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Abstract This study investigated the effect of exposure to mainstream smoke (MS) through cigarette
filters on the immune system in mice. Fifteen mice were divided into 3 groups; control (sham), 2
cigarettes smoked/day (CS), 4 CS. Changes in body weight and organ index were measured after
exposure to MS for 7 days. The effects of exposure to MS on nitric oxide (NO) production and cell
proliferation induced by lipopolysaccharide (LPS) or concanavalin A (ConA) in murine lymphocytes were
also determined. Exposure to 4 CS reduced the organ indices of the thymus, spleen, and liver by 0.3-,
0.2-, and 0.2-fold (P€0.05), respectively. Exposure to MS also inhibited the lymphocyte proliferation by
LPS or ConA and the NO production by LPS. This study confirmed that the immune organs were directly
damaged as well as weakened in their cell function by exposure to MS. It provides direct evidence that
the occurrence of various immune diseases caused by smoking is closely related to the impairment of

immune functions by exposure to MS.
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0.83% ammonium chloride &9 10 mlE AET1E
|3 & 1000 rpmollA 1087 LA £25t] A45H
< 3, HAAEZE RPMI 1640814] 3mlS Yol Al
A3} HEH o7 RPMI &AsiA o] A ZE &
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Zu|5 FANZE 5%10° cells/well® 253517 A
A wjoFel Ru]E 200 W= 3ko], AIE #iG7]olA 484
7+ ¥il%¥F & 20 W phenazine methosulphate®} 25
XTTE 7IokaL, 3A1ZF o 8iF & XTT formazan®] A3

M 24ote] AR BH2S skt
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3ot AlE FAES ERIskith
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(nitric oxide) AMMEF

HIZA| 7} Bolokes ABHIANO, nitric oxide)s
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cells/well2 E55t 3, ZF wello]l LPS 10 yg/mlE A
7tsto] MEE wiFstct. 24417 & vk 50 w<t
Griess Al2F 50 wE €35to] 96-well plateo] Eit
570 nmolA FLEE EHct] EEELR YT
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2.9 842N

ZE HolHe 53] WERt g e + BEA
(mean+SEM)E YeF 1, zF BH#X] Zfolo] thet &
9]4d-2 SPSS(SPSS Inc., Chicago, IL, USA) =273
< 0]&3}9] one-way analysis of variance (ANOVA)
& Tukey HSD thEEAHE AMESI] AASsFAM
t-tests ARESIFOH P 22 0.05 BTy of BAZC
2 f94o] Al 7EEskqinh

3. 2y A 1%

3.1 AHEN FRH0| MZF HSI| O|X|= F&t
5L AA}sHL (hypothalamus)olA] A]8&A 2

o] Y= AIFHELC|= Y(neuropeptide Y) HHIE A
AA A8 AAste, YT 84S B43sto] 7]
HHfa) Q] olUR] AHIE Z7IA7)= 204 a9
oha 2aE up QIeH17].
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Fig. 1. Changes of body weight following 7 days of
exposure to cigarette smoke. The body weight
curves of the three groups of mice (sham-, 2
cigarettes-, and 4 cigarettes smoked per day).
Data are shown as means*SEM (n = 5).
CS/day: Cigarettes smoked per day. Different
letters are significantly different at P<0.05
among groups.
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Bl vpeh o] Foof| ofgt F439t A4 ol ot
23z ASH U

of 44E TARRS] Hap}h Bus| olgolx|x Uu
HAols  44% BAESH TAZ W oAl

i
(macrophage)7} ®3 =] 3lo] Thfet ARG &
7k HS3H18]. ool & AollAE AFFA ot
HHiel7] ko] £ HWIAVIQ A
a2 §Az I o), 24 1% g Baske]
7] A ®igte] uX= JFS SH5I él@é?)r 7
017]-9,] 147]7(40] duﬂqjﬂ =0 47 =
TollA FA, B, 749 “7417} ol H]OH 2+ 0.3
0.2, ¥ 0.2412 |93 A A A]’ﬁJ-(p(O 05) %HH
7] =20 RS 7)Holgal ESEHYA Het 1gt
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AotHTable 1]. WY 7|9 A it HEHSI
A3} Eold HAAN O] £4TL 7|5 HEHE oJv|
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u] x| 7] oFeket. =y 8 W7 & %3’} HV
il 7P94 E

Table 1. The organ index in sham- and cigarette smoke-exposed mice

Group Thymus index(%) Spleen index(%) Liver index(%) Lung index(%) Testis+Epididymis index(%)
Sham 0.285+0.014" 0.286+0.014* 5.345+0.267° 0.800+0.045 3.098+0.159

2 CS/day 0.198+0.01° 0.248+0.012° 4.64+0.232° 0.809+0.04 3.039£0.152

4 CS/day 0.2060.01° 0.235+0.012° 4.478+0.224° 0.82240.042 2.9240.146

CS/day: Cigarettes smoked per day. Different letters are significantly different at P<0.05 among groups.
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Aote] FANA AEE EEloka 484171 vigste] &
Alzo] g Z7goiltt. AFAH AFFA 57 04
o 9Jgt leZo] 27iu]/d & 4748]/LR o]Foid AF
oA 2+ 83.64+4.18%%F 77.27 +£3.86%% AL A3
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Fig. 2. Cell viability of thymic cells from cigarette
smoking exposed mice. C57BL/6 mice were
sham- and cigarette smoke-exposed for 7
days. Data are means+SEM (n = 5) and are
expressed as percentages of the sham
control. CS/day: Cigarettes smoked per day.
Different letters are significantly different at
P<0.05 among groups.
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(mitogen)Oll 2[8t MZZAH s}
FZZ(lymphocyte)s JEAF0] 25}
L A9 proliferationo] Yoldtt. o]zgt 2
ALl OAJHAZA R
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243t
A A= HES{mitogen-stimulated
response)2.2 {7 2QIF 4 =Y|, °o]+= mitogen
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£40g IQlok= Ho[tH20]. B AES F7A &

o] P9 NEFAFIo vz FFE LotE7] 9
Sto] 7%t FFA =2 BF v Hspleen) &2 F

E] H]ZA|Z(splenocyte)E £} BAIZE2] mitogen
LPS9} TAEZ 9] mitogen ConA (concanavalinA)E At
£t A F45S S5kt
A, gEidr]ol =EEA G2 shamw] HIZ

£ ©]85to] ConA%} LPSOl| et MEZ45-S —’li—xo%}
At Aol A shamwt9] HJZA|Z= ConA A
of 95l 256.7+12.8%(2.6H)Z AEZA]0] YERGIL,
LPS Aol oJa] 263.4+13.2%(2.68N)Z A|ZZ4]o]
UERES ERIgte 24 ConAS} LPS7F 2 A3 3H70f
Al mitogen2 24 HAs] §h3oI9S-Z sttt 1
gu, 74970 FRAY kE2dH A uAx
(splenocyte)i= FAHEEEZIA ConASt LPSOl tisto]
278 &R Z12F 104.3+5.2%(1.18Y), 111.7+5.6%(1.1
=2 I F2]Zo] sham=ol 1|3l 42.31% T4 FH
3L, 4708] =&l A= ConASt LPS AHejof st
of ZFZH31.4£6.6%(1.18)2 131.9+6.6%(1. 1H)Z
duy FAlsgol 27 k&3 A FYSHA
42.31%2 71-/\{3}%1:}[1:@ 3]. o]3st Aik= AHEA

E

o Sfft #59 ol MPAZY BAES 3 TAE
A3 e XSS RS A 752
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Fig. 3. Cigarette smoke exposure decreases splenocyte
responses in ConA- and LPS-induced
lymphocyte proliferation. Mice were sham-
and cigarette smoke-exposed for 7 days, and
the splenocytes were treated with ConA (2.5
ug/ml) and LPS (1 ug/ml) respectively for 48
hrs. Data are means*SEM (n = 5) and are
expressed as percentages of the sham control.
CS/day: Cigarettes smoked per day. X; multiples
of ConA- or LPS-treated group for sham
control. Different letters are significantly
different at P<0.05 among groups.
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lymphocyteZ E3tHt}, £33 helper T (Th) AlX
% Thl A2 &/93t=H 7-1FN 9 1L-27F A=,

Th2 AlLE= g43tso] [L-4, 11-6 € IL-10 5 ¥
g Alo|E7}ole Hulslo] THE & ohjal B Al %
HAAME (macrophage) & TSt WA E] F24]3}
23} 2 @45k foto] Y HhES SEAVE A
oz A QrH21l. ool FRA k&H HIPAE

W AANRY] 715 TEE 0 R Z7g5H] fisto] th4]
AlZo] GFHES A=AR 42 LPS 1 wg/mlE A
sto] Azujrdor HEH|Es HSHUEE AEEA
(NO, nitric oxide)& 435It

AgZT gejdr]o] LEEA sham%9] HI%
Az tfalM 2= LPS A=l thske] oF 30% NO +#H]
F= F7HRHOY, G 2708/ 9 fH)/dR 7A7E
F50] &2H Fol|AE LPS A=) Histe] 42 21%
o} 16%E NO &H|ZFY F71o] shamwto] H|sto &
ol YA HAEAHFig. 4]. ol#dt A= ZFHEA
o gt FFAY & I kETFo| T A=l o
5to] ¥hSols W75 IA ATt AL 9]
st

o}o.
o

1 woLPS
With LPS
1.6
*
= x1.16
2
@ 1.2
3
>
)
o
E 0.8
=
04
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Fig. 4. Nitric oxide production in LPS-stimulated
splenocytes obtained from cigarette smoking
exposed mice. Splenocytes from cigarette
smoke-exposed mice were treated with LPS
(1 ug/ml) for 24 hrs. Data are means+SEM
(n = 5) and are expressed as percentages of
the sham control. CS/day: Cigarettes smoked
per day. W/O LPS: without LPS. * means
significantly different at P<0.05 between
W/O and With LPS.
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