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ABSTRACT : The objective of this study was to investigate the contribution of various
smoke constituents to the toxicological activity of total particulate matter(TPM) or the gas/
vapor phase(GVP). These components included phenol compounds, aromatic amines, polycyclic
aromatic hydrocarbons, heterocyclic amines, and carbonyl compounds. The mutagenic and
cytotoxic potencies were assessed using the Salmonella mutagenicity assay with S. fypimurium
TA98 strain and the neutral red uptake cytotoxicity assay(NRU) with BALB/c 3T3 fibroblast
cells, respectively. The Salmonella mutagenicity test showed that heterocyclic amines exhibited
significantly higher levels of toxicity compared to other smoke constituents. Among them,
2-amino-34-dimethylimidazo[4,5-flquinoline(MeIlQ) was shown the most mutagenic compound with
a specific mutagenicity of 7.9x10° revertants/ug. An analysis of the possible contribution revealed
that MelQ account for only 0.85% of the 2R4F-TPM mutagenicity in TA98. NRU data
demonstrated that high cytotoxic activity was obtained for hydroquinone, formaldehyde, and
acrolein. Based on the results of the present study, the contribution of acrolein to the
cytotoxicity of the GVP fraction was calculated as 61%. Thus, a large proportion of the cytotoxic
activity of this complex mixture, cigarette smoke gas phase, can be attributed to the acrolein.
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3% 54 A(YES

(particulate phase)¥} 7|#|4Hgas phase)2-E &
ek, gledr] Feol At EAL cambridge
glass fiber filteroll EH = 2ol 0.1 ume]/d<l
QAE A, o)AF HA7]-L5El(total particulate
matter : TPM)©] ¢ko g FAJgcHThomson, 1992).
7h2Ar BAL dhulledr] & glass fiber filteroll &=
A7) ok I3k EAR AHosln, o)F HEH
o2 7}24 AX(gas/vapor phase : GVP))olziL
gk, guledy] FRAS FZ FA9 90-96%7t
AZ(~60%), AAa(~13%), CO02(13%), CO(13%)
59 sbAA ARER olFolx glom, w=jk 1%
W]l hydrocarbons % aldehydes 8|3l = 9
o] ILEE  o|Fold  UcHJohnstone and
Plimmer, 1959; Stedman, 1968). Heledr] FAl¢]
oF 5%E xAst JE aAGY FoARECREE
dtzol= Alde RE(EMAY] T 0.2-0.6%)
7} 300 1% ol HEA AREel HuEa
tHBaker et al., 2004; Stedman, 1968). A4 A
B Foll= F3] v FEF EARHE polycyclic
aromatic hydrocarbons (PAHs), aromatic amines,
heterocyclic amines £°] sl Aeg UdeiA
Qlth. Cooper S(1954)0] Bulldr] A8 & WA
2A24 benzo(a)pyreneS F2ZE Hudk o]F,
5001%¢] PAHs 9 aromatic amines AJ¥%EE°l
DNA <=4 3l adduct ¥Adoll o] Qb o+
AREE Huslx rHManabe and Wada, 1990;
Phillips,  2002). £  aldehyde 3E3}
hydrocarbon % alcoholi+ S~ Hulledr]9] AEE
Aol Fg3 ATg s Aoz dEA o
(Curvall et al, 1984). &} A 2uli5Ael
ete] 54 o7l AEES] 54 7loixel 3t
A9 ould mechanismo. B FAo] BIEE=XA]
A A de#x g4A ¢ rHRodgman and
Green, 2003).

el gk HA4 AFe vlAEE o83
Eawe] fuA HM T HF FHAEE AR
e AEEA Hr) Fol FE olFoiAm vt
(DeMarini, 1983; Doolittle et al., 1990; Bombick
et al., 1998; Putnam et al., 2002). *3F CORESTA
FHoz gujadr)e) dHAE HAE F Ue £
Fuplol AlY Fgo| guks| XePsEw gl 53

o) In vitro &4 37}

Table 1. The list of 35 selected chemicals

Smoke constituent CAS No. structure
Aromatic amines
1-Aminonaphthalene 134-32-7 0
2-Aminonaphthalene 91-59-8
3-Aminobiphenyl 2243-47-2
4-Aminobiphenyl 92-67-1
Aniline 62-53-3
o-Toluidine 95-53-4
Aminophenylnorharman
Polycyclic aromatic hydrocarbon (PAH)
Acenaphthene 83-32-9 &
Anthracene 120-12-7 o
Benzo(a)pyrene 50-32-8 ﬁ
Benzo(a)anthracene 56-55-3
Benzolelpyrene 192-97-2
Benzo(b)fluoranthene ~ 205-99-2
Benzo(k)fluoranthene ~ 207-08-9
Chrysene 218-01-9 5
Fluoranthene 206-44-0 Y
Naphthalene 91-20-3 O
Phenols
Catechol 120-80-9 '
Hydroquinone 123-31-9
0O-Cresol 95-48-7 )
Heterocyclic aromatic amines
AaC 26148-68-5
MeAaC 68006-83-7
Trp-P-2 72254-58-1
Trp-P-1 62350-06-0
MelQ 77094-11-2
1Q 76180-96-6
Carbonyl and volatile compounds
Acetaldehyde 75-07-0
Acrolein 107-02-8
Formaldehyde 50-00-0 ‘.cin
Propionaldehyde 123-38-6 L
Butyraldehyde 123-72-8 ~J
Crotonaldehyde 4170-30-3 -~
Benzen 7n-432 |}
Other compounds
Harman 486-84-0
Norharman 244-63-3
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Salmonelln FF% o83l Eiule] 4 4l
BALB/c 3T3 AEZE ol&sle AESA Hrle
AP 7R AXE G eHAndreoli et al., 2003).

Wb B Aol e el faligk 54 A%
2 71Fer 35%9 54 Puidy] AE(Table 1)
.2 Aelstod(Hoffman et al., 2001), olF Aol
g Zole] Gk gl AZEAE FAsa o]
S A¥o] 2RAF EFEwel TPM o GVP A &2
AA EAell duht 7]osh= A 248k

S o

HiE

Mz 3 ey

AMEE

Dulbecco's modified Eagle’s medium(DMEM),
fetal bovine serum(FBS), L-glutamine, penicillin/
streptomycin solution, phosphate-buffered saline
(PBS) 5-2 GIBCO(USAAIES AH-&3l3ict.

Dimethylsulfoxide(DMSO), 2-Aminoanthracene
(2-AA), acetaldehyde, acrolein, benzen, butyraldehyde,
formaldehyde, propionaldehyde, 1-aminonaphthalene,
2-aminonaphthlene, aniline, o-toluidine, hydroquinone,
sodium dodecyl sulfate(SDS), nuetral red &<
Sigma-Aldrich(USA) Agsideh. BE
polycyclic aromatic hydrocarbon®2| AlFES
Supelco(USA)ALZHE] -FFagke ] 2-amino-9H-
pyrido[2,3-blindole(AaC), 2-amino-3-methyl-9H-
pyrido[2,3-blindole (MeAaC), 3-amino-1-methyl-
5H-pyrido[3,4-blindole (Trp-P-2), aminopheny-
Inorharman, harman, norharman 5~ TRC(Canada)
18] 3. 3-amino-1,4-dimethyl-5Hpyrido[3,4-b]
indole(Trp-P-1), {(2-amino-3,4-dimethylimidazo
(4,5-flquinoline(MelQ), 2-amino-3-methylimidazo
[4,5-f]quinoline(IQ) 5-& Wako(Japan) A& A
g3kl o2l frIEES SFAYE AE

stlet.

= O

AEE

=

SHifciy| AXtAM U JpAL 20| HE

guledzle] YA AE(TPM)Z
(Kentucky reference cigarette ; 2R4F) 2070 &
AEEAAX(Heinr Borgwaldt RM20/CS
Germany)& o] &3led CORESTA X¥&Fd=zA

Fg

@5

{puff volume: 35 mL, puff frequency: 60 sec,
puff duration: 2 sec)slolld] dAA]7|3, 92 mm
cambridge filter padg o]&sto] LR85t A
ko] DMSOS AH8ste] filter pad2HE TPM2
Z2Z34, 57} 10 mg/mLo] H=E & & -70C
o] Bakstd A Aol A-gstsivt. gl 7] 258
FE2AF AXLe] B3l(gas/vapor phase, GVP)2] A
Z2 93] 100 mL gas washing bottles A-83
el CORESTA EFEFA=Ad wat 10 7u]g
i 55 AsFARAE o] &le] A2 £
Cambridge filter padE F33t 7t~ ARES

o as
20 mL PBS(pH 7.4) 8oHo] 9l gas washing

bottleoll EAsIAE. o]k 7 Wor FAT
el 7| 2 RE] A =3 GVP §Y F carbonyl 3}
3tEo  HAL2  Health Canada®] official
method(1999)el]l whebA &4 sl
AlgZF ¥ Bl

BEqdulo]  Agel  A83E  Salmonella

typhimurium TA98 T+ Molecular Toxicology
Inc.(USA)AIA Felslsiel. ¥ e 28 3
ol AFFF £ 50 uLE 25 mLe HAuiA
(2.5% Oxoid Nutrient broth No. 2)oll FE3
shaking incubator® o}-&stod 37TollA <k 10 Al
sjoksl = Ahgslgdch 2 4&wlA](minimal glucose
agar plate)¥ 1.5% Bacto agar®} Vogel-Bonner
medium E % 2% glucose® -FallA wHESL
Top agary 0.6% agar®l 0.5% NaClE ZAs-9]
o top agarolls 0.05 mM2] histidine-bioting
A7vslict

g3Eseisol ME

B S o] A& Maron?}t Ames(1983)e]
AAEE Wl wieh sl SRSl
g Eoiwlo] kA HAE SsiA Salmonella
typhimurium TA98 FF5 ARgsigich AlgEA
9 Ay hARAHAEAS-9 mix)7t HEH
direct plate incorporation BhHe g &tk 314k
Z7] B8 top agarE dry batholl4] 45TE

s HF tubeoll 2 mL & 5% o, AJREA
£ 0.1 mL3 Fuleked 0.1 mLE& top agarol] &
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3BFe B4 4 REY In vitro B B7L

=

mlL&, FANETE Az d IS

oz slste] AT top agarrt 2 ¥ F
HolE F745 22 Ay FHlelEE A
37CellA oF 48 A7 g F AE ATt

MES U NjEhQt

A8loll A3 BALB/c 3T3 fibroblast A%+
(BALB/c 3T13)% American Type Culture Collection
(ATCC)e.gRE] Hohitol ALgslolon], AEF
71 18 + 247ko|lx}. BALB/c 3T3 AZEE 10%
FBS, 100 U penicillin/mL &+ 100 ng streptomycin/
mLo] ¥3%) DMED wljokl-& A-83ict. wide
AEE 2~3Uvle} 0.25% trypsin-0.03% EDTAS
R ol gslol AN FAGACE MEFY At
A Fodwo] XS HAastst] fste] 7Y+
Be] 1gyniute g Al wlokdt AERkE Agel
Agsledct. wleke €O, w%7|(Forma, USA)E
o] gsto] X3} FESA 37C, 5% CO. FHE
mal it

MNEZESNM AIE

ERAEES dgt AEZAL elaFdd ot
neutral red &5 AEE =%3t= Neutral red
cytotoxicity assay -8 A-8-31%cHBorenfreund
and Puerner, 1985). BALB/c 3T3 AlZ(1x10*
cells)Z 96 well plate(n=6)oll o]Ael|lA 24 AI7HE
oF ikt & APEAE Al RE Agol
A AEEE dE2EE Hasse] Aart Hrkd
1%2] DMSO =+ 10%9 PBS X272z 3%l
o} AgEAe] Hel 3 22 + 247 £t 5% FBS,
100 U penicillin/mL €+ 100 pg streptomycin/mL
o] XZ3%l DMEM wijokeRella] wiokslolom, A%
wjoko] Hupw mokals AAZ F 150 uLé
neutral red 2°8(40 pg/mL)2 glsled 37TollA
wokstoich. 3 AlZF 732k ¥ neutral red §N&
AAsLR, 200 pLe] 33 H(0.5% formaldehyde-1%
CaCh)eg AEE AFssict. f718 &

(50% ethanol-1% acetic acid) 150 uL-& *7}siA]
Aol 15 EZF neutral redE FER ¥
microplate reader (BIO-TEK, USA)E A-&-3liA
540 nmellA FFEE FHslch BE A@AR
= AEZE wiakstA] & wellolld 4
o tsled BAson, FREE Ad
glakA k& RTI Blasle) AEE

ek

SHEE0! W

SRR}, eRt@Ae] Yehls 2755 |

A FAHR 7187 e olgsiAl ARl A=
Z(Specific activity, revertants/ug)g& FEA18}Ac}
Eoiwlo] FubAlell tigk AgE7ke] foHd X
o] (p<0.05)0c A AHEAS F3lA K 44
o] AgEo that BAL Zholl izt PAEATA
(ANOVA)F}, AZH Ao &% Duncan testE o]&
stod ZAFslgder. A8l it AEZEAH FA=
ECs 3o FT7lalivh ECs 3 wzToll
sto] 50%2 AEES Uehlis Alg9 FEeld,
SE-2AlS o)fele] ke Tk AEF
A ZAzlel BE ECyn AT ug/ml Es
cig/mLZ ¥Aslo] EASGEE. SPSS  (version
10.0) BAZEIHe  old3tel  ULEAEA
(ANOVA)S Al n AZRAoFZE Duncan
test® FolA p<0.052] FEollA Z AT
folds AAsh

—

23 ¥ n@
EX 3st MEQ| E3Sci0] &4

g el Eqiwle]l A4 A2 Marondt
Ames(1983) 59| plate incorporation o] Azl
Agsm vk, AFA AAARe) whEr o)
GAEEAS-9  mix)E 2@ Salmonella
typhimurium TA98 #55 A&US 725+ @l
TPM AlEol djgt Edwe] A wlft:E
(sensitivity)”} 7} =& Aoz Haxlz g}
(Doolittle et al., 1990). ZB]B2& X AP A=
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Table 2. Mutagenic activity of selected chemicals in S, typhimurium TA98 with S-9 metabolic

activation
Chemical ( uggf:t e) Revertants/plate Chemical (ug],)/gfgte) Revertants/plate
1-Aminonaphthalene 0.5 324 Benzolblfluoranthene 0.5 3613
1 36+2 1 34+1
10 55+10 10 90+6
100 8613 100 109+18
2- Aminonaphthalene 0.5 4019 Benzolk]fluoranthene 0.5 45+4
1 404 1 6016
10 81+9 10 99+7
100 14515 100 109+15
3-Aminobiphenyl 0.5 39+6 Chrysene 0.5 3244
1 39+14 1 47+2
10 4145 10 53+15
100 5614 100 714
4-Aminobiphenyl 0.5 43+2 Fluoranthene 0.5 3846
1 70+15 1 4715
10 3627 10 57+6
100 1062+47 100 698
Acenaphthene 0.5 40+5 Naphthalene 0.5 3143
1 32+6 1 3516
10 384 10 39+3
100 43+1 100 28+4
Anthracene 0.5 408 Harman 0.5 377
1 3917 1 36+4
10 415 10 406
100 38+2 100 45+4
Benzo[alanthracene 0.5 3914 Norharman 0.5 42+3
1 45+3 1 40+7
10 131+17 10 363
100 167+38 100 384
Benzolelpyrene 0.5 44+9 Hydroquinone 0.5 354
1 6615 1 37+3
10 7516 10 41+7
100 9316 100 384
Benzolalpyrene 0.5 140+27 MelQ 0.001 826+88
1 277+4 0.005 2399+108
2 412+37 0.01 2330+213
AaC 0.1 6710 1Q 0.001 214120
0.5 412427 0.005 462131
1 737+96 0.01 1056+56
MeAaC 0.1 459 Aniline 1 37+3
0.5 9119 10 3311
1 207+11 100 34+1
Trp-P-2 0.001 69+5 O-Toluidine 1 39:1
0.005 167111 10 356
0.01 298+28 100 41+1
Trp-P-1 0.005 775 Aminophenylnorharman  0.005 53+8
0.01 15249 0.01 72413
0.005 49170 0.05 243+21
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i

Salmonella typhimurium TA98% o]83lcd Huj
TPM 9 o7] FoARE g sode] f4
+ 2438k

S. typhimurium TA98 ol $-9 mixE 7}
g thAEA A 2 pg/plated] A= =4
(2AA) AH7EA SANZFE0-50 FHEr)oll vl
B EAwo] HIFrL F7H1000-2000 H2Hr)=
o] B Ayo] A o]FoTE & F AUrh
Gefjedy] F 3GE 264 Hol it EAol
Ag nlzsy] 3 EAEAHe
Hog Zvpsle AREEE AXY F, 57
ol B A¥E AX|slo] FEkpo] wstE =243t
SIxHTable 2).

Aromatic amine$ 0.5-100 ug/plate FX Sl
A Eodwo] fAS ZARE AT aniline, o-
toluidine, 3-aminobiphenyl 52 ZyE<dwoe] 7
gt felsiAl SbskAl gek=vl 1-aminona-
phthalene, 2-aminonaphthalene, 4-aminobiphenyl
52 T olE3(1-100 pg/plate) o2 Hrrt F
Fele A AUEgch. B3l 4-aminobiphenyl
100 pg/plate *l2lA] E#sdwe] =7l 1,062
24 & E9dde] H44E Jebirh 10 F2
polycyclic aromatic hydrocarbon(PAH)F2 &4
#lo] §HFIS 0.5-100 pg/plate FE=HANA F
A8t i} acenaphthene, anthracene, chrysene,

naphthalene §-% FETE F7bA gkt
benzolalanthracene,  benzolelpyrene,  benzolbl

fluoranthene, benzol[klfluoranthene, fluoranthene
5L AEE(100 pg/plate) HA STzl
nlgl] FH2kprl 2-3u Z71s9lvl, Benzolalpyrene
£ AHEE(0.5-2 pg/plate)ll AT EHEIHo] A
g7t 140-41208 HRolEH R ZUFEIR A,
PAHF % 712 %o Seidlo] $44¢ vehisl
tl. 6%2 heterocyclic aminef2] Zelwo] fwt
AL ZA3 A, AaC% MeAac 52 0.1-1 n
g/plate AN TE EHQ H3Edule] A
gt ZolkEle Aol IEwdx, Trp-P-1%t
Trp-P-2 5& 0.001-0.05 pg/plate HElollA F
7t BAMeR fofuiAl ZrtEle el A
ek 1QE 0.001-0.01 pg/plate FE=H N 57
Equio]l Ayl A3 FURler, MelQ

A BRFHEEY n vitro &4 B}

0.001ug/plate H2A A2yl 82608 SAd=
ol vlall A Z7kE|o] 260 AEEFNA 7H
E& Eoddo] $u4-g vetiglth L-tryptophan
o] odRzjA ubAslE B-carboline 9
harman £ norharman £-& 100 pg/plate 7}A]
el off 59 EQule] 248 Vel A %k
©1}, aminophenylnorharman< 0.01-0.05 pg/plate
Helol e 59 Eodde] vl 5 9EF
o2 Zykstglrl. Aminophenylnorharman-S gl
A7) Fdle EARMRAE AT TAR #59
acetyltransferaseol] 213 norharman®} anilineo]
7%te]lo] AWAIR]o|A)= aminophenyl-B-carboline
fEAY dFor B3] YGI024 TFoA =&
Zolulo] IS Yelile AoE d#iA Jd
(Totsuka et al, 2004). TA 98 FFZ Agah=
B Agzdis E7Edwe] 48 HeolA
¢k aniline E¥E o-toluidine <) norharmans
7R 2880 digk Edwe] e FH%
Az} 1-100 pg/plate F3NA F2H5rt BELE
Hoz A

Zokle AE dAUsidickData  not
shown). o2}z
Ho] Al ot

Azle whlldr] TPME] &4

G AR 2R ofde) o] A

2o Agtel) 23k AR ERE Holy Ao
AgHct

ol 2%
A=

o

ot 1S rle ¢

Table 3ol4%= 2R4F TFdule] A7|AE kg
o] &slo] 2l TPMS] o] Ao gt 54

L

dhfedr] Aol ulxle JlGdEE 2AG £
Feh] TPM 1 pug?d E7Edule] e 251
o]3 A TPM & 113 mgol=2 179w A
2 28,36301%0 0k PAHAIE 38 T 599
o] §ukAlo] 7}A =L benzola)pyrene?| specific
activityt= 189 revertants/pgel9l3l, 2R4F 170
A7)1% F3te ek 7 ngolglew olzlel E4
o] 3AL- 1.3 revetants/cigarette24] FA)
TPMO] Edwle] #A9l 0.005% =l Aoz
vebykel whAe]  ARe] ARG AdsEle
heterocyclic aminei+= Salmonella tests Z3l4]
=2 sdweldiez A gzl cHManabe
and Wada, 1990). TA 98 ¥#5& A48 & AT
XX 6%2] heterocyclic amineF2| 57 &3

o] Aztrrt obE AEEol vl Esher, 59
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Table 3. Contribution of selected chemicals to the overall mutagenicity of TPM of 2R4F cigarette

Kentucky reference cigarette 2R4F

Chemicals Dose range Specific activity — —
(ug/plate) (revertants/ug) Yield" Total activity  Contribution
(revertant/cig.) (%)
(mg/cig.)
TPM 25-200 2.51 11.3 28,363 100
PAH (ng/cig.) 0.005
Benzo(a)pyrene 0.5-2 189 7.0 1.326
Benzo(a)anthracene 0.5-100 1.07 20-70 0.022
Benzo(e)pyrene 0.5-100 0.39 4.7 0.002
Benzo(b)fluoranthene 0.5-100 0.63 4 0.003
Benzo(k)fluoranthene 0.5-100 0.50 6 0.003
Chrysene 0.5-100 0.28 20.5 0.006
Fluoranthene 0.5-100 0.24 56.2 0.014
Aromatic amines (ng/cig) 0.000
1-Aminonaphthalene 0.5-100 0.47 15.1 0.007
2- Aminonaphthalene 0.5-100 0.99 10.3 0.010
4- Aminobiphenyl 0.5-100 9.61 1.7 0.016
Heterocyclic amines (ng/cig) 1.120
AaC 0.1-1 724 30 21.72
MeAaC 0.1-1 170 5 0.849
Trp-P-1 0.001-0.01 25,860 0.8~-1.1 20.69
Trp-P-2 0.005-0.05 9,043 0.5 4.522
MelQ 0.0001-0.001 790,667 0.3 2372
1Q 0.0001-0.005 96,978 0.3 29.09
* Data from Hoffmann et al, 2001
102} MelQ2] specific activity= 27+ 96,978, EXN 3|5t MEO| MESM

790,667 revertants/ug®EX WA =
A2 Jehick 1 2RAF g F =¢
H ARel ek Al dr1(0.3-30
ng/cigarettte) wi¥oll A TPMS E<lwlo] &4
9] 11%9 Aoz Jelsi)h ol e AdE
4,000 3% ofe] 7HA] Aol
o] AA EHol AL ojH EF
EA7E wife] ofel TS A
¥} gk ofe] AES] ubdol B4R AHEF
Eo| AUA| ALl o3t ez Axdd

& Eaule]
7% F3}

ol

ot gtk iy
ok rlo =

F

=

spetEAoll &t in vitro ANEEAHL kgt |
HEol s FAEAS glen, el
TPM Al8el olA+ neutral red uptake weol
71 & olglar <eiA 9, CORESTACAE
o] W& XFwHos s ArkBombick
et al, 2001). 2 <M E BALB/c 3T3
fibroblast A ¥E- o]-8-4} neutral red uptake H-&
AgelA gulledr] Bl 54 Ol AEE Hig
AEZEAE 24350

hilled 7] TPMell 3 6 Aol tigh AlE54

By
= O
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5% BR B4R [ vitro B4 B}

120 Catechol 120 o-Cresol 120 Hydroquinone
g 100 § 100 5 100
§ 80 & 80 5 80
o M -
e 60 x 60 « 60
Z 40 £ 40 Z 40
K o o
o ) [}
5 20 > 20 > 20
0 A 0 - o " —_—
0 0 20 30 40 50 (4 100 200 300 400 o 2 4 6 8 10
Dose (ug/ml) Dose (ug/mi) Dose (ug/ml)
1-Aminonaphthalene 120 MelQ 120 Benzo(a)pyrene
120
=1 =
3 100 310 g 100
= ] H
) 5 80 g 80
- 5 5
. 60 ® 6 % 6
= z >
=z 40 £ 40 £ 40
£ 3 H
3 = s
s 2 > 20 2 20
0 2 — 0 — 0
0 2 4 8 8 10 0 2 4 6 8 10 0 2 4 8 8 10
Concentration (ug/ml) Dose (ug/mi) Dose (ug/ml)

Fig. 1. Cytotoxicity of single constituent in mainstream smoke particulate phase.

€ vlasir|s AEE AEATE AEEEE = 2-10 pg/mLe] HYNA AE AFES FTE
ARG &, o]F AR Uigt AEZA AYE A g)Ezxog 74t PAHT, aromatic amine
AJsto] AE BEEY HIE 2489 cHFig. 1). %, 283 heterocyclic amined 58 tHIENA]

3%29] phenolfol] thete] 3] =9l AL benzola)pyrene, 1-aminonsphthalene, 2|3 MelQ
NEES 2R A} catecholS 10-50 pg/mL, o] gk AEAEEE 1-10 ug/ml SEHSNA
o-cresol-& 100-400 pg/mlL, Z2l31 hydroquinone 2AV8E Z3), benzo(a)pyrene, 1-aminonsphthalene

Table 4. Contribution of catechol, o-cresol, hydroquinone, and MelQQ to the cytotoxicity of the
cigarette smoke particulate phase

Kentucky reference cigarette 2R4F

Smoke Dose range  ECs value — —
constituents (ng/mL) (ng/ml) Yield® Toxicity Contribution
index to TPM ECs(%)
(mg/cig.)
TPM 25-120 103.2 11.3 109.49 100
Phenols (ng/cig.)
Catechol 10-50 33.4 37.90 1.135 1.037
o—Cresol 100-400 213.9 1.89 0.009 0.008
Hydroquinone 1-10 3.4 32.40 9.529 8.700
Heterocyclic aromatic amines {ng/cig)
MelQ 1-20 12 0.3 0.000 0.000

* Data from Hoffmann et al., 2001
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- = 5 21 =1 %
A - £ HHE o] FY - NYT - W
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Fig. 2. Cytotoxicity of single constituent in mainstream smoke gas/vapor phase.

5 AESAE JeRlA ke, MelQe 5
oEzHdog AME AEF] 60%7HA FaE A
Table 4 oA 2R4F FEFdule] A7|AE &
ol gslo] gl TPMS] AMEFA ] 3tk 57417
Aol ulXE VI EE AT

Catechol, o-cresol, hydroquinone, 123 MelQ
9] ECse Z+7t 334, 213.9, 3.4 18] 12 pg/mL
222 hydroguinone®] 7V #2 AEFA
ehligich. 2RAF 109 ol kel SIAE
< 3HHA SATGEE 2AR A, A
TPMe| AEZAlo)] tisle] hydroquinonee] 8.7%2
H2d =L B4 JodEg Heoly Zlo& eyt
oh AF7A g QoA guldr] F kg
AEat B3] RS carbonyl 3HE S Al
EEAo) 7 F JFE wAHe Jew EHA
tHCurvall et al., 1984). £ AFollAe Bl ¥
14| Cambridge filter padE 3 7l&Y A&
=2 20 mL PBS(pH 7.4) &Ho] 9+ gas-
washing bottleol] A3 GVP &4 9 7t
6 ARl thet AEZAS vy Al olE A%
ol izt Al AEE] wskE 2AlcHFig. 2).

to o
% &

¢

Benzene, butyraldehyde, 22|3L propionaldehyde
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Table 5. Contribution of acetaldehyde, acrolein, and formaldehyde to the cytotoxicity of the cigarette

smoke gas/vapor phase

Kentucky reference cigarette 2R4F

Smoke Dose range ECsy value — —
constituents (ug/mL) (ug/mL) Yield Toxicity Contribution
index to GVP ECx(%)
(cig./mL) (cig./mL) (cigarette)
GVP 0.009-0.012 0.0107 1 93.458 100
Carbonyls {ug/mL) (ug/mlL) (ng/cig.)
Acetaldehyde 50-300 146.5 454.0 3.099 3.31
Acrolein 0.3-0.6 0.61 34.8 57.049 61.0
Formaldehyde 0.3-1.8 1.21 5.0 4.132 4.42
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