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SUMMARY T TUWARIE LESS RAZARIOUS 1G4
four Sxin Zainting 5tcessays Using lonzensate from Experimental (igaretzes

i.introduction

Since tne 1964 Report to the Surgeon Gemeral on the rezarcs 9°f smorirg,
tre National Clearingnouse for Smoking and Health, tne Americar Clancer S3ci-
ery, and cther pudlic health oriented organizations have expanded their
erforts to reduce the degree of cigarette smoxing nationwide. However, trase
attenpts nave been only partially suvccessful. Today. between 5D ang 63

million Alericans smoxe cigarettes,

Tne National Cancer Institute (NCI), in coordination with the Nationai
rezrs, Lung ang 3lood Institute (NHLBI) anc the Deparument of Agriculs.re,
est2olisned the Smoking and Healtn Program to provide guidelines for tne
‘recuction of the risks of cigarette smoking., The program is advisec by
ccnsuliants representing & wide spectrum of disciplines.

A systematic approach nas been taken toward the develooment of less
naz4730ws cigareties, one of the principal odbjectives of the Smoking anc
realtn Program. fTne first priase of this Program involved the design of a
variety of exderimertal cigarezzes anc the chnemical and biological aralyses

«f tneir cendensate and smoke.

The orizary objective ©f tnese cigarette experiments is tc deter~ine
ta¢ tumorigenit activity of concensate from each experimental cicareste
wnen eqgual weignts of dry stoke condensate {a$ contrasted to equal nurmibers
of cigareztes ¢r equal nunbers of puffs) are applied to mouse skin., Tneg
components of tne tobaccos, the cigarette smoke condensates anc whole smokes,
anc tre prgsical characseristics of the cigarettes provide extensive ladbora-
tory data. Analyses of tnese cata inclucde correlations with the mouse-skin
turor bivcassay gate for insights into which smoke componerts are associates
=ith acverse nealtn effects. The analyses provide an evaluation of the
relative toxicity of the experimental ¢igarettes and serve as the basis for
the design of acvanced cigarette experiments. The ultimate objective for
tnese experinents is o icentify the characteristics of less hazardous cige-
rettes that will serve as quidelines for future commercial cigareties.
Success s hingered by tne uncertain relationship between tumors resulting
from mouse skin painted with concensate and human lung cancer and by the
virtyal apsence of informdtion on tre cardiovascular and respiratory effecss
af these cigarettes (beyond the permissidble inferences from their physical
ang cnemical characteristics). Therefore, the skin painting bicassays are
viewed 3s screening experiments., jt is assumed that reduction of mouse
derial tumorigenic response from smoke condensate is 2 valig indicator of
viable lines of investigation that are worth pursuing through more Sophisti-
cated (and more costly) tests, sucn as direct inhalation of whole smoke in
suitable animal models. Thus, the experiments are considered initial steps

in tne process of improving cigarettle tnaracteristics.



Separate reports on each of tne four skin painting experiments were pUb-
lisnea »y the U.S. Jepartment of nealth, fzucation anc idelfare in Margm, 1376,
June, 1575, June, 1377, and March, 1980. 7this present report is a surrary
of the major fincings from the experiments. Tre reader 1§ referred to tne
indivicual comprenensive reports an each eaperiment for Zetailed presencatizrs
of the protoccl, cnemicel analyses, statistical analyses and interpretation

of results.
2. Materials ard Methods

“his section summarizes the materials and methods used in the skin paint-
ing experiments. Only slignt variatiors occurred among experiments, these
being primarily cifferences in which ¢ondensate and smoke chemicals were

medsured. Specific details for each experiment .are contained in their re-

Spective reports.

2.1 The Cigarettes. During each experiment, the cigarettes were distrib-

uted by code to the participating laboratories using & random bling code.

untess noted otrnerwise, all cigarettes were made accorsing to the following

srecyficetions:
L2

Filter: MNone

Lengtn: 8% mm

({ircumference: 5 mm

meight: Variea witn firnness

Oraw Resistance: Varied witn each tctacco

Paper: Schweitzer 3358 excepnt variasie “&. <2 aith Scheeitzer

"special porous” paper

#ing ¢3 mm from end of cigarette and cigsrette code number

3800 cigarettes in each cardtoard "filzer :rag."

sealed in polyethylene bags and stored at -zJ390 €

craragteristiczs of tne tabhaccos

Print:
Fackaging:

inere was a separate Standard txderimental Blend (SE3) cigarette pre-
parec for eacn erperiment, all naving dertical compositions. They differed
only in the manufacturer and crop year. ine dlend of the SEIB cigarettes was

by weignt):
Glycerol 2.8%
Irvert sugar .35
Flue-cured 32.5%
Burley - 22.0%- .
Maryland 1.1%
Turkish 11.
Recorstituted sheerl 27
120

Y Stems and fires in a slurry process.
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These analyses were concucte
.

2.2 Tobacce Araiyses.
coorzinated by tne Todbacco Laboratory, Seltsville Ag
ter, Agricultural Research Servigce, U.S. Jenariment
analyses include:

Chlcrogenic acid

Sang
Moisture Rutin
Water Total phenols
oH 70%31 polyphenols
asn Total alkaloids
Total volatile bases [Tv3)

Souiumr Kydreoxige {MNalH)
Kycroentoric acic (M(1)
Potassium {X)

Sodium (Na)

Calcium (Ca)

TYB-nicotine

Ratip nicotine/TvB
Amnonia (NHS)
Nitrate-Nitrogen {N03-N)
Amino-nitrogen

Magnesium {Mg)

Manganese (Mn) 2 Amino-nitrogen

Cnlorine {C1) Nitrate (NO3)

Regucing sugars Total nitrogen

Totel sugar Glycerine

Starea Jven volaviles

Cellilose Was

“alic acic Phyto-sterols

Citric a2id Petroleum etner extract (Pii}
Nicotine

Oxalic azic
¢.> {ondensate Srenaration,
neeces, trey were re2roved and
furicity for not less than 48

Txe ¢cig2rettes were stored in a freezer.
conditioned at 249219 { and 60% L 5% rela:-.z
nours prior to smoking.

; The cigare:
wETR sMoked on macnings built oy Process and Instruments Corporation,
g o the following sceczific2tions:

Tne condersates were predsared by Meloy Laboratories. Les
aIilro.

Direct smoking (negative pressure puffinag)

Operatina

Capacity Approximately 2,000 cigarettes per hour

Puffs 1/min, 35 ml, 2-sec. duration; ng more
tnar 10 puffs per cigarette, ejectec

earlier if smoked to butt

Room air 240 2 10 C, 60% ¥ 5% relative
humidity; exhaust designed to avo:rd
drafts that could unfluence the bur~-
ing rates of cigarettes

Amdient Air Condityons

Condensate colleczion. The condensate was collected in four traps a:
700 , the first :wD traps useu &-mm Pyrex beads, and the second two use:

Teflon filaments.



Extraction, Yhe condensate was extracted with freshly gistiiled aceid-a.
The condensate was concentrated uncer reduced pressure at 459 € until less
thar 6% water remained. Weigneo amcunts of acetone and water were added,
aliquots taken, 2nd the water and nicotine content$s were analyzed by gas
chromatcgraphy. The mixture was adjusted $o that the final product cont2ined
250 or 500 my of dry condensate per ml.

Storage. The condensate was Stored at -290 C until sent to the bSioassay
laboratories and was packed in cry ice for transfer to users.

Production Schedule. Condensate preparation schedules were arranged so
tr2t all condensate samples were less than two montns 0ld when used for mouse

skin painting.

Juality Control. As a part of quality control, samples from each tatch
of experimental cigarettes were used to detsrmine: average cigarette weight
and gressure crop; static burn rete in drafi-free 2ir; comdustion zone tem-
peratyre at 2 butt lengths, and amount of potassium (K), sodium (Na), mag-
nesiym (Mg), ash, hexane solubles, nitrate, calcium (Ca), nicotine, total
reducing sugar, neophytadiene; and the pH of material collected in the filter.

Process Monitoring. Measurements were made of the mean Qutt length after
smoking, total dry condensdte yield and cry concensate yield per cigarette,
pH of the tondensate, anc percent nicetine in the concensate and per ciga-

rette.

The smoke and smohe condensate from tre

2.4 Smoke anc londensate Analyses.
During the.

varigus ¢igarelles were testec by Jak Ricge National Labdoratory.
course of the skin painting experiment, conlensate was sent to Oak Ridge
National Laboratory three times at aporoximately 6-month intervals. Each

shiprient was enalyzed once within that 6-month period, with quadruplicate

determinations for eacn sample analyzed. The following analyses were cons
cducted on whole smoke, gas phase, ard particulate matter:

Cigarette Characteristics Condensate

Hicotine
weak acids
Very weak acigs
Total weak acids
Alkalinity (pH)

° Oleic + linoleic + linoleic acid
Palmitic acid
Stearic acid
Neophytadiene
Catecnol
Indole
Skatole
cenz [2) anthracene
tenz [3) pyrene
Total free fatty acids

weight
Resistance to draw
Fuff numbder
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Ligereste Smoke

Tcial particulate matter
Tar

water

Nicotine

Acetalderyde

Acrolein

Isogrene

Hydrogen cyanide (HCN)
Formaldenyde
Nitrogen oxides (ND
Carbon monaxide (coﬂ
Carvon dioxide (COz)
TPM phenolics

as NGp)

velues for smoke components analyses were expressed in five ways:

Per

cigarette, per puff, per liter of smoke, per gram of tobacco, and relative

to total particulate matter.
G d weignt-to-weignt basis.

values for condensate components were recories

In adgition to the above determinations, several special analyses were

cerfornec on selected congensate batches.

metric phenclics, nicotine alkaloids., phenol + cresols, o-cresol, m- + p-cresc!

ang pnengl,

2.2 Skim Painting Bioassays.

Hazieton Laboratories.

These inciude glycersl, colori-

The skin painting bioassay was conductec at
Each condensete was tested 2t twd Or three cose levels

an sreuss of 10D mice eacrn, the da2ily application being 0.10 ml of "a concen-
sate suspension contaiming 12.5 mg, 25 mg, or 50 mg of dry smoke condensate.

Three control grouss were used:

mice with dorsal hair clipped but no

shir pairzing (sham): mice painted with acetone only to- test the effect of
vericle without concersate; and mice painted with benzo[a]pyrene in acetone
at tnree cose levels (positive control), to test the response of the systex

to a known carcinogen.

Mice.

ICR Swiss female mice were randomized five to 3 cage; cage occu-

tancy wias maintained but cage positions were changed weekly.

Peinting. Dorsal
arplied daily (Monday through Saturday).

and spread uniformly over the test site with a glass rod.
tions were tnoroughly shaken (by machine) pricr to each application.

hair was clipped weekly, while the condensate was

The volume was measured by syringe
Condensate solu-
Paintirg

wes continued for the duration of the experiment (18 months).
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Routine otservations of the mice were made caily by lahora-
tary techricians. If a suspected tumor was observed on any animal for 3
consecutive weeks, 1t was recorded as a “visually observed tumor.” Cata
ertered once & month into computer storage included (where applicable):
of tne first visually observeg tumor, description of tumor (wart-like or
gross carcinome), number of tumors, weight of the animal, and date of death.

Qhservations.

date

Necropsy. ATl mice dying during the experiments, sacrificed if mori-
tund, or sacrificed on termination of the experiment at 1B months were necrop-
s1ed and their tissues were fixed in formelin., The target tissue of those
mice visually observed to have tumors or suspected of having tumors at necropsy
wds histopathologically examined, The statistical andlysis was based on nis-

topathologically verified tumors.

Surviva) probabilities. Actuariz) methods were used to estimate the
probability (Pp) tnat an enimal within a given group would not develop a tumor
1f the animal were to Survive the 18 months of the experiment. Acdjustments
were made for those animals that died during tre experiment without develogping
a tumor. ln acdition, estimates were calculated of the latent periods (number
of days since the initiation of the experiment) to 75%, 50%, and 25% survival

(1754 Ts0s T23)-
3. Histopathological Confirmation

As stated previously, statistical analyses of tumor incidence arang the
experimental animals were based on nistcpathologically confirmed tumors. At
tne conclusion of the first skin painting experiment, & set of B84 slides from
tne mice painted with SEB condensate was sent to three incependent pathclogists
for separate readings. The purpose was to estimate the extent of consistency
amang independent reviews of the slides, with reference to the findings of the

sazleton pathologist.

Although the four reoscrts of nistopathology were expressed in different
format and in somewhat cifferent terminology, it was possible to test the degree
of concurrence among them concerning the presence or absence of malignancy:
for one slide, kazleton reported negative and the other three pathologists
reported positive. For another slice, Hazleton reported positive and the
other three pathologists reported negative. There were four slides on which
tre consensus was evenly split (i.e.., twdp positives and two negatives)., Ois-
tcunting these latter four slides, Hazleton was in agreement with the consensus
of otrier pathologists in approximately 98% (78/80) of the slides examined.

A surmary follows.



ATE four positive
A1l four negative 33
Subtotal 72 = 864
I positive, 1 negative 4
3 negative, 1 positive 4
2 positive, 2 negative 4
Subtotal 12 = 14%
T0TAL 3

This high level of consistency between the Hazleton results and those cf
the three independent pathologists suggested that the histopathological data
were sufficiently reliatble for analytical purposes.

4. Fagiors Analyzed in the Experiments
Alccmplete list cf all experimental cigarettes tested during these expe=)-
merts is given in Tadle 1. The purpote in choosing specific cigarettes was 20

test sclected factors for relative levels of tumorigenicity. The major
factors of interest, by experiments, 2re listed below.

Skin Fainting
iszerirent  Major Factors for Analysis  Types of (igareites Testeq

SEB I, laminae only
flue-cured, laminae only
Burley, laminae only

SEB |, stems only, rolled and
cut

1 Laninae/Stems

stems only

medium density

additives, low density
additives, medium density
acditives, high density

RT5 Paper Process

stems and fines only
medium density

additives, low density
additives, medium density
additives, high density

RYS Slyrry Process



Skin Painting
Experiment

[ (Cont.) Other

11 Nicotine/Fertilizer
Application

Suckering

Tobacco Pracessing

Artificial Jotacco
Substitutes {ATS)

I Paper Porousity

Filters

Additives

Major facters for Analysis

citrate paper
phosghate paper

potassium nitrate (2 x SE3 [)
coarse cut tobacco (20 cuts/inch)
fine cut tobacco {60 cuts/incn}
combinations of the above

Surley, normal/normal
durliey, low/normatl
Burley, low/high
Flue-cyre¢, normal/rorral
Flue-cured, low/mormal
Fluescured, low/high
Flue-cured/Burley ?3:1)

rornal/normal

Tow/normal

low/high ¢

Fatsy alccnol, normal
Fatty alcohol, X100
Hand suckered

Reynolds puffed
Fhilip Morrig exganded
Freeze-dried

ATS-A
ATS-ASSES I, 50/%0
ATS-B
ATS-B/5E8 [1. 50/50

Low (5 cm/min)
Standard (30 cm/min)
High (60 cm/min)

Very High (100 cm/min)

(ellulose Acetate
Dilution
Pennanganate

Sugar

Humectant

Cocoa (powdered)

Other (magresium nitrate,
zinc oxide)



ina’

) drsifizial Tchaczco

Substitutes []
[] -§/8%8 IIi, SIr32
Iv Reccnstituted Tobaced ¢ Paner vs. slur-y -rocess
Sheet {R7S) ¢ Steam vs. water extraciion
« Hexene/ethanol vs. water/
mechanical extracticn
4 Inorganic fillers
e Adcitives
e Burley vs. Brigh: leaf
icotine e 0.0, 3.5, 1.0, 1.3 mzrang5

e Expanded sterms, 1004

txpanded sterms
Expanaed stems/SE3 v, 3

e
IS

]
Areifizial lodaces ¢ ATS-8
Surstitites v EcustasSEsiv, 38/72
Festiciaz-Treates Tlants e Pesticide-free

e Pesticide-treated

E e 3-pnenyl, S-meinyl,
1-2-3-oxydiazole (cne--::?
: aratyses only; no skn
painting}

ente) Results

£s mentioned previously, the University of rentucky (1R]1) and the Stanczrc
Experinental Blenc (SIE8) were usec &5 common reference cigaretties througnout
tne four skin painting experiments. Chemical enalyses and biological resoonses
from these cigarettes were used to measure the consistency of protocol fror

one experiment o the otner.

Tables 2 and 3 sumrarize the chemical analyses for the 1R] cigarettes,
for tne smoke ang tne smoke condensate, respectively., The results incicate
& hign level of consistency in the deliveries of all constituents. For the
congensate analysis, stearic acid and indole produceo the greatest variations
fror. tne Series ]-1V aversges. The Bak, BAP, and skatole levels were, however.
myucri closer to the running averages than thase of the Series 11l condensates.
The cresols were not protocce] constituents, but were measured in one tatcn
of condensates. Mence, batch-to-batch contributions to the variadbility of

-
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snis constituent were not averazed, and the reported data differ from previous

neasurenents, Further analyses would be required to deternine if these <¢i€fer-

ences are real,

Tables 4 and 5 summarize similar results of the chemical analyses for the
SEB cigarettes. Re-analysis of the SES-I cigarette throughout the experirents
suggestec little effect from aging in cold storage, with the exception of the
oxides of nitrogen (NO,) content of the gas phase, Over the course of the
four experiments, NOy éelivery of the SEB-] appeared to increase by about 20%.
To determine if this is a gefinite trend, or if tnis is normal ¥ 18% variation
sbout a mean value, requires additional analysis. Ko regeneration of the
Series | condensate was performed in Series lv.

There are relatively small gifferences in the average smoke and conden-
sate constituent concentrations of the S£8's manufactyred for Series [[, [il,
and IV, suggyesting the difficulty of exactly reproducing the 5EB blend and
generating the condensate from year to year. However, the variations are
minor and probably represent tne best results achievadle with current tech-

nolegy.

Biological response data for the reference cigarettes are'surmarized in
Tabie 6 in terms of the final probabdility of survival (Pf} and associated
standard errors, by experiment anc dose level,

As a test of consistency among experiments, the Pr values were compared
pairwise within comagn dose leveis for the 1R} cigarectes, and separately for |
tne SEE cigarettes. The Pp values tnerselves are maxinum Tikelihood esti-
mates and, as such, are asynpiotically rormally distributec. On the basis
cf this latter property, in conjunciion witn the large ar:imal group sample
sizes used ir these bicassays, the normal deviate test was used for the com-
parisons. A list of the pairwise comparisons performed is given in Table 7,
with statistically significant differences noted if such differences are sig-

nificent at the 54 (or higher) level.

As seen from this table, no statistically significant differences were
found in compariscns between the 1) cigarettes. However, six statistically
significant differences were found when comparing the SEB cigarettes--three
at the 54 and three at the 13 level of statistical significance. It is to
be noted that the three tests resulting in differences 2t the 1% level all
involved the SEB I cigarette from the-Series 1l bicassay. This same ciga-
retie wis also involved in one of the tests that resulted in a difference
at the %% level of signfficance. The SEB I cigarette from the Series [
bicessay was involved in all tnree tests that resulted in differences sig~

nificant at the 5% level.

SEG 1 from Series | had an unusually kign Pp value and SEB I from
Series II had an unusually low Pp value. In comparing 211 SEB Pp values
sinultaneously for each given dose level, it is tne SEB | cigarette from
Series [l that energes as the potential cutlier.
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Uf the 19 S22 tesss rot involving SE8 1 from Series II, orly two res.'s
in statistically sigrificant ¢iffererces, and dcin of tnese are a: tne 3°
Tevel. 7Tnis is not incompatidle with tests of significance (there is a 3%
chanze that two or rore of tne 19 tests would de significant, solely by
chance). if all 27 tests 2mong tne common reference Cigarettes are congiderer

(exclusive of SE3 I fronm Series 11), the chances of two Or rgre tess seing
significant increase %o 405

ey
[

The tests corsicered here imply that one snould be cauticus in rakirg
use of SEB | to c¢raw inferences from the skin painting experirents; however,
tre overall test results are compatible with consistency among tne four

experiments.
6. General Summary cf Results

Detrailed analyses of the data and presentations of the results are ir-
clucec in tne separate comprenensive reports of each experiment. Tabie o
sunmarizes tne results for the major factors of interest in terns of tusicri-

genicity relative to StB.

Several significart findings were obtainec from the first experimens.
{igerettes mace witn high-porosity paper, those made Of taobacco stems only,
and those mage with reconstituted sneets all provided condensates fourd to
be less tumorigenic to mouse skin than 528 1, Heither the wictn of tchacco
Cuts nor tne coudiing of nitrates content %o SE3 [ appeared to affect tne
concensate turorigenicity, but cigareties made of tobacco laminae only were
s2 texit tc the mouse tna: trne skin painting with their condensate hac to ce
ciscontinues.

For Seriet li, the low nicotine/normal fertilizer and low nicotine =ign
fertilizer dlengs snowed significently lower tumorigenicity than tne norae;

nicotine/normal ferstiiizer blends. There were no significant gifferences,
hoviever, beptween tne 1ow nigotine/normal fertilizer and low nicotire/nign

ferzilizer blercs.
Condensates of the Reynolds puffed, Philip Morris expande3, and fresze-
showed ro statistically significant differences among

cried 5tB Il blencs
thenselves, but the expanded and freeze-dried StB 11 blends showed signifi-
cantly lower condensate turmorigenicity than SEB II.

One of the two artificial tobacco substitutes (ATS) had the lowest con-
densate tumorigenicity of all blends tested; the other ATS had the hignest.
Blercs of tnese non-tobacco materials combined 50/50 with SEB I1, however,
were not significantly different from SE& Il itself. Condensates from the
ATS materials were not as homogenous as tobacco condensates and appeared to
differ in physical properties. Further testirng of the ATS materials was
done 3s part of the fourtn ¢igarette experiment.

[
~
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The fatty alcohol, fatty alecnol x 150, arnd hand-sucxered blends snowez
no significant cifferences among themselves or from tne 323 Il dlend.

The results of the correlation analyses of several constituents of the
tobacco, leaf, and condensates of the second cigarette experiment comglement
those of the first experiment. The concentrations of botn nicotine &nd tar,
as constituents of the condensate, were highly correlated with the incicence
of tumorigenic activity on ouse skin painted with the concencdates. Static
pern rate was negatively correlated with tumorigenic activity. Since statiz
purn rate can affect the chemical compocsition of tne sroke, a fast durnirg
rate may be & factor in developing less hazarcous cigarertes. Other ¢ompounds
tnat were negatively correlated with tumcorigenicity in both experiments were
acetaldehyde, faorualdenyde, WO,, (2, and acrolein. 7I0tal phenoiics in tre
leaf, moisture content of the cigarette filter, and tenz{>]antnracene in he
condendate were positively correlated with tumorigeaicity,

Corparisuns among the todacco additive variables fcr Series Il indicate
that megnesiun nitrate reduces the turnorigenicity cf cigarette condensate.

When the adcitives sugar, humectant, and c¢ocoa are conpared, neither
cugdr nor nuniectant seems to affect tne tuorigenicity of the tobacco smoke
at lower (12.5 mg) <ose lTevels but may contribute 1o tumorigenicity at nigrer

cose levels {23 mg)., Powcered cocoa aspears to increase tne tumorigenicity

of tne sacke ¢t boctn dose levels,

ine air cilution filter proves o 5e 2“feciive in regucing the tumori-
genicity of the cigareile carcensate asoliec on an equivelent weight basis.
Leitner ine pervangarate filter nor tne c2llulose acetate filler reduced the

wtcrigenicity of tne condensate.

There were no statistically sigrificant gi1fferences in zumorigenicity
arong tne paper porosity variadbles or between these variables and SE8 [il.

Of the two artificial tobacco sutstitutes (Cencied by ATS-A and ATS-2)
ircluced in tnis experiment, the ATS-A cigarette fared well with respect to
lewer turorigenicity compared to SES [Il, wnereas the ATS-B cigarette fared
poorly. Experimental difficulties arose with ATS-B regardirng the cnoice of
solvent used tn tne second and third experiments. This Cigaretle was re-
testec curing tne fourth experiment using a oifferent solvent. .

Series IV was the last ¢f the skin painting experiments. Overall, the
BErignt tobacco produced concensates slightly less tumorigenic than the
Burley tobacco, based on results from tne nmouse $kin painting. However,
the 5right and Burley varidtes were comparable witn respect to selected

cnermical yieles.
One of the pafer process cigareties (10- cellylose fiber saditive,

nicatine added back in the form of nicctine citrate) nad the lowest medsure
of survive) for all variates tested 2t two cose levels. Otherwise, b0th the



paper anc slurry Drocesses TobAcss nan survival measures eitnher comrarare
1o or significantly rigner tnan 5i4.

Ho significart differences were cbserved between cigareties maz2 ‘ro-
pesticide-treates todaccs leaves and pesticide-free todaccy leaves,

Based ¢n bein skin painting bioassays and yields of selecterd cmevizals
neadsured in the concensadtes, cigarettes made from expandes stems ware Sige
rificantly less tumorigeric than SEB.

A pesitive correlation was observed between nicostine cc-tent of csncer-
sate anc bdiological respcnse. bHeczuse of variations in condensate yiells, ¢
is not clear from trese experiments i7 the correlation suggests a caus2?! rela-

tignsnip.

Results fror this fourth esxperiment support the finding from tns znirg
expariment trna:, in the cesign of less tumorigenic cigarettes, it nay nos be
recessary to go beyond & daper porosity of approximately 63 cw/min. However,
¢s pointed out in the recort on the third experiment, toxic gas phase corstit-
vents can be recyced furtner through tre use of more porous paper.

There was a siignt inprovement in the measure of survival for s=e ATS-3
cigarettes wnen a moZifier solvent was used. However, there is still no
evidence thar tne AT3-3 cigarettes produce condensate that is less tumori-

genic than SES.

" o3t

Te reazer 35 referred to the Separate reports on each of the “:c.
peinting experimenis for cetailed presentations of the protocol, cnerizal
analyses, statisticail a~ilyses, ang interprotations of results.  These ri-
por:s are 3vailadble tnrougn the Snoking and Healtn Program, idational larncer
Institute, anc ensizles:

Towards Less Hazardous Cigaretres. The Firse

e redor: Jo. 1,
DHEW Publication ilo. (MIH)

Se2 of Eaperimental {igarettes.
76-90:%.

o Report do. 2, Towards Less Mazarcdous (igarettes. The Secons
Set of Experirentel Cigarettes. JiiW Publication do. (.lH)
76-1111,

® Report !lo. 3, Towards Less Hazardous Cigarettes. The Third
Set of txperimental (igarettes. OHEW Publication {o. (NIH)
77-1280.

o Report No. 4, Towards Less Hazardous (igarettes. The Fourth

Set of Experimental (igarettes. March, 1920,

14



Txoerimental

Zizarelies

Sxin Painiing Ixnerinents

Var.i tig. }

_Ne. . lace

1 1

2 F

3 , k]

4 4

5 [ g

& é

7 7

g 8

] 9

10 19

1 11

12 12

13

| e

15 | 15

% 13

17 [ 17
-

13 : 13 .

1319 .(
H 1

20 P2

2 I t

22 ) ze

FERE &

~inoacdiis

Metnoce)

Refined unblescned sul+‘te pulp

[ SE3 [

University of Kentucky Reference (1R1)

SE3 1, High porusity citrate paper (Schweltzer #505) (<& cm/min)

$£3 I, Low porosi
Regular verge)

ch

SE3 1, cut coarse {20 cuts/1

SEB [, cut fine (60 cuts/in})
SE3 I, with low porosity phosphite paper &nd coarse cu% (caminaticn

of codes 436)

phesohate paper {Ezusta Reference A of Scaweizrer
cm/min)

SE8 I, Nitrates added as KNOR to 2X natyral level of SE& [,
)

SZ3 I, with high porosity citrate siaper and high nitrate cantent
(combination of cudes 145)

$£3 I, Laminze only (only leaves of Zhe formula used)

SE3 1, Flue-cured Laminze only {only flue-cured leaves of formula used)

523 I, Stems only (only

and cut)

-SES I, Byrley laminae cnly (only Burley Teaves used)
flue-cured and Burley stems usec, rolied

SE3 [, Stems only, made into ARTS by Schweilzer paoer process

ST3 I, Stems angd
RTS of whole SE3
mediun density
RTS of whole SE3
Tow density
RTS af wnole $E3
medium density
RTS of whole $E3
high density
RTS of whole 523
RTS of whale SE3
RTS o7 whole SZ3
RTS of whole SE3

fines only, maZe inty

I by

by

Schweitzer
Schweitzer
Schweitzer
Schweitzer
AMF slurry
AMF slurry

AMF slurry
AMF slyrry

faoer
neoer
nacer
paper
sracess,
Fracess,

orocess,
Frocess,

process,

RTS by AMF slurey pracess
process, no additives,

process, 7.5% wood ou's 32:ze¢,

7.5% wood pulo z3zed,

process, 7.5% wood puls added.

no ediitives, melium cens!ty
additives”, low densizy
acditives®, meaium densicty
agditives™, nign density

Ethylhyaroxyethyl celivicse

7.35%
4.53%
1.34%

tign to glycerine 2.31% and irver? sugar 5.313%, additives were:



Tabhle 1, {Cont.)

Experiment 11
(May 23, 13

Cigarette Description 3

~—

University of Kentucky Reference (1R1)
SEB |

SE8 11

113004

SE3 1!

SEB ]I

ATS-A, 100%

ATS-A, 50% & SE3 I, SO%

R) Reyrolds puffed SE& [I

Philip Morris expanded SE3 I

Freeze-dried SE3 1l
Straight Burley, normsl nicotine, normal nitrogen fertilizatian +{NK)

Strafght Burley, low nicotine, normal nitrogen fert{lfzation (LX)
Seraigne Burley, low nicotine, high nitrogen fertilization *{LN)
Strafght flue-cured, normal nicotine, normal aftrogen fertflizazidn (NN}
Stratignt flue-cured, Tow nicotfre, normal nitrogen fertilization (LN)
Straight flue-cured, low nicotine, high nitrogen fertilfzation (LK)
Blerd 3 parts flue-cured, 1 part Burley (NN)

Blend 3 parts flue-cured, 1 part Burley (LN)

Blend 3 parts flye-cured, 1 gart Burley (LH)

Hand suckered (no suckering chemicals usec)

Fatiy-alcohol - normal

Fatty-aicohol-x100

AT5-B straight (100%)

A75-8, 0% & SE8 I, S0%

Spectal Use Cigarattes

VAr.' Cig. l

- ,,P."O;i__;QQQ_ :
1 40
2 4)
3 4z
4 43
5 44
& 45
7 46
& 47
9 48
10 49
" §0
12 51
13 52
14 LR
1% 5
1€ 55
17 56
18 57
19 58
26 59
21 [ 3]
22 61
2] 62
24 €)
25 €d
65
1]
70
71
| LR
; HN

Remake of SE3 1]

Remake of Code 48 Serfes I!
Remake of SE3 |

Remake of Code 1§ Series !
Low Nicotine -

Kigh Nicatine (spiked)

*yormal Nicotine varfaty, NC9S.
ow Nicotine variety, LN90.

Scr1al Nitrogen rate, 6ilb/acre
“ign Nitrugen rate, 1001b/acre

hote:

ATS » Arcificial Totaczs Suhsrtitute
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Tanle 1, (Zant.)

fxperiment 111

3€ thry 39, and cn 20, 2, and I1.

A e oarzificial zsoaccs sunstitute A
€ v oarztficial zspaccy sanstizuse 3

=

ig. ves
§°3(. Cigarette Descripticn {(May 22, 1§67
40 University of Kentucky Reference (IRI)
414 SES |
418 SEB I
T5A SES 111
758 SE8 1]
72 SES 111
73 SB3 Il
74 SE3 III
76 SES 111 (Schweitzer paper 489-14; Low porasity) (Scm/min)
77 SES 11! (Yergé 85 paper-nigh parosity) (80 em/min) .
78 SE8 Il (Schweitzer perforated paper-very high poresity! (100 cn/min)
8D SEB [Il Ho sugar, with humectant
81 SES IlI With sugar, no humectant
32 SES III With 1% cocor, no sugar, no humectant
a3 SE3 IIl No sugar, no humectant (no casing)
-1 SES Il Wwith L8M addfzive #3 (Magnesium Nitrate, 5.72%)
85 SE3 II{ With L&M a¢ditive #2 (2tnc Oxide, 7.09%)
86. SEB 1] With LAM acdditive #3 (Magnesium Nitrate, S.61%, linc Oxide, 6.35%
874 SI3 [I]l 8urley Blend, cased with sugar, no humectant
87e SE3 IIT Burley 8lend, cased with sugar, no hurectant
88 S€3 II! Burley Blend, no casing {no sugar}
&9 SES IIl with d¢lution filter
S SE3 III With diluzion filter and Schweitzer perforated pazer (12C tm/rin)
91 SE3 Il With cellulose acezate filter
92 SE3 IIl With Permanganate filter
93 ATS-A, 30% & SE8 Il1, 70%, plus flaver
9§ ATS-A, 30% & SEB IIl, 70%. plus flavor
97 ATS-B, 1003 (old material, old cyes)
$9 ATS-8, 1002 (new materfal, no dyes)
0 ATS-B, 100% (old mater{al, no Cyes)
01 ATS-B (old material, no dyes) 50% & S&3 III, 50% (casing appifed to
tacco poreion only)
79 SE8 III
94 ATS-A, 30% & SE3 [II, 70% plus flavor with Verg€ &0cm/sec paser
[ ATS-A, 50% & SEB [II, 50% (casing applied to 200acco portion only
98 ATS-8, 100% (old material, new dyes)
(e} ATS-B, 100% (rew faterial, new dyes)

€26 nacer usec an cigaretie ccdes 78 thru 7S, 7§ whry 89, 31 neu 33,
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(o]

Cis.

Coqe Ciqaretse Descriotfen ~ [Hav ¢, 1573}

30 University of Kentucky Reference (1R1)

a8 $£8 111 (Same as Code 75, Series DI, L&M)

32 SE3 Iy

14 SES Iv

2% SEB v

0¢ SEB IV

33 SE3 Iv, RTS, PJS paser process, mo additives

09 SE8 Iv, RTS, PJS paper process, 10% additives 5cc11u1ose fiver)

06 SES IV, RTS, PJS paper process, 102 additives (cellulose fider),
no return of water soluble substances

02 SE3 IV, RTS, PJS paper process, 10% additives (cellulose fider),
nicctine reduced by proprietary process

28 SE3 IV, RTS, PJS paper process, 105 adcitives (cellulose fider),
nicotine reduced and gdded back in form of nicotine citrate 9
level of Code 32, SE8 [V &

10 SEA IV, RYS, ANF slurry process, no additives exceps 2.BL glycerine,
5.31% fnvert sugar

17 SE3 1V, RTS, AMF slurry process, 13%2 additives (ses Note 1)

22 SE8 IV, RTS, AMF slurry process, 13%Z agditives plus 6% pH adjustnent
(see Note 2)

28 SE3 IV, RTS, AMF slurry process, extracted with hexane-isoprooyl
4lcoho) azecsrape, 133 additives (see Note 1)

18 SE3 Iv, RTS, AMF slurry process, axtracted with fsopropyl alcorc'-
witer azestrase, 133 additives (3ee Note 1)

12 SE3 Iv, RTS, PJS paper process, 101 additives (cellulose fider),
waxy substances reduced ’

Q3 SE8 IV, RTS, AMF slurry process 57%; plus 30% calefum cardonate
plus Note 1

35 SE3 Iv, RYS, AMF slurry process 27%; plus §0% calcfum carbonate
plus Mote 1

16 SE8 IV, RTS, AMF slurry process 27%, exzracted with isopropyl
alcohol-water azeotrope, plus 605 calcfum carbonate plus Note 1

27 SES IV, RTS, PJS paper process, 103 addftives (cellulose fiber)
plus 258 {norganic fillers (calcium carbonate 18%, clay 7%)

1% SEB [V, RIS, PJS paper process, 10% acaitives (cellulose fiber)
H;0; tredted

15 SE€3 IV expandec stems, 1002

8 SE3 IV expancec stems 50%, SE8 [V 30T

24 Ecusta mareriai 30%, SE3 v 70%

13 SE3 1V nicatine removed

11 SE3 IV nicctine &t 0.5 mg/eis.

n SE3 IV nicotine ot 1.0 mg/cig.

23 S€3 [V nizotine 8t 1.5 mg/zig.

25 Burley 1ea# wizh full recurn 27 stiem

37 Burley leaf R7S, AMF slurry orccess, 152 acditives [gee tiote 2}

2 Burley HLL RTS. AMF slurry procesi, 15% acsizives ‘(see Note 3)

22 8rignt lea® with fyll r~sturn of stems

36 Brignt leaf RTS, AMF slur-y orocess, 15% adcizives (see Note 3}

c5 drignt KLD ATS, AMF slurry orocess, 154 acaitives fsee Noza 3]

Tadle 1. (Cont.)

Experiment [V

13



atle 1 {fant.)

Var. ’ Cig. { Experiment 'V

L. No. . Code Cigaretts Descripefon
37 L8 Pesticide free tobacco
38 M6 Pesticide treated toniacco (See Hote 4)
a3 67 SEB IV, treated with PMO (1.%2 by weignt)
40 (&) SEA Iv, with specfal 100cm/min paper

Repeat ATS Exseriment

A Code 75, Serfes 111
c Code 97, Series [Il (ATS-.8 100%, old naterial, 01d dyes)
1) Code O, Series [Il (ATS-B 100%, old macerial, no zyes)

Aote 1. Alditives: Refined unbleacned sulfite pulp §.05%

Galecto-Mannan Gums §.85%
Cellulose Ezher Gums 0.52%
Dfaldehyde Crosslinker _C.58%
Total 13.c0%
Mote 2. Additives: Same &s Note }, alus
Soufum Nycroxize 3.27%
Citric Actd .2.30%
Total 6.00%
Hqota 3. AZditives: Refined Undleached 5ulfite Pylp 6.25%
Triethylene Glycol 2.25%
Galacto-Mannan Gums 4,482
Cellulose Ether Gums 1.42%
Dizldehyde Crosslinker _0.60%
Total 15.00%

The so011 farsil{ty, pesticide resfdyes and zeszicides usec on

Ncte 4, Acdditives:
Coces (8 and M6 are listed ‘n a separate document.

TS » Aecanstituted TIdacd Sheet
25§ = Pezer J. Scrweizler

AMF e AMF, Inc.

A3 w Momugenized Leaf Cured.



Teble 2. Smoke Analyses of Kentucky Reference (igarette
{(1IR1) Across the Fpur $kin Painting Experiments

Delivery

Fer Ciq. Series ! Series Il Sernes I11  Series IV Averace
TEM, mg 43.2 44 .4 431 43.8 23.¢
Water, mj 5.55 5.07 4.16 5.58 5.02
TA, mg 2.65 2.61 2.61 2.60 2.52
Tar, mg 35.3 36.6 36.6 ¢ 35.6 3€.9
Acetaldehyde, ug 957 985 1084 1058 1021
Acrolein, ug 126 128 123 110 122
Isoprene, ¢ 3835 585 863 S76 £72
HON, 1§ 422 a3 417 215 a1y
Formaldenyce, ug 32 To32 31 30 K}
NOx{as NOZ2). wug 282 269 278 285 278
€0, {(m1) 17.6 18.0 16.2 16.8 17.2
€0z, (ml) 32.8 33.9 34,2 34.7 33.9
Phenclics, w9 - 209 236 214 220
TPM Palmitic Acid, g IFA) : 178 ——— —_— 178
01-Lin-Lin Acids, 19 256 293 - — 275
Steric Acid, g 65 £ e — 61
Total Free Fatty Acids, uwg 492 528 - — 510

2)



Tabile 3.

Condensate Analyses of Kentucky Reference Cigarette
(1R1) Across the Four Skin Painting Experiments

Per Gram Qry Weight Series I Series Il  Series IIl  Series IV Average
Nicotine (mg) 97.1 82.5% 93.1 87.6 92.5
Phenol (mg) 4.29 4.1& 4.19 4,07 4,18
o-Cresol {mg} 0.86 0.77 0.62 c.47 C.68
m+p Cresol (mg) 2.45 2.10 1.87 1.33 1.9¢4
Prhenol + Cresel (mg) 7.60 7.05 6.68 5.86 6.£0
Weak Acids (meq) 1.3 1.35 1.42 1.32 1.35
Very Weak Acids (meq) 0.91 0.83 0.9% 0.77 0.87
Total Weak Acids (meq) 2.22 2.20 2.37 2.09 2.22
BaP (ug)d 0.76 0.78 1.08 0.97 0.90
Bas (vg)® 1.30 1.0t 1.26 117 1.19
Palmitic (mg) - 6.7 6.2 7.2 6.7
0t-Lin-Lin (mg) — 11.8 10.6 9.2 10.5
Srearic (mg) — 2.6 1.9 3.0 2.5
Tote) Fatty Free Acids (mg) — 21 18,7 19.4 19.7
Irgole (v9) — 633 577 438 549

Skatole (vg) — 3g7? 3og 350 48

pH 2.94 5.36 5.23 5.20 5.18
Neophytadiene(s) - — 9.1 8.5 8.8
Catechol — -—- 5.5 5.§ 5.5

21
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Jable 7.

Pairwise Comparisuns Among

Common References (igarettes

DOSE LEVEL  COMPARISON COMPART SO
T {mg)._. CIGARETTE  SERIES  CIGARETFE  SERIES
12.5 R1 111 1R1 v
25.0 181 1 131 11
IR1 I 1R1 I
1R1 I 1R1 v
1R1 Il 181 It
1R] 11 1R1 Iv
1R 111 1R1 v
50.0 1R1 1 1R1 11
12.5 SEB 1 11t Sgg Il I1!
SEd [ 11 SEs I1I v
StB 1 ill SES IV v
SEB II1 11 sge 111 1v
Seg I [ Se8 Iv v
SEB 111 Iv SEB 1V v
25.0 Se8 1 1 st 1 11
sga 1 I sg3 1 I
s$z3 1 I SE8 11 11
228 1 1 sg8 1il 111
g3 I I sgs 11 v
SEB I 1 SEB IV v
sed Il 1l SEB Il Ir
58 11 11 SEB 111 v
See I Il SEB IV v
SES 111 11 SE8 111 v
Se3 111 i SE8 1V v
30.90 ses 1 ! SEB 1 11
SeB [ I seg 11 1!
SEB | ! SEB IV v
SEB 1 1. SEB I 11
SEB I 11 SEB IV v
SEB 11 1 SEB IV Iv

» ‘ot statistically significant unless ncted otherwise.

SI1GHIFICAHCE®
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Table B. Surmary of Results--Major Factors of Inlerest.
Tumorigenicity of Experimental (igarettes
Compared to Tumorigenicity ¢f the Standard
Experimental Blends (SEB)

o LESS TUMORIGEWIC THAN SEB

factor

RTS paper process

Citrate paper

Stems only

Potassium nitrate additive
Prilip Morris expanded
Freeze-dried

Low nicotine (plants)
ATS-A

ATS-A (303}, SEB (70%)
Dilution filter

Magnesium nitrate additive

Paper process, water extracted (10%
qucitives)

Slurry process, IPA, water a2zedtirope
{134 additives)

Expanded stems (freon)
Bright leaf, slurry process (15%
adgditives)

o MORE TUMORIGENIC THAN SEB
Factor
ATS-8 .
(ellulose 2cetate filter
Fernanganate filter
Slurry process {no additives)

Paper process, extracted water (65%),
inorganic (25%), additives (10a)

Paper process (nicotine same as $EB V)

26

trm
i°

LRy,
P e d ot -
. 8 e bt ettt v g

1v

Iy
1v

Iv

€xp.

1
111
111

v

v
1v

Code Iumber(s)

14.23
3, 9
13-15
5

49

50
51-59
a6, 47
83, 95
839, 90,
84, 85
6

18

15

36

Code Numher(s)

63
9
92
10

27



Table §,

{lant,)

o TUMORIGENICITY CONPARABLE 7O SEB

Factor Exp.
Tobacco cut (fine, coarse) 1
Phosphate papér I
RTS slurry process !
Hand suckered 11
Fatty alcohol suckered 11
Reynolds puffed 11
ATS/SEB mixes 11
188!
Paper .parosity 111
Sugar 111
Humectant 111
2inc oxide additive 11!
Fowdered cocoa 111
Paper proucess, no additives 1v
Paper process, 105 additives Iv
Slurry process 13% additives 1v
Expanded stems 50%, SEB lv 50% 1v
Ecusta material 30%, SEB Iv 70% Iv
Nicotine at 1.0 and 1.5 mg/cig v
Burley leaf with full return of stem Iy
Burley leaf, slurry process, 153 v

aocitive
Burley HLC, slurry process, 15% acditive IV

Pesticide-free, pesticide-treated
tobacco v

27

Code “lumber({s)
6-9

4, 8

14-23

60

61, 62

48

46, 47, 63, 64
0, Q1, 93, 95, 97, 99

7€-78, 90
80, 83
81, 63
es, 86
82

33

09

17

08

24
23, 3
26

21
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