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Determination of particle-associated PAH-quinone in Japan and China:
study of the concentration levels and the occurrence processes
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Selected polycyclic aromatic hydrocarbons (PAH), nitrated PAH, and quinoid PAH (PAH-quinone) in aitbome particles were
simultancously determined at Beijing, China, Osaka, Japan, and Wajima, Japan.  The concentration of particle-associated
1.2-benzanthraquinone {benz[a]anthracene-7, 1 2-dione; BAQ). a quinoid PAH, at Beijing was higher than that at Osaka and Wajima by factors
of 35 and 200, respectively.  Strong correlations between the BAQ and 2-nitropyrene concentrations in the summer and between the BAQ
and I-nitropyrene concentrations in the winter imply that atmospheric secondary reactions and primary emissions significantly contribute to
the oceurrence of atmospheric BAQ in the summer and winter, respectively.  The concentration ratios of BAQ to benz{£fluoranthene (BKF)
in the summer were lower than those in the winter due to the instability of BAQ under sunlight.  The BAQ/BKF ratio at Betjing in the Asian
dust season was significantly higher than that in the regular spring season, suggesting that the secondary formation of BAQ is promoted by
catalytic effects on the Asian dust surface.

Key words : Quinoid Polyeyclic Aromatic Hydrocarbons, Atmospheric Secondary Formation. Asian Dust, East Asia
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Table 1 Concentrations of BAQ, selected PAHs, and NPAHs in CEP {Coal Exhaust Particles), DEP (Diesel Exhaust Particles),
and ambient airborne particles collected in Beijing, Osaka and Wajima.

CEP DEP Beijing
Ashan dust peniod Spring Sunner Winter
Compound Mean (n=3}  Range Mean(n=4) Range Mean (n=4)  Range Mean (n=25)  Range Mean (n=22)  Range Mean {n=5  Range
BAQ 21°  0.09-32* 039 032048 " b 24-37 % 12t 46-35° 48" 15-80° 101 66-134"°
PAHs
Chr 46°  0.06-90° 032°  026-p371° 28" 21.33 200 55.02° 55° Le-11" 112t 88-136"
BaA 10" 00816° 016*  0.12-019° 18" 14.20 e 2.3-64° 255 071-59° 77 62-98"°
BhF 13" 0,06-2.5° 026°  021-036° 360 28-46 * 28° 6.0-131° 13° 3.0-25% 138* 101-191"
BKF 064" 00311 009"  007-0.10° 11k 8.3-14 " 87° 2.1-37° 4.1° 0.92-8.2°¢ 42° 30-58 *
BaP 13° 004210 0.18°  0.14-021° 19° 14.23 * 12° 29-63" 36t 1,2-7.5° 73b 5495
Nitro-PAHs
1-NP NA, NA, N.A, N.A, NA. NA. N.A N.A N.A, N.A. N.A. NA.
2.NF N.A. N.A NA. N.A. NA. N.A. NA. N.A. N.A. N.A. N.A. NA.
2-NP NA. NA. N.A. N.A. NA. NA. NA. N.A. N.A. NA. N.A. NA.
Partickes © N.A. NA. 23 19-2.8 n7 300-1068 416 186-808 222 84-400 193 142-243
BAQ/BKF 13 2.9-4.0 4.4 4.0-4.7 2.9 2.6-3.6 1.7 0.55-3.4 1.5 0.45-.6 2.4 2.0-3.0
Osaka -
Roadside Residential area Wajima
Sunmer Winter Surmer Winter Surmer Wistter
Compound  Mean(n=9)  Range Mean{n=10)  Range Mean(n=8) Range Meanin=8)  Range Mean(n=4)  Range Mean (n=5  Range
BAQ® 4.0 2,157 4 4.7-27 12 034-1.9 28 0.99-5.5 0.06 9.05-0.09 0.53 0.23-1.2
PAHs®
Chr 2.3 3.2-13 8.0 4.6-21 11 0.40-1.9 38 10-7.8 0.07 0.04-0.10 0.23 0.11-0.56
BaA 32 1.0-5.6 1.4 18-9.5 038 0.17-0.67 1.9 0.28-4.9 0.02 0.01-0.03 0.09 0.04-0.22
BbF 79 36-16 85 4.3-19 22 0.89-3.7 45 1.1-86 0.09 0.07-0.13 0.34 0.15-0.78
BkF 26 1.3-4.4 4.6 1.8-8.6 0.72 0.29-1.2 18 0.35.3.4 0.03 0.03-0.04 011 0.05-0.24
BaP 2 1.4-42 82 24-33 0.82 0.26-1.6 16 0.41.3.4 0.06 0.04-0.07 0.14 9.06-0.29
Niro-PAHs®
1-NP 166 43-197 235 50-363 125 57-190 27 9.1-48 NA. N.A, NA N.A.
2.NF 289 72-647 34 21-84 195 63-423 a6 15-87 NA. NA. N.A. NA.
2-NP 50 i7-116 20 4.6-33 13 39-35 8.3 2726 N.A. N.A. NA. NA.
Particles © 68 42-119 123 46-182 35 15-52 24 15-30 95 8.6-11 83 3617
BAQ/BKF 1.7 0.93-3.0 3] 2.3-4.9 1.7 0.93-3.0 1.9 0.92-2.2 18 1.6-2.1 4.8 43-53

N.A. : not available, * Given ip units of nmol mg', ® Given in units of pmol nr2, © Given in ustits of pg mY, 4 Given in units of fmel m?
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Table 2 Correlation coefficients among BAQ, BkF, 2-NP, 2-NF and 1-NP.

{a) Summer and Winter (b)  Summer (€)  Winter

BAQ BkF 2-NP 2-NF 1-NP BAQ BkF 2-NP 2-NF 1-NP BAQ BkF 2-NP 2-NF 1-NP
BAQ 1.00 1.00 1.00
BRF 088" 1.00 085" 1.00 089" 1.00
2NP001 0 017 100 071" 072 100 020 024 100
2NF .025 012 0777 L00 041 040 083" 1.00 023 033 013 1.00
NP 073° 0697 045 -0.03 100 0.21 040 008  0.17 1.00 082" 0767 048° 020 1.00

*p<0.05 ~“p<0.01

o7 o= 3), AV Y USRS & B C TR
7J>¢:)§rjz,3ci§’¥f’:, TR TN AL LT3 ppmv OFEE TR
FEEN R A LT, BUSRRN DAY AR A
VAR (MODEL 1200, DYLEC) #HWTE=F—17=,
BUSHE ORI 2.52 L AREOFIE Tl - #fEAEZ 5 L,
HPLC 4T L=,

3 MERLER
3.1 TRTHMTFA4 D VIR SAIF DT
Jt,""?(, “ki‘ﬁ'i (1?%1&%&&??%%&?@@1‘) k0 4 h‘.fléi

z:u? 7:)?&* H AR 70{)1 qW~2003 ﬁl »—fT’bﬂTjO V) ﬁﬂﬂ&ﬁ?}
S OMERORERR L A K 8 SERIOIRZ 0 235575, 2008
FERE DRI O EREINE B (e RR LSRR
T 1 EMICIE - TRE SN /- BaP O (Fh2h 13
pmolim’ 3 X TR 0.9 pmolim® ; SEERBERATE, 2009) 1%, &
HFFEC 2001 FRICBIR SR L FIRRE Th o 7= Z Linb,
BUAHLAIC I3 5 PAH B EE ORI THU RO R T
WU B A B2 R B LT, MR TR A b
BAQ MEEFITALAT> KB (EERE) > KB (L) >${mh
DIEIZE <, émﬁ/m ,ll:;ﬁcmm BAQ +f1f%'~§ 101
pmolm’ T, o

mzomn 2Y (AN é:“)\f/}f;va;f: e, }\lﬁ}w»ﬁf%%%ﬁﬁ
(23517 %40 BAQ VHIHY 14 pmolm® Ll LT, dbm
DED BAQ --‘TT’J?%%F“ X7 { )LEJ}L MBIl flifE
ZAE, 77 AD rual site T
#5 Solliéres T0.1-11.7 pmol/m (Albinet et al., 2006), U 7
A/A=T T 39427 pmolm’ (Chungetal, 2006), 77 ik
#7093 +2.2 pmolim’ (Andreou and Rapsomanikis, 2009) &
EINTEY, b EHEELTHIALED BAQ RE I
TENEELD, HEMR L IcEoRELZHET S, 1
}}1;":}5’7‘7 KA BAQ &ﬂ*é: ES (101 pmoym3) >%%1M

.....

DIES q‘i“s( I’“J R (ﬂlj»k 7= PAH JEEL u%ﬁ?ﬁim)\/ NES N
DB, EBICKIEEEREIZBVTH, K&ET BAQ B
LN PAH BEFIZEAEL D LAFOIE) A8 L D RERD
‘/eh, ZOfREL, IhETIHEINTOS &P
PAH SR EE OZEEBIOEE) & H—E L TV 2 (Sienra, 2006;
Schnelle-Kreis et al., 2005) .

RIZ 3 BB O EENER AL QO A RBRDREI O 7347
KB D, BAQ, NPAH 35 XL U PAH MEEEOFEBI 2397,
Table 2 {2 BAQ &, f‘ti‘%é’ﬂfﬁi*kﬁ%m%é (—RAERD PAH FIT
&% BKF BEUVINP, & 512N TYAR NPAH Th

% 2-NP 33 L UN2-NF bm‘iﬁéﬁ%’zmxbt BKF [T,
B, BERT e e RISk A Z L s

T% (Miguel etal,, 1998; Tang etal,,2005), /5 1-NP (ZH#5%
ERRERT O T T AL, EHNICIST D EERss
AT 4 w«ff/vwkfﬂrwiﬁ'ﬁﬁ’é?&? EEPN TS (Tang et

al,, 2005) . £7= 2-NP {3322 OH 7 VA NOBIARUSZ L D ok
%‘(%}*ﬁ:ﬁj&é&%ﬁk@*é ZEPHBI TS (Atkinson and Arey,

1994) . OH 7 ¥ A/MIFEP OHALFERISIC L > TR S
FHFEGOFEHRETH Y, THOREIZEEa LD, L
MoT 2.NP D4 EFiT “HPICEZ 5 EEZ OIS,

2-NF i OH 7 P ANADIFEN, HCEEN FET 5 N03
F Y ANOBERISZ L~ CHOAERT 2728, ARETCR

(a)
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Fig. 1 Scatter plots between BAQ and 2-NP (a), and 2-NF (b).
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<RI T H RAERREND (Atkinson and Arey, 1994)

VPO ZYRAERNPAH HAAFEELIRR 7> b ORI
B EAORREEDYE, SEaYROEREREEZ R

A&, BAQ & BkF, BLU'BAQ & I-NP L ORICIZENZE
088 BLTR0T73 &, EWENELN (Table2 (@), —F
T BAQ & 2:NP B LUK 2-NF & OFIOMBIFREIIENEiL
001, 025 LFEFITENZ L0vB, BAQ ORZNENEE IHA
BEEIRAD & OEBEPEH & 3V BEN 5D K D ICHRZT bhvd,
L72:L, BAQ & 2.NP, BELU'BAQ & 2-NF BEMO#EHGX

PHNTHRD E, TNLOMOBRITE L AL TRES R

STWAZENRRETEN Fig 1), £ THELNELE
MOBREZE L L THEL, FNEhOFEHICET 5LEY

MIOFEBREZ RDT- & Z 5, Table2 (b), (¢) -3 & 91272

~fz, EIZBAQ & 2-NP & ORITIAVHERE (r=0.71) 235

iz, 55, 1.NP & ORI ERMBE D btz

2-NP D3I RUS TR T 2 2 L 2vh, BAQ D4

FAZ B AR OV LERIESEL BE L TnD Z LAV S

5, F72 INNP L OHEIRID bR E OO, BEEEIRK
PAH T# % BKF & OFRIRENL 085 L&\ 2 &6, BAQ

DFANIRATR N B OEBE N Db FHE LTS

Lo LEREND, ZIEBAQ & 2NP BLU2NF & OO

FREREUL 020, 023 LKL, —F5 I-NP L ORfiZir=082

LRV FRBEDERD HALTn, KEEIRE DR VI TIRARK
DFENSFRINNE L 22, —AERR, LVDITT 4 —E

NHEH ZADEEES BN LD EBZBINA, LAEOMET
FERD D, KEH BAQ DFEARE LT, KiF—kEmK, B

TR AROEFEERRKE N BRI,

8705 PAH BIORELLE, Z0 5 ORAFR K ENEIES
RN BB REF EA2 b5, FIAE
Yunker et al. (2002) (&, FEFO fluoranthene/ fluoranthene +
pyrene) TS 04—0.5 DEAITATHAEE >05 OHEIL
EROAH, FIRIREEEIR T 2 FTREMD B 2 &, BaA/(BaA
+ Chr) > 0.35 DEEITAROA R EOBERIR Th 5 Whe
PESEV N L 22 KRS L OV A, 7 Tangetal. 2005) &,
%/ = 2 PAH & Z 0RO PAH L OO,
BLF-OREFHEEDT-DOH AR TH L Z LA HEL T
W5, LiL, PAH &/ >k PAH OBSEHMRZI 5O~k
RATHEEDIRIE L L CHRATH A DGR LMIENT
WA, FIT, AR TIEBAQ & PAH & D EHIHLE
MICHER L, ZOEREFEAWRL OBE W TRE LT,
Z ZTHGWS PAH I, EFIEUICK L TRIER OB E
NEV, FEEHI~ONTEBRET DLBEORESFERD
PAH 23 LT\ %, BAQ DEULEHTH S BaA lLAITH L
ThE W EE T (Niuetal, 2007; Cvickova and Ciganek,
2005), EFR-ABEOHEAREIETFLTCRESELTH
EREBEN TS (Yamasaki etal,, 1982), % Z CHEY{ L
ENCEET, RAE~ONEIINEE A E720 Y BKF Z2HH L,
saTz BAQ/BKF e i & (bl U7 #E R % Fig. 2107 T,

BAQ / BKF

\
Beijing Osaks Wajima

Fig. 2 Comparison of BAQ/BKF ratio among the different sampling
periods in each sampling site.
FHLEOAD BAQBKF HhiE, AT T24, KBROEHEERNT
T30, KBROFEEHT 19, WHET48 L7220, EWmEakk
& h[E] & AAIZRT AL A ISR biipd o T,
HOFBr R F—FIAHRTH ), FHIADEERIZIT
ERE ORI EI O E feo TV D, —F, AR
DOFBERKGERRTT 4 — L HSOHBETHD,
HOHEFE) S, BAQ O—RFEAIR S TER TR D Z LT
MENS, Tang et al. (2005) 13 30O NPAH/PAH BB
CEP HZt_T DEP ITH LW &, HIEE HACTH
£ XN AHREHITF O NPAH/PAH i, FhEnoE st
BRTFOFEREFROENFRLL T, HAIZBT HENH
BEoFnLo&EL edZ L R LTWA, £ I THAFET
H[EEEIZ, CEP 3L U DEP > BAQ/BKF LhaFi~7-#55%,
CEP H1}733 VT 3.3, DEP dHZB\U\NT 44 &, @EEOBOZET
BHEICIIERD O otz BARL PEICEIT RSN
BAQ/BKF JE LI RGO LIVRD 70, THh ootk
DFEROENE B LB 722 LGNS,
iz, BHSICRITDHEFL 450D BAQBKF et
AEARIZBWTA 24) >E (15), KROSBHHER DT
[ZBWT& 31) >E (1L7), fEEicknTs (19 >E
(1.7), BBV TE (48) >E (18) &722v, {FEHuc
BOTIIHEENIRD bIVe -T2 600, WTFNORAD
BT, BAQBKF LidAFE LY L EEDIZ I AV/IESNEW
DA BT, BAQ 38 L U BKF DM EEH (keaos
k) DRNBHRIL kpao > ko TIH D Z EDEAL NI ZFL T
% (Kameda etal, 2009b), YEAMBREEER DR E SIHDIR
BB B Z &b, KIEHSREORANEZFIIB QIR
L BAQ MYEAY RN L 0 BT L, BAQBKF EAME<
RolbOLifEREND, LiELY, BFED BAQ MK
WEIFOUNE DL LTHRROFEEIVRIBE NS, ZOZ
L1z TEZ0 BAQ ARUERZ S A AR &5 A
KEWV 20 EORSREZTET D HO TRy, —FT,
LRI TRBME L BRI B S 7= M) (BAQ/BKF =
29) 1ZiE, RIUEETH-> THLEMOIZE A LEIRISh2)
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o7 BAQBKF=17) &H~CHEICEL BAQBKF
PR ZoZE XY, JEROEWA < MHIBNT
i, BRI TR CETZIC BAQ AVERK LTV D L
bbb,

3.2 BAQ DERRIGEER
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Fig. 3 Concentration of BaA and BAQ

vs time of UV 1rradiation.

EERAITY, TR EICBT D BAQ DARNHERA
RRNEE, MORIFREICBIT DRIGORR L R L, &
BRI+ & L, DEP, CEPEIZZL EENATTOET AL
LTI I7 74 MR, £ L TRRBREERT 7 0 AT
i LAY R

3.2.1 HI7F L BaA ~DIIBERIGIZ & 5 BAQ DAERL

BaA 8 L= 80T, 77774 MT, BLOT7
o AR U TERENERE 2170, BAQ DA LR
BaA DEFEORIFELEZ T~ (Fig.3), L%, BAQ BLV
BaA OEEY, RIF SO « IEREUERS O TIRE T
RLT,

HEB LU 7 v LT 2B Tt BAQ AR HER
WA, 75774 kTR TIERL BAQ DARIIAD
#1720 7=, Behymer and Hites (1985) 1X, U #5407
NI FELV (T T o7 =Ry ETOFRR, LT
PAH [FHTE Th -7z L LT A, Yokley etal. (1986) b,
=R 2GR E G, PAH IGC LTRELENS
EHELTWAD,

T IT, FRIFREIZET S BAQ DI X USLfiRE
EARDSB10, BAQ 75 BaA DTSN EDRERL, K
RIS L TOHMKL, Fig 4 (OFT LD A — RIS SE
o0 UGl 2 ARSI Z o QB S RGE L CHEFT L T2,
FERISIZ &5 PAH 258 PAH % / L OA RIS BB CHEF T4
A ENRBEEIN TS Reyesetal, 2000), VT ROFIE
DAFUSERORE L TR L TOBIE STV, 22

Tl BaA OSSR EEERETH B LIRE L, JUG2EE

=R & L TR -7z,

products

Fig. 4 Oxidation reaction of BaA and BAQ
FOSOUERITIL, I(Cy/C) (Co : FHIIRE, C : FhefafEE
DY) L & ORICERBIRIGOND Z 50,
F OEMOME 5 S EERANR DT BaA OO REFEE T ko
ZHNT, FNFRORIGEEERTET &,

d[BaA)/ dt = ~kg,a[BaA] =+ (1)

AIBAQY dt= kg [BaA]xY-kgao[BAQ] -+ (2)

k&, [BaAl, [BAQUFEALEIEHEt (h) 1Z81T5 BaA
M, BAQBE AT, YIZBAQ FIHIER, kya kpaolt?
NZH BaA L BAQ O Esy (W) %,

F (1) k9

[BaA] = [BaAJoexp(-kpant) ~+ (3)
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wh\ﬁﬁfxnﬂﬁ' j: BAQ 1}%:@: 0 Vfé)%)ﬁ“’):

[BAQ],=0 - (4)

# (3) &2 (2) AL, KX (4) DBiREMHS &
[BaAlox ¥ kaaa B
[BAQ] = —— lexp(~huab)exp(-hpach)} ** (5)
kpag™ Kpaa

& 7:;: ", BaA a)ﬁ’tiithié:J: o'C’#ﬁlZ“}’? BAQ ?%’éf%ma%ﬁf‘é]ifi‘

’Y:t ( ) (T Fﬁiﬁi T4 J:;'/z'/7 *“H‘?Q*V“FJ“ u.vsotf
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FHEERIOICET T 5 2 21X '%i—:motﬁ 75774 b
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LW ek, SR UCA LG, SO L )20
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3.2.2 #iFEBaA &YV EDORIGIZE S BA DAER
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D RENIR 105774 b EIBANTEH BAQ MARL
AR SN, £, AV VBE--TE TSV T BaA OEGE
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Cigarette smoking is a major environmental risk factor for rheumatoid arthritis (RA). However, the exper-
imental bases supporting the etiological role of cigarette smoking in RA have not been fully provided. We
have reported that cigarette smoke condensate (CSC), by means of subcutaneous injection into DBA/1]
mice with collagen and complete Freund’s adjuvant or intraperitoneal injection one day before immuni-
zation, augmented the development of arthritis in the mouse model of collagen type 1l-induced arthritis
(CIA). However, these experimental procedures may not be appropriate for cigarette smoking. In this
study, we nasally exposed mice to mainstream CSC and found that CSC augmented the induction and
development of arthritis and antibody level against collagen. Histological examination confirmed the

augmenting effect of CSC. These findings provide experimental bases supporting the etiological role of

cigarette smoking in RA.

© 2010 Elsevier Inc. All rights reserved.

1. Introduction

Rheumatoid arthritis (RA) is a systemic disease with a chronic
inflammatory condition in multiple joints. About 1% of the world’s
population is affected by the disease. The disease is characterized
by a continuous proliferation of synoviocytes in inflamed synovia,
formation of pannus and production of proinflammatory cytokines
and chemokines by synoviocytes [1]. These cytokines contribute to
the disease by production of proteases and reactive oxygen inter-
mediates, induction of proliferation of synovial fibroblasts,
cartilage degradation, infiltration of inflammatory cells and angio-
genesis [2,3]. Fibroblast-like synoviocytes produce IL-10, IL-1B and
IL-6, and infiltrating macrophage-linage cells produce IL-18 and
TNFa [4,5]. The critical role of these proinflammatory cytokines
in RA has been verified in both RA patients and animal models of
arthritis. Significant improvement of clinical features in RA
patients have been reported following treatment with biologic
agents, such as neutralizing anti-TNFa antibody [6], soluble TNF
receptor [7], IL-1 receptor antagonist (IL-1ra) [8] or neutralizing
anti-IL-6 antibody [9].

* Corresponding author. Fax: +81 52 836 3419.
E-mail address: konozaki@phar.nagoya-cu.acjp (K. Onozaki).
! These authors contributed equally to this work.
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However, the etiology of the disease has been remained un-
known. Epidemiological studies indicate an association of cigarette
smoking with disease outcome in patients with early inflammatory
polyarthritis [10] the increase of rheumatoid factor and nodule for-
mation in patients with RA [11], and a strong association between
heavy cigarette smoking and RA [12]. Interestingly, the risk of
smoking for the disease becomes quite high in individuals, either
men or women, with shared epitope (SE) in HLA-DRB1 [13]. The
risks for RA are 7.5 and 15.7 for individuals who have single and
double SE genes, respectively, if they smoke as compared to non-
smokers without SE. In addition, maternal smoking in pregnancy
is a determinable factor of infant rheumatoid arthritis and other
inflammatory polyarthritis [14]. Therefore, cigarette smoking is a
solid environmental risk factor for RA. However, the experimental
bases supporting the epidemiological studies have not been fully
provided.

We have reported, for the first time, that cigarette smoke con-
densate (CSC), by means of subcutaneous injection into DBA/1]
mice with antigen and complete Freund's adjuvant augmented
the induction and development of arthritis in the mouse model
of collagen type Il-induced arthritis (CIA). Intraperitoneal injection
of CSC one day before immunization also augmented the develop-
ment of the arthritis, indicating the systemic effect of CSC [15].
However, these experimental procedures may not be appropriate
for cigarette smoking. In this study, we nasally exposed mice to
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mainstream CSC and found that CSC augmented the development
of arthritis.

2. Materials and methods
2.1. Reagents

Polymyxin B was purchased from SIGMA-ALDRICH Co. (St. Louis,
MO, USA). Bovine type II collagen was from KOKEN Co. Ltd. (Tokyo,
Japan). Incomplete Freund adjuvant (ICFA) and Mycobacterium
butyricum were from BD (Tokyo, Japan). Endotoxin test kit, Endosp-
ecy ES-24S Kit was from SEIKAGAKU BIOBUSINESS CORPORATION
(Tokyo, Japan).Detection limit was 0.001 EU/ml, where one EU indi-
cates 0.1 ng/ml of Escherichia coli 055:B5-derived endotoxin.

2.2. Preparation of cigarette smoke condensate (CSC)

CSC was prepared as described previously [16]. A common
American brand of cigarette was used in this study. Each cigarette
was 84 mm long, 25 mm in circumference, and had a charcoal filter
that adsorbs normally 9 mg of tar, and 0.8 mg of nicotine. Particu-
late matters from mainstream smoke were collected using a ciga-
rette smoke collection apparatus as described previously with
several modifications [17]. Briefly, cigarette smoking was per-
formed in a glass chamber (40 cm high x 25 cm id.). Cigarettes
were smoked at a condition of 90 ml of puff volume per 5 s, once
every 15 s. The mainstream smoke was collected on a glass fiber
(Shibata, Tokyo, Japan, T60A20 55 mm). This filter system is effec-
tive for the collection of only the particulate matter. After the cig-
arettes were consumed, the weights of the filters with trapped
particulate matter were determined, and the particulate matter
was extracted by sonication with benzene/ethanol (1/3, v/v) four
times for 15 min. The extract was filtered and evaporated to dry-
ness under reduced pressure, and then the residue was redissolved
in ethanol (cigarette smoke condensate: CSC). The yield of main-
stream CSC was 9.25 mg per cigarette. One mg of CSC did not con-
tain endotoxin as determined by Endotoxin test.

2.3. Animals

Specific pathogen-free DBA1/] male mice were purchased from
Charles River, Kanagawa, Japan, and the mice were kept in a spe-
cific pathogen-free condition. Standard laboratory food and water
were available to the mice ad libitum. This study was approved
by the animal ethics committee of Nagoya City University.

24. Collagen -induced arthritis

Bovine type Il collagen (CII) (3 mg/ml) solution in 0.01 M acetic
acid was emulsified with an equal volume of complete Freund's
adjuvant (CFA), which consists of incomplete Freund'’s adjuvant
(ICFA) supplemented with M. butyricum (8 mg/ml). Mice were sub-
cutaneously injected with the antigen emulsion (100 pl) at several
sites into the base of the tail. After 3 weeks, the mice were boosted
with the antigen by intraperitoneal injection of 100 ul Cll in 0.01 M
acetic acid at the concentration of 0.75 mg/ml. CSC was solubilized
with ethanol, and diluted with phosphate-buffered saline contain-
ing 0.05% Tween 20 (PBS-Tween), 400 pg/ml polymyxin B and 1%
BSA. BSA was added to prevent precipitation of CSC. Seven and
one days before immunization, mice were nasally administered
20 pl solution containing varying amount of CSC. As a control vehi-
cle alone was administered.

2.5. Assessment of clinical disease activity

The severity of clinical disease activity in the mice was deter-
mined by examining each of the four paws and scoring on a scale

of 0-4, as follows: 0 =normal joint, 1 = erythema and swelling in
one finger, 2 = erythema and swelling in more than two fingers
or one big joint, 3 = swelling with below 4 mm thickness and ery-
thema in one entire paw, 4 = swelling with over 4 mm thickness
and erythema in one entire paw and joint rigidity. The total score
for clinical disease activity was based on all four paws and was a
maximum of 16 for each mouse.

2.6. Histology

Mice were sacrificed on day 40 and hindpaws were removed,
skinned, fixed in 4% formalin, decalcified, embedded in paraffin,
sectioned, and stained with hematoxilin and eosin.

2.7. Measurement of antibody against collagen type II

The level of anti-collagen II antibody in serum was measured
using the enzyme-linked immunosorbent assay (ELISA). Sera were
collected by retroorbital bleeding, using a capillary tube. Bovine
type II collagen was diluted at a concentration of 5 pg/ml with
PBS containing 0.1% BSA, and immunoplates (Nunc, Roskilde, Den-
mark) were coated with 100 pl of the antigen solution, and incu-
bated overnight at 4 °C. The plates were washed three times with
PBS-Tween, and blocked with PBS containing 0.1% BSA. After incu-
bation for 1 h at room temperature, the plates were washed three
times with PBS-Tween. One hundred pl of serum obtained from
each mouse, diluted 1:10,000 with PBS containing 0.1% BSA, were
added to the wells. After 1 h incubation at room temperature, the
plates were washed five times with PBS-Tween. One hundred pl
of peroxidase-conjugated rabbit anti-mouse IgG (H +L) (Zymed,
San Francisco, CA), 1:4000 dilution (Zymedd), was added. After
1 h incubation at room temperature, the plates were washed seven
times with PBS-Tween. One hundred pl of substrate solution (KP,
MD) was added, and incubated for 30 min at 37 °C. The reaction
was stopped by adding 26 pl of 6 N sulfuric acid. The reaction
product was measured by determining the absorbance at 450 nm
with reference 595 nm using a microplate photometer (Bio-Rad
Model 3550).

2.8. Statistic analysis

Differences between group means were assessed by Mann-
Whitney test. P values less than 0.05 were considered significant.

3. Results

3.1. Mainstream CSC augments induction and clinical development of
arthritis in mouse

In order to examine the effect of mainstream CSC on collagen-
induced arthritis, varying doses of CSCs were nasally administered
into mice 7 and 1 day before immunization, and mice were immu-
nized with bovine type II collagen emulsified with CFA on day 0,
boosted with the antigen alone on day 21, and then the develop-
ment of arthritis was measured. Mice aged 4 weeks were used
for the experiment because in the younger mice the incidence
and clinical score of arthritis were relatively low as compared to
older mice, allowing us to determine the effect of CSC. We have
previously shown that mice not immunized or immunized with
antigen emulsified with incomplete Freund’s adjuvant (ICFA) or
treatment with CSC alone did not develop arthritis during the
course of the experiment. However, the mice immunized with
antigen in CFA (control) developed arthritis with the duration of
time. In contrast, treatment with 20 pg CSC per mouse augmented
the induction and clinical development of arthritis, and the treat-
ment with 100 or 200 pug CSC per mouse further augmented
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(Fig. 1A). Although the difference of scores between positive con-
trol and CSC-treated groups were not statistically significant, base
on mean value CSC at any doses augmented the clinical develop-
ment of arthritis (Fig. 1B). The mean body weight of CSC treated
mice was low as compared to control mice, although the difference
was not statistically significant (Fig. 1C). The serum antibody level
against collagen type Il was measured. As shown in Fig. 1D, the
antibody level was elevated by the treatment with CSC.

3.2. Histologic evaluation

Histologic evaluation of joints of mice was performed on day 40
at the same experimental condition with Fig. 1. The finger joints of
the positive control mice exhibiting mild arthritis had moderately
destroyed cartilage and subchondrial bone accompanied by infil-
tration of inflammatory cells, which is in contrast to normal mice
(Fig. 2A and B). More severe destruction of the joints accompanied
by a large number of inflammatory cells was observed in mice trea-
ted with CSC (Fig. 2C).

3.3. One time exposure to CSC is sufficient to augment the induction
and clinical development of arthritis

In the previous experiment mice were exposed to CSC twice on
day -7 and -1 before immunization. In order to determine whether
two times exposure is necessary for the augmenting effect of CSC,
mice were nasally exposed to main stream CSC once on day -1 be-
fore immunization and its effect was compared to that of mice ex-
posed twice on day -7 and -1. As shown in Fig. 3A, only one time
exposure to mainstream CSC one day before immunization aug-
mented the induction of arthritis comparably to two times expo-
sure to CSC. One time exposure to CSC also significantly
augmented the clinical development of arthritis and antibody
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induction against collagen comparably to two times exposure
(Fig. 3B and C).

4. Discussion

In this study we showed, for the first time, that nasal exposure
of mice to mainstream CSC augmented the induction and clinical
development of arthritis in collagen-induced arthritis. In our previ-
ous report we added CSC into the emulsion of antigen and CFA in
order to chronically expose the mice to CSC, which is thought to
mimic the daily intake of cigarette. However, CSC might have di-
rectly modified the antigen. In addition, smokers are exposed to
cigarette smoke at the remote site from synovium. Therefore, we
administered intraperitoneally CSC one day before immunization,
and found that CSC also exhibited the augmenting effect, excluding
the direct effect of CSC on antigen. Rather the findings suggested
the systemic effect of CSC on mice. Nasal exposure of mice to
CSC is more relevant to cigarette smoking, and our present study
indicated the effectiveness of the nasal exposure of CSC as well.
Interestingly, only one time nasal exposure to CSC on one day be-
fore immunization exhibited the augmenting effect. Therefore,
only brief exposure to cigarette smoke may become a risk factor
for induction of arthritis in a certain condition, and chronic expo-
sure expands the risk for arthritis.

Our study is in contrast to the report showing that cigarette
smoke and nicotine exposure delayed development of collagen-
induced arthritis in mice [18]. This may be because nicotine is
known to inhibit the production of proinflammatory cytokines
from macrophages [19]. However, even brief exposure (for 1 h)
to second hand smoke is able to increase serum level of proinflam-
matory cytokines for at least 3 h after exposure [20]. Therefore, cig-
arette smoke, even if it contains nicotine, is able to induce
proinflammatory cytokines in vivo. Or the discrepancy may be
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Fig. 1. Mainstream CSC augments the induction and clinical development of CIA in mice. DBA1/] mice (6 weeks, male, n=8) were subcutaneously immunized with CllI
emulsified with CFA. Seven and one days before immunization, mice were nasally administered with 20 pl solution, each containing vehicle, 10, 50 or 100 pg CSC. After
3 weeks, all the mice were boosted by an intraperitoneal injection of Cll, and then clinical development of arthritis was determined. Serum was collected from each mouse at
indicated time, and antibody level (IgG) against collagen type Il was determined by ELISA as described in Section 2. (A) Arthritis incidence. (B) Arthritis score. (C) Body weight
change. (D) Antibody level against collagen. Each point and vertical bar represents mean + SD. of 8 mice per group. *P < 0.05: significantly different from the positive control

value.
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Fig. 2. Historic changes of tarsal joints. All sections stained with H and E. A-C are
sections of finger joints of representative mice from the experiment described in
Fig. 1. A, Synovitis of non-immunized mice. B, Synovitis of mice immunized with CII
emulsified with CFA. C, Synovitis of mice immunized with CIl emulsified with CFA
and administered with CSC (200 pg per mouse). Original magnification, 40x.

due to the experimental conditions. We collected the particulate
matter in the smoke from cigarette equipped with a charcoal filter
while Lindblad exposed mice with smokes from unfiltered ciga-
rette. Therefore, CSC we used may contain less amount of nicotine
than unfiltered smoke, and the balance between the active mole-
cule and nicotine may be important for augmenting the induction
of RA. If it is the case, the cigarette containing less amount of nic-
otine, such as nicotine less brand, may be more hazardous in
induction of RA.

The active molecule in CSC responsible for the augmenting ef-
fect remains to be clarified. CSC may contain endotoxin (LPS),
which is able to induce proinflammatory cytokines from macro-
phages, subsequently it may contribute to the augmenting effect.
However, 1mg of CSC did not contain LPS (detection limit
0.001 EU). In addition, we avoided the effect of undetectable level
of LPS by adding polymyxin B into the CSC preparation. Therefore,
the active molecule is not endotoxin. We have previously reported
that polycyclic aromatic hydrocarbons (PAH) such as 3-MC, B[a]P
and TCDD up-regulated IL-1B mRNA in RA patient-derived human
fibroblast-like synoviocyte line MH7A [21]. We also reported that
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Fig. 3. Exposure of mice to mainstream CSC one day before immunization
augments induction and clinical development of CIA. DBA1/J mice (6 weeks, male,
n = 8) were subcutaneously immunized with Cll emulsified with CFA. Seven and one
day or one day before immunization, mice were nasally administered with 20 pl
solution, containing 100 pg and 200 pg CSC, respectively. After 3 weeks, all the mice
were boosted by an intraperitoneal injection of ClI, and then clinical development of
arthritis was determined. Mice administered with vehicle on seven and one day
before immunization was as used as control. (A) Arthritis incidence. (B) Arthritis
score. (C) Antibody level against collagen. Each point represents mean * SD. of eight
mice per group. *P < 0.05, **P < 0.01: significantly different from the positive control
value.

CSC induced IL-1a, IL-1B, IL-6 and IL-8 production in the cells
[22]. As the effect of CSC in vitro was partially inhibited by an
antagonist for the aryl hydrocarbon receptor (AhR), PAH as well
as other compounds are thought to contribute to the augmenting
effect in vitro. This may also be true for the effects of CSC in vivo.
In human higher AhR mRNA and protein levels were expressed
in RA synovial tissue than osteoarthritis (OA) tissue, and AhR
expression was up-regulated by TNFo [23]. However, DBA1/] mice
used in this study are nonresponders to PAH because their AHR is
different from those of susceptible mice [24], suggesting that
active molecule in this study is different from PAH.

Currently about 1% of the world’s population is affected by the
disease. Nevertheless, studies on document, excavation, examina-
tion of skeletons and paintings suggest that RA has not been found
until 17 century in old world (Europe) [25-29]. Guillaume Baillou
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(1558-1616) and Thomas Syndenham (1624-1689) first identified
RA and distinguished it from the related disease, such as gout and
rheumatic fever. Therefore, the reason why RA has not been found
in the old world until 17 century is a big mystery [29,30], and RA is
thought to be imported from the new world (America), where RA
was present from 3000 to 5000 years ago [26]. Tobacco was also
imported from the new world to the old world [31]. Rothschild,
Turner and DeLuca suggested tobacco one of the candidates that
could be responsible for the appearance of RA in Europe [26]. A
number of infectious agents have been suspected of triggering
RA, including Epstein-Barr virus [32], parvovirus B19 [33], rubel-
la[34], human T-cell leukemia virus type 1 [35] and some bacteria
such as Erysipelothrix [36], Proteus [37], Mycobacteria [38], Candida
albicans [39] and Porphyromonas gingivalis [40]. However, only cig-
arette smoking fulfils the requirements by both the epidemiologi-
cal study and historical contexts. In our study mainstream CSC, as
low as 20 pg per mouse, augmented the induction and develop-
ment of arthritis. As the yield of mainstream CSC was 9.25 mg
per cigarette, the dose of mainstream CSC (20 pug per mouse) is
reachable if individual with 60 kg body weight takes only six ciga-
rettes in assuming that all the smokes were adsorbed. Actually
heavy smokers daily intake much more cigarettes and the number
reaches up to uncountable level for a long period of time. There-
fore, significant amount of CSC can be accumulated over a long
period of time.

Although further studies are needed to clarify the mechanism
and the molecular entity of augmenting effect of CSC on induction
and development of arthritis, our findings provide experimental
bases supporting the etiological role of cigarette smoking in RA.
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Improvement in Efficiency and Accuracy of Goldfish Scale Assay
with Automatic Area Measurement
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Abstract

Teleost scale is a calcified tissue that contains osteoclasts, osteoblasts, and bone matrix, all of which
are similar to those found in mammalian membrane bones. We have developed an i vitro model system
using goldfish scale as a bone model. This system can detect the activities of osteoclasts and osteoblasts
with tartrate-resistant acid phosphatase (TRAP) and alkaline phosphatase (ALP) as the respective
markers. In the present study, we have improved this method by normalization of enzymatic activity with
scale areal correction using image processing software. This methodological improvement made the
system considerably efficient and accurate, and made it possible to measure TRAP and ALP activities
even with the small scale of 0.5 mg or less. In addition, our new method minimized the influence of scale
size on measurements of enzymatic activity.

Key Words: scale, unit weight activity, unit area activity, osteoclasts, osteoblasts
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Fig. 1 Schematic of sampling location for scale removal.
Scale sampling for development of alternated
measurement in TRAP and ALP activities: 192 scales
(numbered scales) were collected from 6 horizontal lines
(from A to F) of scales along the lateral line of scales on
both side of the body. TRAP and ALP activities on the left
side of scales were measured with weight correction
method and on the right side of scales were measured
with areal correction method.
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Fig. 2 Arepresentative stained-scale image captured by
an image scanner. After scales were stained with
methylene blue, it were washed with saline and arranged
in a 96-well plate-like array on a polypropylene sheet.
Then the image of these arranged scales was taken with
an image scanner.

2200

- T ———
o A loaded raw image

Maximization
of
mage contrast .«

Ul

Mirrnure
M
Brghiess

Contast

A processed image

M3 E#Eav FSAMORKE. EBEOLEYT RS T
Mmage J1 I2&Y, HRIEZOIY SR FERAL
L, BE&Yoausnn/ 4 XEg%kELk-.

Fig. 3 Maximization of image contrast. Dragging the
slider of contrast to right side to maximize the contrast of
the scale image. Then, almost all noise components on
the image except scale are eliminated.
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Fig. 4 Image binarization. An original image file is
separated into trichromatic color images (red image file,
green image file, and blue image file) to convert an image
into binarized image, using "split channels" command.
Generally, green image file suit a wide range of images
for an accurate area measurement. Then, area
measurement is automatically processed by clicking the
mouse cursor on each scale of green image file.
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Fig. 5 Correlation analysis between scale weight and
scale area.
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