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Determination of particle-associated PAH-quinone in Japan and China:
study of the concentration levels and the cccurrence processes
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Selected polyeyclic aromatic hydrocarbons (PAH), nitrated PAH, and quinoid PAH (PAH-quinone) in airbome particles were
simultaneously determined at Beijing, China, Osaka, Japan, and Wajima, Japan. The concentration of particle-associated
2-benzanthraguinone (benz[alanthracene-7,12-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 1-nitropyrene concentrations in the winter imply that atmospheric secondary reactions and primary emissions significantly contribute to
the occurrence of atmospheric BAQ in the summer and winter, tespectively.  The concentration ratios of BAQ to benz{A]flucranthene (BkF)
in the summer were lower than those in the winter due to the instability of BAQ under sunlight.  The BAQ/BKF vatio at Bejjing in the Asian
dust season was significantly higher than that in the regolar spring season, suggesting that the secondary formation of BAQ is promoted by
catalytic effects on the Astan dust surface.

Key words : Quinoid Polyeyclic Aromatic Hydrocarbons, Atmospheric Secondary Formation, Asian Dust, East Asia
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R : 1957mYg, THIRES @ 13.65 um) BLUT 7z fr
F (PTFE, TLP-10F-1, BET MR : 11.79 mYg, TEHGRIRE .
033 pm) 1, BEEESERB LU EHT ol vonsr I
BWEYFNEFNAT UL, ORI 200 mg 2T A7 5 R
BV LY, 20 M BaA (V7 mmAX PR 10mL &
MAT=OL, SR I RfMLE, Bildin—2Y—=
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PR — R O THE S, ol TR L nRs
FOUCEIR L, FSHRRE

78

& L7z, BaA I3~ Cof
| nmol/mg-HrF- (Ar-F- sl Zxf

%) &7ed KD IHRE L,

TAZRUOTHIEA BaA i
+ AN 0D BaA W

2.5.2 #Fk Bah ~DNIBEIRIE

BaA ZHEFS M0 10mg Vv — L (N 19cem, #
El2em) TRV &Y, INEMNESIGETICBOTT 7y
754 57 (FL20S-BLB, 20W, TOSHIBA) 4 REHRY
7 Ly o AROFESEENICHE L v — AL
BRI 51T DEEIEBARE #9600 pWient), 03 BFRIZRSRE
FEST L7z (n=3), FBEY L72SR0NEBRAET S UV LIGHT METER
UV-340  (CUSTOM) CTHIE L7z, BOSHOREF7 5 4k
FLUTIR IR TRl - B8 L P a i 5o+
— L P 50 mL D231 TAEERNICAI, 30mL 0P
KT8 A AL 20 STEE IR T o T, FHEEEE 045 im
DAT T 7 4 F—THRL, DMSO 100 uL ¥l 7z
DHLEEER T TS v un A X LV RERE, 7T =00
400 L 2%, HPLC it Uiz,

2.5.3 BiFEBA AV EDRR
BaA ZRFRFSHTRF 10mg B v — L

1
<

P

)

v 7 RS ASNICERE L, 0-3 BHE Y v & ORUSEAT

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 Befiing
Asian dust period Spring Summer Winter
Compound  Mean(n=3) Range Mean (n=4)  Range Mean (n=4)  Range Mean {n=25) Rangg Mean (n=22)  Range Mean (n=5)  Range

BAQ 2.1° 0.09-3.2 6397 0.32-048° 32° 24-37 ® v 4.6-35° 48° 1.5-80 ¢ 1017 66-134°
PAHs

Chr 46 0.069.0° 032°  026-037° 28t 21-33° e 55-92°7 55°% 1.6-11° 112° 88-136 "

BaA 1.6°  004-16° 0.06%  0.12-019° 8% 14-20 ne 23-647 25°  071-59°" 77t 62-98°

BbF 15%  006-235° 026°  021-030° 36° 28-46 ° 28t 6.0-131° 13° 3.0-25° 139° 101-191"

BkF 0.64°  0.03-1.1° 009"  0.07-0.10° e 83-14° 87" 2,1-37° 4.1° 0.92-8.2°% 42" 30-58 °

BaP 13 004210 0.18°  0.14-021°% 9t 14-23 ® 12° 2.9-63° 36° 1,2-7.5% 73° 54-95°
Nitro-PAHs

1-NP N.A. NA. N.A. NA. NA. NA. N.A. NA. N.A. N.A. N.A. N.A.

2-NF N.A. NA. NA. NA. N.A N.A. N.A. N.A. N.A, N.A. NA. N.A.

2-NP NA. N.A. N.A. N.A. NA. NA. NA NA. NA N.A. N.A. N.A.
Particles © N.A. NA. 23 19-2.8 717 300-106% 416 186-808 b2} 84-400 193 142-243
BAQ/BIF 3.3 2.9-4.0 4.4 4.0-4.7 2.9 2.6-3.6 1.7 0.55-3.4 1.5 0.43-3.6 2.4 2.0-3.0

Osaka Wajima
Roadside Residential arca M
Surtener Winter Summer Winter Sunmoer nter
Compound  Mesn(n=9)  Range Mean{n=10)  Range Mean{n=8) Range Meanin=8)  Range Mean{(n=4)  Range Mean{n=35)  Range

BAQY® 4.0 2.1-5.7 14 4727 1.2 0.34-19 28 0.99-5.5 0.06 0.05-0.09 0.53 0.23-1.2
PAH®

Chr 73 32413 8.0 4.6-21 L1 0.40-1.9 38 1.0-7.8 0.07 0.04-0.10 0.23 0.11-0.56

BaA 32 1.0-5.6 3.4 1.8-9.5 0.38 0.17-0.67 1.9 0.28-4.9 0.02 0.01-0.03 0.09 0.04-0.22

BbF 79 3.6-16 8.5 43-19 22 0.89-3.7 46 1.1-8.6 0.09 0.07-0.13 0.34 0.15-0.78

BF 2.6 1.3-4.4 4.6 1.8-8.6 0.72 0.29-1.2 1.8 0.35-3.4 0.03 0.03-0.04 0.11 0.05-0.24

BaP 28 1.4-42 8.3 24-33 0.82 0.26-1.6 16 0.41-3.4 0.06 0.04-0.07 0.14 0.06-0.29
Nimo-PAHs®

1-NP 106 43-197 235 50-363 125 57-190 27 9.1-4% N.A. NA. N.A. NA

2-NF 289 72-647 44 21-84 195 63-423 46 15-87 N.A. NA. N.A. NA,

2.NP 50 17-116 20 4.6-33 13 3.9-35 83 2.7-26 N.A. N.A. NA. NA.
Particles © 68 42-119 123 46-182 35 15-52 24 15-30 9.5 8.6-11 83 36-17
BAQ/BKF 1.7 0.93-3.0 3.1 23-4.9 1.7 0.93-3.0 1.9 0.92-2.2 1.8 1.6-2.1 4.8 43-53

N.A. @ not available, # Given in units of nmol mg?, ® Given in units of pmol mr¥, © Given in units of ug w3, € Given in units of finol m?
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Table 2 Correlation coefficients among BAQ, BkF, 2-NP, 2-NF and 1-NP.

(a)  Suomer and Winker by Summer ()  Winer
BAQ BkF 2-NP 2-NF I-NP BAQ BkF 2-NP 2-NF 1-NP BAQ BkF 2-NP 2-NF I-NP
BAQ 1.00 1.00 1.00
BKF 0.887 100 0.857 100 0.897 100
NP -0.01 017 1.00 071 0727 100 0.20 0.24 1.00
NF 025 -0.12 0.777 100 0.41 0.40 0.83™ 100 0.23 0.33 0.13 1.00

NP 0737 0697 015 -0.03 1,00 0.21 040 0.08 0.17 1.00 0827 0767 043" 020 1.00

*p<0.05, ~p<00]
ot o= 3), AV LAY R R T TRIZ 3 B EOFERREAR DI QS KIRDREID 454
EAERL f“*ﬂ", FEHOTAL LT3 ppmv OIRETE AN G, BAQ, NPM% 3 LUV PAH BEERIORB AR~
IS U, SOREEBINOAY VBB Table2 [ZBAQ &, ISR (IR PAHBRT
(MODEL 1200, DYLEC) #HWLT®=&—1L7 HB BKF BLW 1—NP, E bl fv‘@:;ﬁzé!—:ﬁﬁz NPAH T

ko N

i

L

Bi)t:&@wﬂi 252 L[FRROSHIE Gl - BREEAE L, % 2NP B L UV2NF & OMBIREE R U, BRFIZTHE, B
HPLC S#rioti Lz, B, BEED L QR U y*& 6 LgEgE R

T A (Miguel etal, 1998; Tang etal ,2005), —J7 1-NP {xboig
3 fERLER BUER RO T TE CRAL, EMIZBIT A EEARS
3.1 BERERTL L UICRBEERAFONN HJRTT 4 —EBREOBETH D L BN TV (Tang et

s, KB f WEBLERSART), R 4 Hid al,2008), £ 2NP HEIZ OH T UAAOBREISIC L YK
FREE L7 RSB T I ON, PUEESREF (DEP, CEP) SR Z 2B shTy v?a (Atkinson and Arey,

OV BAQ, PAH, NPAHJREEA Table IR U7, ABRIZ  1994), OH T VAT KEHF ORI Lo THERT 3
BT ABEHEEIT 2001 4E~2003 SUZITRITIY, S EE6OENECH Y, EEOBRERIEYr LS, Lt
SO ORER & R S EHOIE D 3B A%, 2008 35T 2NP 4R i*igf APzt b LBz onb, —F
SRR KRS O RREENE R SRS L UMY R R ) 2-NF 1X OH T ¥HAmis m;, HHENIREN 515 NO;
T EERICIE S TR SHU7 BaP OESIE (FIVAI 13 SUMADBIEINIC S o THAERT A7, BEETTR
pmol/m’ 33 KT8 0.9 pmolin’ 3 BUHTEERAM, 2009) &, K

WF5EC 2001 SECEDI SN TR L T 7

Chrolol Linb, ()

BHLEIZISIT D PAHL E) xff?( AL R IR

140
S‘Eﬁ-??ﬁ%‘?ﬁ -R ;L \E“ hU? iﬁlfﬁw & ,»»L‘f”i 5L, 120 °
: 100 / R=0711
pmo!/m T Zﬁ”) v, kxnl%f@*@ B‘\Q T’i"){ £ 0.53 pmob’nf fivy] _ﬂ_Z; 6| / . :i‘:’i‘m
#1200 % S LT, ETn, REEOEMRERERT LT &l R =005 i
2351 HAD BAQ YRR 14 pmolim® L EEEE LT, dhiT 20 P S
DED BAQ FEEIL TAELLERWZ L2507, #iE o b 2 s °
DAZFEIZBIT S BAQ BEIIFIZIY, 77 AD rual site T 0 5010 15 200 250 30
75 Sollitres TO1-11.7 pmoi/'ms (Albinet etal, 2006), # U7 BAQ / pmol m?
=TT 39427 pmolm® (Chung etal., 2006), 75 il ()
T 0.93 2.2 pmol/nt’ (Andreou and Rapsomanikis, 2009) & 700
FENTE V), TALG B EE LT B G BAQ BT 600 ¢ Re0an
Tk L RN D L I R AT A L, L %500 /
ISR ARE T BAQ IBER, & (I(H pmol/m") > FEbA Z a0 *
AN (3? pmol/m’\ >4 (12pmolim”) >H (4.8 pmolm’) :»; 300 N 0S@mr
DIFIZE <, flﬂi—ﬂv{&‘%; L = PAH :55'31 B ﬁUU\/J SR 2 00 | & "
BoI EORBITHT S, KSR BAQ B 00 e oy pro
LU PAH RIS FEDIEH és;‘i:”;zww;m%ﬁ o L E T SR
Bohi, Z <73‘a\w1<¥j i SO B RS 0 s s 28 30
PAH % RSB O & *‘m,x LT (Sienra, 2006; BAQ/ pmol m*
Schnelle-Kreis et al., 2005) . Fig. 1 Scatter plots between BAQ and 2-NP (a), and 2-NF (b).
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R IBWT S kAR ENA  (Atkinson and Arey, 1994)
VNP TR AR NPAH S IBEEIR T P b ORIRS
20, BEAORREEDYE, SEEHMOMHBEREERD
A&, BAQ & BKF, BLU'BAQ & I-NP LOIZiZENE
FLOSRIBLTR073 &, EmWENE LN (Table2(@).
T BAQ & 2NP BLU 2NF » OFOHBFERIT TR
001, 025 LIFEITIENT LD, BAQ ORENENEILR
LA S R L3R OBER B A KD IR b,
LaL, BAQ & 2-NP, BLUBAQ & 2-NF IRERDEATE
EHNTHDE, FNLOMOBRIIE LA L TRECAR
STWAIERRTEN Fig V. £ THLNEE
YR LA THEEL, TRENOFHICBT A A
RAOMIEIESE RDT- & 75, Table 2 (b), (0) 1R T & 91272
o7, EIEBAQ & 2NP L ORI MEE =071) #4656
i, —75, 1NP & ORIISE BRSO bihvanoT,
2-NP B bR RS E R CAENT 2 2 &0, BAQ D4
BT & REPONERIEONES B L O D 2 LAVRES
N5, E7o NP & OMBEIERD BAen b 0o, BB
PAH T BKE & OIEBIREGT 085 LBV &k, BAQ
DREIIRATRD LOEBHE D b TEHE LTS
LOLHEEEND, AN BAQ & 2NP BLU2NF & OO
FERIAENE 020, 023 K<, 5 NP & ORIIZIEr=0.82
L3R FRREASTRD B, AR RN VT TYRAERL
DEEHREITNE A2y, —RER, VDT 44—
JVHER ADBEDR BN b0 LB bND, LUEDRT
FEEAND, K& BAQ OFAERLE LT, Ki-mAER, B
VI HIEROFENRE N LR EN

B7p 7 PAH DB, 21 & OFRAFRENEIREL
AT A0 RRERES 2B eR3b D, flAE
Yunker et al. (2002) %, FEHPO fluoranthene/(fluoranthene +
pyrene) BEEEELDY 04—0.5 OEAITAERGE >05 DEET
BRoRE, BRI CH A AR &, BaA/(BaA
+ Chr) > 0.35 DBATIE IR R & ORFEEIR Th % FIiE
PERENAT 7 PR LTV A, £ Tangetal. 2005) B,
F = hPAH & FDOFHEO PAH & OO RS,
BIFOREEREOTSOFRBECThA I LEHELT
WA, UL, PAH %/ & PAH ORELAZN DR
REFHEEDBIE L U TR THAHENTABMNIENT
WV, FIT, AFIIETIBAQ & PAH L kA ELRIHLE
FICHER L, FOZER LB OREIZ OV TRET LT,
I ZTHIVA PAH I, (SR IR L TEE R L ORERE
NIV, FEHAONIE B ET D UEOIR S TR
PAH 258 LT3, BAQ OBULATH D BaA ITHITH L
THEDEETLRC (N etal, 2007; Cvitkova and Ciganek,
2005), EE-EOSESBEIEELTREELTSZ
LAEI LTS (Yamasaki et al, 1982), & 2 CHERYEE
Bl T, S OSENNT LA S BRF A LS
DT BAQ/BKF Fo& M 2 & 1 U7 A Fig 2 1R T,

BAQ/ Bk

Bedjing Quska Wajtma

Fig. 2 Comparison of BAQ/BKF ratio among the different sampling
periods in each sampling site.

.

ST 30, KIROEEMT 19, T 48 &0, WmEEk
B L AT ABEIICAE BRI ol
AFDOLFEE FAF—FIIERTH Y, FRIAOBEFEICE
R OREIB M E O - E R Tn S, —0F, B
DFERREIERFIIT «—ENVESOESETHS, h
bHOESED D, BAQ MO RFANR S TEMTELRD I LT
&N B, Tang et al. (2005) T3 O NPAH/PAH AL
CEP HZHT DEP T8 LAV &, HEE BATH
£ XA A KGRI NPAH/PAH b, FR VB TRy
BT OEERAEROBNEEIR LT, AR D)
EDFRIVELRAILEERHL TS, I THYHET
bR, CEP 35 XUV DEP "D BAQ/BKF HAFR~VfER,
CEP #4243\ VT 33, DEP FIIIBW T 44 &, FEEOBIOEL
SR biveiote, BARE RECIsT D RERF
BAQ/BKF BB IR LR 7odlE, THEnk
DSRAEROB B Uo7 /nb 2 EZ BILD,
£77, FHURICBIT A ESR L LEO BAQBKF Ha gy

BLIERIZRNTE 24) >H (15), KEOWHHERMT
ZBNTA (D) >E 7)), fEEioseTtg (19 >E

(.7), BEIZOTA @8) >E (1.8 k40, i
BOTTHFEENRO NP0 D0, WO
BT, BAQBKF HITAEL Y b EFDITZ I IVhEneEn
A BT, BAQ 35 X U BKF DN HEHEE TR (hpao
kgye) OFVBHRIT kpag >hpe THD L & MEHL I EIUTH
% (Kameda et al, 2009b), A EEEFEIRORE SO
FEHEAIT 2 2 bnh, KEBEBREOMRVEFTBOTIR
AP BAQ DYESRA L 0 BEEEIEIT L, BAQ/BKF HAMEL
ol bdEHEREND, YLD, EE0 BAQ BENME
VEREOUNE D2 UTESHEOEN SR SN A4, 02
L3 THZED BAQ RGBT 55 TUAERD “FE” A
KEW] B0 ROERETET S L0 TERY, —FT,
ERUZ IO THE e B B S 7R (BAQBKE =
29) 124, BUEETH THLEROIZE A LB SN
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ST (BAQBKF=1.7) & HATHEILS  BAQBKF i
RO, ZoZ LY, LEOERA SV MERIBNT
I, EERTEELECHSIC BAQ MER L QR I 2 AN
s,

3.2 BAQ DERIRUGEER
3.0 OFRSREZT, ERTREICBIT A BAQ TRARIC

BA DR AARRET H7o0IT, FEACREPVERGERE &
ENBNFIE, BLUAY v & DRIRIZ L5 Baa OEE{LER:
1o -4 0.2
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Fig. 3 Concentration of BaA and BAQ

vs time of UV irradiation.

#2158 (@011 25
EEREITV, HBRITRE EICBI 5 BAQ WAERGHERA
RIS, ORI TS A RIGORFR LR LT, &

FERIF 2 LT, DEP, CEP&IZEL EENBZTTDOEF AL
LTI 57 574 WRF, # L TEENERT 7o
& Fvie,

3.2.1 HiF L Bah ~DFEBE R L B BAQ DEERL

BaA ZAR L7 BRI, T 7 v A MR, BLUT Y
0 AR LTIV BRI BT, BAQ DAERB LU
BaA OWEEOREE(L T~ Fig3), P, BAQBLUW
BaA OIREY, BP0 OHb - SRR ORMREC
RLT,

S LU 7 v R BT TE BAQ AR X
A, I 7 v A b RECEOTEe< BAQ OARIEAS
Nighsotz, Behymer and Hites (1985) 1E, U 57
NRFEIN BT T oo I—R LTOHR, FTH LT
PAH IEETH -7 LS LT 5, Yokley etal. (1986) B,
H R B SR O, PAR IS U TEERERD
EHELTNS,

T I, ARITEEICBTT D BAQ DIERE JUSESARE
BERRD BT, BAQ 78 BaA DWEISNEDHER L, 3¢
o Lo ToRMEEL, Fg 4 1TRTL 52 EUTANE
Fr U TR 2 ABREISINE o T A R LT L,
R &5 PAH 735 PAH 3/ OB S B O T
A EPREENTHAS Reyesetal, 2000), WTHILOEIS
DRFEISEEOBEEZ TR L COLMEIALI TR, T2
TIE BaA OB EEREECTH D LIREL, Jotaks
—REGS & L CHE- T,

oy ol
i TBad il (BAQ
M]/\[/J W products
A — LU —
I \V/W
|
o
BaA BAQ

Fig. 4 Oxidation reaction of BaA and BAQ
FUSOHIEICIL, WCyC) (Co : FIEIRE, C . SRHEOARE
OBEEE) LSRR L OFICERBIRAE LD 2D,
FOEROME E 25 FEINTRD 72 BaA D5 REE T kpa
EHNT, FRANORISEEECTET L,

dBaA) di = kg [BaA] -+ (1)

ABAQY df=kga[BaA]*FJuaoBAQ] (2)

ZDEE, [BaAl, [BAQUIFNZIUEHEt () (28615 Baa
BEE, BAQIREEZA T, Y BAQ IR,
N2 BaA & BAQ D fifEES M) 77,
#H (1) &9

k}gaA, iCBAQ 41%

[BaA] = [BaAliexp(-kpaat) - (3)
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FUSHAAN T BAQ IR 0 TH A,
[BAQ)=0 - (4)
#(3) &3 (2) IRAL, 3 (4) DBEREES &

(BaAlo® ¥ k,
" {exp(hgusd)-expipagfl}  (5)

BAQ] =

kA Faaa

L0, BaA DFSURIZ L > TERTS BAQ TR DR
{biaat (8) TEAND, FHC LD BAQ IREEORE
i (5) ORI T o v T 4 7 SR zhm RN SIY
% BAQ OSFEEEEEI (kpag) BIOWHMLE (1) AR
7= (BAQ DRI ”J:’iﬂ,zww f'&‘ ST A }\fw»r ‘i
o FORER, F 7w R

=0061"), Y=0011 =096 M W b“‘/L/’:E\ :
FAZBN T T kgag R OAE TLEWT 4 T 47D
Bl eEERDD T &%vcwmw?’?-ﬂ ZOEmE LT,
ZEPECEFTT 5 BAQ DARBUSOREEENE A BaA D4R

WRAEEL, —URETERS S Z LN TH - T
BELE OZ’V“)Q

TRERER T, AVECHEBRT L CONBIRIC LB BAQ AR
A THERRA 451@39& PTAIEITERDT, 77574 b

Ao
i pe

i Sl M o A I A DA I e Y BAQ b i
LTuvwen b, BERCALLY L, 8oL 574y
B LT, BaA ONRMESURIZ LY BAQ MTIRAERT S

B EAOIT SV D D AR ST,

3.2.2 %ﬁ?.ﬁ: Bah t?f“)"lzé:(f}is’if:"GLQEé BAQ G)EEJZ

A M aJ: UF7u /%"1 : {
i, BAQ DR LU BaA a;m:\wéi%ﬁ* STV T
7o (Fig 5), A 2 ORIETHE, FREEIRIZSOTEE
FOR O/ =725 774 b RN p%; BAQ R
PRSI, E, AV VBB —E TR T BaA ORGSR
IE—R G & B D (Albic-Jureti¢ et al, 1990; Kahan et al,,
2006 Perraudin et al,, 2007) T EMD, 321 TITo7d L EEE
ZLT, T4 vT 4 oI LRI BT A BAQ S
J?bfi EI Upag) B ”‘?Uﬁﬁﬁ% (Y) ZsRibie, gk
M kgag=347x 107" (=02017), ¥Y=0052 (=096), 7'
T 7 A NPT pag =963 x 107s" (=0350"), ¥Y=0013
(r=099), 77 2 AT Tldhuag=9.61 x 10757 (= 0351,
Y=0019 ¢=098) &7, FHIEEE- T
F7 A FRFD 38 6E, T w L A N
fﬁf}?’;no;’; ¥77, BAQ DAERAAY LIE T TR
o SR LA, BAQ ARREE ORI Iy Y T
FF T LN TE, ZOMEEHERT EORISTT < 10757,
TH5 Ty A MEF T8 10%S!, F 7w R T 292
10 st &7, R EM(Si“/v?%aik EN R LN S
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Fig.5 Concentration of BaA and BAQ

vs time of reaction of BaA with O,.

- 124 -



FEEIC 2207, BRI K BEEORENC LY, BAQ
DI BRF OFEAELL BTt 53, BAQ/RKF Hoadh
BT b & X B, AR SR B &
Falial =

FENZRBVTH, BODIREA SIS - R
& U 4 BAQ/BKF Hldmy vl & An o7 SSNRUREERIC L D,

eh ST &7 BaA B BAQ R %,
RSB LU EDEIRC L~ TN 2 A, 2L
TATZ Ty A M, BLUT Vel RrFLY bR
TR TRISAMBESNAEMDSH D I & otz
IO EinG, EPEIC

& LT, ST TR A BAQ O TR ARSI ST,

b

ARFRIIBEE OBUEER S HEEE RF-0005) BIUFR
P GUTEsETEE, 21200031) OB L RS,
(ZFEE 20106300 (EHEPCER  20109.17)

SEXRR
Ahmed, S., Fujii, S, Kishikawa, N., Ohba, Y., Nakashima, K. and
Kuroda, N. (2006) Selective determination of quinones by
high-performance  liquid chromatography with on-line post
column  ultraviolet  iradiation  and  peroxyoxalate
chemiluminescence detection. J. Chromatogr: A, 1133, 76-82.

Albinet, A., Leoz-Garziandia, E., Budzinski, H. and Villenave, E.
(2006) Simultancous analysis of oxygenated and nitrated
polycyclic aromatic hydrocarbons on standard reference material
1649a (wban dust) and on natural air samples by gas
chromatography-mass spectrometry with negative ion chemical
ionization. J. Chromatogr: A, 1121, 106-113.

Albinet, A., Leoz-Garziandia, E., and Budzinski, H. (2008) Nitrated
and oxygenated derivatives of polycyclic aromatic hydrocarbons
in the ambient air of two French alpine valleys. Part I:
Concentrations, sources and gas/particle partitioning. Ammos.
Environ., 42,43-54.

Alebié-Juretié, A., Cvitas, T. and Klasine, L. (1990) Heterogeneous
polyeyelic aromatic hydrocarbon degradation with ozone on silica
gel carrier. Environ. Sci. Technol., 24, 62-66.

Andreou, G and Rapsomanikis, S. (2009) Polycyclic aromatic
hydrocarbons and their oxygenated derivertives in the urban
atmosphere of Athens. J. Hazard. Marter., 172, 363-373.

Atkinson, R. and Arey, J. (1994) Atmospheric chemistry of
gas-phase polyeyclic aromatic hydrocarbons: Formation of
atmospheric mutagens. Environ. Health Perspect,, 102, 117-126.

Barbas, J. T, Sigman, M. E. and Dabestani, R. (1996)
Photochemical oxidation of phenanthrene sorbed on silica gel.
Environ. Sei Techmol., 38, 1776-1780.

215 01D 27

Behymer, T. D. and Hites, R. A. (1985) Photolysis of polycyclic
aromatic hydrocarbons adsorbed on simulated atmospheric
particles. Environ. Sci. Technol., 19, 1004-1006.

Cho, A. K., Di Stefano, E., You, Y., Rodriguez, C. E., Schmitz, D. A,
Kumagai, Y., Miguel, A. H., Eiguren-Fernandez, A., Kobayashi,
T.. Avol, E. and Froines, J. R. (2004) Determination of four
quinones in diese] exhaust particles, SRM 1649a, and atmospheric
PMos. Aerosol Sci. Technol., 38, 68-81.

Chung, M. Y., Lazaro, R. A., Lim, D., Jackson, J., Lyon, J., Rendulic,
D. and Hasson A. S. (2006) Acrosol-bome quinones and reactive
oxygen species generation by particulate matter extracts. Environ,
Sci. Technol., 40, 4880-4886.

Cyrékova, O. and Ciganek, M. (2005) Photostability of polycyclic
aromatic hydrocarbons (PAHS) and nitrated polycyclic aromatic
hydrocarbons (NPAHs) in dichloromethane and isooctane
solutions. Pobcyclic Aromat. Compd,, 25, 141-156.

Eiguren-Fernandez, A., Miguel, AH.,, Ly, R, Purvis, K., Grant, B.,
Mayo, P, Di Stefano, E., Cho, A. K. and Froines, J. (2008)
Atmospheric formation of 9,10-phenanthrenequinone in the Los
Angeles air basin. Afmos. Environ., 42, 2312-2319.

Fatiadi, A. J. (1967) Effects of temperatwre and of ultraviolet
radiation on pyrene adsorbed on garden soil. Envirom. Sci
Technol, 1,570-572.

Finkel, T. and Holbrook, N. J. (2000) Oxidants, oxidative stress and
the biology of ageing. Nanure, 408, 239-247.

Fioressi, S. and Arce, R. (2003) Photochemical transformations of
benzo[e]pyrene in solution and adsorbed on silica gel and alumina
surface. Environ. Sci. Technol,, 39, 3646-3655.

Hirano, S., Furuyama, A., Koike, E. and Kobayashi, T. (2003)
Oxidative-stress potency of organic extracts of diesel exhaust and
uwrban fine particles in rat heart microvessel endothelial cells.
Toxicology, 187, 161-170,

Hiyoshi, K., Takano, H., Inoue, K.-L, Ichinose, T., Yanagisawa, R.,

(2005) Effects of
phenanthraquinone on allergic airway inflammation in mice. Clin.
Exp. Allergy, 35, 1243-1248.

IARC (International Agency for Research on Cancer). (1989)
Monographs on Evaluation of the carcinogenic risk to humans:

Tomura, S, and Kumagai, Y.

Diesel and gasoline engine exhausts and some nitroarenes, Vol. 46.
http://monographs.iarc. fiYENG/ Monographs/vol46/volumed6.pdf

Jakober, C. A, Riddle, 8. G, Robert, M. A., Destaillats, H., Charles,
M. ], Green, P. G and Kleeman, M. J. (2007) Quinone emissions
from gasoline and diesel motor vehicles. Environ. Sci. Technol.,
41,4548-4554.

Kahan, T. F, Kwamena, N.-O. A. and Donaldson, D. J. (2006)
Heterogeneous  ozonation kinetics of polycyclic  aromatic
hydrocarbons on organic films. Awmos. Environ., 40, 3448-3459.

Kameda, T., Nakao, T., Stavarache, C., Maeda, Y., Hien, T.T,,

- 125 -



28 JoJpn. Soc. Atmos, Environ. Vo486 No.Y (201

Takenaka, N., Okitsu, K., and Bandow, H. (2007) Determination
of Polycyclic Aromatic Hydrocarbons and Nitrated Polycyclic
Aromatic Compounds in Diesel-engine Exhaust Particles from
Combustion Process of Biodiesel Fuel, Bunseki Kagaku, 56,
241-248 (in Japanese).

Kameda, T, Goto, T., Toriba, A., Tang, N., and Hayakawa, K.
(2009a)
benz{alanthracene-7,12-quinone using high-performance liquid

Determination  of  airborne  particle-associated
chromatography with in-line reduction and fluorescence detection,
J. Chromatogr: A, 1216, 6758-6761.

Kameda, T., Nakayama, Y., Goto, T., Koyanagi, T., Bandow, H.,
Fujimori, K., Toriba, A, Tang, N, Hayakawa, K. (2009b)
Photochemical degradation of selected nitro- and oxy-polycyclic
aromatic hydrocarbons on airborne particles under simulated solar
UV-irradiation (4irborne Particulates, Ming Cheng and Wen Liu,
eds., Nova Science Publishers, NY), pp. 291-307.

Kishukawa, N., Ohkubo, N., Ohyama, K., Nakashima, K. and
Kuroda, N. (2008) Chemiluminescence assay for quinones based
on generation of reactive oxygen species through the redox cycle
of quinone. Anal. Bioanal. Chem., 393, 1337-1343.

Li, N, Sioutas, C., Cho, A., Schmitz, D., Misra, C., Sempf, J., Wang,
M., Oberley, T., Froines, J. and Nel, A. (2003) Ultrafine particulate
pollutants indoce oxidative stress and mitochondrial damage.
Environ. Health Perspect., 111, 455-460.

Lintelmann, I, Fischer, K. and Matuschek, G (2006) Determination
of oxygenated polycyctic aromatic hydrocarbons in particle
matter using high-performance liquid chromatography-tandem
mass spectrometry. J. Chromatogr: A, 1133, 241-247.

Miguel, A. H., Kirchstetter, T. W., Harley, R, A, and Hering, S, V.
(1998) On-road emissions of particulate polycyclic aromatic
hydrocarbons and black carbon from gasoline and diesel vehicles.
Environ. Sci. Technol., 32, 450-455.

Motoyama, Y., Beldd, K., Chung, S-W., Tang, N., Kameda, T.
Toriba, A., Taguchi, K. and Hayakawa, K. (2009) Oxidative stress
more strongly induced by ortho- than para-quinoid polycyclic
aromatic hydrocarbons in A549 cells. J. Health Sci., 58, 845-850.

Niu, J., Sun, P. and Schramm, K.-W. (2007) Photolysis of polycyclic
aromatic hydrocarbons associated with fly ash particles under
simulated wradiation. J. Photochem. Photobiol., A. 186, 93-98,

Pal, B. and Sharon, M. (2000} Photodegradation of polyaromatic
hydrocarbons over thin film of TiO; nanoparticles; a study of
intermediate photoproducts. J. Mol Catal. 4 Chem., 160,
453-460.

Perraudin, E., Budzinski, H. and Villenave, E. (2007) Identification
and quantification of ozonation products of anthracene and
phenanthrene adsorbed on silica particles. Azmos. Environ., 41,
6005-6017.

Reyes, C. A., Medina, M., Crespo-Hernandez, C., Cedeno, M. Z.,

Arce, R., Rosario, 0., Steffenson, D.M., Ivanov, L N., Sigman, M.

E. and Dabestani, R. (2000) Photochemustry of pyrene on

unactivated silica surface. Environ. Sci. Technol., 34, 415-421.
HEATERE RS (Q009) BT A =

Schnelle-Kreis, 1., Sklorz, M., Peters, A., Cyrys, J. and Zimmermann,

R. (2003) Analysis of particle-associated semi-volatile aromatic
and aliphatic hydrocarbons in urban particulate matter on a daily
basis. Atmos. Environ., 39, 7702-7714.

Shen, I, Zhang, S., Lian, J, Kong, L., and Chen, J. (2007)
Benz{alanthracene heterogeneous photochemical reaction on the
surface of TiO, particles. Acta Phys. Chim. Sin, 23, 1531-1536.

Sienra, M. del R. (2006) Oxygenated polycyclic aromatic
hydrocarbons in urban air particulate matter. Amnos. Emviron., 40,
2374-2384.

Sugimoto, R., Kumagai, Y, Nakai, Y. and Ishii, T. (2005)
9,10-phenanthrenequinone in diesel  exhaust  particles
downregulates Cu,Zn-SOD and HO-1 in human pulmonary
epithelial cells: intracellular jon scavenger 1,10-phenanthroline
affords protection against apoptosis. Free Radical Bio. Med., 38,
388-395.

Sumi, D, and Kumagai, Y. (2007) Chemical biology of
1. 2-naphthoquinone, a novel pollutant, that affects signal
transduction pathways. YAKUGAKU ZASSHI, 127, 1949-1956
(in Japanese).

Tang, N., Hattori, T., Taga, R., Igarashi, K., Yang, X., Tamura, K.,
Kakimoto, H., Mishukov. V. F, Toriba, A, Kizu. R, and
Hayakawa, K. (2005) Polyeyclic aromatic hydrocarbons and
nitropolycyclic aromatic hydrocarbons in urban air particulates
and their relationship to emission sources in the Pan-Japan sea
countries. dnmos. Environ., 39, 5817-3826.

Tanimoto, H. (2009) Increase in springtime tropospheric ozone at a
mountainous site in Japan for the period 1998-2006. Amws.
Environ., 43, 1358-1363.

Wang, L., Atkinson, R. and Arey, J. (2007) Formation of
9,10-phenanthrenequinone by atmospheric gas-phase reaction of
phenanthrene, Aomos. Environ., 41, 2025-2035.

Yamasaki, H., Kuwata, K. and Miyamoto, H. (1982) Effects of
ambient temperatare on aspects of airbome polyeyelic aromatic
hydrocarbons. Environ. Sci. Technol., 16, 189-194.

Yokley, R. A., Garrison, A, A, Welny, E. L. and Mamantov, G
(1986)
benzo[alpyrene vapor-deposited on eight coal stack ashes.
Environ. Sci. Technol., 26, 86-90.

Yunker, M. B., Macdonald, R. W., Vingarzan, R., Mitchell, R. H,,
Goyette, D. and Sylvesire, S. (2002) PAHs in the Fraser River
basin: A critical appraisal of PAH ratios as indicators of PAH

Photochermical  tansformation  of  pyrene  and

source and composition. Org. Geochern., 33, 489-515.

- 126 -



Biochemical and Biophysical Research Communications 404 (2011) 1088-1092

Contents lists available at ScienceDirect
Biochemical and Biophysical Research Communications

journal homepage: www.elsevier.com/locate/ybbrc

Etiological role of cigarette smoking in rheumatoid arthritis: Nasal exposure
to cigarette smoke condensate extracts augments the development of

collagen-induced arthritis in mice

Shosuke Okamoto®!, Miki Adachi®!, Satomi Chujo?, Kyohei Yamada?, Kunihiko Akita?, Saotomo Itoh?,
Takemasa Takii ?, Kazuichi Hayakawa®, Kikuo Onozaki®*

2 Department of Molecular Health Sciences, Graduate School of Pharmaceutical Sciences, Nagoya City University, Mizuho 3-1, Nagoya 467-8603, Japan
b Institute of Medical, Pharmaceutical and Health Sciences, Kanazawa University, Kakuma-machi, Kanazawa 920-1192, Japan

ARTICLE INFO ABSTRACT

Article history:
Received 20 December 2010
Available online 30 December 2010

Keywords:
Rheumatoid arthritis
Cigarette

Smoking

CIA

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 II-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-18 and
IL-6, and infiltrating macrophage-linage cells produce IL-1B 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-TNFo 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-muail address: konozaki@phar.nagoya-cu.ac.jp (K. Onozaki).
! These authors contributed equally to this work.

0006-291X/$ - see front matter © 2010 Elsevier Inc. All rights reserved.
doi:10.1016/j.bbrc.2010.12.118

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 II-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 Il 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 i.d.). 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.

2.4. Collagen -induced arthritis

Bovine type II 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 pl CIl 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 Il

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 ug/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 pg 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 II 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 1h)
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 ClI
emulsified with CFA. Seven and one days before immunization, mice were nasally administered with 20 pl solution, each containing vehicle, 10, 50 or 100 pug 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 Cil
emulsified with CFA. C, Synovitis of mice immunized with CII emulsified with CFA
and administered with CSC (200 nug 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-13 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/] mice (6 weeks, male,
n = 8) were subcutaneously immunized with Cli 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 Cll, 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 TNFa [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 DelLuca 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 vifro 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.
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of
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A processed image
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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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