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ABSTRACT : The objective of this study was to evaluate the effect of cigarette filter on in vitro
cytotoxicity of cigarette mainstream smoke from the cigarette. In this work, we used 3 types of cigareites
included non-filtered 2R4F cigarette, cellulose acetate-filtered 2R4F cigarette, and carbon dual-filtered 2R4F
cigarette which was made from original 2R4F by replacing with an acetate filter containing carbon. The
cytotoxicity of both the cigarette smoke condensate (CSC), which was collected in Cambridge filter pad, and
the gasfvapor phase (GVP), which was bubbled through in phosphate-buffered saline in a gas-washing bottle,
was determined using a neutral red uptake assay with CHO-K1 cells. With regard to cytotoxicity when
calculated on an equal puff basis, the cytotoxicity of CSC from the filtered cigarettes was lower than that
of the non filtered cigarette. Also, ECso vlaue of GVP from carbon filter cigarette was 40.9 puff/L, indicating the
cytotoxicity to be 20% lower than that of the CA filter cigarette. The cytotoxicity of the GVP was correlated to the
several vapor phase components (formaldehyde, acetaldehyde, acetone, acrolein, crotonaldehyde and MEK). In
conclusion, carbon filter, which significantly reduced the amount of carbonyl compounds in mainstream
cigarette smoke, results in significant reductions in the cytotoxicity potential of the smoke.
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acrolein 53 7 A EAFS aldehydeF& =
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Alzkele}, CHO-K1 A|EE 10% FBS, 100 U
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Table 1. Description of cigarettes utilized in this study including FTC analyses of TPM, Puff, Tar,

and nicotine in mainstream smoke

Cigarette Puff TPM Tar Nicotine

& (Puff. NO) (mg/cig.) (mg/cig.) (mg/cig.)
CA filter 5 7.59 5.95 0.43
Carbon filter 5 7.33 5.81 0.41
Non filter 5 16.29 13.23 0.95
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AA SR EE Az Al 7 el
puff 315 F7lol]l webd] AE WEF] L
Holow, B3] Ao A FAsHA 7
4 HAckFig. 1). §F -34S o] &3l T3t
CA Hejgull, carbon ZE|gul zela &g
o] ECs 72 772 68.0 t 3.7, 67.5 ¢ 4.5, 18]
I 28.8 + 3.1 puff/LEA okAgulolA] 2 u) o]
A 2o AEEAS HrHTable 2). 22
CSC %9 =559 ECs & 27 95~100 pg
CSC/mLEA gullAlg 7+ oAl Zol& ¢l
th(Data not shown). ©]9} Z& Ads N2$
carbon HE1E A3t Gulje] CSColl tigt CSC
TEF AEFAL 71ES] delguol uvldl F9
el Aoz} gidivhe Bagt dxsl= Aol
(Bombick et al., 1997). Zel=g okFddhulol] H]
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Fig. 1. Cytotoxicity of the CSC from the cigarettes with CA filter, carbon filter and non
filter. CHO-K1 cells were incubated in the presence of various doses of CSC (puff/ml)
for 22 hr. The cytotoxicity was determined by neutral red uptake assay and calculated
as a percentage of the control. Data were expressed as mean + S.D.
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E3] Az} aldehyde 3gE52 €
45 T4 Hedll 9sle] THH o2 AAHG
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we] S A A7) (whole smoke) FFolA] Y
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ZA#o]lctHBombick et al., 1997: Lauterbach,

2002).
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RHozw Huxlxw YrH(Wynder and Hoffmann,
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o] AmAlo] rin 4edA °‘D]- Bombick et al.,
1997; Tewes et al, 2003). & oIl = HulA]
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Fig. 2. Cytotoxicity of the gas/vapor phase from the cigarettes with CA filter, carbon filter
and non filter. CHO-K1 cells were incubated in the presence of various doses of gas/vapor
phase (puff/ml) for 22 hr. The cytotoxicity was determined by neutral red uptake assay
and calculated as a percentage of the control. Data were expressed as mean = S.D.
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Table 2. Cytotoxicity of cigarette smoke

ECso on the calculation basis

. Smoke

Cigarette fraction puff/L Relative to
(mean + S.D.) non filter(%)

Non filter TPM 28.8 + 3.1 100

GVP %5.6 + 35 100

. TPM 68.0 + 3.7 42.4

CA filter GVP 325 + 3.1 78.0

. TPM 67.5 + 4.5 42.6

Carbon filter GVP 40.9 + 3.3 635

ECs0 means effective concentration in puff/L culture medium that reduced the number of viable
cells in the exposed culture by 50% compared to the untreated control.

7%&2] carbonyl 3}3HE, acrylonitrile 2| 3%2 7o GVPl 3t HNEEA Aztel Ao BAr}
volatile 3}3HE 18]3 ammonia 3 HCN &2 Usdct w3t HCN#F ammoniats A geloll H]
olefFE £A4 k. Fig. 3 olAel o] slod 7 F5S] HeldulolA ofsiFe] ok 50%
carbonyl 3}3HE = formaldehyde, acetaldehyde, AL Ao, CA Hei2ul9} carbon HE]
acetone, acrolein, crotonaldehyde ZLg]lxZ MEK$] 2l 7ke] zlolw gt ol¢t T B4 A
olsfeke okAutul > CA ZElghwl] > carbon ¥ E3E], HCNF} ammonia 53 22 AR5 &
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Fig. 3. Relative composition of gas-vapor phase from mainstream smoke cigarettes with CA filter,
carbon filter and non-filter, Carbonyls: Formaldehyde, acetaldehyde, acetone, acrolein, propionaldehyde,
crotonaldehyde, MEK, butylaldehyde. Volatile: Acrylonitrile, isoprene, benzene, toluene.
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