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SUMMARY

In the mid-1980s, each major US cigarette manufacturer
prepared alist of those ingredients added at that timeto its
cigarette products. The lists were combined into one and
submitted to the US Office of Smoking and Healthin 1986.
It comprised 599 entities. On the basis of extensive litera-
ture survey and examination of much unpublished data
from the Tobacco Industry members on the chemistry and
toxicology of the ingredients, a panel of eminent toxicolo-
gists assessed the safety of each listed ingredient with
regard to its pyrolysate components and its possible effect
when added to cigarette tobacco on the chemical and
biological properties of the cigarette mainstream smoke.
Subsequently, DouLL et al. listed the 599 ingredients and
summarized the conclusions of the panel on their effect on
the chemical and biological properties of cigarette smoke.
In addition to the panel and DouLL et al., other investiga-
tors have noted that many of the compounds used as
ingredientsin cigarette tobacco blendsareidentical with or
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similar to identified components of tobacco and/or tobacco
smoke. The validity of this statement is obvious when the
compounds in the DouLL et al. list are cataloged as in
Table 1. Those tobacco ingredients that are not individual
compounds but are naturally-occurring ails, resins, etc. or
extracts of naturally-occurring materials not only contain
many of the compounds listed by DouLL et al. as tobacco
additives but also contain many of the same compounds
present in tobacco.

Detailed examination of the literature on the chemical and
biological properties of the recently used tobacco ingredi-
ents listed by DouLL et al. plus a massive amount of
chemical and biological data generated during the past
several decades indicates that not only does none of the
DouLL et al. listed ingredients contribute any significant
adverse chemical propertiesto cigarette mainstream smoke
(MSS) but adso none affects adversely the biological
properties of the MSS.

The chemical factors examined included: a) The effect on
MSS composition of the ingredients added to cigarette
tobacco at the usual use level or several timesthat. In two
major series of studies, oneby CARMINES et al. and one by
BAKER et al., the effect of the added ingredient on the
concentration in mainstream smoke of specific components
defined as toxicants was determined. The CARMINES et al.
study involved analysis of the smoke components sug-
gested by the US Consumer Product Safety Commission
and of concernto the International Agency for Research on
Cancer (IARC). The BAKER et al. study involved analysis
of the so-called “ Hoffmann analytes” in cigarette smoke. b)
The nature of the pyrolysis products generated during the
smoking process or during pyrolysis of an individua
ingredient under conditions approximating those in the
cigarette pyrolysiszone. In many instanceswhen the added
ingredient is a compound, a significant percentage of it is
transferred unchanged to the MSS and sidestream smoke
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(SSS). The small percentage not transferred intact to the
smokeis seldom converted to an M SS component possess-
ing significant toxic properties.

Theextensivebiological studiesthat showed no significant
adverse effect of the MSS from ingredient-containing
cigarettes included: @) The specific tumorigenicity to
laboratory animal skin of the mainstream cigarette smoke
condensate (CSC) fromingredient-contai ning cigarettesvs.
the mainstream CSC from ingredient-free cigarettes. b)
Exposure of laboratory animals viainhalation to the MSS
from ingredient-containing cigarettes vs. the MSS from
ingredient-free cigarettes. ¢) Determination in avariety of
tests of thein vitro genotoxicity of the mainstream particu-
late phase and/or vapor phase.

In addition, the results of non-tobacco-related studies are
available in which many individual compounds on the
DouLL et al. list were assayed for mutagenicity in the
Amestest with several strains of Salmonella typhimurium.
An excellent exampleisthe 1984 study by ISHIDATE et al.
who examined the mutagenicity of many compounds
included as additives in Japanese foods. Over 40 of the
compounds exhibiting non-mutagenicity also occur on the
DouLL et al. tobacco ingredient list.

Assessment of the total chemical and biological data cited
herein provides a noteworthy contradiction to the much
repeated assertions — with no data supporting them - that
the ingredients added to cigarette tobacco result in signifi-
cant adverse changes in the chemica and biological
propertiesof thecigarette M SS. [ Beitr. Tabakforsch. Int. 21
(2004) 47-104]

ZUSAMMENFASSUNG

Mitteder 1980er Jahre erstelltejeder US Zigarettenhersteller
eine Liste der Substanzen, die zur damaligen Zeit den
Zigaretten zugesetzt wurden. Diese Listen wurden in einer
einzigen zusammengefasst und im Jahre 1986 der US
Gesundheitsbehtrde ,,Office of Smoking and Hedth”
vorgelegt. Diese Liste umfasste 599 Eintrége. Auf der Basis
einer umfassenden Literaturibersicht und unter Heranzie-
hung einer Vielzahl unveréffentlichter Daten der Tabakindu-
gtrie Uiber die chemischen und toxikol ogi schen Eigenschaften
der Zusatzgtoffe bestimmte ein Gremium aus bekannten
Toxikologen die Sicherheit jeder einzelnen aufgefiihrten
Substanz im Hinblick auf die bei der Pyrolyse entstehenden
Substanzen und die moglichen Auswirkungen auf die
chemischen und biol ogi schen Eigenschaften desHauptstrom-
rauchs von Zigaretten. Anschliefend stellten DouLL et al.
diese 599 Substanzen in einer Liste zusammen und fassten
die Schlussfolgerungen der Kommission Uber die Auswir-
kung dieser Substanzen auf diechemischen und biologischen
Eigenschaften des Zigarettenrauchs zusammen.

Zusétzlich zu diesem Gremium und der Arbeit von DouLL
et al. wurde in anderen Untersuchungen festgestellt, dass
viele Substanzen, die Tabakmischungen zugesetzt werden,
mit bekannten Tabak- und/oder Tabakrauchbestandteilen
identisch oder diesen dhnlich sind. Die Glltigkeit dieser
Feststellung wird deutlich, wenn die von DouLL et al. auf-
gefiihrten Substanzen wie in Tabelle 1 aufgelistet werden.
Die Zusatzstoffe, bei denen es sich nicht um Einzelsub-
stanzen sondern um natirlich vorkommende Ole, Harze
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usw. oder Extrakte natiirlich vorkommender Stoffehandelt,
enthalten nicht nur viele der von DouLL et al. als Tabak-
additive aufgefthrten Substanzen sondern auch viele der
Substanzen, die im Tabak enthalten sind.

Eine umfassende Ubersicht der Literatur zu den chemi-
schen und biologi schen Eigenschaften der gegenwartig ver-
wendeten und von DouLL et al. aufgefiihrten Tabakzusatz-
stoffe und eine grofRe Anzahl chemischer und biologischer
Daten der letzten Jahrzehnte weist darauf hin, dass keine
der von DouLL et al. gelisteten Substanzen signifikant
nachteilige chemische und biologische Wirkungen auf den
Hauptstromrauch (M SS) dieser Zigaretten austibt.

Die untersuchten chemischen Faktoren beinhalten: a) Die
Auswirkung der Tabakzusatzstoffe auf die Zusammen-
setzung des MSS bel Hinzufligen zum Zigarettentabak in
Ublicher oder mehrfach erhéhter Menge. In zwel umfas-
senden Untersuchungsreihen, einer von CARMINES €t al.
und einer weiteren von BAKER et al., wurde die Auswir-
kung von Zusatzstoffen auf das mengenmaldige Vorkom-
men spezifischer, as toxisch definierter Substanzen im
Hauptstromrauch bestimmt. Bei der Studie von CARMINES
et al. wurden jene Rauchkomponenten bestimmt, die von
der US Verbraucherschutzorganisation Consumer Product
Safety Commission vorgeschlagen wurden und denen von
der International Agency for Research on Cancer (IARC)
Bedeutung zugeschrieben wird. In der Untersuchung von
BAKER et al. wurden die Rauchinhal tsstoffe der sogenann-
ten ,Hoffmann“-Liste untersucht. b) Die Natur der
Pyrolyseprodukte, die wéhrend des Rauchvorgangs oder
wéhrend der thermi schen Zersetzung von Einzel substanzen
unter Bedingungen, die denen in der Pyrolysezone der
Zigarette dhneln, entstehen. Wenn es sich bei dem Zusatz-
stoff um eine Einzelsubstanz handelt, geht haufig ein
signifikanter Anteil unverandert in den MSS und Neben-
stromrauch (SSS) Uber. Der geringe Anteil, der nicht intakt
in den MSS Ubergeht, wird selten zu einem MSS Inhalts-
stoff mit signifikant toxischen Eigenschaften zersetzt.
Die umfassenden biologischen Studien, in denen sich bei
Zigaretten mit Zusatzstoffen keine signifikant nachteiligen
Wirkungen auf den Hauptstromrauch zeigten, beinhalten:
a) Die spezifische tumorigene Wirkung des Rauchkonden-
sats von Zigaretten mit Zusatzstoffen im Vergleich zum
Kondensat von Zigaretten ohne Zusatzstoffe auf der Haut
von Versuchstieren. b) Inhalative Tierversuche mit dem
MSS von Zigaretten mit beziehungsweise ohne Zusatz-
stoffen. ¢) Bestimmung der in vitro Genotoxizitét der
Partikel- und/oder GasphasedesM SSineiner Vielzahl von
Untersuchungen.

AuRerdem stehen die Ergebnisse von nicht tabakbezogenen
Studien zur Verfligung, bei denen viele Einzelsubstanzen
der Liste von DouLL et al. in Bezug auf ihre Mutagenitét
im Ames Salmonella typhimurium Test untersucht wurden.
Ein exzellentes Beispiel ist die Studie von ISHIDATE et al.
aus dem Jahre 1984, in der die Mutagenitét vieler Sub-
stanzen untersucht wurde, die in Japan als Zusatzstoffe in
Lebensmitteln enthalten sind. Mehr a's 40 dieser Substan-
zen, diekeine Mutagenitét aufwiesen, sind ebenfallsin der
von DouLL et al. zusammengestellten Liste der Tabakzu-
satzstoffe aufgefihrt.

Die Bewertung der gesamten hier zitierten chemischen und
biologischen Daten stellt einen bemerkenswerten Wider-
spruch zu den haufig zitierten — ohne Daten belegten —



Behauptungen dar, dass die zum Zigarettentabak hinzuge-
flgten Zusatzstoffe signifikant nachteilige V erénderungen
auf die chemischen und biologischen Eigenschaften des
MSS der Zigaretten hervorrufen. [Beitr. Tabakforsch. Int.
21 (2004) 47-104]

RESUME

Aumilieudesannées 1980, chaque producteur decigarettes
aux Etats Unis a préparé une liste d’ additifs apportés aux
cigarettes. Ces listes ont été regroupées en une seule et
soumisal’ autorité compétente, US Office of Smoking and
Health, en 1986. Cette liste comporte 599 entités. Basé sur
une revue approfondie de la littérature et de I’ examen des
données non publiées de I’ industrie du tabac sur lachimie
et latoxicologie desingrédients, un panel d’ éminentstoxi-
cologistes a évalué la sécurité de chacun de cesingrédients
par rapport aux produits de pyrolyse et, dans le cas de
I" apport au tabac, |’ effet possible sur les propriétés chimi-
ques et biologiques de lafumée du courant principa (CP).
Par la suite, DouLL et al. ont compilé une liste des 599
ingrédients et présenté les conclusions du panel sur les
effets de ces ingrédients sur les propriétés chimiques et
biologiques de la fumée de cigarette.

En plusdu panel d’ expertset del’analysede DouLL et al.,
d’ autres chercheurs ont montré que beauicoup des compo-
sants utilisés comme ingrédients dans des mélanges de
tabac sont identiques, ou similaires, aux composants iden-
tifiés dans le tabac et/ou la fumée du tabac. Lavalidité de
cette constatation devient évidente si les composants de la
liste de DouLL et al. sont catalogués comme c'est le cas
dansletableau 1. Lesingrédients du tabac, qui ne sont pas
des composants uniques mais des huiles naturellement
présentes, des résines etc. ou des extraits de matieres
naturellement présentes, ne contiennent pas seulement
beaucoup des composants catalogués par DouLL et al.
comme additifs du tabac, mais contiennent également
beaucoup des mémes composants présents dans le tabac.
L’ examen approfondi de la littérature sur les propriétés
chimiques et biologiques des ingrédients du tabac récem-
ment utilisés et compilés par DouLL et al. ainsi qu’une
guantité considérable de données hiologiques obtenues au
cours des dernieres décennies indiquent qu'aucun des
composants compilés par DouLL et al. n'ad’ effets chimi-
ques ou biologiques significativement défavorables sur les
propriétés de lafumée du CP de cigarette.

Les facteurs chimiques examinés comprennent: a) Les
effets sur lacomposition du CP desingrédients apportésau
tabac de cigarette a un niveau habituel ou plusieurs fois
supérieur. Dans deux séries d’ études principales, une de
CARMINES et al. et |’autre de BAKER et al., les effets des
ingrédients apportés au tabac sur la teneur en composants
spécifiques considérés comme toxiques dans la fumée du
CP ont été déterminés. L’ étude de CARMINES €t al. com-
prend |’ analyse descomposants suggéréspar |’ organi sation
de la protection des consommateurs aux Etats Unis,
Consumer Product Safety Commission, et ceux d'intérét
pour I’ Agence International e de laRecherche sur le Cancer
(IARC). L’ étude de BAKER €t al. comprend I’ analyse des
composants de la fumée de cigarette, appelés « analytes
Hoffmann ». b) Lanature des produits de pyrolyse générés

au cours du fumage ou au cours de la pyrolyse d'un
ingrédient individuel dans des conditions proches de celles
de la zone de pyrolyse. Si I'ingrédient apporté est un
composé, un pourcentage significatif est transféré sans
modification dans le CP et e courant secondaire (CS). Le
faible pourcentage qui n’est pas transféré de fagon intacte
est rarement converti en un composant du CP ayant des
propriétés toxiques.

L es éudes biol ogiques approfondies qui n’ont pas montré
d effetssignificativement défavorables du CP decigarettes
avec ingrédients comprennent : ENiCité
spécifique du condensat du CP de cigarettes avec ou sans
ingrédients dans des tests biologiques. b) Des études de
I'inhalation chez des animaux de laboratoire en utilisant le
CPdecigarettesavec ou sansingrédients. ¢) Détermination
de la génotoxicité in vitro des phases particulaires et/ou
gazeuses du CP dans un grand nombre d’ essais.

De plus, des résultats d' études non liées au tabac existent,
danslesquelleslamutagéni cité de beaucoup de composants
individuelsdelaliste de DouULL et al. a été déterminée par
letest d’ Ames avec Salmonella typhimurium. Un excellent
exempleest |’ é&uded’ ISHIDATE et al. en 1984 danslaguelle
lamutagénicité d’ un grand nombre de composants utilisés
au Japon comme additifs dans la nourriture a été déter-
minée. Plus de 40 de ces composants non mutagenes sont
aussi catalogués danslalistede DouLL et al.

L’ évaluation desdonnéeschimiqueset biol ogiquesprésentée
ici est en contradiction notable avec les allégations souvent
répétées — et sans étre confirmées par des données— que les
ingrédients apportés au tabac de cigarette ont des effets
significativement défavorables sur les propriétés chimiques
et biologiques du CP descigarettes. [Beitr. Tabakforsch. Int.
21 (2004) 47-104]

INTRODUCTION

For nearly four decades after the early 1950s an exceptional
amount of information has been generated on the composi-
tion of the various types of tobacco, the smoke from many
of the types, and the relationship between the two. Al-
though much of the information has been published, much
has not. Exemplary in thisregard were the research person-
nel not only at the R.J. Reynolds Tobacco Company but
also at other tobacco companies. Much information has
been publishedin peer-reviewed journalsand theremainder
is available on the Internet. In the early tobacco and
tobacco smoke studies, the chemical nature of one or two
components was defined by means of classical chemical
procedures, e.g., the identification of the terpenoid alcohol
solanesol in flue-cured tobacco (1), the phenols eugenol
and isoeugenol in the mainstream smoke (MSS) from
Oriental tobacco (2), and maltol inthe MSS from an ingre-
dient-free German tobacco blend (3). However, as analyti-
cal methodology became more sophisticated and precise,
many more components — sometimes several hundred
newly identified in tobacco or smoke —were reported in a
single publication. Examples of such publications are cited
in subsequent paragraphs.

Involvement from the early 1950s to the late 1980sin in-
house tobacco and tobacco smoke composition studies
either in the laboratory or as a supervisor plus continual
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cataloging of similar published literature from the early
1950s presented the author an excellent opportunity to
utilize the information collected to validate statements
made in the last decade by severa investigators on the
relationship between many of the ingredients added to
cigarette tobacco blends and the components of tobacco
and/or smoke. The monumental catalog by PASCHKE et al.
(4) of the effect of materials added to tobacco on cigarette
smoke composition and biological activity was published
partway through the writing of the current report. While
there is some overlap between this and the PASCHKE et al.
report, there are numerous differences.
In 1986, each major US cigarette manufacturer listed the
ingredients used at that time in its cigarette products. A
combined list was submitted to the US Office of Smoking
and Health. That list, comprising 599 additives, was sub-
jected by a pand of eminent toxicologists not only to an
extensive literature survey but also to an examination of
unpublished data provided by the Tobacco Industry members
onthe chemistry and toxicology of theingredients. The panel
assessed the safety of each listed ingredient with regard to its
pyrolysate components and its possible effect when added to
cigarette tobacco on the chemical and biological properties
of the cigarette MSS. The results were summarized in 1994
by DouLL et al. (5). Of the 599 ingredients, 460 (approxi-
meately 77%) areindividual compounds. Theremainingitems
are mixtures such as natura ails, plant extracts, oleoresins,
etc. Many investigators have noted in their publications that
numerous compounds on the list of ingredients are tobacco
and/or cigarette M SS components. The following pages are
an attempt to chronicle such arelationship between individ-
ual added components and their presence in untreated
tobacco and/or its smoke. While PASCHKE et al . attempted to
catalog every material ever added to tobacco anditseffect on
MSS chemica and/or biological properties, the present
articledealsonly with those materialsinthelist by DouLL et
al. While some of the additives cataloged by PASCHKE et al.
did reduce the responsesin specific bioassays and the levels
of some MSS components considered toxic, they also
rendered the M SS unacceptabl eto the consumer. Obvioudly,
theingredientslisted by DouLL et al. did not suffer from such
a problem since their addition was specificaly designed to
enhance the consumer acceptability of the MSS from the
product.
Asabeginning, DouLL et al. (5) in their report noted:
... many of theingredients added to cigarettes are identical
or essentially similar in composition to natural leaf tobacco
components.
In their 1998 report of the effect on rats of inhalation of
M SSfromingredient-treated tobacco cigarettes, GAWORSKI
et al. (6) expressed asimilar view:
... theaddition of flavoring ingredientsto the cigarette prior
to smoking did not significantly alter the type or extent of
biologic changes normally seen in smoke-exposed rodents.
Given the fact that many of the added flavoring ingredients
are structurally similar or identical to [sic] natural constitu-
ents of tobacco leaf or of tobacco smokeitself [LLOYD et al.
(7)], these results are not totally unexpected.
Later, RUSTEMEIER et al. (8) in their description of the
chemistry of MSS from ingredient-treated tobacco ciga-
rettes noted:
Many of these compounds or mixtures are also natural
consgtituents of the tobacco leaf.

50

RobGMAN (9) concurred with the preceding statements

when he wrote:

Many flavorful tobacco additiveslisted by DouLL et al. are
structurally identical with or similar to highly polar, volatile
componentsidentifiedin the agueousal cohol -soluble portion
of cigarette M SS and tobacco.

And recently RoDGMAN and GREEN (10) wrote:

With the capability to isolate and identify highly polar and
volatile components of tobacco and itsMSS, it was obvious
that many were identical with or similar to ingredients of
flavor formulations added to specific tobacco blends to
impart unique smoking characteristics. . .

Many “top-dressing” components are structurally identical
with or similar to identified tobacco components. With no
evidencetothecontrary, itisassumed that such anindividual
added flavorant would behave during the smoking process
(intermsof direct transfer to smoke or degradation, reaction,
etc.) much in the same manner as the naturally occurring
tobacco component.

While many authors consider a number of the individual
compounds added to cigarette tobacco filler to be tobacco
and/or tobacco smoke ingredients, it seems worthwhile to
catalog the extent to which this view is true. Obvioudly, if
aspecific flavorful compound is already atobacco compo-
nent, then its addition to tobacco is an attempt to enhance
itsflavorful effect. If itisacompound generated during the
smoking process, then its addition to tobacco enhancesthe
level in the smoke by tobacco-to-smoke transfer.

The compounds added as ingredients to cigarette tobacco

may fall into one of the following categories:

» Itisacomponent of one or more of the tobacco types
(flue-cured, Oriental, burley, Maryland) commonly
used in cigarette blends.

» Itisacomponent of cigarette MSS.

» Itisacomponent of both tobacco and tobacco smoke.

» It isnot a component of either the tobaccos or their
smoke.

An ingredient compositionally similar to but not identical
with a tobacco leaf or smoke component may be catego-
rized in two ways: It is either an isomer or an homolog of
a compound identified in natural tobacco leaf and/or its
smoke. As noted, there are compounds used as cigarette
ingredients that do not fall into any of the first three
categories listed.
In the broad spectrum of chemistry, biochemistry, and
biology, cases exist where the properties of one homolog
vary significantly from those of another or where the
properties of one isomer differ significantly from those of
another. For example, whether classified as a “Group 2A
carcinogen” by the International Agency for Research on
Cancer (IARC) (11), or asignificant carcinogenin cigarette
MSS (12), or overal as a borderline carcinogen by others
(13), the specific tumorigenicity of mouse-skin painted or
subcutaneously injected benz[a]anthracene (B[a]A) is
insignificant compared to that of its homolog, 7,12-
dimethylbenz[a]anthracene (DMBA). Theisomeric C,H,,
polycyclic aromatic hydrocarbons (PAHS), benzo[ a]pyrene
(B[a]P), and benzo[e]pyrene (B[€]P) differ markedly in
their specific tumorigenicitiesin studies involving mouse-
skin painting or subcutaneous injection (13). B[a]P under
appropriate laboratory conditionsis one of the most potent
tumorigens known whereas the isomeric B[€]P under the
same conditionsis essentially nontumorigenic.



In the 1950s, the organic solvent extraction of tobacco was
studied extensively with the purpose of removing PAH pre-
cursors from the tobacco. Incorporated into one process
was an aqueous alcohol-hexane partition to separate the
polar, more flavorful tobacco components from the lipo-
philic PAH precursors. At that time, aimost nothing was
known about the nature of the polar tobacco componentsal-
though it was apparent they made a considerable positive
contribution to the flavor and aroma of cigarette MSS.
Despite the lack of knowledge about the precise nature of
the polar components, it was demonstrated they were not
significant PAH precursors (14). The lack of knowledge
about the polar components in tobacco was due to our in-
ability at that time to separate highly polar compoundsin a
complex mixture. This situation continued during years of
intensive effort on cigarette MSS composition but was
finally resolved and utilized by ScCHUMACHER et al. (15) in
the 1970s. Of the over 800 M SS components identified by
SCHUMACHER €t al. (15), by NEwELL et al. (16), and by
HECKMAN and BEST (17), many were highly polar compo-
nents new to the tobacco smoke literature.

In his pioneer research on glass capillary gas chromatogra-
phy, GRoB (18) a so succeeded in identifying a number of
polar components in the MSS from cigarettes containing
additive-free tobacco. Later, it will be shown that some of
the polar components GRoB identified in MSS are also in
the DouLL et al. list.

With regard to tobacco components, LLOYD et al. (7)
identified 275 previously unidentified components of addi-
tive-free flue-cured tobacco, 132 new to all tobacco types.
Many of these compounds were highly polar and consid-
ered significant contributors to MSS flavor and aroma.
Similar detail ed studieswere conducted onthe composition
of burley tobacco (RoBerTS and ROHDE, 19), Oriental
tobacco (SCHUMACHER and VESTAL, 20), and Maryland
tobacco (SCHUMACHER, 21). Y ears later, it became appar-
ent that many of the highly polar components of tobacco
and tobacco smoke were identical with or similar to many
of the components used in the flavor additive formulations,
i.e., the“top dressing”, added to a specific tobacco blend to
impart its unique smoking characteristics (5).

In the mid-1980s, each major US cigarette manufacturer
listed the ingredients added to its cigarette products at that
time. A combined list, comprising 599 entities, was submit-
ted to the US Office of Smoking and Health in 1986. From
an extensive literature survey and examination of much
unpublished data from the cigarette manufacturers on the
chemistry and toxicology of the ingredients, a panel of
eminent toxicologists assessed the safety of each listed
ingredient with regard to its pyrolysis products and its
possible effect when added to cigarette tobacco on the
chemical and biological properties of cigarette mainstream
smoke. Subsequently, DouLL et al. (5) listed the ingredi-
ents assessed and summarized the conclusions of the panel
on their effect on the chemical and biological properties of
cigarette smoke.

In their assessment of available information on these
ingredients variously used as cigarette tobacco additives,
DouLL et al. concluded that none of the materials used as
flavorants on smoking tobacco products, particularly
cigarettes marketed by a US manufacturer, imparted any
significant adverse chemical or biological propertiesto the

M SSfromtheingredient-treated tobacco. However, DouLL
et al. did not publish an overview of the studies and reports
they had examined or provide any detailson their analysis.
In their detailed assessment of reported chemical and bio-
logical properties of the MSS from cigarettes fabricated
with tobacco with or without one or more additives,
PAscHKE et al. (22) reached asimilar conclusion; namely,
that in general, no significant increaseinthebiological acti-
vity of tobacco wasreported from cigarettes containing spe-
cifically described added ingredients. In hisexamination of
extensive laboratory data generated from additives and
additive-treated cigarettes between the mid-1950s and the
late 1970s, RODGMAN (9,23) reached a conclusion similar
to that of DouLL et al. and PASCHKE et al.

Discussed below arethe studiesreported since 1997 by GA-
WORSKI et al., CARMINES et al., and BAKER et al. on the
effect or lack thereof of hundreds of ingredients added to
cigarette tobacco on the chemical and biological properties
of the MSS from such cigarettes. Many of the ingredients
studied are used in commercially available products.
Inthe mid-1970s asomewhat similar but much less sophisti-
cated study was conducted in an attempt to determine the
effect of added cigarette ingredients on a specific biological
property, namely mutagenicity in the Amestest, of itsMSS.
For many years, considerabl e thought was given to devel op-
ment of an accurate anaytical method to determine the con-
tribution of trace levels (afew ng/g of tobacco blend) of a
flavorant added to cigarette tobacco to the level s of toxicants
inMSS. Limitationsin analytical methodol ogy precludedthe
design of an experiment whose resultswoul d be meaningful.
Even studies with radiolabel ed compounds had their limita-
tionsin the study of the pyrogenesis of MSS components.
However, withthe advent of the Ames Salmonella typhimu-
riumtest, an alternate experiment wasdevised in an attempt
to show the effect of additives in commercial cigarette
brands on total particulate matter (TPM) specific muta-
genicity. Suchingredient formulationsarequalitatively and
quantitatively unique for each commercial brand and
comprise many different individual ingredients, some of
which are individua compounds, others are naturaly
occurring oils. Among the five commercial brands studied,
atotal of morethan 150 different ingredientswasinvolved.
At that time, the total amount of flavorants added ranged
from 1.0 to 1.5 mg/g of tobacco blend; the amounts of
casing material s and menthol were obviously greater. Four
sets of cigarettes for each of five commercial brands were
fabricated. The levels of flavorants, casing materias, and
humectants were varied as follows:

Cigarette  Flavorant formulation ~ Casing materials® and
variation # level humectants ° level
A usual level used on brand usual level used on brand
B ten times the usual level 0

used on brand
C 0 usual level used on brand
D 0 0

2 Five cigarette brands included four commercial filter-tipped brands
ranging from high- to ultralow-FTC “tar” deliveries plus a commercial
mentholated filter-tipped cigarette. All cigarettes were manufactured in
1977. Cigarette A was the brand commercially available at that time.

P Licorice, cocoa, and sugars.

¢ Glycerol and propylene glycol.
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A contract laboratory determined the mutagenicity of the
various TPMs(24). Becausetheresponse of the Salmonella
typhimurium was linear from O to 500 pg/plate of added
wet total parti culate matter (WTPM), mutagenicity interms
of revertant/plate was tabulated for the WTPM dose level
of pa/plate. Thispermitted comparison of thefour cigarette
variations for each Salmonella typhimurium strain and for
each of five commercial brands. The results of this study
were presented in detail previoudy (9,10,23).

The flavorants added to the commercial brands did not
increase its MSS specific mutagenicity. In fact, flavorant
removal increased slightly the observed mutagenicity of the
WTPM. The findings from this study indicated that the
additivesin theflavorant formulationsfor thefive commer-
cia products did not contribute toxic components to the
MSS whose levels and potency were such that they pro-
duced increases in the intrinsic specific mutagenicity as
measured in the Ames test system.

For proprietary reasons, neither the nature of a specific
flavorful compound or natural oil nor the amount added per
gram of tobacco blend is indicated for any of the five
marketed brands used as a control cigarette. Logic dictates
that each of the control samples (Sample A in each case) as
marketed contained the usual casing materials and humec-
tants, i.e., glycerol, propylene glycol, sugar, cocoa, and
licorice. Here again, for proprietary reasons, the levels
added to each control brand are not specified. Obviously,
the one menthol ated brand does contain added menthol but
thelevel isnot specified. In someinstances, aspecific com-
pound was added not only individually but also as a com-
ponent of anatural flavorful oil such as nutmeg or acasing
material ingredient such aslicorice.

Omission of the casing materials and humectants increased
the specific mutagenicity of the various TPMs. This is not
surprising when the transfer of added humectants from the
tobacco filler to MSS is taken into account. Significant
amountsof humectants(glycerol, propyleneglycol) added to
these particular tobacco blends are transferred to MSS TPM
and sidestream smoke (SSS) TPM (15). Analysis of humec-
tants in MSS indicated that the FTC “tar” from al com-
mercial cigarettescontainssignificant amountsof humectants
(25). These nonmutagenic humectants act as diluentsfor the
MSSTPM mutagens produced pyrogenetically or transferred
directly from tobacco to smoke during smoking. In a more
recent study, HECK et al. (26) reported that inhalation of MSS
from cigarettes with glycerol and propylene glycol, added
either individually or in combination, had no significant
adverse biologica effects on rats.

In their study of added ingredients on the biological effect
of inhaled cigaretteM SS, GAWORSK| et al. (6) administered
to ratsviainhalation the M SSfrom cigarettesto which 172
specified ingredients (129 individua compounds, 43
mixtures) had been added. Most of the ingredients are
included in the DouLL et al. list. From the results of their
inhal ation experiment, GAWORSKI et al. concluded that the
addition of theflavoringingredientsto the cigarettetobacco
had no discernible effect on the character or extent of the
biological responsesnormally associated with inhal ation of
cigarette MSSin rats.

In asimilar biological study, GAWORSKI et al. (27) investi-
gated the effect on the specific tumorigenicity of skin-painted
CSC from cigarettesto which 150 specified ingredients (109
individual compounds, 41 mixtures) had been added. Here
again, mogt ingredients are included in the DouLL et al. list.
Intheir skin-painting study, GAWORSKI et al. observed occa
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sional differences between test and control CSCs in tumor
incidence, latency, and multiplicity. Since the differences
appeared to be within normal variation for the bioassay
system, GAWORSK! et al. concluded that none of them was
substantial enough toindicatethat thetumor promotion capa
city of CSC from cigarettes containing ingredient-treated to-
bacco was discernibly different from the CSC obtained from
control cigarettes containing ingredient-free tobacco.

Early in 2002, CARMINES and his colleagues at INBIFO
published a series of four reports (8,28,29,30) on their
detailed study of the effects on the chemical and biological
properties of the M SSsfrom acigarette to which agroup of
ingredients had been added. A total of 333 specified ingre-
dients commonly used in cigarette manufacture was added
to atest cigarette, representative of a commercial blended
cigarette. Ingredientswere added not only at approximately
the levels normally used in commercial cigarettes but also
at levels several times those normally used. The MSS data
vs. thosefrom acontrol cigarette with no added ingredients
indicated anincreaseinthe TPM. Normalizing theyiel ds of
individual MSS ingredients to the TPM yields indicated a
reduction in the majority of them. An increase in the
amount relative to TPM was observed for only afew MSS
components (RUSTEMEIER et al., 8). Their smoke compo-
nent analysis was concentrated on 51 components sug-
gested by the US Consumer Product Safety Commission
and which were of concern to IARC.

These chemical results on the MSSs are consistent with the
results obtained not only in in vitro mutagenicity and cyto-
toxicity studies with the TPMs from the ingredient-treated
and control cigarettes (ROEMER et al., 29) but alsoinin vivo
studieswith rats exposed viainhalation to the M SSsfromthe
treated and control cigarettes (VANSCHEEUWIJCK et al., 30):
The ingredient addition did not increase the in vitro muta-
genicity or cytotoxicity of the TPMs from the ingredient-
treated cigarettes or the inhaation toxicity to rats of their
MSSs even at the exaggerated exposure level used.

Even more recently, the effect of addition of mixtures of fla
vor ingredientsto cigarette tobacco onitsM SS chemistry and
genotoxicity was studied. As BAKER and SMITH noted, in
most instances no datitically significant effect on smoke
yiddsrelativeto theuntreated control was observed (31). The
data reported by MASSEY et al. (32) and BAKER et al. (33)
from the genotoxicity study (Ames test, chromosome aber-
ration, mammalian cell mutation) on nearly 500 ingredients
added in variousgroupsindicated no additional activity of the
MSS condensate from the ingredient-treated cigarette vs. the
activity from the control cigarette. These findings not only
bolster the observations reported by RobGMAN (9,23) and
RobGMAN and GREEN (10) but &l so the conclusions reached
by DouLL et al. (5), PASCHKE et al. (22), and GAWORSKI et
al. (6,27,34,35) ontheeffect of the added ingredientslisted by
DouLL et al. on the chemica and biological properties of
cigarette MSS. Many of the results and conclusions on the
chemical and biologica studies mentioned previoudy
(4,5,6,8,9,26,27,28,29,30,31,32,34,35) havebeen summearized
and excellently evaluated by BAKER and SMITH (36).

In addition to the evaluations noted above, BAKER et al. have
described the results of a mammoth study on the effect of
added ingredients on the chemical composition of cigarette
MSS, particularly with regard to the effects on the so-called
“Hoffmann analytes’. In a two-part study, they determined
the effect of @) 431 flavorants plus 19 other ingredients (37)
and b) 29 casing ingredients plus 3 humectants (38) on MSS
composition. These 482 ingredients, used in manufacture by



British American Tobacco, wereadded in variousgroupings.
Of thetotal of 482 ingredients studied, 350 were also on the
DouLL et al. list (5) of tobacco ingredients used in US
cigarette brands. BAKER et al. reported the following from
the results of their flavorant study (37):
It was found that, in most cases, the mixtures of flavouring
ingredients (generally added in parts per million levels) had
no statistically significant effect onthe analyte smokeyields
relative to the control cigarette. Occasionally with some of
the mixtures, both increases and decreaseswere observed for
some smoke analyte levels relative to the control cigarette.
These differences were generally up to about 15% with the
mixtures containing flavouring ingredients. Thesignificance
of many of the differences was not present when the long-
termvariability of theanalytical methodology wastakeninto
account.
Based on the results from their study of casing ingredients,
they reported (38):
Their effects on smoke constituents were generally larger
than the effects of flavouring ingredients, which were added
at parts per million levels. Many of the casing ingredient
mixtures either had no statistically significant effect on the
level of the analytes investigated in smoke relative to a
control cigarette, or they produced decreases of upto44%in
somecases . . . Thelargest increases were for formaldehyde
levels, up to 73% in one case, observed from all casing
mixtures containing sugar. This is most likely due to the
generation of formaldehyde by pyrolysis of sugars.
Occasional small increaseswere also observed for other ana-
lytes. However, the statistical significance of many of these
increases was not present when the long-term variability of
the analytical method was taken into account. The signifi-
cance and possible reasons for the increases are discussed.

Considerabledatahavebeen reported from studiesinwhich
various materials, subsequently listed by DouLL et al. as
added tobaccoingredients, were examined for mutagenicity
in the Ames Salmonella typhimurium test. One such study
was that of ISHIDATE et al. (39) who screened many of the
ingredients added to foods commonly used in Japan (Sal-
monella typhimurium strains TA92, TA1535, TA100,
TA1537, TA94, TA98). Over 40 of the individual com-
pounds examined by ISHIDATE et al. are also components
in the tobacco ingredient list of DouLL et al. A few of the
additives common to both lists were studied at 0.1, 0.5, or
1.0 mg/plate levels, e.g., cinnamaldehyde (CAS RN 104-
44-2), citral (CASRN 5392-40-5), geraniol (CASRN 106-
24-1), linalool (CAS RN 78-70-6). Only cinnamaldehyde
showed borderlinemutagenicity. Theselevel ssubstantially
exceed the per cigarette levels used in tobacco flavor
formulations. The remainder of the materials common to
both lists was studied at 5, 10, 20, or 25 mg/plate levels.
Even at these highly excessive levels, none gave apositive
mutagenic response.

2 STUDIES ON COMPOUNDSLISTED BY
DouLL et al. (5)

In the present report, theingredientslisted by DouLL et al.
aredivided into two groups, @) ingredientsthat areindivid-
ual compounds and b) those that are naturally occurring
mixtures such as ails, resins, etc. or extracts of such mate-
rials. Table 1 catalogs the individual compounds listed by
DouLL et al. as added cigarette ingredients and their effect

onthe chemical and biological propertiesof cigarette MSS.

Table 2 lists the mixtures used as cigarette ingredients. To

avoid confusion and to permit comparisons, theingredients

inTables 1 and 2 arelisted in the same order asthey appear
inthe DouLL et al. list.

To simplify the understanding of Table 1 and to maintain

its manageability, it should be noted that the following

information is contained therein:

» Under Ingredient are listed the name used in the
DouLL et al. report, the Chemical Abstract name, the
Chemical Abstract Registry Number (CAS RN), and
superscript designation (F) whether the ingredient is
generaly regarded as safe (GRAS) by the Flavor and
Extract Manufacturers Association (FEMA) or is a
Food and Drug Administration-approved (FDA) food
additive or an FDA GRAS ingredient (G).

Ingredient

Aslisted by DouLL etal. CASRN CA nomenclature

Acetanisole 100-06-1 ethanone, 1-(4-methoxy-

phenyl)-

»  Under Chemistry arelisted referencesto studieswhere

theindividual ingredient wasexaminedfor itspyrolysis
products (designated with superscript P), its effect on
cigarette M SS composition, and its effect when added
inamixture of other ingredients on MSS composition.
In an exceptional example of experimentation involv-
ing pyrolysisconditionsapproximating those occurring
in the pyrolysis region of a burning cigarette, BAKER
and BisHOP recently presented data on as many asten
of the major pyrolysis products from 291 compounds
used as tobacco ingredients in commercia cigarette
products (40). In many instances, the major pyrolysis
product (>90%) of the ingredient studied was a result
of itsintact transfer to the pyrolysate. Over 240 of the
291 compounds studied by BAKER and BISHOP were
also listed by DouLL et al. (5).
It must be remembered, however, that it is highly im-
probable that the fate of acompound on pyrolysiswill
be equivalent to its fate during the cigarette smoking
process when the compound is a component of acom-
plex mixture such astobacco that comprisesthousands
of other identified compounds, each of which may
generatereactivefragmentsduring the pyrolysisoccur-
ring in a burning cigarette (9,41).

» Under Bioassay are listed studies where the effect of
the added individual ingredient was determined by
results from mouse skin-painting studieswith cigarette
CSC, inhalation studies with cigarette MSS, and
mutagenesisand/or genotoxicity studiesplusthe effect
of that ingredient in a mixture of ingredients on the
results from the same types of bioassays. Several
instancesareincluded inwhich themutagenicity and/or
genotoxicity were determined with the individual
compound.

» Under Tobacco and/or Smoke are listed references to
articlesin which the identification of @) the ingredient
or b) a homolog of the ingredient [reference designa-
ted]" or ¢) an isomer of theingredient [reference desi-
gnated]' in tobacco and/or cigarette MSSiis described.
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In 2002, RODGMAN and GREEN noted (10):
Over the yearsit has been repeatedly asserted [see (9)] that
cigarette ingredients added at normal levels to pre-1980
cigarettesor at slightly increased levelsto morerecent lower
“tar” cigarettes might adversely modify the chemistry and
biology of the MSSs from such cigarettes. However, no
chemical or biological evidence has been presented in
support of such assertions.
Examination of the data presented in Table 1 permits
verification of the statements by numerous investigators
that many of the ingredients in the DouLL et al. list have
been identified as components in untreated tobacco types
and/or the M SS from cigarettes containing such tobaccos.
Such an examination also permits an assessment of the
effect of anumber of the listed ingredients that have been
reported in avariety of studies to not adversely affect the
chemical or biological properties of the MSS from ciga-
rettes containing such ingredients or the chemical proper-
ties of the pyrolysates from individual ingredients.

3 STUDIESON MIXTURESLISTED BY
DouLL et al. (5)

Table 2 catalogs various mixtures (oils, extracts, resins,
etc.) listed in the DouLL et al. report as ingredients added
to cigarette tobacco and their effect on the chemical and
biological properties of cigarette MSS.
Some of the ingredients listed in Tables 1 and 2 are not
only used as additivesto the tobacco blend but also several
are used asfilter-tip flavorants. Obviously, those included
in the filter tip are not subjected to the range of high
temperatures encountered during the smoking process by
those ingredients added to the tobacco rod. Seldom is any
part of thefilter tip subjected to temperatures significantly
greater than 100 °C.

To simplify the understanding of Table 2 and to maintain

its manageability, it should be noted that the following

information is contained therein:

» Under Ingredient are listed the name used in the
DouLL et al. report, the Chemical Abstract Registry
Number (CAS RN), and designation (F) whether the
ingredient isgenerally regarded as safe (GRAS) by the
Flavor and Extract Manufacturers Association (FEMA)
orisaFood and Drug Administration-approved (FDA)
food additive or an FDA GRAS ingredient (G).

» Under Chemistry arelisted referencesto studieswhere
the composition of the mixture was determined (desig-
nated with superscript C), theingredient was examined
for its pyrolysis products (designated with superscript
P), its effect on cigarette MSS composition, and its
effect when added in a mixture of other ingredients on
MSS composition.

» Under Bioassay are listed studies where the effect of
the added mixtureingredient wasdetermined by results
from mouse skin-painting studies with cigarette CSC,
inhalation studies with cigarette MSS, and mutagenic
and/or genotoxic studies plusthe effect of that ingredi-
ent in a mixture of ingredients on the results from the
same types of bioassays.

Examination of the datain Table 2 permits an assessment

of the effect of a number of the listed mixture ingredients

that have been reported in a variety of studies to not

adversely affect the chemical or biological propertiesof the
MSS from cigarettes containing such ingredients or the
chemica properties of the pyrolysates from individual
ingredients.

4 COMPOUNDSLISTEDBY DouLL etal. THAT ARE
COMPONENTS OF MIXTURESLISTED BY
DouLL et al.

In the mid-1960s, considerable analytical information was
available on the components of coffee, cocoa, and licorice.
Thelatter two materialshad along history of use ascompo-
nents of the casing materials formulation added to tobacco
smoking products, including cigarettes. Assuch, their level
of addition to cigarettefiller ismuch greater than that of the
flavorful naturally occurring oils as part of the flavor for-
mulation or “top dressing”, the total of whichislessthana
few mg/g of tobacco filler. From a comparison of the
coffee, cocoa, and licorice componentswith tobacco and/or
smoke componentsreported at that time, it wasobviousthat
many of the components of the major casing materialswere
identical with or similar to many of the tobacco and/or
smoke components.

This finding plus the analytical methodologies improved
during the previous decade plus the amount of ultraviolet
(UV), infrared (IR), nuclear magnetic resonance (NMR),
and mass spectrometry (MS) analytical data generated on
the components from different ingredient-free tobacco
types (flue-cured, burley, Oriental) and their cigarette
M SSsprompted detail ed examination of the composition of
several naturally occurring flavorful oils used in many
cigarette “top dressing” formulations. These included car-
damom ail, coriander oil, davanaoil, nutmeg oil, and styrax
oil. For an entirely different reason, the composition of
maple syrup was also determined. Subsequently, all of
these compositionally defined flavor mixtures were in-
cluded in the DouLL et al. list (5).

More recently, the numbers of identified components in
coffee(322), cocoa(320), andlicorice (335, 337) havebeen
greatly expanded over the numbers known in the late
1960s. Many of the components of the highly complex
materials coffee, cocoa, and licorice are also components of
tobacco containing no added ingredients. Many are also
found to be components of the MSS from untreated tobac-
cos. Although many of the findings on the naturally occur-
ring flavor oils were previously unpublished, they are
summarized in Table 3. The Table 3 compilation reveals
that nearly 250 of the components of the flavorful oilsand
casing materialsareidentical with or similar to theindivid-
ua chemical compounds listed by DouLL et al. Thus, the
use of such flavorful oilsdoes not constitute the addition of
a series of totally unknown components to tobacco but
actually represents an enhancement of the levels of many
flavorful components already present in the tobacco.
While the definition of the composition of several of the
naturally occurring oil ingredientswas accomplished inthe
late 1960s (see Table 3), it isnow possible to download the
reported general compositions of many of the others
through various Internet addresses. A limited selection of
examplesisshownin Table4. Many of the components of
these naturally occurring materials are al so components of
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Table 2. Mixtures in the DouLL et al. list (5): Studies on their effect on the chemical and biological properties of cigarette MSS

Bioassays
Ingredient Tumorigenicity Mutagenicity/

No. As listed by Doull et al. (5) CAS RN Chemistry Skin Inhalation Genotoxicity

1 Alfalfa extract™ ¢ 84082-36-0 8, 38 — 30, 33 29, 32, 33

2 Allspice extract, oleoresin and oil ™ © 8006-77-7 — — — —

3 Almond bitter oil © ¢ — — — —

4 Ambergris tincture " © 8038-65-1 8 — 30 29

5  Amyris oil /™* 8015-65-4 8, 37 — 30, 33 29, 32, 33

6 Angelica root, oil and seed oil ™ © 8015-64-3 8,37 — 30 29, 32, 33

7  Anise, anise star, extract and oils ©© — — — —

8 Apple juice concentrate, extract, skins 85251-63-4 8, 37 27,35 6, 30, 33 29, 32,33

9 Apricot extract and juice concentrate 68650-44-2 8, 38 — 30, 33 29, 32,33

10 Asafetida fluid extract and oil ¢ — — — —

11 Balsam Peru and oil ¢ 8007-00-9 8, 37 — 30 29, 32,33
Balsam Peru 8007-00-9 8 27,35 6, 30 29

12 Basil 0il"© — — — _

13 Bay leaf, oil and sweet oil ™ © — — — —

14 Beeswax white "¢ 8006-40-4 — 27,35 6 —

15 Beet juice concentrate 89957-90-4 — 27,35 6 —

16 Benzoin resin™ ™ 9000-05-9 — 27,35 — —

17 Bergamot oil © ¢ 8007-75-8 8 — 30 29

18 Black currant buds absolute 4 68650-46-4 37 — — —

19 Buchu leaf oil © 74 68650-46-4 8, 37 — 30 29, 32,33

20 Buitter, butter esters, and butter oil - ™* — — — —
Butter 91745-88-9 — 27,35 6

21 Cananga oil™® 68606-83-7 8, 37 — 30, 33 29, 32,33

22  Capsicum oleoresin — — — —

23 Caramel colorF© 8028-95-5 8, 37 27,35 6, 30, 33 29, 32, 33

24  Caraway oil "¢ 8000-42-8 8, 37 — 30 29, 32, 33

25 Cardamom oleoresin, extract, seed oil, and 977090-82-6 — 33 —

powder © © 8000-66-6
Cardamom seed oil 8000-66-6 8,37,318°¢ 27,35 30 29, 32, 33

26 Carob bean and extract™© 84961-45-5 8,37 27,35 6, 30, 33 29, 32,33
Carob bean extract 84961-45-5 8, 38 — 30, 33 29, 32, 33

27 Carrotoil™© 8015-88-1 8 — 30 29

28 Cascarilla oil and bark extract™ ¢ 8007-06-5 8,37 — 30 29, 32,33

29 Cassia bark oil ©¢ 8007-80-5 37 27,35 6, 33 33

30 Cassia absolute and oil ©/* 89958-31-6 8, 37 — 30 29, 32,33

31 Castoreum extract, tincture and absolute ™ © — — — —
Castoreum extract 8023-83-4 8 27,35 6, 30 29

32 Cedar leaf oil © 74 — — — —

33 Cedarwood oil terpenes and Virginiana ™* — — — —

34 Cedrol™* — — — —

35 Celery seed extract, solid, oil, and oleoresin®®  8015-90-5 8,37 — — 32,33
Celery oleoresin 8015-90-5 8 — 33 29
Celery seed oil 8015-90-5 8 — 30 29

36 Chamomile flower oil and extract™ ¢ — — — —
Chamomile oil 8002-66-2 37 27,35 6 32,33
Chamomile flower, Hungarian, oil 8002-66-2 8 — 30, 33 29
Chamomile flower, Roman, extract 8015-92-7 8, 37 — 30, 33 29, 32,33
Chamomile flower, Roman, oil 8015-92-7 8 — 30 29
Chamomile oil, German 8002-66-2 8 — 30 29

37 Chicory extract™ ¢ 68650-43-1 38 — 30, 33 29, 32,33

38 Chocolate © 38 — 30, 33 29, 32, 33

39 Cinnamon leaf oil, bark oil, and extract™ ¢ 8015-91-6 — — — —
Cinnamon bark oil 8015-91-6 8, 37 — 30, 33 29
Cinnamon leaf oil 8015-91-6 8 — 30 29

40 Citronella oil ¢ 8000-29-1 37 — 30 24, 29, 32, 33

41 Civet absolute ™ ¢ 68916-26-7 8 — 30 29

42  Clary oil™® 8016-63-5 8, 37 — 30 29, 32, 33

43 Clover tops, red solid extract™ ¢ — — — —
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Ingredient Tumorigenicity Mutagenicity/
No. As listed by Doull et al. (5) CAS RN Chemistry Skin Inhalation Genotoxicity
44  Cocoa, cocoa shells, extract, distillate and — — — —
powder ©
Cocoa 8 — 30 29
Cocoa powder 84649-99-0  38,191,319°, 27,35, 191, 6, 33 9, 10, 23, 24, 32,
320 321 33
Cocoa extract 84649-99-3 8, 38 — 6, 30, 33 24, 29, 32, 33
Cocoa shells 8 — 30 29
Cocoa shell extract 8002-31-1 8,37 — 30, 33 29, 32,33
45  Coconut oil — — — —
46  Coffee® 8001-67-0 322°¢ 27,35 6 —
Coffee extract 84650-00-0 8, 37, 38 — 30, 33 29, 32, 33, 323,
93348-12-0 324
47 Cognac white and green oil ©© 8016-21-5 37 27,35 6 32,33
977050-49-9
Cognac, green ol 8016-21-5 8,37 — 30 29, 32, 33
48 Copaiba oil ™* 8013-97-6 8 — 30 29
49  Coriander extract and oil ¢ — — 33 —
Coriander oil 8008-52-4 8,37,325°¢ — 30 24, 29, 32, 33
50 Corn oil — — — —
51 Corn silk™¢ 8 — 30 29
52  Costus root oil ©- 74 8023-88-9 8 — 30 29
53 Cubeb oil ©™* 8007-87-2 8 — 30 29
54  Dandelion root solid extract™ © 68990-74-9 8 — 30 29
55 Davana oil ~f* 8016-03-3 8,37,326 ¢ — 30 29, 32, 33
56 Dill seed oil and extract™© 8016-06-6 38 — — 32,33
Dill oil 8006-75-5 8, 38 — 30 29, 32, 33
57 Fennel sweet oil ™ ¢ — — — —
58 Fenugreek, extract, resin and absolute ™ © 68990-15-8 37,38 27,35 6, 33 32,33
84625-40-1
Fenugreek extract, 68990-15-8 8 — 30, 33 29
59 Fig juice concentrate 90028-74-3 8, 37, 38 27,35 6, 30, 33 29, 32,33
60 Food starch modified 9005-25-8 37,115 PL327’ 27,35 6 —
328
61 Galbanum oil ™4 8023-91-4 8, 37 — 30, 33 29, 32, 33
62 Genet absolute ™ 4 8023-80-1 8 — 30 29
63 Gentian root extract” — — — —
64 Geranium rose oil©© 8000-46-2 8, 37,38 — 30 29, 32,33
65 Ginger oil and oleoresin ™ ¢ 8007-08-7 37 — 33 32,33
84696-15-1
Ginger oil 8007-08-7 8, 37 27,35 6, 30 29, 32, 33
66 Grape juice concentrate — — — —
67 Guaiac wood oil 8016-23-7 8, 37 27,35 6, 30 29, 32,33
68 Guar gum© 9000-30-0 37 — 33 32,33
69 Honey 8028-66-8 37, 38,329 ", 330 27,35 6,33,329 32,33, 329,331
70 Hops oil — — — —
71 Hydrolyzed milk solids — — — —
72 Hydrolyzed plant proteins © — — — —
73  Hyssop oil" ¢ 8006-83-5 8 — 30 29
74 Immortelle absolute and extract™ ™A — — — —
Immortelle extract 8023-95-8 8, 37 27,35 6, 30 29, 32,33
75 Jasmine absolute, concrete and oil © © 8031-01-4 37 — 33 32,33
8022-96-6
Jasmine absolute 8031-01-4 8, 37 — 30 29, 32,33
76  Kola nut extract™© 68916-19-8 8, 38 — 30, 33 29, 32, 33
77 Labdanum absolute and oleoresin ™ "4 977092-72-0 — — 33 —
Labdanum absolute 8016-26-0 8,37 27,35 6, 30, 33 29, 32,33
78 Lavandin oil ¢ — — — —
79 Lavender oil™© 8000-28-0 8, 37 — 30, 33 29, 32, 33
80 Lemon oil and extract © — — 33 —
Lemon oil 8008-56-8 — — — —
81 Lemongrass oil™© 8007-02-1 8 — 30 29
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82 Licorice root, fluid extract and powder " © 332 — 33 —
Licorice 38,333°,334°F2, — 6 9, 10, 23, 24, 32,

335¢,336,337° 33
Licorice extract 68916-91-6 8, 38 27,35 30, 33 29, 32,33

83 Lime oil®® 8008-26-2 8, 37 — 30 29,32, 33

84 Linden flowers ™ © — — — —

85 Lovage oil and extract™ "4 8016-31-7 — — — —
Lovage oil 8016-31-7 37 27,35 6 32,33
Lovage extract 8016-31-7 8, 37 — 30, 33 29, 32,33

86 Mace powder, extract and oil ©© — — 33 —
Mace oil 8007-12-3 8,37 — 30, 33 29, 32, 33

87 Malt and malt extract” — — — —
Malt 8002-48-0 — 27,35 — —
Malt extract 8002-48-0 8, 37 — 30, 33 29, 32,33

88 Maltodextrin © — — — —

89 Mandarin oil™© 8008-31-9 8, 37 — 30, 33 29,32,33

90 Maple syrup and concentrate 8029-81-0 37,38 — 33 32,33

91770-22-8
Maple syrup 8029-81-0 8,338°¢ — 30, 33 29

91 Mate leaf, absolute and oilF 68916-96-1 38 — — 32,33
Mate leaf, absolute 68916-96-1 8, 37 — 6, 30, 33 29, 32,33

92 Mimosa absolute and extract ™ "4 — — — —
Mimosa absolute 93685-96-2 8,37 — 30 29, 32,33

93 Molasses extract and tincture — — — —
Molasses, blackstrap 8052-35-5 8, 38 — 30 29, 32,33

94  Mountain maple solid extract ™ ™* 91770-23-9 — 27,35 6 —

95 Mullein flowers ™4 — — — —

96  Myrrh oil © 7P 8016-37-3 37 27,35 6 32,33

97  Neroli bigarde oil ¢ 8016-38-4 8, 37 — 30, 33 29,32, 33

98 Nutmeg powder and oil ™ ¢ — — — —
Nutmeg oil 8008-45-5 8,37,339°¢ — 30, 33 29, 32, 33

99  Oak chips extract and oil © ™* 68917-11-3 38 — 33 32,33

100 Oak moss absolute ™ * 9000-50-4 8, 37 27,35 6, 30 29,32, 33

101 Olibanum oil *+/* 8016-36-2 37 — — 32,33

102 Opoponax oil and gum ™* 8021-36-1 37 — — 32,33
Opoponax gum 9000-78-6 8 — 30 29
Opoponax oil 8021-36-1 8, 37 — 30, 33 29, 32,33

103 Orange blossoms water, absolute and leaf — — — —

absolute " ©
Orange blossom absolute 8016-38-4 37 — 33 32,33

104 Orange oil and extract™© — — — —
Orange oil distilled 68606-94-0 8, 38 — 30 29, 32,33
Orange oil terpenes 68917-57-7 8 — 30 24,29
Orange oil, bitter 68916-04-1 8,37 — 30, 33 29, 32,33
Orange oil, sweet 8008-57-9 8, 37 27,35 6, 30, 33 29, 32,33
Orange oil, terpeneless 68606-94-0 8,37 — 30, 33 29, 32,33

105 Origanum oil ™ ¢ 8007-11-2 8 — 30 29

106 Orris concrete oil and root extract ™ 4 37 — 33 32,33
Orris root extract 8002-73-1 8, 38 — — 29, 32,33

107 Palmarosa oil © © 8014-19-5 8, 37 — 30 29,32, 33

108 Parsley seed oil ™ ¢ 8000-68-8 8,37 — 30 29, 32,33

109 Patchouli oil © 4 8014-09-3 37 — — 32,33

110 Pepper oil, black and white ©© — — — —
Pepper oil, black 8006-82-4 8,37 — 30 29, 32,33

111 Peppermint oil ™ ¢ 8006-90-4 8,37 27,35 6, 30 29, 32,33

112 Peruvian (bois de rose) oil © ¢ ® — — 30 29

113 Petitgrain absolute, mandarin oil and ter- 8014-17-3 37 — — 32,33

peneless oil 7 ©
Petitgrain oil, terpeneless 68915-85-5 8 — 30 29

114 Pimenta leaf oil 8 — 30 29

115 Pine needle oil " 8021-29-2 8, 37 — 30, 33 29,32, 33

116 Pine oil, Scotch ™ ™4 8023-99-2 8 — 30 29

117 Pineapple juice concentrate 9001-00-7 37 27,35 6 32,33
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118 Pipsissewa leaf extract™© 89997-56-8 37 — 33 32,33
119 Plum juice 90082-87-4 37, 38 — 33 32,33
120 Prune juice and concentrate 85594-37-2 37 27,35 6, 33 32,33
121 Raisin juice concentrate 68915-86-6 8, 38 — 30, 33 29, 32,33
122 Rose absolute and oil ™ ¢ — — — —
Rose absolute 8007-01-0 8,37 — 30, 33 29, 32, 33
Rose oil, Bulgarian, true otto 8007-01-0 8 — 30 29
123 Rosemary oil ©© 8000-25-7 37 — — —
124 Rum 90604-30-1 8,37 — 6, 30, 33 29, 32,33
125 Rum ether™ ™" 8030-89-5 — 27,35 6 —
126 Rye extract 91770-60-4 38 — 33 32,33
127 Sage, sage oil, and sage oleoresin "¢ 8022-56-8 37 — 33 32,33
Sage oleoresin 84082-79-1 8 — 30 29
128 Sandalwood oil, yellow " 8006-87-9 8, 37 — 6, 30 29
129 Smoke flavor — — — —
130 Snakeroot oil - 7?4 — — — —
131 Spearmint oil © ¢ 8008-79-5 37 27,35 6 —
132 Styrax extract, gum, and oil © 7?4 340° — — —
Styrax extract 8024-01-9 8, 37 — 30, 33 29, 32,33
Styrax gum 8046-19-3 — 27,35 — —
Styrax 8024-01-9 8 — 6, 30 29
133 Tagetes oil ©™* 8016-84-0 8 — 30 29
134 Tea leaf and absolute ™ 84650-60-2 37,38 — 33 32,33
135 Thyme oil, white and red ™ © — — — —
Thyme oil, white 8007-46-3 8,37 — 30 29, 32,33
136 Tolu balsam gum and extract ™ ™" 9000-64-0 — 27,35 6 —
137 Valerian root extract, oil, and powder "4 8057-49-6 — 27,35 — —
Valerian root extract 8 — 30, 33 29
Valerian root oil 8008-88-6 8, 37,38 — 30, 33 29, 32, 33
138 Vanilla extract and oleoresin ¢ 8024-06-4 37 — — 32,33
Vanilla extract 8024-06-4 8 27,35 6, 30, 33 29
Vanilla oleoresin 8023-78-7 8,37 — 30 29, 32,33
139 Vetiver oil ©* 8016-96-4 8,37 — 30 29, 32,33
140 Violet leaf absolute © © 90147-36-7 37 — 32,33
141 Walnut hull extract ™4 481-39-0 8 — 30 29
142 Wheat extract and flour — — — —
143 Wild cherry bark extract™© — — — —
144 Wine and wine sherry 91082-91-6 — — — —
8030-68-0
Wine, sherry 8030-68-0 8,37 — 30 29, 32, 33
145 Xanthan gum ™* 11138-66-2 37 — — 32,33
146 Yeast — — — —

 This study involved the pyrolysis of rutin, a major component of licorice.
® Peruvian (bois de rose) oil is listed in some studies as only bois de rose oil.

¢ See Table 3 for results of chemical composition study.

one or moretypes of additive-freetobacco. These naturally
occurring materials account for only a small proportion of
the few milligrams of the “top dressing” formulation
applied to the tobacco blend.

5 DISCUSSION

As noted previously, the cataloging by PASCHKE et al. (4)
of the effect of materials added to tobacco on cigarette
smoke composition and biological activity was admittedly
a monumental task despite the fact of several omissions
some readers might consider significant. PASCHKE et al.
included the 1970 study by JENKINS et al. (235) on the fate
of “C-radiolabeled menthol during the smoking of a men-

tholated cigarette but did not take into account the fact that
JENKINS et al. had noted their results confirmed those
previously reported with radiol abeled menthol by NEWELL
etal. (231) in 1968. Similarly, PASCHKE et al. included the
1962 study by KaTo and SHIBAYAMA (313) who reported
the conversion of vanillin added to tobacco to phenol in
cigarette M SS but they did not include in their catalog the
results of the study by GREeN et al. (311, 312) with radio-
labeled vanillin in which no radiolabeled phenol was
detected in the MSS from cigarettes containing added
radiolabeled vanillin. ThedifferencebetweentheKATtoand
SHIBAYAMA and the GREEN et al. results is readily ex-
plained when the unorthodox smoking regime used by
KATO and SHIBAYAMA istaken into account. Not included
in the PASCHKE et al. catalog were the studies reported by
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Table 4. Composition of several naturally-occurring ingredients added to cigarettes

Internet address

Insert for xxx Number in Table 2

www.iisr.org/spices/xxx.htm

www.springboard4health.com/notebook/herbs_xxx.html

Allspice 2
Anise 7
Basil 12
Bayleaf 13
Caraway 24
Cassia 29
Celery 35
Cinnamon 39
Fennel 57
Fenugreek 58
Ginger 65
Rosemary 123
Sage 127
Thyme 135
Vanilla 138
Thyme 135
Valerian 137

Insert for index Number in Table 2

www.essentialoils.co.za/index.htm

Angelica 6
Bergamot 17
Chamomile 36
Geranium 64
Myrrh 96
Neroli 97
Oregano 105
Patchouli 109
Sage 127

LYNM (265) on the fate of radiolabeled phenethyl acohol
and by GREEN et al. (267) on the fate of radiolabeled phe-
nylacetic acid. The reason for the omission of the refer-
ences noted cannot be becausethey wereonly presentations
at various Tobacco Chemists' Research Conferencesand/or
CORESTA Meetings/Congresses: In over a dozen instan-
ces, PAsCcHKE et al. did not cite published articles but cited
the presentations at scientific functions such as those
mentioned.

Subsequent to the development in the early 1970s of the
Ames test with Salmonella typhimurium, the 1977 muta-
genicity study (24) representsoneof theearliest studiesthat
demonstrated that ingredients added to tobacco — whether
flavorants, humectants, or casing materials—do not signifi-
cantly contribute adversely to the biological activity,
namely its mutagenicity, of the resulting MSS. In fact,
because of their level in the MSS particulate matter (25)
and their lack of mutagenicity in the Ames test system,
omission of the humectants (glycerol, propylene glycol)
results in increases in the mutagenicity.

With technol ogies much improved over thoseusedin 1977,
more recent studies by ROEMER et al. (29) and MASSEY et
al. (32) of the effect of ingredient addition to a tobacco
blend on mutagenicity and/or genotoxicity have essentially
confirmed the earlier findings. Additional support for these
findings was provided by the demonstration that the effect
produced by the MSS from ingredient-treated cigarette
tobacco was not significantly different from that produced
by control cigarette in classical skin painting or inhalation
studies.

Since the 1977 study, the use of a few individua compo-
nents in “top dressing” flavorant formulations has been
discontinued because of reported possible concerns about
their biological properties. Examples include the tobacco
components eugenol, isoeugenol, and coumarin. Thus,
these and other discontinued ingredients do not appear in
the DouLL et al. list.

6 CONCLUSIONS

As noted by severa investigators (5,6,8,9,10), a great
number of the compounds added asingredientsto the ciga-
rette tobacco blend are identical with or similar to compo-
nents of tobacco and/or tobacco smoke. Thevalidity of this
statement is obvious from the catalog of compoundsin the
DouLL et al. list depicted in Table 1 and the summary pre-
sented in Table 5. Those tobacco ingredients that are not
individual compounds but are naturally occurring oils,
resins, etc. or extracts of naturally occurring materials not
only contain many of the compounds on the DouLL et al.
list but also contain many of the same compounds present
in tobacco (see Table 3).

Detailed examination of the scientific literature (5,22) on
the chemical and biological properties of the recently used
tobacco ingredients listed by DouLL et al. plus a massive
amount of chemical and biological data generated during
the past several decades indicates that not only does none
of theDouLL et al. listed ingredients contribute any signifi-
cant adverse chemical propertiesto cigarette M SS but also
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Table 5. Summary of studies reported in Tables 1 and 2

Of the 460 compounds and 146 mixtures listed in Tables 1 and 2, respectively

Number (%) in Table 1 Number (%) in Table 2

The number identified in untreated tobacco

The number identified in MSS from cigarettes containing untreated tobaccos

The number identified in both untreated tobacco and its smoke

The number studied that did not contribute significant levels of toxicants to the

MSS from ingredient-treated tobacco or to a pyrolysate from the individual

ingredient

The number studied either individually and/or as added ingredients that did not

enhance the specific tumorigenicity of MSS CSC as measured in the mouse

skin-painting bioassay

The number studied either individually and/or as added ingredients that did not
enhance the specific tumorigenicity of MSS as measured in a smoke

inhalation bioassay

The number studied either individually and/or as added ingredients that did not

245 (53.3) NA
212 (46.1) NA
168 (36.5) NA
335 (72.8) 117 (80.1)
104 (22.6) 39 (26.7)
259 (56.3) 112 (76.7)
343 (74.6) 112 (76.7)

enhance the mutagenicity and/or genotoxicity of MSS or did not exhibit

mutagenicity or genotoxicity in themselves

noneaffectsadversely thebiol ogical propertiesof theM SS.

Table 5 summarizes the information on the number of

individual compoundsand mixturesstudied in variousways

and their percentages relative to the number of individual
compounds and mixturesin the DouLL et al. list.

Among the chemical factors considered were:

» Theeffect on MSS composition of theingredients added
to cigarette tobacco at the usua use level or several
times that (9,22,23,31,37,38).

» Thenatureof thepyrolysisproductsgenerated during the
smoking process or during pyrolysis of an individual
ingredient under conditions approximating the cigarette
smoking process (40). In many instanceswhen the added
ingredient is a compound, a significant percentage of it
istransferred unchanged to the MSS and SSS. The small
percentage not transferred intact is seldom converted to
an M SS component with significant toxic properties.

The biological studies that showed no significant adverse

effect included:

» The specific tumorigenicity to laboratory animal skin of
the mainstream CSC from ingredient-containing ciga-
rettes vs. the mainstream CSC from ingredient-free
cigarettes (8,27,35).

» Exposure of laboratory animals via inhaation to the
M SS from ingredient-containing cigarettes vs. the MSS
from ingredient free cigarettes (6,26,30,33,34).

» Determination in a variety of tests of the in vitro geno-
toxicity of the M SS particul ate phase and/or vapor phase
(9,23,24,29,32,33).

In addition, the results of non-tobacco-related studies are

available in which many individua compounds on the

DouLL et al. list were assayed for mutagenicity in the

Amestest with several strains of Salmonella typhimurium.

An excellent example isthe 1984 study by ISHIDATE et al.

(39) who examined the mutagenicity of many compounds

included as additives in Japanese foods. Over 40 of the

compounds exhibiting non-mutagenicity also occur on the

DouLL et al. tobacco ingredient list.

Assessment of all the chemical and biologica data cited

herein provides a noteworthy contradiction to the much

repeated assertions—with no datato support them - that the
ingredients added to cigarette tobacco might result in signi-
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ficant adverse changesin the chemical and/or thebiological
properties of the cigarette MSS.
Thosemaking theassertionsabout tobaccoingredientsboth
before and after the advent of the low-“tar” cigarette have
not replied over the past few yearsin any way to the wealth
of data generated on tobacco ingredients. On occasion, the
DouLL et al. list has been mentioned in articles by Ameri-
can Health Foundation personnel, e.g., see various articles
by the HOFFMANNS issued between 1995 and 2001 (341,
342,343,344).
One might ask whether the assertions about the possible ad-
verse effects of added tobacco ingredients on the chemical
and biological properties of cigarette MSSfall into the same
category as the numerous other assertions (41) made about
MSS composition, the precursors of its components, etc.
which have no or little evidence to support them. The asser-
tions about individual tobacco ingredients such as licorice,
cocog, vanillin, glycerol, sugars, and flavor ingredients in
genera have been contradicted by an overwhelming catalog
of data generated under the most arduous conditions.
Table 6 summarizes many of the recent large-scale labora-
tory studies involving literally hundreds of the tobacco
ingredients but does not include many significant studies
summarized elsawhere (9,23). Despite the publication of
the DouLL et al. report in 1994, HOFFMANN et al. (341)
wrote:

Little is known about the fate of such additives during the

smoking of cigarettes.
This statement was re-iterated in 1997 by HOFFMANN and
HOFFMANN (342). The conclusionsreached by DouLL etal.
were never specifically mentioned in their 1995 and 1997
publications. In the latter publication, HOFFMANN and
HorFFMANN did however note that the IARC had reversed
its classification of coumarin as a carcinogen. Its original
classification was primarily based on the studies in the
early 1970s by GRIEPENTROG and his colleague (345). This
reversal by the lARC is not surprising since the biological
findings at the two high dose levels used by GRIEPENTROG
in a feeding experiment were not confirmed in a similar
FDA study conducted by HAGAN et al. (346). Also, numer-
ous studies have shown that coumarin is not mutagenic in
the Ames Salmonella typhimurium test (347).



Table 6. A summary of recent tobacco ingredient studies

Analysis

Date

No. of ingredients
studied

Reported findings/conclusions Reference

Detailed literature survey of ingred-
ients added to US tobacco products

Effect of added tobacco ingredients on
cigarette MSS chemistry

Effect of added tobacco ingredients on
cigarette MSS biology

a) in vitro genotoxicity and
cytotoxicity

b) MSS smoke inhalation

1994

2002

2002

2003

1997,
2002

2002

2002

1997,

2002

1997

599

333

482

482

=152

333

482

2
(glycerol,
propylene glycol)

1
(menthol)

“...itwas concluded that there was no evidence  Doull et al. (5)
that any ingredient added to cigarette tobacco

produces harmful effects under the conditions of

use in cigarettes.”

“The smoke chemistry data revealed changes Carmines (28);
towards both higher and lower amounts of various Rustemeier et
smoke constituents . . . This suggests that the al. (8)

addition of 333 commonly used ingredients to

cigarettes in three groups did not add to the toxicity

of the smoke, even at the exaggerated levels

tested . . .

“An overall assessment of our data suggests that
these ingredients, when added to the tobacco, do
not add to the toxicity of smoke, even at the
elevated levels used in this series of studies.”

“In most cases, the flavour mixtures had no Baker and Smith

statistically significant effect on the smoke yields  (31)
relative to the control cigarette. In a few cases, the
small increases or decreases were observed for

some analytes relative to the control cigarette. The
smoke yields of the experimental cigarettes were

well within the ranges observed in the three

reference cigarettes.”

“The significances of differences between the test Baker et al. (37)

and control cigarettes were determined using both
the variability of the data on the specific occasion
of the measurement, and also taking into account
the long-term variability of the analytical
measurements over the one-year period in which
analyses were determined in the present study.
This long-term variability was determined by
measuring the levels of the 44 “Hoffmann analytes”
in a reference cigarette on many occasions over
the one-year period of this study.

“. .. It was found that, in most cases, the mixtures
of flavouring ingredients (generally added in parts
per million levels) had no statistically significant
effect on the analyte smoke yields relative to the
control cigarette.”

“Although the mutagenic activities appeared to be Bioresearch [for

similar, there were statistically significant RJRT] (24);

differences in mutagenic activities among the Rodgman (9, 23)

sample.”

[The differences were primarily due to the increase
in mutagenicity of the CSC when the humectants
(glycerol, propylene glycol) were not added to the
cigarette tobacco and thus were not present as
diluents in the CSC].

“Within the sensitivity and specificity of the test Carmines (28);
systems, the in vitro mutagenicity and cytotoxicity ~Roemer et al.
of the cigarette smoke were not increased by the  (29)

addition of the ingredients.”

“The data has been analyzed and demonstrates no Massey et al.
additional activity from the flavoured cigarettes (32)
above that of the control products.”

“It was concluded that addition of the tested Gaworski et al.
humectants singly or in combination had no (26)
meaningful effect on the site, extent or frequency

of respiratory tract changes associated with smoke

exposure in rats.”

“The results of this 13-week inhalation study Gaworski et al.
indicated that the addition of 5000 ppm menthol to (34)

tobacco had no substantial effect on the character

or extent of the biological responses normally

associated with inhalation of mainstream cigarette

smoke in rats.”
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Table 6 (cont.)

No. of ingredients

Analysis Date studied

Reported findings/conclusions Reference

b) MSS smoke inhalation (cont.) 1998 170

2002 333

¢) MS CSC and skin painting 1999 150

Pyrolysis of tobacco ingredients under 2003 291
conditions simulating those in the

cigarette burning zone

Gaworski et al.

(6)

“The results indicate that the addition of flavoring
ingredients to cigarette tobacco had no discernible
effect on the character or extent of the biologic
responses normally associated with inhalation of
mainstream cigarette smoke in rats.”

“The data indicate that the addition of these 333
commonly used ingredients, added to cigarette in
three groups, did not increase the inhalation
toxicity of the smoke, even at the exaggerated
levels used.”

“While tumor incidence, latency and multiplicity
data occasionally differed between test and
comparative reference CSC groups, all effects
appeared to be within normal variation for the
model system. Furthermore, none of the changes
appeared to be substantial enough to conclude
that the tumor promotion capacity of CSC obtained
from cigarettes containing cigarettes with
ingredients was discernibly different from the CSC
obtained from reference cigarettes containing
tobacco processed without ingredients.”

“The results are compatible with parallel studies in Baker and
which the ingredients are added to tobacco and the Bishop (40)
effect on cigarette smoke constituents are

measured. In general, the number of “Hoffmann

analytes” detected among the pyrolysis products of

the ingredients, and their levels, are low . . . Of the

291 tobacco ingredients pyrolysed, almost a third

transfer out of the pyrolysis zone intact, and almost

two thirds transfer at least 95% intact.”

Carmines (28);
Vanscheeuwijck
et al. (30)

Gaworski et al.
(35)

Citing the 1989 study by GREEN et al. (89) at British Ameri-
can Tobacco onthefate during pyrolysisof anisaldehyde (no.
266; 123-11-5), anisole (100-66-3), benzaldehyde (no. 35;
100-52-7), methyl cinnamate (no. 277; 103-26-4), isoamy!
isovalerate (no. 229; 659-70-1), and vanillin (no. 457; 121-
33-5), HoFFMANN and HOFFMANN (343) reported that the
latter two did not appear on thelist of 599 additivesin usein
1994 by one or more of the six mgjor American cigarette
companies [DouLL et al. (5)]! Obvioudly, the authors
misread the DouLL et al. report: From the numerical se-
guence in Table 1, one can see that anisaldehyde (no. 266;
CASRN 123-11-5), benzaldehyde (no. 35; CASRN 100-52-
7), methyl cinnamate (no. 277; CAS RN 103-26-4), isoamyl
isovalerate (no. 229; CAS RN 659-70-1), and vanillin (no.
457, CAS RN 121-33-5) are listed by DouLL et al. Only
anisole (methoxybenzene) (CAS RN 100-66-3) is not listed
as a tobacco ingredient by bouLL et al! However, anisole
was identified in tobacco smoke in 1958 by CARRUTHERS et
al. (348) and in 1965 by Grog (18).

In 2001, HOFFMANN et al. (343) cited the DouLL et al.
ingredients report and the 1998 report by GAWORSKI €t al.
(6) on inhalation of M SS from cigarettes containing ingre-
dient-treated tobacco. They criticized the duration of ex-
posure (13 weeks) in the study with the implication that a
longer exposuretimemight haveresultedintumor devel op-
ment. They neglected to note the infrequency of induction
of lung carcinomas in humerous studies from 1936 to date
inwhich large numbers of laboratory rodentswere exposed
for their lifetimeviainhalation to cigarette MSSwithnoin-
duction of squamous cell carcinoma (cf. 349,350). Despite
thefact that |aboratory research personnel, previoudly at the
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Sloan Kettering Institute but currently at the American
Health Foundation, had published agreat number of articles
over a four-decade span on mouse skin-painting studies
with CSC and the generation of skin carcinoma [e.g., see
pp. 268-295 in (49)], they failed to mention the skin
painting studies reported in 1999 (27,35) in which labora-
tory animals skin-painted with CSC from cigarettes con-
taining ingredient-treated tobacco were compared tolabora-
tory animals skin-painted with the CSC from cigarettes
containing control non-ingredient-treated tobacco. Their
critical remarks on the inhalation study and their omission
of any mention of the resultsin the skin-painting compari-
son were repeated in a second 2001 report (344).

7 INGREDIENTS USED OUTSIDE OF THE USA

Theoriginal aim of thisstudy wasto catalog theingredients
in the 1994 DouLL et al. list (5) with regard to a) their
presence or absencein untreated tobacco and b) their effect
when added to a cigarette on the chemical and biological
properties of itsMSS. TheDouLL et al. list of 599 ingredi-
ents comprises the ingredients used by one or more US
cigarette manufacturers on products. Because cigarette
manufacturers outside of the US use not only many of the
ingredients on the DouLL et al. list but also other flavorful
and aromaticingredients, it became apparent that additional
information could accompany the assessment of the
ingredientslisted by DouLL et al. In Tables 7A and 7B are
listed another 80 ingredients used by cigarette manufactur-
ersin countries other than the US.
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Table 7B. Mixtures used as tobacco ingredients in products outside of the US: Studies of their effect on the chemical and

biological properties of cigarette MSS

Bioassay
Tumorigenicity: Mutagenicity/
No. Ingredients as listed by the investigators CAS RN Chemistry Inhalation Genotoxicity
1B Allspice oil 8006-77-7 8, 28 28, 30 28, 29
2B Angelica root extract/tincture 84665-41-7 31, 36, 37 33 32,33
3B Banana extract 97281-11-3 31, 36, 37 33 32,33
4B Benzoin resinoid Sumatra 84929-79-3 37 — 32,33
5B Boronia absolute 91771-36-7 31, 36, 37 — 32,33
6B Brandy absolute 37 33 32,33
7B Caramel sugar syrup 37 33 32,33
8B Carob bean extract (roasted) 84961-45-5 37 — 32,33
9B Catechu powder 8001-76-1 31, 36, 37 33 32,33
10B  Cherry juice 89997-53-5 31, 36, 37 33 32,33
11B  Clary sage infusion 84775-83-7 31, 36, 37 33 32,33
12B  Cocoa infusion 84649-99-0 31, 36, 37 33 32,33
13B  Cumin seed oil 8014-13-9 31, 36, 37 33 32,33
14B  Fig extract 68916-52-9 31, 36, 37 33 32,33
15B  Grapefruit oil, terpeneless 90045-43-5 37 33 32,33
16B  Lemon extract 84929-31-7 37 33 32,33
17B  Lemon oil, expressed 8020-19-7 31, 36 — 32,33
18B  Lemon oil terpenes 8, 28 28, 30 28,29
19B  Lemon oil, terpeneless 68648-39-5 37 33 32,33
20B  Lime oil, expressed 8008-26-2 37 33 32,33
21B  Lime oil, terpeneless 68916-84-7 — 28,30 28,29
22B  Molasses, sugar cane 68476-78-8 31, 36, 37 33 32,33
23B  Peppermint oil, terpeneless 68606-97-3 31, 36, 37 33 32,33
24B  Pineapple extract 97676-27-2 31, 36, 37 33 32,33
25B  Pineapple juice 97676-27-2 31, 36, 37 33 32,33
26B  Prune extract 90082-87-4 31, 36, 37 33 32,33
27B  Raspberry distillate 84929-76-0 31, 36, 37 33 32,33
28B  Rose oil, red 90106-38-0 31, 36, 37 — 32,33
29B  Rum dark 91450-09-8 31, 36, 37 33 32,33
30B  Rum white 90604-31-1 31, 36, 37 33 32,33
31B  Storax 8,28 28, 30 28, 29
32B  Tangerine oil 8008-31-9 8, 28, 31, 36, 37 28,30 28,29
33B  Verbena oll 85116-63-8 31, 36, 37 33 32,33
34B  Ylang-ylang oil 8006-81-3 37 — 32,33

Here again, the compounds and mixtures are essentialy
cataloged with the formats used in Tables 1 and 2, respec-
tively. Examination of the compounds listed in Table 7A
indicates that some, like the compounds listed in Table 1,
are components of tobacco and/or its smoke. The effect of
many of the ingredients listed in Tables 7A and 7B has
been studied in other bioassays but the data are not yet
available.

Examination of the datafrom the various extensive chemi-
cal and biological studies on the effect of many of the
ingredients listed in Tables 1 and 2 and those listed in
Tables 7A and 7B on smoke properties indicates no
significant chemical or biological problem with the 684
tobacco ingredients.
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