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Comments of

Conwood Company, L.P.
National Tobacco Company, L.P.
Swedish Match North America Inc.
Swisher International, Inc.

United States Tobacco Company

regarding

National Toxicology Program Review of Smokeless Tobacco

for Possible Listing in the Ninth Report on Carcinogens

The above-listed manufacturers of smokeless tobacco products -- Conwood
Company, L.P., National Tobacco Company, L.P., Swedish Match North America Inc.,
Swisher International, Inc., and United States Tobacco Company (the “smokeless tobacco
manufacturers”) -- submit the following comments to the National Toxicology Program
(“NTP”) in connection with its review of smokeless tobacco for possible listing in the

Ninth Report on Carcinogens as either “known to be a human carcinogen™ or “reasonably



anticipated to be a human carcinogen,” as announced in a Federal Register Notice of

July 11, 1997 (62 Fed. Reg. 37272)."

: The smokeless tobacco manufacturers understand that NTP’s criteria for
classifying substances as either “known to be human carcinogens” or “reasonably anticipated to
be human carcinogens” are as follows:

1. Known to be Human Carcinogens:

There is sufficient evidence of carcinogenicity from studies in humans which
indicates a causal relationship between exposure to the agent, substance or
mixture and human cancer.

2. Reasonably Anticipated to be Human Carcinogens:

There is limited evidence of carcinogenicity from studies in humans which
indicates that causal interpretation is credible but that alternative explanations
such as chance, bias or confounding factors could not adequately be excluded; or

There is sufficient evidence of carcinogenicity from studies in experimental
animals which indicates there is an increased incidence of malignant and/or a
combination of malignant and benign tumors: (1) in multiple species, or at
multiple tissue sites, or (2) by multiple routes of exposure, or (3) to an unusual
degree with regard to incidence, site or type of tumor or age at onset; or

There is less than sufficient evidence of carcinogenicity in humans or laboratory
animals, however, the agent, substance or mixture belongs to a well defined,
structurally-related class of substances whose members are listed in a previous
Annual or Biennial Report on Carcinogens as either a known to be human
carcinogen, or reasonably anticipated to be human carcinogen or there is
convincing relevant information that the agent acts through mechanisms
indicating it would likely cause cancer in humans.



The smokeless tobacco manufacturers have requested several experts in the fields
of epidemiology, toxicology and experimental carcinogenesis to review the relevant
epidemiological and experimental data published in the scientific literature, and to
provide statements to NTP summarizing that data and expressing their expert opinions as
to whether that scientific data would support the classification of smokeless tobacco,
under NTP’s criteria, as either “known to be a human carcinogen” or “reasonably
anticipated to be a human carcinogen.”

Dr. Kenneth D. MacRae, a Reader in Medical Statistics at the Imperial College
School of Medicine of the University of London, a Fellow of the Royal Statistical Society
and a member of the editorial committee of the British Medical Journal, has reviewed the
epidemiological data relating to smokeless tobacco and cancer. Dr. MacRae’s analysis is
annexed as Attachment A. His conclusion is as follows:

It is my opinion that the epidemiological data do not support the conclusion
that smokeless tobacco has been shown to be a cause of cancer in humans.
Nor, in my opinion, does the epidemiological data, taken as a whole,
support a finding that the use of smokeless tobacco is a risk factor for oral
cancer. Accordingly, I do not believe that the epidemiological data support
NTP’s classifying smokeless tobacco among substances that are either

“known to be human carcinogens” or “reasonably anticipated to be human
carcinogens.”

2 Submission of Kenneth D. MacRae, Ph.D. to NTP dated October 10, 1997
at pages 2-3.



Prof. Paul Grasso and his colleagues at the School of Biological Sciences,
University of Surrey (U.K.) have conducted an extensive review of the scientific literature
on smokeless tobacco in order to examine the experimental evidence relating to
smokeless tobacco and cancer. Their analysis of the experimental data has been compiled
in a monograph entitled “Assessment of the Experimental Evidence Relating to
Smokeless Tobacco and Oral Cancer,” issued on October 31, 1996. A copy of the
monograph is annexed as Attachment B. Based on that assessment and their continuing
review of the relevant experimental data published in the scientific literature, Prof. Grasso
and his colleagues have concluded that:

Overall, the experimental studies support the conclusion that smokeless
tobacco is not carcinogenic in the oral cavity of laboratory animals.
Moreover, it is our judgment that those experimental studies do not support
the listing of oral use of smokeless tobacco products in the NTP’s Ninth
Report on Carcinogens.’

Dr. Torbjorn Malmfors, an internationally noted toxicologist and past president of
the Swedish Society of Toxicology, has also reviewed the published experimental data

regarding the possible carcinogenicity of smokeless tobacco. His analysis is annexed as

Attachment C. Dr. Malmfors’ conclusion is as follows:

’ Letter from Professor Paul Grasso and his colleagues to NTP dated October
6, 1997, a copy of which is annexed as part of Attachment B.



There has been a substantial number of animal studies performed to
investigate the possible carcinogenicity of smokeless tobacco. Studies have
been performed in mice, hamsters, rats and monkeys. Different modes of
exposure have been employed for a life span period in most instances. A
maximally possible amount of smokeless tobacco has been administered in
most experiments both systemically and locally. The animal strains used
and the most relevant sites have all been shown to be sensitive to various
experimental carcinogens.

My overall evaluation of the animal studies is that there are no results
which are sufficiently significant, valid, or relevant to human beings
according to scientific principles, to justify a conclusion under the criteria
established by NTP that smokeless tobacco is “reasonably anticipated to be
a human carcinogen.”
Based upon the analyses of the epidemiological and experimental data relating to
smokeless tobacco and cancer submitted by Dr. Kenneth D. MacRae, Professor Paul
Grasso and his colleagues and Dr. Torbjorn Malmfors, the smokeless tobacco

manufacturers submit that NTP should not classify smokeless tobacco as either “known to

be a human carcinogen” or “reasonably anticipated to be a human carcinogen.”

4 Submission of Torbjorn Malmfors, M.D., Ph.D. to NTP dated October 10, 1997
atp. 19.



IMPERIAL COLLEGE SCHOOL OF MEDICINE
Department of Public Health

Chelsea & Westminster Hospital

369 Fulham Road

London SW10 9NH

Tel: 0181 746 8160
Fax: 0181 746 8151

Kenneth D. MacRae MA PhD FIS
Reader in Medical Statistics

10 October, 1997

Dr. C.W. Jameson

National Toxicology Program
Report on Carcinogens

MD WC-05, PO Box 12233 .
Research Triangle Park, NC 27709

Re: NTP Review of Smokeless Tobacco for Possible Listing in_the Ninth Report on
Carcinogens

Dear Dr. Jameson:

I have been requested by several manufacturers of smokeless tobacco products to
comment on the epidemiological data relating to the issue of whether smokeless tobacco
products can be classsified pursuant to the criteria established by the National Toxicology
Program as being either "known to be human carcinogens” or "reasonably anticipated to be
human carcinogens.” My analysis and conclusions are attached.

Very truly yours,

Kenneth D. MacRae



SUBMISSION BY KENNETH D. MACRAE, Ph.D. RELATING
TO THE NATIONAL TOXICOLOGY PROGRAM’S REVIEW
OF SMOKELESS TOBACCO FOR POSSIBLE
LISTING IN THE NINTH REPORT ON CARCINOGENS

I am Dr. Kenneth D. MacRae, a medical statistician, and am currently Reader in
Medical Statistics at the Imperial College School of Medicine of the University of
London, England. From 1984 to 1997 I was Reader in Medical Statistics at the Charing
Cross and Westminster Medical School, which became part of the Imperial College
School of Medicine in 1997. 1 completed my undergraduate and postgraduate studies at
the University of Aberdeen in Scotland, receiving my Ph.D. in Statistical Decisions in
1970. From 1969 to 1976 I was Lecturer in Medical Statistics at the Queen’s University
of Belfast. From 1976 to 1984 I was Senior Lecturer in Medical Statistics at the Charing
Cross Hospital Medical School of the University of London, England, until I assumed my
current position. I am a Fellow of the Royal Statistical Society and a member of the
editorial committee of the British Medical Journal.

I have been the statistician responsible for the design and analysis of several multi-
centre trials in the field of cancer therapy, all of which have received external funding,
mainly from the British Cancer Research Campaign, but including one trial funded by the

N.C.I. Thave had a particular interest in the validity of epidemiological research and on



specific issues arising out of epidemiological studies. My full curriculum vitae and list of
publications are attached.

I have been asked by several manufacturers of smokeless tobacco products to
comment upon the epidemiological data relating to the issue of whether smokeless
tobacco products can be classified pursuant to the criteria established by the National
Toxicology Program as either “known to be human carcinogens” or “reasonably
anticipated to be human carcinogens.”

I understand that NTP’s criteria for listing agents, substances or mixtures as
“known to be human carcinogens” are as follows:

“There is sufficient evidence of carcinogenicity from studies in humans
which indicates a causal relationship between exposure to the agent,
substance or mixture and human cancer.”
I further understand that NTP’s criteria for listing agents, substances or mixtures as
“reasonably anticipated to be human carcinogens,” as the criteria relate to
epidemiological studies, are as follows:
“There is limited evidence of carcinogenicity from studies in humans which
indicates that causal interpretation is credible but that alternative
explanations such as chance, bias or confounding factors could not
adequately be excluded.”
It 1s my opinion that the epidemiological data do not support the conclusion that

smokeless tobacco has been shown to be a cause of cancer in humans. Nor, in my

opinion, does the epidemiological data, taken as a whole, support a finding that the use of



smokeless tobacco is a risk factor for oral cancer. Accordingly, I do not believe that the
epidemiological data support NTP’s classifying smokeless tobacco among substances that
are either “known to be human carcinogens” or “reasonably anticipated to be human
carcinogens.”

Although the IARC (1985) and Surgeon General’s (1986) reports regarding
smokeless tobacco and cancer reviewed many epidemiological studies, the data are both
inconsistent and quantitatively and qualitatively sparse. Many of the studies fail to
control for one or more confounding factors. Some involve study populations that are
small or fail to report sufficient information so that it is difficult to perform any
meaningful statistical analyses of the data. I have personally examined these and
subsequent epidemiological studies, as well as the doctoral thesis and data underlying the
retrospective case control study by Winn, et al. (1981), the principal study relied upon by
both the IARC and the Surgeon General.

Epidemiology is the study of disease by statistical methods in order to identify
factors which are statistically associated with the occurrence of disease. It does not deal
with the mechanisms or pathogenesis of disease. Statistical association alone does not
establish a causal relationship; it does form the basis for further laboratory and clinical
research. There are several types of epidemiological studies, and they, as might be

expected, vary greatly in their strengths and susceptibilities to bias.



The epidemiological data with respect to smokeless tobacco fall into three
categories: case series, retrospective case control studies, and prospective cohort studies.
As you know, case series cannot even establish a “statistical association” due to the
absence of controls. At best, they create an interest in the possibility of a relationship
between a disease and some factor. A search for possible statistical associations between
a disease and one or more factors, however, can be carried out by using one of two
epidemiological study designs, namely, the retrospective case control design and the
prospective cohort design. Using these designs, statistical associations with oral cancer
have been reported for the following with varying degrees of consistency: diet,
mouthwash, alcohol consumption, smoking, oral hygiene, ill-fitting dentures, anaemia,
Plummer-Vinson disease, occupation, vitamins, leukoplakia, syphilis, Epstein-Barr virus,
gender, socio-economic status, age, race, and ethnicity.

In addition, smokeless tobacco, the present subject of inquiry, has also been
reported to be statistically associated with oral cancer in some studies. With respect to
smokeless tobacco and oral cancer, the best retrospective case control study to date is the

Winn study. Yet, even this study has admitted “methodological limitations™ and cannot



provide the basis for a conclusion that smokeless tobacco causes cancer. A brief review
of the epidemiological studies relating to smokeless tobacco and oral cancer follows.!

While some studies report a statistical association between the use of smokeless
tobacco and oral cancer, others have not. At the outset, it should be reiterated that
virtually all these studies suffer from various methodological weaknesses, such as very
limited populations in confined geographic regions or failure to account for confounding
factors. Nevertheless, a review of these studies is useful to demonstrate the equivocal
nature of the data on the issue of statistical association.

The major epidemiological studies showing no association between smokeless
tobacco use and oral cancer include: Smith, et al. (1970), Smith (1975), Wynder, et al.
(1957), Peacock, et al. (1960), Martinez (1969), Wynder and Stellman (1977), Browne, et
al. (1977), , Young, et al. (1986), Sterling, et al. (1992), Mashberg, et al. (1993) and
Muscat, et al. (1996).

Smith, et al. (1970) and Smith (1975) report a prospective follow-up study
conducted in Tennessee involving 15,000 smokeless tobacco users, 1,550 of whom were

followed for 10 years. It was reported that none of these individuals developed either oral

' As to epidemiological data relating to any possible association between smokeless
tobacco and cancers outside the oral cavity, the 1986 Surgeon General’s report stated: “Evidence
for an association between smokeless tobacco use and cancers outside of the oral cavity in
humans is sparse. Some investigations suggest that smokeless tobacco users may face increased
risks of tumors of the upper aerodigestive tract, but results are currently inconclusive” (p. xxiii).
I am not aware of any studies published over the past 11 years which would warrant a change in
that conclusion.



cancer or serious changes in the oral mucosa. The primary researcher concluded: “I
believe that the type of snuff used in this country cannot logically be considered as
carcinogenic in view of the large number olf patients who have used snuff for many years
with no clinical or histological evidence of tissue change.”

Wynder, et al., (1957) reported no statistically significant association between

tobacco chewing and oral cancer in a large Swedish population. Peacock, et al. (1960) in
a retrospective study of 45 oral cancer patients reported no statistically significant
association between oral cancer and smokeless tobacco use except in individuals from a
low economic status who were over 60 years of age. Information on alcohol use or
cigarette smoking was not obtained in sufficient detail to be accounted for in the
statistical analysis.

Martinez (1969), in a retrospective study of 400 cases and 1,200 controls, found
that “[p]Jatients with cancer of the mouth did not often use chewing tobacco
disproportionately....” Wynder and Stellman (1977), in a retrospective study at 20
hospitals in 8 American cities, reported on 873 cases of oral cancer and found the use of
smokeless tobacco in these cases was almost identical to that of the controls.

Browne, et al. (1977) conducted a retrospective study in England of 75 oral cancer
patients and 150 controls and concluded that “[t]obacco chewing, which was restricted to
miners, was equally common (45%) in the two groups.” Young, et al. (1986) was a

retrospective case control study of 623 Wisconsin patients with cancer of the head and



neck. With respect to the patients who ever used snuff or chewed tobacco regularly, it
was found that there were no statistically significant differences between cases and
controls.

Sterling, et al. (1992) used the National Mortality Followback Survey and the

National Health Interview Survey to compute risk estimates for mortality for all cancer,
oral cancer and cancer of the digestive organs for use of smokeless tobacco, controlling
for potential confounding from smoking, drinking alcohol and occupation. No
statistically significant associations were found for any of these groups of cancer.

Mashberg, et al. (1993) conducted a hospital based case-control study of 359
patients with oral cavity - oropharynx cancer and 2,280 controls. No increased risk of
oral cancer was found for use of snuff or chewing tobacco.

Muscat and his colleagues at the American Health Foundation (including Dr. Ernst
L. Wynder) conducted a hospital based case-control study of 1009 patients with oral
cancer and 923 age-matched controls (Muscat, et al. (1996)). They found that oral snuff
use and use of chewing tobacco were unrelated to oral cancer, 1.3% of male cases and
1.6% of male controls having used snuff at least once a week for one or more years, and
5.5% of male cases and 5.3% of male controls having used chewing tobacco at least once

a week for more than one year. Among women, only 2 cases and 1 control reported snuff

use, and no women reported using chewing tobacco regularly.



The major epidemiological studies reporting statistical associations of varying
strengths between smokeless tobacco and oral cancer, include: Moore, et al. (1953),
Vogler, et al. (1962), Vincent and Marchetta ( 1963), Williams and Horm (1977),
Westbrook, et al. (1980), Stockwell, Q al. (1986), Spitz, et al. (1988), and Winn, et al.
(1981). Mooré, et al. (1953) was a retrospective case control study of 40 cases of mouth
cancer in Minnesota. The authors report a statistically significant association between
smokeless tobacco use and mouth cancer. The data reflect a relative risk of 4.0 for this
association. The 1986 Surgeon General’s Report discounts this study as a whole because
the relative risk estimates for the association between smoking and mouth cancer were
less than 1.0 (0.6 for pipe smoking; 0.54 for cigarette and cigar smoking).

Vogler, et al. (1962) in a retrospective study looked at 333 cases of cancer of the
mouth, pharynx and larynx and reported a statistically significant association with
smokeless tobacco use. The study, however, does not take account of alcohol and
smoking as confounding factors.

Vincent and Marchetta (1963) reported a retrospective study of 106 patients with
cancer of the head and neck and 150 controls. The study reported a higher rate of usage
of smokeless tobacco in male patients with oral cavity cancer than in controls. This
comparison was based on only 9 smokeless tobacco using cases and 5 smokeless tobacco
using controls. Therefore broad conclusions from these limited data cannot be drawn. In

addition, this study failed to control for smoking, alcohol use, and age.



Williams and Horm (1977) did a case control analysis of cancers based on data
from the Third National Cancer Survey. The statistically significant associations reported
in this study between smokeless tobacco use and oral cavity cancer in males but not in
females were based on only 11 males who were smokeless tobacco users. Moreover, this
study used other cancer sites as controls and as the authors concede “[t]he intercancer
comparison approach required for the analysis of these data is one of the most likely
sources for possible misinterpretations.... This approach can produce factitious inverse
(or even positive associations)....”

The medical records of 55 female patients treated at the University of Arkansas
with cancer of the alveolar ridge or buccal mucosa were compared with the records of 55
randomly selected female hospital controls (Westbrook, et al., (1980)). Fifty of the cases
and only 1 of the controls were reported to be snuff dippers. The results of this study
appear to be grossly out of line with any other reported study as the data reflect a relative
risk 0f 540.0. These extraordinary results are an extreme example of the methodological
problems iﬁherent in retrospective case control studies. Here, snuff usage information for
the cases and controls was obtained from the medical records of the patients, and many of
the controls were undoubtedly being treated for conditions that would not elicit
information relating to snuff use. As the Surgeon General’s Report observed with regard

to this study, “[n]o reliable estimates of risk can be derived from this study because of the



strong possibility that there was not comparable elicitation of exposure information for
cases and controls.”

Stockwell, et al. (1986) conducted a retrospective case control study involving
2,351 cases of head and neck cancer in Florida and reported an 11-fold risk of mouth and
gum cancer in smokeless tobacco users. As the authors themselves noted, there was no
control for confounding by smoking and alcohol use. In addition, as with Williams and
Horm (1977), the controls were other cancer patients.

Spitz, et al. (1988) reported on a retrospective case control study in Texas of 185
patients with cancer of the larynx, tongue, orohypopharynx, and oral cavity. Although
the authors report that a relative risk of 3.4 is statistically significant, based on 9 snuff
dipping cases (4 larynx, 4 oral cavity and 1 orohypopharynx) and 4 snuff dipping
controls, in fact the odds ratio is actually 2.3 and is not statistically significant. All 9
cases drank alcohol and smoked, meaning that the association with snuff dipping is
completely confounded by smoking and drinking. In addition, when analyzed by site, the
data show no association between oral cavity cancer and snuff use.

The best retrospective case control study to date reporting an association between
smokeless tobacco use and oral cancer is Winn, et al, (1981), but this study also has
methodological limitations, which are recognized by the authors, and does not establish
that smokeless tobacco is a risk factor for oral cancer, much less that it is a cause of oral

cancer.

10



This was a retrospective case control study involving 232 women in North
Carolina with oral and pharyngeal cancer selected from hospital records and death
certificates and 410 controls that were matched for age, race, source of ascertainment
(Le., hospital or death certificate), and county of residence. Interviews were conducted
with the subjects or, where the subjects were unavailable, with next-of-kin to accumulate
information about the cases and controls with respect to a broad range of topics. The
proportion of next-of-kin interviews was much greater for cases (51%) than for controls
(21%) in the hospital series. The hospital series constituted the greater proportion of the
study subjects. The death certificate series was of course all next-of-kin interviews.

A major methodological problem, therefore, with this study is that substantially
more next-of-kin interviews were conducted with cases than with controls. Analysis of
the interview technique reveals that next-of-kin reported more snuff usage than the study
subject herself. Therefore, the interview source itself may have increased the snuff usage
among the cases in this study compared to the controls thereby inflating rates or relative
risk as to snuff use.

Next, Winn, et al. is repeatedly cited, including by the IARC and the Surgeon
General, for their reported finding that snuff dipping for greater than 50 years resulted in

a 47.5 relative risk for gum and buccal cancer. It should be noted that this relative risk is

out of line with virtually every other study on this subject. The researchers have achieved

11



this extraordinary relative risk by excluding from their calculations the strata of the data
which do not show statistically significant associations.

For example, pharynx and other moﬁth sites do not show a statistically significant
risk, so the analysis is confined to the gum and buccal sites; smokers do not show a
 significant association, so the analysis is confined to non-smokers; and the death
certificate cases do not show a statistically significant association, so the analysis is
confined to the hospital cases. They also chose periods of duration of use (Le., 1-24
years, 25-49 years, 50 and over years) in order to maximize the relative risk. However,
when all cases and all controls for all sites are considered, the relative risk for 50 years or
more of snuff dipping is actually 1.99.

In any event, even if the obviously biased selection of the data were appropriate,
Winn, et al. used an Inappropriate method for calculating the 50 years and over odds ratio
because it ignores the matching of the cases and controls. If other more appropriate
methods designed to take account for matching were used, the relative risk for this highly
selected data would be approximately 5.

Winn, et al. also report a dose response relationship based on the same highly
selective data discussed above. Yet, as Winn states in her doctoral thesis, when the data

are taken as a whole, “[o]ral cancer was not clearly related to the amount or duration of

snuff use.”

12



Winn, et al. find that among those subjects Who both smoked and dipped snuff,
“the risk of oral and pharyngeal cancer was not exceptional,” the relative risk being 1.2.
Yet, snuff dipping in terms of can years in this group was greater than in non-smoking
dippers who had a relative risk of 3.6. In addition, the smoking dippers had an average
consﬁmption of 15 cigarettes per day and 22 pack years while the non-smoking dippers
obviously had no smoking exposure at all. These data, coupled with the absence of a
dose response relationship, argues against the biological plausibility of the sometimes
reported association between oral cancer and snuff use as being one of cause and effect.

A curious feature of this study is the absence of an association between oral cancer
and snuff use in blacks. Another curious feature of this study is that the data show
statistically significant negative associations between alcohol consumption and oral
cancer in non-smokers and in dippers. Such anomalous results further illustrate the
degree of caution that needs to be exercised in interpreting statistical associations whether
positive or negative in a retrospective case control study such as this.

Finally, even if the Winn study was beyond reproach methodologically, it must be
remembered that it is only one retrospective case control study with all the limitations
inherent in such studies and that the study population to which it refers is hardly
representative of the U.S. population in general, being largely elderly women from the
Piedmont region of North Carolina. Broad conclusions can hardly be based on such a

study. It is noteworthy that 16 years after the publication of the Winn study, which

13



garnered widespread attention in the public health community, the results of this study
have not been reproduced in the Piedmont region of North Carolina, nor in any other
population.

In direct contrast to her positivé findings in non-smoking dippers in her case
control study, Winn, et al. (1982) found no association with oral and pharyngeal cancer in
non-smoking users of smokeless tobacco in a follow-up of 300,000 U.S. veterans from
the Do study.

In summary, the statistical studies conducted to date do not convincingly show the
use of smokeless tobacco to be a risk factor for oral cancer, let alone a cause of that
disease. Accordingly, in my opinion, it would be unwarranted for the NTP to list
smokeless tobacco products as either “known to be human carcinogens” or “reasonably

anticipated to be human carcinogens.”

Kenneth D. MacRae, Ph.D.

10 October, 1997
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Ré’ORT RI93/TOX/001
EXECUTIVE SUMMARY

The purpose of this monograph is to review experimental dara dealing with smokeless tobacco
as a possible cause of oral cancer. This review has been undertaken mainly because anecdotal
. reports and epiderniological studies have raised a question about the relarionship berween the
use of smokeless tobacco and oral cancer in hurnans. However, the anecdonl reports lack
scientific mmg while the epidemiological studies are confounded by a number of other
factors which are associated with oral cancer. These include poor oral hygiene, socio-economic
status, diet and alcohol.

Long-term studies in experimental animais of different species indicate that smokeless tobacco
1s not carcinogenic in the oral cavity. When the epithelium of the hamster cheek pouch was
cxposed to large quantities of smokeless tobacco for long periods there was no resulting oral
cancer although parallel studies showed that the cheek pouch epithelium was sensitive to known
chemical carcinogens at much lower levels of exposure. In studies in which smokeless tobacco
was 1nserted into a surgically- constucted lip canal in the rat there was an incidence of umours
of the connective tssue and the epithelium of adjacent strucrures, These tumours can be

explained however by the mechanical rauma of the procedures used.

Chemical analysis of smokeless tobacco indicates the presence of a class of compounds called
tobacco specific nirosamines (TSNAs). Some of these compounds, when tested in pure form,
ie isolated from smokeless 1obacco, cause both benign and malignant wumours in some organs of
laboratory rodents. These TSNAs, however, do not cause cancer in the oral cavity of
laboratory animals. Their carcinogenic effect in the other organs is considerably reduced if the
cxpenimental animals are treated with certain plant products, including tobacco itself, just prior
to or at the same time as exposure to the tobacco-specific nitrosamines (T SNAs).

Examinaton of the mechanisms by which TSNAs are memabolised in marnmals has confirmed
 that, like other carcinogenic nitrosamines found in food and other piant marerials, they form
metabolites which are capable of interacting with cellular genetic material such as DNA.
However, the production of these agents mn the different organs of experimental animals does
not correlate very well with the sites of umour formarion. Somne of the plant products such as
alkylarylisothiocyanates, which are commonly found in cruciform vegetables have been shown



REPORT RI93/TOX/001

to reduce the carcinogenic potential of TSNAS in long-term animal studies and they also inhibit
the metabolism of TSNAS to agents which interact with DNA.

For many years mumagenicity studies have been used as indicators of potential carcinogenicity.
Smokeless tobacco itself, because of its physical nature, cannot easily be tested in experimental
mumgenicity procedures but the TSNAs and exmacts of smokeless tobacco have been shown to
‘be mutagcxiic. The observaton of mutagenicity is supported by the demonstation that
mcmﬁolic products from TSNAs interact with DNA. In the absence of results from long-term
animal studies these mutagenicity results would have been interpreted as indications that
smokeless tobacco was potennally carcinogenic. However, the negarive results in the anirmal
carcinogenicity studies are better indicators of the potential carcinogenicity of smokeless

tobacco than the results of the mutagenicity tests.

Somé viruses, partcularly the herpes simplex virus, are associated with the incidence of cancer.
It has been shown experimentally that there was a high incidence of oral cancer in hamsters
when snuff was applied repeatedly to the oral cavity if an active infection with herpes simplex
virus was artificially maintained for the whole of the experimental period. No tumours were
observed in hamsters or rats treared similarly with smokeless tobacco when the virus infecton

had been allowed to become dormant.

Overall the experimental studies support the conclusion that smokeless tobacco has not been
shown to be carcinogenic in the oral caviry of laboratory anirmnais.
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1 HISTORICAL BACKGROUND
1.1 Introduction

'Ihcmbaccoplam(Nicotianatabacumandesﬁa)ismmgmtohaveoﬁgmamdmtmmainMd
berween North and South America over 7000 years ago and its aﬂﬁvaﬁonisofcmsidcmblcmqmy
(Voges. 1984).'Accordmg:oomsmaaz(1982).Ammmmmwmuzﬁmmmokc.mm
snuff tobacco. 'Ihcoﬁginsofmesehahirsarclostinamiqmybmsomcdnsmgmthatﬂtymayhavc
affordedsancmﬁcfﬁomﬂnrigmnsoflifcintmscarlcianm:saswellasb:ingaplcasumuepasﬁme.
Thus, according to Heimamn (1960) and Stewart (1967) the explorer Amerigo Vespucci thought that the
inhabitamsofasnallislandoﬁ'mccoastofVcncmeladicwedtobaccomqumchtiﬁrstbccausc!hc
island was very short of water and chewing tobacco induced profuse salivation. Chewing wbacco was
aJsofomdtoassuagcmccﬁcctoffaugucandlnmgcraswenasthirs:mfacz.izhasbemrcponedum
anlndiancoulduekfor20r3da_vswimnoomcrsupportmantobacco. Tobacco was also thought to
have medicinal propertes bythclndiansandxobcagoodclcangaguuformem No doubt, the
ﬁbrousnaxurcofthc:obaccomayhavcmmaneffccxjvctoothclcansermﬂuahsmofanyoﬂmmm

suitable material

TobaccowasimroduccdimoEurmesoonaﬁcrﬂndiscovcryofﬁzAmuimmmandbydx
beginming of the 17th cenmry it armived in Turkey, Russia. Arabia and the Far East (Axton, 1975).

1.2 Chewing tobacco

According o0 Gonsegen (1940) and Brooks (1952) wobacco chewing became popular in Eastern USA
during the first half of the 19th century and the custom spread © Europe. Tobacco chewing was found
10 be 2 good subsnmte for smoking bymoscwhoco:udnmsmokcorwtnwmplevmdfmmckingso.
for example, sailors chewed tobacco because of a ban on smoking which constinzted a fire hazard on
board (Brooks, 1952). The belief in the beneficial effect of wobacco chewing against illness was also -
prevalent in Europe and no doubt heiped to popularise the product.

T}nmwasanmdesimblcsidcmnzpmcuscofdxcwmgmbacco. Some users expectorated the chewed
cudindiscmninmly.muscmaungamnsamempublicplaccswlﬂemcadvmofﬂtgctmmemyd
discascledtothcfcarmmmd:pmcﬁcsmaymaseﬁoushawdmmnhbydimﬁngm
particularly mberculosis (IARC. 1985). Thus the practice of chewing wbacco became less popular
towardsthcendofthel%cmmryandmebcgimﬁngofmezomwmnyhnissﬁnwidspuadmday.

1/119
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13 Inhaled powdered tobacco

nnpmcuceofmmgpowwmamismmgmmmoﬁgmmmmgmmmsm
'Ibcygmtmdﬂztobaccoleavestoapowdcrinamcwoodmpandinhaledﬂnpowdmdlcavcsvia.

of Queen Anne (1702-1714). It continued to be popular for severaj decades afterwards and, according 1o
rccords.izwasusedbyscvcmlpmnimumoplcmchasLordNelsonﬁnDszofWeningtm.
Alexander Pope and Samue] Johnson

1.4 A note on current practices

Chewing tobacco and snuff are Currently called smokeless tobacep. Snuff consists of wbacco that has
been cured and then finely ground 1o produce dry (Scotch) snuff (less than 10% moisture), moist snuff
(up 10 50% moistre), or fine-cut tobacco, the lager being generally considered a form of moist snuff,

The customary use of snuff mvoives "snuff dipping”. It consists of taking a small amount of smuff
bcmemdngingivamdeimcruzliporﬂrbuccalmucosa Ittrm:imcrcanbclcftforafcwmimm
and cleared by expectoration or left for much longer periods: some users rewain snuff in this position for
many hours. Snuff dippers usually expectorate saliva mixed with tobacco extract

Q\eudngtobaccombeobtzimdasplug.loose-lcafandmdstormntobacco. Plug wbacco is made
ﬁomwbaccoleavswtﬁchmwmppedmﬁmmbacmmdpmssedinmﬂnbamormns. Lodsv_.-leaf
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ammofuﬂgsnd:desmbacmispmuaﬂaﬂymvaLunmmgﬂnmﬁchmmmm(omm
et al, 1986). ﬂncampdonofmd::lmsmbaccomdrUmmdSmismpomdmhzvcmpbd
betwe:nl972andl991whmixis&mamdtohavemvolveds.smﬂlimadwsmnm. 1993). These
mmmmmmmﬁmyu@mms.é%dum:mmpmﬁm
Thcgmaxestusage\vasinmcnativeAmericanandmn-Hispamcwﬁt:mal:smdﬂrusagcwas
inversdyconelatedwimthcmmberofycaxsinemcaﬁmx InSwedmaboutls%ofthalcsusc
moist smuff (Lewin er al, 1994), '

Reccnﬂychewmgmbaccohasbmoffuedmusersmdosedmfabﬁcmacﬁalofﬂtmctypeasum
used in making tea bags. Aboutlgramofxobaccoiscanaimdmabagappm:dmamlyZ”squm. The
bagisplaeedbctweenugmgivaandthcctnekandiscimerlcftinsimorctnwedixmuﬁnumy. This
method of presenting snuff tobacco allows extracton of nicotine by saliva and improves oral hygiene in
tobacco chewers by retamming the fibrous residue in the bag.

Over the years there have been many arucles in the scientfic Lteranre dealing with smokeless tobacco
and oral cancer. A number of epidemiological studies have been conducted to ascermin whether
smokeless tobacco is associated Stanstcally with this disease (JARC, 1985). The results of the
epidemiological studies are inconclusive. In addidon, a large amount of ‘experimental work has been
carmed out o investigate the possible carcinogenicity of smokeless tobacco. Various modeis have been
empioyed in this endeavour. The purpose of the current monograph is  review the results obtained in
expenmental research with the smokeless tobacco products used in USA and Westemn Europe. The
monograph does not deal \Vilhdga!'m:mbaccoortrtmok:lcsstobaccopmducts used in Asia because
these are substantially differert from US or Western European smokeless tobacco. The Asian smokeless
tobacco products frequently incorporate materials such as slaked lime and betel nut.

2 LABORATORY ANIMAL STUDIES ON WHOLE SMOKELESS TOBACCO OR
TOBACCO EXTRACTS

2.1 The hamster cheek pouch

MWmmommmmmmmmmMMmmﬂtommmd
hcundcmeamnzmusdesofuwdwckhau&nmme"dukpoud\cs". The openings of the pouches lie
in the anterior part of the oral avityandareassodzmdwimsnansalivuyglandswﬁm;mdnccbom
serous and mucous secretions. The pouches extend backwards along the oral cavity but do not reach as
farastheompha:yngca]jtmcuon.

Ine
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Iﬁstologimny.tmcpimcﬁmofundmkpoudiismﬁcdsqumm It is 2 1 4 cells thick and
consistsofaweﬂ-d:ﬁncdbasalhya(bmmmpegS).aspimhyer.megnmuzrcdkmda
slightly keratinised strarum comeum. mmeﬁsmclayermmmqﬁm:ﬁxmﬂm
pmpxia)camxsmacwssmysuucmmbmmycunzinmmsmnymmc:ns A layer of
lmgimdinanyamngedskeletalmusdeﬁbresisfmmdmdcmeaxhﬂ'e'!mhnpmpﬁa"mdm&dcﬂz
musdcmacifalayerofloosclypackadmolardssue. ﬂmct\volayexsfmmmembmucmawﬁchin
tum is covered by dense subcutaneous tissue and skin Basically, the cheek pouch is surrounded by
skeletal muscle and loose areolar tissye. Whmmcpoudzisscpammdﬁummcammdingdswe.thc
lineofscpannmocwtsazmclaycroflooscamolarﬁssm

Functionally, the cheek pouch stores half-chewed food which is pressed out as needed. Tobacco and
snuff,whmimmduccdinmﬂnpmdl.mnainins’mforscvemlhansandsmanmmnsm
periodically extruded and chewed (Shklar er al. 1985). Thus, the hamster cheek pouch facilitates the
study of prolonged exposure of the oral mucosa 1o tobacco products.

Onepfmeearlicstsmdiesofurposm'blc cardnogemdtyofsnokclsstobaccowaswﬁedominmis
model by Peacock er al (1959, 1960). The authors questioned the relevance of the tmours obtained in
carlier studies involving repeated paintngs of distillates of cigaretts tobacco on mouse skin for assessing
the carcinogenicity of unbumed tobacco. They therefore selected the hamsters' pouch for conducting
their smdy. In the authors' expenience, absorption of compounds from the pouch into the systemic
circulation was slow. For example. impiantarion of 40mg srychnine (8 times the minimum lethal dose
for hamsters) mmmepouchdidnmrumxinmcrapiddcamswtﬁch wouid have occurred from direct oral
dosing and some of the animals survived indefinitely. The slow absorption meant that pralonged contact
Was possible berween the material insened and the epithelium of thc pouch.

In their experiments Peacock er al, (1959 and 1960) used 124 hamsters (sex unspecified). After
dissccdngmt&ndukpouchzﬂﬁduﬁngﬂmmalopaﬁngofﬂzpmmﬂ:mmorsw10cm3cf

snuff or 2an3ofd'xcwingtobaccoplugmdﬂ'mligamdmcsacmdxtmmdittoitscriginalposiﬁm
und:mcathmcdukmuscle.Sixty(GO)hamstcxsrtca'vedmemuffandﬂrodzr“mcdvedd'cwing
mbacﬁo. Thewstmamialwasimplmwdmd:lcﬁpoudxwiﬁlcﬁtmmmsumdasmﬂs(sanu
somcblandmazcrial)wexcimplmwdinmﬁgiupmm Rcﬁningu:dnd:pwchswimm&das
mbmwammma&wmm:mmmmlmmnmnmmgmm'
subsequent death of the animals. Amﬂdd:mﬁcinfectimw!ﬁdzappawdmbesdf-limimd.ocamedh
afewofmcpouchsanddidmzprog:usbcymd3wed:s. The experiment lasted 30 months. In the
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group that received snuff, 39 died within the first 12 morths, 1] within the next 12 months and the 10
SUrvivors within the next six months, in the group that received chewing tobacco, 43 had died within the
first 12 morths, 13wimanncxx12monmmmemmng8wimunm6mm No tumours
wexcfomdinmemucwsmunbramofmcpwdzor‘aalaviryinmyofmcm

Dunham and Herold (1962) investigated the possible mgcmcityofsmﬂ‘inagmzpoﬂs hamsters.
. mmuﬁmmwmdmmamumnamwmm@mmmhmm

Homburger (1971) investigated the possible carcinogenic properties of smokeless wbacco by using the
omlmucosaaswcnasﬂrdmkpouchofhamsm. Hcimmobilisedtbcammals'hndsbyasmndﬁon
for 30 minuies each day, which allowed snuff 1o be applied with an automaric canndge filler v the
ging:voﬁngualma.imludingtr:upperpanofmebum]pmch OneexpcximanwasmmimmdaxS
mmmsaccordingtothcauthor’stable(wwedsamdhzgmdnm)bemseoﬁﬁghmommy. In
anomcrcxpcximemgmupsofssmalsmdlﬁfanﬂsmaﬂmedmazofufnnowmgmmm
snuff, coaon (dry, as control), benzo(a)pyrene (BaP) and DMBA The snuff was applied neat, while the
carcinogens were applied on absorbent cotton as 0.2ml of a 0.5% solution in aceone orpeanut oil.  Daily
cxposumoamuedforanyearcxccptforDMBAwmd:wasaniedoutcnlyformwe&sm
amimals' heaith deteriorated. The experiment was terminated after one year,
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Qxcmalcandtwoiunaleswcmlostﬁummntaxedcmmls. lnecnnasz,rhcmnnbcrsofawivmsfcr
malsandfcmalcsmsmcﬁvelyinﬂ:gmupucamdudmdrymmlSandl4.indx:smxﬂ'tr=amd
gmuplSand9.intthaPmmdgxmp I7and7.intheDMBAgmxp10md4.

meﬂnbcgimﬁngofﬂrexpcﬁmmnhamswscxpowdmmﬁmmmmwmgglcmd
memnnywmmnapmly‘mofnnammecuofum. In conmmast,
Mmalsexposedmwnmmmwdnogmcmﬁmedmsuugglemmemmofm The
auﬂ:orsamibutedﬁxc!ﬁghmonaﬁxymccrvicaldisloczﬁmbmxglnabanbyuzstmggleagainst
restraint.

'I'hcepiﬂnﬁmnofﬂrlipofﬂtoralcaviry andoftheche:kpouchofmcammalscxpommmuﬁ'
showed only minor changes compared with controis. Focal epidermal hyperplasia (ie. an increase in
cells) was observed microscopically in 6 snuff-exposed and 2 coton conmol ammals (sex unspecified).
Oncbcm‘gn mmour (papilloma) was found in each of the muﬁ-cxposedmdconmconnolgxmps.

A marked hyperplasia and metaplasia (change in cell morphology) occurred in the majority of animals
freated with BaP.  Similar but less severe lesions occurred in hamsters meated with DMBA. The
difference in severity of the lesions induced by DMBA is probably due © the shoner duration of
treamment. Nevertheless, lOsquamousccllcaru‘nomas.Binthcpmdz.smtn:sldnmdzmunmmm
developed in the DMBA exposed group whereas only 3 umoummobservedindtgn'mpofammals
treated with BaP, one each in skin. oral and pouch mucosa.

In another shon-term study with male hamsters, 70mg of finely powdered snuff or 50 w 100mg of
coarser obacco wcmirmoduceddailyforZOwedsimodtd'wdcpoudwfgxm;s of 20 animals. The
cxperiment was terminated at 20 weeks. Wkﬁlcmsigrﬂﬁcampaﬂnlogia!chmgamobsuvedin
thescanimalsmmwasasligiudimi!mﬁmofmiwdcactivﬂyandanincmascinmge!han'smﬂs
(Shklar er al, 198S). : ‘

Similarly the daily application of 2g of commercially available American snuff 1 the blind end of the
n'gmbucwpouchofagmupof8malchamsu:xsdaily.5daysawed:for6mam:s(mmat6
mmﬂs)msultedmhypcrplasia(inaeascmcdls)ofﬂn buccal cavity epithelium. A roughening of the
surface was observed byscamﬁngdemonmianscopywtﬂcvimanywiﬁﬁshpmhesmobsaved;
(Worawangvasu, er al, 1991). No focal proliferative lesions or tumours were found.
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Comment

mmv&gaﬁoncamedoutbyl’cacocketal(l959-l960)anthmhamaaI(l%ﬁ)mthchamsm
dnekpmdxprmddcsubstanﬁalwidesnokdssmbaccoisnmcamuguﬁ; Although there
wasahighmomlityindnuﬂymmmsof‘bothcxpcximms.saneammalssmvivedbcymd24andup
1o 30 months in both studies. Despite the relatively small number of these survivors, the duration of
exposumwas'molmgedmghmauowdcwuimpfan!dmgaﬁccﬁea.cvmaweakan
Observations from shorn-term studies support this view. Thus the daily insertion of snuff for about 5-6
manths produced only a mild hyperplasia (increase in cell number) without signs of -early mmour
development such as dysplasia (abnormal cell disposition in an epithetium) or focal proliferative lesions
(Shklar er al, 1985; Worawongvasu er al, 1991).

Funthermore, the development of tumours in the cheek pouch by the classical polycyclic aromaric
hydrocarbon carcinogens, BaP, MCA and DMBA, after a latent period of only 2 few months (Dunham
and Herold, 1962: Homburger e al, 1971) clearly indicates that the chesk pouch is sensitive 1o
carcinogens. The absence of the production of any tumours (including benign) or of lesions considered 10
hcmldmcproducrjonofmoplasiabymuffismsuongeonmﬁthtmauionofcan:imgmsmd
supports the view that snuff does not possess any carcinogenic properties. Furthermore no increase m
systemic mmour incidence was reported in any of the sudies.

to
19

Topical application

The identfication of certain carcinogenic tobacco-specific nitrosamines (TSNAs) in smokeless tobacco
raised questions about smokeless tobacco, Hecht, Rivenson er a/ (1986) devised 2 protocol in which
groupsofratswcmﬂtaxcdbyappﬁcationtothcoralcavityofcilh&raqueouscxmasof snuff, aqueous
extracts of snuff o which 10 umes the innate concentrations of N- mgosonomicotine (NNN) and 4-
(methylnitrosamino)- 1 -(3-pyridyl)- 1 -butanone (NNK) had been added. or aqueous solutions of NNN and
NNKequalw&nmmnuaddedmmuﬁ‘exm(seealsoScaims3.Zand3.30fthis_mcmgnph).
0.5mlofeachoftrtscsolmimsmabsorbedmmaconmswabandpaimedovermcoralavitymd
hpsofm:sunﬁlm.mﬁmmomnmunwabhasbmm Thispmwdmtwascamedmnmaday
for the first seven days. mewedsZ-Bitwasca;riedoutmdaﬂymmsdaymnmrsdaysmd
Maadaymﬂ:wmdaysofﬂzuedcmdmdmdﬁ!yﬁmwe&%m131. The experiment was
lerminated at 131 weeks. Nounnourswemobservedinmegmupofwmtsueamdwimmnﬂ'ma_
NNdeNNKpmchxcedasraﬁsdcanysigrﬂﬁcantincmascinbuﬁgnnnnoursofﬂtomlmucos& Souff
cxmaumdndudmthcmeammmofNNNmdNNK.howcvcr.maedalowerinddaneofdme
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bcnimnnnoms(BvQ.seeTableﬂ mggesungmaxnmff.orsanewmmafmxff.mayhavem
mlibixmyeffeamnnmoﬁgaﬁdtyofmmsamhm

Inasmdymmrdveﬂmusmmkeys(smuxmmad. l970)ﬂtonlmucoawasmdmmﬂ
byva:imsdcvicsforperiodsoﬁm?yeam Noneoplasmswe:efmmdaﬁm-nucmm

Comment -

W!mmuﬁormuﬁmawsm;iaﬂyappﬁedmdtomlmumofhbomxyms.multsdidnot
indiwgacaxdnogcnicmsporu nnmofsmﬁcxmmduwduzhﬁdmceofmnignmm
causedbyt.hclopicalappﬁcauonofNNNorNNnggsﬁnganhﬂﬁbiﬁngcﬁcaofmcmufform

component of it.
23 Dietary administration

DiPaulo (1962) fed male Wistar rars diets contaiming dried snuff for 18 months and male mice (DBA or
C57 B1 swrain) for 15 months. ‘I'tmwemwmm.%DBAmiccanleCWBlmiccindtmmd
groups at the beginning of the stdy. nxedictarycmccnm“ofchiedmuffwcmappxmdmatdyS%
forthcratsandﬁ%forthcnﬁccatthcbegimingofﬂnsmdyfaningbystagestoS%atmccxn The
snuff-treated groups had statistically significantly reduced body weight and survival compared with the
controls. Hmwmmwamwwxmmmswmwmymammm
“few pathological changes". Inmcsnuff-mxedgmupsatmhadakidmysamomamdumcm
leukaemias in one rat and in three DBA mice. Nomaligrmdsmrcpomdmuncamnlsalmough
trzauthorscommanzha:mmouxsocaxrspmmeouslyinmmas. No malignancies of the oral
cavity or upper alimentary tract were fomxdinmesmff-tmaledtcstgmups.

Secumznmmedzomcdiemymforﬁmammugmm According to the authors’ text S00 male
hamszexswemanployedmﬂﬁssmdy.?SOofunBlo 15.16 swrain and 250 of the BIO 87.20 strain
Hom.mﬁngwﬁnmﬂedmummuzpmrbmhmﬂem&mﬂcmmm
mehamszcrsofeadxsuzinwexedivicbdirmSngps. MﬁmmmmmgiMadia
maﬁingZO%smﬁ.mZD%cdlmuﬂﬁrdgxmmmcdvedSOMOmegmahylmdmn
(MCA) by gavage (frequency not .stated). The fourth and fifth group received 2 low dose of MCA -
(OSmngOdoses)bygzvage-asweﬂasadietcanzimngddmzo%MCAorZO%ﬂmﬂi

&n
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Fmdmmpﬁmwaswduwdmauaﬁmalsmodvmgurdctcamﬂngsmﬁmuzdﬁummwas
not stanistically significant. The body weight of hamsters of the BIO 87.20 strain maimtzined an 20%
muﬂwasn'gniﬁcanﬂylessﬂmformo&mmeszncmgimmplmMCAbyngag& The bodyweight of
the BIO 15.16hzmstcxsdomdwizbmuﬁ'was mﬂy slightly reduced.

‘I'heexpen'mmcamnwdforZycars at which time it was terminated. Twenty-two out of the wral of
loommntmedwimhi@doseofMCAhaddieddmingtrzﬁmyear.bmonly 10 of all remaining
animals died during this period. Comﬁmwasdcmcwdmmescmofanimalsrecdvingm

Nommmmrmmmmwmmm&dmﬁmmmnmfwxnm.
indicating that the commercial bmndofmuffusedmmissmdywasrmcarmlogcrﬂc (Table S).
FomszomachmmomswmobscrvedinttﬁnmofthehamstcrsxcccngMCAandcr.uuloscandscvm
of these were malignant Thmcfmtstanachmmomsofwhichnwommaﬁgmmmobservedin
hamsters treated with MCA and snuff.

Comment
Dietary studies with snuff clearly indicate thar it is not carcinogernic.

The study by Homburger er al (1976) is valuable because it lasted for approximately two years and was
carmed out on adequate groups of animals. Furthermore the concentration of snuff was 20% of the diet -
2 propornon much higher than thar nomnally used for non toxic mareriai %) - suggestng that the dose
level was sufficiently high to reveal any carcinogenic potential.

The inclusion of cellulose as a "negative” and of MCA as a "positive” control further adds w the
imponance of this smdy. MCAisdcaﬂywdmgemcmmgnnnmmdzfmmﬂn
glandular stomach and intestine. lnmmgconnastmacwcrcafcwnnnmnsind:fmwanad:mlym
groups dosed with snuff and cellulose. ‘mefomunaduismorgmwhichishmbbepzmem
dcvdopmmomsmmdmifmbjeaedmrcpeamdmuma. ﬂmxsmMmonmazsnnﬂ'mxgmhzve
animlibiringeﬁ‘ec:munnmrpmducdmbyMCAmmcmmbcrofunnmnsind:mdbymm
MCAissnallermanmoscmduwdbyc:uuloscandMCA.
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24 Artificial lip canal in the rat

Himdzmmm(wsl)d:vaopdammoddumsougmms‘mmmm"cﬁppmg"by
facilitating contact between snuff and saliva. Using microsurgical techniques, they created an amificial
mm!inthelowerﬁpofaymmgaduhmwtﬁchwasopenaboﬂxmdsmdwhidiwaslimdixmrmnyby
muccsalq!mnlimnmdcnemanybyslm&nmﬂnlip. Tobaccoorsimilarsuﬁdpmdxmemldtrmbc
-insemdandmplacedmadilyasmqmedbyﬂtexpuhnmm The authors do not state the
'mmaofﬁmemmuumnmmuzﬁmmmnhpm The operation initially
causedamaxtedhﬂmmamwmacﬁmbuthanMaLﬁlledeayshmﬂcmc&mhddmoa
compietely subsided. Axmisumeuzlmnmofﬂnwmlwasmvuadbyk:ﬂﬁnisedsqmmms
epithelium which was acanthotc (S-IOcenlaycxs)wixhxucpegspmjecMginmunsubmum layer.

Asfdrasmccmldasccrtain,&:dsmcrcacﬁonatﬂtsiteofsurgc!ywasanowedm!talbefombdng
used for experimental purposes. The test material was injected from the lip side imo the artificial canal
byaplasticsyﬂngemmexc:ssmuffwasmtssedoutmrmghﬂ:buccalopmmg.amlgmplac
filling of the canal ﬂuauthorsfmmdmmismodelcmndacmmodmappmﬁmamlyo.ngof
powdcmdmuﬁwmchmspmdsmammdoseoflg/kgbodywdgm(appmﬁmamlystimsthc
amount a human might use). The insened material wasmimdforSmShmrsandwasmanpamied
by "hypersalivation” and an increase of biood nicotine from 13ng/mi (inonccmnol)to&andﬁ()ng/ml
(two animals). AftcraMcc-dailyappﬁcaﬁonofo.ZmO.4gofpowdmedmuﬂ’for9mmxhsthc
epithelium of the canal was mildly © moderately hyperplastic and the adjacent comnective tissue
extubited an inflammatory reaction whidivaﬁedindegmcﬁommﬂdmscvm(mxschandmmm.
1981). This model was utilised by Hirsch and Johansson (1983) 0 study the effect of long-term
application of snuff on the aral mucosa of the rat. ﬂxcscauthorsinscnedﬂlgofstandaxdsmﬂ’orsmﬁ'
madcmorealkalimmanmrmalbydtaddiﬁonofsodiumarbonaxcixmanamﬁcianymdﬁpcanal
twice daily for 9 to 22 months. Outof42malcmdiunalemsthaxm:ivedtr:snndaxdsmﬂ'.grmps
of6to80fcachscchrcidlledat9and12moms. The rats remained healthy up to 18 months, after
wtﬁchmmwasadecﬁn:somaxﬂzmairuamkiuedbctwm18md22mcmhswlu1mm'b|m¢
ThclOmmmmcdvedﬂzalkalir:muﬁwcmlduedWMmoﬁbmdbuwemlSandZZmomha The
15ratsin:rzcormolgmup(wiﬁdxhaddnlipanalbmwemnotuuxedwithsnufforanyother
matenial) were killed in 3 groups at 9, 12 and 18 months.

ﬂ:squamouscpiﬂ:ﬁmofﬂzcanalcxtﬁbiwdagmenlimdmﬂdtomodcmmhypexphn‘aaﬁerho12 -
months of treamment with standard smuff, but foci of severe hyperplasia also occurred. A dismrbed
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polarity of epithelial cells was observed in some of the foci. The underlying conmective tissue exhibited 2
mild to moderate inflammatory reaction ar 9 months.

prominen later on. mmstmmalpicmmpmduwdbyalkamzsmﬁmﬂzﬁssmofﬂzﬁpwmwas
, simihrmMpodwcdbmeuﬁ%mlyamﬁﬁnalmmﬂdeﬂMﬂhypaphﬁam
observed in untreated controls. Asingleinvasivesquammsc:uwdrmawasfumdinmconlmvizy
ofamwtﬁdlhadbemueawdudmsnndammuﬂ’fmstamumswﬁchwasmwedmbc
spontaneous or induced by treamment. ﬂnmsmofﬂnmamu:mﬂmywasmt
specified by the authors. Ratswmdxhadbemcxposedtomuffforwtonmmmshadamm
papillary hyperplasia of the fmestomadx,anorganmthtMmtnnnans(Husdmemansson. 1983).

Thcappcaranccofsomcdysplasucfociin:hchyperplas:iccpiﬂnﬁmofﬂtﬁpmalmammals
repeatedly eated with snuff prompted a follow-up investigation 1o find out whether these dysplastic foci
would be followed by the development of mours if meament ceased (Hirsch, Larsson and Johansson,
1986). 0.2g of commercially available snuff were inserted twice daily into the artificial lip canal of 30
maie Sprague Dawley rats for 13 months. Ten rats were killed at the end of the treament period, another
IOwcn:killedoncmmxhlatcrandthelmgmupwcmldnedttmmﬂzsafmrmaﬁmofmuncm Ten
commlratswcrcsubjeacdwﬁnsamcmrgicalpmcedmbutwmlcﬁmmdmdwmldnedaﬂt
13th month of the smudy. Histologically, a slight hyperkeratosis and acanthosis was present in the
mucosalcpitbcliumofthclipcanalmﬂ'zisgrmpbuttttmcpcgswexelmpmnimmdm
inﬂamma:oryrcacuoninttxmbcpiﬂnlia] tssue was mild or absent. In the test amimals killed at the
same ume there was a mild 0 moderate squamous hyperplasia and hyperkeratosis. Acanthosis was
slight or moderate with marked development of rete pegs and focal atypia in the basal layer. The
inflammatory reaction in the submucous connective tissue vanied from slight © severe but fibrosis was
prominent and severe in all animals. Thcreacnonofmcmucosalepxﬂnhmandtmmﬂammmy
infilmate were less prominent after 1 or 4 months' eament-free period but the fibrosis remained
unaltered. '

mcemnmmdamodemmscvmhypcmmawhypaplammobwvedmuzgmgivd
cpithelium of geated rats killed at 13md14mmusbmtt:lcsionswc:emudll&minmh1hd
after a reanent-free period of 4 months. ‘I‘hcepimdiumofmcwngucmdbumlmumsainmzedms

was slight 10 moderately hyperplastic at all time points of observation.
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Thcaniﬁc:iallipwnlwassubsequmﬂyanployedmuplmﬂtposibkmtmoguﬂdtyofsmﬁinﬂr
oral cavity of rars (Hecht, Rivenson ez al, 1986). 50mg of snuff, obtained commercially, was insered
inmthclipwxalﬁummcomlmvirys‘dcum‘ngtt:mpofa]ﬂ.COcaﬂmplammuﬁtandaml
plunger. Inscxtionwasmucﬁveu'msweeklyforuptollﬁwedcsmagmxpof32mal:F344rm.
mwidmdrﬁngafmrmmgsmﬁudmwwmﬁhemummuﬂ)mdmmdm
inscmdimod':lipcanalonImsdailymﬂnnmewayforatsmncmmbaofmn The filtrate
'waslyoplﬁﬁmdmdﬂmbmugmwurcm&'smcyofmdstmuﬁbydta&ﬁﬁmofwm. It was then
nﬁxedudmmmcMmuﬁmdsmngofﬂﬁsmimm(d&gmwdmﬁdndmﬁ)wasz
dailymmcﬁpcanalforlwwedcsinagroupofBZmS. Tma!ﬁmalswﬁd:wacmbjecwdmmc
surgica]consuucdmofﬂnﬁpcmalwemlcﬁmmumdmdmedasmls. No mmours were
observed in the oral cavity of the controls. Two tumours, one of which was malignant, developed in the
cpimcliumoft!tﬁpcanalandmcxtwasoncpapillomaofthehardpalatemnzgmuputamdwi:h
commercial snuff. mmgmmmamwmummdmuﬁmuthaMOmaofﬂzxmgucand
anothcrapapillomaofmchaxdpalaxe. Onea:ﬁmalirxd':gmupmmdwimmxichedmuﬂ"devdmda
papilloma of the floor of the mouth (see Table 1). No sarcomas were reported. The authors state thar
the incidence of umours in snuff-reated Rts was not stanstically significant compared to the controls
although the incidence was higherthaninsomcomcrsmdieswimBMrats.

Non-specific lesions of the oral cavity including hyperkeratosis, acanthosis, chromic or acute
inflammarion and granuiomas were observed.

Comment

The arificial lipcanalmodclhassancmcminmcinvcmganonofoml carcinogenesis in that the canal
is readily accessible for insertion of test matenials and saliva emers the canal from the mouth in copious
amounts. Furthermore. absorption of eluates, exemplified by nicotine absorption (Hirsch and Thilander,
1981) may take place rcadilyﬁomﬂ:lipcanalsoﬂmanycarcmoguﬁcsubsmmdmdﬁmnﬂzm
matcﬁalmaybeabsorbedmdmayhavemcoppormmtyofmcrdngdistalmgms. | .

Unforunately, however, there is a major drawback in the model which raises substantial doubts about
the value of the results obtained. mmwmsmfmmmmwmwma
marked inflammatory response. Alumghmemﬂammawryrspmscmbs'dswhtﬂan3wed:sufﬂz »
operanon, it leaves a mildly hyperplastic epithelium with minimal amounts of scar tissue formation

(Hirsch and Thilander, 1981). IndtsmdybyHechLRivmezal(wSG)theinscxﬁmofsmﬂ‘ws
bcgmmmwedsaﬁermrgewmdﬂﬁstMchcﬁvamdﬂtmﬂmmmrypmmﬂﬁngh
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mﬂmcﬁmwﬂhypapladamdammmmmmrﬁsmcwﬁmmmmmwdm
long as treatment continues (Hirsch and Johansson, 1983). Itis well known that proliferative reactions of
uﬁssmmcpimehalormecﬁvedsamampmmmhadmwmmmhbonmryMM
mdn.absmofmydxumwcmwgm(maal. 1991; CQlayson ez al, 1991; Poynter and
Seiway, 1991, Ingram and Grasso, 1991).

mmmwofcpameuammominunupcamxsmdiesislowmarﬁghpmpommofmmishen'ign
Thispicmu:iswellinkec;ﬁngwmlmlowinddmceofnnnomsinmmscsﬁnorbhddcrepiﬂnﬁumm
miceandmrspmducadbyinitammatzﬁals.mfaathaxmmmmns\verefmndmmcxpuimm
whichlas:cd14monmsandin\vhichtrzanncmwascam=doutmriccdaﬂyforl.’:mmms(fﬁrschetal.
1986), suggests that the tumours observed in a subsequent mvesugaﬁmbyﬁednetal(l%ﬁ) may have
originated after 13-14 months treament. Ahwupeﬂodof&ﬁssonofdmﬁmismkeepmgwimmax
observed in the experimental induction of wumours by agents inducing persistent tissue njury (Grasso,
Sharrant and Cohen, 1991). Furnthermore, the experimenrs with snuff in the lip canal are lacking in
adequate controls. For example, no biologically inert material mchascotmnwoolwasinsmedmtm
controls. Insv:ad.thecommlgmupwasmtsubjec:toanyﬁmhcrmammmonwiﬂcmezestamnals
wcrcsubjecwdmthcltpcawdappﬁcadmofnanveormodiﬁedmff,apmwdmewtﬁchmuamvdve
considerable trauma judging Dy the severe epithelial and connective tissue reaction that is provoked by it
(Hirsch and Johansson, 1983),

carcnogenic activity. In our view, the marked reactive lesion seen histologically in the bip canal
following repeated insertion of snuff is sufficient 1o account for the type and number of mmours
observed.

25 Promotion studies with smokeless tobaceo

ﬂnmﬂmofanagcxumupableofhmmgnnnomsmimownxiginbutcapa.bleofdaingsoifa;plied
0 tssue cells already "primed” or "transformed” by low doses of a Strong carcinogen, arose from the
carlylsmdismmemecharﬁmofwwpmducuonmmmsmbyPAHcan:imgm The two-stage
pmccssifoﬁmxefemdmastmimﬁaﬁmandprunodpnmoddofwmngm The carcinogenic
PAHsmmdﬂdnmmmmmafememmmapﬁedmmymmﬂm
whcmascmnoﬂandsaneothersubsxmcsfailedmpmduccmymmwimmedbyﬂrsme
regimen. IfthePAHwasappliedaﬂyafewtimcsaxvcxylowdossmmmrsuhedbmﬂ:cdlsof
the skin were “initiated™ Subsequemrepcawdcmonoﬂmnncm(prunaim)mﬂmdinaﬁgh
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mncidence of tumours. M"imﬁaﬁanmmouon"modelhasmwbamslnwnmocanmlivcrmd
urinary bladder in both rats and mice as well as in the skin of mice, -

mﬁdﬁdﬂﬁpmﬂnw&lmwmmveﬁmﬂzmbkwwng”eﬁwofmﬂfnﬂowmg
administration of an “initiating” dose of NQO (#tﬁnoqtmah;e-N-oxidc).apomtopianyac&vc
snﬂtﬁca@wgmmﬂzmgucandhaﬂpﬂm()ommeeuwa). A group of 150 rats
hadmarﬁﬁdalhpwmlcmamdm:gimﬂymdtlowerﬁp. 'I‘hescwedividedinmﬁveappmﬁmamly
equal groups.

° Gmplwmucaxed%SOmgsmxffinscnendcdaﬂy.Sdaysaweekfor104weds:

. Gmupnwexentawdbypainﬁngpmpylcneglycol (PG) on the hard palate 3 times weekly for 4 weeks
and then left for 104 weeks without further reamment;

. Gmupmwcmmzedbypaimingmmchaxdpalamao.S%soluﬁmofNQOinPGBdmsweddy
for 4 weeks but without further reament:

. GruxprwcretreazedasGmupmcxccptthatﬂtha:dpalmpzimingwasfollowedbydtimaﬁon
ofmuﬂ’inmmelipcanalmricedaﬂyforlmwecks:

. Grouprcreueazedbyimcrtionimomclipcanalaconondippdmphysiologimlsaﬁmsdaysa
week for 104 weeks, ’ ‘

tongue. Theauthorsconclud:dtha:maewasmcviduneofmypmo&ngeﬂ’eczbymuﬁ‘becauscmc
mmrmmmﬂnmmmMmNQOmmmcnmmmutmmm
NQO followed by snuff. In addition. 5 sarcomas of the Lip were observed - 2 in rars treated with smuff
alone and 3 in the group weated with NQO followed by snuff.

'Ihcpossibﬂity:hatmuffcaﬂdpmoteuzmrdnoguﬁcityofNQOwassmdiedfmherbyum
Johansson et al (1989) in an initiation/promotion experiment combined with an investigation of the
imcnczionofmuffwidwimses(see&cn’mGﬁJofﬂis monograph and Table 27). lntthQOpﬁn
ofﬂﬂsexpcrhnmmﬂemlzwsmwcmedwtmﬂtvmmhﬂudngmmnz
gmuputawdwimsxmﬂ‘aﬂy.Spmgue-Dawlcyrmwcused. ‘nmschQOpanofthesmdyhcked
camolsandacmpamblegmxpueamdwimsrmﬂ’auy. ‘mcmmssmwedlowinddmcsd
cam'mmasinzndnearmclipanalinttzgmupsmwdwi&NQOaﬂymdNQOfollowedbymnﬁ.,'
Mwmdmﬁmdﬁmammmmmmdﬁsisﬁnﬂmeﬁmm
snuff does not promote the carcinogenicity of NQO.
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Johansson.Saidiexal(le)almusedﬂrﬁpmalmodclmcxplm:ﬁmhcrﬂzpom‘blcwdmgmidty
ofmuﬂ’anditsabilitywpmmcmmwrfomationfollowmgimmﬁmby either NQO or DMBA. In
uﬁssmdyzsomsmgueoawleymsmdan'amﬁcialmeomuummunmnp. Forty of
nmms(Gmupruentamdbymrﬁminmdrﬁpmalofampmﬁmina0.1%
solurionofDMBAmnn'n:xalm'Hmnswwdyfor4mmﬂmmﬁadrymampeuct
dippedinphysiologimlmlimmaday,Sdaysawed:forleeeh Another group of 40 rats were
u:amdinthemcwaywithDMBAbutummoeivedSOmgsmﬂ'miccdaﬂy.Sdaysawed:for104
weeks (Group II). mmnglm:pof38rars(GmupHI)m:ivedmlysmﬂ'twiccaday.."daysawed:
for 104 weeks. Grmxpwcmsisxedofmmxsmmd“dmmp:ﬂesdippedinaﬂj%mhnimof
NQOinPG3timesweeklyfond:sanddmwiﬂiacmonpdletdipmdeGmadayforsdays
a week for 100 weeks. Group V (38 mm)wcmutaxedudmNQOasinGmupIVandth:nudthmuffzs
in Group IMl. Controls consisted of 30 rats mreated with coron peliets dipped in physiological satine (see
Table 3).

Sarcomas occumdinmelipcamlinaugmups exccprthcomucamdwithDMBAaﬂy(Gmup D. The
highcszmddmocmmdmthcgmupmmdudmNQOfouowedbysmﬂt In the experiment there was
asmallnumbcrofmmomsofmcomlepitheﬁum-mosﬂymaﬁgnam-mgmupsn.m.l\'and\/bmme
aumorscomludcdma:thmwasnosigrﬁﬁcamdiﬁcmccmmgnmcgmupsinuninddmceofm
tumours and that no promotional effect was observed. 'I'heinddcmcofnnnmn'swm'dctmhcad.md:
orgaSMmcsunmmwstﬁgimmmcmgmupstdWhDMBAmmuumgmups

Comment

lnmcthracsmdicsrcvicwedmthissccdmepimdialmmomsocamdmdiﬁemm:annmlg!mps
im:ludingmosegmu;sucatedwithmuﬁ'aﬂy. nmcmmomswmfomdnmmlyinxmﬁpcanalbm
alsoond'cmgucmdha:dpalm. ntirldduneisatorbelowlkzlcvdofmﬁsﬁcalsigxiﬁmifdz
mmounineachammmicalmgimammulysedscpamdyagaimtﬁ:mgaﬂvecumk. It achieves
Statstca] significance in one experiment by Johansson, Hirsch et al, 1989, if wmours from the hard
pmu.upmfommmmmmmcmlmwmmumwm
compamdwim:r:mmmmurmms(cmpm. Although such an approach has been
faVWMbym.thmnmsmammagﬁmn(deodemﬁﬁcCammng.1984)
SOUBICVidmceofmissonisnmmgardedasvaﬁdpmofofcardnoguﬁdxy.
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proliferation in the rodent forestomach (Clayson et al, 1991).

proba’blettmthesemmourswerem:ad"pmowd"bymcmaivehdmhdumdbyphysicalm
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3 LABORATORY ANIMAL CARCINOGENICITY STUDIES ON TOBACCO-SPECIFIC
NITROSAMINES (TSNAs)

3.1 Introduction

Processed tobacco contains 2 number of nigoso compounds of both the low molecular weight (volatile)
and the higher. molecular weight (non-volatile) type, derived by the interaction of nirrate/nirrire and
amines found in tobacco (Tricker and Preussmann, 1991). The low molecular weight (volatile)
niuusaminmamofmctypcfamdinscvcmlfoodsmdnasﬁsh.mmdmeaanddm(UKMAFF.
1992)mdmpmmmlauvdysnaummnnsinmbaccosoummmdmhsbemdimmdinﬂﬁs
monograph almost exclusively to certain non-volaile nizosamines. These nitrosamines are derived from
unsecmmyammsmmcoam.mmbimmdmbasm:mdﬁomunmmmymmmmm
called Tobacco-Specific Nitrosamines (TSNAs). The amounts of TSNASs present varies widely with the
nitrite contert and type of obacco (Fischer er al, 1989) and are typically present in the order of a few
milligrams per kg (Hoffman and Adams, 1981). The following data are from Brumemann and
Hoffmann (1991).

TSNAs in smokeless tobaccos @

Product type NNN NAT + NAB NNK iso-NNAC  Total TSNA

us moist snutf A 104 a8 22 0.1 25
us moist snuff B 9.6 7.9 3.1 0.2 208
New US moist snuff C 4.1 3.0 12 0.1 84
New US  moist snutt D* 571 91.5 72 105 166.3
Sweden moist snuff A 57 3.5 2.1 0.1 114
Sweden  moist snuff B 53 29 1.4 0.1 9.7
Sweden  most snuff C 5.2 26 1.4 0.1 93
us dry snuff 10.6 13.1 0.9 0.1 247
us chewing tobacco® 1.5 0.7 0.1 0.01 23
® 1ame twand name
Key
' = Values are based on dry weight

NNN =  N-muosonormicotine

NNK = 4-(memylniunsamino)-l-(3-pyﬁdyl)-l-bmamm

NAT =  N-nirosoanarabine

NAB =  N-nitrosoanabasine

150-NNAC = 4—(memyh1inusamim)-4-(3-pyﬁdyl)4 butyric acid

The following is a diagrammaric rcpmcrimim from Brunnemann and Hoffmann (1991) of the formarion
of the main TSNAs from their parent alkaloids.
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Four TSNAs (NNK. NNN, NAB and NAT) have been tested for carcinogeniciry.
3.2 Studies with NNK

NNKhasbemmv&gamdfmmmmogmcmtmwmhmoryMbyvaﬁmmmcsd
iministration

3.21 Topical Application

Inmiee,NNKwasappﬁedtop‘mﬂytoﬂtstinofﬂzSencarmainat0.03.0.1 or 0.6 mg/mouse/day for
XOdaysauwsmfoﬂowedbyaweeuyzppﬁmﬁmofmzdeanoylphowdmﬂPA)muz
same site for 2 further 20 weeks. Loalprnhfmvedunlcsmsdevdcpadbmmaxnhnmyrsmmn
sixumlﬁstologialmndmﬁmmcmﬁeduua.avacaal. 1987; Table 7). Topical application of
NNKmmmﬁd:afﬂrmhmMofMM(BﬂbmmW)fa?we&dd
mmmbalmmunmmsofﬁvamdhmgmwmu:mdmmly
(Padma. Lalitha er al, 1989: Table 7). .

lnagxwpof30ns.omlpapillanas(6ofthcdled:eﬁdﬂi1m.lofdaehardpahmzndZofﬂ:elmgne)
d:vdopadaﬁermﬁcedaﬂyonlappliaﬁnnofmaqmuﬁmm l4pg NNK and 68pg
NNN, Thedodngwawnﬁmwdfmupwzaywswmﬂzexpummmd(ﬁedn.kivma
al, 1986; Table 11). Qxlyazompapﬂlanawasobsayedinaﬁl-wwksmdymwmsfnﬂawbg
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topical application of an aqueous solution of NNK twice daily at approximately Img per application
(Prokopczyk, Rivenson and Hoffmann, 1991; Table 11).

In hamsters, cheek pouch papillomas developed in 4% of survivors following thrice weekly local
application of Img NNK 1o groups of 3040 animals for 40 weeks. The experiment was terminated at 90
weeks. Local application of Img NNK twice daily for S days did not produce tumours at 66 weeks when
the experiment was terminated (Padma and Lalitha er a/, 1989: Table 14).

3.22 Parenteral Dosing

In studies in female A/J mice intraperitoneal administration of 0.2-1 mg/mouse of NNK in tricaprylin or
in saline three times weekly for 33-37 weeks resulted in the production of a statistically significant
increase in pulmonary mumours the majority of which were benign (Table 6). A single injection of 0.2-2
mg/mouse NNK produced a dose-related increase in lung adenomas 16 weeks later when the experimen:
was terminated (Peterson and Hecht, 1991). A statistcally significant increase in lung adenomas was
found in 9 experiments when female mice were treated once only with 2mg/mouse NNK. The control
mice were treated with the dosing vehicles. These studies were designed to explore the inhibitory effect
of a variety of chemicals or type of diet to the carcinogenicity of NNK- It was found that more tumours
developed in mice maintained on semi-synthetic diet from weaning than in those on a normal diet (Hecht,
Morse, Amin er al, 1989). Alkylarylisothiocyanates reduced the umorigenicity of NNK (studies by
Morse and co-workers published berwen 1989 and 1992). Indole-3-carbinol and deuteration of the
methylene carbon 1o the nitroso group had a similar effect (Morse, La Greca er al, 1990; Hecht, Morse,
Eklind, Chung, 1991).

In rats, subcutaneous administrazion of NNK in trioctancin consistently induced wmours of the lung,
liver and nasal cavity in five experiments (Table 10). Thrice weekly injection of 12mg/rat NNK
(approximately 36mg/kg body weight) for 20 weeks produced over 85% incidence of these umours in
male rats by the termination of the study at 52 weeks. No tumours were observed in controls (Hecht,
Chen and Ohmori, 1980). A dose response relatonship was observed in the development of these
wmours when male rats were injected 3 times weekly with 3.3, 10 or 30 mg/kg body weight of NNK for
20 weeks and the experiment terminated at 120 weeks (Hoffmann, Rivenson et al, 1984). A similar
dose-response was observed in the induction of these tumours when rats were given 0.03, 0.1, 0.3, 1, 10
or 50 mg/kg body weight three times weekly for 20 weeks and the experiment terminated at 120 weeks
(Belinsky, Foley et al, 1990; Belinsky, Devereaux er a/, 1991).
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tumours by approximately 30% (Table 10). PEITCwasdmmbem:seprwimssmdishadStnwnthn
itaﬂ‘eaedd’:menboﬁmofNNKmamamervdidtmwﬂmitwasapomxﬁalinﬁbimrofNNK

ina'dumofSO%hmgadaunasmdlO%hmgadﬂmmzmasaswenasSO%msalaxdrmasby
ﬂzmmaﬁmofﬁtcxpcﬁmmatﬁs-mween Inamxdgxmpmwhim.hamsmswuegivm
ZSmgNN'K/hamStcrmmcximcswecklyforEwedcsdtim:idmceofﬂmcmmmw%.mm
50% respectively. Thiny-five percent (35%) surviving hamsters also had tracheal papiliomas by 65-70
weeks (Table 13). The same rﬁaologicaltypsofnnnmswcmobsewedﬁmlnmmrswemgivm
NNK subcutaneously at 1, 3.3 or 10 mg/hamster and killed 13+ years later. There was no quanstative
dosercspammlaﬁmstﬁpbutmneof&memmourtypswmseeninm ’

3.2.3  Gavage and drinking water studies

Innﬁcc(Swissstm'n).adminisnm:ionofanaquecussoludonofNNKbygavageaxadoseof
Img/mouse/day (approximately 2mg/kg body weight) for 22 days produced a high incidence of hung
adenomas (approximately 80%) in animals that were kept uniil their deaths when they were 17.25
months old or at the terminarion of the study at 68-108 weeks. No umours of the oral caviry or upper
alimentary tract were observed (Bhide, Kulkami er al, 1989: Table 8). Likewise, a high incidence of
lmgad:mxnaswasproducedmmiccofﬂtwsmin when NNK was given in drinking water at a dose
of 3 or 9 mg/mouse (approximately 75-225 mg/kg body weight) continuously for the first 7 weeks of an
experiment of 23 weeks duration (Castongay, Pepin, Stoner, 1991).

lnms.NNKpmdncedadose-mlaxcdinddmceofunnmxsofmelung.nasalavityandﬁvu'wlm"givm
inthedrimdngwucrato.s.lorSppmforZyearsbutzlmwrcmoraloruppcraﬁmmym
umours (Rivenson, Hoffmann er 2/, 1988: Pour and Rivenson, 1989: Tabie 12). A similar result was

obtamedinalatcrsmdybyu_iinskyetal(lwl)inwﬁdtNNKwasad!mmedbygavage.
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33 Studies with NNN

3.3.1 Topical application

Inmice.lOmpicalappljcanonsOfOngNNNdsdvedmmmmumdayswafdlowedby
thrice weekly applications oft:mdeanoylphorpol acenate for 20 weeks. The experiment was terminated
axz4wa:ks.'rwolocalmmmns(typcmtidcnﬁﬁed)mobsewedinmeueamdgxwpmdanmour
in the control group (L Voie er al, 1987; Table 18). No wmours developed in the oral cavity of Swiss
orBalb/cmjcewhmlmgofNNNinaqueoussolutionwasawﬁedduiccwe:klytourvcm-alsidccf
mcmngueforsureds(Swisssuzinany)or24weds(boﬂusnmxs). The experiment was terminated at
90 weeks. mmmmmmofmmmymmmmomwummsmmsum
mice treated for 24 weeks (Padma, Lalitha ez a/, 1989: Tabie 18).

In one experiment in rats a few local benign oral wmours were observed when an aqueous mixture of
NNN and NNK was applied to the lips and oral cavity (see Section 3.2 1.

3.3.2 Parenteral dosing

In sdies on female A/J mice dosed intraperitoneally 3 times weekly for 7 weeks with approximately img
of NNN per dose the percentage of mice with lung mmours ranged from 48-83% (Table 16). The
duranon of the experiments was 33-37 weeks. The range of wmour incidence in controls varied from 12-
40%. Most lung umours were classified as adenomas. In three studies, NNN was administered in saline
(Hecht, Chen. Hirota ez a/, 1978; Castonguay, Lin er al, 1983; Hecht, Abbaspour and Hoffmann, 1988)
and in one study in mioctanoin (Hecht, Chen, Hirota er al, 1978). A high incidence of lung adenomas
wasalsoobscrvedinA/HemiccgivmappmximamlylmgfmwseNNNBthnmwwklyforSwe&sznd
tlermunaning the study at 32 weeks (Hoffmann, Hecht et al, 1976; Table 17).

mmmcaudismmsnpcaedmbmmmusmjecdmofmmwmmmyuhnmofﬂn
nasal cavity (Table 19). A low incidence of cesophageal and lung mmours was also produced. In the
ﬁrstsmdy.adoseoflOmg/m(appmximamy30mglkgbodywcig!n)ofNNNhuioaanmnwasgwm3
mswxﬂyfmmwedsamuncxpcmnmmduszw The only compound-relared
mmmnswex:mthcnasalmty(ﬂechncmaunonmdﬂofﬁnmwm) In 2 second study three
doses of 27, 9and3mgfkgbodywugh_twere=nployed. Atnghanddos:-r:lamdmofmahm
mummmmofbuﬁgxocsophagwmmmmobscmd(ﬂomnmmvmad.
1984). Mhamm.inuapmmmnﬁsmﬁmOfNNNdisdvedinsaﬁmsﬁmawe&lyme
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wedsatz4or4.7mgﬁnmstcrpmduxdam-mlmedmddmceofummufnrmsalcaviryand
mmaby'uzmneu:expammwasmmmmmsm Liver wmours were also observed and
were treatment-related (McCoy, Hecht er al, 1981; Table 21). Subcutaneous administrarion of NNN in
saﬁmaxadoscomeg/hmstcrhimeswecklyforlSwedsproduwdmzinlynadmlnnnmandaz
pasal carcinoma (Hilfrich et al, 1977; Table 22). Administration of NNN in mioctangin a
8.6mg/amster for 6 weeks or 2.2mg/hamster for 25 weeks produced a compound-related incidence of
‘wracheal papillomas and lung adenomas (Hoffmann, Castonguay er al 1981; Tabie 22),

333 Onl administration

In mice, when an agueous soluton of NNN was given by gavage (lmg/mouse, 5 days/week) for
approximately 5 weeks a higher incidence of forestomach, lung and hiver mmours than controls were
found at the terminarion of the expenment 1.5-2 years later (Bhide, Kulkarni er al, 1989).

InmsNNNaddedwt!tdﬁmdngwaxcrpmduwdaxﬂaﬁvdytﬁghindduuofoesomagealmmomsas
wellasmmoursoftbnasalcavityandalowinddcmcofn'ad'xcalpapinanas('rablcm). In the first of
these sudies (Hoffmann, Raineri er al, 1975; Hoffmann, Hecht and Omaff ez ai, 1976) male Fischer 344
rats were given a total of approximately 630mg NNN/rat over 30 weeks. The experiment was terminated
at 47 weeks, OutoftthOCXposedms. 14had0csomagealnunoursofwtﬁdz3wemmaligmm3had
nasalwu’nomasmdurhadaphar-yngcalpapinoma. Inasccondsmdy(Hedn.YamgandMaeura.
1983) 24 Fischer 344 rats were given total doses of approximately 637mg/rat (males) and 584mg/rat
(females) over 36 weeks. At the end of the study (43 weeks)23rarshadowupmgcalpapillunasand6
othescrmhadmaﬁgnammophzgeajmmoursasweu. Fxfxeenmshadmaﬁgnmnasalmmomsmd
one had a mracheal papillama. No meaningful sex difference was found. A similar incidence of benign
and malignant oesophageal and nasal mumours was observed by Castonguay,Rivmsmezal(l984)atﬂn
rcxminatianofasmdy(%weeks)ianhFWmalcratswrefedaliqdddic!mﬁingNNN
conunuously for 27 weeks with an estuimated total dose of 177mg/ra.  No tumours of these types
occurred in controls of all three experiments. ﬂxcmwasmindiwionmaxNNNixmtaseduzi!ﬁdmm'
of commonly occurring umours.

Inhamsms(‘I‘ableZl)givenNNdennldngwamrmuouslyamappmximmmldo&ofm
(males) or 496mg (females) per hamster for 31 wéd:smercwasacanbindi!ﬁdmceufZO%nasahnd
10% wacheal papillomas at 96 weeks when the study was terminated An animal deveioped a hepatic
angiosarcoma (Hecht, Young and Maeura, 1983; Table 21).
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34 Studies with NAT

NATwasmadbyMccweeklymbmmwousmpc@meorZOwedsmﬁsdeMmwimmtal
doses up to 1700mg/kg body weight The rats were then left unwreated until the experiment was
terminated at 2 years. No mumours were induced (Hoffmann, Rivenson er al, 1984).

3.5 Studies with NAB

NAB was administered in drinking water in two experiments in rats (Table 24). Oesophageal ammours
wempmduwdhﬂnGmsxchcanymaﬁcrcmﬁmammnnaufor%we&s(BoyhndaaL1964).
Inmemw:xpmmummnnunwaswmmawda%wedsanduﬂyatmphagcalandn
pharyngeal papilloma were observed (Hoffmann. Raineri er al, 1975). No ocesophageal mmours were
observed in conmrols of either experiment.

No mmours were produced when NAB was injected subcutaneously three times weekly for 25 weeks
with a total dose of approximately 375Smg/hamster. The duration of the study was 83 weeks (Hilfrich er
al, 1973).

3.6 Comment

Most mizroso compounds are carcinogenic in one or more species of laboratory rodent and they tend o
produce tumours in more than one organ. NNK and NNN behave like most other miroso compounds
(including those found in food) in this respect. It is important to point out that the oral caviry is not one
of the target organs for NNK and NNN.

mnﬁoc.NNKmdNNNmoduccmmﬂylmgmwsmWCﬁveofntmahodofadmhﬂmm
although in one experiment, topical applicaximofNNKpmchxcedmmoursinhvu'inaddiﬁm_m
pulmonary mmours. PmumablybecauscofﬂzhighdoscofNNNorNN’Kanployadinnmc
expenments virally all treated mice developed mmours even though the experiments lasted a few
months. SMssnﬁccofﬂnAﬁsuainmbnwnmbcgatdmﬂymscepdbkmﬁz-dcvdmd’
pulmonary adenomas under namral conditions. Induction of these umours readily follows administration
ofcarcinogaﬁcagemssoﬂmttzmwsecxpcﬁmmsarc‘oflinlevalucmasssingtmmguﬁc
potency of NNN or NNK.
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lnms.mepmdpaltargetorganforbomNNKandNNNisutmsalavity. Both compounds produce
amghindcbweofmmomsm&ﬁsmganwkmadmhﬁscmdbyunomlmpmmuﬂm In addition
NNKpmdummnoumofﬂnﬁvazﬁlmgwiﬂcNNNpmdmmmofunocmphagus This
pmdmwmwmtﬂzmcwmnmNAsmmadpamuymmnybm
omlamnhﬁmaﬁmofNNNpmducsatﬁginrmddmofo&ﬂngmmmmmmcpamml

route.

The anatomical sites at wﬁ&mmoumwmmymsofﬁzMeNSOtypcwhichm
capable of metabolising these two TSNAs w© short-lived proximate carcinogens. Other tissues may
deactivate TSNAS. Mcﬁwsva:ydcpaﬁngmﬂcmmofadmﬁﬂm:ﬂm By some routes the
TSNAs quickly reach tissues which activate them. By other routes they are exposed  tssues ‘wnmmng
deactvating enzymes (e.g. pyridyl N-oxidising enzymes) before they reach the mmour-susceptible
ussues. This would account for the fact nmNNNpmducesmoreowoungcalmmom-swtmgivm
orally than when given parenterally. This acuvity is not typical of classical conract carcinogens which
affect the primarily-contacted tissyes irrespecuve of enzyme actvity.

Iu‘simponamtomtcthmmomlunnonrswemproduwdinrztsormia:bydﬂuparmxe:ﬂoroml

admixﬁstmionofNNKorNNNdmcdscpamcly. 'I'txismggcststtmtheomlq:ithcﬁxnndnesmt

posscssthcabihtympmduccﬂupmximmcarcinogerﬁcmetaboﬁmcvmatﬂtlﬁghm
.

NNNandinsmdiesmratsandhamsmrsudmNNKalm In these studies the oral mucosa was
rcpeaxedlyswabbedwiﬂlﬁnT'SNAsforlmgpcﬁodsmditislikdythatmeomlpapiﬂanaswcxcﬂt
msdtofmpcamdmedmdcaluaumambmedmmmpcamdcxposumwﬁpqinﬁcchumw& There is
snmngcvidancummchmnnanpmducesmam'vehypcrplasiaatﬂnsiteofapplicaﬁmandma!
hypcxplasiainmdansmaylcadtodzfmnaﬁonofpapiumnas.‘I'hepapinanasdidnotpmg:mm
mangnmmmomsmspimofme1mgdmumofnnsmdiesmucrugnfmqumcyofexposun; This
lack of progression suggests that the "papillomas” cwldbefocalhyperplasticmmcrmanmophsdc
lesions.

4 METABOLISM AND TOXICOKINETICS OF NNN AND NNK

Byﬂnomlmum.NNdeNNKmdmoampladyabsorbedﬁmﬂrmmmlym
propornons of meadminiszcmddosearefumdinmefaecs (Caswonguay, Tjalve and Hechr, 1983). The
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majormuxeofexcmimofmetabolitcsofNNKisviamemimalmoughwhmtt: “C label is on the CH,
gmupsubmmialamoumof“CO;isexmledviamelmgmxexoclavagcoftﬁspanofﬂ:molemh

“cxabeneamﬁmwaswmydisuimmmmugrmxun body with high levels in liver, nasal mucosa
and kidneys, following parenteral administrarion of Smg/kg body weight “C-labelled NNN and NNK 1o
rats. Similar results were obtained with hamsters and marmosers (dose not stated). Accumulation was
axsoobscwedmpigmmmdussxmsmnaseyemmnminsaneexmgxm(rjalve. 1991).

NNdeNNKmasymm@cN—mnosmincssoﬂmnzycaneamfmmmmmmanalkyhmg
agent.  Their major route of mewbolic activarion involves an initial cytochrome P450 dependen: o.
hydroxylation with ultimate formarion of an alkylating species. Hydroxylation of the methyl carbon of
NNKandatrth' posidon in the pyrrolidine ﬁngofNNNmsulrsinammmmemboﬁcpazhway. The
alkylaring agent formed by this pathway is thought 10 be the 4-(3-pyridyl)-4-oxo-l-bmylcarbaﬂnm ion
(Structure [1) in figures 1 and 2). NNK is also metabolised 1o form a methylcarbonium ion, another
alkylanng species. An alternative route of NNN activation results in formarion of 4-formyl-13-
pyridyl)- 1- butylcarbonium ion.

Other routes of metabolism exist for NNN and NNK which appear o represent, predominantly,
detoxification pathways.

4.1 Metabolism by different tissues

4.1.1  [nvivo

macromolecules which are in close proximity to the site of initial a-hydroxylation (Tjalve, 1991).
Parenteral injection of carbonyl-“C-NNK in rats resulted in the accumulation of bound metabotites in the
upper respiratory tract and the liver. Oraladmi!ﬁsua:immmedinmclabdlingoftheoulmd

ocsophageal mucosa as well (Tjalve, 1991).

Injecﬁmof“C—NNNinmsshowedacaxmulaﬁonofhomdmeabolimmuupperandlowu
mspimorymcLBm.Bowmamglmﬁsofﬂtolfaaorymummanopmgwgime&m
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(Tjalve, 1991: Tjalve and Castonguay, 1987). Labelling panterns in mice and hamsters injected with
NNNmNNKwemdmihrmdmmhmbutmmowmmkeysmuhedemboﬁm
only in liver and nasal mucosa.

4.12 [nviro

NNK is efficienty metabolised by microsomal preparations from nasal and liver tissues of rats. mice and
hamsters. The relative proportions of a-hydroxylation (activation routes) to N- oxidarion (detoxication)
have been reported as 386x in liver and 6x in lung microsomes (Castonguay, Pepin and Stoner, 1991).

In freshly isolated F344 rat hepaiocytes the major metabolite of NNK is NNAL (Liu. Moulay er al,
1990). In freshly isolated lung cells from F344 rats metabolite production was highest in Clara cells,
which contain the greatest comtenr of cytochromes P450. N-oxidation occurred at about half the rate of
o-hydroxylation in Clara cells and alveolar type I cells but was not detectable in alveolar macrophages.
Carbonyl reduction o NNAL predominated over the other metabolic pathways in all three cell types
(Belinsky, White er al, 1989). a-hydroxylation was the major route of NNK metabolism of Clara cells
from Syrian hamsters: carbonyl reduction o NNAL was predominant in alveolar macrophages (Alaoui-
Jamali er al, 1950). '

Organ cuiture of lung trachea from hamsters revealed that the major metabolism pathway of NNK was
via a-hydroxylation rather than N-oxidarion whereas in similar preparation of rat lung (F344) the major
pathway was via N-oxidation (Castonguay, Allaire er al, 1989: Doerr-ORourke ez al, 1991).

NoN-oxjdan'onwasdczca:dwthNNwasmaxbademCImccus.rychmamphagcsand
alveolarmacmphags,othcnviscmcpancmandmeofmmboﬁsmbythesec:!lswasﬂtsameasttme
of NNK (Belinsky and White er al, 1989). Results of these studies revealed that the labels of the
dkylamgwcdesmmmmbomNNdeNNK(bmylmrbonimnim)fmmedinhmgccllsfmn‘
NNN.aremtmbstanﬁanylcssmmmoseformedfrmnNNKsuggmgmaxthclmgnnnm-pmduwd
by NNK in rats are formed from the reactive maictydcxivedﬁommcwzrpanwayofmaabolisn

(methyl carbonium ion).
a-hydroxylation of NNN by explants of rat oesophagus was greater than thar from NNK in studies

conducted under comparable conditions. Carbonyl reduction and N-oxidatian (detoxificarion) were the
major routes of NNK mewabolism in ocesophageal tssue. This would suggest that a-mettrylene
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hydmxylaximofNNNismzh‘dyrcspumible forﬂzproducxionafmophag&lmmnsbymisagun
(Murphy ez al, 1990).

A study conducted on human tissues indicated that a-hydroxylation of NNN and NNK and carbonyl
wduc:imofNNKocmmdinavaﬁetyofﬁsmesnI-IO%oftheleve.lseminmimaltisus
(Castonguay, Stoner et al, 1983).

4.2 Modulation of TSNA metabolism

Mbiﬁmofmemm&momeAsbyvaﬂomwmpomm’mmmmvcguﬂﬂsis
summarised in combination with cansideration of the effects on genotoxicity (section 5.5). The effect of
tobacco constituents on the metabalism ofTSNAshasalsobeminvstigazed. Metabolism of NNK was
inhibited only slightly by NNN in cultured rat oral tissue, whereas NNK was much more effective in
inhibiting the metabolism of NNN (Murphy and Heiblum, 1990), suggestng that different enzymes are
responsible for the metabolism of NNN and NNK. N'-Nitrosoanatabine (NAT) inhibited the metabolism
of NNK. but not of NNN. Nicotine caused an appreciable inhibition of all routes of NNN metabalism,
even at a 1:1 rato, when the level of most metabolites decreased by 90% (Murphy and Heiblum, 1990).
Nicotine inhibited a-hydroxylation and N-oxidation, but not carbonyl reduction of NNK. even when
present at 100 times the concemtration of NNK (Murphy and Heiblum, 1990). Similar effects were
reported 10 occur in hamster lung cultires (Schuller, Castonguay ez al, 1991). Effects on the conversion
of NNAL 10 alkylaning species were not investigated in these studies. Prolonged treamment of hamsters
with 0.002% nicotine in the drinking water induced both a-hydroxylation and N-oxidation of NNK in
hamster lung cultures (Charest er al. 1989). Model inducers of cywochrome P450 (phenobarbitone, 3-
methylcholanthrene and butylated hydroxyanisole) induced only the a-hydroxylation route (Charest er al,
1989)

4.3 Comment

Toxicokinetics and metabolism data are thought 1o offer a means for obraining an understanding of the
mechamsmbchhc!znuakpmdnccmaruOlogxcalcﬁeasmdhmceﬂrmmsgmﬁmd
arumal carcinogenicity studies.

mmnmmamﬁanhmdmﬂussecﬁmmwmmmpmmeomadmﬁmaﬁmm
andNNKaremtmlytakmupbyﬂnorgmwmch&vdopmmmmmgedmmm
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theyareﬂsotakmupbyodmtiswssoﬂm&:hnaicdaxaoﬁcrmassismwemwmmason
forttzdcvdopnunofnmxmnsmccminspedﬁcsim

Metabolism:mdisappcarmbcsuncwhazmomuseﬁumuﬂsmspea First of all detailed studies of
mctabolismpaﬂwaysmdiamthmtwotypsofalkylaﬁngspeds(memylwbummimandmtyl
wboﬁumiom)mpmmwmbindmmpmtdnmdhavedtmﬁalfmdamagingﬁz DNA
leadingtothcéonclusionmatthcunnmrspmduccdamlikclymbcmcmmsofagmoncmechaxnsm

An:mptstoidmﬁfymesnesatwtﬁchm:sercacdvcirwmediatsocanmvaledmatUtyocauatﬂz
‘mrga'orgmmdatoﬂtcmwm:hmmzaﬁeaedbymmwrpmducﬁm For exampie carbonyl “C-
NNKmmuhmdhxorganswmchpmduwdmmours(mspimmrymandﬁvcr)aswellasinorgans
wiich were spared (oral and ocsophageal). Similarly NNN metabalitas not anly bound o nasal and
ocsophagealmucosabutalsotohmganduacheal!ismswhich Were not the targets in tumour formarion.
Thus in vivo membalism studies have aiso failed to establish a clear correlarion between local binding of
radiolabelied metabolites and wmour formation.

In virro studies provide further examples of such apparent anomalies. Thus the proportion of the
acﬁvaﬁonmumcanpamdmtrndcacﬁvmonmmeofNNKmmuisehverwasmuchlﬁgttrmmthaxin
the mouse lung. Yettumouxsarcpmduccdmhmgbutmtinh'vcrofmiecgivaNK. Although these
sorts of anomalies preclude the use of results from meuabolic studies 10 make extrapolation to another
spccicsmeyhavcbemuseﬁﬂmdaxifyingsmnemimrpoims. ‘Ihusixwmldappca:thathgmmours
are caused by the methylcarborium ion which is a major alkylating product of NNK. Likewise, a greater
degmeoflocalbindingwasobservedinocsophageajtismcfmmmsuzamdwimlah:ﬂedNNNthanm
meoesophagusﬁunrasucazedmmNNKcondadvc“dminddmccofmmoms.

Thccﬁ‘onssofarunployedmsmdyingﬂtmexaboljm ofNNdeNNKhzvepmvideddauofﬁmircd
usefullness for an understanding of metabolism in specific dssues and the relationship of this © cancer
5 GENOTOXICITY OF SMOKELESS TOBACCO AND TSNAs

5.1 Mutagenicity in vizro

Mumguﬁdwaudesmdcﬁﬂw&m%awbsmmmﬂdtma%DNAmm
mVeﬂcmmdmmmw.Mymgmuywmaedmsumwmmmtm
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mmmmﬁw.nmofmwmmmmmmma
mmogmdtymdyismmmmﬁvdy.ﬂzymybcwmmammsugmmmwmﬁmuf
ca:dmgaﬂdtyofambstmcemahasalmdyhemdcmmmxedmwxsemm.Howcver.inmc
cascofmokclasmbacoo.ﬂzmmguﬁdtysmdi&smcmduaedaﬁerdcmgaﬁve carcinogenicity
studies. In such circumstances, the results of the carcinogenicity studies should be afforded more
importance in assessing hazard for man '

A thorough investigation of mutagenicity includes assessment of gene mutations in bacteria and
mammalian cells, clastogenicity (chromosomal effects) in mammalian cells both in vimro and in vivo, and
DNA damage (directly by single swrand breaks, or indirectly by DNA repair detected as unscheduled
DNA synthesis). Some examples of investigarions of each of these types have been repornted for either
tobacco extracts or certain TSNAS, but the dara are not comprehensive. Smokeless tobacco cannot be
applied directly 10 such assay systems: the consiruents are extracted into organic solvent or water prior to

resung.
5.1.1  Smokeless tobacco
5.1.1.1 Bacterial systems

The mutagericity of smokeless tobacco extracts, has been investigared in bacterial and mammalian cell
Systems. Aqueous extracts of smokeless tobacco products sold in the USA were found 1o be mutagenic
Salmonella ryphimurium strain TA100 in the presence of hamster biver S9 fraction (Guuenplan, 1987),
indicanng that constituents of the extract could be metabolised o mutagens which cause point mutations
(base-pair mutatons). Only weak mutagenic activity was observed in strain TAS8, which detects
frameshift mutations. The acuvity was observed in aqueous extracts, but only minimally in ether
CXIracts. demonstrating that the mutagenic components were polar in nature, possibly organic acids and
not NNN or NNK which are extractable by orgamnic soivents from aqueous solution (Gunenpian, 1987).
ﬂmmumg:maxydosemspmsesmwedmmmsemmenamwimuzcmﬁmanﬂmnm
extract concentration equivalent 1o 25 mg of tobacco. The potencies of the extracts were in the range of
8-16 x 10’ revertants of TA100 per g tobacco. This is similar 1 the reported range of 5-10 x 10°
revertants of TA 100 per g tobacco for Cigarente smoke condensates (Gunenpian, 1987).
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5.1.1.2 Mammalian Systems

nnmmagaﬁcityofaquemsexmctsofAmaicandnwmgwbaccominvs:igaxadintwolmnmcdl
lines: AHH-1, which expresses cytochrome P450 1A1, and TK-6, which has been shown not to express
cytochrome P450 species (Shimamé-More. 1991). The extracts were equally mutagenic to both cel] lines
at concentrations of 1-3 mg/ml extractable solids. Treament of the extracts with nitrite at either neurral
or acidic pH gave no evidence for the presence ofcmstimemsudﬁd:cmldbcmnosatedmmmguﬁc
substances. These results could indicate that a) the mutagenicity is not cytochrome P450 mediared (as the
author concluded), b) P450 1A1 is not the isozyme responsible for metabolising the constiments of these
extracts. or c) additional isozymes of P4S0 are present in both cell ines, that have nog yet been detected

Induction of mammalian cell mutarion of TSNAs has been investigated in 2 human cell line, designated
2D6/Hol. which expresses human Cywochrome P450 2D6 (Crespi, Penman er al, 1991). Exposure of
2D6/HolcellsloNNKcmccnum'imsof30-90ug/nuindnwdmmcmaseinmutaﬁonsatut
hypoxanthine-guarnine phosphoribosyitransferase (HGPRT) locus. NNK did not induce mutations in
conuol cells (the parent AHH-1 TK +/- cell strain without the transfected P450 2D6 cDNA) at
. concenrranions up 10 150 pg/ml. NNN was not mutagenic 1o 2D6/Hol cells at concenmrations of 150 and
300 ug/ml, indicating that P450 2D6 does not activate NNN. Interestingly, the non-carcinogenic NNA
was equally mutagenic 1o 2D6/Hol cells and the AHH-1 TK +/- cells, possibly due to metabolic
acuvauon by another form of P450 which was native 10 the non-transfected cells. NNK also induced
muanons in cell lines expressing P450s 1A1, 2A3 and 2E1, with relative sensitivities of 1A2/Hol =
2A3/Hol > 2D6/Hol > 2E1/Hol. although NNN and NNA were not mvestigated in these lines.
Compared to DMN in cells expressing 2E1, NNK was approximately 1000-fold less active as a mutagen
mamola:bam‘sincellscxpres.ﬁngeachofmc‘tisczymcs (Crespi, Penman ez o/, 1991).

5.1.2 TISNAs

5.1.2.1 Bacterial systems

NNN andNNK.atcmcenmmsmcxcssoflmug/plm. were shown to be mutagenic to TA100 in
the presence of a metabolic activation System consisting of S9 fraction from Arocior 1254-pretreated
rats. Weaker activity in both NNK and NNN was seen in strain TA1535 (the DNA repair proficient,
paemt strain of TA100), but not in TA98 or TA1S38 ar concenmrarions of 1000ug/plate (Padma,
Amonkar and Bhide, 1989).
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Primary rat hepatocytes from either control or Aroclor treated rars induced mutagenicity in TA1535,
alﬁwugthﬁmesmmcmmlmrtpamcymswcmmmmedmmoduceadnﬁmmmmnm
vdthAmclorm:edmhcpazocytes(Zm,Clmﬁnghzmaallwl).

‘l'he relative mutagcmc potencies of the methylating and pyridyloxobutylaring species have been
investigated using acctoxymeﬂ:yhnemyhuunsanunc (AMMN), which generates the same methylating
species as that formed following methyiene hydroxylaton of NNK. and 4-(aceoxy-
memylmethylmnosanum)-l-(}pyndyl)-l-bumm (NNKOAG), the Pyridyloxobutylating model (Foiles.
Peterson ez al, 1992). NNKOAc was 10 umes mompomthmAMMthilﬂxdngmmumims
in Salmonella typhimurium strains TA98, TA100 and TA1535 in studies without activation by the S9

liver preparation.

Characterisation of the mutational specificity of NNK in the lac/ gene of Escherichia coli, demonstared
that 55% of mutations recovered were of the GC 0 AT transidon (Jiao, Zielenska er al, 1991). This is
consistent with the principal product of DNA alkylarion by NNK being O°- methyiguanine (O°MG). In
addition, other base-pair substitutions, frameshift mutations, duplications and deletions were detected.
This complexity of mutations suggests that NNK acts through more than one pathway, consistent with a
major role for DNA methylation. with a lesser contribution from pyridyloxobutylation (Jiao, Zielenska er
al. 1991).

5.1.2.2 Mamvmaiian systems

The methylating mode! compound, AMMN (acetoxy methyl methyl nitrosamine), was 5 times more
potent than the pyridyloxobutylaring agent, (NNKOAC) derived from NNK mewmbolism, in inducing
mutations at the thymidine kinase locus in G12 cells (Foiles, Peterson ez al, 1992), suggesting thar
memylanmlsmcmoreunpommmemmammahanccumutaguncxtymaonms:toﬁncffeasm
bacteria (section 5.1.1.2), but in agreement with the carcinogenicity data (section 32.2).

NNK. at concentranans of 20-200 pg/mli [c. 0.1-1.0 mM], wasshownmmduceadosedcpmdn
mcrcascmmcrchmmandcxchange(SCE)mW90:!1smﬂnpmc:ofhver$9ﬁacumﬁun
Aroclor 1254 pretreated rats (Ziminjic, Popescu and DiPaolo,. 1989). NNK (up 80mM) and 4-
hydroxy-1-(3-pyridyl)-1-butanone (1mM) a metabolite of NNK (see Figure 1) did not induce SCEs in the
absence of metabolic activaton (Alaoui-Jamali, Gagnon et al. 1990). In contrast, 4-ax0-4~(3-pyridyl)-
buryraldehyde, another metabolite of NNK. induced a dose- related increase in SCEs without S9
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acxivaﬁonatcmcenn-aximsofo.OStoo.l mM.h:dicanngthaxuﬁscaﬂdbeoneofﬂ:NNchuboﬁm
responsible for the clastogenicity (Alaoui-Jamali, Castonguay and Schuller, 1988).

Induction of DNA single strand breaks (SSBs) by NNK and some of irs metabolites has been investigated
in V79 cells and in isolated rat hepatocytes. 4-Ox0-4-(3-pyridyl)-butyraldehyde induced SSBs ar
concentrations of 0.1-1.0 mM in V79 cells (Alaoui-Jamali, Gagnon er al, 1990) and ar 1-2 mM in
hepatocyres, at which concentratons it was also Cytowoxic (Demkowicz- Dobrzanski and Caswnguay._
1991). Thisdffumccinmpmseacompaﬁblcmelcvdsmaybcdnmu:wpaimapadryof

forthealddxydeinhcpaxocyteswasveryswcpcanmredtomazofNNK.whichindncadSSBsat
0.5mM, but was less genowoxic and cytotoxic than the aldehyde at higher concenmations.  This
observation suggests that the aldehyde may not be the major membolite responsible for the genotoxiciry
of NNK  (Demkowicz-Dobrzansig and Castonguay, 1991). Two other NNK membalites,
Carbethoxynitrosoaminomethane and 4-(N- carbemoxy-NotﬁUDsammO)-l-(B-pylidyl)-l.-mmm (NNO)
induced similar levels of SSBs 1o 5mM NNK at much lower concentranons (5 and 100 pM, respectively)
(Liu, Moulay er al, 1990).

5.2 Genotoxicity in vive

In virro mutageniciry assays give an indication of the potenual of a substance o be a2 genotoxic
carcinogen. Whether that potential will be expressed in vivo is determined by a complex mteraction of
factors. such as site and rare of absorption, distribution and accumularion in responsive tissues, relarive
conmbuton of activation and detoxication pathways, routes and rates of excretion, etc. These cannot be
predicted, and it is therefore necessary o conduct in vivo experiments 10 determine whether a substance
wili express its genotoxicity.  However, it is not feasible 10 reproduce in vivo the full range of in vizro
genotoxicity endpoints. Studies of clastogenicity (micronuciei or aberations in metaphase chromosomes)
in bone marrow cells of treatsd rats or mice are most commonly used.
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doses of 50 - lSOmg&gNNKmBmeﬂmdmmdncumofmicmudcimMcpiﬂnﬁalaus
(Zhu, Cunningham ez al, 1991). Single srand DNA breaks were found in hepatocytes isolated from rars
injected s.c. with a single dose of 0.39 mmom:gNNK (Demkowicz-Dobrzanski and Castonguay, 1991).
DNA fragmentarion increased to a peak thoursaﬁcrhijecdmLarldwasrepaimdmanirxiﬁalfastphase,
mmaslowérphasc.mdxdmnobmakswemappmzweeksafmrmjecuon

53 ‘DNA adduct formation

As noted in section 4, metabolic activation of NNK occurs via hydroxylation of the methylene or methyl
carbon, resulting in methylation or pyridyloxobutylation of DNA, respectively. NNN does not produce
methy! adducts. The majority of studies of TSNA-induced DNA adducts have concentrated on DNA
methylation by NNK. Formation of DNA adducts is generally taken as the most conclusive evidence thar
a substance can interact with DNA within a target ussue. Detection of methyl adducts requires a
radiolabel in the relevant methyl moaiety of the chemical under investigation, as many different chemicals
€an cause methylation of DNA. The pyridyloxobutyl DNA adduct formed by NNK and NNN is detected
by hydrolysing the DNA in order 10 release 4-hydroxy-1-(3-pyridyl)-1-butanone (HPB, stucture [2) in
Figures 1 and 2). Detection of DNA adducts is not, however, conclusive evidence that a substance will be
mutagenic. Particularly at low levels of adducts and in call types with low wmover rates, the DNA may
be repaired before being replicated and therefore the lesion does not become a mutadon. Capaciry for
DNA repair, and the fidelity of repair varies with level of adducts, type of cell, species and berween
mndividuals.

Admumswration of NNK 1o rats by various routes resulted in formarion of 7-methylguanine (TMG), 06-
methyiguanine (OSMG) and O4-methyldeoxythymidine adducts of DNA in the liver, lung and nasal
mucosa (Hecht. Trushin er al, 1986; Belinsky, White er al., 1986). Methylation was most extensive in
the nasal mucosa, followed by liver, and least in lung. 7MG adducts were approximately 10 times more

prevalent than OSMG adducts, but OSMG is considered 10 be more important because it causes mis-
painng during DNA replicaion, resulting in a G-C to A-T ransition. The levels of all 3 adducts
increased throughout a 12 day weamment period in the lung, but decreased in the nasal mucosa. The
activity of OS-methylguanine-DNA methyitransferase (OSMGMT), which reflects the ability o repair
the OSMG adduct. decreased throughout the weatment period in lung and nasal mucosa (Belinsky, White
et al, 1986).
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‘I‘hecmccxmaﬁonofO6MGinmeQmcellsofunhmgsofmsmxedwithNKcomhxeddimly
wimhmgmmwrinddmcc(Bdimky.Foleyetal. 1990). This correlation was not observed for whole
lungortymH&D&alhmghmorphdogimuyﬂzmmnsappemedmmvebem&ﬁvcdﬁmnmxn
ccll&R:pairoftthGMGadductalsodiffmdcmsidcmblyanongﬂtptﬂmanrymﬂtyp&ofﬂnm
and appeared 1o comrelate with OSMGMT activity, which was ar least 50% less in Clara cells than in
macrophages or.type II cells (Belinsky, Devereux and Anderson, 1990). NNK weamment resuited in
dcpicﬁmofOGh;lGMrmClmcells.typellcdlsawsnaﬂeells.nsﬂﬁngmirmfﬁduuacdvﬂyw
remoyeu:tﬁgltrlcvdsofadduasmunaamcdlsmdmky.mvcmxmdm1990).ln
conmmﬂzlung,ﬂ:lcvdsofoﬁMGmﬁvcrdedirm.avaa4wakmmunp=riod.pumably
due 10 induction of OSMGMT (Betinsky, Foley e al. 1950).

Studies in which cells or organ cultires from rats were incubated with NNK in virro, have generally
supported the ir vivo findings (Belinsky, White er a/, 1989: Devereux er al 1988: Murphy, Heilblum and
Trushin, 1990). DNA binding didno:appcartobcdirccﬂymlawdtoﬂtmmofmetaboﬁm of NNK but
the data suggest thar DNA pyridyloxobutylation may be involved in NNN induction of oesophageal

mmours.

Recently. studies in mice treated with NNK demonstrated similar levels of OSMG in Clara cells and type
11 celis of the lung (Belinsky, Devereux ez al, 1992). The authors suggested that the GC 10 AT base-pair

mutation resulting from the OS-methylation of guanine. followed by protiferation of the type II cells in
respanse to woxiciry to the type I cells (type II ceils are progenitors for type I cells), could account for the
tumours onginatng in the type 11 celis rather than the Clara cells. Consistent with this hypothesis was the
observanon that a GC-AT muration was detecqted in the K-ras gene in 85% of alveolar hyperplasias
induced by NNK treatment in mice (Belinsky. Devereux ez al. 1992). A differem molecular mechanism is
imolvedmdcvelopmunofpulmonaxyunnoursbyNNKintheraL as activation of ras genes was not
 found in NNK-induced mmours in this species (Belinsky, Devereux and Anderson, 1990).

m relatve impornance of the DNA methylation and pyridyloxobutylarion in NNK-W mouse hung
wmours has been investigated using the model compounds described previously (section 5.1.2.1) and
also deuterium substtuted analogues of NNK. AMMN produces the same methylating species as thar
formed following methylene hydroxylation of NNK, whereas NNKOAc results in pyridyl-oxobutylation
of DNA. NNN wasinacﬁveinindudnglmgmmoursmmicc.NNKOAc was only weakly mmorigenic
mdAMhmwasveryacdvemmpaﬁsonwmeqzﬂvdmdoseofNNK.mdicaﬁngmnDNA
methylation is the critical event in the initiation of mouse lung mmours by NNK (Peterson and Hecht,
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1991). Administration of NNKOAc with AMMN enhanced the persistence of the OSMG, possibly
accountng for the observed synergism of these two compounds. Thus pyridyloxobutylation may increase
the efficiency of DNA methylation by NNK. Studies with [4.4-D2)-NNK, which would undergo
methylene hydroxylation more slowly than NNK, and [CD3}-NNK, which would be hydroxylated ar the
methyl carbon more slowly, also indicated that methylene hydroxylation, and hence DNA methylation
Was more important (Hecht, Morse ez al. 1991). [CD3}-NNK, which would result in lower levels of

' pyridyloxobutylation than NNK. induced slightly more lung adenomas per mouse than NNK and did not

decrease OS-methylation. The authors suggested thar this indicared that pyridyloxoburylation could be a
protective process. However, it is also possibie that the OS- CD3 adduct produced from [CD3}-NNK

could be more persistent than the O5-CH5 adduct produced from NNK.

5.4 Modulation of genotoxicity

Repeated administration of aqueous extracts of snuff has been shown 10 decrease DNA methylaion by
NNK (Prokopczyk. Adams er al, 1987). No decrease in methylation was seen following pretreamment of
rats with 0.002% nicotine in the drinking warer leading the authors to conciude that the micotine in the
snuff was not responsible for the decrease in methylarion. The ratio of OSMG/7TMG was decreased in

bivers of snuff premreated rats, indicating that the snuff extract may have induced OSMGMT leading 1o
increased repair of adducts (Prokopczyk, Adams ez al, 1987).

It 15 well established that the metabolism and carcinogemicity of TSNAs is inhibited by various
phytochemical components of certain fruits and vegetables. The most commonly smdied modulators of
TSNA metabolism are the alkylaryl-isothiocyanates (found in cruciferous vegetables), particularly
phenylethylisothiocyanate (PEITC), which are primary products of thiogiucosidasecatalysed hydrolysis
of glucosinolates and are generated nawrally in saliva. Adminstration of PEITC 1o rats or mice in vivo
resulied in inhibition of NNK metabolism in lung and oral tissue in virro (Morse, Amin e al, 1989;
Murphy. Heiblum, King er ai, 1991). and in decreased DNA methylation and pyridyloxobutylation
following a subsequent i v. dose of NNK (Chung, Wang and Hechr, 1985: Morse, Wang er al, 1989).
Inhibitimoccuntdnpidlyanddidnotrcsul:ina cunpmsamryinductionofﬂtmzyme.lnmsmdi:s
have shown that PEITC inhibited the metabolism of NNK -on a mole/mole basis suggesting that it is a
very potent inhibitor.
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skin, inhibited a-hydroxylation of NNK (Caswonguay, Pepin and Briere, 1991), whereas N-oxidation was
only inhibited at concentrarions in excess of 40uM. (Liu and Castonguay, 1991). Single strand breaks
inducedinmhcmmcytminvitrobyNNK were inhibited by (+)-catechin. Administration of catechin by
Eavage 10 rats, 1 hour before s.c. mjection of NNK, aiso reduced hepatic DNA methylation (Liu and
Castonguay, 1991).

VitaminAhasmmshowntoinhibitmca-hydmxylaxionofNNKmmhcpazocymsandtoimibitmc
SCEs induced by NNK in V79 cells (Alaoui-Jamali, Belanger 7 ai, 1991).

inducers of heparic NNK demethylation 1o formaldehyde (Chung, Wang and Hecht, 1985), and resulteg
In enhanced hepatic DNA methylation (Morse., LaGreca er al, 1990). In conmast indole-3-carbino}

decreased the formation of OMG in lung, presumably due 10 the Increased heparic clearance of NNK
Dially! suiphide, a component of gariic oil, has also been shown to inhibit metabolism of NNK and aiso
w0 1nhibit its mmourigenesis (Hong, Wang er ai, 1992).

5.5 Comment
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thatmismmaguﬁcpotmﬁaliscxpressedinvivomm:bmcmamwofmiceandinmdajcpintﬁzl
cellsof rats, ' '

ofrmfollowmgadmimsuaﬁonofNNK.Smdicsgmmnyindimmatpyﬁdyloxounylmmot'DNAis
of secondary importance w DNA methylaton. DNA methylation was greater in the respiratory mucosa
manmnrmfaabrymumnﬁsismwnmmﬂcgmmsmﬁﬁvhyofmcdfmmymumw
NNK-induced mmours, indicatng thar tumourigenicity is not solely determined by adduct formarion
Similarly levels of DNA methylation in different populations of lung cells do not correlate with NNK-
kﬂuwdmmmnsonginmumurwpeneens.mmnsmdﬁmywasmibuwdmﬂ:mbimd
cffecrsofcytmoxicityandDNA alkylation.

The inhibition of metabolism of TSNAs by dietary constimuents (especially phywchemical compounds)
correlates with inhibition of mutagenic potency and formation of DNA adducts. Induction of oxidative
metabolism is generally associated with a decrease in adduct formation in extraheparic tissues due to
mcmascdrtpancdcamccofur TSNAs. Inadditiommpcaxcdadminisuanonofaqueousmuﬂ'cma,
which induced oxidanive metabotism of TSNAs, decreased adduct formation, apparently due o induction
of repair enzymes increasing the rate of repair of the methyl adducts. These factors combine o decrease
the potential mutagenic effects on the TSNAs within the smokeless tobacco,

sensitve o this class of compound.

6 STUDIES ON THE INTERACTION OF VIRUSES AND SMOKELESS TOBACCO

6.1 Introduction
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further divided into two groups: the "low-risk” HPVs (HPV-6 and HPV-11) associated with benign

region (floor of mouth, tongue, pharynx ang larynx) were positive for DNA from a variety of HPV
viruses including the high risk HPV-16 or HPV-18.

mcchoxioallanmicmembmofmedickanbryo. HSV-lisgmcxauyisdazedﬁomttzonlavity
cpimdimandHSV-Zispﬁmari]yfomdinthcgemmregimsbmﬂndivisimismxabwlm:dmz
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AcaxdinngliﬂimcmdSﬂvcrmm(l979)mecomscofthcinfecdmbyHSV-lisoﬁ:ndividedixm
three stages. Dmingutpmnarysagcvegcuhxlwmappcarmwmlocaﬁmdmﬂrmum
mmmmmmmmmmmgmmqmmmmmmmqgmgum
where it may remain latent for several years. Subsequanhcrpeticinfecﬁonsmtmdnemexogunusm-
mfection with HSV but to the release of virus from latency followed by its passage along the sensory
.nerves ©o the skin. Rcacdvanmof&tvinmismtalwaysammpaﬁedbycpiﬂnﬁalcy!mwsmdimng
'mmnnepimeualedlscmbcmpcammyexpowdmHsvwmm:banghna(smnmmsnvemm
1979).

A substantial number of reports have associated HSV-1 with leukoplakias, epithelial dysplasia and
cancer of the oral cavity in man (Shillitoe and Silverman, 1979) and experimental investigations were
conducted to define the conditions under which the virus can induce mmours. In early in virro studies
Duff and Rapp (1971) showed that if the cywlytic properties of the virus were inhibited by exposure 10
UV-light, the virus became capable of transforming hamster ceils in culmire. These cells grew into
carcinomas if they were re-introduced into the original host. Subsequently, it was shown that cultured
cells from a variety of species can be transformed under these conditions both by HSV-1 and HSV-2
(Rapp and Shillitoe, 1978).

Furthermore, Park, Sapp er al (1986) drew anention to the possibility that a number of agents other than
UV light may antenuate the cytolytic properties of HSV in the course of the early infection or during the
reacuvation phase thus enabling the emergence of the carcinogenic propertes of the virus. This commen
would apply particularly to snuff because of the long time it is retained in the mouth.

The expenimental evidence for the involvement of HSVs is reviewed in the following sections.
6.2 In vitro studies

One of the earliest and most comprehensive studies on the effect of wbacco extracts on HSV replication
tn virro was conducted by Hirsch, Johansson and Vahlene er a/ (1984). Aqueous extracts were prepared
ﬁomthmediffemnbmndsofmuffmmcirwﬁcitywasﬁrsteszablis!wdbyexpodnngemMakey
Kidney (GMK) cells to various dilutions of the extract. It was found that the undiluted extracts produced
a slight toxic effect on the cells and reduced the infectivity of the virus. Al lower concentrations there
wcr:mmcheffeccandadosc-mlawddecminplaquomadmindimﬁveofimihiﬁmofvim
replication, was observed Fumrmmuledmmmcxmblxkadﬂsvmmatmuﬂy
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s:age,pmbablyatd’xcs:agcofVﬁalDNAmplica:im Additional tests on these three brands revealed thar
nicoﬁneand'l'SNAsmdxamomns(wlwmumngivm)famdmu:ﬂuecmedbmdscnuld

inhibit HSV replicarion.

Stich.Lietal(l987)alsofamdmaxaqueousemmofmuﬁ'uthmdmegmmhofﬂswlvimsin
Vmcdkmawwmﬁondcmdanmmr.unmmrmmwmzﬁmofmuﬁmﬂtm
the ‘inhibition. -Snuff extract also reduced significantly HSV-1 DNA Synthesis in a concenmarion-
dependent manner in Vero cells, AxthchigmrcmcemaimﬂtDNAwmhmisofchc:nsﬁmsdvm
was reduced but at lower concentrations only the viral DNA synthesis was affected. Furthermore, HSV.-
lwasmacu‘vazedandirsceulysingaczivirywaslostwmnwasmmbaxedwimmnﬂ'mccufn:c

Suk et al (1990) confirmed these findings. They found that an aqueous extract of snuff inhibited the
replication of HSV-1 in Vero cell monolayers in a concenmration-dependent manner. At higher
concentrations the DNA replication of the Vero cells themselves was also inhibited They further found
that the production of proteins essential for the viral DNA synthesis was also inhibited suggesting that
snuff extract inhibits HSV-1 DNA replicanion via the alteration of viral protein synthesis. Bur the
mhibitimwasnottotal:apropomonofmcse proteins was continuously being produced even in the
presence of the highest concentration of snuff extract indicating that concentrations of snuff extract
which inhibit cell lysis by Inactivating the cytolytic ability of the virus do not totally abolish the
expression of viral genes. This is a situation which, according to Park, Akoto-Amanfu and Paik (1988),
may increase the risk of cell ransformarion (oncogenic capacity) by the virus.

Larer studies revealed that NNN, NNK and an aqueous extract of snuff (NNN or NNK up o 10ug/mi
and snuff exwract up to 5% of culture medium) had no effect. 'I'hisismoughttobeductoaninduaionm’
DNA repair mechanisms by the carcinogens (Dokko er al, 1991). The authors thought that an increase
of repair mechamisms might make them error-prone and result in DNA misrepair which might augment
viral integration into the host cell.

Park, Dokko er a/ (1991) reponted similar findings. They exposed NTH/3T3 cells o HSV-1, NNN or
NNK and found that the transformarion frequency (foci of transformed cells/106 cells) was, respectively,
12, 42 and 47. The addition of NNN ar a range of concentrations (1-10 ng/mi) to the culture medium
followed by UV-irradiated and HSV-1 inoculation increased the transformation frequency ar all
concentration levels by three-fold.  Under the same conditions, addition of NNK at the same range of
concentratons resulted in a four-fold increase in the frequency of transformarion.

40/119



REPORT RI93/TOX/001

'Ihisinvi:roworkshowsﬂmTSNAsmdaqueousmuffcxuactcanmhibixtt:cymﬁcabﬂityofﬂt
HSV-1 virus thus leading 10 call transformarion. ﬂwymalmmmdmﬂzmofW-Medceﬂ
transformation.

6.3 In vivo studies

6.3.1 Oncopenes

There is considerable evidence thar mammalian cancer is the productofguunicinstabﬂity. The critical
target genes believed to be of primary importance in cancer production are oncogenes, wmour SUppressor
genes, metastasis genes and senescence genes. Oncogenes are activated by a mumber of factors such as
viruses and chemical carcinogens. The effect of chromic snuff dipping on oncogene activation was
studied by appropriate techniques in animals. Hamster buccal pouches were exposed © snuff twice
daily, 5 days a week for 40 weeks and oncogene expression wasdcxcmximdbymeviralpmbemcogem
v-erb-b. The results indicate that chronic simulated snuff dipping alone does not induce the amplification
ofb:ownceﬂMarpmo—mmgmcerb—bmcpimcﬁddswcsofhamsmbuccalpoum In the
hamster cheek pouch cells infected with HSV-1 virus there was a slight increase in v-erb-b hybridisation
to the cellular DNA indicating that c-erb-b may be amplified by snuff dipping and continuous infection
with HSV-1 (Park. Akoto-Amatu and Paik. 1989). According to these authors, this oncogene along with
other erb-b oncogenes have been well documented as "a causative factor” in various human tumours.

6.3.2  Pathology and virus replication

The role of snuff in the production of oral cavity mours in arimals infected with HSV-1 virus has been
Investgated in a number of studies after the demonstration by Hirsch, Svennerhoim and Vahine (1984)
thar it was possible to produce an acute HSV-1 infection in rats artfically, by scarification of the Lips
andbya;plyingacxnmrcoftn:vimsmﬂnscariﬁcdm Recovcryot'mevimsﬁomn:uiguniml
ganglion was only possibie in IO%OfﬂxirlfmdardmalssothaxﬂtVimshastobempcamdlyamﬁed
10 the mucosa 1 maintain its presence. Park. Hcrbosaezal(l985)inoaﬂamdgxm;sofmalenm:c
(BALB/c) with an HSV-1 virus propagated in Vero cell monolayers and sudied the lesions which the
inoculawdvimspmducedmmelips. ‘lhcyalsostudiedd:eeﬁectt:fa;plyix:ga water extract of snuff on
the development of the viral lesions. The snuff extract was applicd three times a day, five days a week
for two months. Distilled water was applied in the same way 0 conrols inoculated with the HSV-1
virus.  Groups of mock-inoculated mice (scarified and swabbed with sterile culmure medium) were aiso
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Histologicauy.amﬂdrcacﬁonwasfmmdindnﬁpsofﬂtscmock—h!oanamdmicecmsism:gofsﬁgm
hyperkeratosis, inflammatory cel nfilraton and acamthosis. In HSV-1 infered mice, e
hyperkeratosis, acanthosis and inflammatory cell infilrarion were only slightly more pronounced than m
the previous groups, but a severe reaction was observed in mice infected with HSV-1 virus and treated
wpically with aqueous extract of smuff. In addition epithetial “atypia" were found in this group.

1987). Groups of thirty BALB/c mice were moculated with HSV-1 Cultures on their upper lips and then
painted with either distilled Water or an aqueous extract of snuff three times daily, five days a week for
WO or three months. A group of "mock™ inoculated animals (scarified lips without virys inoculation)

removed and examined for the presence of virus. Swabs for vira] Cultures were taken on the seventh and
thirteenth post- inoculation days.

ﬂxcclixﬁcalfeammofmediscasewercdoselysimilano!hoscd:scribedinunpreviouspapcr(hxt.

Herbosa er af, 1985). Viral cultures taken from the lips of HSV-1 inoculated mice of all treammen:
groups were positive for HSV-1 on the seventh post inocularion day but negative on the thirteenth day.

‘mus.tmsevcr:macuonreponadbyl’ark. Hcrbosae:al(l985)azthcs‘tcofvimsinoanaﬁonfnﬂbwad
by the application of snuff extract May not signify activation of HSV-1 virys.
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Rats infected by HSV-1 virus were used by Hirsch, Johansson and Vahine (1984) 1 investigar the
possiblcmleofmuffappliedregNarlywthcoralmucoaofmfemd.msmtbcchvelq:manofoml
carcinomas. Employingﬂtﬁip—a:m"nwdcl(secSecamZQ.utfdlowmgmofmmwm
studied:-

1) untreated;

i) treated with snuff insertion daily for eighteen months;

iii) infected with HSV-1 virus without further treamment;

v) infected with HSV-1 vim.sandueatedWimsrmﬂ'.

The results of this study did not indicate any carcinogenic response o either HSV-1 alone or snuff alone.
However in the group treated with both HSV-1 and snuff there were two carcinomas in the oral cavity.
The non-neoplastic pathological changes in the oral cavity followed the same course as those noted
carlier (see Secton 2.4). Apan from the lip canal there was no significant difference berween any of the
groups in the incidence of tmours. In this investigation, virus was cuimred regularly from the oral
cavity of inoculated rats while no virus was isolated from the uninfected animals.

I_arsson.Johanssonctal(l989)uscdmcmlipcanalmodelrocanpamdzacxionsofsnuﬁ'asa
promoter 1o virally “initated" cells with its actons on chemically “initiated” cells (see section 2.5).

In the virus pan of the study 55 Sprague-Dawley rats were divided into four groups and all had surgery
[0 create an ardficial lip canal. Two groups (1 and III - see Table 27) were inoculated with HSV-1 once
monthly for the duration of the smdy. Group III were then treated with 200mg Swedish snuff in the test
canal twice daily five days a week for the duration of the study allowing an average exposure of rwelve
hours per day. Two further groups (controls) were included One (Group V1) was left unrreated after
consuucn‘onof:helipcanalandthcmr(Gmuplr)xccdvedmuffintmmcwayasGmuplllbmm
Other eatment The study lasted for 30 months except for those rats which were killed earlier for
humane reasons.

Squamous cell carcinomas of the lip canal or close 1o its orifice were foundinmcmineac.bomeupsl
and II. There were no mmours of the oral cavity in Group III. Omcrnmmnsoccmmdsysmnically.

They were mostly single nnnomsandaweamdtobcmlzwdtomnnmr.

'I'henumberofmmwrsofmeoralcavityobservedinthissmdyistoosman:obemhm‘vemﬂmis
no indication of any interaction between exposure to snuff and exposure 10 HSV-1 in this study.
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)  Mock inocularion:
) Mock inoculation plus simulated suff dipping:
iv)  HSV-1inoculaton:

v)  HSV-2inoculaton:

¥)  HSV-1 inoculation plus simulated suff dipping:
Vi) HSV-2inoculation and simulated snuff dipping

The viral inoculations were repeated once every four weeks for twenty-four weeks, Approximately
ISOmgofmuﬂ’wasplacedincachpouch Mcachyforsixmmmsudmﬂtcxpcrimcm was
terminated. Ten out of twenty and 11/20 hamsters from Groups (vi) and (vii) respectively had developed
invasivcsquamousc:llcarcinomaofthcdwckpmcn -Nommom'sdevdommmymcdmcom:r
groups.

In a subsequent experiment Park. Min et al (1993) investigated the imteraction between HSV-1 and NNN,
NNK or BaP in Syrian Hamsters, Groups of 20 hamsters were inoculated repeatedly (presumably every
4 weeks) with 100 ul culture medium or with the same amount of culture medium comaining HSV-1 imp
the right buccal pouch. The left pouch was left untreated. The site of inoculation was then treated with
wopical application of 1% NNN, NNK or with BaP, each dissolved in mineral oil, or with mineral qil
alone. The 1opical applications were carned out three times a week, for a period of 15 weeks for BaP and

with BaP. ‘I'hcrewzsalowincidcxuofpouchnunoursmmgmupmmdwithculnuemdimnplus
BaP and a higher incidence in the &roup treated with HSV-1 plus Bap (see Table 28).

6.4 Comment
There is little doubt thar HSV-] infected cells in vitro can beuansformedmxopomnﬁanymzlig:mc:ns
byagcmsmz:suppmssuncyzolyﬁcc&wofmevimsmdxas UVndiatimandd'mzimlfmdnogms

ﬂﬁsmppmﬁmsmmgmmbcadﬁwedbyhnafmcudmdnanuhrsymh&sufmw
forﬂngmmhofmevinswtﬁ!clcavingmmmeexpmssimofmcvimlgame.
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lnvivosmdisdona.howcvcr.manmchadwpicmm A carcinogenic effect was produced when
hamster cheek pouches. infected with HSV-1 virus, were exposed to snuff but this experimen would
havebemmuchmmtconvhﬁngifithadlasmdmorcﬂmsixmm If the animals had been kepx
longer and the differences in wmour incidence had persisted there would have been  clear indicarion of
an interaction berween HSV-1 and snuff.

‘Some support for the role of snuff in activa:irig the potential carcinogenic properties for HSV-1 was
' provided by Hirsch, Johansson and Vahine (1984) who reported two carcinomas in the oral region of rats
infected by HSV-1 virus and mreated with snuff. The rumber of mmours induced is, however, 100 small
tobecorwincingandambsequcmcxperimwmsimilarlimsbyl.arssmblmmaal(l989)was
negative with respect 10 interaction berween HSV-1 and snuff. No tumours were produced when NNK
and NNN were applied topically 1o the cheek pouches of hamsters inoculated with HSV-1. BaP, under
the same conditions. produced a low incidence of mmours when applied alone and a higher incidence
when applied o virus inoculated hamsters.

The reason for these inconclusive results is not ciear but is in keeping with the demonstration that snuff
Or its aqueous extract does not activare a latent virus infection suggesung that it is not irritant enough and
does not contain enough carcinogenic TSNAs 10 do so. It is well recognised that auma such as
epilation. cellophane-tape stripping and topical application of dry ice (Park, Herbosa and Sapp, 1987)
can acuvate a latent HSV-1 virus infection but these operations are likely o be much more traumatc

than the applicadon of snuff or snuff extract

It 15 noteworthy that in the in vivo experiments menrioned in this secton, snuff or snuff extract on their
owt. produced only a very low incidence of mmours, while NNK and NNN applied on their own were
negagve. The invesnganon showing that snuff does not activate oncogenes is in keeping with the absence
of carcinogemicity of snuff.

7 AN OVERVIEW

The potential carcinogemicity of smokeless tobacco was investigated in laboratory animals presumably
because of anecdotal accounts and epidemiological studies claiming an association berween oral cancer
and smokeless tobacco.

Most of the early experimental smudies were conducted on the cheek pouch of hamsters because the cheek
pouch represented an easily accessible area of buccal epithelium which could permit long-term
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appﬁmﬁmofsnokdesmbacco(seemcuonz.l). nnmcdlodsunployedinﬂmesmdisvaxicdﬁuma
singleﬁnirig.wﬁduwaskﬁmptmﬁuunmmmmofmmy,mmm:mduphmmaf
smokeless tobacco on a daily basis. Thfonnermedndmbcaiﬁdsedmﬂnbasisthatmywmr-
solubican:inogmspresaumaybeelmdﬂ@astnnspaceofﬁmeaﬁerinscrﬁonsoma:mﬁxmm
comaczofan:‘mgmsndththeepiﬂnﬁmnofﬂzdnd:m This method, however, allows
carcinogens which are sparingly soluble in water to be eluted gradually by the saliva and 10 come imto
.cmﬁmmsconmwimundukpouchcpimdimn. Frequaurcplac:memofsmokd&mbawomdt
mrham.hasmeadvanmgcofmsunngpmlongedconmctwimﬂ:pouchmumbywdmgmmm
elute quickly. Thus both methods are usefu] formvesdgadngmewdnogcmdxyof smokeless tobacco.

Whichever method was adopted. results of these long-term studies in the hamster cheek pouch, did not
demonstrate 2 carcinogenic effect  In contrast, the inwroduction of various polycyclic aromaric
hydmcmboncardmgmsmﬂnmmdukpouchmuwdmaﬁghmdd:ncofcammmum
though the application was limited to a few weeks. This shows that the hamster cheek pouch is capable
of developing carcinomas when exposed 10 carcinogens and that the negative results with smokeless
tobacco were not due 1o an insensitivity of the cheek pouch epithelium to carcinogens.

It is interesting to observe that there was a mild to moderare hypcxplas’a(mmucasemﬂzmmberaf
cells) in the hamster cheek pouch which was accompamed by a mild ©o moderate inflammatory cel
infiltraion whether the application of smokeless tobacco was repeated or was carried out once only. No
metaplasia (change in cell morphology) or fibrosis was ever reported.

Another method of obtaining long-term exposure of the buccal epithelium to smokeless tobacco is the use
of a surgically-constructed lip canal in the rat In contrast w0 the results with the hamster cheek pouch
repca:cdinscnionofsmok:lessmbacooin&nlipcanalofrats provoked a marked epithehial as well as 2
marked connective tissue reaction which intensified with the progress of the experiment. As discussed in
Comments, Section 2.4, severe reacuons of this sorn are kiable 1o produce tumours even in the absence of
any chemical carcinogens.

isorﬂyann]din-itamsotrmsancotrnrfacmrmustberspmsibleforﬂ':sevuityof&:mcﬁm
observed in the lip canal. Aspoimedouszanmmrs,SecﬁonZ4.thcmbbingofunﬁssus
consdmﬁngmelipcanalbyunimplancmsusedzodcanomandmﬁnitwithsmokdesmbawo'must
accoumforthccms’dcmblctismcdamagcobscrved. Whmmctaksimommnthepmssis
carmed out twice daﬂyitbeccxncscvidaumazmecham:alinjurymustluvephyedamajardeh
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mmgnwmmmmvemcmwﬂmmmnmm
of the mmours observed. Itwmndappearlikdyummtheconﬁmdspaccofmcmmalavnytm
mammaumsimolvedmﬁmngnhpmalnwicedaﬂymaynavemcedmfﬁmmgemme
mucosalcpithe!iumofmctmgucmdhaxdpamcwpmduccutfewunnmmpomdinﬂﬁsmgim

lnsmneofﬂtsmdiesmmelipcanal.alowmddamoffomanadxunnmwasrcponedmrats
treated by smokeléss tobaceo alone. Thcsigmﬁcameofmcinducdonoffmtswmachnmomsinmsmd
mice has wmhnmsivdymxdiedmdithasbemsmwnmmchmrﬁcdamagcmﬂtcﬁﬂzﬁalodkwﬂl
lead to the production of both bemign and malignant mmours (Grasso er al, 1991). Thus the appearance
ofaicwforcswmachmmouxsinmsdomtindicaxzﬂmsmokd&mbamomanywdnogmic

potency.

In long-term dietary studies on mice, rats and hamsters there was no evidence that smokeless wbacco
possessed any carcinogemic potential. In the hamster swdy, which involved 2 years exposure, the
negatve control substance, cellulose, produced a low incidence of forestomach nmours.

Only one relevant topical application study with smokeless obacco has been found. An agueous extract
of snuff was applied to the mucosa of the oral Cavity for 2 years and no tumours were observed thus
underiining the fact that smokeless tobacco is not carcinogenic in experimental animals.

Analytcal studies revealed the presence of a number of nirosamines in smokeless tobacco. Many of
these are present in other products that come into contact with man but six non-volatile nitrosamines
were only found in wbacco and were called "Tobacco-Specific Nimrosamines” (TSNAs).  Several
expenments were conducted Lo assess the carcinogenicity of TSNASs and rwo (NNN and NNK) have been
found 10 be alkylanng agents and to possess both mutagenic and carcinogenic properies. The other four
were either non-carcinogenic or equivocally so. Both NNN and NNK produced mmours when
adminiszcrcdbymeomlorpamwmlmutcinhamstcrs.mccmdms. The principal target organ by
both routes in mice is the lung. Inrats‘thenasalaviusappeartobethemainxegimaﬁeaedbybom
muosaminsbutNNNmaddiﬁmedanmddauofmmomsmuzaso;mgm:inhamstcxsthc»
mostcanmaﬂyaffecteds'tcismelﬂdnalcpimdimnaswenaslungsandnasalmvity. The liver was
affccmdinallmreespedsbutatardaﬂvelylowlcvd. lemmmmmazdcselevdwasused.ﬂn
inddmcewasdoscrclmedmdbombcxﬁgnandmaﬁg!wnmmourswcmpmdnwt A clear carcinogenic
r:sponscwasproduccdcvmwhmdrmpecdvcmmwasgivmforahmmdpeﬁodaﬂy. Thus
NNKandNNNbehaveassysxmﬂcwdnogmspmdumgmmmnsawayﬁundts'ed
administracion. ThcomlawitydocsmtappearwbeamgetorganofdﬂnNhNorNNK. Topical
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appﬁmﬁmofdma!ﬁnmhzmmownmdzmgzmqﬁﬂ:hmdmwdmmmmuz
foxmatimofamlunnours.butﬂ:cappﬁcaﬁonofamixnn:ofﬂztwombsxancesmuzomImucosaof
ﬂwmmsumdmmmddmmofbaﬁgnmmmwmchwasMCaHysigmﬁm

claimed that it was a locally-acting carcinogen.  This Interpretation is invatid because parentera)
administration of NNN aiso produced oesophageal mmours.

1self would appca:toactasaninhibitoryagemx’n vivo. Whereas a mixture of NNK and NNN produced
afcwbcnignunnoursww'lappﬁedtothcoralmucosaofrats.mcsamcmixmmacuedtosmdcdas
baceo produced a much lower wmour incidence. When mentioning TSNAS in smokeless tobaceo it is
imponamtobcarinmindtheverylowcmcmmomatwtﬁchthcyampmsmmdntlowlcvdd
CXposure to smokeless tobacco users (e.g. Tricker and Preussman, 1991).  Other nirrosamines, mainly
dimethylamine and diethylamine, occur in some nitrate/nitrite preserved food at about the same
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standard tests and so extracts have been used. The results in the Saimonella/microsome test and in some
mammalian cell systems, including human cell lines, have been positve. However, since these
mmguﬁdwmmgamnymgﬁxdmuaqmsﬁvdymﬁv&mmmumm
amificial separation of the compormofsnokcl&mbacco.dnpos‘ﬁvesmn-mmmmsdom
ovcr-ridcmcabscnceofcan:inogenicityinlong-termammal studies.

A high incidence of orai cancer was observed when snuff was applied 1o the oral cavity of hamsters
which harboured an active infection with herpes simpiex virus for the whole of the experimental period
Nommomswereobscrvedinhamstcrsormsueawdir:lttmewaywim:mokdcssmbaccobm
without an artificially-maintained conunuing active virus infection.

Overall the experimental studies Support the conclusion that smokeless wbacco has not been shown 10 be
carcinogenic in the oral cavity of experimental anmimals.
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TABLE 1 Tumour incidence (3)in male F344 rats(b)
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canal. See page 12 of text. From Hecht, Rivenson et al, 1986.

after the application of snuff in the lip

Stomach

Group Number Lip Tongue Hard Floor of Nasal
of rats Canal Palate mouth Caviry
Control 10 0 0 0 0 0
Snuff 32 1+(1) 0 1 0 0
Extracted Snuff 21 0 1 1 0 0
Enriched Snuff 32 0 0 0 1 1)

N et ot

Notes:- (a) Numbers in brackets indicate mali
(b) Surviving 10 116 weeks

gnant tumours, all others were papillomas.
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TABLE 2 Incidence of proliferative lesions in male Sprague Dawiey rats (28 or 29 per group)
after the application of NQO to the hard palate and shuff 1o lip canal. See page 14 of
text. From Johansson, Hirsch er al, 1989.

Tumours Squamous cell hyperplasia

I I m v v I o m v v
Lip and lip canal I« - - 1 . 24 6 4 25 10
Hard Palaie - 2+1) - 2 4 . . 18 7 7 14 2
Tongue - - 242) N - - - - - -
Nasal Cavity IHD) - - 1 - - - - - -
Forestomach 1 - 2 2 - 18 4 6 18 1
Lip (sarcomas) (¢4 - - )] - - - - - -

Numbers in brackets indicate malignant tumours.

Group I- Snuff insertion for 104 weeks. B
Group I - Painting hard palate with propylene glycal (PG) for 4 weeks.

Group 11 - HardpalaxcpaimcdwithNQomPGfoneeks.

Group IV - AsinGmupmbutwithmuffimcnedinlipcmalforafumnr104wechs
Group V - Insertion of satine in cotton wool for 104 weeks.
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TABLE 3 Tumour incidence in male Sprague Dawiey rats (38-42 per treated group with 30
controls) after the application to the lip canal of NQO or DMBA followed by snufT.
See page 14 of text. From Johansson, Saidi ef al, 1991.

Sarcomas ’ Squamous cell aimours

I I m v v v I o0 m v Vv WV
Lip canal - ® ao @ @5 (@ - (1n 2 1+(1) 21) -
Hard Palate - - - P - - - @ & ©® & -
Buccal mucosa - - - - - - - - - 0 -
Nasal Cavity - - - - - - @a» - . @ - .
Forestomach - - - - - - - 2 - - P -

Numbers in brackets indicate malignant tumours.

Group [ - DMBA plus conon pellet
Group II - DMBA plus snuff.
Group III - Snuff.

Group IV - NQO plus conon peller
Group V - NQO pius snuff.

Group VI - Saline plus conton peliet.
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TABLE 4 Survival and tumour incidence in male F344 rats treated by topical application to the
oral mucosa of snuff extracts, or NNN and NNK_ See page 7 of text. From Hecht,

Rivenson er al, 1986,

Group Amount of Survival Chesk Hard Tongue Lung

Nitrosamines (weeks) Palare

(ug/applicarion)

NNN NNK
Water control - 103434 - - - 1
Snuff extract 6.6 1.4 108+24 - - - ‘ .
Snuff extract &
NNN and NNK 74 15 10632 1 1 1 2
NNN and NNK 68 14 10639 6 1 2 1+4)

Numbers in brackets indicate malignant mumours.
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TABLE § Tumour incidence in hamsters (50 of each strain per dose group) dosed orally. See
page 8 of text. From Homburger ez a, 1976.
Cellulose(@  Snuff®  Mca Snuff® + MCA  Cellulose(® +MCA
(5mg/dose) (05Smg/dose) 05mg/dose)
Forestomach 3+(4)A. T+(1) 50+(20) 1«2 6+7)
Glandular
stomach 0 0 a9 _ (8) ©®
Small
intestine 0 0 €] 0 0
Large
intestine ¢))] ) 1+(51) (1) 4]
Notes:- @ . 209 in diet
®  Mca = Methyicholanthrene

©

Numbers in brackets indicate malignant tumours.
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TABLE 27 Inddmeeofsqmmusedltxmnoursinmuwedwithnsv-
See pages 14 and 43 of text. From Larsson, Johansson er al,

REPORT RI93/TOX/001

1 or NQO and snufr.
1989.

Group Number Carcinoma Papilloma
of
rats
Ear Lip Oral Nose  Forestomach Lip Forestomach
duct cavity *
I 12 1 1 - - - - -
1 13 - - 1 1 - - -
m 15 1 - - - - - -
v 12 - 1 - - -
\% 12 - . 2 - 1 1 -
VI 8 - - - - - - -
Notes:- All animals had an artificial Bp canal
Group 1 = HSV-1 inoculation
Group I = Snuff
Group I = HSV-1 inoculation + snuff
Group IV = NQO
Group V = NQO + snuff
Group VI = Control
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TABLE28  Effect of tobacco related chemical carcinogens on HSV1, alone or in combination, on

the development of oral cancer in the hamster buccal pouch. See page 44 of text.
From Park, Min er al, 1993,

No of pouches No of pouches Invasive squamous

Group no
per group with twmours cell carcinoma

1 20 0 0
2 20 0 0
3. 20 0 0
4 20 0 0
s 20 0 0
6 20 0 0
7 20 4 9
8 18 10 4
Notes:- TwoammalsdwdpmmammlyofmcepknhnsmgrmpS

Groups lﬁﬁmﬂ?wcmockinoaﬂamdmdmm:dmﬁcaﬂywmm&
(Group l)orWilhmirmalm]cumaining l%ofNNK(Gp3).NNN(Gp5)orBaP(Gp7).
Groups 2.4.ﬁand8wcrcinomlamdwithSV-l and then treated wopically with mineral oil
(Group 2) or mineral oil containing 1% of NNK (Gp 4), NNN (Gp 6) or BaP (Gp 8).
Noofhamstcxspagmup-zo.
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FIGUREL Postulated major metabolic pathways of NNK.
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FIGURE2 Postulated major metabolic pathways of NN\
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REVIEW OF RELEVANT INFORMATION ON EXPERIMENTAL
- CARCINOGENESIS AND SMOKELESS TOBACCO

Prepared by Torbjorn Maimfors, M.D., Ph.D. for Submission to
National Toxicology Program in Connection with its Review
of Smokeless Tobacco for Possible
Listing in the Ninth Report on Carcinogens

I am Dr. Torbjém Malmfors. I am currently a consultant toxicologist and
principal in the firm Malmfors Consulting AB, Stockholm, Sweden. In 1959 ]
was awarded the bachelor of medicine degree by the Karolinska Institute,
Stockholm, Sweden. In 1965 I defended a doctoral thesis at the Institute and
in 1971 1 was awarded a doctor of medicine degree by the Institute.

From 1958 to 1962 I was employed as a teaching fellow in the department
of histology at the Karolinska Institute. | was then appointed research fellow
and in 1965 1 was appointed assistant professor. From 1978 to 1984 I was
adjunct professor in drug toxicology in the department of pharmacology. I
have been a visiting professor in the department of zoology at the University
of Melbourne and held the Warren Macdonald fellowship awarded by the
National Heart Foundation of Australia. In 1970 1 was appointed associated
professor of industrial toxicology of the National Institute of Occupational
Health in Stockholm and held that position until 1972. From 1972 to 1980 I
was empioyed as head of Toxicology Laboratory of AB Astra in Sodertilje,
Sweden. I have served as Expert Agree (official expert) in pharmacology and
toxicology to the Ministry of Health in France.

I am the author or co-author of approximately 120 publications relating to
neurohistology, neuropharmacology, toxicology and risk assessment. I am a
member of the Swedish Society of Toxicology and of EUROTOX, a member of

the Society of Toxicology (USA), 2 member of the American Association for
the Advancement of Science and a2 member of the Society for Risk Analysis.
In 1984-85 1 was president of the Swedish Socicty of Toxicology. I have also
served as Secretary General of the Federation of European Societies of
Toxicology. I am presently Director of the Internationa] Union of Toxicology
and responsible for its Risk Assessment Summer School Programme (RASS).
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I have been requested by certain smokeless tobacco manufacturers to
review the published experimental . data regarding the possible
carcinogenicity of smokeless tobacco in experimental animals and to render
my professional opinion as to- whether smokeless tobacco fulfills the National
Toxicology Program’s criteria for listing as "reasonably anticipated to be a
human carcinogen”, which requires in the case of experimental

carcinogenesis studies that:

"There is sufficient evidence of carcinogenicity from studies in
experimental animals which indicates there is an increased
incidence of malignant and/or a combination of malignant and
benign tumors: (1) in multiple species, or at multiple tissue sites, or
(2) by multiple routes of exposures, or (3) to an unusual degree with
regard to incidence, site or type of tumor or age at onset”

My review of the relevant experimental data is organized as follows:

*Introduction

*Experimental data
- carcinogenicity studies
- studies on the interaction with viruses
- genotoxicity studies

*Evaluation of the relevance of the data

*Conclusion regarding carcinogenicity in experimental animals

Introduction

Smokeless tobacco is a very complex mixture of hundreds of chemical
substances (Roberts, 1988). This review, however, is based almost ,
exclusively upon data relating to whole smokeless tobacco, since analyzing
the individual components and then evaluating the mixture based upon
those results is of doubtful validity in the case of a complex mixture such as
smokeless tobacco. The most reliable data in the case of a complex mixture is
derived from testing the substance itself rather than its components.



3

Because of the cost and time required to perform life span animal swdies for
carcinogenicity, short-term tests, mainly for mutagenicity, are valuable for
initial screening to determine which chemicals should be tested further for
carcinogenicity. Short-term tests, however, cannot establish a chemical as a
cause of a neoplasm because such tests do not have neoplasms as an

endpoint.

In evaluating animal studies for carcinogenicity, one should recognize that
any conclusion must be based on a demonstration of a statistically significant
toxicological effect and a demonstrated dose response relationship. Before
one can reach a conclusion that smokeless tobacco is experimentally
carcinogenic, it must first be shown, at a minimum, that there is a
statistically significant association in animal studies between exposure to
smokeless tobacco and malignant neoplasms and that there is a direct dose
response relationship i e that the incidence of malignant neoplasms increases

with increasing dose.

These evaluation principles are in accordance with the NTP’s Criteria for
Lisung Agents, Substances or Mixtures in the Biennial Report on Carcinogens,
which states:

"Conclusions regarding carcinogenicity in humans or experimental
animals are based on scientific judgement, with consideration given
to all relevant information. Relevant information includes, but is not
limited to dose response, route of exposure, chemical structure,
metabolism, pharmacokinetics, sensitive subpopulations, genetic
effects, or other data relating to mechanism of action or factors that
may be unique to a given substance.”

As pointed out above, the evaluation of a complex mixture must be based on
the whole mixture, although data on metabolism and pharmacokinetics of
mixtures are very difficult to obtain and interpret. Therefore, evaluations
regarding possible carcinogenicity in humans based upon studies in
experimental animals should rely upon in vivo studies which as closely as
possible replicate the use of smokeless tobacco by human beings.

This review summarizes all. the published experimental data which are
relevant to an evaluation of the possible carcinogenicity of smokeless tobacco
in experimental animals in order to be able to judge if smokeless tobacco
fulfills the NTP’s criteria for listing as "reasonably anticipated to be a human

carcinogen”.



Experimental data
Carcinogenicity studies

The use of smokeless tobacco by humans involves two major routes of
exposure: the local exposure of the oral mucosa to the whole smokeless
tobacco and a systemic exposure after absorption by the oral mucosa of
various chemicals from the smokeless tobacco and after absorption by the
gastrointestinal tract of any parts of the smokeless tobacco which may be
swallowed. While it is fairly easy to imitate the systemic exposure by oral
administration, it is more difficult to. achieve a long-term local exposure.
However, various methods have been tried and will be described in this

review.

A number of animal studies have been performed in different species and
with different types of design including different modes of exposure. The
studies are subdivided according to mode of exposure rather than according
to species, as the mode of exposure is regarded as more important than the

species for the interpretation of the results.

Dietary administration

DiPaolo (1962) fed 34 DBA and 16 C57B1 mice for 15 months and 40 Wistar
rats for 18 months with smokeless tobacco in the diet. The dietary
concentrations were approximately 5 % for rats and 25% for mice at the
beginning of the study decreasing by stages to about 5% at the end of the
study. One rat showed a kidney sarcoma and one rat and three DBA mice
showed leukemias. Neoplasms are known to occur spontaneously in DBA
mice although none was observed in the controls of this particular

experiment.

Dunham et al (1974) conducted a feeding study with smokeless tobacco.
Approximately 150 mg per day (2.5% of the diet) was given to 20 hamsters
for 16 months. No neoplasms were observed in the animals treated with
smokeless tobacco only. One animal treated with smokeless tobacco plus lime
developed a carcinoid in the pancreas. The authors could not determine
whether the carcinoid was spontaneous or induced (Dunham et al 1975).

Homburger et al (1976) examined the possible carcinogenic and
co-carcinogenic effects of smokeless tobacco in two different strains of male
Syrian hamsters. A total of 500 animals was used. Groups of 50 animals
from each strain were given a diet containing 20% smokeless tobacco, a diet
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containing 20% cellulose (10 reduce the caloric intake, negative control), 5
mg/animal of 20-methyicholanthrene (MC) and normal diet, 0.5 mg/animal
of MC and a diet containing 20% cellulose, or 0.5 mg/animal of MC and a diet
containing 20% smokeless tobacco for 2 years, respectively. MC was
administered 50 times. The animals fed the smokeless tobacco diet alone
showed a nearly identical "tumour spectrum” to that of the controls, which
means that no carcinogenic effect of smokeless tobacco was observed. As
there was no increase in tumour incidence when smokeless tobacco feeding
was combined with the administration of MC, the authors also concluded that
no co-carcinogenic effect of smokeless tobacco could be demonstrated.

Administration in hamster ' cheek pouch

The hamster possesses cheek pouches, one on either side of the mouth,
which open into the oral cavity and lie underneath the muscles of the cheek,
hence the name "cheek pouch”. The openings of the pouches lie in the
anterior part of the oral cavity and are associated with small salivary glands
which produce both serous and mucous secretions. The pouches extend
backwards along the oral cavity but do not reach as far as the oropharyngeal
junction. Histologically, the epithelium of the cheek pouch is stratified
squamous. Functionally, the cheek pouches store half-chewed food which is
passed out as needed. Smokeless tobacco, when introduced into the pouch,
remains in place for several hours and small amounts are periodically
extruded and chewed. Thus, the hamster cheek pouch is a good model to
study prolonged exposure of the oral mucosa to smokeless tobacco.

In a study by Peacock, smokeless tobacco or known carcinogens were
implanted in the cheek pouch of hamsters. In 21 animals exposed to
smokeless tobacco for more than one year, in 11 animals examined within
the next 12 months and in the animals surviving 24 months there were no
neoplasms of any type (Peacock and Brawley 1959, Peacock et al 1960).

Dunham and Herold (1962) investigated the possible carcinogenicity of
smokeless tobacco in a group of 35 hamsters. The smokeless tobacco was
incorporated into a beeswax pellet which was inserted into the cheek pouch.
The pellet contained 20% smokeless tobacco and was maintained at the site
for almost the entire normal life span of about 15-16 months by ligating the
neck of the pouch proximal to the pellet. No tumours were observed in the
pouch or oral cavity. On the other hand the laboratory carcinogens 7,12-
dimethylbenzanthracene (DMBA) and MC incorporated into beeswax in the
same way and inserted into the cheek pouch of hamsters, induced
carcinomas and sarcomas in the positive controls after 6 months.



A later study by Dunham et al (1966) also using the hamster cheek pouch
was similarly negative. Groups of four to seven male and female weanling
Syrian golden hamsters received once daily applications of 50 mg of
smokeless tobacco, smokeless tobacco and calcium hydroxide (lime), or
calcium hydroxide alone in the cheek pouch five days per week for up to 99
weeks. No oral neoplasms were observed in any group.

Homburger (1971) also investigated the possible carcinogenic properties of
smokeless tobacco by using the hamster cheek pouch as well as the oral
mucosa. He immobilised the animals® heads for 30 minutes each day, which
allowed smokeless tobacco to be placed in a stainless steel webbing attached
to a stainless steel bit to be applied with an automatic cartridge filler 10 the
gingivolingual area, including the upper part of the cheek pouch. A total of
84 male and female Syrian golden hamsters were exposed for up to 51
weeks. The epithelium of the lip of the oral cavity and of the cheek pouch of
the animals exposed to smokeless tobacco showed only minor changes
compared to controls. One benign tumour (papilloma) was found in each of
the groups exposed to smokeless tobacco and cotton (control group)
respectively. No carcinomas were found in the oral mucosa. In contrast,
carcinomas of the oral mucosa were found after a similar exposure in the
same area to DMBA (three squamous cell carcinomas in the pouch and two in

the oral cavity).

In another study with male hamsters, 70 mg of finely powdered smokeless
tobacco or 50 to 100 mg of coarser tobacco were introduced daily for 20
weeks into the cheek pouch of groups of 20 animals. The experiment was
terminated after 20 weeks. While no significant pathological changes were
observed in these animals there was a slight diminution of mitotic activity
and an increase in Langerhan’s cells (Shklar et al 1985).

The application of 2 g of smokeless tobacco to the blind end of the right
cheek pouch of a group of 8 male hamsters, 5 days a week for 6 months
(terminated at 6 months) resulted in no local proliferative leisions or
neoplasms. Hyperplasia of the cheek pouch epithelium was noted
(Worawongvasu et al 1991).

Topical application

Although the cheek pouch model is a good way to study both the local and
systemic effects after local exposure, it is limited to species with that special
anatomy i e hamsters. In order to perform studies in rats with local

-~ -~ T s —— e
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exposure, Hecht et al (1986) devised a protocol in which groups of rats were
treated by application to the oral cavity of aqueous extracts of smokeless
tobacco. The extracts were applied by swabbing the oral cavity and lips
usually twice daily for 131 weeks with a cotton swab to which 0.5 ml
solution had been added. The identification of certain tobacco-specific
nitrosamines (TSNAs) in smokeless tobacco has raised questions about their
possible effects as components of smokeless tobacco. Therefore, Hecht et al
exposed a second group to smokeless tobacco aqueous extract enriched with
NNN (N’-nitrosonornicotine) and NNK [4-(methylnitrosamino)-1- (3-pyridyl)-
1-butanone] up to a concentration ten times higher than that in the plain
smokeless tobacco extract. A third group received NNN and NNK in water at
the concentrations added to the extract. The controls were swabbed with

water,

No oral neoplasms were observed in the 30 animals treated with the
aqueous extract of smokeless tobacco. In the 30 animals treated with NNN
and NNK in water, 8 oral papillomas were found, which was statstically
significant. However, in the 30 animals treated with NNN and NNK in the
aqueous smokeless tobacco extracts, only 3 oral papillomas were found.
Hecht et al concluded that "(t)he lack of oral tumours in the animals treated
with snuff extract indicates that this mixture is not tumorigenic in the rat
oral cavity, when the swabbing protocol was used”. The lower number of oral
neoplasms in the animals exposed to smokeless tobacco aqueous extract
enriched with NNN and NNK, while not statistically significant, suggests,
according to the authors, that smokeless tobacco has an apparent "inhibitory
effect” on the metabolic activation of NNN and NNK.

Using a primate species as the experimental animal, Smith placed smokeless
tobacco in the cheeks of 12 rhesus monkeys for a total of up to seven years
using a variety of techniques. No neoplasms were produced (Smith et al,

1970).

Administration into a surgically created canal in the lower lip of rats

Hirsch and Thilander (1981) developed a rat model that sought to simulate
human “dipping” in experimental animals. Using surgical techniques, they
created an artificial canal in the lower lip of young adult rats which was
open at both ends and which was lined internally by mucosal epithelium and
externally by skin from the lip. Tobacco or similar solid products could then
be inserted and replaced readily as required by the experimental protocol.
The operation initially caused a marked inflammatory reaction. As far as
could be ascertained, the tissue reaction at the site of surgery was allowed to

. e - e . N . Co— e -
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heal before being used for experimental purposes. The test material was
injected from the lip side into the arificial canal by a plastic syringe until
excess snuff was pressed out through the buccal opening, ensuring complete
filling of the canal. The authors found that this model could accomodate
approximately 0.29 g of powdered smokeless tobacco which corresponds to a
mean dose of 1 g/kg body weight (approximately 5 times the amount a
human might use). The inserted material was retained for 5 to 8 hours and
was accompanied by "hypersalivation” and a marked increase of -blood
nicotine. After a twice daily application of 0.2 to 0.4 g of powdered

- smokeless tobacco for 9 months the epithelium of the canal was mildly to
moderately hyperplastic and the adjacent connective tissue exhibited an
inflammatory reaction which varied in degree from mild to severe. No
tumours were reported (Hirsch and Thilander 1981).

The lip canal model was used by Hirsch and Johansson (1983) to study the
effects of long-term application of smokeless tobacco. Rats received standard
smokeless tobacco (42 animals) or highly alkaline smokeless tobacco (ten
animals) twice daily, 5 days a week for 9-22 months. Animals with identical
canals, but not treated further, served as controls (15 animals). A complete
post-mortem examination was performed.

Animals exposed to standard smokeless tobacco after 9-12 months (26
animals) developed a mild to moderate hyperplasia of the epithelium,
hyperorthokeratosis and acanthosis. The oral mucosa of rats exposed for 18-
22 months (16 animals) showed about the same changes. In a few rats,
severe dysplastic changes developed in the crevicular epithelium (the
epithelium of the gingival sulcus of the lower incisors). Rats exposed to
alkaline smokeless tobacco differed little from the other ones exposed. The
lips of the control animals mostly showed mildly hyperplastic epithelium
which was covered with orthokeratin. One macroscopic tumour was observed
in a rat treated with standard smokeless tobacco after 8.5 months. It was
situated on the left side of the oral cavity, extending from the incisors and
involving both the upper and lower jaws. The tumour was a moderately well-
differentiated squamous cell carcinoma invading the bone. The authors could
not, however, determine whether the neoplasm was "spontaneous or
induced”. There were few pathological findings outside the oral cavity.

Using the lip canal technique Hirsch et al (1984) observed moderately well-
differentiated squamous cell carcinomas in two animals infected with herpes
simplex virus type 1 (HSV-1) and exposed to smokeless tobacco twice. daily,
5 days peer week for 18 months. No tumours were detected in non-infected
animals exposed to smokeless tobacco (10 animals), HSV-1 infected animals
not exposed to smokeless tobacco (7 animals), or untreated controls (10
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animals), all subjected to lip canal surgery. The HSV-1 infected rats exposed
to smokeless tobacco showed a significantly higher incidence of malignant
tumours than the control animals and the animals only infected with HSV-1.
An increased fibrosis was observed in the treated animals compared to the

controls.

. In order to further study the dysplastic changes observed earlier (Hirsch and
Johansson 1983) , Hirsch et al (1986) exposed 30 rats to smokeless tobacco
in the same way as in the earlier study for 13 months. In ten rats examined
immediately after the exposure similar changes as before were found. These

changes were markedly reduced or absemt in rats exposed to smokeless
tobacco and examined after a recovery period of 1 or 4 months. It was
concluded that the epithelial changes induced by smokeless tobacco were
reversible. The crevicular epithelium appeared to be more sensitive to
smokeless tobacco exposure than that of other parts of the oral cavity. This is
probably due to the short distance between the lip canal and the incisors.
Furthermore, it seems likely that smokeless tobacco is more or less
constantly retained in the gingical sulcus, resulting in a longer exposure time
in comparison with other areas of the oral cavity. However, the subepithelial
connective tissue exhibited extensive fibrosis, which did not recover. The
authors state that the three tumours they have observed (see Hirsch and
Johansson 1983, and Hirsch et al 1984) after 9 months (one tumour) and 18
months (2 tumours) most likely originated from the crevicular epithelium
and not from the squamous epithelium of the lip canal.

The lip canal technique was also employed to explore the possible
carcinogenicity of smokeless tobacco in the oral cavity of F344 rats by Hecht
et al (1986). The resuits were published together with the results of studies
with topical application of aqueous extracts of smokeless tobacco. Groups of
rats were treated by administration in the lip canal of either 50 mg
smokeless tobacco (32 animals), the residue after aqueous extraction of
smokeless tobacco (21 animals) or smokeless tobacco enriched with its own
agueous extract (32 animals) 5 times weekly for 116 weeks. A group of 10
rats, which were subjected only to surgery, served as controls. Two tumours,
one of which was malignant, developed in the epithelium of the lip canal and
there was one papilloma of the hard palate in the group treated with whole
smokeless tobacco. In the group treated with extracted smokeless tobacco
residue one rat had a papilloma of the tongue and another rat a papilloma of
the hard palate. One animal in the group treated with enriched smokeless -
tobacco developed a papilloma of the floor of the mouth. None of these
observations were statistically significant compared to the controls.
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Administration into a surgically created canal in the lower lip of rats in
combination with other chemicals

In order to further study the possible carcinogenic effects of smokeless
tobacco, particularly any promotion effect, a few studies have been
performed in which the administration of smokeless tobacco in the lip canal
has been combined with local exposure to - 4-nitroquinoline-N-oxide (NQO) or
7,12-dimethylbenz(a)anthracene (DMBA), both compounds defined as
initiators.

Johansson et al (1989) combined exposure to smokeless tobacco in the lip
canal with exposure to NQO painted on the hard palate. One hundred and
fifty Sprague-Dawley rats had a lip canal created surgically in the lower lip.

The rats were divided into 5 groups, up to 30 animals in each. One month
after surgery the groups were treated in the following way:

Group L Smokeless tobacco, 5 days a week up to 104 weeks

Group II Propylene glycol for 4 weeks

Group III. NQO, 3 times a week for the first 4 weeks of the experiment
Group IV. NQO for 4 weeks and then smokeless tobacco for 104 weeks
Group V. Cotton pellet (untreated control)

The lip canal was filled with at least 100 mg smokeless tobacco twice daily.
NQO was dissolved in propylene glycol to a concentration of 0.5% and about

0.13 mg of NQO was applied.
All remaining rats were terminated 108 weeks after start of treatment.

There was no significant difference in mean survival time between the
groups. The groups treated with smokeless tobacco had a siower weight gain
than the other groups and the lower body weight remained statistically
different from the controls during the whole experiment due to a lower food

intake.

Tumours and hyperplastic leisons were found in all groups. The observed
incidence per group in the oral cavity:



11

Group ' I n II1r iv v

Number of examined animals 29 28 29 28 29

Type of lesion and location

Carcinoma _
Lip (in situ) , 1 (1)
Hard palate (in situ) 2(1) 2 4
Tongue 2 1

Papilloma
Lip
Hard palate
Tongue 2 1

Sarcoma
Lip 2 3

Hyperplasia

- Lip, lip canal 24 6 4 25 10
Hard palate 18 7 7 14 2

Dysplasia
Lip, lip canal 10 4 12
Hard palate 5 7

Outside the oral cavity a few tumours were found in various organs. The
same type of tumour was not found in more than one or two animals per
group except in Group I where four animals showed a malignant lymphoma.

There were a total of 23 and 22 tumours in Groups I and 1V, respectively.
The difference in total tumour incidence between Groups I and IV and
Groups Il and III was reported by the authors to be statistically significant
but not the difference between any of the groups for individual types of
tumours. There was no difference between Group I and Group IV and thus it
was concluded that smokeless tobacco had no promoting capability when the
rats were initiated with NQO.

Larsson et al (1989) did a similar experiment with NQO but combined it with
an investigation of the possible interaction of smokeless tobacco with HSV-1
virus. Fiftyfive Sprague-Dawiey (SD) rats and 30 Lewis (L) rats had a lip
canal created surgically in the lower lip. '

The rats were divided into 6 groups, up to 15 animals in each. Ten days after
surgery the groups were treated in the following way: '
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Group 1 SD HSV-1, once a month

Group II SD  Smokeless tobacco, 5 days a week for up to 30 months
Group III SD HSV-1 and smokeless tobacco

Group IV L NQO, once weekly for the first 5 weeks

Group V L NQO first and then smokeless tobacco

Group VI SD  Propylene glycol on a cotton swab, control

The lip canal was filled with at least 200 mg smokeless tobacco twice daily.
NQO was dissolved in propylene glycol to a concentration of 0.5% and 0.05 ml
of the solution, about 0.25 mg of NQO was absorbed in a cotton swab, which
was put in the test canal for 24 hours. The animals were infected with HSV-1
in a suspension, which was absorbed in a cotton swab. The swab was placed
in the lip canal after scarifying the surface with a needle.

The animals were killed when moribund after 16-30 months.

The Lewis rats survived 6 months longer than the Sprague-Dawley rats. The
groups treated with smokeless tobacco had a slower weight gain than the
other groups and the lower body weight remained statistically different

from the controls during the whole experiment due to a lower food intake.

- Tumours and hyperplastic leisons were found in all groups. The observed
incidence per group in the oral cavity:

Group I Ir 111 1v vV VI
Number of examined animals 12 13 15 12 12 8

Type of lesion and location

Carcinoma

Lip 1

Crevicular epithelium 1 1 2
Papilloma

Lip 1
Hyperplasia

Lip, lip canal 2 5 2 10

Crevicular epithelium S 11 14 5 8 1
Dysplasia

Lip 2

Crevicular epithelium 2 2
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Outside the oral cavity a few tumours were found in various organs. The
same type of tumour was not found in more than one or two animals per
group except in Group V where three animals showed a pheochromo-cytoma

in the -adrenal gland.

There were a total of 3, 4, 13, 8, 12, and]l animals with tumours, both
malignant and benign, in Groups I, II, III, IV, V and Vi, respectively. The
total number of tumours was reported by the authors to be statistically
significantly higher in Group IIl as compared to Groups I, II, and VI but not
the difference between any of the groups for individual types of tumours.
There was no difference between Group IV and Group V and thus it was
concluded that smokeless tobacco had no promoting capability when the rats

were initiated with NQO.

Johansson et al (1991) combined exposure to smokeless tobacco in the lip
canal with exposure to NQO or DMBA on a cotton pellet placed in the "pouch”.
Two hundred and thirty male Sprague-Dawley rats had a lip canal created
surgically in the lower lip.

The rats were divided into groups, up to 40 animals in each. Two weeks
after surgery the groups were treated in the following way:

Group L DMBA, 3 times a week for the first 4 weeks, then saline
Group II. DMBA first and then smokeless tobacco for up to 104 weeks
Group IIL Smokeless tobacco, 5 days a week for up to 104 weeks
Group 1V. NQO, 3 times a week for the first 4 weeks, then saline

Group V. NQO first and then smokeless tobacco for up tol00 weeks
Group VL Cotton pellet dipped in saline(control)

The lip canal was filled with approximately 150-200 mg smokeless tobacco
twice daily. NQO was dissolved in propyiene glycol to a concentration of 0.5%
and DMBA was dissolved in mineral oil to a concentration of 0.1%. NQO or
DMBA. The rats received approximately 70 mg of the solution at each
application.

The rats were killed when moribund, when they developed lip tumours, or
after 104 weeks of treatment.

The difference in mean survival time between Group_V and all of the other:
groups was reported by the authors to be significant. The groups treated
with smokeless tobacco had a slower weight gain than the other groups and
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the lower body weight was reported by the authors to remain statistically
different from the controls during the whole experiment.

Tumours and hyperplastic leisons were found in all groups. The observed
incidence per group in the oral cavity:

Group ' I oI IImn 1iv v vi
Number of} examined animals , 40 40 38 40 38. 30

Type of lesion and location

Carcinoma
Lip 1 1 1
Palate 2 3 6 5
Buccal mucosa 1
Papilloma '
Lip 2 1 2
Sarcoma . A
Lip 9 10 1 25 1

Outside the oral cavity a few tumours were found in various organs. The
same type of tumour was not found in more than one or two animals per
group except in Group I where three animals showed renal cell tumours.

There was a total of 14, 28, 24, 20, 40 and 5 tumours in Groups I, II, III, IV,
V and VI respectively. The difference in incidence of sarcomas between
Group V and Groups I, II, IV, and VI and the difference between Groups 11
and 111 and Groups I, IV, and VI was reported by the authors to be
statistically significant but not the difference between any of the groups for
any other individual types of tumour. The sarcomas in Group V developed as
early as after 29 weeks. The tumours were large. The majority of tumours
were undifferentiated spindle cell sarcomas of nonepithelial mesenchymal
nature. It was concluded that the incidence of sarcomas after exposure to
smokeless tobacco was higher when the rats were initiated with NQO but not
with DMBA.

Studies on the possible interaction between smokeless tobacco and
viruses

Different viruses have been implicated in mammalian carcinogenesis and
herpes viruses constitute a large group of viruses which infect most

mammalian species. Thus, it is of interest to study the possible interaction
between chemicals or mixtures of chemicals to which humans are exposed
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Two of the studies have been briefly reviewed above(Hirsch et al, 1984 and
Larsson et al, '1989). Park et al (1986) innoculated the cheek pouches of
Syrian hamsters with HSV once a month for six months. Smokeless tobacco
was inserted twice daily into both pouches of half of the animals. At the
conclusion of the experiment, the pouches of all of the animals appeared
grossly normal. Histological examination revealed that none of the animais
exposed to smokeless tobacco alone or HSV alone developed any cancers.
Epithelial dysplasia and squamous cell carcinomas were observed in over

* half the animals exposed to HSV in combination with smokeless tobacco. The
authors concluded that "our data suggest that smokeless tobacco alone does
not induce precancerous or neoplastic changes in hamster buccal pouches".
As to the respective roles that smokeless tobacco and HSV might have
played in the development of the neoplasms observed, the authors stated,
"since repeated HSV infection alone induced precancerous changes and
simulated snuff dipping alone did not cause the dysplastic changes in the
pouch tissues, HSV may be more responsible for the development of
neopiastic changes”. Although there has been speculation regarding the
mechanisms that might have produced this result, there are as yet no clear

answers.

Studies involving other possible interactions with HSV underscore the
cbmplexities relating to the possible carcinogenic activity of viruses. One
study reported enhanced oncogenic activity of HSV associated with exposure
to UV-light (Burns and Murray, 1981) and another has reported increased
cancer frequency when HSV was combined with cortisone or with trauma
created with a brush (Chen and Swen, 1987).

There is little doubt that HSV infected cells in vitro can be transformed into
potentially malignant cells by agents that suppress the cytolytic effect of the
virus such as UV-light radiation and chemical carcinogens. This suppression
is thought to be achieved by interference with the cellular synthesis of
proteins essential for the growth of the virus while leaving intact the
expression of the viral genome. In vivo studies do not, however, present
such a clear picture. The experimental results are inconclusive.

Mutagenicity

As has been underscored in the introduction, short-term tests, mainly for
mutagenicity, cannot establish a chemical as a cause of a neoplasm because
such tests do not have neoplasms as an endpoint. Furthermore smokeless
tobacco in its whole form is unsuitable for mutagenicity testing. Only extracts
can be used, which are not completely representative of whole smokeless
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tobacco. Positive results have been obtained when aqueous extracts were
tested in bacterial mutagenicity tests and when organic or aqueous extracts
were tested against cultures of human cells in vitro. The significance of these-

results is not clear.

Evaluation. of the reviewed ‘data

In order to investigate the possible effects chemicals or mixtures of
chemicals might have on human health, studies in vitro or in animals must
be used as surrogates since the ability to obtain information directly from
human beings is very limited. Experiments can hardly be performed and
clinical and epidemiological observations have significant shortcomings.

However, the surrogate information must be critically and thoroughly
evaluated from a scientific point of view. While there is evidence of
sufficient similarities between animals and humans to warrant animals being
used as surrogates, there is enough knowledge about significant differences

to make a careful evaluation necessary.

There are no standardized guidelines either on how the data should be

evaluated or on when and how the surrogate data can be extrapolated to
human beings. Evaluations have to be done on a case-by-case basis taking
Into consideration the studied chemical(s), the test system and the results

obtained.

Since a true extrapolation is involved and there are significant knowledge
gaps regarding similarities and differences between the animal species used
and human beings, judgements must be made o a large and variable extent.
The judgements have to be based upon generally accepted scientific,
toxicological principles and acquired experience.

The evaluation process has two major aims. First 10 review the studies
performed and evaluate the significance and the validity of the overall
results and conclusions. ‘Second to evaluate the relevance and importance of
the results and conclusions to human beings.

In the present case there are several aspects which must be given special
consideration:

* Smokeless tobacco is a very compiex mixture.

* The special mode of exposure in humans is difficult to imitate in
experimental animals, which has lead to the use of different administration
methods for which there is limited experience.
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* The studies available have been performed during a rather long time
period (more than 30 years) during which the state-of-the-art of
toxicological studies has changed considerably.

* There is a limited amount of information on the toxicokinetics and
toxicometabolism of smokeless tobacco both in animals and human beings .
which limits the possibility of comparisons between species.

* Due to lack of information on any mode of action, possible interactions

between different components of smokeless tobacco, possible interactions
with other chemicals or mixtures (e g food), or possible interactions with
micro-organisms (e g viruses) are very difficult to evaluate.

The quality and quantity of the information contained in the study
documents varies. They are all published in scientific journals but some of
them are not sufficiently comprehensive to be evaluated in detail. This is
particularly true for the older publications.

None of the studies has been performed according to Good Laboratory
Practices (GLP) but later studies ought to have adopted the principles of GLP.
However, even if GLP is considered important particularly in the case of
studies with no finding of any effects, older studies, briefly described, and
not performed according to GLP cannot be ignored but must be evaluated on
their own merits at the time of their publication.

The first aim of this evaluation will be approached with the second aim in
mind. The mode of exposure is considered a suitable starting point for the

evaluation.

Svstemic exposure has been achieved both by dietary administration and by
various modes of exposure in the oral cavity. It seems reasonable to assume
that the most complete and extensive exposure has been achieved by the
former. There are at least two studies (DiPaolo, 1962 and Homburger, 1976)
which have provided useful information. They include sufficient numbers of
animals of three different species, exposed to high dose levels for almost a
life-span period. There was no increase in any type of neoplasms and hence
no evidence of any systemic carcinogenic effect of smokeless tobacco in the
species used. Although the studies are old, from the pre-GLP time period,
and poorly reported, they must be considered valid and important in the
overall evaluation of any possible systemic carcinogenesis.

None of the studies employing local administration in the oral cavity of the
animal has revealed any statistically significant increase of any individual
type of neoplasm in organs exposed systemically. In a few studies
(Johansson et al. 1989 and Larsson et al, 1989) a statistically significant
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increase in overall tumour incidence was reported. However, that does not
necessarily support a theory of a direct cause-cffect relationship since it is
Inconsistant with the principie of target specificity of carcinogens and since
an increase in the overall incidence, if real, probably would be related to
noncarcinogenic effects.

None of the various modes of exposure in the oral cavity replicates exactly
the usage by human beings. The hamster cheek pouch model has been used
by several investigators. In no study has there been any evidence of any
‘carcinogenesis though it has been shown that the cheek pouch epithelium is
sensitive to experimental carcinogens like DMBA.

Similar negative results have been obtained after application of smokeless
tobacco and DMBA to the oral mucosa of hamsters, which have been
temporarily immobilized allowing a prolonged exposure with the help of
special equipment.

All of the studies in hamsters are somewhat old and the design, particularly
the mode of exposure, specialized. However, a substantial local exposure of
the oral mucosa has obviously been achieved without any neoplasm
formation, while positive controls have produced adequate responses.

In rats there are no studies with whole smokeless tobacco applied to an
intact oral cavity as that probably is impossible to achieve. Besides exposure
of aqueous extracts of smokeless tobacco to the oral mucosa, exposure to
whole smokeless tobacco has been achieved by administration into a
surgically created canal in the lower lip. While this mode of exposure allows
a long-lasting exposure with high doses to the oral epithelium, the surgical
procedure induces a long-lasting inflammatory reaction with subsequent

fibrosis.

Despite this extensive local exposure no study has revealed any statistically
significant incidence of any individual type of neoplasm derived from the
oral epithelium. Neither has any promotion effect on such tumours been
observed when smokeless tobacco has been administered following exposure
to known experimental initiating carcinogens like NQO.

The only statistically significant effect on an individual type of neoplasm
observed was an increased incidence of sarcomas in the lower lip of rats
given smokeless tobacco with or without DMBA or NQO in one study. Three
other studies with similar design and exposure did not reveal any
statistically significant increased incidence of lip sarcomas.

Thus, it can be concluded that the only positive results of the reviewed,
experimental studies which are sufficiently significant to be considered as
possible surrogate information for what couild happen in human beings is the
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finding of sarcomas in the lower lip of rats exposed to smokeless tobacco
administered into a surgically created canal. This result then has to be
evalvated with regard to its relevance and importance to human beings.

Animal models are utilized in carcinogenicity studies on the assumption that
any response to a chemical or chemical mixtures in test animals will be
similar to the response in humans. Therefore, the results of animal studies
must be considered relevant to a carcinogenicity evaluation in humans
unless there is reason to discount them.

In the case of smokeless tobacco the use of a surgically created canal in the
lower lip of rats in order to make prolonged exposure feasible causes a
marked reaction in the submucosal connective tissue and a subsequent
fibrosis. In rodents, such as rats, such reactions are known to preceed the
formation of sarcomas (Grasso et al 1991) while a similar pattern of events

in human beings has not been encountered.

Thus, there are sufficient reasons to question the relevance and importance
to human beings of the sarcomas observed in the lower lip of rats after long-
term exposure to smokeless tobacco administered in a surgically created

canal.

Conclusion regarding carcinogenicity in experimental animals

There has been a substantial number of animal studies performed to
investigate the possible carcinogenicity of smokeless tobacco. Studies have
been performed in mice, hamsters, rats and monkeys. Different modes of
exposure have been employed for a life span period in most instances. A
maximally possible amount of smokeless tobacco has been administered in
most experiments both systemically and locally. The animal strains used and
the most relevant sites have all been shown to be sensitive to various
experimental carcinogens.

The swdies have been performed over a long period during which the
standards for carcinogenicity studies have changed considerably. Even if
there are technical insufficiences particularly in the reporting of earlier
studies they have to be taken into account in the overall evaluation.

My overall evaluation of the animal studies is that there are no results which
are sufficiently significant, valid, or relevant to human beings according to
scientific principles, to justify a conclusion under the criteria established by
NTP that smokeless tobacco is "reasonably anticipated to be a human

carcinogen”. )
g (A

Stockholm 97-10-10
T Malmfors MD PhD
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