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Effect of nitrogen compounds on the chemical composition
and biological activity of mainstream smoke
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ABSTRACT : The objective of this study was to investigate the effect of nitrogen
compounds such as protein on the chemical composition and toxicity of cigarette mainstream
smoke. BSA protein was treated into the tobacco leaf of original 2R4F cigarette at 1~4 %
level. The studies were performed which included a bacterial mutagenicity assay and a
mammalian cell cytotoxicity assay for total particulate matter(TPM), and glutathione(GSH)
consumption assay for gas/vapor phase(GVP) and determination of smoke chemical constitute.
Cigarettes treated with protein were observed dose-dependent increase in yield of volatiles,
semi-volatiles and aromatic amines compared with control cigarette. However, carbonyl
compounds such as acrolein was lower than that of control cigarette when calculated on an
equal TPM basis. The cytotoxicity of TPM obtained from the protein-added cigarettes was
not different from that of control cigarette. However, the mutagenicity of the TPM from
protein-treated cigarettes(1~4 %) was up to 10-27 % higher than that of control. On the
other hand, toxicity of GVP from protein-treated cigarette(d %) was significantly decreased
compared with control cigarette. An overall assessment of our data suggests that nitrogen
compounds such as protein should be important for the chemical composition and biological
activity of cigarette mainstream smoke.
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AgA -l E - £
&b dE £Ao]  dojudbrKHamilton, 19745

Hamilton and Lowe, 1978). ¥ulxo g cluiAly
ohu| At o] FolAW dhuledr] Frlell ik
a1, 9F7he] ghilA 2 AR FAAlolA Al A
of &uts Z7MTIE AeE d#A rkShmuk,
1953). A= A wojelZolu} A7kl 3~4 %9
chie] A4S shd, FAEL wolelFelu
Al7kedel <F 156~20 % BERE sk ok &
A Qrh ol wWolElE Z=z F e
ok 50 %7k 7l AN FAFL 1z Foll v
A 20 % AE7F 7 Hok whEbA] BofeElE:
= FAFo] vlal] FiF o fElobr]iil ko]
=vtn d#x JrH(Leffingwell and Leffingwell,
1988).

2] ol] Fule] FA-oll glolA] A3 kAol
3k Aol FeAE s gt whele] A 7t
off AgEE Alge F2 Pld7]3-FE(cigarette
smoke condensate)o]™, QFAA 7} WHoeZ =
Alfg o] &3 Eddold Hrket aF AEE
olg3l= Alx=A B A4 H7t Fol ol8H
thDeMarini, 1983; Doolittle et
Bombick et al., 1998;
Andreoli et al., 2003).

Cooper 5(1954)0] Huidr] A& 5
AZA benzola)pyrenes FHEXEZ Hu3l o]
o]%2] PAHs 9 aromatic amines A%-5°] DNA
&4 9 adduct @Al o] ke ATAIE

al.,
Putnam et al.,

wa
(=)

T H3xx cHManabe and Wada, 19905
Phillips,  2002). =3t  aldehyde 3}3H=3}

hydrocarbon 2! alcoholf+ 52 wrljelr] e A=
Aol Fe3t d3g = ZloE dHA 9
(Curvall et al, 1984). L&} AA| GaljsAoll
tete] 54 A5 AEEY 54 7= A3t <
T2} olid 3t mechanismS Eslo] FAJo] uldly]
Aol wigtels A A gdEA IA R gk
(Rodgman and Green, 2003).

uehA] B Ao dF T2 AR 8
Ul AA4art geiedr]e] QPaAdel miX e ke
271918, HEAQ] A3l Rl wh
Ao| g ke AAlEE Alzste]l A
(TPM) B 7F~HGVP) £2oll it Eqdwlo]

A
T

it

4 B AESAS 24 Bl 4 et

Dulbecco’s Modified Eagle's Medium(DMEM),
fetal bovine serum(FBS), L-glutamine, penicillin/
streptomycin solution, phosphate-buffered saline
(PBS) 52 GIBCO(Grand Island, NY, USA)7A%
< A83k9tk Dimethylsulfoxide(DMSO), sodium
dodecyl sulfate(SDS), nuetral red, Bovine Serum
Albumin(BSA) 5 Sigma-Aldrich(USA) AlE<
A-gstgeh A AIS-9 mix)E Moltox(Boone,
NC, USA) A& AH&stsia, tiAgalel A&
= cofactor= Wako Pure Chem.(Tokyo, Japan)ell
A Tgelgich, 1 slel fAgulEe SRAke
Agaict.

A2 M=

oAl AER EiAEE ZEE
(Kentucky reference cigarette 2R4F)E 7|Fo&
A, FHroll 2142171 BSAEH(200 mg/mL)<
A8 FU7IE ol &3liA] gl Zxkel 1 %, 2 %,
4 %(w/w) ==5 A7 sleleh. S 37k
ARl dzTE Agsiglon, Azl welE
CORESTA ZA(LE 2242 T, AUFE 605 %)
ofl A 48417k o] =3HA71 F Aol A-gsleict.

EHHICIT| UXIAF Al JjAA BElo] H|E
] FRode] EAS S RE ] AEE
ISO 3402(1999)0 whe} =3} A]71 ¥, Health

Canada Official Method T-502(2004) ®Holl w2}
s A&AIZ ek Sl AAE 10 AR E As
172X (Borgwaldt RM20/CS, Germany)E ©]gs}
o ISO %FFTAZA(puff volume: 35 mL, puff
frequency: 60 sec, puff duration: 2 sec)slollA] <l
AAZ]2(ISO 4387, 2000a), 44 mm Cambridge
filter padE ©ol&3te] EFoAch A dEke]
DMSOE A3l Cambridge filter padZ5-E]
TPME FZE34, 557 10 mg/mLoe] =5 3k
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=70 Toll B A Algoll Agsigict. dl
A7|ZRE] 7k EH(GVP)Y A=E S8 100
mL gas washing bottles A-g-3slt). Fed=z7dol|
g} 10 7HRlE AFsHARAAE o]8sle] LA
%, Cambridge filter padE 523 7t AEE
< 20 mL9 ice-cold PBS(pH 7.4) gHo] Q=
gas washing bottleol] ZAs}A), A=zt 7124
BE(GVP) -70 Coll EsldA] Aol A-gs}
ek

anralrl A
ISO 3308(2000b)ell =3od, HHl A 25 RM20
Asgad  AXE o]qdte]  AXAF|HA
Cambridge filter padE A-&3lo] TPM<=
Al BAskCh

10315(2000c)ll

s

A7eEHE T YIERIEALS 1SO

Folo] BAelgleh. Gule] FRel

% carbonyl 3}3E2 Health Canada Official
Method T-104(1999a)oll wieba HEAglowm Fuk

A gl ulsakAl AR od 2] Health Canada Official
Method T-116(1999b) = T-112(1999c)ell w}=}
ATD-4000] AXEl HP5890 GCE o] g&3lo] HA
sk

AlgzE 2 HEX|

E7EQule] Al Salmonella
typhimurium TA98 = Molecular Toxicology
Inc.(USA)OA islodct. e We Bt =0
U AT &Y 50 uLE 25 mLe] AAuHA]
(25 % Oxoid Nutrient broth No. 2)oll %3
shaking incubatorE o]-83}od 37 TollA] <F 10 A]
7+ okt & ARRSgdel. 2 4iA] (minimal
glucose agar plate)= Vogel-Bonner medium Eoll
1.5 % Bacto agar®?} 2 % glucose?7} e S5
ZAS}A AL, top agare= 0.6 % agar®l 0.5 % NaCl
2 zApIY e, top agarole= 0.056 mME

histidine-biotin2 *7}sl3ic}.

g

SHESHH0| AIE
B EdHo] AgdS MaronZ} Ames(1983)e] Al
Sk wbHol wbel sk, whelledr] TPMel

3k Eedwle] A S S84 Salmonella

typhimurium TA98 5 A8k AldE29]
Hele WA G A2AIS-9 mix)7 A-E5 direct
plate incorporation WO & @ldch agt=EV|E
H#3} top agarS dry bathollA] 45 CE o3k W
tubeoll 2 mL 4 FF3F vhg, S-9 mix 0.5 mL A&
=4 &8 0.1 mL¥} Fulleked 0.1 mLS top agar
o] &3lslar FA] vortex mixerZ 2-3 %7+ Zgk
slo] minimal glucose agar plateol] Fo] og] uF
Fgo g 7lgo] T HAA slo] ZA ek F
FAF (A NET)S A= & 4l FEA
0.1 mLE, FANETS 22 o s JFAddzs
A gNg 7lste] AASIL top agar’t £ ¥

ZelolE F74E g ArolA] Falo| =2 Fi3lo]
87 CollAl oF 48 A7k Wik ¥ A2 Adeiedet.

MZF 5 MZHH

Agol] A8 BALB/c 3T3 fibroblast A|ZEF
(BALB/c 3T3)+ American Type Culture
Collection(ATCC) .27 Fgtol Agslgl o,
AEF71E 18 + 2417ke]lek. BALB/c 3T3 A%
= 10 % FBS, 100 U penicillin/mLe} 100 pg
streptomycin/mLe] 3+E]l DMEM wufjekelg AL&-
st wljekEl Al¥E= 2~3Ymbe) 0.25 % trypsin
- 0.03 % EDTA-8HE o] g3to] Al FA831c
AT AQEAA Bedwo] A4S Akl
Slelo] 7o) FHE] 18AmIRke . Al) Wik A
Eore Agel Agelsich e o, W]
(Forma, USNIE ol-go] L3l < slolldl 37
C, 5 9% CO, Al wigksigieh,
MZ=SM AE

Aol AgE gle] TPMe tet AESAS

o v
2]4%(lysosome)oll 2]3t neutral red FF AEE

2731+ neutral red cytotoxicity assay WH-= At
g3k Borenfreund  and  Puerner,  1985).
BALB/c 3T3 AE(1x10" cells)E® 96  well

plate(n=6)ol] o]4alix] 24 AJZhEt wHFEE & A
dEEe AH=lssich AgellA AgE= o
ZT2 HusEe Ag7F 7k 1.5 %2 DMSO
Ao g slvh. Aldede Al 22 + 24

=
2=
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7+ &<k 5% FBS, 100 U penicillin/mLe} 100 ng
streptomycin/mLe] &= DMEM rlj¢keHol|A] i
oFatalom, Alxeioko] EFubH wiFE AAZE
= 150 pL2] neutral red €440 pg/mL)S Az
slod 37 CollAl weksisich 3 AIZF A ¥
neutral red €4S A7Asta, 200 pLe] 4 H(0.5
% formaldehyde - 1 % CaCl)2o 2 A|ZE AlFs}
Ak 718 2U(B0 % ethanol - 1 % acetic

acid) 200 pL& H7lslA Ao 15 E3b
neutral redE 3 ¥  microplate reader

(BIO-TEK, USA)E AHgelA 540 nmollA F3=
5 FAsE B ARATE AIEE wleksiA
252 wellollAl AR F3ell diste] HAs G0
v, AT JPEAS AglslA] ok tlzitwt

) g TS
Hlsetol AEEZ WA

=4

t

of

GSH 228 =X

GSH 4£5& 34432 DTNBI5,5 -Dithiobis
(2-nitrobenzoic acid)]E o] &3t nw]AEAgHo g
Cahours 5ol o3t WS A wsle] A}
dtHCahours X. et al., 2006). 7FekslA] Zolshd,
7t A 5] GVP §olE 500 uL 4 27 Fwldk
ok 0.8 mM GSH €4 500 pLe} uhg-A1715 o
£ i PBSS} RESAIZYE EFAIEE 04 mM

GSH 1 Agelgleh W & & BE ARE
TAS 9w A HelFa, T weld =g

H gt xjekslo] 147 F9F A-2ollA] kg7 Z et
Hkgo] Eyl 3 96 microtiter plate wellel] 100 uL
A 273 v 1 mM DTNB 100 pL¢} RE&A]7]
405 nmelld FREE SAE3AcHBio-Tek,
USA). GSH® vHgA171 Al89 F3%% PBS9
HESAIT Algel FHEE, 04 mM GSH £
FHET PBSTHE 4% FHEE wisoE2ZH €
29] Alof] o) Jeld = e e EASA
t},
SHEEFQI
EFEQule] Al Avtes A5ERE 7
3 Mo HHozHE 1L A o] Hifs
ek, &Rl Uehe 2UlEsxE

TR 7127l e oldAA A FAE gk

=14=5]
=j=|

il

45

olgH - &3t detd

(Specific activity, revertants/ug)e FAlstich =
qulo] fFHkAlol tigt A|EE 7] felF]l Aol
(p<0.05)= AHIFAEAE A Tl 27
AgEel gt S ghell it dGEAEA
(ANOVA)Z}, A3EA o 2= Duncan testE o]
sto] ZAZsledch AlFol digk AlEFAY FAH=
ECs ko2 371819k ECs 7k izl w3t
o] 50%°] ALEEE Uehlis A189 sxolv, &
F-bSAE ol gt Tk Ttk AIEESA
Aol BE ECxn A3 ng/mLE gAkslo]
Alskdl. SPSS(version 10.0) EAZ 21288 o]
Slo] AUEAEA(ANOVA)S AAs . A%
EAHoZF Duncan tests F3MA p<0.059]
oAlA] 7+ Algate] folAle AR

oY

B FTH0) Ot BT W 07| ME W
uledzle] sepa e e

& T 2 TR
Soll weh FEbAH, gufedr]e] A A s
dol AT AR el wigt Hol7t 9h& F vk
£ AFoAe dEg Fe AR T shidl Azt
o] Ehll il AR 9 kA wX = 3%
= zAsksich dEAQ Asskeheel 4l &
WA(BSA)E 2R4AF e 2 FAR 247 1,
2, 4 %7t HEF Hrksle] SRt Al gz
galel 3 B AVIEEE Hla A 7
Alzgl el oizk g U=, A3 1 Adx
ke F3 A, YA} Aol bk di=

Table 1. Some blend chemistry data in % for
the test tobacco in test cigarettes treated
with BSA

Added amount of BSA (% in
tobacco weight)

Compounds
None 1 2 4
Nicotine 210 208 211 2.09
Total sugar 981 974 955 949
Total nitrogen 3.44 3.50 3.67 3.92
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Table 2. Results of mainstream smoke constituent analysis of cigarettes treated with BSA

Added amount of BSA (% in tobacco weight)

Analytes
None 1 2 4
FTC parameter (mg/cig)
Puff. No 8.5 9.0 9.8 10.6
TPM 11.3 11.1 12.0 11.6
Tar 9.2 9.0 9.8 9.5
Nicotine 0.76 0.75 0.75 0.7
Carbon monoxide 12.7 12.6 14.1 13.1
Ammonia (yg/cig) 10.3 10.5 7.7 8.5
Carbonyls (ug/cig)
Formaldehyde 20.6 16.0 16.9 16.0
Acetaldehyde 495.0 516.7 529.8 474.6
Acetone 235.3 249.2 254.8 228.3
Acrolein 42.6 40.5 41.2 37.6
Propionaldehyde 37.6 38.1 39.2 35.3
Crotonaldehyde 11.0 11.2 12.3 11.1
Methylethylketon 53.6 56.8 59.3 54.1
Butyraldehyde 24.2 26.5 21.5 25.4
Volatiles (yg/cig)
Acrylonitrile 7.8 7.9 9.1 10.3
Isoprene 363.6 403.5 442.5 444.5
Benzene 34.3 35.7 39.4 41.7
Toluene 56.5 62.5 74.9 80.0
Semi-volatiles (zg/cig)
1,3-butadine 38.5 43.0 49.2 51.6
Pyridine 5.3 5.6 6.6 6.2
Quinoline 0.3 0.3 0.3 0.3
Styrene 3.5 4.7 5.9 5.9
3-vinylpyridine 0.8 0.8 1.0 1.1
Phenols (yg/cig)
Resorcinol 1.0 0.7 0.8 1.0
Phenol 6.8 6.6 7.0 6.8
Catechol 38.0 32.6 35.3 31.9
m.p-cresol 5.4 5.1 5.8 5.3
o-cresol 2.1 2.0 2.2 2.0
Hydroquinone 21.1 18.9 21.0 20.3
Aromatic amines (ng/cig)
1-aminoaphthalene 10.0 11.1 15.2 174
2-aminoaphthalene 6.0 6.6 8.6 9.4
3-aminobiphenyl 1.0 1.1 1.5 1.7
4-aminobiphenyl 0.8 0.9 1.2 14
N-nitrosoamine (ng/cig)
NNN 137.0 134 144.9 124.2
NNK 118.6 122.8 127.2 112
NAT 116.4 113.8 116.6 109.2
NAB 13.7 14.4 14.6 13.7
Abbreviations: TPM, total particulate matter; NNN, N-nitrosonornicotine; NNK, 4-(N-

methynitrosoamino)-1-(3-pyridyl)-1-butanone; NAT, N-nitrosoanatabine; NAB, N-nitrosoanabasine.
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- tiH] o7} glgl o), BSA 1, 2, 4 % A7 Al
Adehilje] HAL R 77 350 %, 3.67 %,
390 %EA BSA 7tk oj&EX g zhxe] AA
4 3teko] Z7) slitHTable 1). & whd AR
QI BSAZE 1 % 7k dehie] A4 3
<k 0.1 %7} Z7k= et

chil g ghedol] gk QA7) Ee] BAS Fletsla
2 BSAE F=HE A7k gl oigk  TPM,
tar % nicotine 5 URHIEZ} carbonyl T} 2
7herd 55 A% 2l3 phenolfrel 2 IR
STAEEol gt olls FA4sIcHTable 2).
zZAE o] TPM, tar ¥ nicotine 5 YHb A%
Sol] tigk o]z BSA Hrlukalt sAlgle] vl
g ke HolFQdch 7 ghllEel g A7) Ak

rlo o

-~ --BSA 0%
175 —O0—BSA 1%
—4+—BSA 2%
—2—BSA 4%

Aromatic amines A

TSNA Acrolein

Hydroquinone HCN

Phenols

Semi-volatile

Fig. 1. Relative composition of chemical
compounds from mainstream smoke cigarettes.
Relative yields for cigarettes treated with 1%,
2 %, and 4 % of BSA represent the relative %
to the amount found in the cigarette treated with
0 % of BSA on an equal TPM basis. Concentric
rings represent the % found in the BSA-treated
cigarettes relative to the amount found in the
none added cigarette. Carbonyls: formaldehyde,
acetaldehyde, acetone, acrolein, propionaldehyde,
crotonaldehyde, MEK, butylaldehyde. Volatiles:
acrylonitrile, isoprene, benzene, toluene. Semi-
volatiles: 1,3-butadien, pyridine, quinoline, styrene,
3-vinylpyridine. Penols: Resorcinol, phenol, catechol,
m.p—cresol, o-cresol, hydroquinone.  Aromatic
amines: 1-aminoaphthalene, 2-aminoaphthalene,
3—-aminobiphenyl, 4-aminobiphenyl. TSNAs: NNN,
NNK, NAT, NAB.

45

o g4

A EAIE9l phenold, aromatic amined 9
nitrosaminefroll gk ol =AZ  Ax

phenol+¢} nitrosamine 2] o|gYFL- HulH Aol
7} 9ot aromatic amine 2] S BSA A
7hegell wel = oEH R Frlslgicl. AL
kol 0.1 % S7Kdel whel w8l TPM 2
aromatic amine2] o3> H
carbonyl§ B
volatilefroll  ©igk  oJdias =ARE A
1,3-butadine %! isoprened} 7+ 3ulbAlo] =2 A
59 o]k BSA Aol wlEl & oEF
o7 Zrstgov, xS carbonylf e
el TPM & o]3isk2 BSA A2 &
FoH o7 749 cHFig. 1).

acrolein®]
nljof] B3l

EHHR1T] UXIANTPM) 2E0f CHSH HNMM EA
In vitro AEZZAL nEZ=eole] &4
Aol MTT/XTTHI AEA 2] 45 &
sl LDHW G vheksk whell oJsfix 4ok
Al g ok AESAGLY ElaFel o3
neutral red &+ AEE Z43}= neutral red
uptake Wol 7P AHolzta Id#x glom
(Putnam et al., 2002), CORESTAA L A|E=A]
o FFE oz Al YJrHBombick et al.,
2001). £ AFA = BALB/c 3T3 A& o]&3t
neutral red uptake *H< AFg3sl4 BSA7} 0~4 %
47k gl Re] ZX® TPMoll uigh Alx54
S A vz sk Fig. 2049} 7o), RE
TPMAIE 20~150 ug/ml 2] Al & oJEH2
2 AE BEEC| FaEon, LF-uAlE o]
34 FalRl TPM =9 559 ECs 3t <F
60.6-72.5 pg TPM/mLOZA BuiAlg 7+ G293
el Zlo|= $IAtKTable 3). o]¢} 2 A=, &
el ARG AR T AIEFA vA= =
7b =2 Zle® ¥4¥A phenoli ¥
Gl Zhol] Xpol7} §le AZIAE

= KShin, et al., 2007).

shegae] Ele] U4 24

o ¢

- 80 -



Viability (% of control)

TPM concentration (ug/mL)

Fig. 2. A comparison of the cytotoxicity of TPM
from the test cigarettes. BALB/c 3T3 cells were
incubated in the presence of various doses of
TPM. Cell viability was determined after 24
hours post-exposure incubation using neutral red
uptake assay and calculated as a percentage of
the control. Data were expressed as mean=S.D.

Table 3. ECs values calculated from dose-response
curve referring to different definition of exposure
dose

Cigarettes (Ecsiyltl(g?;i;%mu
BSA 0% 60.6 + 15.9
BSA 1% 67.7 + 14.5
BSA 2% 72.5 + 16.4
BSA 4% 63.8 + 15.7

ECsp means effective concentration that reduced
the number of viable cells in the exposed
culture by 50 % compared to the untreated
control. Values are the meantSD of three
batches

FAF2A(S-9 mix)S X2/ TAR FF2 A
= 7% 2iedy] TPM Aol tigh E<ido]
W7 S (sensitivity) 7} 7FE =2 ZAow W
JHDoolittle et al, 1990). 12|z X
AE TA9S FF% o]&ste] TPMell thsk
o] FHHAS =Asldrl. TA9S 5ol S-9

i ofo >

|
é\%ﬁm

=
3
4

2

?_

o

i
rE

rir

mixE H7RE A4 HelA 2 ng/plate®] 43

o

Z BAERAA) A7t Al SANRTE0-50 )
ol wlall EFEAHoe] FH2rt Z7H1000~ 2000

Ae)Elo] B Agle] A3 o]FolHIS &
9l9dth(Data not shown). BSA 3tek 71l o
el TPM A|&E 0~200 ug-TPM/plate L2
Hel Al Hi FEe o|E2r74A] S e
A=t o] S7F #EE gl om, BSA Hrleko] =
=75 A S7HEe] dAs =9cHFig. 3).
SF-1e 71e71E ol& Al Xl TPM =]
5 @ specific activityx= BSA7} X2l=A] ¢k
A9 FEeE 2720327 o]glow,
BSAE ZZF 1, 2, 4 % A HERe
2978+230, 3293273, 3450+237= 7=l BSA 3t
g oEHoR  Eqddle] fAe]l  FrbelGlch
(Table 4). o|¢} 22 Azt guidr] A A
T Edde] Al vXE VdETt =2 A
o2 4% aromatic aminet+ 313tE ol
wiol] X2]¥l BSA H7lgo] =&+5 Sk A7)
AR BAANe} dx)gkcHTewes et al., 2003;
Shin et al., 2007). BSA 2 % o]4 27} A] F-4]z]

Hljel] gt EdHo] fribge] FAIHY frelXl

4=l Bt

700 r

—8—BSA 0%

Revertants/plate

TPM (ug/plate)

Fig. 3. Dose-response relationship obtained in
the Salmonella(Ames) assay with TPMs from the
test cigarettes in strains TA98. The Salmonella
typhimuriem strains with an S9 metabolic
activation system were utilized to examine the
potential of the cigarette smoke condensate to
induce mutation. The number of revertant
colonies in DMSO-treated (0.1 mL/plate) group
was 35+6. Values are the meantSD of three
TPM batches.
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Table 4. Mutagenicity of TPMs from the test
cigarettes in the presence of S9 mix using
strains TA 98.

Specific activity

Cigarettes (Revertants/mg-TPM)
BSA 0% 2720 + 327
BSA 1% 2978 + 230
BSA 2% 3292 + 273
BSA 4% 3450 + 237

Values are the mean+SD of three TPM batches.

AolE Hglomzg, Fodwle] fbAel folHel
Aolg vebliE AA% e 02 % o4 A
o 2 JkEvH(Fig. 4).

EHHRIT| JiAM ME(GVP)N oA mI}
7] 7k QRS tigk SA%E7E Al
3HEA witell ke ojg o] Qlrt whulelY]
o3k GSH 4R &4 vlagrezr] el 54
H7ksk= vhol] Cahours Soll 2J3l Agksl o]
, GSH £5& ZHL glddr] 7k 299
=4 7l del AgxEa dckCahours et al.,
2006; Park et al., 2007). ¥ AtollA = ]l A4
A] Cambridge filter pads E33t 7}~ AEE
< 20 mLe® PBS(pH 7.4) £Ho| =
gas-washing bottleol] 38t GVP2] GSH 45§
& FAFo =N st EE¥o st 4L vl
4 31k Table 5011419k o], Tl GVP A&
gk GSH £E&2 7 el gl vjs] BSA
A ko] =S5 FAaEAUCh

BSA 4 % 271= el GSH 4AR&2S BSA
FAE Gulle] GVP Al vl fFH o2 YUk
thFig. 4). ©uid7]e] AEZAL 7kl ol

© carbonyl Alde] IRMEET WA o]
g Aoz Bu%|9) o (Wynder and Hoffmann,
1967), acrolein <= A|E=A 1 GSH A£=R&7
Aol Aol 9k oA 9rHBombick et al.,
1997; Tewes et al., 2003; Park et al., 2007).

ot e 2 Lo

2

32,

g3

olgH - &3t detd

o

Table 5. GSH consumption caused by GVP
from test cigarettes treated with BSA.

GSH consumption

Cigarettes (umol/mg-TPM)
BSA 0% 0.0747 + 0.0057
BSA 1% 0.0718 = 0.0109
BSA 2% 0.0651 + 0.0128
BSA 4% 0.0555 + 0.0022
Data represent meantSD of 3 individual
experiments.
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- k OBSA 1%
St . o851 2%
_f_z 100
X g0t *
:“g 60
g w0l
0
TPM—Cytotoxicity = TPM-Mutagenicity GVP-Toxicity

Fig. 4. A comparison of the relative toxicity
from the test cigarette. Relative toxicity of the
BSA-treated cigarettes represents the relative %
of the control cigarette on per an TPM basis.
#p<0.05, significant difference from the control
cigarette.
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