al., 1990; Nelson et

al,, 1992; Guerin et al., 1992; Sterling et al., 1996). Average conceniration ratios of 4 up to 100 were
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determined in field studies and 2 to 4 in fresh SS.! This ratio may be distorted at lower ETS

concentrations by unaccountable portions of nonsmoke-related particles (dust).

In order to approach “reai” ETS conditions as far as possible, RASS with a mean age
of at least 30 min will be used in the long-term study. A mean air residence time of 30 min

{corresponding to 2 air changes per hour) can be found in less ventilated rooms.

The RASS concentrations (3 and 10 ug/l) required for the long-term study may be
obtained either by aging SS at the high TPM concentration and subsequent dilution to the lower
concentrations or by aging SS separately at each of the RASS concentrations required. As the
intention of the long-term study is to investigate a single test atmosphere at two different

concentrations, the former approach is preferred.

In our previous investigations, the chemical composition of RASS was found to
change with the amount and type of surface materials in the aging room {e.g., with paper or wool)
(Voncken et al., 1994). In general, particles and particle-associated components decreased, while
most vapor phase components remained unchanged. In order to provide reasonable aging of the S8
and to optimize the reproducibility of the setup, a noninert empty room with defined characteristics

will be used in the long-term study.

I. The ratio indicative of fresh SS was also found in previous subchronic and chronic inhalation
studies on rats (Adlkofer et al., 1988; von Meyerinck et al., 1989; Copgins et al.,, 1992,
Coggins et al., 1993; Rajini and Witschi, 1994; Witschi et al,, 1995).

-5-
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In most {ield studies as well as in all published experimental inhalation studies, the
particle concentration has been used as the key analyte to determine the concentration of ETS and
ETS surrogates. In order to be able to compare our analytical and biological resuits with published
data. TPM concentration will be used as the key analyie in the long-term study. In addition, the
particle concentration has been the key analyte in all DEE inhalation studies as well as the basis for

DEE risk assessment.

DEE will be generated using standard fuel and lubricant and a passenger car engine
frequently in use in Europe. The engine will be driven using a standardized protocol to simulate city

driving behavior.

Fresh DEE wiil be used as the test atmosphere to keep comparability with previously
publisited DEE long-term inhalation studies (Karagianes et al., 1979; Iwai et al., 1986; Ishinishi et
al., 1986; Vallyathan et al., 1986; Mauderly et al., 1987; Brightwetl et al., 1989, Heinrich et al.,
1986. 1992, and 1995; Nikula et al., 1995). Fresh DEE may be less environmentally relevant but

its use in long-term inhalation studies is consistent with published literature.

A comparison of DEE composition in published inhalation studies revealed some
differences. The most important difference may be the proportion of elemental carbon in the
particulate phase. In the most recent published long-term DEE inhalation studies, elemental carbon
was reported to be 60 % (Heinrich et al., 1995) and 92 % (Nikula et al., 1995) of TPM. It is well

known that the proportion of elemental carbon in DEE particulates fluctuates (Hering et al., 1990;

-6-
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Watts, 1995). Major factors contributing to this fluctuation include, apart from emission control
devices, the engine type, duty cycle. fuel, and lubricant consumption. Elemental carbon generally
accounts for about 40 to 60 % of DEE particulate matter mass (Klingenberg ¢t al., 1991; Zaebst et

al.. 1991).

As for S5, DEE concentrations in experimental siudies are commonly based on
particulate matter mass as collected on glass fiber filters. Sometimes, soot seems {0 be

synonymously used.

Dose Levels

According to the principle of maximum iolerated dose (MTD), the highest test
substance dose in a carcinogenicity study should be “sufficiently high to elicit signs of minimal
toxicity without substantially altering the normal life span due to effects other than tumors. Signs
of toxicity are those that may be indicated by aiterations in certain serum enzyme levels or slight
depression of body weight gain (less than 10 %)” (OECD Guideline 451, 1986). Setting the upper
limit of doses to the MTD level should prevent toxicity from substantially interfering with
tumorigenicity. On the other hand, dosing as high as this limit should prevent false negative

carcinogenicity studies.

Historically, the MTD has been frequently determined in pilot subchronic/90-day

studies, and histopathological lesions other than those that may be related to carcinogenesis were

-7-
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also considered (Morrow et al.. 1996). However, in only approximately 20 % of the NTP inhalation
studies, reduced body weight was used as the rationale for selecting the highest dose. In one study,
a multiple of the human therapeutic dose was applied. In the long-term studies completed by the
NTP. only 60 % had reduced body weight at the highest dose, and the magnitude of these body
weight effects did not correlate with the carcinogenic response of the test substances. This is in line
with recent trends within the NTP in the interpretation of the MTD concept, i.e., from the “maximum
tolerated dose™ to the “minimaily toxic dose,” which would also consider slight body weight effects
in the long-term study as minimally toxic, A special workshop dealt with establishing a rationale
for aerosol exposure concentrations in long-term inhalation studies (Lewis et al.. 1989). Emphasis
was given to substances which are relatively insoluble and of low systemic and respiratory tract
toxicity. This workshop concluded that the highest dose should only minimally affect pulmonary
clearancg. This is in line with the concept of a functionaily defined MTD (MFTD} for highest
exposure concentrations in long-term hioassays (Muhle et al., 1990a), which should permit the
extrapolation of observed biological effects to realistic concentrations to which hurnans are exposed.
The MFTD concept considers biokinetic and mechanistic aspects (NTP Board of Scientific
Counselors, 1992). However, more specific recommendations with regard to the type or degree of
respiratory tract responses that constitute evidence of an appropriate minimally toxic response or an
MFTD were not made (Lewis et al., 1989; Morrow et al., 1996). Especiaily, the relevance of particle
overload in the lungs and the resulting inflammatory response and cell proliferation with regard to

risk assessment remains open {Oberddrster, 1995).
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Altered serum enzyvme levels or hematological changes as signs of toxicity were not
found in a subchronic SS inhalation study at a TPM concentration of 4 wg/1 (Adlkofer et al., 1988).

At concentrations of up to 10 ng/l. no clinical signs of toxicity were found using “aged and diluted

83" (Coggins et al., 1993).

The rationale for the selection of the 8§ concentration of 4 wg TPM/1 in one fully
published long-term S5 inhalation study was not made quite clear (Witschi et al., 1995). At this
concentration, there was no significant effect on body weight. In a previous {pilot?) study performed
by the same laboratory, cell proliferation was observed in bronchi and bronchioli at 1 1g TPM/1
{Rayini and Witschi, 1994). The same effects as well as cell proliferation in the nasal epithelia were
seen during the initial part of the chronic study (4 g TPM/1). Obviously, the dese for the chronic
study was selected based on the response in the pilot study of biomarkers considered to be related
to carcinogenesis. Taking this approach for the dose selection, i.e., subchronic responses in
biomarkers related to carcinogenesis, a RASS dose of 10 wg TPM/I for the present study would seem
to be justified based on the biomarker responses noted above. In a second study, Witschi et al.

(1997) used a TPM concentration of roughly 90 ng/l.

In the long-term study on female rats performed by Heinrich et al. (1995), the body
weight of the high dose DEE group started to deviate significantly from the control on study day 200
(7 ug TPM/1, 18 hours/day, 5 days/week, weekly particle dose: 630 hours x ng/l). The final body
weight difference was 17 %. Nikula et al. (1995) found a body weight gain reduction of

approximately 10 % for both sexes following about 180 days of inhalation (6.5 ug TPM/1, 16
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hours/day, 5 days/week weekly particle dose: 520 hours x wg}). This body weight gain reduction
did not further increase for the male rats but increased to approximately 20 % for the female rats
following approximately 500 days of inhalation. Thus, these long-term DEE inhalation studies
which were both positive for lung tumors do not meet the historical MTD definition (10 % body

weight gain reduction within 90 days), but are in line with the minimally toxic dose concept (body

weight differences at chronic time points).

The survival of DEE-exposed rats in the study by Heinrich et al, (1995) was not
affected, as was the case for female rats in the study by Nikula et al. (1995}, However, the male rats

in the {atter study showed reduced survival in the higb dose group.

Slight changes in serum clinical chemical and hematological data were reported
following DEE inhalation (Ishinishi et al., 1986; Lewis et al., 1986). The relevance of these changes

is unclear. These parameters have not been regularly investigated in long-term DEE inhalation

studies.

DEE inhalation at the high doses mentioned above reproducibly resuited in an
impairment of the macrophage-associated particle clearance from the lungs, which is connected to
a particle overload phenomenorn (Proceedings of Symposium on Particle Lung Interactions: Qverload
Related Phenomena, 1990; HEIL 1995). According to a cumrent hypothesis, the overloaded
macrophages atiract PMNL to the alveolar lumen as an inflammatory response. This persisting

inflammation may ultimately result in hyperplastic and metaplastic changes leading to lung fibrosis
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and carcinogenesis. The definition of'an MTD or MFTD as well as the relevance of tumors arising
under particle or other overload conditions for human risk assessment is under discussion. Excessive
particle overtoad as found in high dose long-term DEE inhalation studies is certainly no condition
which can be readily extrapolated to the human situation. On the other hand. prolonged particle
clearance as well as associated inflammation, cell proliferation, and fibretic changes can also be

found in humans, such as coal workers, occupationally exposed to particles Cberdérster, 1995).

Deposition of soot particles in the lungs, carbon-loaded alveolar macrophages, and
infiux of PMNL and lymphocytes were also observed in our subchronic DEE pilot inhalation study.
The magnitude of these biomarker responses suggests that the dosing regimen selected would be

sufficient to elicit lung tumors in a long-term study.

The tumorigenic response to DEE in long-term inhalation studies on rats varies from
4 (spontaneous tumor prevalence) to 54 % lung tumor prevalence at approximately 7 «g particles/
(Karagianes et al., 1979; Brightwell et al., 1986; Mauderly et al., 1986; Heinrich et al., 1992). This
large variance has been mainly attributed to differences in the exposure regimen (Heinrich et al.
1986), but major differences in test atmosphere generation are also probable. For weekly particle
doses, a threshold of approximately 120 hours x zg/1 has been suggested for lung tumorigenicity
(Nikulz et al., 1995). The lung soot burden is generally considered to be the major determining
factor for particle-associated tumor responses. No relevant difference in the hung particle burden or
associated effects were found when changing the daily exposure pattern or rate of delivery

(Henderson et al., 1992). Thus, the retatively short daily exposure duration applicable to head-only
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exposure can be compensated by increasing the DEE particle concentrations over those usually used

in whole-body exposure studies for longer daily durations.

Taking together the foregoing discussion on the applicability of the MTD concept to
the present test atmospheres, the dose levels chosen seem to be compatible with the minimaily toxic
dose concept. Another aspect for setting dose levels is the intention to correlate the responses of
selected biomarkers to the lung tumor response. This requires the use of doses which have been
shown to be positive in previously published fong-term inhalation studies. This rationale fully
applies to DEE. It cannot be applied to RASS, since only few data are available on the long-term
responsiveness of mice (Witschi et al., 1995; Witschi and Pinkerton. 1996; Witschi et al.. 1997) but

none on rats.

Maximum mean ETS concentrations in terms of smoke-related, respirable suspended
particles {RSP) are reported to be approximately 0.1 g/l in residences, offices, transportation
vehicles, or other places where smoking occurs (EPA, 1992: Guerin et al., 1992). 600-1000 .g/m’
seems to be the upper limit for the most extreme ETS concentrations reported for all types of
occupied spaces. In the present study, the highest RASS particle concentration of 10 ug/l will
exceed extreme human exposure concentrations by a factor of 10 and typical concentrations by a
factor higher than 100. For the low dose group of this study, a TPM concentration of 3 ug/l will be
used. As for the planned high RASS concentration, the high DEE concentration in the present study

will exceed extreme and normal mean environmental DEE concentrations by factors of 10 and 109,
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respectively (Woskie et al., 1988; Lehmann, 1991: Pott, 1991; Elbers and Muratyan. 1991: Kiihn and

Bireft. 1992: projected ambient concentrations by McClellan, 1986; Brightwell et al.. 1989),

Due to the comparative nature of the present study design as well as the relationship
of the doses to reported environmental concentrations, the use of the same particle concentrations

for both test atmospheres is considered straightforward.

Animal Model

Rats, mice, and hamsters have been preferred in carcinogenicity studies “because of
their relatively short life span, . . . their widespread use in pharmacological and toxicological smdies,
their susceptibility to tumor induction, and the availability of sufficiently characrerized strains™
{OECD Guideline 451, 1986). The same recommendation was made by Lewis et al. {1989},

particularly for acrosol inhalation studies.

For head-only exposure, rats are technically more suitable than mice and hamsters.
This fact and our long experience with the rat in inhalation studies recommend its use in this long-

term inhalation study. The mouse could be considered as a second species for possibie future work.

In order to facilitate the detection of a low prevalence of induced tumors in the test
groups, the spontaneous tumor prevalence in target organs should be as low as possible. The

spontanecus prevalence of nasal cavity tumors seems to be negligible {i.e., <1 %) in the three rat
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strains considered. However, approximately 4-fold spontaneous lung tumor prevalences were
reported for the Fischer 344 rat (Goodman et al.. 1978; Solleveld et al.. 1984; Haseman et al.. 1985)
compared to the Sprague Dawley (MacKenzie and Garmer, 1973: Prejean et al., 1973) and Wistar
rat (Vandenberghe, 1990; Kroes et al., 1988; Deerberg et al., 1980, 1982; Rehm et al., 1984;
Ueberberg and Luetzen, 1979; Takizawa and Miyamoto, 1976; Boorman and Hollander, 1973;
Bomthard et al., 1986). Fischer 344 rats have been used in carcinogenicity studies performed by the

NTP, a preference which was based on the availability of historical data rather than scientific reasons

(Gregory, 1992).

Test animals should be exposed to the test material for a major portion of their life
span (OECD Guideline 451, 1986). Survival in all groups should be not less than 50 % at 24 months
for rats in order for a negative test result to be accepted. In past years, the longevity of laboratory
rat strains has decreased substantially, possibly due to breeding targets for rapid growth (White,
1992). The Sprague Dawley rat, which has been used in our previous MS and S8 inhalation studies,
is no longer considered to fulfill the above requirement (British Society of Toxicological
Pathologists, 1992; White, 1992; Mariani et al., 1992). In addition, the increasingly high body
weight and associated large size of adult Sprague Dawley rats do not recommend their use in a long-

term head-only inhalation study.

Based on the reported low spontancous lung tumor prevalence, the sufficient
longevity and the body weight development suitable for head-only exposure, the Wistar rat seems

to be particularly appropriate for the proposed long-term inhalation study. The suitability of the
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Wistar rat was corroborated in a recent historical control studv. In addition. besides the Fischer 344

rat, the female Wistar rat was used in previous DEE inhalation studies (Heinrich et al.. 1986, 1995).

Exposure Regimen

The head-only or nose-only exposure modes are most appropriate for rat inhalation
studies with aerosols (Pauiuhn, 1984; Phalen et al., 1984; Hahn, 1993). These modes diminish test
substance deposition on the fur of the animals and subsequent dermal or oral uptake by grooming,
which was observed foilowing whole-body exposure (Wolff et al., 1982; [wasaki et al., 1988;
Maudetly et al. 1989; Chen et al., 1995). In a mainstream cigarette smoke inhalation study, the two
exposure modes were compared: plasma and urinary nicoting concentrations were 5- to 6-fold
higher in whole-body compared to nosc-only exposed rats when normalized to the nicotine
concentrations in the test atmospheres (Mauderly et al., 1989). In whole-body exposure, the filtering
of the test atmosphere by the fur may impair reproducible uptake by inhalation. In addition, the test
atmosphere is in contact with the animal excretion products. In previous studies we found that
nicotine and reactive test atmosphere components such as formaldehyde are efficiently trapped by

urine and feces.

Thus, to enhance the controllability of the test atmosphere administration to the rat

as well as the route of the test substance uptake by the rats. the head-only exposure mode will be

used in the present study.
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In inhalation studies. “long-term exposures are usually patierned on projected
mmdustrial experience, giving the animals a daily exposure of 6 hours . . . for 3 davs a week
(intermittent exposure}” (OECD Guideline 451, 1986). In all published DEE inhalation studies with
rats, whole-body exposure was used. The daily exposure duration lasted up to 19 hours/day
{Heinrich et al., 1986). Head-oniy exposure should not last longer than 7 hours/day due to the
restraint of the rats and other techmical reasons. Recently published inhalation studies on man-made
vitreous fibers used head-only exposure for 6 hours/day, 5 days/week, 24 months (Smith et al., 1987;

Hesterberg et al., 1993). In order to maximize our weekly doses, the present study will be conducted

for 6 hours/day and 7 days/week.

Depending on the longevity of the rat strain used, it is recommended to terminate
carcinogenicity studies after 24 or 30 months of exposure (OECD Guideline 451, 1986). Studies
with DEE-exposed rats demonstrated that nearly 80 % of the exposure-related tumors were observed
later than 24 months of inhalation (Mauderly et al., 1987). However, for the expression of tumors
in this late stage of the rats” lifespan, a continuation of the inhalation period over 24 months does
not seem to be necessary, since the particie load will not be substantially cleared under these
conditions due to a complete loss of clearance. No information is available for SS-induced
pulmonary tumorigenicity in rats, but Witschi et al. (1997) followed a similar exposure regimen for
their A/J mice, i.e., inhalation followed by a postinhalation observation period. For the present

study, an inhalation period of 24 months followed by a postinhalation period of 6 months is planned.
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Pags 52

TABLE 3. Histapathological Findings Following 12 Months of RASS Inhalation

Exposure Groups
Parameter WB0 WB6 WB12 HO12
nasal cavity, level 1
respiratory epithelium
resarve cell hyperplasia g 08+02° 19+01* 16 +03
0/8 6/8 8/8 718
squamous metaplasia 0 0.1+01 1.0£03" 03%02
0/8 1/8 5/8 2/8
goblet cell hyperplasia 0 0 04104 0101
0/8 0/8 1/8 1/8
nasal cavity, level 2
respiratory apithelium
reserve cell hyperpiasia 1] 0.1£04 01201 0O
0/8 1/8 118 08
olfactory epithelium
reserve cell hyperplasia o 0 0.1£01 0
0/8 0/8 1/8 0B
atrophy 0 0 0302 03£02
0/8 0/8 2/8 2/8
ecsinophilic globules 0.1+041 11205 1005 13105
1/8 3/8 4/8 4/8
nasal cavity, level 3
olfactory epithelium
gosinophilic globules ] 06+04 09£05 15x08
0/8 2/8 3/8 4/8
larynx
base of epiglottis
squamous metaplasia of 0 28 +03 40+00 26+02
pseudostratified epithelium 0/ 4/4 313 5/5
hyperplasia of 0 33+03 40+00 28+02
squamous epithelium on 4/4 313 5/5
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or fibrotic processes. Especially for particle inhalation studies. deposition and:or clearance studies

are recommended (Lewis et al., [989).

In the present study, in addition to classical pathology, several endpoints are planned
to be investigated which are thought to be mechanistically related to chronic disease and chemical
carcinogenesis in the respiratory tract. The reasons for choosing these endpoints is the current
mechanistic understanding of the processes under investigation as well as in-house scientific
expertise. The extent of these investigations is limited by the available number of rats in a long-term

head-onty inhalation study.

Biomonitoring for both RASS and DEE will include the determination of the
carboxyhemoglobin proportion in the blood and of the steady-state content of aminobiphenyi adducts
to hemoglobin. For RASS, nicotine metabolites in urine will serve as a specific monitor. If possible,
TSNA-derived hemoglobin adducts will also be investigated. In addition. the green autofluorescence
of alveolar macrophages is considered for use as an estimate for the steady-state lung particle dose.

The feasibility of this parameter has not yet been fully validated. .

The determination of the lung burden of inhaled particies or the pulmonary clearance
efficacy are mandatory in chronic inhalation studies using particle-containing aerosols (Lewis et al.,
19891, For DEE lung burden, nonlinear time-response relationships but linear dose-response

relationships were found (McClellan, 1986; Heinrich et al., 1992). The nonlinearity has been
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attributed to particle overload which impairs pulmonary clearance. For SS-exposed rats, particle

everioad has not been published.

The oxidative modification of deoxyguanosine by forming 8-OHdG is a rather
frequent event due to the permanent c¢llular oxidative stress (Fraga et al., 1990). Therefore, efficient
repair mechanisms are set in operation which, in conjunction with the impaired catabolism of the
meodified base, result in the urinary excretion of 8-OH-dG. Guanidine oxidation reportedly {eads to
base mispairing, resulting in G:C to T:A transversions {Cheng et al., 1992). In some experimental
systems, a correlation between the presence of 8-OH-dG in DNA and tumor development was
observed (Floyd, 1990). This endpoint has never been investigated in long-term DEE inhalation
studies to date. In the present study, both the excretion of 8-OH-dG in urine during inhalation as

well as the respiratory tract tissue level of this base modification will be investigated.

Bulky DNA adducts were observed in a subchronic S8 inhalation study at 10 ng
TPM/1 in Jungs, heart, and larynx tissue using the **P-postlabeling technigue (Lee et al., 1993; Brown
et al., 1995). This effect was not observed at lower concentrations. This type of adduct could not
be found in ETS-exposed nonsmokers (Scherer et al.,, 1993) but has been described for smokers
(Phillips et al., 1990). DNA adducts were also detected in rat lungs following subchronic DER
inhalation (Bond et al., 1990). Although the **P-postlabeling technique seems to be the most
sensitive method to detect DNA adducts, it lacks specificity. In the present study, DNA adducts will

be evaluated. For this purpose, we prefer to use specific mass spectrometric methods which still
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have 1o be established in our laboratory. If the latter is not possible, samples will be extramurally

P-postlabeling technique.

analyzed by the

Classical histopathology remains a basic endpoint for use in the present study. Apart
from the microscopic confirmation and classification of tumors, persistent hyperplastic, metaplastic,
and dyvsplastic tissue changes are considered as essential indicators of prencoplastic and neoplastic
lesion induction. In subchronic inhalation studies on SS, hyperplasia and metaplasia of nasal and
laryngeal epithelia were found in the rat (von Meyerinck et al., 1989; Coggins et al., 1993; Teredesat
and Priihs, 1994). Due to the general reversibility of these findings after cessation of the §§8
inhalation, these changes have been considered an adaptive response to the imitating activity of the

test atmosphere (Burger et al., 1989).

Mutations are a prerequisite for inittating carcinogenesis, and most probably alsc play
a role in epigenetically induced carcinogenesis such as by particle overload (Driscoll et al.. 1996).
Apart from the latter study, there is limited expertise in the detection of early mutations in rat long-
term studies. The single-strand DNA conformation assay can be used to detect unknown mutations.
Recently, we have been able to increase the sensitivity of this assay by several orders of magnitude.
The attempt to further increase the assay sensitivity was limited by the fidelity of the DNA
polymerase used in the polymerase chain reaction to amplify DNA probes. The present assay
sensitivity is not considered to be sufficient enough to detect early mutations to fulfill the function
of an intermediate biomarker. However, the assay will contribute to tumor differentiation in the final

part of this study. Emphasis will be given to mutations in the p33 tumor suppressor gene. Mutations
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of this gene can be found in about half of all human cancer cases. The location and characteristics
of these mutations may reveal clues about their etiology. The predominant base changes in p33 in
human lung cancers {(G:C to T: A {ransversions} were suggested to be indicative of causal lesions on
the nontranscribed DNA strand by polycyclic aromatic hydrocarbons (Harris. 1993). Possible
correlations of p53 mutations with cigareite smoking have recently been discussed (Suzuki et al.,
1992; Spruck et al., 1993; Habuchi et al., 1993; Brennan et al., 1995). The mutational activation of
the protooncogene ras, another endpoint frequently associated with lung tumor development
{Carbone and Minna, 1992}, was not considered for the present study since the rat seems to be less
sensitive to ras mutations by agents positive in the mouse and hamster such as N-nitrosamines

(Belinsky et al., 1990).

Activation of cell proliferation, in conjunction with changes at the DNA level, is
considered to be essential for initiation and tumor development. Cell division is necessary for
conversion of adducts or DNA strand breaks to mutations or gaps, and also allows for mitotic
recomnbination. However, the direct correlation between increased cell proliferation and
development of neoplasia in target organs or morphological sites has been questioned (Yoshida et
al., 1993). Cell proliferation, which does not give rise to formation of neoplasia, may simply be
induced by the cytotoxicity of the test material in the absence of initiation. On the other hand,
persistent cell proliferation may increase the probability of converting spontaneous DNA lesions to
neoplastic changes. In subchronic inhalation studies on aged and diluted 5§, an increased
incorporation of BrdU into the rat nasal respiratory epithelium was found at a concentration of 10

wg TPM/1 (Brown et al., 1995). Following a shorter period (5 days) of inhalation, the effect was
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already seen at | wg/l. A similar pattern of response was found for the A/J mouse at concentrations
of 1 and 4 g TPM/1 (Rajini and Witschi, 1994; Witschi et al., 1993}, whereas the C57BI/6 mouse
did not respond. Following DEE inhalation, a transient initial increase in rat lungs was described
by Wright (1986). Following chronic DEE inhalation, increased cell proliferation measured by ‘H-
thyrmidine incorporation was detected in the bronchi and bronchioli as well as at particular sites in
rat lungs (McClellan et al., 1986). Cell proliferation will be investigated in the present sty using

BrdUj incorporation.

Cytokeratins have begn used for the differential characterization of preneoplastic and
neoplastic changes in epithelial tissues {Broers et al.,, 1988; Moll et al., 1988; Lindberg and
Rheinwald, 1989; Schaafsma et al., 1990; Smedts et al., 1990). In contrast to the well-defined
human cytokeratin expression patterns, those of the rat have been less extensively characterized.
Alterations in cytokeratin expression were found to precede the histological expression of squamous
metaplasia in several epithelial tissues in vitamin A-deficient rats (Gijbels et al,, 1992). Recently,

rat lung tumor types could be differentiated using monoclonal antibodies to human cytokeratins (Kal

et al., 1993).

Inflammatory and fibrotic processes have ofien been associated with particle overload
and carcinogenesis (Heinrich et al., 1986; Henderson et al., 1988; Muhle et al., 1990b; Morrow,
1992; Oberdérsier, 1995}, The PMNL proportion of lavagable bronchoalveolar cells as a sign of
persisient acute inflammation was found to increase time- and dose-dependently following chronic

exposure to DEE or toner.
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Lactate dehydrogenase {LDH) acrivity is a cellular enzyme which is commonly
determined extraceilularly, e.g., in the supematant of lung lavage. as a measure for cell lysis or
cytotoxicity. Increased LDH activity was found in the lavage of DEE-exposed rats (Henderson et
al., 1988) and may either be ascribed to alveolar macrophage lysis or to damage to the alveoiar

epithelium subsequent to particle overload. The determination of lung lavage LDH activity will

enhance the interpretation of data in the present study.
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Comparison of Fresh and Room-Aged Cigarette Sidestream
Smoke in a Subchronic Inhalation Study on Rats. Haussmann,
H..J.. Anskeir, E.. Becker, D.. Kuhl, P., Stinn, W., Teredesai, A.,
Voncken, P., and Walk, R.-A. (1998). Toxicol. Sci. 41, 100-116.

Two experimental cypes of cigarerte sidestream smoke (S5} were
<ompared in a subchropic iphalation study on rats. Fresh S8 (F3S)
was generated continuously from the reference cigarernte 2R1. Room-
aged 53 (RASS) was generated by agitg FSS for 1.5 h in a room with
noninest surfaces with materials typically found in residences or
offices. Male Sprague-Dawley rars were head-¢nly exposed to thres
dose levels of each 53 type and to filtered, conditioned fresh air
(sham-exposure) for 6 hiday, 7 daysiveek, for 90 days. Room-aging
resulted in decreased concentratons of various 3S components, 2.2,
total particulare macter (TPM) and nicotine, while other components,
such as cacbon monoxide (COY, were not affected. The CQ concen-
fraticns were 6, 13, and 28 ppm for both 58 types. TPM concenrra-
tions were between 0.6 and 8.7 pg/liter and thus up 1o 100-fold above
the maximum of average concentrations of respiratory suspended
particies reported for environmental tobacco smoke. Stight reserve
«ell hvperplasia in the anterfor pary of the nose as well as hyperplastic
and metaplaste epithelial changes in the larynx were the only ob-
servedd dose-dependent findings. The metwabolism of benzoin)-
pyrene—as a proxy for polycvclic aromatic hydrocarbon merabo-
lism—-was induced in the nasal respirarory epithetium and in the
[ungs while no effect was seen in the nasal olfactory epithelium. The
lowest-observed effect level was 6 ppm CQ or 0.6 pg TP iter. Most
of the effects seen were less expressed in RASS- than in F§S-exposed
rats when compared on the basis of the CO Cofcenragons. When
compared on the basis of TP¥, these effects were equally pronounced
for both SS rypes, suggesting a major role of particulate matter-
associated compounds. All findings reverted to sham control levels
following a 42-day postmhalation period. 2 1998 Socierr of Toxicaloxy.

Exposure to environmental wobacce smoke (ETS) has besn
reported to be associated with adverse health effects (e.g.. US
Environmental Protection Agency, 1992). Experimentai toxi-
cology can provide data on this assoctation as discussed in a
reCent SYmposium overview by Witschi ez af. (1993a), ¢.g.. on
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possible erfect thresholds vin the determination of dose—
rasponse reladonships. However. one of the maest critical issues
in imvestigating potendally roxic etfects of environmental ma-
terials is the selection of an appropriate experimental surrogace
for the test material.

ETS is 2 combustion product composed of sidestream smoke
(S8) as well as exhaled mainstream smokes (MS) (First, 1985;
Lotroth er af.. 1989; Banner or al., 1989: Eatough er af., 1989,
1990: Baker and Proctor, 1990, Guerin er af,, 1992} ETS is
highly diluted with room air and undergees chemical and
physical changes in composition as 1 function of aging, e.g., by
coniact with varous surfocss over time {Extough et al., 1990).
Exhaled MS can contribute from 13 to 43% of the particulate
matter in ETS. but only small amounes of the gas-phase con-
stituents | Bakear and Procior, 1590).

Real environmental atmospheres are not reproducibly available
as required for a faborawry experiment. most notably for a pro-
longed inhalation study. In previous redent inhalation studies
assess the biological activity of ETS. dijuted S5 was used 15 a
surrogate (. 2., von Mevernck er al., 1989; Coggins er al. 1993a;
Joad er al. [993: Teredesad and Priths, 1994; Witschi of al,
1995b). 1 »as used fresh or moderarely aged by contact with
relatively nert surfacss in whole-body 2xposure chambers made
of stainfess sieel and giass and for short duration (=35 min; Ayres
er al, 1994 Tzague er al, 19%4), due to the high number of
air-changes ger hour in these exposure systems. These aging
conditions are less representative of human residences or office
enviromments. where there are materials with large surface arexs
and adsorptiva potental, such as curtaing or carpets. in addition.
mean air chenges of approximately 0.3 per tour are characterissic
{Seppinen. 1993) for residences, which would comespond o a
mean ETS age or 2 h.

In order to address the relevance of S5 aging in experimental
smdies, the cbjective af the present study was [0 compars
respiratory rict responses in the rat o iresh SS (FS$S} and
room-1ged 5S (RASS). RASS was generated by aging FSS for
1.5 b imean age} under experimental condidons which are
more realistic for the human anvironment than those previously
used. or which even exaggerate realistic conditiens for the
purpose of the experiment. To enable a direct comparisan.
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dosing of FSS and RASS was based on carbon monexide (CO,
an 35 component which has aot been found to change during
aging (Eatough er al., 1990: Voncken er af., £994). [n addition,
in experimental studies, the CO concentration is proportional
to and thus representative of the oumber of cigarattas smoked,
a measure frequently applied to determine human ETS expo-
surs i experimental studies (Muramatsu er af.. 1583 Scherer
et al, 1990) and ¢pidemiological sudies (pack-vears: e.g,
Fonthom er al,, 1994}, Rats were head-only =xposed 6 hiday, 7
days/week for 90 days. The concenration levels used in the
present study are comparable to those used in previous 53
inhalation studies (*‘exweme’ w0 “‘exaggerated’’; Coggins er
al., 1993a) o determine lowest- of no-observed efface [avels.
The major end points in this study wers respiratery tract
hiswopathology and the benzofa)pyrene (B(a)P) metabolism in
nasal epithelia and the lungs.

MATERIALS AND YETHODS

Experimental design. Rats werz head-only exposed to FSS and to RASS
as weil 24 to filtered, conditioned fresh air (sham-exposed group) 6 b per day,
7 days par week, for 90 days. F35 and RASS wers admmistersd at thres dose
levels. The CO conuentrations for the respective levels wers aquaf far boch $8
types and were up 10 29 ppm. The TP concaauations were 2p to 9 wgrliter,
There was 2 +42-day postishalation period for cats of the control and high
concenration groups to investigate the delayed occurrence, persisience, andfor
reversibility of tindings. The histopathalogy of the respiratory Gact and the
B{a)P metabalism—as 1 pfoxy for polveyciic aromatic hydrocarbon metabo-
lism-—in nose and fungs were the major ¢ad points studied. The man dose
parameser (0 compare the biclogical activiy of FSS and RASS was the CQO
coneenteanan, Tie results are also discussed on the basis of the respective
TP¥I concentrations.

The study was performad in conformity with Good Laboratory Practice
(QECD. 198 {a; Jerman Low on Chemicals. 1390} and the Amencan Assoct-
atign ror Laborziory Anumal Science (AALASY Policy an ke Humane Care
and Use of Laberatory Animals (199F).

Ezperimenial animals.  Male owbrad Sprague-Dawley cats (C-1:CDBR),
bred under spec:fied pathogen-iTee condidons. were ghtauned from Charles
River {Raleigh, NC). This surain was chosen because of she large arnounc of
publishied daa avaitable, in particuiar because of its fraqueat use in sigarene
smoke inhalation studies fe.g. Joad er al. 19%3: Coggins er al. [9%3ab:
Tersdesui and Priths, 19%4), A previcus swudy did not show differcnces
between male and female s in suscepubility @ SS-inducsd etfects 1Coggins
et al., 1992). Thus. only one ;ex was used © allow surficismtly jorge group
sizes and group nombers. Male rais were preferrad based on our grsater
expericncs with them.

The sespiratory wacts of rendomty seiected rats were 2xamined histopatho-
logically en amrival: no unuswal Andings were observed, Serological screening
pertormed on ammival. afier 90 days of inhalasion. and 2t the znd af the
postinhalation perfod did not deteer antibodies to me-refated virusas. such as
Iymphocyue chariomeningitis virus. mouse adenovirus. murine poliovirus,
paraintfiuenza virus type L. parvovins H-1, st parvovicus, pacumena virus of
mice, rar coronavirus/singfodacryoadenitis virys, and reovirus type 3. 15 weil as
to the boctertum  Wyeoplasmo pulmonts.

The raus were identified individually using subcuraneous wansponders ¢ [MI-
EOOD. Plexx. Elst, Metherlands: data acquisition by DAS-4001. Uno. Zevendar,
Netherlands). Po:lowing 4 16-day preexposure acclimatzauon pencd they
were randemiy allocated 0 the six S5 exposure eroups and the sham sxposure
Jroup (48 rats per yroup). Ar the end of the initslation period. 20 and {0 rats
por group were esed for the histopachologicat axamination and the apaiysis of

the B{a)P metabolism. respectively. At the end of the postinhalation peried. 12
and & rats per sham and high-dose groups were used for the aforementioned
two end points. The age of the mrs at the st of the inhalation period wag 47
days. The body weighe at that ime was 196 g (SD: 13 g),

The rats weee kept in a0 anirl laboratory unit with congolled hygqrenic
conditions. The laboratery air (filtered. fresh aw) was condidoned, Posidve
gressure was Maintained inside the laborarery wnin Room emperamre and
relacive humiidity were maintained at 22°C (SD: 1°CY and 69% (SD: 0%
respectively. The light/dark cycle was 12k / 12 h. The ras wers housed in
trapsparent golycarbanate ciges, two rats per cage. The bedding marerial was
sitectaved sortwood gramulare (SK-20/30, Braun & Co.. Banenberg, Germa-
ayh A stedlized. fornfed pellet diet (MRH FF, Eggesmann. Rimreln, Ger-
many) fram cage lid racks and heat-oeaied rap water from warer bottles with
auteelaved sipper tubes were supplisd ad (ibitumt in 2ach cage. Food and
drinking water werz noc availabie © te rais during the daily exposure periads.
Good hymienic conditions withis the animat housing and exposura room wers
mantained as evidencad. among odher criteria, by aegotive results for the
bacrenological examinatioas of e rat diex, dnnking warter, and the labomtory
ar and seiectad surfaces.

Generasion of FSS and RASS. The University of Kenfucky refarancs
cigarerte IR1 was used 10 gemsrare the test umospheres (MS vields per
cigarene: 4.6 mg TPM, 1.43 mg aicotne, ang 253.1 mg CO; Tobaceo and
Health Research Instiruce. 1920). They were condigoned and smoked in basiz
accordancs with the Intermatonal Organizanon for Standardizadon ([SOY
standards 3402 (1973) and 3308 {1986), exspecnvely, as generally applied o
M8 generation. The cignretias were conditioned at 22°C. 40% relative humid-
ity, for ac least 3 days. Two automaiic 20-port smoking machines were used tor
sthoke generation (Reininghaus and Hackenberg, [977). Mean puif volumes of
35 ml were generated caidog | pwit/min with : 2.5 putf ducstion using 2
four-piston pump (Bateile. Geaeva, 3witzeriend) resulung in approximately
12 putfa/cigarette ar 2 mean Sum length of 23 mm. The M5 was exchizusied. 35
was collected using 2 circuler hood made of glass and stainless sweel on top of
the smoking machines. The three F$5 concantrations wer= obtained by dilution
with filiered. conditioned frash air, The maximom age of the FS5 was approx-
imately 10 s, Using a second smoking machine. RASS was generated by
continuously passing dilued FSS at 2 mue of 20 m®h throogh a 30-m”
experimencal aging toom with noR-inect surtaces, resuitng in RASS of 2 meun
age of £.5 h. [ the aging tcom were matenais usually found in residenves
andfer offices, such 1s wailpaper painizd with 2 larex-based white painr «29
m®), window giass 12 m°. and o wooi carpet (L1 m™). For experimental
purposes. the surfacs areas of some of te marenals were =xaggerated refative
w0 the size of the room. i.¢. 3 26-m* wool curain anc 3 bookshelf with 1
surtace area of 7 m° unwsated pine wood with approximately 30 baoks or
magazines with 2 suzface acea of 3 m®, The matenals in the aging room were
unexposed ar the seut of the inhalation and net replaced througheur the %0
days. A cetling fan was operaed (o facilitate uniform distribution of the RASS.
The room was ilurminated by duocescene “daylight”™ lamps (Lamilux LIBW/
11, Osram, Muawh, Germany). Two paintad heat exchangers (approximartely
50 m* surface area) were used (o Keep the room temperature consiant (mean:
22.8°C. 5D 1.9°C). FS5 and RASS were conveved via zlass mbing to the
sxposure chambers, RASS generation was starred approximately 3 h before the
st of the daily exposure w0 achieve 1 sready-stare cast amasphere for
halation. During overnigir. nonsmoking periods. the raom was flushed wilh
fltered. conditioned fresh air ar 20 m'h.

Analytical characterizanon of FSS and RASS, At designaed dme intec-
vals, specified andlyres ware darzrminad o chapaciarize the (80 atmosplieres.
1o svilyate the reproducivility of the test mmosphers generdtion. and
exclude ergss-contamination in the sham-exposed group. Samples were col-
tected dirsctiy At the 2xposure chamiers. €O was contiuously monitorad
using nondispersive infrarzd photometry rUlramat SE, Siemens, Brussets.
Belgiumi of the gas phase of :he test amospheres. TPM was gravimetricaily
i A2008. Surtonus, Gitingen. Germany) deiermined 2t lease once per day atter
trapping particulute mader on 2 Cambridgs trpe sloss riber filer {Gelman. Ann
Arbor. M1 The other analvies were determined at least a1 weskly intervals.
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TABLE | .
Chemical Chacacterizadon of Test Atmaospheres: Sham-Exposed Coniroj and High-Concentratdon FSS and RASS Groups

Farameler N3 Sham FSS RASS
TPM (pugslivert 91 0 37T =a7 26=03
Carbon monexide (ppms 20 <L5 LR =P 87 LY
Carbon dioxide (ppimt 7-13 =73 52235 302 = 48
Micatine ugiliter) 3 <0.0% 2ol =3 0.52 =9.10
Nitric ctide (ppm) 12 p.01 .68 =2.09 0.69 = 0.14
Nirogen oxides (pgm} 12 002 =002 0.63 =148 0.49 =013
Formalcshvde 1ppmy 12-13 <0.02 0.31 =205 0.16 = g.0¢
Aceraldehyde (pom) [2-13 <{.04 068 =206 0.7 = 0.05
Acrolemn (ppm) 11-£2 <0.02 0.10 =901 0.10 = Q.01
Ammonta {pg/lirer 12 - 331 =085 1.39 = 0.37

Nore. In the sham-expused control groep. the raw dara showed a median TPM concentration of 0,29 uglier (22 1nd 75% quoniies: 0,19 and 0.43 padlites)
which was subtracted from the aw TPM means for all groups. The mtric oxide concaneration in the sham-exposed graup s given 23 the median {25 and 73%

gquartiles: 4.00 and 0.03 ppmy.

Carbon Jdiexide was analvzad using nondispersive infrared photomary ¢ Utra-
mar JE} of the gas phases. For micotine determinations. samples ware drawn on
sulfuric acid-impregnated diatomite wies (Exwelur. Merck. Darmstadr, Ger-
many). Extraction was gerformed with a-butyiocerate containing 5% (v/v)
misthylamine. Nicotine was anaiyzed bv capillary 2as chromatograpny
(HP35390). Hewlew Packard. Waldbronn, Germaay) with 2 DB-3 «colume
{15m % 0.25 mm. § 1nd W, Culo Erba, Hosheim, Germany) using 2 nitrogen-
phosghorus detector. Nitrogen oxides wvers determined by chemeluminescence
in the gos phase of the st atmospheres arter catalyeic reduction and reaction
with ozone (NOMNO, -analvzer CLD T00AL, Tecan. Hombrechtikon. Switzer-
land). The aldehydes were determined by reverse-phase HPLC tHypersit ODS.
5 pm_ 230 x 4 mm. Hewlert Packard) and UV detection (HP1O3D Mulnple
Waveleagth Detecror. Hewfert Packard) of the 2 Jdinitraphenviliydrazine
{DNPH) derivatives after trapping in scid DNPH/acatonitrtiz solution. Ammeo-
nia was determined by fiquid chromaagraphy (Lichrosorb RP-18. iD um.
230 X 4.5 mm. Merck) and tuorescence derection (630-108. Perkin Elmer.
Cbertingsn, Germany) of Juorescaming derivatives arter trapping an sulfuric
acwl-mpregnated dittomite. For the dewsrminmiion of the panicle size diswi-
pution, e particles wers precipitated on 3 rilter «trp in a spinatng spical duct
(Seiber und Flachsharr, {269} followed by a dugrometne dutermination of the
patticalae mager uted from sequentally cuc fltar pieces, The purticie size
distnbunon was calculated using linear regression analysis after probit teans-
formation tFranay, 1971,

The temperature in the exposure chambers was monitored contiruousty
using a cigiral thermameter tTaswtherm D700, IMPAC Elekworic, Frankium
Germany ). The relative humidity was dererrmned psychromermcally [Therm
2246, Ahlbom, Nimberg, Germany) 1 the &mosphere of the sham-expased
group, which also served as a groxy for the flered, conditionad fresh air used
to generate and dilute che 58, '

Animal exposurs system. The rats were head-only exposed o the rest
atmospheres for & biday, 7 daysfweek for 99 Jdays. The head-oniy exposure
mode was usad @ ¢asurs reprodocble inhaladoa of the test atmospheres and
to minimize uptake by roainbolation routes. =.g.. by dermal absorption or
ingestion following preening of the fur t Maudarly er al, 1089). The =xposure
chiambess consisting of giass, stainless stest, and brass (INBIFQ, octagomic
crass-section. 303 cm”; heighe, 72 cmy were equipped with custom-made glass
whes for ammal exposuns chae wese conical at the front end o A the rat skull
and sealed with rubber stopgers gt the rear ¢nd. The zats were restrained in the
front par: of the tube with their heads protruding inro the stream of the test
atmosphere, which passed through the 2xposure chamber 4 2 rate ar approx-
ingely 190 litessirmun comeponding w spproximartaiy 2 litersiimin < rat), The
whes tfted slightiy caudally in arder 0 minicuze cormet ¢ the Al weih i1y
urine, The glass tube size was viried 2cconding to the body weight of the rats.

The position of the rzs in the 2xposure chambers wis sysiematical by changed
an 2 daily basis.

Sham-exposed rats were 2xposed @0 Aiter=s. conditioned fresh gir under the
same conditions s :he test atmosphers-exposed rats.

Buring the postinhaistion geriod. 8 rms of the high dose and the sham-
exposed groups wers kepr in polycubonae= eages. I per cage, Diec aed
drinking water were available o the s ad i,

{n-fife observarons. The rus aere observed Sor mortality. siges of overt
[extcity. of mjieries «hen they adre wapsterrea from cheic cages m the
exposure chambers 2nd when beirg transferred back to their cages. More
detailed checks on general condition and behavior of the mts were pertformed

un threesrts par group and day shartty artar the end of the daily expaosure.

Body weight deserminagions, The bouy weight of individoal rats was
determined one day arer arvival of the raws. ar the start of the inhalution perivd.
any oneg per wesk Junng the inhalartios and posushalation periods,

Bigmonitering. In order 0 provids 20 asimate of the amount of test
atmosphere taken ug v the raes. =espuatory frequencies and voiumes wers
d=termined on a2t kst $ix rals per Zeawp dunng sxposurs by whole-body
plethysmography in tke expostre teges tCogqins o ., 1581). The differentiol
pressure signals 1Vaiidvae MPa3. HSE. March-Hugsietten, Cermany) were
digitized and anaivzed using the Ravent grogram Jeveloped by 5. A, Buch.
Stowmarket, Suioik. United Kingcom.

To montor exposure to the tesi atmaspneses, weady-swte groportions of
bicod carboxv-hemeglabin {HBCO) were Setermined onge in threz rats per
2roup according to Kiimisch er af 11974, Blood samples were taken after 2t
Jeast 3 & of exposurs fom raws withdrawa {or a short period of time from the
exposure tubes by puncauting the rewrg-orbical sinus with glass micropiperes.

To pravide a rough sstimate of the 2meunt of nicotine wken up by the o3,
urine was collectsd from fve rats per group dunng the b-h exposure geriod
using specially modifed exposurs ubes and Juring che tollowing 13 h using
custom-made membaiism vages. The two samples per rat were combincd 10
determine nicotine. cstinine. and trans-3'-avdroxveotinine by gas chromatog-
raphy tVoncken e o, [986)

Necropsy and gross pathology.  The ats were aot fasted befare necropsy.
On the day following the last sxposurs. 20 rats per zroup werd aneststized by
inwreperioneal isjeztion of sodium gentobarnitai 130 mgkg bedy wi and
subsequently sacrificed Sy exsangurnation by mansseciing the abdominal aeria
The carcasses werz weighed and subjecied o a complets gross examination
under supervision of 3 veterinary patkologist with speczal ateaion p2id o the
respiratory tract, The <ame procature was fosdowed for 12 rars per zroup of the
nigh-duse and sham-2xposed groups 4t the =nd of ke posunhalzion perod.
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FIG. i, Buody weight development dunng the inhalation (ail zroups. 48 rats/eroup) aad postinhaiauon zenods sham-cxposed and kigh-dose groups. [
rus/groug}. (A) Sham-exposed conteol and F5S groups: (B) sham-exposed controi and RASS groups. Relstve standdard deviations for the individual groups were

< [4% for each time ooinL

Organ weights.  Absolute weizhis of lupgs with lanmx and wechea, lver,
adrenal glands. testes, and kidneys were determired. The organ weighis
celative 10 body weight were cajenlated using the weights of the exsanguinared
carcagses. The ttme berween exsanguination 1ad organ weight determination
was kapt 0 a minimum and did not exczed 15 min.

Histopathology.  Lungs were sxcised with ‘arsox and trachea and ixzl by
inuatrachea) insallation with EAFS (0% sthanei. 3% acetic acid, 10% form-
aldehyde, 43% isotonrc saliae, wfv, Hamison. 1984 ar 20 ¢ water gressdre ta
achitve phytialogical distention of the Jung, The skin, 2ves. lower iaw. and

brain were removed frem Ne nead and the sose was gendy dushed with 10%
neutral burfered formaldenvez seiution via the nasopharyngeal duct. The nead
was Axed in 10% newral Suifered Sormzidahvde solution for § day and.
subsequently. in +“% soiuticn for 3 to < days.

Pror to tunming. e head was Jecelcified with 5% nurie xcid in un
ulezsonic pagh. The nose wis mimmed ind 7ansverse sections were gut

acearding to Young (19815 [0 oot (wo tssue slices af the following leveds: -

<1} immediately zasterer o the upesr ineisor teesh, 12} ar che meisive papille
The laryngeul (FARSVEISE SECTONS *Were cut 4t the buse af the epglotts and a
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E1G. 2. Amounts of nicotine and 13 mun metabolites recoversd from
urine samples coilecting during the 6-h exposure pertod and the |8 b between
exposures a8 2 function aof the 3§ aicotine concenmations (means = SEL

the aryenoid projecuions accarding to Lewis ([981), The uaches was trimmed
and tongitdinally cur at the wacheal bifurcation. A frontal sectuon of the left
lung including the left main bronchus aad its major branches was cut according
1o Lamt and Bzid (1969). The tissues wers processed. empedded in Parapiast,
cur at 0 6 i thickness. and stuned with hematoxylin and ¢vsin (HE). In
addition, (he sections of the wachea and lung were swined watdy Aiclan
blue/periodic acid Schiff's reagent to demonstrate gobler cells.

All slides were read by a vererinary pathologist with experiance in cigarstie
smoke-related changes in the cespiratory tract of rodents without knowledge of
the teeatment groups. All histopathological Andings wers scored secording to
a detined severity scale from {4 10 3 (tnarked effects). Mean severity scores
were cziculated based on ail rats 1 2 group.

Morphometrical enalysis of larynx.  The thickness of the laryngead epi-
thelium was determined without knowiedge of the teaument groups on 2
standardized HE-stained sectdon 2t the arvienoid projections, which imcludad
the venteal depression, Hoor of the larynx. and vocal cords. At #ach of these
sites. the epithelial thickness was measured at {0 specified Tocatons dircatly on
the microscopic image using a Laica Microvid system (Bensheim, Germany).

Analvsis of the B(a)P mewbolism. The microsomal B(g)P metpolism
was assassed by Auorescence detection of 5 BimP metsbalites after raverse-
phase HPLC separation. The sedvity was normalized using the microsamal
proteta Jontent. Reference materdals for the BlaiP metabolites (3-hydroxy-,
9-hydrogy, 4.3-diol-, 7.8-diol-, and 9.10-diol-B(a}P) were obtained from the
1.8, Naronmal Cancer Institste (Chemical Carcinogen Repository Midwest
Researcn Instiwte, Kansas City, MO).

Rais ~ere 2uthanized as descetbed thove. The righe lung and the sasal
respiratery and alfaccory epicheiia INRE, NOE) wers removed aad stored at
—70°C. Lung and nasal microsomes were isolated by differential ultracente-
tugatior according to Grover er ai. (19731 with miner madificabons.

Microsamal suspensions itungs, 100 10 400 wg protein: NRE. 100 to 200

HAUSSMANN ET AL. ‘

ug protein: NOE, agprox. 130 pg protein) were incubated for 60 min at
37°C in Tris/HCL buifer (50 mM, pH 7.6) in the presenes of B(a)P (30 v).
NADP™ (370 pM). glucose-f.-phosphate (2.5 miMd), glucose-§-phosphate
dehydrogenase (1 univmi). MgCl; {5 mM). :nd EDTA (240 M) (three
replicates per rat and tissue). The incubation was stopped by adding
methanol containing benztaranthracens as an internai standard. After can-
trifugation. the supernatant was directly injected into the HPLC, Mono and
dihydroxy Bia)P merabolites were separated using 2 Hewle® Packard
HPLC 1090 with a Nucleosii 100-5 C-18 precolumn (5 pm. 4 cm X + mem,
Kaauer KG. Oberursel. Germany) linked o a Naovapak RP-13 column (5
pm, 15 cm X 1.9 mm, Milligores/Waters, Eschbom, Germany). The sol-
vents for step gradient slution were solvent A (10 mdv KH.PO,, pH 4.3}
and sclvent B (a¢etoniail). Peak dewection and quantuation were pearformed
using 2 Hewlett Packard 1046 A Auorescence deacrar equipped with a 5-ul
fow cetl, Excitation/emission wavelengths were as follows (in the order of
elution from the calumn): 287/421 am for 9- and 3-0OH-B(e)P; 2487400 nm
for 4.5- ang 7.3-diol-B(ayP; 2374404 am for 9.10-diol-B{a)P: and 2874121
nm for benziz)aacthracsne and BiaP.

The proigin conceamations of e mictosomal suspersions were determined
accerding to Lowry o al (19331), a5 moedifed by Peterson (1983), using 1n
automated micromethad with bovine seram albumen as 1 standagd. Dupiicate
determinations were performed.

Starisrical analyses.  For the comparisons of the F5S. and RASS-exposed
groups with the sham-sxposed group. respectively. the foilowinyg scacistical
tests were pectormed: for the overall comparison. the ane.way analvsis of
variance for cantinucus data and the generalized Cochran--Mantel-Haenszel
test (Koch snd Edwards, 1583) for ordinal data were used with the CD
cogcentation as the swaifving variabie. [f the overail comparison showed a
signtficant differsnca, then for 1 pairwise comparison the Duncan test {Duncar.
19535) was applied {or conunuous dzta and the generalized Cochran~ylantei—
Haenszel test foc ordinal dutx For the comparison of F35- with RASS-exposed
groups. the two-way anatysis of variancs for centinuots dara and the Cachran—
Mantel-Haenszel test for ordinal daca were used,

All tasts were conducted at the nominaj level of significance of @ = 005
{vwe-tailed), Due ra the farge number of parameters anatyzed. no correction for
mulriple testing <was aoplied. which wauld have made the tests very insensitive.
Statistical significancas, therefore, have © be considersd a5 explorative indi-
cawrs rather thar confimnatery evidence. No comeetion for multiple tesing
was applied.

RESULTS

Test Atmospheres

The test aunospheres were generated reproducibly through-
out the 90-day inhalation period. As targeted. the CO concen-
tratons of FSS and RASS were equal for sach of the three dose
levels. The CO concentrations (mean = SD) for the low-,
medium-, and high-dose levels of FSS were 3.3 = 0.4, 12.6 =
0.6, and 27.8 = 1.2 ppm, respectively. The respective vatues
For RASS ware 3.3 = 0.4, 12,2 = 0.6, and 28.7 = L.7 pom.
The TPM concentrations for the low-, medium-, and high-dose
|evels of ESS wera 1.5 = 0.6, 3.6 = 1.2, and 3.7 = 0.7 pgfliter.
respectively. The respective values for RASS were 0.6 = 0.3,
1.2 = 0.7, and 2.6 = 0.3 pgiliter. The time couese of the datly
mean TPM conc=arrations in the high-dose groups was re-
ported separately {Voncken er al., 19541, The analytical char-
acterization of the high-dose test atmospheres as well as thar of
the sham-¢xposed groug is presented in Table 1. The individuai
smoke components in the medinm- and low-dese F3S and
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TABLE 2
Histopathological Findings after 90 Days of Inhalation
ESS RASS
Parameter Sham Law Medium High Low Medium High
Nasal cavity, level |
Reserve cell hyperplasia of 0 Q ] 0.5 = 0.2 0 g 0.1=0l
respiratacy epithelinm® 020 0720 or20 3720 020 020 1719
Base of eprglottis
Squamous meraplasia of 0 02 =da.1 0.6 = 0.1t lg=onl- bl N2 =ar= 0.7 =0l
pseudostratified epitheiuoms w17 319 10118 15/19 o9 419 1420
Hyperplasia of squamous 0 0241 03=02* A4=02 0.1=7 0.1=31 07 =02
epithetivmt o117 ins 1148 1419 u1e ¥e 1220
Arytenotd projeciions
Ventral depressioa
Hyperplasia of 0 a3 = al 22 =0l 0.t =01 2 0.0 =i 04 =02-
cuboidal epithelium 018 18 i3 e} V28] 16 =17
Squamous meaplasia of H ¢ a B.l=01 9 0.l =t 0
cuboidal epithelinm ] g s [} s 1718 w7
Yoeal cords. lower medial region
Hyperpiasia of 8l=z Ol 03z 02 0.7=g.3 0.8 = 0.2~ 03 =04 0.9 =92* 1.6 = 0.2+
sguamaus apichelium vig 16 9118 11720 18 316 ot
Trachex
Goblet czI! hyperpiasia of 0.1= 0 02= 02 02 =01 ] 0=zt 0.2=02 Dl=01
respimatory epathetium 117 Uts 7 (L 119 318 10
Lungs
Goblet c2il hyperplasia of 03 = Q! D2 = 0.8 01 =0l 07 =02 0.3 =02 [l L 5} Q5=02
respiratory epithetivm g 320 420 920 0 320 620

Note. Histopatholegical findings are given as maan score = SE and incidence.

* Indicates swtistically significant differenca (0 sham-exposed control zroup.

T Indicates statistically significant differences berweea the rvo 58 rvpes.

RASS groups were found to be diluted ar relatively constant
proportions from the high- to the medium- (2.2 = 0.2) and
from the high- to the low- (4.6 = 0.9) dose levels. respec-
tivety. The TPM concentrations for RASS decrzased by 60
to 70% compared to F38. The aging-refated decreases found
for nicatine, formaldehyde, and ammonia were numerically
similar o that found for TPM, but may not necessarily result
from the same mechanism since, e.g., nicotine was found
only in the gas phase and was aot associated with particulaze
marter. On average, the mass median aerodynamic diameter
was slightly higher following room-aging (changed from
3,36 1o 0.42 um) with ne effect on the geomerric standard
deviation 1.8 o 2.0) of the particle size distriburion. Mo
axidacion of niwric oxide cccurred during the aging process.
Acetaldehyde and acroiein were nor affected by SS room-
aging.

The relative humidity in the sham-exposed group was 34 =
4% (mean = SD}; this is considered 1o be reprasentative for the
other exposure groups and complies with the exposure cond:-
tions specified by the OECD (1981b). The temperature within
the exposure chambers was 26 = 1°C for all groups and thus
also met OECD (1981b) specifications.

In-Life Observarions

There was no smoke-associated monality, nor were thers
effects on general ¢condition and tehavior of the rats.

Body Weight Development

The bedy weights of tha rats increased during the inhalation
and postinhalatien periods (Fig. 1), The mean body weight of
the high-doss FSS exposurs group was stanstically signifi-
cantly lower than that of the sham-exposed group betwesn
inhakarion days 59 and 73. At the =nd of the inhalarion peried,
2 numerical body weight gain reduction of +% for this expo-
sure group compared o the sham-exposed group was caicu-
lated (no statistically significant difference). No body weight
effact was seen following RASS inhalation. During the postin-
haiation period. the bedy weights of the rats in all groups
increased to the same level, indicaring a reversal of the redue-
tion in body weight gain associated with the wbe restrain:
during the inhalation period.

Biomonitoring

No relevant effzcis on the cespiratory minute volume of the
rats were observed (data not shown)., The steady-state blaod
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FIG. 3. EHistopathological findings in the larvax. Effecrs are shawn based on both dose parameters. i.e.. CO sad TPM concentrations. m FSS and RASS.

(A, B} Hyperplusia of the squamous spithedium at the base of epigiontis. (A} Effects based oo the CO conczatrations as dose parameter: 1 B) effzcis based on the
TPM coneentranons a5 Juse parameter, Results ars given as mean scores = SE.

HbCQ proportions (1, 2. and 4% above sham control values
10.26%) for the low-, medium-. and high-dose levels. respec-
tively) were in agreement with those expected from the CO
concenrations in both S5 types.

The amounts of nicotine. cotinine. and trans-3'-hydraxyco-
rnine found in the urine sampies collecred during and for (3 h
after exposure showed an almost linear increase with increas-
ing concentrations of nicotine in FSS and RASS (Fig. 2. The
absolute amounts found in the urine samples did not account
for the tora! uprake of nicotine. since oniv nicotine and two of
its metabolites were determined. There is no difference in the
relarive proportion of nicotine and the two metabolites between
the two S5 types.

HBCO and nicotine metabolite data in the sham-exposed
group confirmed nonexposure w SS.

Gross Pathology

There were no $S-related gross parhological findings. Slight
vellow—brown discoloration of the fur was observed which
was roughly dose-dependent: the cause gt this discoloration is
unclear.

Organ Weigihts

The absolute weights of the lungs with larvnx and trachea,
kidneys. and liver were staristicaily significantdiy lower (max-
imum etfect: 11%) in the high-dose FSS-exposed group com-
pared 1o the sham-exgosed group. No eifects in organ weighrs
were seen in the RASS-exposed rats. For organ weights rela-
tive to body weight. no differsnces betwsen FS5S- or RASS-
exposed and sham-<Xposad groups were seen. At the end of the
postinhalatton pericd. the orzan weights of the FS55-exposed
rats returned (o those of the sham-exposed rats,

Histopathology

Ar the end of the 90-day inhalation penod. only slight
histopathological changes in the uppsr respimtory tract in the
FS5- and RASS-exposed groups ware consistently ohserved in
almost all rats {Table 2).

In the nose at the most anterior ievel (level 1), slight patchy
reserve cell hyparoiasia was obsarved in rars of the high-dosa
sroups only, the mean score for this finding being statistically
sigmficantly higher for FSS compared to RASS. This diffae-
ence is refared to the relagively high incidence ot this finding in
the high-dose F55 group compared to only one rat in the
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FIG. 4. Transverse sections at the luynx, base of epiglotis. (A) Overview (sham-exposed cat): (B. C) sham-cxposad rat show:ng aormai squamois
2pithelizm at the venrromedial site and pseudoserarified epithelium ar venwolateral sites; (D, E} high-dose FSS-exposed rar: : 7, G) high-dose RASS-axposed rar.
both showing hyperplasia of the squamous spitheljum (ventromedial site) and squamons metaplasia of ihe psendostratisien zpithelinm - L entrolateral sice),

high-dose RASS group. the sevesnty of this finding being
similarly ‘ow far both 53 types. At the second nese level. no
changes were sean.

The laryns was found to be the most sensitive orzan for
histopathological changes fellowing FSS or RASS exposure
{Table 2: Fig. 3). At the base of the epiglottis. a dose-depen-
dene diffuse squamous metaplasia of the pseudostratified epi-
thetium and hyperpiasia of the squamous egithelium (Fig, 4)
were tfound. The medn scores were statistically significantly
higher for the F35- compared 1o the RASS-exposed groups
baged on the CO concenuration. As was the case for nasal
apithelial hyperplasia. the incidence was higher in the FSS
groups compared to the RASS groups. while the severty of
these findings showed no remarkabie ditference. At the ventral
depression {aryrenoid projections), very slight hvperplasia and
squamous metaplasia were chserved in few rats, The staisi-
cally significant ditference betwess the high-dose RASS and
the sham-zxposed group conceming the hyperplasia ae this site
is considered to be incidental since 1 very similar mean score
and incidence ware obtained for the low-dose FSS group with
no indication for dose dependency. There was no difference
berween the two S5 types at the venrral depression. At the
lower medial region of the vocal cords, a dose-dependent
increase in hyperpiasia of the squamous epithelium was ob-
served. This finding was also sesn in two mas of the sham-
exposed control and i$ considered © be incidental. No dilfer-
2nce berwesn the two 5SS tvpes was sean for this effect when
compared on the basis of CO concentration. This is the only
morphologic effect for which, on the basis of the TPM con-

centration, RASS was slighdy moer= acrive than FSS. There
was o fAnding in the alveolar region of the lungs.

At the tracheal bicurcation, minirnal goblet cell hyperplasia
wasg seen in few rats of afl exposuss groups with no indication
for a SS-related effect (Table 2. Slight gobler cell hyperplasia
was also sezn in the bronchial respirarory epithelium with a
slightly higher incidence in bath high-dose groups {no setis-
tical significancey. No differance Senvesn the two S5 types was
observed.

VMorphometric detsrination of the larvngeal epithelia
thickness at ihie aryienoid projections showed pumerical in-
creases at all sites measured in the SS-exposed groups com-
pared to that of the sham-exposed sroup in 1 roughly dose-
dependent manner (Table 3), although the increases were
statistically significant iv orly a J2w cases. The only statisti-
cally significant diffarznce betwezn the two SS types was se2n
at the vocal cords. vhere RASS was more active than F33
when compared on the basis of the CO concentratton.

At the end of the +Z-day postinhalation peried. no relevant
SS-related histopathoiogical changes were ciserved. The epi-
thelial changes observed o1 the 2nd of the inhalation period
reverted completaty,

Bla)P Metabolism

[n the NRE. the formation of the bay region metabelites. La..
9-OH-, 7,3-dicl-. and 9.10-dicl-BiuP, was induced in all 53-
zxposed groups. the highest factor of induction being seea for
9,10-dicl-Bfu)P (Table 4). The induction was roughly dosc-
dependent and sadsrically signifeant.
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In the NOE, the baseline values of the sham-exposed group
determined after 90 days were 1151 = 79, 44 % L 773 = 38,
72 = 5, and 42 = 3 nmol/(g protein X h) for 3-OH-. $-QH-,
+.5-digl-, 7,8-diol-, and 9,10-dicl-B{a)P. respecuvely, and thus
abour rwo-fold higher than in NRE. No relevant S§S-related
effects were seen in this tissue.

In the lungs. the formation of all metabeiites except 4.5-
dicl-B(a)P was dose-dependently induced, the highest factor of
induction bewng seen for 9,10-diol-Bta)P (Table 3). The induc-
ton was up o 2 factor of § higher than in the NRE. For all
induced metabalites. the induction was higher in the FSS- than

HAUSSMAMN ET AL
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in the RASS-exposed groups on the basis of the CO conczn-
rration. The induction was similar for both 53 types when
compared on the basis of the TPM cencentration.

At the end of the postinhalation perod. no differeacss be-
tween sham and SS-exposed groups were found.

DISCUSSION
The §S concentrations used in the present study ranged from

6 to 29 ppm CO and from 0.6 to 3.7 ug TPM/liter. These TP
concentrations were up o two orders of magnitude higher than
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the maximum of average concentratons of RSP reporzed for
ETS, particularty in residencas and offices (Oldaker er al.,
199Q; Guern ef al, 1992; U.S. Environmental Protection
Agency, [992; fenkins ez al, 1996). The lowest concentrazions
used here may overlap with those encountersd in extreme
human exposwe sicuations. The concentration range berween
0.1 and 10 pg TPM/lizer has been used widely by the scientific
community for subchronic or chronic taxicelogical testing of
sxperimental ETS surrogates in rodents (e.g., von Meyerinck ¢
al., 1989: Coggins er al, 1993a: Joad et al, 1993; Teredesai
and Priths, 1994; Witschi er af., 1995b}, and enables the de-
termination of lowest-obsarved effect fevels. In onfy a few
cases was this concentration range exceeded, for example in
the chronic smdy reported by Witschi er al (1997}, in which
this concentration range was exceeded by one order of mag-
nitude. However, this concsatration was highly toxic. as evi-
denced by the body weight loss in the exposed mice. The
concentration range between 0.1 and 10 wg TPM/T was used 10
investigate 4 variery of respiratory mract snd points, such as
marphological (von Meverinek er 2L, {989) or biochemical (Ji
et gl.. 1994) changes, genotoxicity (Les er al., 1892), or in-
creased DNA synthesis {(Rajini and Witschi, 1994}, Therefore,
this concentration range was deamed useful for a comparative
inhalatior smdy on the stfects of room-aging in the rac respi-
Tatory iract.

No information cn the affects of S5 on the nasal xencbiotics
metabolism has been reported (o date. Theretore, to assess the
effect of SS inhalation on the xenobiotics metabolism in the
respiratory tract. the formadon of B(a)P metholites in the
nasal olfactory and respiratory epithelia and lungs was also
investizated in the present stmdy.

S8 was room-aged under steadv-state dvnamic condidons.
The rcom-aging-related changes in the chemical compositon
of the SS confimmned previous experience about the instability
of 85 due tw the physicochemical and chemical nature of its
components (e.g., reviews by Baker and Proctor. 1990, and
Eatough er al, 1950). Detajls on the conmibution of various
materials to the everall aging effect seen in this study are given
by Voncken er al. {1954).

The decrease in TPM concentrations can be auributed pri-
marily o particle deposition on all surfaces in the aging room
a5 indicated, e.g.. by the vellowish staining of the wallpaper,
During the aging process, the mass median serodvnamic di-
amaeter of the aerosol slightly increased, the geometric standard
deviation remaining unchanged. This small shift is not ex-
pected to influence the particle deposition probability in the
respiratory wact of the rats (Raabe ¢z al., 1997). Reports about
aging-related changes in 5§ particle size distribution have been
inconsistent describing both inidal size decrease (Ingebrethsen
and Saars, 1986) and increase (Benner ¢r al., [989) upon aging
in relatively inerc chambers. In contrase to MS, nicoting in S5
is a gas-phase component (reviewed by Eatough er af.. [990).
{t readity adsorbs to surfaces and resvaporates upon cl2ansing
the ambien: atmosphare (Pladé er al., 1996). Formaldehyde and

ammonia are chemicaily reactive Tompounds. They reacted
differently with virious surface mazeriais in a room {Voncken
et al, 1994). The gas-phase components acetaldehyde and
acrolein were less reactive than formaidehyde and did ner
change in spite of their aklehyde funcdonal groups. Due to the
low concantration of nitrogen oxides, NO remained stable
under the conditions of is study with no oxidaton to NO,
being detectable, Also. CO was oot affected by aging, and thus
proved to be useful as a marker in experimental smdies on S
and the leading dosing parameter in the preseat study. [n field
studies, however, CO is not useful as a marker for ETS since
the majority of the indoor CQ stems from sources other than
ETS (Eatcugh &t al., 1990).

The chemical and physical charactedistics of RASS re-
mainad constant over the $0-day period of inhalation, resulting
in stabie and reproducitle test atmospherss throughour the
sidy. Thus, no samradon of reacive surfacss or shifting
equilibria with built-up deposits were observed,

The lack of a detectable body weight affect by 58 exposure
in the present study is in agreement with the results seen in
previous studies at similar SS concenmatons (von Meverinek
eral, 1989; Coggins er af, 1993a; Tarsdesai and Priths, 1994),

The histopatholegical findings seen in previous $S inhala-
ton studies of similer design ware also seen in the present
study, Slight hyperplasia of the respirarory epithelium was
ohserved in the anterior par of the nose with na findings at the
next posterior level, which includes the oifzctory epithelium.
This is consistent in tvpe, locaton. severity, and sensitivicy
with the findings described by van Mevennck er al {1939),
Coggins er al. (1993a). and Tersdesai and Priths (1994). The
metaplasia described by von Meyerinek er ail. {1989) was seen
neither by Coggins er al (1993a) and Tersdesai and Priihs
{1994) nor in the present study. As in the previous studies. no
statistcally significant histopathological findings were seen in
the lower respiratory wact. although there was an indication in
the present study of an increased incidence of bronchial goblet
ceils in beth high-doss groups.

The most sensidve site for histopathological changes in the
present study was the larynx, showing slight hyperplasia and
metaplasia of a number of apithetia at different locations within
the larynx, in particular the base of apigiottis. Similar changes
were seen in a previcus subchronic 35 inhafation study per-
formed in the same laboratory (Teredesai and Prilhs. 1994).
However, no morphological changes in laryngeal epithelia
were observed in the sudies by von Meyerinck er al. {1939
and Coggins et al. (1993a). The few differences in the exper-
imentzl designs among these studies are not considered 1w
account for this discrepancy in larynx findings. Rather, differ-
ences in sectioning levels might affect the optimal detecrion of
thesa changes. The laryngeal hyperpiasia at the aryrencid pro-
jections was confirmed by morphometric analyses of the epi-
theljumm at this site, e increase in the epithelial thickness
being up to approximately 30% in the present and previous
(Teredesai and Priths. 1994) studies. Squamous metaplasia x
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TABLE 3
Laryngeal Epithelial Thickness at Three Sites of the Aryrenoid Projeetions after 90 Days of Inhalation
FS3 RASS
Organ/site Sham Low Medizm High Law Medium High
Laryn:.
Aryrenoid grojections
Veptral depression 7.9 =02 3303 37=03 00 =10 84 =92 39 =04 S=02
5% 0% TG T 130 3%
Foor of the laynx 05=z04 112=04 1L3 =04 1322 =04 10.7 =24 121 =10 120=09
7% 1% 65 2% 155 4%
V.acal cords? 3= mE= 12 % R ) ol T o Maz i 275=-13 2T3=4
1% 10% 17% % 245 245

Vore. Epitheiial thickness (um) is given a5 mean = SE and percenrage increase refanve 1o the sham-exposed cantrol group.

* [nuicztes statistically significant Jifferencs to sham-exposed control group.

* Indieates statisucaliy significant aifferences betwean the two 3 types.

the base of the epiglotds was similarty observad following
subchronic glycerol inhalation (Renne er af, 1992) and has
been Jiscussed as a commonly observed adaptive response to
repeared inhalation of aerosols (Gopinath er af., 1987; Burger
er gl 1989}

The lowest-observed effect level for histopathological
changes was 12 ppm CO, equivalent to 3.6 and 1.2 ug TPM/
liter far FSS and RASS, respectively. The no-observed-effect
levels were 6 ppm CO, equivalear to 1.5 and 0.6 ug TPMliter
for FSS and RASS, respectively, :

As discussed before, the relevan: basis of comparison be-
tween the twe 53 types is the number of cigarettes smoked per
unit of air volume, a dose parameter which Is represented in the
present study by the CO concentration in the test atmospherss,
On this basis of comparison, the biological acdvity of RASS is
approximately two- to thres-fold tower than that of FSS for the
histopathologicai findings in the antenor nose and in the larynx
at the base of the epiglottis. FSS and RASS are equally active
for changes in the larynx at the arytenoid projections when
compared on a CO concentration basis. Pravious 53 inhalation
smdies with experimental animals have usually been based on
the TEM concentration as dose paramerer. FSS and RASS were
equailv active based on TPM copcentrations with one excep-
tion, i.2., histopathaiogical findings at the arytenoid projections
which were more pronounced for RASS than for FSS.

The described differences in the biclogical activity of FSS
and RASS may also give some clues as w the mechanism and
the S8 components whick may be invelved in inducing such
effects: Most of the histopathoiogical changes observed sesm
to correlate with the TPM concentration. In the larynx, at the
base of the epiglottis, this may be interpreted as a consequence
of pariicle impaction on the sites where the inhaled air stream
bends. Except for the base of the epiglottis, this comelation
with tlre TPM concentration was not expected. For example,
amony the gas-phase components of 5SS analyzed. the alde-
hydes were described to induce spithelial changes in the nose,

in pardcuiar acrolein as the most active of the three aidehvdes
analyzed at their respecuve doss leveis (Feron er al, 1978
Appelman et al.. 1986; Wourarsen er al, 1987). Apparently,
the concentration of the gos-phase aldebydes was not high
enough to substantaily impact the SS-related mocphelogical
effects at this site. Thers is only ane site where histopatholog-
ical findings werz not seen w0 depend on the paticle concen-
tration, i.2., at the arvenoid projections, namely the vocal
cards, No expianation for this is available o date. The dara
may suggest a dependence on the SS gas phase, but 2 qualita-
tive change of tie particulate martar by room-aging cannot be
excluded either. [n order to clarify the role of particulate and
¢as phase. a subehronic siedy comparing the separae phases
would te userul.

During the gostnhaleticn peried. alf  histopathological
changes reverted io the shim control level, confirming their
adaptive namwge fcf., Burger or af, [989).

The B(a)P metabolism was investigated in the present
study by determining the amounts of five individuai metab-
olites formad. This is different from the method emploved in
previous 5S-ralated studies in which the “*aryl hydrocarbon
hydroxylase™ activity was determined by analyzing the total
amounts of B(a;P metabolites formed. The pulmonary aryl
hydrocarbon hvdroxylase in rats was indeced following
subchroric inhalation (Gairola. 1987) or intrapentoneal ad-
ministrarion of 5SS condensate or condensara fractions {Pas-
quini er al, 1987). No direcz measuremenc of the S5 con-
centration used was made by Gairola {[987), but based on
the HbCO proportions reporied. it can be assumed that it
was appraximaczly fivefold higher than those in the high-
dose groups of the present study. To date. no sudies have
besn reported thar investigate dose responses for the B{a)P
metabolism a1 §5 concentrarions that are closer to the real-
istic human environment. [ addition, the effect of coom-
aging has not besn investigated praviousiv.

In the presenc study, the formation of four of the fve BfaiP
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F1G. 4—Coniinued

metzbolites analyzed was dose-dependently induced in the
lungs, with different maximum induction factors. Ounly the
formation of 4,3-diol-B(a)P, the most abundamt metabolite,
was not inducible by SS inhalation. This difference is most
probably artributable to the involvemen: of differsnt cyto-
chrome P450 isoenzymes in the formaricn of the five metab-
olites analyzed. For exampie, subchionic inhalation of SS in
rats at a conesntration of 1 e TPM/titer resulted in an in-
creased expression of the cytochrome P430 isoenzyme [AL in
nonciliated bronchiclar epithelial fClara) as well as alveolar
type I cetls (Ji er «£, 1994), which was accompanied by an

induction of {Al-associated pulmonary metabolic activities
{Gebremichasl ¢r af., 1993), However, the cyicchrome P450
2Bl-associated acriviry was not inducible in this study. Simi-
larly, chronic inhalation of S$ in A/J mice at a concentration of
4 pg TPMAiter resuleed in ar induction of cytochrome P43
[AL in pulmenary endothelial cells with no effect ot (soen-
zymes 2B1, 2El, and 2F2 (Pinkerton er al. 1996). Thus.
immunchistochemical and metabalic daa At together since
cywochrome P450 LAl is considered to play 2 major role tn the
metabolic acrivarion of Blu;P rDagza ¢r al.. 1990: Voigler wl.
1993,
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The induction facrors reported by Gairola [1987) and Pas-
quini «r al (1987} were similar irespective of the route of
administragion, ie.. 35 inhalation or intraperitoneal SS con-
densate injection. respectively. In addition, no adaptive or
prograssive changes were seen for the induction of the pulme-
nary cytochrome P430-dependent metabolic activities with
prolonged SS inhalation {Gebremichael er ai.. 1995; Finkerton
et al., 1996). Thus, the induction of the pulmonauy B{a)P
mezabolism is considered a stable biomarker for the pulmonary
concentratien of inducers following both shor-term and pro-

longed 55 exposure at reiativeiv low experimental 53 concen-
ratons.

For the nasal epithelia. the rasults of the present study show
a higher basaline activity for Bia)P metabolism in the NOE
than in the NRE. This is in agreement with the site-specific
distribution ot &ie B(a)P metabolism described by Bond and
Dahl (1989). Following FSS or RASS inhalation. there was a
distinct but slight induction of the B{a)P membolism in the
NRE. while nc affect 'was sesn in the NOE. Since this distri-
bution of S3-relared changes purallels those observed his-
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TABLE ¢
B{(n)P Metabolism in the Nasal Respiratory Epithelium
F53 RAS3
Yetabolite Sham Low Medinm High Low Medium High
9-OH-Bla)P* 6= 1 M= 2 Wzl sz 2 z= 1 e ¥= 2
1.3* L3 . 14 1.3* 1.4
7,3-DHol-Bia P+ 1z 2 4= 4 5= 3 1= § 0= 3 #=z 3z %
1.5+ 1.45* 3t 1.3* i.5* L
9.10-Dici-Blu)Pt =1 B= iz 3 i 3= 2 B W= 3
L 2.5 3.3 1.5+ L5* L3+
3.0H-B(a}P 602 = 37 736 = 50 =1 650 = 22 486 = 35 643 =34 813 = 35
1.2 1.0 1.1 .1 1.1 1.0
+,3-Diol-B{a.P 343 =24 398 = 36 3= 19 3s0=21 BOz=z9 39=C7 8= 19
1.2 049 LO 1.1 1.0« LG

Mote, Metagolic activities (nmoali(g prorein % L)) ave qiver as mean = SE aad factor of induction refative :0 the sham-¢xgosed contro! group.

* [ndizaces stansucally significant dicfereace a sham-<xpased conmot group.
+ Indicaras statistically signitican: diffsrences berween the nwo 3§ types.

topathologicaily, it might be speculared thac the changes in
B(a)P metabotism reflect the changed distribution of cell types
following SS inhalation, or that there is czll-spacific inducdon.
Model cytochrome P450 inducers. such as phenobarbital,
3-methylcholanthrene, and B(a)P iself. which most probably
do not affect the morphology of the nasal epithelia. failed to
induce the nosal B{a)P metabolism (Bond. 1986; Voigt et af,
1993). Only the adminiswarion of the most potent inducers,
2.3.7.8-wewachiorodibenzo-p-dioxin (Boad. 1986} and Ascclor
1234 {Voigz er al., 1993), resuited in an induction of the B{a)P
metabolism in the nasal epithelia. The Aroclor 1254-mediated
inducticn of the B{a)P metabolism was mare proncunced in the
NRE than in the NOE and did not coincide with the distibution
of the cytochrome P230 LAl induction. suggesting the involve-
ment of multiple enzymes in the nasal maeabolism af Bta)P.

Based on the CO concenmations, the induction of the B{a)P
metabolism was more pronouncad following inhalation of FSS
eompared 0 RASS. Based an the TPM concentrarions, there
was no difference in response. This could be expected since the
componrents of cigarette smoke that induce the B(2)P metabo-
lism, e.8., polycvelic aromaric hydrocarbons, are found mainjy
in the particulaie matier fraction of the smoks (Pasquini et af.,
1987), aud there seams to be no qualirarive change in the SS
particulate material by room-aging with regard to cytochroms
P450 induction. Filtersd S5 did not induce cveochrome P430
1Al1-associated merabolic activities in rat lungs (Gebremichael
et al., 1995).

The dose-depencent induction of the respiratory tract Bla)P
metabolismy may be useful as 3 biomarker of exposure 10
inducing agents. perticalarly at cefatively low doses, although

TABLE 5
B(2)P Metabolism in the Lungs
F3S RASS
Mezabolite Sham Low Medium High Low Medium High
9.QH-8(a)Pt 3= 2 143 = 30 [ riea N5z 2 3=z 3 jl= 13 135 = 15
16.6* [3.2% [7.5* L0t 33 10.1=
7.3-Diol-B{a)P+ L= 58 = 5% 339z U 476 % 16 Wr= 4 a4 e = 8
[ 15.2* 214 4.8 5.3+ 14.2%
9.10-Diol-B{a.P* 13> 4 179 = 42 6= 18 362 = 39 5= Il 105 = Il 86 = 15
119* 16,3 24.0% 49% T.0* 169~
3-OH-Bla)?t 109 = 13 379 = 57 136 = 33 §16= 53 4= 18 37 39 Wz 0
35 10+ 3.3+ o= 1= <.1*
4.5-diol-Ble)P il26 = 311 308 =126 1089 = 134 1417 = 193 1100 = 257 933 = 283 1381 =243
07 1.9 1.3 1.0 0.3 1.2

Note. Membotic activities Inmolig protein % hj) are mven as mean = SE and factor of induction cefatve 10 the shamesxposed control zroup.

" Indicares scaistically signiican difference w shom-exposed coatol group.
+ Indicates stutistically significant differeaces beewesn she two SS tvpes.
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independent from the route of exposure. Conclusions as #o ifs
toxicological relevance are limited by the expedmental model
used and the complexity of the toxification pathway leading w0
the vltimare animal carcinogen, For example, the microsomal
fracrion used in this study to assess the B} metabolism does
nat account for most phase I detoxification pathways which
might be induced in parallel to cytochrome P4350. A beter
approach to assess the relevance of the described induction
would be obtained by determining DNA adducts in target
organs, aithough their specific determinaton would require
higher B{a)P doses than those taken up by the rats in this study.

The lowest TPM concenirntion effective in inducing the
pulmonary B{(a)P metabolism. iLe., 0.6 wgfliter, is consistent
with the lowest reported concentration effactive it inducing the
cytochrome P430 1AL Le. 1 ng TPM/iter (1i er al., 1994:
Gebremuchael er al, 1995).

No dirferences between sham- and $S-exposed groups were
seen at the end of the postinhaiation pericd. The lack of a
persistent induction after cessarion of S5 exposure strongly
suggesis an etfective clearance of the lungs from materials
inducing the B(a)P meubolism.

in the present study, the amount andfor surtace area of
materials present in the SS-aging room were exaggerated com-
pared to those typically found in residences or office enviren-
ments in order to invesiigate in principle the effects assaciated
with room-zging. Correspondingly, the mean age of ETS in
human iadoor environments other than residences, e.g.. offices
or public buildings, is probably shorter than the mean age used
to generate RASS in the present study (Seppinen. 1993).
However, the results of this study show that reom-aging in
general reduces the biological acrivity of FSS. This may impact
the dsk evaluation based on experimental studies using mora or
less fresh SS. In this context. RASS is considersd a more
realistic sxperimental sucrogate for ETS than FSS.
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Page 2

The present study extends the current scope of rat inhalation studies on surrogates of
environmenial tobacco smoke. The 12-month inhalation period enabled an investigation of the
potential progression or oecurrence of new morphologic effects from subchronic to chronic
inhaiation. In addition, pulmonary inflammation and oxidalive DNA darmage were investigated.
Female Wistar rats were wholg-body exposed to room-aged cigarette sidestream smoke
(RASS) generated from the reference cigarette 1R4F at 6 and 12 ug total particulate matter/!
for 12 h/day, 5 days/week, and 12 months. To enable an evaluation of the exposura made,
another group of rats was exposed head-only to 12 ug total particulate matter/i for 7 h/day.
Whoies-body exposure conditions per se resufted in changes of the RASS composition. An
analysis of urinary nicotine metabolites showed that with whole-body exposura, RASS
components, such as nicotine, were additionally taken up by routes ather than inhalation.
Independent from the exposure mode, biood carboxyhemoglobin and the hemoglobin adduct
of 4-aminobiphenyl were used as biomarkers for the RASS concentration and dose,
respectively. Histopathological changes were minimal to moderate reserve cell hyperplasia
and slight squamous metaplasia of the respiraiory epithelium as well as minimal reserve ceil
hyperplasia and alrophy of the olfaclory epithellum in the anterior nasal cavily; slight
eosinophific globules In sustentacular cefis of the olfactory epithelium in the anterior and
posterior nasaf cavity; pronounced squamous metaplasia and hyperplasia in the larynx at the
base of epiglottis; and slight reserve cell hyperplasia in the bronchial respiratory epithelium.
Most of the changes were adaptive and similar in type 'and degree to those seen in previous
subchronic RASS inhalatfon studies. A flow cytometric analysis of bronchoalveolar lavage
cels, i.e., alveclar macrophages, lymphocytes, and polymorphonuciear leukocyles, did not
show signs of pulmonary inflammation after 8 or 12 months of inhalation. As a measure for
oxidative DNA modifications, 8-hydroxy-deoxyguanosine was determinsd in the fungs and

nasal epithelia. No change was seen for this parameter at either time point in the lungs. There
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was a sfight but not consistent increase in the nasal respiratory and olfactory epithelia as well
as In urinary 8-hydroxy-deoxyguanosine excretion. In summary, there was littie indication for
progression or occurrence of new effects from 3 or 6 months to 12 months of RASS
inhalation. There were aiso no signs of inflammation or oxidative DNA modification in the
lungs. Chronic head-only exposure to RASS was shown to be technically feasible and is
generally considered preferable for smoke inhalation studies over whole-body exposure (o

avoid artificial changes in smoke composition and the non-inhalative uptake of smoke

constituents.
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Environmental tobacco smoke (ETS) was classified as a class A {known human)
carcinogen by the US Environmental Protection Agency (US EPA, 1992). The agency based
this decision on the analogy to mainstream cigarette smoke (MS) as well as on the results of
epidemiolegical studies. It acknowledged that lifetime animal inhalation studies were lacking,
which implies that further experimental toxicology is necessary to evaluate the claimed

biclogical plausibility of US EPA’s classification.

Since this classification, three long-term inhalation studies on A/ mice were reported
using different sidestream smoke (SS) surrogates for ETS (Witschi et al., 1995a, 1997a,b).
The first study, six months of exposure to relatively fresh S5 at a concentration of 4 pg total
particulate matter (TPM)/, did not show a difference in the rate of Jung tumors compared to
controls. In the second and third study, five months of exposure to a mixture of SS and MS at
concentrations up to 87 pg TPM/ pius a 4-month postinhalation period, increased rates of
pulmonary adenomas in the exposed mice weare reported. However, apart from the highly
toxic dose levels used, there were several inconsistencies in the latter studies, such as the
farge variation in the spontaneocus lung tumor rate and the lack of smoke exposure-related
non-neoplastic lesions in the lungs, which leave some questions open about the relevance of
this experimental design. For rats, no long-term S8 inhalation study has been reported to date
although the rat is the most frequently used species in subchronic inhalation studies (Witschi

et al., 1995b).

The present chronic study extends the current scope of rat inhalation studies on ETS
surrogates. With an inhalation period of 12 months, an investigation of the potential
progression of respiratory tract histopathological changes or occurrence of new changes from
subchrenic ta chronic inhalation is made possible. In addition, the investigation of mechanistic

end points has been included in this study in line with EPA’'s proposed guidslines for risk
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assessment (US EPA, 1996) to obtain information on potential long-term/tumorigenic effects
of S5 using this experimental design. Pulmonary inflammation was assessed by invastigating
the composition of bronchoalveolar lavage cells, while oxidative DNA damage was assessed
by determining tissue and urinary B-hydroxy-deoxyguanosine {8-OHdG) levels. Other end
points, such as cytokeratin expression, an epithelial cell differentiation marker, were also
investigated and will be reported elsewhere (cf., Schlage et al., 1997). The results of this
study should help in the design and interpretation of possible fong-term biocassays with regard
to exposure levels, exposure mode, and/or mechanisms involved in chronic toxicity and

possibly carcinogenicity, and thus contribute to a quantitative risk assessment of ETS (cf,

Witschi et al., 1995b).

Since ETS can not be reproducibly generated as required for chronic laboratory
experiments, ET3 surrogates have been developed for laboratory studies, e.g., aged and
diluted 88 (Coggins et al. 1983; Ji et al., 1994} and, more recently, room-aged S8 (RASS)
(Voncken et al., 1994; Haussmann et al., 1998}. Although the carbon monoxide (CO}Y
concentration - as a proxy for the number of cigarettes smoked per air velume - may be the
most relevant basis to evaluate experimental SS-related effects, the TPM concentration was
used in the present study t¢ enable a comparison with envirpnmenta!l or other experimental
SS studies. Concentrations in the range used in the present study (6 and 12 pg TPM/) have
shown to be effective in subchronic studies on rodents In producing & spectrum of
histopathological (von Meyerinck et al. 1989}, biochemical {Ji et al., 1994}, genotoxic (Lee et
al.,, 1993}, and cell proliferative changes (Witschi et al,, 1995a3) and were, therefore,
considered suitable f;:)r a chronic RASS inhalation study. The RASS concentrations employed
in this study were approximately 100-fold higher than the maximum of the average
concentrations of respiratory suspended particles {RSP) reported for ETS (Guerin et al.,

1992; US EPA, 1992; Jenkins et al., 1996),
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The aforementioned long-term S8 inhalation studies {Witschi et al., 1995a, 1997a,b) as
well as some subchronic 8S inhalation studies {e.q., von Meyerinck et al., 1989) were
conducted using the whole-body exposure mode. This is most probably related to the
convenience for both experimental animals and staff. However, when using an aerosol such
as cigaretie smoke, this exposure mode might be subject to confounding influences, such as
oral uptake during grooming. Differences betwesn the whole-body and head-only exposute
modes were reported for the uptake of smoke constituents (Mauderly et al., 1989; Chen et al.,
1995). Simiiarly, pronounced differences in the uptake and toxicity of test atmospheres other
than cigarette smoke were observed between whole-body and head-only exposure modes
(ﬁangard and Nordhagen, 1980; Wolff et al., 1982; lwasaki et al., 1988). In the present study,
therefore, the head-only exposure mode was compared 10 the whole-body mode with regard
to various biomarkers of exposure and effect. The test substance uptake was maximized by

extending the daily exposure duration as long as feasible for each exposure mode.
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MATERIALS AND METHODS
Experimental Design

Female rats were whole-body exposed to RASS at concentrations of 6 and 12 ug TPM/
{WB6 and WB12) or 1o filtered, conditioned fresh air (WBO0, sham-exposed group) for 12 h per
day, 5 days per week, far 12 months (Table 1). For the comparison of exposyre modes,
anather group of rats was head-only exposed for 5 days per week for 12 months to the high
RASS congentration (HO12}, but only for 7 h per day, which is considered the maximum daily
exposure duration for this exposure mode. Due to laboratory capacity restraints, the inclusion
of a head-only sham-exposed control group was not possible. However, this is not considered
to seriously impact the comparison of the two exposure modes for most of the end paoints
investigated. The two exposure modes were compared based on the TPM concentration as
well as on the daily TPM dose for those end points presumably unatiected by tube restraint,
Interim investigations of pulmonary inflammation and oxidative DNA damage, end points not
previously included in subchronic SS inhalation studies, were performed after 6 months of

inhatation for WB0 and WB12 only.

The study was performed in conformity with the American Association for Laboratory

Animal Science ﬁolicy on the Humane Care and Use of Laboratory Animals (1991).

Experimental Animals

Femate outbred Wistar rats (Crl: (WI)WU BR), bred under specified pathogen-free
conditions, were obtained from Charles River (Sulzfeld, Germany). Wistar rats were used in
the present study because of their potential suitability for long-term inhalation bioassays in

terms of longevity, moderate body weight development, low rate of spontaneous fumors,

particularly in the lungs, and sensitivity to rat respiratory tract carcinogens (Woutersen et al.,
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1986; Kroes et al, 1988, Gupta et al., 1990; Vandenberghe, 1990; Bomhard and Rinke, 1994;
Heinrich et al., 1995; Sanders and Lundgren, 1995}). Female rats were used, because they
showed a higher sensitivity in several long-term aerosol inhalation studies {Brightwell et al.,
1989; Nikula et al., 1995), while in subchronic S8 inhalation studies no difference was
reported for the histopathological changes between male and female rats (Coggins et al.,
1992). Wistar rats have not been used for the evaluation of SS-induced histopathological

changes in the respiratory tract to date.

The respiratory tracts of 5 randomly selected rats were histopathologically examined on
arrival; no abnormal findings were observed. Serological scresning of 10 to 15 rats performed
on arrival and after 6 and 12 months of inhalation did not detect antibodies to rat-related
viruses, such as hantavirus, lymphocytic choriomeningitis virus, murine adenovirus, parvovirus
H-1, pneumonia virus of mice, rat coronavirus/sialodacryoadenitis virus, rat virus, reovirus 3,
vodent arphan parvovirus, Sendai virus, and Theiler's muring encephalomyelitis virus, to the
bacteria Clostridium piliforme, Mycoplasma pulmonis, and cilla-associated respiratory bacillus,

nor to the protozoon Encephalitozoon cuniculi,

The rats were individually identified using subcutanegus transponders {IMI-1000, Plexx,
Elst, Netherlands; data acquisition by DAS-4001, Uno, Zevenaar, Netherlands). Following a
7-day acclimatization period before exposure, they were randomly allocated to the two RASS
groups and the sham exposure group for whole body exposure (WBO and WB12: 96
rats/group; WBE: 48 rats) as well as to the high RASS concentration group for head-only
exposure (HO12: 48 rats). The age of the rats at the start of the inhalation period was

between 55 and 70 days. The mean body weight at that time was 110 g (SD: 10 g).

The rats were barrier maintained in an animal laboratory unit with controlled hygisnic

conditions. The laboratory air (filtered, fresh air) was conditioned. Positive pressure was
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maintained inside the laboratory unit. Room temperature and relative humidity were
maintained at 22 *C (SD: 1 2C} and 61 % (SD: 9 %), respectively. The lightrdark cycle was
14 110 h. The whole-body exposed rats were exposed and housed in wire mesh cages (2
rats/cage), whereas the head-only exposed rats were housed between exposures in
transparent polycarbonate cages (2 rats/cage) on sterilized softwood granulate (Braun & Co.,
Battenberg, Germany). A sterilized, fortified peiiet diet (MRH FF, Eggersmann, Rintein,
Germany) from cage lid racks and sterilized water from bottles with sterilized sipper tubes
were supplied ad libitum in each cage. Food was not available to the rats during the daily
exposure periods. During exposure, drinking water was not available to the head-only
exposed rats. Chemical analyses of food, water, and bedding material confirmed compliance
with the requirements set forth by the Nationa! Toxicology Program (1991). Good hygienic
conditions within the animal housing and exposure rooms were maintained as evidenced by
the results of the bacteriological examinations of the laboratory surfaces and air as well as of

the rat diet and drinking water.

RASS Generation

The University of Kentucky reference cigarette 1R4F (MS yieids per cigarette: 10.8 mg
TPM, 0.80 mg nicotine, and 11.8 mg CO; Tobacco and Health Research Institute, 1990) was
used for SS generation as previously described for ancther reference clgarette (Haussmann
et al,, 1998). The cigarettes were smoked in basic accordance with the International
Organization for Standardization as generally applied to MS generation. Room-aging was
performed by continuously passing diluted SS at a rate of 56 m*h through a 28-m’
experimental aging room with non-inert surfaces, resulting in RASS of a mean age of 0.5 h. In
the aging room were materials usually found in residences andfor offices, such as wallpaper

painted with a latex-based white paint {20 m?), vinyl floor tiles {11 m?), and a polycarbonate
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window {2 m?) {cf., Voncken et al., 1994). The materials in the aging room were unexposed at
the start of the inhalation. The painted wallpaper was replaced every 13 weeks. A ceiling fan
was operated to facilitate uniform distribution of the RASS. The room was illuminated by
fluorescent “daylight" lamps (Lumilux 188W/11, Osram, Munich, Germany}. Two heat
exchangers {(approximately 60 m” surface area) were used to keep the room temperature
constant. RASS was conveyed via giass tubing to the exposure chambers. RASS generation
was started approximately 2.5 h betore the start of the daily exposure to achieve a steady-
state test atmosphere for inhalation. During overnight, non-smoking periods, the room was

flushed with filtered, conditioned fresh air at 56 m’/h.

The test atmosphere for WB6 was obtained by diluting the RASS from the aging room
with filtered, conditioned fresh air. Whole-body exposure normally results in slight losses of
TPM, mainly due to particle deposition in the chamber and on fur, In order to obtain the same
TPM concentration in WB12 and HO12, the RASS from the aging room was diluted by 20 %

with filtered, conditioned fresh air before entering the head-only exposure chamber.

Sham-exposed rats (WB0) were exposed to filtered, conditioned fresh air under the same

conditions as the whole-body RASS-exposed rats.
Analytical Characterization of the Teat Atmospheres

At designated time intervals, a broad range of analytes was determined to characterize
the test atmospheres, to evaluate the reproducibility of the test aimosphere generation, and to
detect possible cross contamination in the sham-exposed group. Samples were collected
within the exposure chambers at sites representative for the bDreathing zone of the rats. CO
was continuously monitored. TPM was determined at least once per day. The other analytes

were determined at less frequent intervals from weekly to twice a year.
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The analytical methods used to determine TPM, CO, nicoting, nitrogen oxides, aldehydes,
ammonia, and the particle size distribution as weli as those for temperature and relative
humidity in the exposure chambers were performed as previously described (Haussmann et
al., 1998). The other analytes were determined as foliows: 3-Ethenyl-pyridine and nicoting
were determined in parallel using 2-sthenyl-pyridine as internal standard. Solanesol was
determined in particulate matter after trapping on Fluoropore membrane filters (pore size: 1
wm; Millipore, Eschborn, Germany) by reversed phase HPLC (Lichrospher RP-select B, 5 um,
125 x 3 mm, Merck, Darmstadt, Germany) and UV detection (HP 1080, Hewlett Packard,
Waidbronn, Germany). isoprene, toluene, 1,3-butadiene, and benzene were trapped in
methanol at -78 *C and determined by gas chromatography/mass spectrometry (GC/MS;
Hewlett Packard SB90A/5970B) with a DB-5.625 column (30 m x 0.25 mm, J and W, Fisons,
Wiesbaden, Germany). Phenols were determined in the particulate phase after trapping on
Cambridge type glass fiber filters (Gelman, Ann Arbor, MI, USA), extraction, and silylation
using GC/MS with a DB-5.625 column. Polycyclic aromatic hydrocarbons were extracted from
a TPM-loaded giass fiber filter with methanol/water followed by back extraction with hexane,
clean-up by solid phase extraction (Bakerbond amino, Baker, Gross-Gerau, Germany), and
analyzed by GC/MS with a DB-17 column (30 m x 0.25 mm, J and W). N-nitrosamines were
trapped in citrate/phosphate buffer with ascorbic acld and on glass fiber filters connected in
series. The combined dichloromethane extracts were washed with a sodium hydroxide
solution and claaned by adsorption chromatography on aluminum oxide. The N-nitrosamines
were determined by GC with a DB-5 column 30 m x 0.53 mm {iCT, Bad Homburg, Germany)
and a thermal energy analyzer (TEA 543, Thermo Electron Corporation, via isconlab,
Heldelberg, Germany). For the determination of the metals, 5SS was collecied on membrane

filters with 0.22 pm pore size {(GSWP 02500, Millipore). After the fillers were digested with
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nitric acid, the metals were determined by graphite furnace atomic absorption spectrometry by

Henkel KGaA (Disseldorf, Germany).
Animal Exposure System

The whole-body exposure chambers made of glass and stainless steel were equipped
with 24 stainless steel wire mesh cages, which were mounted above stainless steel excretion
pans. Each cage had a separate supply of test atmosphere. The flow rate through the
chambers was 180 I/min. The position of the cages within the chamber was systematically
changed on a weekly basis. Rats were exposed to RASS as well as to filtered, conditicned
frash air (sham-exposed controf) for 12 h per day, 5 days per week, using two exposure

chambers per group for WB0 and WB12 and 1 chamber for WB6.

Another group of rats (HO12) was head-only exposed to RASS for 7 h per day, 5 days per
week. This exposure system was described previously (Haussmann et al., 1988). The position

of the rats in the chamber was systematically changed on a daily basis.
In-L.ife Qbservations

The rats were observed daily for mortality, moribundity, signs of overt toxicity, or injuries.
Detailed checks on general condition and behavior of the rats were performed on 3 rats/group
per day shortly after the end of the daily exposure throughout the first 3 months, and two
times per week in months 4 to 6. Starting with month 7, tumor checks were performed two
times per wesk on all rats. The body weight of the individual rats was determined one day

after their arrival, at t'he start of the inhalation period, and once per week during the inhalation

period.

Biomonitoring
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in order to provide an estimate of the amount of test atmosphere taken up by the rats,
respiratory frequency and tidal volume were determined on at least 10 rats/group by whole-
body plethysmography, three times during the inhalation period, as previously described
{Haussmann et al,, 1998). Rats were allowed ta adapt to the plethysmographic tubes prior to
data acquisition. During the adaptation and acquisition periods, they were continuously

exposed to the test atmospheras.

To monitor exposure to CO, steady-state proportions of blood carboxyhemagiobin (HbCO)
were determined in 5 rats/group according to Kiimisch et al. (1974), three times during the
inhalation period. The blood samples were coliected after at least 5 h of exposure, a duraticn
sufficient to obtain steady-state HbCO proporions {cf., Tyuma et al.,, 1981). Rats were
removed from the exposure chambers for a short period of time, and blood samples were
taken under diethyl ether narcosis by puncturing the retro-orbital sinus with glass

micropipettes.

To monitor exposure to aromatic amines, hemoglobin adducts of nine aromatic amines
were determined in 7 to 8 rats/group following 12 months of RASS inhalation according to
Kutzer et al. {1897). The hydrolyzed amines were derivatized with pentafiuoropropionic
anhydride {Aldrich, Steinheim, Germany) and analyzed using gas chromatography/mass
spectrometry with negative chemical ionization in the SIM mode (DB-5MS column, J&W
Scientific, Folsom, CA / TSQ 700, Finnigan, Bremen, Germany). For internal standardization,

Ds-aniline {Aldrich) and Dg-2-aminobiphenyl (IC Chemikalien, Ismaning, Germany) were used.

To provide an estimate of the amount of nicotine taken up by the rats, nicotine metabolites
were determined in urine collected from 6 rats/group over 24 h, three times during the

inhalation period. During the 7-h head-only exposure period, the urine was collected using

specially modified exposure tubes, During the postexposure period and for the whole-body
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exposed groups, custom-made metabolism cages were used. All sampies per rat and time
point were combined, centrifuged, and stored frozen. The nicotine metabolites were
determined by HPLC after derivatization with 1,3-diethyl-2-thiobarbituric acid (Rustemeier et
al., 1993). The separation of all analytes in one chromatographic run at ambient temperature
was enabled by modifying the derivatization conditions (0 *C and pH 3.3), the composition
and pH of solvent A (54 mM 1-pentanesulphonic acid, 5 mM 1-heptanesulphonic acid, pH

5.0), and the solvent and flow program.
Gross Pathology and Qrgan Waight

Necropsy was performed without prior fasting. On the day following the Iast exposure at
the end of the 12-maonth inhalation period, 8 rats/group were killed and examined as
previously described (Haussmann et al., 1998). The weights of the lungs with larynx and

trachea, fiver, heart, adrenai glands, and kidneys were determined.
Histopathology

Histopathology of the respiratory tract was performed after 12 months of inhalation as
previously described (Haussmann et al, 1998) with additional levels in the posterior nasal
cavity (levels 3 and 4 according to Young, 1981). Processing and sectioning of the samples
was performed at Huntingdon Research Centre (Huntingdon, Cambridgeshire, U.K.). The
larynges of most of the rats were not reproducibly sectioned at the pre-defined levels needed
for a semi-quantitative evaluation and a comparison to previous data. Thus, they could only
be evaluated qualitatively. All stides were read by a veterinary pathologist in a blinded manner
with experience in cigarette smoke-reiated changes in the respiratory tract of rodents. All
pathological findings were scored according to a defined severily scale from 0 to & {marked

effects). Mean severity scores were calculated based on all rats of a group.
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Composition of Bronchoalveolar Lavage Cells

As a measure for possible inflammatory processes in the lungs, a differential count of
bronchoalveolar lavage cells was performed using flow cytometry. For this purpose, 8
rats/group were killed as described following 6 {(WBO0 and WB12 only) and 12 months (all
groups) of RASS inhalation. The lungs were lavaged via the trachea with 120 mi lavage
medium per rat in 10 lavage cycles. The lavage medium was Dulbecco’s phosphate buffered
saline without calcium and magnesium (Biocchrom, Berlin, Germany} suppiemented with
3.25 g/l bovine serum aibumin {Sigma) {pH 7.2). The viability of the lavaged cells of all groups
was 955 % (SE: 0.4 %) as determined by the Trypan blue dye exclusion method. After
fixation of the cells, they were incubated on ice for 48 h in a cell membrane permeabilization
medium (accarding to Sander et al., 1991, with some modifications) to enable labeling of an
intracellular epitope with the pan rat macrophage antibody ED1-fluoresceinisothiocyanate
{FITC) conjugate (15 my/l; Serctec, Kidlington, UK). Propidium iodide was added as a nucleic
acid marker at 5 mg/l. The cells were analyzed using a Cytofluorograi 50H flow cytometer
(Crtho Diagnostic Systems, Westwood, MA) in conjunction with the Cicero data acquisition
and analysis workstation (Cytomation, Ft. Collins, CO). The cell populations (alveolar
macrophages {AM}, lymphocytes, and polymorphonuclear leukocytes (PMNL)) were identified
by their characteristic appearance on a dot plot histogram of green (ED1-FITC; 515 - 530 nm)
vs. red {nucleic acid content; = 630 nm) fluorescence. From each sample, 30,000 counts wera
collected. Microscepic evaluation of Pappenheim-stained (Romeis, 1968) smears of

bronchoalveolar lavage cells confirmed the flow cytometric results.

An aliquot of the above fixed lavaged celis was analyzed for sponianeous flucrescence.
The system was internally calibrated by adding monodisperse (diameter: 1.95 umn) fluorescent

latex beads (Duke Scientific, Palo Alto, CA) into the cell suspension, After gating the AM
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population from & dot plot histogram of axial light loss vs. right angle light scatter, the green
fluorescence (515 - §30 nm) was quantified in arbitrary units normalized to that of the

admixed latex beads. From each sample, 15,000 counts were collected.
8-Hydroxy-Decxyguanosine Determination

As a measure for possible oxidative DNA damage, 8-OCHAG was determined in 8
rats/group after 6 (WBO and WB12 only) and 12 months {all groups) of inhalation. During the
last exposure day, rats were Killed as described. The lungs were perfused in sifu with isotanic
saline to remove erythrocytes. The lungs as well as the nasal respiratory epithelium and the
nasal olfactory epithelium were stored frozen at -70%C until further processing. DNA
extraction was performed according to Gupta (1984) with emphasis on fast tissue processing
to prevent both ONA repair and arlificial DNA oxidation. Enzymatic digestion of DNA as well
as chromatographic separation (Nucleosil 100-5 C18 precolumn, CS Chromatographie
Service, Langerwehe, Germany; Novapack C18, Waters Milllpore; HPLC HP 1050, Hewlett
Packard) and electrochemicat determination (HP 1049A, Hewiett Packard) of 8-OHdG were
performed according to Shigenaga et al. (1990}. The amount of deoxyguanosine (dG) present

in the samples was determined by its absorbance at 245 nm.

As an integrative monitor for oxidative DNA damage without specification of the organs
involved, 8-OHAG excretion in urine was determined in 5 to 6 rats/group at 5 and 12 months
of inhalation. Twenty-four hour urine samples were collected as described for nicotine
biomonitoring. The purification of 8-OHdG from the rat urine was performed according to
Shigenaga et al. (1§90) with some modifications. An internal standardization method was
employed using °Hlabeled B8-OHdG prepared from [1,2-"H}-<dGTP (Amersham,

Braunschweig, Germany) according to Shigenaga et al. (1990). Interfering substances in the
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sluate were oxidized at +0.35 V before the actual 8-OHdG determination using an additional

electrochemical detector.

Statistical Analysis

The following statistical tests were performed on the biological data: For the overall
comparison of the whole-body RASS- and sham-exposed groups (WB0, WBS6, and WB12),
the one-way analysis of variance for continuous data (Sachs, 1982) and the generalized
Cochran-Mantel-Haenszel test (Koch and Edwards, 1988) for ordinal data were used with the
TPM concentration as the stratifying variable. If the overall comparison showed a significant
differance, the Duncan test (Duncan, 1955) and the generalized Gochran-Mantel-Haenszel
test were applied to continuous and ordinal data, respectively, for a pairwise comparison
between the groups. All tests were conducted at the nominal level of significance of o = 0.05
(2-tailed). Due to the large number of parameters analyzed, no correction for multiple testing
was applied, which would have made the tests very insensitive. Statistical significances,

therefore, have to be considered as explorative indicators rather than confirmatory evidence.

RESULTS

RASS Composition

Throughout the 12-month inhalation period, RASS was reproducibly generated and
delivered to both types of exposure chambers. The analytical characterization of the sham
and RASS exposure groups is shown in Table 2. As targeted, the TPM concentrations
determined in the hlgh concentration groups were the same for both exposure modes. The
concentrations of most of the pardiculate phase constituents paralieled the TPM
concentrations in the various groups. However, the catechol concentration in HO12 was

almost twice as high as in WB12, for which there is no explanation. To achieve equal TPM
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concentrations in the high concentration groups, the TPM losses in the whole-body chambers
were compensated by dilution of the RASS entering the head-only chamber. This was
reflected by a 20 % lower CO concentration in HO12 compared to WB12. Most of the other
gas phase components paralleled CQ, with the exception of nicotine and formaldehyde, which
were 30 and 70 % lower, respsctively, in WB12 than expected based on the HO12 data if a
proportional dilution of all RASS components would be assumed. The carbon dioxide
concentration was determined both at the intet and outlet of the exposure chambers to assess
its concentration in RASS as well as the concentration added by the exhalate of the rats,

respectively.

The particle size distribution was the same for all RASS exposure groups regardless of
the exposure mode, with an average madian mass aerodynamic diameter of 0.42 pm and a

geometrical standard daeviation of 1.8.

The relative humidity in the sham-exposed group was 58 + 8 % [mean + SD); this is
considered to be representative for the other exposure groups. The temperatura within the
exposure chambers were between 22 and 24 :C (SD; 1°C). Thease environmental conditions

complied with the exposure conditions specified by the OECD (1981).
In-Life Observations

There was no RASS-related mortality. Shortly after the end of the dally exposure, detailed
checks of the rats revealed findings that occurred more often in rats in one ¢r both high RASS
concentration groups than in those of the sham-exposed group, ie., secration from the
Harderian glands, slight yellow-brown discoloration of the fur, and impaired gripping ability. No
other RASS-associated effects on the general condition and behavior of the rats were

detected.
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Signs of eye inflammation were found starting at 7 months peaking at 9 months of
inhalation and were predominantly found in WBO and HO12 (40 to S0 % of all rats) and less
frequently in WB8 and WB12 (approximately 10 %). A cross-check of the data revealed no

influence of this local inflammation on the other parameters of the study.

Biomonitoring

RASS Uptake Statistically significant decreases in respiratory frequency were seen in
the whole-body exposed rats accompanied by a tendency to increased tidal volume resulting
in slight decreases in the minute volume. For example, after 5 months of inhalation, the
minute volume was 180 £ 7, 168 £ 8, and 162 £ 7 mi (mean + SE) for WB0, WB6, and WB12,
respectively. The respiratory minute voluma for HO12 rats was 130 £ 6 ml. Daily RASS TPM
doses weare calculated taking into account these differences in respiratory minute volume,
body weight, TPM concentrations, and daily exposure durations, the resulfs being 2.8, 6.0,
and 3.1 mg/kg body weight for WB8, WB12, and HO12, respectively. Thus, apart from the
conventional comparison based on equivalent TPM concentrations (WB12 vs. HO12), a
further comparison based on equivalent daily TPM doses is possible between WB6 and

HO12.

Carboxyhemoglobin The steady-state HbCO proporticns were in agreement with those

expected based on the CO concentrations in the various test atmospheres (Figure 1A).

Hemoglobin Adducts Following 12 months of inhalation, a TPM dose dependent
increase in hemoglobin adducts of 4-aminobiphenyl (4-AB) was found for WB0, WB6 / HO12,
and WB12 {Figure 1B). The adduct levels for the other aromatic amines investigated (aniline,

o-, m-, ptoluidine, 2-ethylaniline, 2,4-dimethylaniline, c-anisidine, and 3-aminobiphenyl) were
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not statistically significantly different among the groups, although a notable increass {(up to 6-

fold) in the 3-aminobiphenyl adduct level was seen (data not shown).

Nicotine Uptake For the evaluation of the nicotine uptake, five major urinary nicotine
metabolites were determined, /ie. nicotine-N'-oxide, nornicotine, cotinine, frans-3'-
hydroxycotinine, and norcotinine. Nicotine itself was also determined but not used in this
evaluation, since control experiments showed that asrosol nicoting directly dissolved in the
urine collected in the whole-body chambers. The sum of the five metabolites excreted over 24
h at 5 months of RASS inhalation is presented in Figure 2A. Similar data were obtained at 12
months of inhalation. At 3 weeks of inhalation, the total amount of metabolites excreted in the
whoie-body exposed groups was up to 50 % lower than at the later time points. The amount
of nicotine metabolites excreted, and correspondingly the nicotine uptake, increased dose
dependently in the whole-body exposed groups to levels which far exceeded that in the head-
only exposed rats. This is partially due to the longer daily exposura duration and the higher
respiratory minute velume for the rats in the WB groups: A theoretical uptake of inhaled
nicotine was calculated using the nicotine concentrations in the test atmospheres, the
exposure durations, the respiratory minute volume, the latter being calculated based on the
body weights of the rats at the respective time points {Guyton, 1947), and assuming total
absorption. Based on this theoretical uptake, the nicotine uptake in the whole-body exposed
rats was still 2- to 3-fold higher than that in the head-only exposed rats (Figure 2B). The sum
of the five metabolites excreted in HO12 accounted for almost 50 % of the estimated nicotine
taken up. Overall, the pattern seen for the five nicotine metabolites relative to each other was

similar at all three time points as well as for the different dose levels and exposure modes

{data not shown).

Body Weight Development
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The body weight of the rats increased throughout the inhalation period (Figure 3). After 3,

6, 9, and 12 months of inhalation, the body weight gain was statistically significantly lower by
5 to 8 % in WB12 compared to WBD, with the exception of the 12-month time point, the body
weight gain in WB6 was statistically significantly lower by 4 to 6 % compared to WBO {SE 1 to
2 % in all cases). The pronounced body weight effect seen in HO12 is considered 1o be
mainly due to the exposure mode (Griffith and Standafer, 1985). A direct evaluation of the
RASS effect on body weight development under head-only conditions was beyond the scope

of the present study since a corresponding sham-exposed head-only control group had not
been included.
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Gross Pathology and Organ Weights

No RASS-related gross pathological changes were observed. The only statistically
significant change in absolute organ weights in the whole-body exposed groups was 2 slightly
decreased absolute heart weight in WB12 (-9 £ 2 %), which was no longer apparent when
normalized to the respective body weight. As for the body weights, possible organ weight

effects in HO12 could not be evaluated due to the lack of a corresponding sham-exposed

head-only control group.
Histopathology

In the anterior leval of the nose (level 1), patchy, slight to moderate reserve cell
hyperplasia of the respiratory epithelium was observed (Table 3). This effect was
concentration dependent in the whole-body exposed rats and similar in degree and incidence
in HO12 and WB12. Slight squamous metaplasia of the respiratory epithelium was observed
in WB12, this effect being seen in only a few rats in WB8B and HO12. Minimal gobiet cell
hyperplasia was also seen. At level 2, minimal epithelial changes were seen in the RASS-
exposed groups, such as raserve cell hyperplasia and atrophy of the olfactory epithelium and
reserve cell hyperplasia of the respiratory epithelium. At levels 2 and 3, slight eosinophilic
giobules were observed in the sustentacular cells of the olfactory epithelium of the RASS-
exposed groups. There were no other histopathological findings in levels 3 and 4 of the nasal

cavity.

The few larynges that could be evaluated as intended showed distinct squamous
metaplasia of the pseudostratified epithelium and hyperplasia of the squamous epithelium at
the base of epiglottis (Table 3). Those laryngeal sections that were not cut at the pre-defined

tevels could only be qualitatively evaluated. This evaluation confirmed epithelial hyperplasia
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and squamous metaplasia to be the only findings observed in this organ. Further, the results
given in Table 3 are representative for the findings in each of the respective groups. These

effects were pronounced and seemed to be dose-dependent.

At the tracheal bifurcation, slight reserve cell hyperplasia of the respiratory epithelium was
observed in only a few rats {not statistically significant; Table 3). In the pulmonary bronchial
respiratory epithelium of the lungs, the dagree of this finding was similar but the incidence
was higher occurring most frequently in HO12. For both WBE and WB12, this finding was
statistically significantly different from WB0. The number of goblet celis was similar in all

groups. A slight accumulation of pigmented AM was seen in WB12 and HO12.

The histopathological findings in the upper respiratory tract were less pronounced in HO12
compared to WB12. In the larynx at the base of epiglottis, the degree of the findings in HO12
was similar to that in WBE (equal TPM doses). in the lower respiratory tract, the HO12
findings were closer to those seen in WB12, and the accumulation of pigmented AM was

even seen at a higher incidence in HO12 than in WB12.

Composition of Bronchoaiveolar Lavage Celis

There was a slight but statistically insignificant increase in the number of AM and thus of
the total number of bronchoalveolar lavage cells with increasing TPM concentrations after 12
months of RASS inhalation {Table 4). No effect was seen for the number of lymphocytes and
PMNL. Thus, no sign of a RASS-related inflammatory effect was cbserved. The same holds
true for the comparison of WB12 and WBO following 6§ months of RASS inhalation (data not

shown},

A green fluorescence was observed in the AM, the intensity of which increased with the

RASS concentration (Table 5). For WB12, the intensily was similar following 6 or 12 months
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of RASS inhalation indicating that a saturation or a steady-state equilibrium was already

ahtained after the shorter inhalation period.
8-Hydroxy-Decxyguanosine Formation

Tissue Content Both after 6 and 12 months of RASS inhalation, the nasal 8-QHdG
content increased in WB12 compared to WBO (Figure 4A and B); this increase was
statistically significant In two out of four cases. The most pronounced effect was seen in the
respiratory epithelium after 12 months of inhalation (+158 %). Overall, 3 steady-state
equilibrium between formation and repair of this modification seemed to be reached already
by the 6-month time point. The results for the head-only exposed group are difficult to

interpret, because a tube restraint-related effect cannot be excluded.

In the lungs, the B-OHJG content did not change statistically significantly. However, a
consistent trend to lower B-OHAG levels (up to 30 %) was observed at both time points

regardless of the exposure mode {Figure 4C}.

Urinary Excretion At 5 months of RASS inhalation, an increased excretion of 8-OHdG
was observed in the whole-body exposed groups with increasing RASS concentrations
(Figure 5). Such an effect was not seen at 12 months of inhalation. Again, a contribution of a

tube restraint-related etfect cannot be excluded for the HO12 resuits.
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DISCUSSION

The chemical characterization of the RASS used in the present study is the most
comprehensive characterization of SS in an inhalation study to date. It alfows a detailed
comparison of RASS to ETS. The most coherent and reprasentative recent publication on
ETS composition involved volunteers in an environmental chamber who smoked the 50 top-
seliing US cigarette brands (Martin et al., 1997). Respirable suspended paricles (RSP} as
reported in this study can be considered to be solely particulate matter due to the controlled
conditions employed, and would thus correspond to the definition of TPM in the present study.
On the basis of TPM or RSP, the high RASS concentration in the present study was about 10-
fold higher than the exireme ETS concentrations employed in the market cigarette study
{Martin et al., 1997) (Figure 6). The ratics of the other SS constituents determined in both
studies are in the same order of magnitude suggesting a propartional composition of 1R4F
RASS and ETS generated from market cigarettes. In the most thorough recent ETS field
study performed in 16 US cities, only those ETS constituents were determined which have
generally been used as ETS markers {lenkins et al., 1996). The comparison of the ETS
concentrations of these constituents to those determined in RASS again supports the

representative character of RASS for ETS (Figure 6).

The RASS concentrations in the present study were 2 to 3 orders of magnitude above the
ETS concentration determined by Jenkins et al. (1996) in smokers' homes, and approximately
2 orders of magnitude above maximum average RSP concentrations contributed by ETS for
residential (.1 pg/ly and office (0.06 pg/l) environments reported by the US EPA (1992).
Based on these RSP concentrations and a respiratory minute volume of 7 I/min for a 70 kg

persan, the daily RSP dose taken up in residences during 16 h and in offices during 8 h can
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be estimated o be approximately 10 and 3 ng/kg, respectively. The daily TPM dose taken up

by the rats in the present study was 3 orders of magnitude higher.

As a result of dilution, the concentrations of most RASS components decreased in
proportion to the concentrations of either the particulate matter or gas phase markars. The
major exceptions to this rule were the low concentrations of nicotine, formaldehyde, and
catechol found in the whole-body compared to the head-only exposure chambers. Nicotine is
known to adsorb with high affinity to all kinds of surface materials. The same lack of
proportionat dilution associated with the exposure mode was found for the nicotine
concentration in MS (Chen et al. 1989). Formaldehyde is a highly reactive compound which,
under whole-body expasure conditions, even reacts with rat excretion products andior fur
(unpublished resuits; Kewitz and Welsch, 1966). No axplanation is avallable to date for the

comparatively low catechol concentrations in the whole-body exposure groups.

Biomonitoring via the analysis of HoCO praportions in blood, hemogiobin adducts of 4-AB,
and nicotine metabolites in urine confirmed exposure of the rats as planned. Further, valuable
information was obtained on the feasibility of using these biomarkers in smoke inhalation

studies and on their concentration/dose-responses.

After establishing a steady-state equilibrium, the blood HbCO proportion is directly
proportional to the RASS CO concentration. However, the HbCO proportion does not reflect
the overall dose of RASS taken up by the rats, especially when considering the differences in
the daily whole-body and head-only exposure durations. The levels of the 4-AB hemoglobin
adduct correspondeé to the daily TPM doses for all groups. This adduct is considered to
reflect the overall dose of metabolically activated 4-AB over the lifetime of the erythrocytes.
However, for smoke inhalation studies, another explanation for the increase in this adduct

with increasing TPM doses cannot be ruled out: The metabolic activation of 4-AB might be
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dose-dependently induced, similar to the induction seen for benzo(a)pyrene metabolism in
previous cigarette smoke inhalation studies {e.g., Gairola, 1987; Haussmann et ai., 1998).
Indeed, pretreatment of rats with polycyclic aromatic hydrocarbons was shown to shift the
hepatic metabolism of 4-AB towards activated metabalites and to proportionally increase the
yield of protein adducts (Orzechowski et al., 1994). In any case, even if the increase in the 4-
AB hemoglobin adduct seen in the present study is not a specific marker for 4-AB uptake, it
might be a marker for the uptake of compounds capable of inducing 4-AB metabaolism. The
source of 4-AB responsible for the formation of the adduct level found in the sham-exposéd
group remains to be determined. A similar 4-AB background adduct level was reported by
others (Bryant et al., 1987). High background adduct levels may alse bs responsibla for the

failure to detect possible increases in hemoglobin adduct levels of other arornatic amines

associated with RASS inhalation.

The biomonitoring end points discussed above do not necessarily reflect the route of
uptake of the respective compounds. This is especially important for whole-body exgosure.
Therefore, care has to be taken in determining the dose taken up by inhalation vs, the dose
taken up by other routes. During whole-body exposure, aerosol i3 known to deposit on the fur
of the rats and its constituents may be taken up sither iransdermally or orally by grooming
{Langard and Nordhagen, 1980; Wolff et al., 1982; lwasaki et al., 1988). This increases the
total dose taken up and may exaggerate the associated toxicity. It should be kept in mind,
howevaer, that humans are exposed to ETS in a manner comparable to whole-body exposura.
A certain degres of transdermal uptake of ETS constituents can thus be expected; its
contribution to the to.tal uptake remains 0 be determined. In rats, the gastrointestinal uptake
of test material by grooming adds to the nan-inhalative transdermal upiake, and this is
certainly not representative for human ETS exposure. Chen et al. (1995) concluded that

whole-body exposure increased the amount of cigareite smoke particles passing from the fur
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into the gastrointestinal tract by about a factor of two compared to nose-only exposure.
Mauderly et al. (1889) found nicotine concentrations in the plasma and urine of rats which
were 5- to B-fold higher with whole-body MS exposure than with nose-only exposure, based
on equal nicotine concentrations in MS. Their corresponding urine cotinine concentrations
were 2.6-fold higher. The latter factor fits well with the 2- to 3-fold higher amounts of nicotine
metabolites excreted by whole body vs. head-only exposed rats in the present study, based
on equal niccting inhalation. Thus, for HASS, as is the case for other aerosols, whole-body

exposure is associated with a significant uptake of test materiais by routes other than

inhalation.

The sum of the five nicotine metabolites determined in HO12 accounted for almost 50 %
of the calculated inhaled nicctine dose per day. About the same percentage was obtained for
the urinary excretion of these five metabolites following intravenous administration of nicotine
to male Sprague-Dxawley rats (Schepers et al., 1993). This percentage decreased to
approximately 20 % in Aroclor 1254-induced Sprague-Dawley rats due to a different metabolic
pattern in induced ang non-induced rats. These data suggest that the nicotine metabolite
paftern of the RASS-exposed rats was similar to that of non-induced rats, aithough this
comparison includes an extrapolation between different rat sirains and genders. This
interpretation is supported by the tack of any change in the relative pattern of the five

metabolites betweesn 3 weeks and 12 months of inhalation.

The above mentioned biomonitoring end points cannot be used to determine the
deposition of particulate matter in the lungs. The accumnulation of pigmented AM may be an
indication of particles accumulating in the lungs following smoke inhalation, since this
phenomenon was found in rats following inhalation of whole MS but not in those only exposed

to the vapor phase of MS (Davis et al.,, 1975a and b; Coggins et al., 1880). However, the
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pigmentation may also result from lipid peroxidation or hemoprotein-derived iron incorporation
in the AM as a secondary effect due to smoke particle inhalation. The number of AM staining
positive for iron/hemosiderin was found to increase in rats following subchronic 38 inhalation
{CO concentration: 35 ppm; Escofar et al., 1995). In the present study, no iron-speciic
staining was used, and the slight accumulation of pigmented AM in the high concentration
groups was seen in hematoxylinfeosin-stained sections, No such pigmentation was reported
for subchronic SS inhalation studies on rats (von Meyerinck et al., 1989; Coggins et al., 1993;
Lee et al,, 1993; Teredesai and Priihs, 1984; Haussmann et al., 1998). it remains to be
investigated whether this pigmentation is due to the higher daily particulate matter dose in the
chronic compared to the subchronic studies and/or whether this is related to the chronic
inhalation period. AM pigmentation was not seen in the chronic $SS/MS inhalafion study on A/J
mice at 87 ug TPM/ (Witschi et al., 1997a). The discrepancy between the results of these two
chronic inhalation studies remains to be resolved in view of a possibie use of AM pigmentation
as a pulmonary particulate biomonitor. To date, this discrepancy speaks for a species-speacific

secondary source for the pigmentation rather than for a simple endocytosis of TPM.

A dose-dependent increase in the fluorescence of AM from bronchoalveolar lavage was
saen in the present study. This fluorescence has not been described in SS inhalation studies
to date. Increased AM fluorescence was reported for MS-exposed rats (Coggins et al., 1980;
Skold et al., 1993) as well as for smokers compared to nonsmokers (Vassar et al., 1960;
Skiid et al., 1989). There was no progression of this effect between 6 and 12 months of
RASS inhalation, suggesting either a saturation of the effect as discussed for the AM
flucrescence in smoi;ers (Skild et al., 1989) or the constitution of a steady-state equilibrium
which would be dependent on the RASS concentration rather than the daily or accurmulating
dose. The nature of the MS-dependent fluorescence is stilt open, and similar causes have

been discussed as for the histologically observed AM pigmentation (a.g., Skdid et al., 1992).
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A possible relationship between AM pigmentation and fluorescence remains to be

investigated.

The degree of body weight gain reduction observed for WB12 can be interpreted as a sign
of toxicity and demonstrates that the study design would satisfy the requirements set by the

OECD (1981) or others for the highest dose leval in a carcinogenicity study.

With few exceptions, the histopathological changes observed in the nose were
qualitatively and quantitatively similar to those observed following subchronic RASS inhalation
{Haussmann et al., 1998) indicating that there was no progression of these findings. This
analogy further suggests that these effects, except for the minimal atrophy in the olfactory
epithefium, could be considered adaptive responses to repeated irritation as shown for
subchronic studies (von Meyerinck et al.,, 1989; Coggins et al., 1993; Haussmann et al.,
1998). |n addition to the reserve cell hyperplasia seen in the anterior part of the nose in the
subchronic studies, slight squamous metaplasia of the respiratory epithelium in this part of the
nose was seen in WB12, The appearance of this effect in WB12 might be due to the higher
daily TPM dose compared to the subchronic studies and/or the chronic inhalation period.
Some additional epithelial changes in nose level 2, although not seen in subchronic SS
inhalation studies, are not considered relevant due to their very low incidence é.nd degree.
The eosinophilic material observed in olfactory epithelial sustentacular cells at levels 2 and 3
has not been reported in cigarette smoke inhalation studies. The significance of this finding is

not clear.

In the larynx, the.hyperplastic and metaplastic changes were the most pronounced. Those
seen in HO12 ware in line with those ohserved in the previous subchronic head-only exposure
study (Haussmann et al,, 1998) on the basis of an assumed linear cancentration-response

relationship (Figure 7A). However, the degree of the changes seen in WB6 and WB12
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exceeded those observed in HO12 and also those seen in the previous subchronic head-only
exposure studies. Normalizing these larynx effects to daily TPM doses reveals a dose-
response relationship with no distinction between subchronic or chronic inhalation periods for
the squamous metapiasia (Figure 78) as well as the hyperplasia. Thus, there seems to be no

progression with prolonged inhalation.

An association of most of the histopathological changes with the particulate matter phase
of the SS aerosols was assumed in the previous subchronic study (Haussmann et al., 1998).
The upper respiratory tract resulis of the present study support this interpretation and place
emphasis on the daily particulate matter dose rather than on concentration (WB12 vs. HO12 /
WB6). This contrasts with gaseous irritants, such as formaldehyde, which induced epithelial
hyperplasia and metaplasia in the anterior part of the nose depending on the concentration

rather than on the daily inhaled dose (Wilmer et al., 1989).

The base of epiglottis was the most sensitive site of the respiratory tract in this and the
subchronic study {Haussmann et al., 1998). The hyperplastic and metaplastic changes seen
there wera not seen in SS inhalation studies performed by other laboratories (von Meyarinck

et al., 1989; Coggins et al., 1993).

The only relevant histopathological finding in the lower raspiratory tract following chronic
RASS inhalation was slight reserve celi hyperpiasia in the branchiai respiratory epithelium,
which was not seen In the subchronic SS inhalation studies {von Meyerinck et al.,, 1989;
Coggins &t at., 1993; Teredesai and Priihs, 1894; Haussmann et al., 1998). It remains to be
investigaied whethef this effect is due to the chronic inhalation period and/or the higher
concentration or dose in the present study compared to the previous ones. Morphometric
analyses to assess the pulmonary changes as reported by Escolar et al. {1995) were not

performed in the prasent study.
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The composition of the bronchoalveolar lavage cells did not indicate an inflammatory
response to chronic RASS inhalation, although there was a slight but statistically insignificant
increase in the number of AM, a response similar to that seen in rats following MS inhalation
(Gairola, 1986; Bjermer et al., 1993; Miller et al., 1996). Also for MS, Mauderly ot al. {1989)
reported an increase in the concentration of PMNL in the bronchoalveolar lavage fluid of rats,
whereas no statistically significant responses were found by others for this species {Gairola,
1986; Bjermer et al., 1993; Miller et al., 1996). Mice ware considered to be more sensitive to
MS inhalation with regard to PMNL responses (Gairola, 1986). However, no histopathological
indication of an inflammatory response was seen by Witschi et al. (1997a) when A/J mice
were chronically exposed to a mixture of S and MS at a TPM concentration as high as 87
ngfl. On the other hand, pronounced effects on rat bronchoalveolar lavage cell composition
indicating a strong inflammatory response were found following inhalation of aerosols
including insoluble particles, such as Diesel enging exhaust, at particulate matter
concentrations far below those used in cigarette smoke inhalation studies (Henderson et al.,
1988). Pulmonary inflammation following particle inhalation has been associated with lung

carcinogenesis in experimentat animals (Cungworth et al., 1994).

An increase in the formation of 8-CHJG has been investigated in the present study as a
marker for oxidativa stress since this end point has been associated with carcinogenesis
{Floyd, 1990} and with cigarette smoking (Asami et al., 1986, 1897). The observed increase
of the 8-OHdG lavels in the nasal epithelia at the highest RASS concentration was only in part
statistically significant and consistent following 6 or 12 months of inhalation. The biclogical
relevance of this t-effect remains to be investigated. With regard to its relation to
carcinogenesis, it is interesting to note that Witschi et al. (1997a,b) have cbserved increased

cell proliferation and epithelial lesions in the nose but did not specifically report nasal tumors
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using SS/MS concentrations up to one order of magnitude higher than those in the present

study.

In contrast to the results obtained for the nasal epithelia, in the lungs no statistically
significant effect in the levels of 8-OHAG was found following 6 and 12 months of RASS
inhatation; indeed, the levels tended to decrease. This might be plausible in view. of several
adaptive antioxidant responses reported for lungs following cigarette smoke exposure, e.g.,
the accumulation of vitamins E and C or increased activities of glutathione peroxidase or
superoxide dismutase, as reviewed by Chow (1993). Furthermore, the repair of oxidative DNA
modifications might be induced as a consequence of chroni¢c exposure as reported for the
repair activity in the leukocytes of smokers (Asami et al., 1986). However, the above resuits
do not preciude possible oxidative changes in particular puimonary cell types not detectable
by analyzing the homogenate of tha whole organ. At the dose level used in the present study
and within the limitations of the method, these data do not support the hypothesis of a free

radical-mediated oxidative stress in the lungs of S8-expased rodents (Witschi et al., 1997b}.

The determination of the urinary excretion of 8-OHdG enables an overall assessment of
oxidative DNA modificatiocns and repair in the whole body (Shigenaga et al., 1990). A 50 %
increase of the 8-OHdG excretion was reported for smokers (Loft et al., 1992). In the present
study, a dose dependent increase of B-OHdAG excretion in the whole-body exposed rats was
seen following 5 months of RASS inhalation. After 12 months, however, this effect was no
longer seen. It is not known whether this can be explained by adaptive processes in the
course of chronic RASS inhalation. Further, a distinction between effects related to the head-
only RASS exposure and those related to the oxidative stress possibly associated with a
certain degree of immobilization (Liu et al., 1896} imposed by the head-only exposure mods is

not possible. Another point to consider is the higher catechol concentration in HO12
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compared to WB12; Aqueous catechol solutions were capable of generating 8-OHdG in vitro
{Leanderson and Tagesson, 1990), and a combined intraperitoneal administration of catechol
and hydroqguinone or phenol resuited in an increased level of 8-OHdG in mouse bona marrow

{Kolachana «t al., 1993).

Using the whole-body exposure mode, the rats could be exposed for a daily duration
longer than that considered feasible for head-only exposure, thereby maximizing the daily
RASS dose. This also enabled evaluations on the impact of the daily RASS dose vs. the
RASS concentration as demonstrated, e.g., for the histopathological changes in the larynx.
For most of the end points investigated in this study, the exposure mode per se did not
Influence the RASS-induced changes, which were mainly local effects in the respiratory tract.
It did, however, impact the evaluation of the body weight gain, which was essentially the only
sign of systemic toxicity in the present study, in addition, the exposure mode might have also
influenced the formation and excretion of 8-OHdG. For cigarette smoke carcinogenicity
studies, whole-body exposure must be considered to be a substantial confounding factor: (1)
The compesition of the cigarette smoke aerosol, sither RASS (present study} or MS (Chen et
al., 1989), was found to artificially change in the whole-body situation. {2} There is a
considerable non-inhalative uptake of smoke components which, based on the nicotine
biomonitoring data for RASS {present study) and MS (Mauderly et al, 1989; Chen et al,,
1985}, might exceed the inhalative uptake by far, NNK, a compound structurally similar to
nicotine, is a rodent lung carcinogen regardless of the route of administration, including
dermal application {LaVoie et al., 1987), with a preferential formation of adenomas and
adenocarcinomas (H-offmann et al., 1996}). Furthermore, pulmonary DNA adducts were found
after topical application of MS condensate (Randerath et al., 1988) or Diesel engine exhaust
extracts (Gallagher et al., 1990) to mouse skin. The extent of non-inhalative uptake might be

different lor nicotine and other compounds, since no influence of the exposure mode was
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seen on the levels of the 4-AB hemoglobin adduct (RASS, this study) or those of pulmonary

DNA adducts (MS, Mauderly et al., 1989) detected by the postlabeling method.

The role of particulate matter-related smoke constituents in the pulmonary carcinogenicity
in A/J mice has recently been questioned by Witschi et al. (1997b), who reporied that the
carcinogenic potential of a HEPA-fillered mixture of 58 and MS would be similar to that of the
unfiltered smoke. However, the susceptibility as well as the relevance of this animal model

remains to be clarified (Maronpot et al., 1886), especially at the dose/toxicity level employed.

In summary, lor histopathological changes, pulmonaty inflammation, or oxidative DNA
damage, there was little indication of progression or occurrence of new effects following an
extended inhalation period of 12 months. The two slight histopathological changes which were
not seen in the subchronic studies, i.e., squamous metaplasia in the anterior nasal respiratory
epithelium and the bronchial reserve cell hyperplasia, might well be due to the higher
concentration and daily dose in the chronic compared to the subchronic studies. However, it
cannot be ruled out that these effects are due to the chronic inhalation period. Chronic head-
only exposure to cigarette smoke was shown to be technically feasible and is considered
preferabie to whole-body exposure in order to avoid artificial changes in smoke composition

and the considerable non-inhalative uptake of smoke constituents.
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HAUSSMANN ET AL

TABLE 3
Laryngeai Epithetial Thickness at Three Sites of the Aryrenoid Projections after 90 Days of Inhalation
F53 RASS
Organ/sice Sham Low Medium High Law Medium High
Laryar
Aryrenoid projections
Vantral Jepression 79=02 33=03 37=03 100219 84202 39 =04 .5=02
% 0% Rl ] 13% 3%
Foor of the larynx 0.5 =04 112=04 1L3=04 {22404 0.7 =24 12.l=10 20=09
7% 1% 6% yt] 15% 1%
V.acal cords? 22 =q2 Mg=11 M5=14 2.0 =1 W=y Ri=1l 3=t
2% 10% 17% o 240 R

More. Epithelial thickness {um) is given a5 mean = SE and percentage increase relauve 10 the sham-exposed conrol group.

* Inuicates statistically significant Jdifferencs to sham-exposed control group,
* Indicates statisucally significant aifferences betwezn the two 53 types.

the base of the epiglottis was similarly observed following
subchronc glycerol inhalation (Renne er af, 1992) and has
been Jiscussed 25 a commonly observed adaptive response to
repeared inhalaton of aerasols (Gopinath er af., 1987; Burger
eral.. 1989}

The lowest-observed effect level for histapathological
changes was 12 ppm CO, equivalens 1o 3.6 and 1.2 ug TPMY/
liter for FSS ond RASS, respectively. The no-observed-effect
levels were 6 ppm CO, equivalear to 1.5 and 0.6 ug TPM/liter
for FSS and RASS, respectively, '

As discussed before, the relevanr basis of comparison be-
tween the two 5§ types is the oumber of cigarettes smoked per
unit of air volume, 4 dose paramerer which is represented in the
preserit study by the CO concentration in the test atmospherss,
Oa thus basis of comparison, the biological actvity of RASS is
approximately two- to three-fold fower than that of FSS for the
histopathologicai findings in the anterior nose and in the larynx
ar the base of the epiglottis. FSS and RASS are squally active
for changes in the larynx at the arytenoid projections when
compared on a CO concentration basis. Previous $5 inhalation
smdies with experimental animals have usually been based on
the TFM concentration as dose parameter. FSS and RASS were
equallv active based on TPM concentrations with one excep-
tion, 1., histopathalogical findings at the arytencid projections
which were more pronocunced for RASS than for FSS.

The described differences i the biclogicai activity of FSS
and RASS may also give some clues as to the mechanism and
the S8 components which may be involved in inducing such
etfects: Most of the histopathological changes observed seem
to correlate with the TPM concentration. [n the larynx, at the
base of the epiglottis, this may be interpreted as a consequencs
of particle impaction on the sites where the inhaled air stream
bends. Except for the base of the epiglottis, this comelation
with the TPM concentration was not expected. For example,
amony the gas-phase components of 5§ amalyzed. the alde-
hvdes wers described to induee spithelial chaages in the nose,

in pagticuiar acrolein as the most active of the three aidehvdes
analyzed at their respectrve dose [evels (Feron er al, 1978:
Appelman et al. 1986; Woutersee er al, 1987). Apparently,
the concentration of the gas-phase aldehydes was not high
enough to substandally impact the $S-related morphological
effects at this site. There is only one site where histopatholog-
ical findings wera not seen o depend on the particle concen-
tration, ar the arytencid projections, namely the vocal
cords, No explanation for this is available ro dare. The data
may suggest 1 dependance on the SS gas phase, but a quaiita-
tive change of the particulate matter by room-aging carnot be
excluded =ither. In order to clarfy the role of particufate and
2as phase, 4 suschronic stedy comparing the separate phases
would ce userul.

During the postnhalaten peried, alf histopathological
changes reverted fo the shim control level, contirming their
adaptive nature ict., Burger 2r af, [989).

The B(a)P merabolism was investigated in the present
study by determining the ameunts of five individuai metab-
olites formed. This is different from the method emploved in
previous SS-ralated studies in which the ““aryl hydrocarbon
hydroxylase™ activity was determined by analyzing the totai
amounts of B(a/P merzbatites formed. The pulmonary aryl
hydrocarbon hydroxylase in rars was induced following
subchronic inhatation (Gairola. 1987) or intrapentoneal ad-
ministration of SS condensate or condensara Tractions {Pas-
quini er al., 1987). No direst measuremenc of the 35 con-
ceniration used was made by Gairala (1987, but based on
the HhCO propartions reporzed. it can be assumed that it
was approximarzly fivefold higher than these in the high-
dose groups of the present study, To date, no siudies have
besn reported that investigate dose respenses for the B(a)P
metabolism at $3 concentrations that are closer o the real-
istic human environment. In addition. the effect of room-
aging has oot been investigated previousiy.

In the present study, the formation of four of the five BluiP

L2.,
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TABLE 1. Experimental Groups
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TPM Target Exposure Mode, Daily TPM Total Number of
Group Concentration  Daily Exposure Target Dose Rats Initiaily
Code (na/ Duration {ng/l x h} Exposed
WBO D whole-body, 12 h 0 96
wBé 6 * 72 48
wB12 12 “ 144 96
HC12 12 head-only, 7 h 84 48
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TABLE 2. Concentrations of Selected Smoke Components in the Test Atmospheres

Exposure Groups

Parameter Unit of n wB( WB6 WB12 HO12

Measure
™M pall 257 to 259 n.d. 59+ 05 119 + 06 121 + 07
carbon monoxide ppm 259 n.d. 27 + 2 5 + 2 2 + 2
carbon dioxide (chamber infet) * 11to 12 270 +130 390 +150 510 1160 480 + 150
“ {chamber outiet) | “ t1to 12 1060 =+ 80 1400 +240 1410 4260 2000 + 650
nicoting pgf 56t0 60 n.d. 094+ 038 185+ 057 2.35 4 0.56
3-ethenyl pyridine u 52t0 53 - 020+ 0.05 042+ 0.06 0.37 + 0.05
ammonia “ 11 1.3 +0.7 28* 52° 45 &+ 12
solanesol " 13 - 006+ 0.01 0.2+ 0.02 0.10 + 0.02
formaldehyde Ppm 12 - 010+ 0.03 017+ 0.04 0.50 + 0.07
acetaldehyde " 12 - 067+ 0.05 131+ 0.06 1.11 + 0.06
acrolein " 12 - 0.13+ 0.01 024+ 001 022 + 001
nitric oxide “ 11 0.01° 084: 0.08 168+ 0.09 142 + 013
nitric oxides “ 11 0.03 + 0.05 087+ 0.0 1.73+ 010 1.47 &+ 0.13
1,3-butadiene pg/ 5t0c 6 - 007+ 0.03 0.14+ 0.06 013 + 0.07
isoprene " 50 6 - 11 + 02 25 + 06 21 + 07
benzene “ 5t0 6 - 0.16+ 0.02 033+ 0.05 0.29 + 0.04
toluene " 5t 6 - 047+ 0.05 030+ 0.15 0.73 + 0.10

median; quartifes: 2.3 and 4.0 ug/l
i median; guartiles: 4.7 and 6.2 pg/l
¢ median; quartiles: 0.00 and 0,03 ppm
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TABLE 2. Concentrations of Selected Smoke Components in the Test Atmospheres (cont.)

Exposure Groups
Parameter Unit of n WB0 WB6 wB12 HO12
Measure

phenols
phenol ) ng/l 4 - 28 + 05 68 4+ 0.7 66 + 09
o-cresol “ 4 - 0.48 + 0.06 1.19 + 0.10 1.12 + 013
m-cresol “ 4 - 0.53 + 0.08 1.32 + 0.14 1.37 £ 0.17
p-cresol “ 4 - 11 + 0.2 27 +03 26 + 03
catechol “ 4 - 74 £+ 22 16.7 + 4.1 207 + 49
resorcino! " 4 - 024 + 0.02 0.44 &+ 0.04 0.43 + 0.05
hydroquinone “ 4 - 32 +5 69 +8 71 + 7

polycyclic aromatic

hydrocarbons
fluoranthene pg/l 2 - 1707120 3707270 510/440
pyrene “ 2 - 160120 J20/260 430/370
benzo(a)anthracene “ 2 - 140/ 90 260/190 2704210
chrysene * 2 - 3201220 610/490 560/510
benzo(-}flucranthene “ 2 - 100/ 80 200170 170/160
benzo(ajpyrene “ 2 - 65/ 55 1321123 112121
indeno(1,2,3,-cd)pyrene " 2 - 25/ 28 53/ 53 42/ 50
dibenzo{-)anthracenes “ 2 - 6 7 14/ 14 11 11
henzo(ghi)perylene " 2 - 16/ 19 39/ 37 307 33
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TABLE 2. Concentrations of Selected Smoke Components in the Test Atmospheres (cont.)

Exposure Groups
Parameter Unit of n WBO0 wB6 wB12 HO12
Measure

N-nitrosamines
N-nitrosodimethylamine  ng/l 2 nd. 0.30/n.d. 0.58/n.d. 0.57/nd.
N-nitrosopyrrolidine “ 2 nd. n.d. nd. 0.14/0.12
N-nitrosonomicatine “ 2 n.d. n.d. n.d. 0.21/0.25
N-nitrosoanatabine “ 2 n.d. n.d. n.d. n.d.
N-nitrosoanabasine “ 2 n.d. n.d. n.d. n.d.
NNK - 2 n.d. 1.2611.12 2.08/1.98 233217

cadmium pg/l 2 n.d. 280/310 470/590 460/520

Note. - Data are given as mean + standard deviation (except when n = 2}.
- WBG: whole-body sham-exposed control group;
- WBS and WB12: whole-body exposure groups at 6 and 12 pg TPMA, respectively,
- HO12: head-only exposure group at 12 ug TPMA.
- “4 not determined.
- n.d.: not detectable.
- Detection limits: TPM: 0.1 ug/l, CO: 1.5 ppm, nicotine: 0.05 pgA, N-nitrosodimethylamine: 0.16 ng/, N-nitrosopyrrolidine: 0.11 ng/l,
N-nitrosonornicotine: 0.21 ng/l, N-nitroscanatabine and N-nitrosoanabasine: 0.19 ng/l, NNK: 0.36 ng/l, cadmium: 10 pg#.
- Chromium, nicke!, lead, and zin¢: no RASS-dependent increase above blind filter contents of these metals.
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TABLE 3. Histopathological Findings Following 12 Months of RASS Inhalation

Exposure Groups

Parameter WB0 WEBG wB12 HO12
nasal cavity, level 1
respiratory epithelium
reserva cell hyperplasia 0 08+02*" 19+01* 16 +03
0/8 6/8 8/8 7/8
squamous metaplasia o 0101 1.0+03* 03%02
0/8 1/8 5/8 2/8
goblet cell hyperplasia 0 o 04+04 0.1£01
0/8 w8 1/8 1/8
nasal cavity, level 2
respiratory epithelium
reserve cell hyperpiasia 0 0.1 £0.1 01 £041 0
0/8 1/8 1/8 0/
olfactory epithelium
raserve cell hyperplasia 0 0 0.1 £0.1 0
0/8 o/8 1/8 0/8
atrophy 0 0 0.3£0.2 03102
0/8 0/8 218 2/8
eosinophilic globules 0.1 0.1 1.1 +0.5 1.0+0.5 1.3+05
118 3/8 4/8 4/8
nasal cavity, level 3
olfactory epithelium
gosinophilic globules o 0.6+04 0.9+05 1.5+06
0/8 2/8 3/8 4/8
larynx
base of epiglottis
squamous metaplasia of 0 28 +03 40+0.0 26+02
pseudostratified epithelium  0/1 444 313 5/5
hyperplasia of 0 3.3+03 4.0+ 0.0 28+02
squamous epithelium on 4/4 KTk 5/5
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TABLE 3. Histopathological Findings Following 12 Months of RASS Inhalation {cont.)

Exposure Groups
Parameter WB0 wBe wB12 HO12
trachea
bifurcation
raserve cell hyperplasia of g 0 04102 0.1+£0.1
rospiratory epithelium o7 o7 377 177
lungs
bronchi, respiratory epithelium
reserve cell hyperplasia 0 06+03° 09+03" 09+0.1
0/8 4/8 5/8 7/8
goblet celi hyperplasia 1.1+£05 0.3+02 1.1:05 09105
4/8 2/8 4/8 3/8
alvecli
accumulation of pigmented O 0 0.6+ 0.4 09£0.1
macrophages o8 0/8 3/8 7/8

Note. Histopathological findings are given as mean score + SE and incidence. Due to the

sectioning problems, only few larynges per group could be evaluated, thereby precluding
statistical analysis.

" For whole-body exposed groups: statistically significantly different from WB0.
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TABLE 4. Bronchoalveolar Lavage Gell Composition Following 12 Months of RASS inhalation

Page 54

Exposure Groups
Cell Type wBO WB6 wBi12 HO12
| AM . 53 105 56 06 64 104 64 *06
lymphocytes 0.074 £ 0.009 0.100 £ 0.013 0.079 £ 0.006 0.136 £ 0.019
PMNL 0.0751£0.017 0.048 + 0.014 0.036 + 0.007 0.040 £ 0.014

Note. Bronchoalveolar lavage cells are given in absolute numbers {10%, mean + SE (no statistically significant differences}.
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Table §. Alveciar macrophage fluorescence (relative units).

Pags 55

Exposure Groups

Inhalation Period WB0 wBae WwB12 HO12
6 months 1004+ 5 - 315+ 14* -
12 months 100+ 5 211 +19° 271 + 157 260+ 186

Note: Results are expressed as percentages of WBO (means * SE). *For whole-body

exposed groups: statistically significantly different from WBO0.”
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FIGURE LEGENDS

Figure 1 Biomonitoring of RASS exposure: A: Blood carboxyhemoglobin datermined at
three time points (means + SE), B: Hemoglobin adduct of 4-aminobiphenyl after 12 months of
RASS inhalation; daily TPM dose calculated from the respiratory minute volume averaged
over the duration of the inhalation period {(means + SE; *: for whole-body exposed groups:

statistically significantly different from W80).

Figure 2 Biomonitoring ricctine uptake: A: sum of five nicotine metabolites (nicotine-iN'-
oxide, narnicatine, cotinine, trans-3-hydroxycotinine, narcatinine) excreted in 24-h urine in
month & of the inhalation period (means * SE), 8: Data from A, normalized to the inhaled
nicoting dose (based on the nicotine concentration in the test atmospheres, the respiratory

minute volume calculated according to Guyton (1947}, and the body weight of the rats; means

+ SE).
Figure 3 Body weight development (means).

Figure 4 Tissue levels of B-hydroxy-deoxyguanosine: A: nasal respiratory epithelium, B:
nasal olfactory epithelium, C: lungs (means + SE; *: for whole-body exposed groups:

statistically significantly different from WBO}.

Figure 5 Urinary excretion of B-hydraxy-deoxyguancsine (means + SE; *: for whole-body

exposed groups: statistically significantly different from WBO}.

Figure 8 Comparison of RASS in present study {(HO12) with ETS either generated at an
extreme concentration under experimental conditions (Martin et al., 1997} or as determined in
a large field study (Jenkins et al., 1998) (abbreviations: CO: carbon monoxide, TPM: total

particulate matter, AMM: ammonia, NIC: nicotine, ISO: isoprene, AA; acetaldehyde, NO, nitric
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oxide, TOL: toluene, FA: formaldehyde, EP: 3-ethenyl-pyridine, BEN: benzene, BUT:
1,3 butadiene, SOL: solanesol, CAT: catechol).

Figure 7 Squamous metaplasia of the pseudostratified epithelium in the larynx, base of
epiglotlis, in the present and the pravicus subchronic inhalation study (Haussmann et al., in
press) (mean scores + SE}: A: Dependence on the TPM concentration, B: Dependence on the

daily TPM dose calculated from the respiratory minute volume averaged over the duration of

the inhalation pericd {n = 4 to 10 rats/group).
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Influence of Aging and Surface Contact on the Composition
of Cigarette Sidestream Smoke. Models for Environmental
Tobacco Smoke

P. Vonckey,! W. Stowe,! H-T, Haussmann,? anp E. ANSker?

'INBIFOQ Institot fiir biologische Forschung, Fuggerstr, 3, D-51149 Xbln, Germany
3CRC Contrast Reszarch Center, Tollaan 101¢, B-1932 Zaventem, Belgium

Introduction

Environmental tobacca smoke (ETS) is a complex mixture derived from
sidestream smoke of buming cigareties and mainstream smoke exhaled by
smokers. Its composition is highly variable in indoor environments as it
underzoes chemical/physical changes due to dilution and aging influenced by
contact withmaterials, Due to the discussed healthimpact of ETS onnonsmok-
ers, numerous studies have been performed (Eatough et al. 1990, Guerin et al.
1992}, for example, to chemically characterize ETS orto determine itsirmitative
potential. Since it is practically impossible to reproducibly generats “real”
ETS, only models of ETS can be used for analytical and biological testing.
However, a major problem in developing ETS models is the lack of generally
accepted standards for reproducible generation. To obtain information about
the infleence of aging and surface contact on the composition of cigaretts
sidestream smoke, {fresh sidestream smoke (FSS) was room-aged under vari-
ousconditions, because FSS isnotconsidered to be an adequate model for ETS.

Method
Smoke Generation

Diluted FSS, age approximately 1 second, was continuously generated via a
30-port automatic smoking machine nsing 2R1 University of Kentucky stan-
dard reference cigareites. Room-aged sidestrearn smoke (RASS) was gener-
ated by continuously passing diluted F5S at a rate of 20 m*hour through a 30-
m?* empty experimental room (epoxy-coated walls and ceiling, PVC floor,
door, window pane, fluorescent lights, heat exchangers, ceiling fan). The mean
age of RASS was 1.5 hours.
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Experiments

Inaseries of 1-day experiments, the influence on smoke composition of aging
alone {empty room) and aging in combination with materials found in rooms
was investigated. The following materials were used individually or alto-
gether: wool curtain (22 m?), wool carpet {1 I m®}, wooden book shelf, painted
wallpaper (31 m®). To check the long-term stability of the smoke composition,
FS5 and RASS (all materials presentin the room) were generated over 90 days,
7 days/week, 6 hours/day foliowed by air-flushing for 18 hoors.

Smoke Anulyses

Total particulate matter (TPM) was determined gravimetrically using glass
fiber filters. Carbon monoxide was monitored continuously by nondispersive
infrared photometry of the gas phase, Nicotine was detemined by gas chroma-
tography, and aldehydes and ammonia were determined by high-performance
liquid chromatography afterderivatization. Hydrogen cyanide was determined
by headspace gas chromatography. For each 1-day experiment, these param-
eters were determined at least three times consecutively. During the 90-day
experiment the parameters were determined at regular intervals,

Results
One-Day Experiments

Table 1 gives the analytical data for FSS and RASS generated to an equal CO
concentration of approximately 30 ppm. In Figure 1, the changes in composi-
tion of RASS relative 10 FSS are shown for those components affected by aging
and materials.

Aging alone reduced nicotine and TPM to approximately 30% and 70% of
their respective FSS concentrations, whereas other components were not
affecied or were only slightly affected. The individual material together with
aging resuiting in the most pronounced overall reductions was a wool curtain,
with the final smoke component concentrations ranging between 10% and 60%
of those seen for FSS. Aging with all materials resulted in the strongest
reductions, with the final smoke component concentrations ranging between
S% and 45% of those seen for FSS. Of all components, nicotine decreased most
strongly due to aging alone and ammonia most strongly by aging together with
materials.

90-Day Stability

Over a period of 90 days, FSS and RASS (all materials present in the room)

QEE9E9ER0S
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Table 1. Concentration of smoke components in FSS and RASS.

Paramerer [53 RASS
Ewpty room/ Woul Wool Wooden book Painted All materials
aging curtain carpel shelf wallpaper logether

TPM {ug/L} 10.8 11 4.1 6.0 64 6.7 3.9

Nicotine {ug/L) 2.49 2.77 0.39 0.81 0.61 0,29 0.23
Ammonia {yg/L) 395 a7 0.46 2.0 1.32 14y 0.24
ydrogen cyanide (ug/l.) u.18 Q.15 il 0.09 0.12 0.10 0.08
Formakishyde (ppm) 0.51 .49 0.21 025 035 0.23 0.1
Asclaldchyde (ppm) 0.75 070 008 07 0.6% 072 Q.68
Acralein {ppm) 0.1 0.08 [15).1) 0.08 009 0.10 0.09
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Influence of Aging and Surface Contact on Cigarctte Sidestream Smoke 641

were reproducibly generated. No notable trends for the concentrations of atl
components determined were observad (see Figure 2 for TPM).

Sammary

Large differences in the composition of FSS and RASS were found. The
concentrations of RASS componems vary considerably depending on the
material present. With the setups used, significantly different ETS models were
reproducibly generated.

Acknowledgment. This work was sponsored by Philip Morris, USA.
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Current data do not support the assumption that NNK, present in tobacco products and

Background

Based on experimental data available prior to 1984, the International Agency for
Research on Cancer (IARC) concluded that “There is sufficient evidence for the carcinogenicity of
4-(methyinitrosamine)-1-(3-pyridyl)-1-butanone to experimental animals,” but “No dats on humans
were available” (IARC, 1985). In a footnote it was stated: “In the absence of adequate data on
humans, it is reasonabie, for practical purposes, to regard chemicals for which there is sufficient
evidence of carcinogenicity in animals as if they presented a carcinogenic risk to humans.” As far
as we are aware, no regulatory agency has further evaluated the carcinogenicity of this compound

to humans.

Following internal company review of all scientific literature published after the

IARC assessment on 4-{methylnitrosamine)-1-(3-pyridyl)-1-butanone (NINK}, it was concluded that:

. NNK is a carcinogen in the A/ mouse, F344 rat, and Syrian golden hamster, inducing mainly

tumors of the lung, and to a lesser extent, tumors of the liver.

. Extensive evidence exists to demonstrate that human metabolism of NNK differs
significantly from that observed in laboratory animals. However, relevant data have not been
obtained under identical experimental conditions to allow a valid comparison of the

metabolism of NNK in laberatory animal and human tissues.
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are considered to occur only in tobacco and tobacco smoke (Hecht and Hoffinann, 1989). To date
seven different TSNA derived from the nitrosation of nicotine and other minor tobacco alkaloids
have been identified (Amin et al., 1995). [Figure 1] (The following abbreviations will be used in
addition to NNK: NNN, N-nitrosonoricotine; NAB, N-nitrosoanabasine; NAT, N-nitrosoanatabine;
NNAL, 4-(methylnitrosamino)~1-(3-pyridyl)-1-butanol; iso-NNAL, 4-{methylnitrosamino)-4-(3-

pyridyl)-1-butanol; and iso-NNAC, 4-(methynitrosamino)-1-(3-pyridyl}butyric acid.}

TSNA Present in Mainstream Cigarette Smoke and Indoor Air

The U.S. National Academy of Sciences has previously estimated that a smoker of
domestic filter cigarettes has a total ¥-nitrosamine exposure of 16.2 g/day (6.1 .g NNN and 2.9
(g NNK), based on the assumption that the average smoker consumes 20 cigarettes/day (Assembly
of Life Sciences, 1981). This exposure estimate was based on unpublished analytical data provided
by Hecht and Hoffmann of the American Health Foundation, Valhalla, NY. More recent data for
filter cigarettes [Table 1] vields a lower exposure estimate of 3.4 ug/day (1.5 1.g NNN and 1.0 ug

NNK) (Tricker, 1997).

Since TSNA are also transferred to sidestream cigarette smoke (Adams et al., 1987),
and presumably exhaled by smokers, trace levels occur in environmental tobacco smoke (ETS)
present in indoor air (Brunnemann et al., 1992; Klus et al., 1992; Tricker et al., 1994). Extensive
smoking under poor ventilation conditions results in mean ETS concentrations of 2.8+1.6 (range

1n.d.-6.0) ng/m’® NNN and 4.949.6 (range n.d.-13.5) ng/m’ NNK (Klus et al., 1992). Similar levels

N
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Figure 1. Proposed formation of tobacco-specific N-nitrosamines.
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Estimates of exposure to TSNA in smokers.

Table 1,
Exposure estimate (ug/day)
For a smoker of 20 filter cigarettes
TSNA 1981 19917 1994°
NNK 3.0 1.0 1.6
NNN 6.2 1.5 1.0
NAB - - 0.2
NAT 7.4 - 1.8
NAB/NAT -- 1.5 -

1.
2.

3

Academy of Life Sciences (1981).

Tricker et al. (1991).

Hoffimann et al. (1994).
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occur in the home; 0.8+1.2 (range n.d.-3.3) ng/m* NNN and 4.0+4.6 (range n.d.-14.3) ng/m* NNK

{(Tricker et al., 1994}, and other venues (Brunnemann et al., 1992).

Putative Metabolism of NNK in Laboratory Animals

The major reported pathways of NNK metabolism in experimental animals involve
carbonyl reduction, a-hydroxylation of the methylene and methyl groups adjacent to the N-nitroso

group, and pyridine-N-oxidation [Figure 2].

Carbony! reduction of NNK to 4-(methylnitrosamino}-1-(3-pyridyl)-1i-butanol
(NNAL) is probably a detoxification pathway of NNK metabolism since it provides the functional
hydroxy moiety necessary for glucuronidation to [4-(methylnitrosamino)-1-(3-pyridyl)but-1-y1}-g-O-
D-glucosiduronic acid (NNAL-Glue) (Maser et al., 1996; Kim and Wells, 1996). a-Hydroxylation
of the NNK methyl carbon results in the formation of an unstable intermediate which spontaneously
decomposes to yield formaldehyde and 4-(3-pyridyl)-4-oxobutanediazohydroxide, a potential
pyridyloxobutylating agent, which can react with water to yield 4-hydroxy-1-(3-pyridyl}-1-butaniene
{(keto alcohol), o-Hydroxylation of the methylene group in NNK produces 4-hydroxy-4-
{methylnitrosamino)-1-(3-pyridyl)-1-butanone which spontancously decomposes to methane
diazohydroxide, a potential methylating species, and stable 4-oxe-1-(3-pyridyl)-1-butanone (keto
aldehyde), which is further oxidized to 4-oxo-4-(3-pyridylbutyric acid (keto acid).

Glucuronidation of 4-((hydroxymethyl)nitrosamino)-1-(3-pyridyl}-1-butanone, the initial

SFEIGIE0L



Figure 2. Putative metabolism of NNK in laboratory animals (Hecht, 1996).
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intermediate formed in the *“keto alcohol” pathwhy, may be a detoxification route (Murphy et al.,

1995).

o-Hydroxylation of the methylene and methyl groups adjacent to the A-nitroso group
in NNAL produces unstable metabolic intermediates before ultimately forming stable 4-hydroxy-4-
(3-pyridyl)butric acid (hydroxy acid) and 4-hydroxy-1-(3-pyridyl)-1-butanol (diol). e-Hydroxylation
of the methy! group and ultimate formation of the diol is a putative detoxification pathway since this
pathway has not been reported to result in adduct formation, while o-hydroxylation of the methylene
group (“hydroxy acid” pathway) can potentially result in methylation of cellular macromolecules.
NNAL is a poor substrate for a-hydroxylation compared to NNK {Hecht and Trushin, 1988;
Belinsky et al. 1989; Staretz et al. 1997a}, and consequently exhibits less biological activity than

NNK (Liu et al., 1990; Castonguay et al., 1983a; Hoffinann et al., 1993).

Pyridyl-N-oxidation of both NNK and NNAL to yield 4-(methylnitrosamino)-1-(3-
pyridyl-N-oxide)-1-butanone (NNK-N-oxide) and 4-(methylnitrosamino)-1-(3-pyridyl-N-oxide)-1-
butanol (NNAL-N-oxide), respectively, are considered to be detoxification pathways of NNK

metabolism (Liu et al., 1990; Castonguay et al., 1983a; Hecht, 1994; Staretz cf al., 1997a).

The determination of hydroxy acid, keto acid and keto alcohol as stable end products
of NNK metabolism by o-hydroxylation pathways represents the metabolic activation of the host to

produce reactive intermediates with the potential to form adducts with DNA or other cellular

macromolecules,

15£999g902



Urinary NNK Metabolite Excretion in Laboratory Animals and Man

Urinary excretion profiles provide evidence of species-dependent differences in

metabolic activation of NNK by ¢-hydroxylation and detoxification [Table 2].

Urinary NNK metabolite profiles in the A/J mouse and F344 rat (Morse et al., 1990)
are highly dose dependent [Table 3]. Similar studies have not been performed in other animal
species. The data in Table 3 indicate that a-hydroxylation pathways account for about 50% of NNK
metabolism in the A/J mouse and F344 rat, regardless of the administered dose. At the lowest
administered dose of NNK (1 ug/kg body weight), excretion of NNAL and NNAL-Gluc does not
occur in either species, although NNAL is apparently formed and further metabolized by pyridyl-N-

oxidation. NNK-N-oxide excretion increases with decreasing administration of NNK,

Human biomonitoring studies report the presence of NNAL, NNAL-Gluc and NNAL--
N-oxide int 24-h urine of smokers maintaining constant smoking habits (Hecht et al. 1995; Carmella
et al., 1997). NNK-N-oxide is not a urinary metabolite of NNK in smokers (Carmeila et al., 1997).
Other metabolites of NNK detected in experimental animal excretion studies, such as stable end
products of a-hydroxylation , are not specific to NNK metabolism since they are also formed during
metabolism of NNN and nicotine. Combined urinary excretion of NWAL, NNAL-Gluc and NNAL-
N-oxide int urine of smokers (Hecht et al., 1995; Carmella et al., 1997), when calculated in molar

equivalents of NNK, balances well with predicted total NNK exposure [Table 4]. These data

ZGE9LIEY0E



Table 2.

% urinary excretion of NNK metabolites

Urinary exeretion of NNK metabolites in different species,

AfY mice! F344 rat? F344 rat' Patas monkey®
0.1 mg/ke ip. 0.1 mg/kg ip. 0.1 mg/kg i.p. 0.1 mg/kg i.v.
Metabolite 48-h excretion 24-h excretion 48-h excretion 24-h excretion
Hydroxy acid* 34 16.0 28 41.9-429
Keto acid* 19 378 21 24.6-26.6
Keto alcohol - <0.06 - -
NNAL 1 33 7 nd-2.0
NNAL-Gluc 3 0.6 2 19.1-19.9
NNK-N-oxide 3 1.7 T 13.6-157
NNAL-N-oxide 14 114 16 7.7-157
NNK - 0.8 - n.d.-0.1
6-hydroxy-NNK - 1.0 - -
Total e-hydroxylation® 33 34 49 58.1

Morse et al. (1990).
Murphy et al. (1995).

Hecht ct al. (1993a).
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‘Fable 3. Dose response for excretion of NNK metabolites.’

% 24-h excretion of NNK metabolites
at different dose levels (mg/kg i.p.)

Metabolite 103.5 10.35 1.035 0.103 0.010 | 0.001

A/Y mouse:

Hydroxy acid* 18 32 37 34 27 35
Keto acid* 11 16 26 19 27 23
NNAL 29 11 2 1 - -
NNAL-Gluc 22 8 4 3 - -
NNK-N-oxide - -- 3 8 10 7
NNAL-N-oxide 11 13 8 14 7 6
Total a-hydroxylation* 29 48 63 53 54 58
F344 rat:

Hydroxy acid* 26 24 20 28 16 14
Keto acid* 24 39 45 21 33 40
NNAL 25 12 6 7 4 --
NNAL-Gluc 8 3 2 2 2 —
NNK-N-oxide 3 3 6 7 14 14
NNAL-N-oxide 6 6 8 16 13 12
Total ot-hydroxylation® 56 63 66 49 54 54

1. Morse et al. (1990).
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Table 4. Biomeonitoring of NNK metabolites in human urine.

Total excretion of NNK | Theoretical NNK exposure and excretion
Smoker | Cigarettes/day | Metabolites (nmol/day)’ Exposure (g/dayy Excretion (ug/day)
1 18.242.2 7.32 0.91-1.46 1.52
2 16.7+1.1 6.24 0.85-1.34 1.29
3 16.8x1.1 4.63 0.84-1.34 0.96
4 15.0=1.1 4,68 0.75-1.20 0.97
5 15.8+0.4 475 0.79-1.26 0.98
6 9.541.2 Data incomplete - -
7 14.2+1.1 241 0.71-1.14 0.50
8 13.6+0.7 Data incomplete - -
9 19.1=1.7 4.30 0.95-1.53 0.9
14} 8.0x1.4 3.74 0.40-0.64 0.717
1l 15.94+1.0 Data incomplete - -
Mean 0.78-1.24 0.99
S.D. 0.31

1. Total excretion of NNAL, NNAL-Gluc and NNAL-N-oxide. To convert to ug NNK
multiply by 207.

2. Estimated exposure range based on mainsiream cigarette smoke NNK concentrations
(Tricker et al., 1991; Hoffinan et al., 1994).
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provide evidence that NNK metabolism and excretion in man differs significantly from that observed

in laboratory amimals [Table 2].

Total NNAL plus NNAL-Gluc excretion in 5 nonsmokers measured on 2 occasions
is reported to be 8.44£11.2 ng/day, and increases after experimental exposure to sidestream smoke
used as a surrogate for ETS (Hecht et al., 1993b). Another study reported 17 of 29 nonsmokers to
have a mean excretion of 8.849.4 (range 0.8-31) ng/day total NNAL plus NNAL-Gluc compared to

0.68+0.41 (range 0.08-1.68) rg/day in smokers (Mieger et al., 1998). Twelve of 2% nonsmokers had

no detectable levels of NNAL plus NNAL-Gluc in urine.

Metabolism of NNK by Laboratory Animal and Human Microsomes

Microsomes from lung and liver have been extensively used to investigate

metabolism of NNK under various experimental conditions [Appendix 1]. Despite differences in

the individual study protocols (NNK substrate concentration and time of incubation), rodent lung
and liver microsomes metabolize NNK to yield significant levels of a-hydroxylation products.
Contrary to this, lung and liver microsomes of human origin primarily metabolize NNK by keto
reduction to NNAL in the absence of significant «-hydroxylation. Only limited kinetic data are

available to document interspecies differences in NNK metabolism by lung and liver microsomes.
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The available kinetic parameters for NNK metabolism by lung microsomes [Table
5] provide further indication that laboratory animals (A/} mouse and patas monkey) primarily
metabolize NNK by a-hydroxylation with no significant formation of NNAL. Human lung
microsomes primarily metabolize NNK to NNAL, with no significant formation of e-hydroxylation
products. The biological relevance of data for metabolism of NNK by human lung microsomes is
partially comprised by the high experimental substrate range compared to actual human exposure
to NNK (19-135 ng/filter cigarette; 70-650 pmol [Tricker et al., 1991]). No data are available for

microsomes isolated from rat lung,

Metabolism of NNK by hepatic microsomes is less well documented [Table 6]. Liver
microsomes from the patas monkey primarily metabolize NNK via o-hydroxylation with no
significant formation of NNAL at low NNK substrate concentrations, while at high substrate
concenfrations metabolism to NNAL would be predicted to occur. Huwman liver microsomes
primarily metabolize NNK. to NNAL, and to a lesser extent NNAL-N-oxide, at low substrate
concentrations, with no significant formation of ¢-hydroxylation products. The formation of
NMAL-N-oxide at low substrate concentrations supports the presence of this metabolite in human
urine (Carmeila et al., 1997). Only kinetic parameters for NNK e-hydroxylation pathways have been

reperted for A/J mouse and F344 rat liver microsomes.

In conclusion, kinetic parameters of NNK metabolism in lung and liver microsomes
provide strong evidence that significant differences occur in metabolism between laboratory animals

and man. At low levels of exposure to NNK, human metabolism is characterized by reduction of
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Table 5, Metabolism of NNK by lung microsomes.

Kinetic parameters: Km (uM), Fmax (pmol/min/mg protein)
Mouse’ Rat Patas monkey® Human?

Metabolite Km Vmax Km Vmax Km  Vmax Km Vmax
Keto alcohol 5.6 56 4.9 19,1 - --
Keto aldehyde - - 10.3 5.3 653 46
Keto acid 9.2 4.2 No published - - - -
Hydroxy acid - -- data - - 526 29
NNAL 2541 1322 202 479 573 335
NNAL-N-oxide 4.7 54 - - — --
NNK-N-oxide - - 5.4 19.1 531 1.7
Substrate range 1-100 .M NNK 1-20 M NNK 7-200 M NNK

1.
2.

3

Smith et al. (1990).

Smith et al. (1997).

Smith et al. (1992).
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Table 6.

Kinetic parameters: Km (uM)

Metabolism of NNK by liver microsomes.

Pmax (pmol/min/mg protein)

Mouse' Rat* Patas monkey” Human*
Metabolite Km Vmax Km Vmax Km Vmax Km Vmax
Keto alcohol 73.8 239 211 156 474 377 1200 500
Keto aldehyde 19.1 173 234 153 82 37.4 367 60
NNAL — - - - 474 | 3470 | 56 282
1600 3300
NNAL-N-oxide - - - - - - 53 19
4500 560
NNK-N-oxide - - - - - - - -
Substrate range | 1-100 oM NNK | 1-200 M NNK 1-50 uM NNK | 5-2000 M NNK

1. Peterson <t al. (1991).

Guo et al. (1992).
Smith et al. (1997).

Patten et al. (1996).
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NNK to NNAL, in the absence of significant «-hydroxylation, while laboratory animals metabolize

NNK to yield significant levels of a-hydroxylation products.

Metabolism of NNK by Laboratory Animal and Human Tissues

Similar profiles are observed for metabolism of NNE by microsomes and tissue
samples [Appendix 1]. The data confirm that significant differences occur between laboratory
animal and human metabolism of NNK. The major pathways of NNK metabolism in rodent tissues

yield significant levels of e-hydroxylation products while human tissues primarily reduce NNK to

NNAL.

DNA and Hemoglobin Adduct Formation by NNK

Metabolism of NNK by «-hydroxylation is assumed to be a critical event resulting
in DNA-reactive intermediates; however, the exact role of methylating and pyridyloxobutylating
species in different animal species and organs remains unclear. Metabolism of NNK to the keto acid
via a methylating intermediate is thought to be a critical determinant of NNK-induced tumorigenesis
in the A/J mouse lung (Peterson and Hecht, 1991; Belinsky et al., 1992) and hamster liver (Liu et
al., 1992). Although NNK-induced methylation to yield Of-methylguanine in Clara cells appears
to be a suitable indicator of the carcinogenic potency of NNK in the rat lung (Belinsky et al., 1990),
pyridyloxobutylation is thought to be the critical event in tumer induction in rat lung (Staretz et al.,

1997b) and liver (Liu et al, 1992). Both NNK and NNN can be metabolized to a

-9-
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pyridyoxobutylating species in the rat lung (Hecht et al, 1988) to yield a N-
(pyridyloxobutyl)deoxyguanosine (HPB) adduct with DNA {Spratt et al., 1989). Linear dose-
response relationships are not observed for either NNK-induced methylation (Belinsky et al., 1990;
Murphy et al., 1990a) or NNK-induced pyridyloxobutylation in the rat lung (Murphy et al., 1990a).
An HPB-releasing adduct with hemoglobin has been proposed as a surrogate marker for DNA adduct
formation by both NNK and NNN {Carmella and Hecht, 1987; Peterson ¢t al.,, 1990). However, the

exact mechanism of adduct formation still remains to be determined (Murphy and Coletta, 1993).

Only two studies have investigated the presence of HPB-releasing DNA adducts in
human lung (Foiles et al., 1991; Blémeke et al., 1996). Mean levels of 11+16 and 9.0£2.3 finol
HPB/mg DNA have been reported in smokers and nonsmokers, respectively (Foiles et al., 1991).
Since the response for the analytical reagent blank was equivalent to 38+16 finol HPB and 1-2 mg
DNA were used for analysis, the reporied levels are well below the blank response and conld easily
be due to an analytical artifact. No HPB-releasing DNA adducts were detected in 16 lung tissue
samples from current smokers and 16 from nonsmokers (Blémeke et al., 1996). The levels of 7-
methylguanine in 80 lung tissue samples could not be explained by differences in tobacco exposure
(measured by serum cotinine), gender, age, or ethnicity (Blomeke et al., 1996). These data suggest
that exposure to NNK via smoking does not result in HPB adduction to lung DNA or increase the

background ievel of lung DNA methylation.

Determination of hemoglobin adducts as a possible surrogate for tissue DNA adducts

shows less than a 3-fold difference in the mean level of HPB-releasing hemoglobin adducts in

~10-
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smokers (163 frmol HPB/g hemoglobin) compared to nonsmokers (68 finol HPB/g hemoglobin)
(Hecht, 1994). A smaller difference was observed in another study (54.7+8.9 vs. 26.7+4.1 finol/g
hemoglobin) and self-reported exposure of nonsmokers to environmental tobacco smoke did not
increase the background level of HPB-releasing hemoglobin adducts (Richter et al., 1995). Both

studies indicated elevated hemoglobin adduct levels were only apparent in about 10% of smokers

compared to 211 subjects.

Conclnding Remarks

The above studies provide intensive evidence that human metabolism of NNK differs
significantly from that observed in laboratory animals. These differences are evident from in vitro
studies of NNK metabolism in microsomes and tissue samples, excretion profiles of NNK
metabolites, and absence of a clear differentiation in NNK/NNN-derived DNA and hemoglobin
adduets in smokers and nonsmokers, These data provide little support for the assumption that NNK

in tobacco products and cigarette smoke induces similar biological effects in the lung and liver as

reported in laboratory animals.

-11 -
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Research Funded by Philip Morris on the Metabolism of NNK

A research project has been funded at the Walther-Straub Institute for Pharmacology

and Toxicology, University of Munich, Germany. The research has two major objectives:

1. To define the major routes of in vitro NNK and NNAIL metabolism under identical
experimental conditions in lung and liver of the A/J mouse, F344 rat, Syrian golden hamster,
and man. The three animal species chosen represent those most often used for chronic

bioassays of NNK.

2. To determine pharmacokinetic constants (Km and ¥max) for each pathway of NNK and

NNAL metabolism in both organs of all four species.

Experimental Design

Lung and liver are removed from laboratory animals killed by decapitation. Human
peripheral lung and liver tissue are collected from excess material removed at surgery from patients
undergoing routine surgical procedures. Human tissues are rejected from subjects having current
treatrnent with immuno-suppressants or other drugs known to induce or suppress metabolism, or a
history of alcohol abuse. Undamaged macroscopically normal tissue is received in the laboratory

stored in ice-cold Hanks medium within 30 min of removal.

-12-
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Metabolic studies are performed using precision cut liver slices and lung tissue in
dynamic culture (Vickers, 1994). Compared to using microsomes or isolated cells (extensively used
in previous studies as summarized in Appendix I, tissue samples maintain structural heterogeneity
with intact phase I and phase 1I metabolism, and cell interaction and communication are preserved

to a certain extent, thus resembling the situation in the intact organ.

Radiolabeled [5-*H]NNK or [S-°HINNAL (sp. act. 25-30 Ci/mmol) are incubated
over a subsirate concentration range of 0.01-100.0 M with precision cut liver slices and lung tissue
for 6 h in Krebs-Henseleit buffer (pH 7.4) under standard laboratory conditions for dynamic culture
(Vickers, 1994). The substrate concentration range was selected to include the lowest possible
concentration to approach the physiologically relevant concentration in man, and substrate
concentrations predicted to occur in animal bioassays. Each incubation is performed in triplicate
using lung and liver samples fiom at Jeast 5 different laboratory animals. Metabolite profiles are
determined by reversed-phase HPLC with radioflow detection (Richter and Tricker, 1994).
Pharmacokinetic parameters (Km and Fmax) are calculated fiom Lineweaver-Burk plots with
reaction velocities showing linear response to time. Pharmacokinetic parameters will be determined

for lung and liver from different human donors.

Current Results

Preliminary results from this research have already been presented at two scientific

meetings:

13-
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1. AACR Special Conference in Cancer Research “DNA methylation, imprinting, and the

epigenetics of cancer,” Las Croabas, Puerto Rico, December 12-16, 1997,

2. 37" Annual Meeting of the Society of Toxicology, Seattle, March 1-5, 1998,

Further results will be presented at the 89" Annual Meeting of the American

Association for Cancer Research, New Orleans, March 28-April 1, 1998.

The dala currently available from this research project [Table 7, Table 8]
demonstrate that NNK. metabolism in lung of the A/J mouse and F344 rat results in significant levels
of o-hydroxylation products at high tissue substrate concentrations predicted to occur in animal
bioassay protocols. The experimental conditions and data support the reported biological activity
of NNK in the A/ mouse and F344 rat lung; metabolism of NNK at high substrate concentrations
yields the keto acid via a methylation pathway in the A/J mouse lung, while formation of the keto
aleohol via the pyridyloxobutylation pathway occurs in the F344 rat lung. These two pathways are
considered critical for lung tumorigenesis in A/J mouse lung (Peterson and Hecht, 1991; Belinsky
et al., 1992) and F344 rat lung (Staretz et al., 1997b), respectively. Metabolism of NNK by human
lung results primarily in the formation of NNAL in the absence of formation of significant levels of
a-hydroxylation products [Figure 3]. The kinetic data [Table 7] provide support for pyridyl-N-
oxidation of NNAL, but not NNK, and are consistent with the reported occurrence of NNAL-N-
oxide but not NNK-N-oxide in human urine (Carmella et al., 1997). The kinetic data do not support

significant formation of keto alcohol via the pyridyloxobutylation pathway at low NNK substrate

-14-
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Table 7. Metabolism of NNK in lung tissue.

Kinetic parameters: Km (uM), Vmax (pmol/min!mg protein)

A/T Mouse SG Hamster F344 Rat Human
Metabolite Km Vmax Km Vmax Km Vmax Km Vmax
0.01-1.0 M NNK
NNAL 1.7 168 No No 3.6 309 i.0 31
Keto acid 0.3 45 current | current 52 182 0.4 11
Keto alcohol 0.6 141 data data 2.7 177 1.2 26
Hydroxy alcohol 1.0 56 nd. - 0.7 |25
NNK-N-oxide 0.7 184 6.8 498 ndg. | nd.
NNAL-N-oxide n.d. n.d. nd. -~ 0.6 19
0.01-100uM NNK
NNAL 36.0 | 4309 - - 239 | 65640
Keto acid 10.1 317 317.0 15620 - -
Keto alcohol 75 556 200 8398 - .
Hydroxy aleohol 160.0 | 3405 2.4 107 - -
NNEK-N-oxide 25.1 251 63.0 7995 | 41240 t 413500
NNAL-N-oxide nd. n.d. 0.9 21 - -

Substrate range: 0.01-100.0uM NNK

n.d., no detectable formation; --, Michaelis-Menton kinetics could not be fitted.

99£959E£902



Table 8.

Metabolisin of NNK in liver tissue.

Kinetic parameters: Km (M), Vmax (pmol/min/mg protein)

AST Mouse SG Hamster F344 Rat Human
Metabolite Km Vmax Km Vmax Km Vmax Km Vinax
0.01-1.0 LM NNK

No No

NNAL - - current | current 26.0 4640 0.6 254
Keto acid - - data data 0.9 18 0.2 9.6
Keto alcohol - - 1.9 62 nd. nd.
Hydroxy alcohol - - nd. n.d. - -
0.01-100:M NNK
NNAL 174.0 { 4623 96.0 19220 { 43.6 6305
Keto acid 677.0 | 5818 154.0 1159 | 690.0 8036
Keto aicohol 141.0 | 2609 260.0 8357 | 12760 | 144500
Hydroxy alcohol 199.0 | 3153 16.2 253 n.d. n.d.

n.d., no detectabie formation; --, Michaelis-Menton kinetics could not be fitted.

Substrate range: 0.01-100.0uM NNK

£9£959E90<



fmol/min/mg protein

Metabolism of NNK by 7 different human lungs.

20000+

15000+

100004

5000+

] 150

%.o 02 04 06 08 1.0

© NNAL
NNAL-NO
NNK-NO
a Keto acid
A Dioi

v HPB

O

*

NNK (M)

g9EI89E902



concentrations in human lung. These data suggest that HPB-releasing adducts derived from NNK
are unlikely to be formed in the human lung and support data for their absence in human lung tissue

(Bldmeke et al., 1996).

Michaelis-Menton kinetics could not be fitted to NNX metabolism at low substrate
concentrations in the A/J mouse liver. At high substrate concentrations (1.0-100 xM), significant
metabolism of NNX by a-hydroxylation pathways occurs in addition to NNAL formation. NNK
metabolism in the liver of the F344 rat suggested that hydroxy acid formation is the most favorable
pathway for NNK metabolism; however, under conditions used in rat bioassay protocols, significant
a-hydroxylation of NNK still occurs. At low physiological NNK substrate concentrations in the

human liver, NNK metabolism is predicted to result primarily in the formation of NNAL.

In summary, these results obtained under identical experimental conditions provide
further evidence that NNK metabolism in human lung and liver primarily yields NNAL. In contrast
to this, NNK metabolism in lung and liver of the A/J mouse and F344 rat results in significant o-

hydroxylation to DNA-reactive intermediates thought fo be involved in NNK-induced tumorigenesis

in these two organs.

The research program is predicted to be completed in April 1998,
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Appendix Y. Ir vitro metabolism of NNK in tissues, culiured cells and microsomes from laboratory animals and man

Speciss Tissue! NNK  Time NNE-N. NNALN NNAL- Kew  Kewo  Hydwry Diel  Percentagea.  Refcreace
- l ]]] .r -1 ll l- i

A/Y monse Lung (9 4.7 4.0 1.2 49.8 08 — A 19.5 0.8 08 474 Pepin etal, 1992
Alfmouse  Lung (%) 47 08 06 53.7 13 - 27.6 134 13 21 423 Pepin etal,, 1992
Affmouse  Lumg(f) 23§ 20 16 539 0.6 - 29.7 124 04 14 425 Bouchard & Castonguay, 1993
Almouse  Lumg(f) 0.24 24 684 715 3.7 - 3.1 106 L5 52 152 Castonguay ct al., 19832
AJ] monse Lamg (m} 200.0 05 763 104 - - - 2.5 - 10.8 25 Peteraon ¢t al,, 1991
Affmouse  Lung (m) 100 05 125 430 2,0 - 2.7 (ary - - 418 Stuith ot al., 1993
Admouse  Lung (1) 10.0 05 163 318 - - 49.7 22 - - 519 Smith et al, 1990

AfY prouse Lung (m) 10.0 0.25 13.7 39.1 - - 2.7 14.5 —- - 472 Limetal, 1992
Allmouwse  Lung(m) 10,0 025 178 422 - - 262 (138 -~ - 40.0 Desai etal, 1995

AT mouse Lung (m) 10.0 016 36 45,6 - - 25.6 (19.2) = - 488 Hong et al,, 1952

AlT monse Lung (m) - 06 204 217 - - 4.7 - - - 487 Morsc ot al, 1995
Amouse  Liver (m) 10,0 05 177 131 - - 289 403y - - 69.2 Hong etal,, 1992

AT motise Liver (m) 10.0 025 533 - - - 163 304 - - 46.7 Lin ctal., 1992

AT ouse Liver (m) 10.0 025 240 - - - n2 528 - - 472 Desaictal,, 1995
Alfmouse  Liver (m) 10.0 016 266 47 a1 - 244 (41 - - 655 Smith et al., 1993

AfT mouse Liver {m) - 0235 9 - - - 278 49.3 - - 7.1 Morse etal,, 1995

Af] moaze fatestine (t) 14.0 675 878 29 0.8 - 27 54 0.3 0.1 84 Pepin et al, 1990

Af] mouse Stomach (t) 14.0 2.0 672 8.0 03 - 5.7 182 0.3 03 242 Pepin ¢t aL, 1990

NMRI {f) Inicstine (t) L0 20 48 2890 81 - 24 449 10.8 - 581 Schulze et al,, 1596
NMRI{m}  Intestine() L0 20 71 29.5 47 - 42 506 39 - 587 Schulze et al., 1996
Fis4mt Lung (m) 1.0 0.5 29 383 - - 344 44 - - 388 El-Bayoumy et al., 1996
Fi44rat Liver {h) 3.0 20 41.7 6.1 0.5 - 64 354 9.0 0.9 50.8 Murphy & Coletts, 1993
F344 rat Liver (h) L0 180 114 28 79 125 3.7 47 170 - 65.4 Murphy et al., 1995
Fld4 mxt Liver (m) 1.33 0.5 9.6 02 0.004 - - 0.2 0.01 0.04 0.21 Hamilton & Teel, 1954
F344mt Liver (m) L0 05 989 Ot - - 0.7 0.3 - - 1.0 El-Bayoumy et al, 1996
F344 rat Esoph. (1) 400 240 913 4.5 - - 0.7 35 - - 4.2 Murphy etal, 19900
F344mat Nasal (1) 238 3.0 54 - - - 213 64.0 53 4.0 70.6 Brittebo et al,, 1983
F344 rat Nasal (t) 238 240 49 ~ - - 3.6 69.9 112 54 86.7 Britteho et al,, 1983
E344 rat Oral (1) 1.0 240 19.5 510 240 - 163 112 - - 27.5 Murphy etal, 1990b
F344 rat Oral (1) Lo 240 262 363 8 - 69 207 06 0.5 282 Murphy et al., 1990b
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Liver (m)
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Nasal (f)
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Intestine {t)

Lung ()
Lung (m)
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Liver (m)
Liver (m}
Bladder (1)
Bronchus (1)
Omal (1)
Oral (f)
Oral (9)
OniC
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1.0
Lo
1.0
1.0
110

10.0
0.47
10.0
10.0
1.0
1.0

42
(.66
0.24
100
0.66
10.0
8.0
5.1
5.1
1.33
1.0
0.66
0.66
1.0

238.0
14.0
10.0
30
10.0
2380
2380
238.0
6.0
100.0
6.0

55.0
499
3538
508
81.9

LI A

LI T T I B

i

}

9.0 83
9.1 11.5
14.6 13.6
8.7 14.3
31 05
46.0 0.5
155 125
39 1.0
585 366
103 42
32 6.0
17.9 25.5
12,0 16.5
17.7 20.7
243 7
40.6 9.8%
- 2.9
24.1 6.0
35.5 40
6.8 1.4
12.0 6.1°
17.5 0.8°
30.6 313
24.9 22.1*
132 513
18.2 380
58 14.6
<0.2 (1.4}
S ;) S
7.5 7.0
33 (L.5)
0.2 0.5
0.1 03
0.3 21

04

Maphy et al, 1991
Minrphy & Heibhum, 1991
Murphy et al,, 1990
Murphy etal., 1990b
Murphy et al, 1090b

Yooetal, 1992
Ardries et 51, 1096
Yooetal, 1992
Hong et al,, 1991
Schulze ct al, 1996
Schulze ot al,| 1995

Charest et al., 1939
Tjdlve & Castonguay, 1983
Charest et al., 1989
Jorquera et 21, 1993
Zhang et al., 1997
Tislve & Castonguay, 1983
Jorquera et al, 1993
Miller etal, 1994

Miller et al., 1993
Miller et al., 1996
Hamilton & Teel, 1994
Castonguay & Rossignol, 1992
Zhang et af,, 1997
Charest et al., 1939
Charest et al, 1989
Schulze et at,, 1996

Castonguay ctal, 1983b
Smith etal, 1952

Smith etal,, 1995
Staretz et al., 19972
Smith et al,, 1992
Castonguay et al., 1983b
Castonguay etal., 1933b
Castonguay e al, 1983b
Livetal, 1993
Lipetal, 1993
Livetal, 1993



Man. OnralC 100.0 240 %62 0.6 0.2 - 0.3 20 02 a1 2.5 Liu et al, 1993
Man Escphagus (f)  238.0 240 982 1.7 - - - - 0.1 - 0.1 Castonguay et al,, 1983b
Man Kidoey © 23 500 998 0.03 - -- - 0.05 0.06 0.03 0.11 Lacroix etal, 1992
Man Trackea () 2380 240 942 0.1 - - -~ - 57 - 5.7 Castonguay et al., 1983b
1. Abbreviation m brackets: (1), tissue; ©, cultured cell; (h), hepatocyte; (m), microsome; --, not detected.
2, Calculated on the basis of total metabolitaa detected.
3 % ¢-hydrexylation calculated from the sum of keto alcohol, keto acid (keto aldehyde) and hydroxy acid;
metabolic pathways known to produce reactive intermediates which bind to DNA.
4 Keto aldshyde measured instead of keto acid, vafue for keto aldelyde presented in brackets,
5. Joint detemmination of keto aldshyde and keto 2cid,
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Commentary on the Results of the IARC Multi-Center Study, “Lung Cancer and Expeosure
to Environmental Tobacco Smoke,” Published in the IARC Biennial {1996-1997) Report

Results from the International Agency for Research on Cancer (IARC) multi-center
epidemiologic study of environmental tobacco smoke (ETS) exposure and lung cancer risk were
recently published for the first time in the IARC Biennial Report for 1996-1997 (JARC, 1997; sce

Tab A, section 3.7.2). This study, which began in 1988, represents the largest study in Europe and

the second largest study ever conducted of its kind,

1n 1986, JARC made the following comments regarding the epidemiclogical evidence

for the reported association between ETS exposure and lung cancer (IARC, 1986). “Several
epidemiclogical studies have reported an increased risk of lung cancer in nonsmoking spouses of

smokers, although some others have not . . . The resulting errors could arguably have artifactually

depressed or raised estimated risks, and, as a consequence, each is compatible either with an increase

or with an absence of risk.” It was on the basis of that conclusion that IARC decided to undertake

its multi-center study. The results, based on an analysis of 650 cases and 1,542 controls in 12 centers

in 7 European couniries, were as follows:

1.16 (95% CI, 0.93-1.44)

. RR for spousal exposure -
. RR for workplace sxposure  -- 1.17 (95% CIL, 0.94-1.45)
. RR for combined exposure -- 1.14 (95% CI, 0.88-1.47)
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The report also states that there was no evidence of an association between lung cancer risk and ETS

exposure during childhood.

The two immediate conclusions that can be drawn from these results are that both
indices of ETS exposure, spousal and workplace, suggest a small but positive association with lung
cancer, but neither association is statistically significant. What cannot be determined from the results
as presented is the extent to which they have been corrected for known systematic biases -- in

particular, misclassification of smoking habit and confounding by diet (spousal exposure only). The

most recent meta-analysis carried out on the possible association of ETS exposure and lung cancer.

(Hackshaw et al., 1997) amrived at a combined relative risk of 1.24, which the authors estimated
should have been reduced by 0.06 for misclassification of smoking habit and by 0.02 for dietary
confounding. Although their suggested reduction is almost certainly inadequate, accepting even
these values would yield a reduction of 33% for the spousal exposure risk estimate in the [ARC
study, resulting in a relative risk of 1.10, and a reduction of 25% for the workplace exposure
estimate, resulting in a relative risk of 1.13. Although these values are, of course, still greater than
1.0, it is as likely that they suggest no association whatsoever, as it is likely that they suggest an

association.

However, it should be noted that the results reported by LARC are in line with other
studics and, in particular, in line with a number of meta-analyses. Therefore, clearly, a possible
interpretation of these results is that they confirm an association between reports of ETS exposure

and lung cancer, although the association is extremely weak. It is worth noting that the Introduction
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to the brief text in the IARC Biemnial Report states that ETS exposure is a “likely canse” of lung

cancer. This is a far less conclusive statement than made by some other agencies and scientists.

There are several interesting points that were made in the discussion of these results
in the JARC Biennial Report. The first deals with dose-response trends, where the claim is made that
“several quantitative indicators of ETS exposure showed a dose-response relationship with lung
cancer risk.” It is impossible to analyze this statement from the data provided in the summary;
however, the fact that not all such indicators showed a dose-response relationship suggests that such

an analysis would be of great importance.

Secondly, IARC states that: “A further study of non-smoking women in Moscow,
Russian Federation, confirmed the results on ETS of the larger intemational investigation and
suggested a role of environmental air pollution independent of the effect of ETS.” In actuality, the
results of this study (Zaridze et al.,, 1998) “confirm”™ only the result for spousal exposure. The
authors report no increase in lung cancer risk for workpiace exposure; moreover, the reported dose-
response effects were negative, whether years of exposure or number of cigarettes smoked by the

spouse was used as the metameter of spousal exposure.

Lastly, the JARC summary states that: *“In a separate exercise, the number of lung
cancers occurring in the countries of the European Union that can be attributed to spousal ETS
expostre was estimated to be about 800 among women and 300 among men.” The reader is likely

to assume that the calculation referred to utilized the relative risk of 1.16 obtained from the IARC

-3.
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multi-center study. However, in actuality the authors of the paper used a relative risk for spousal

exposure of 1.30, almost two times the uncorrected IARC result (Trédaniel et al, 1997).

§gE989E30<




References

Hackshaw, AK., Law, MR, and Wald, N.J,, The accumulated evidence on lung cancer and
environmental tobacco smoke, Br. Med, J. 315: 980-988 (1997).

Trédaniel, J., Boffetta, P., Saracci, R., and Hirsch, A., Non-smoker lung cancer deaths attributable
to exposure to spouse’s environmental tobaceo smoke, Int. J. Epidemiol. 26: 939-944 (1997).

World Health Organization, International Agency for Research on Cancer, [ARC Monographs on
the Evaluation of the Carcinogenic Risk of Chemicals to Humans, Tobacco Smoking, Vol, 38, Lyon,

France (1986).

World Health Organization, International Agency for Research on Cancer, Biennial Report: 1996-
1997, Lyon, France (1997).

Zaridze, D., Maximovitch, D., Zemlayanaya, G., Aitakov, Z.N., and Boffetta, P., Exposure to
environmental tobacco smoke and risk of lung cancer in non-smoking women from Moscow, Russia,
Int. J. Cancer 75: 335-338 (1998).

LBEIGIETOLZ



L....%.. B0DDOSERES
RECYCLED® 10% POW.

§BETICIEI0L



Fi

FEs

fe
well
able

]

;

wdy

ERELEE

K

Bz

Germany; V. Constaniinescy, Bucharest, Romania; P.
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Among lung cancer cases, non-smokers
have been cxposed on average to lower
levels of carcinogens than smokers; genetic
susceplibility may play a greater role in risk
of lung cancer in the fonmer group of cases,

In ten centres from Brazil, France, Ger-
many, Italy, Poland, Romania, the Russian
Federation and Sweden, blood samples have
being collected from about 150 non-smoking
lung cancer cases, 150 smoking lung cancer

Cancer of the lung 79

cases and 200 non-smoking control subjects,
in order to determine (i} genetic polymor-
phism of glutathione S-transferase M1 and
T, (ii) the levels of the DINA repair enzyme
O°-methylguanine-DNA  methyliransferase,
{iii) the formation of haemoglobin adducts
with 4-hydroxy-1-(3-pyridyl)-1-butanone (a
metabolite of tobacce-specific nitrosamines),
and (iv) genetic allerations in the p53 gene
and K-ras mutations in lung neoplastic tissue
of cases. Cascz and controls have been
interviewed about their smoking habits and
exposure (o environmental tobacco smoke.
Earolment of patients and laboratory
analyses have been completed and statistical
analysis will take place in 1998,

3.8 Head and neck cancer

Cancers of the head and neck comprise
an important group of meoplasms that are
showing increasing incidence in many parts
of the world. Although alcehol drinking and
tobacco smoking are established causes of
these cancers, infection with the human
papillomavirus may represent an additional
important risk factor, as do some occupa-
tional exposures. In addition, patients with
head and neck cancer are at incesased risk of
developing a second tobacco-related neo-
plasm, making them an imporiant population
in which to explore genetic susceptibility.

3.4.1

Multicentric case-control study of
laryngeal cancer in Brazil, Argentina
and Uruguay

P. Boffetta, P. Breunan and R Hexsero; in collaboration
with E. de Stefani, Montevideo, Urugusy; M.
Kogevinas, Barcelons, Spain. 5. Koifman, Rio de
Jantiro, Brazil; E. Mstos, Bucnos Aires, Argenting; A,
Menszes, Pelotss, Brazil; ). Siemistycki, Montreal,
Canada; and V. Wunsch, Sio Paule, Brazil

Argenting, Uraguay and southern Brazit
have high incidence rates of laryngeal
cancer, that do not seem to be explained only

by exposure to kmown carcinogens such as
tobacco smoking and alcohol drinking.
Following a series of studies of lung cancer
(see Saction 3.7.6), a multicentric study of
laryngeal cancer has been initiated in three
areas of Brazil (Ric de Janeiro, S#o Paulo
and Pelotas and Porto Alegre), in Buenos
Aires and in Montavideo. The study aims to
identify occupational risk factors of this
disease; additional aims are the assessment
of the role of HPV infection, quantification
of the contribution of tobacco smoking and
alcohol drinking, and clarification of the role
of other possible lifestyle risk factors, such
as diet and mate drinking, Collection of
interview data and biclogical samples startad
in 1997 and will be completed in 1999, In
some of the centres, the study is being
conducted in parallel with an investigation
of the role of human papitlomavirus
infection in cral cancer (see Sectien 3.8.4).

382
Combined anaiysis of case—control

studies of sinonasal cancer

P. Boffetta, B. Merier and D. Colin; in callaboration
with R.B. Hayes, and L.A. Brinton, Bethesdn, MD,
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3.7 Cancer of the lung

Lung cancer is the most frequent malig-
nant neoplasm wotldwide: tobacco smoking
is responsible for most cases, and the control
of smoking represonts the most important
approach to prevent lung cancer (se¢ Scction
24). Among the important rescarch ques-
tions still to be answered are the contribu-
tions of other risk factors (ocoupation, diet,
eavironmental pollution) in both smokets
and non-smokers and the role of genetic

predisposition: these questions are being

addressed in a series of studies conducted in
areas of high and fow risk for lung cancer.

371

Case-control study of lung cancer in
northern Thailand
DM. Parkin and P. Pisani; in collaboration with P.
Srivatanakul, Bangkok, Thailand; N. Martin, Chiang
Mai, Thailand; V. Sscnsingkaew, Bangkok, Thailand;
and T. Bishop, Leeds, K

This study is investigating the reasons for
the relatively high incidence of lung cancer,
particularly in women, in northemn Thailand.
Age-standardized  incidence rates in
Lampang province arc 41.8 per 10 000 in
mten and 20.1 per 10 000 in women. A case—
control study comparing 196 cases of lung
cancer with two groups of controls (217
hospital controls and 156 community con-
trols drawn at random from the population of
this province) was carried out from 1993 to
1995 and data analysis began in 1996.

Because ome hypothesis under investi-
gation is the role of air pollution from
nemerous coal-fired electricity generating
plants, place of residence is an imporant
variable of interest, linked te conesponding
environmental measurements of arsenic and
cadmium. Other factors investigated include
tobacco habits, exposure to domestic smoke,
and cocking practices. Blood samples from
all subjects have been stored for analysis of

heavy metals and of metabolites and adducts
of components of tobacco smoke. DNA is
being extracted from white blood cells of
cascs and centrols to study metabolic poly-
morphism at the GSTM1 and CYP1ALl loci.

372

Lung cancer and exposure to
environmental tobacco smoke

P. Boffetta, P, Brennan, 5. Lea and G. Ferro: in
collaboration with W. Ahrens, Bremen, Germany; B,
Beghamou and S. Bephamou, Villejuif, France; S.C.
Darby, Oxford, UK; F. Forsstiere and C. Fortes, Rome,
Italy; C.A. Gotizilez and A. Agudo, Barcelons, Spain;
J. Trédaniel, Paris, France; S.K. Jindal, Chandigach,
India; K. H. Jockel, Essen, Germany: A. Mendes,
Lisbon, Poctugal; F. Merettl, Turin, Italy; G. Pershagen
and F. Nyberg, Stockholm, Swedan; R, Saracci, Piss,
fraly; L. Simonato, Padua, Italy; H, Wichmann,
Munich, Germany; C. Winck, Porto, Portugal; and D,
Zuridze, Moscow, Russian Federation

Environmental tobacco smoke (ETS) is a
likely cause of lung cancer {27, 37], while
evidence of an association with other
neoplasmos is inconclusive, However, the
quantitative aspects of the association
between ETS exposure and lung cancer risk
are not yet well established, nor is the
interaction between exposure to ETS and
exposure to other carcinogens.

An  TARC<coordinated intemational
collaborative case—control study was aimed
at investigating the relationship between
exposure to ETS and to other environmental
and occupational risk factors and the risk of
lung cancer in subjects who have never
smoked tobacco. A total of 650 cases and
1542 controls have been enrolled in 12
centres in  scven European countries.
Information on exposure to occupational
carcinogens, urban air pollution, background
radiation and dietary habits, as well as
lifelong exposure to BTS, has been collected
by personal interview of ¢ases and controls.
Self-reported  (non-)smoking  status  was
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confirmed by interviews of relatives. The
reiative risk {RR) of lung cancer risk was
1.16 (95% CI 0.93-1.44) for exposure to

B ©7s from the spouse, 117 (0.94-145) for
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Combined analysis of case-controf
studies of lung cancer in western

ticts Europe
\ s - % workplace ETS exposure and 1.14 (0.88- N
Us or JN . 147 for combined spousal and workplace L TP P ERE N L QLR L S
; Several indi £ et
“oly. T eXphsure. Jevi quantitative cators. o Germany; E. Benhamoe and §. Benhamou, Villejuif,
"y ETS exposure showed a dose-response Prance: 8.C. Darby, Oxford, UK; F. Forastiere and C.
relationship with fung cancer risk; RRs were gonex. Rome, Dly; C.A. Gonzilez and A. Agudo,
higher for squamous ccll carcinoma and acelona, Spain; K. H. Jockel, Bssen, Germany; F.
small cell carcinoma than for adencarcinoma gledetu.“ kh ﬂmﬁ' (; P;“wnmwi ;‘}fj’ ‘:,’;»w‘]"
(Figure 20). There was Do association  Siemistycki, Montreal, Canada; L. Simonato, Padua,
between lung cancer risk and ETS exposure Taly; and H, Wichmann, Munich, Gecnany
aos i during childhood. Additional analyses are
nE cortinuing ar risk factors other than ETS. In parallel to the study on non-smokers
sc : described in Section 3.7.2, cases of lung
A parallel study was conducted in .
oo, Chandigarh, India, where ETS exposure  CAUICET and controls have been enrolled in a
..""‘-M s mainly from bidi smoking, The statis- series of studies in 10 centres in western
sdes, tical analysis will be completed in 1998. A Europe, iIrcspuftivc of their smoking habits.
—gex father study of non-smoking women in Comparable  information on  tobacco
i, Pl Mo Russian Federation, confirmed the smoking, exposure to occupational carcino-
s, SCOW, . ; ens and wban air pollution has been
a0 results oo ETS of the larger international & poliutiol
ivsestigation and suggested a role of collected from ebout 9000 cases and 10 000
ois envi tal air pollution independent of controls. The analysis focusw on detailed
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and urban air pollution will be integrated
into the conunon database,

74

Multicentric case—control study of
lung cancer in central and eastern
Europe

P. Breanan and P. Boffeta: in collaboration with B.
Fabianova, Banska Bystrica, Slovakis; J. Fevotte, Lyon,
France; A. Fleicher, London, UX; D. Mates, Bucharest,
Romanix; P. Rudnai, Budapest, Hongary: §. Siemia.
tyeki, Montrcal, Canads; N, Szeszenia-Dabrowsks,
Lodz, Poland; D.G. Zardze, Mcecow, Russian
Federation; and W. Zatonski, Warsaw, Poland

Countries of central and eastern Europe
have the highest incidence and mortality of
lung cancer ever recorded. Air pollution is
often blamed as the main contributor to this
excess, but evidence for its role is limited. A
study has been initiated in six areas of
Hungary, Poland, Romania, the Russian Fede-
ration and Slovakia, to assess the relative
contributions of tobacco smoking, occupa-
tional exposures and ocutdoor air pollution in
lung carcinogenesis. Enrolment of a total of
3000 ceses and a comparable number of
controls hag started. Special efforts are being
made to assess past occupational exposures
using detailed employment histories evalu-
ated by panels of local expers. Blood
samples will also be collected, to investigate
polymorphisms of metabolic enzymes.

375

Case—control studies of lung cancer in
Brazil, Uruguay and Argentina
P. Boffets; in collsborstion with E. de Stefani,
Montevideo, Uniguay; B Matos, Bucnos  Aires,
Argenting; and V. Wunsch, Sko Palo, Brazil

The urban areas of Brazil, Uruguay and
Argentina have among the highest dsath
rates in the Americas for cancer of all sites
and of the lung in particular. Three similar
studies have been designed to identify asso-
ciations between environmental and cocupa-
tional exposures and rigk of lung cancer in
S%o Paulo, Brazil, in Uruguay and in Buenos

Aires, Argenting, and to examine the
synergistic effect of selected accupational
exposures and tobacco smoking, The study
io Uruguay confirmed the important role of
kiown carcinogens, such as tobacco
smoking and asbestos, and suggested an
increased risk among workers of the meat
industry and workers exposed o pesticides
[86]; it is also addressing the xisks for other
cancer sites. The study in S#o Paulo
supgested a smaller role than expected for
occupational exposures, with increased risks
in only a few categories, such as machinery
and pottery workers. Data collection for the
study in Argentina was completed in 1997
and analysis will be carried out in 1998.

3.7.6

Multicentric case—control study of
lung cancer in India

P, Boffetta and R. Sankamnarayanan: in collaboration
with M. K. Nair, Tdvandrum, [edis; DN, Rso,
Bombay, India; end V. Shanta, Madras, India

Although the industrial population in
India is very large and many hazardous
industries are present, vintually no informa-
tion exists on occupational risk factors for
cancer. ‘The presence of a metwork of well
organized cancer registries is a favourable
condition for conducting multicentric case—
control studies, and therefore such a study
has been started in Bombay, Trivandrum and
Madras, to investigate occupational and
environmental factors for lang cancer. A
series of cases of lymphatic and hasmato-
poietic neoplasms has also been included.
Data. collection was completed in 1597 and
the analysis will be completed in 1998,

377

Case—control study of environmental
tobacco smoke and genetic
susceptibility to lung cancer

P. Boffetta, M. Lang, N. Malats, M. Fricsen, S.
Atawodi, S, Les and ], Hall; in collaboration with W.
Ahrens, Bremen, Gemmany; S. Bephamou, Yillgjuif,
France; L Brissks-Hohlfcld and H. Wichmann, Munich,
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Introduction

For the purpose of demonstrating the fragility of the United States Environmenta)
Protection Agenecy’s (U.S. EPA) attributable death calculations in its Risk Assessment on ETS
(1992), we utilized U.S. EPA’s relative risk point estimate. It is important to note that we do not
believe that this point estimate is scientifically justified. In fact, the data indicate that one cannot

distinguish the association between reported exposure to ETS and lung cancer described by the EPA

from no association.

The statistical analysis provided by Philip Morris in this section examines the
influence of just two of several possible modifications to some of the assumptions employed by the
t1.8. EPA in ite Risk Assessment on ETS (1992). The technique of Monte Carlo simulation is used
to construct a probabilistic model of estimated mortality purportedly associated with ETS exposure;
it emphasizes the uncertainty associated with the single estimate reported by the U.S, EPA, The
reduction in the number of so-called attributable deaths that follows from changes in only two factors
reinforces our position that the U.S. EPA failed to utilize reasonable statistical assumptions in its

estimation of the number of attributable deaths in its report.

A Probabilistic Risk Apalysis of Lung Cancer Mortality Associated with ETS Exposure

The 1.8, EPA’s (1992) estimates of female and male annual lung cancer mortality

in nonsmokers (never smokers plus former smokers who have quit for 5+ years) purportedly

-1-
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attributable to ETS souices for the United States are shown in Table 1. EPA’s fotal estimate of
3,060 deaths among nonsmokers attributable to ETS exposure has two main components: (i) 2,200
deaths atiribuied to “Background” (non-spousal) exposure to ETS, primarily in the workplace and
other away-{rom-home settings, and (ii) 860 deaths attributed to “Spousal” exposure to ETS from

a spouse who smokes.

The estimated mortality associated with Background and Spousal ETS exposure is
a function of two key parameters: (i) the Relative Risk (RR) of lung cancer for nonsmokers exposed
to spousal ETS relative to nonsmokers not exposed to spousal ETS (but who are exposed to
background ETS), and (ii) the Z-factor, which is the ratio between the mean dose level in the
“exposed” (spousal ETS) group and the mean dose level in the “unexposed” (non-spousal or
background ETS) group. The value of Relative Risk assumed by the EPA is RR = 1,19 (0% CI:
1.04-1.35), based on EPA’s meta-analysis of 11 U.S. epidemiological studies of never-smoking
females. The RRs from the 11 sindies were corrected for smoker misclassification prior to the meta-
analysis using a 1.09% misclassification rate. However, the RRs were not corrected for other likely
sources of bias, such as confounding due to dietary and other lifestyle factors inherent in the spousal
smoking design, as well as recall bias. The value of the Z-factor assumed by EPA is Z = 1.75, and

is based on U.S. urinary cofinine studies cited by EPA.

As stated in BPA’s report Respiratory Health Effects of Passive Smoking (EPA,
1992), the estimated mortality attributed to Background ETS exposure is proportional to (RR - 1 )

/ (Z - RR), and can be computed as

BLEGLIESOZ



Table 1. .S, EPA’s estimates of annual lang cancer mortality,
Estimated annoal
lung cancer mortality
Smoking statas | Sex | Exposedto Population | Background { Spousal | Total
spousal ETS | (in miilions) ETS ETS ETS
Never-Smoker F No 12.92 410 410
Never-Smoker F Yes 19.38 620 470 1090
Never-Smoker M No 0.93 320 320
Never-Smoker M Yes 3.13 100 20 180
Former Smoker F No 2.0 60 60
Former Smoker F Yes 6.7 210 160 370
Former Smoker M No 3.8 280 280
Former Smoker M Yes 6.2 200 150 350
TOTAL 69.07 2200 860 3060
(71.9%) (28.1%)
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RR-1

Estimated Mortality Attributed to Background ETS = 6484.21 x Z-RR

where 6484.21 is a proportionality constant such that EPA’s estimate of 2,200 is obtained when RR
=1.19 and Z = 1.75. Similarly, the estimated mortality attributed to Spousal ETS exposure is

proportional to (RR - 1) (Z - 1)/ (Z - RR), and can be computed as

Estimated Mortality Attributed to Spousal ETS =3379.65x 7 _pRr

where 3379.65 is a proportionality constant such as that EPA’s estimate of 860 is obtained when RR

=1.19and Z=L.75.

Based on the above formulas, the estimated mortality attributed to Background,
Spousal, and Total (Background + Spousal) ETS exposure as a function of the assumed value of Z

is shown in Figures 1, 2, and 3 for values of RR equal to 1.19, 1.15, and .10, respectively.

As shown by Figures 1, 2, and 3, the estimated mortality is very sensitive to the
assumed values of RR and Z, both of which are subject to considerable uncertainty, A Monte Carlo
analysis was performed to help understand the distribution of possible values of the mortality
estimates as a function of the uncertainty in RR and Z. For this analysis, the uncertainty in RR.
incorporates both the uncertainty in the smoker misclassification rate as well ag the sampling
distribuiion for the “irue’” Relative Risk. The uncertainty in the smoker misclassification rate is

modeled as a compound disiribution, consisting of a uniform distribution from 1% to 3% and a
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EPRA Estimate of Total (Spousal + Ba

ckground) ETS-Attributable Lung Cancer Deaths
By Z-Factor
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E£PA Estimate of Total {Spousal + Background) ETS-Attributable Lung Cancer Deaths

By Z-Factor
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decreasing triangular distribution from 3% to 5%. Based on resulis by Ogden et al. (1997), the
uncertainty in the smoker misclassification rate is simulated by using the distribution in Figure 4 for
the geometric mean of the Relative Risk distribution. The value of the “true” Relative Risk is
estimated from a lognormal distribution with the randomly selected value of the geometric mean and
a geometric standard deviation equal to 1.0825 (determined from the 90% confidence interval 1.04-

1.35 for the “true” Relative Risk).

The uncertainty in the value of the Z-factor is represented by a compound distribution,
consisting of a uniform distribution from 1.75 to 10, followed by a declining triangular distribution

from 10 to 20. This distribution is shown in Figure 5.

Based on the preceding uncertainty assumptions for Relative Risk and Z-factor, the
Monte Carlo analysis of estimated mortality was performed for 10,000 iterations using Crystal Ball®
Version 4.0. Again, we reaffirm our sirong view that the Relative Risk point estimate reported by
11.8. EPA is scientifically unjustified and that our use of this value is solely illustrative, With this
in mind, the resulting simulated distribution for mortality associated with Total (Background +
Spousal) ETS exposure is shown in Figure 6. The mean and median of this distribution are 804 and
702 respectively, which are far below the EPA’s estimate of 3,060. In fact, 3,060 is at the 98.7™

percentile of this distribution.

In this simulation, uncertainty in the Relative Risk and Z-factor are represented by

independent probability distributions. As stated in the EPA’s report, however, the parameters RR

4.
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Figure 4.
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Figure 5,

Z-factor

1.76 8.31 10.83 15.44 20.00
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Figure 6.
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and Z are not actually independent, but would be expected to covary in the same direction (to be
positively correlated). For example, if the contributions of background to total ETS exposure
decrease, Z would increase, and the observable relative risk from spousal exposure would tend to
increase as well. Sensitivity analyses reveal that the effect of increasing correlation between RR and
Z decreases the mean and standard deviation of the resulting simulated distribution of estimated
mortzlity. Hence, estimates of mortality as high as 3,060 are even less likely than represented by the

distribution in Figure @.
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