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WFFER R OB E (F3C) : The development of nano-technology has increased the risk of
our exposure to types of particles other than combustion-derived particles in the
environment. Carbon nanotubes (CNTs) are being applied in wide-ranging areas from
the semiconductor industry and are reportedly increasing in environmental exposure.
CNTs possess significant characteristics in size (1-20 nm width, and many microns in
length), strength, and surface chemistry. The aim of the present study was therefore to
experimentally elucidate whether CNTs exacerbate asthmatic symptoms in mice.
BALB/c mice intratracheally sensitized with vehicle, ovalbumine (OVA), CNTs or
OVA+CNTs were repeatedly challenged with OVA. Biphasic asthmatic response and
goblet cell hyperplasia in the mice sensitized with OVA+CNTs were more severe than
those in mice sensitized with OVA. Furthermore, the infiltration of leukocytes
(macrophages, lynphocytes, neutrophils and eosinophils) and the productions of
OVA-specific IgE, IgG1l and IgG2a were also aggravated. Taken together, CNT can
exacerbate biphasic asthmatic response and goblet cell hyperplasia, at least partly, via
the infiltration of leucocytes (macrophages, lymphocytes, neutrophils and eosinophils)
and/or productions of IgE, IgG1 and IgG2a.



(BREHAL - 1)

[EREES [ e & &t
2008 2 2,100, 000 630, 000 2,730, 000
2009 R 1, 200, 000 360, 000 1, 560, 000
FIE
FHE
FE
itk 3, 300, 000 990, 000 4,290, 000

WFges B« [E 3R
B E OSF - E - 35 - BB R

¥F—U— N REMAET. RS T LA¥—

1. AFZEBRA Y DY =
FIRLAZONWT F T I aTv—i,
fEd, WBE. A, EBFE, mxrx—7RL
DEL DT TICHINTEY,, Kt FEE
DOHMET 7 )uP—L LTRERBENG
nCWb, 20T 7 ) nl—0RgE Xz
TWBOMN, T /R & MEEI D FEFITHID
R TIRME ThH D, S, BT EDE
F 0 ST RO A PE RIS N
TAHRETFHRINTWS, —F, HHHEDT/
Al = WL 5 YA AR S | 2 N YA Sl (92N
WCEK L TWS EEZ LN L MNEEE A
L. FERKF T - BEWEDEWNZ &2
HIPKIRT, SOIITaWEEA N Lzt b
~DOEENEH SN TWD, FERIC K 5 Bk
R S DITIX Y i ~DIEE. £
Y AN LI AN ~OERIL, fEERLe
FE RN IR 2R T A REENREZD
b, LTnoT, T /R DBREIZL-T
Bk 2 IR B a2 T RN E S5 FTREME A
b5,
TLUAX—MRRB X OEEIZOWT
TLAF—tERRIEL, < Lok, @itaows
L OB A e T AN | LT L L
X—RBTHD, EBRIZT L —MEEJKHE
FlI, AKX, TH I H R EOImEIILD &
T 5 HURIZ R B 72 immunogobulin (1g) E $t

HRaefrA L, THORREIURICIRESND &

F DK 90% 2 B I FEE 0 = F 1 & 8 IE
T5, IHIC, PURICRYIRUIBEREIND Z
LIZ Ko TEML L OEEN L7 BE T,
BOEFED G D 70 53, B3O SEA 3
BInNdZ ERREINTND, T2, A8
g EIE, REREOEVERIEEREBETH Y
ALPEDSIEIEZE N E U, F ORER, KL
NS % P o 7o FEAEME O NR I IR B 2 4 0 IR 95
HBThd, TOMERE LTiE, Kl | D
I, M ZEp: ol X A7, AiEko
=, I ORI, & OIS ITEIR D HE

RIZfEV, REX ORI Z 5, [EX
s B PR Z WA SH 5 & 30 4 LLNIC
TR S D ANREERR B UG, 3B X ORI A
BB TR £ 0 iR E iR 5
PEFEVEME B Sy B 72 5 ZFVED RS 0N5h
HEENDZENMBNTWD, EIMNG B
S 1 R M BB ORI AR E R D — o &
ENTW5S, —F. 7T LAX—BEOHIT,
BREEIEY LR BRI B D Z L MRS
NTEY, 5%F LT LY —HRE
T ORIEICK L T % H 2 5 REMH:
NEZBND,

2. WHEOHM

F T =i B R kS AW
P E LTINS T, F Rt
WX DRERRE~ORENR S I N T
Ho TIZTIE, F/RITFELTH—RUTF
Fa—TEHANT, 7T LAF—ERE A
W RAETREE R LT,

3. WD L
Y 14 28 20 30 35 (days)
;1 %L 4?» (;y (g, (I, (Time of

Challenges

Sensitization (1%OVA. 11.. 20 pL/animal)

1) Negative control

2)0.01-1mg CNT/mL (i.n., 30 pL/animal)

3)2.5 mg OVA+saline/mL (i.n.. 30 uL/animal)

4)2.5 mg OVA+0.1%TweenmL (i.n., 30 yL/animal)
5)2.5 mg OVA+0.01-1 mg CNT/mL (i.n., 30 pL/animal)

Fig. 1 Experimental study protocol.
CNT, carbon nanotube (multi-walled, 10-15 nm x 0.1-10 ym); i.n., intranasal;
i.t.,intratracheal.
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Fig.2 Effect of carbon nanotube on biphasic asthmatic

response induced by the 4th antigen challenge in mice.
Each value represents the mean+ SEM for 4 to 7 animals. *p<0.05 and
**p=<0.01 compared with control group. tp<0.05 and 11p<0.01 compared
with the OVA+tween group.
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Fig.3 Effect of carbon nanotube on inflammatory cells in
BALF after the 4th antigen challenge in mice.

Each value represents the mean+ SEM for 4 to 7 animals. *p<0.05 and
“*p<0.01 compared with control group. 1p<0.05 and 11p<0.01 compared
with the OVA+tween group.
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Fig. 4 Effect of carbon nanotube on the increases of IgE,
1gG1 and IgG2a at the 4th antigen challenge in mice.

Each value represents the mean =SEMfor 4 to 7 animals. *p<0.05
and **p<0.01 compared with control group. 1p<0.05 and t1p<0.01
compared with the OVA+tween group.
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Fig.5 Effect of carbon nanotube on inflammation

(H&E) in the lungs of the mice.
Bar shows 100 um. Histological appearance 24 h after the 4th
challenge. Each value represents the mean® SEM for 4 to 7 animals.
*p=<0.05 and **p<0.01 compared with control group. tp<0.05 and
11p<0.01 compared with the OVA+tween group.
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Fig.6 Effect of carbon nanotube on goblet cell
hyperplasia (PAS) in the lungs of the mice.

Bar shows 100 um. Histological appearance 24 h after the 4th
challenge. Each value represents the mean+ SEM for 4 to 7 animals.
*p<0.05and **p<0.01 compared with control group. tp<0.05 and
11p<0.01 compared with the OVA+tween group.
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