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Anti-metastatic effect of cigarette smoke gas phase extracts on mouse rectal carcinoma Colon-26

cells and search for unknown anti-cancer active ingredients via glutathione conjugation ability
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DB I RBI KT 28
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DI, FEEE OWFE=ETIX, CSE % 3 RHATLE LI~ AAT /—~ B16-BL6 #iflu4 2t
ARICEEREL 7=~ A%, CSE RALED B16-BL6 flazHfEL /-~y AL~ Mlilisf RS %
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ICHERB BN R END, T2 CAEOE 2 fiTliE, invitro (23T Colon-26 O HFif R L
WREIZx9% CSE DL MFLT-,
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SIS W), RO \V BI=a5—7 2Ol 50133221 T MMP-2 Téhb, MMP-2
X7 BT T REE T KA RO RNIEVERIBEREESE ThD pro-MMP-2 LU TEEASILD,
LaRocca & 0 (%, 72 IXTHEHh RS e MIGFRKELE I (HFL-1 #iAR) (23517 2Alkasto
MMP-2 {EPEZ LB AW Lz, —75. Ning & 1013, 7213 2 i 23 e N IE & e
IEMERE (NLO #HAE) @ MMP-2 Z /378388l MMP-2 €77 —BiEIEDOH INZ 7584
HILEWME L, EZTAREDSR 3 HiTiL, CSE 23 MMP-2 IZB X #2% Western
blotting % F\ N CTHFIL7=,
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Nicotine and tar-
removed smoke
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O — VBT, PBS () (T = —
ERLCHWLE (Fig. 1), 7235, 7 § B2 =
LTV DTANE—DE—NTFER |y i G el
FREL, F—AWE R 150 mg (4 2 s FI e Box
BFFEERTIX 12 ASTHIY) 470 o

15mL @ PBS (-) ThiiHL7-v4i% Fig. 1. Schematic diagram of an apparatus for the

% CSE 100%&L7- 19, CSE (i Preparation of CSE.

T PBS (-) CATRLCEBRICH AL, R CSE 1%, 0.22 um KT A RDT 4 NH—|2T
TP L7 1%, I ERTET -80°C THERRAELT,
(2) i AR

BALB/c ~TAH KO KIGNAMIKLTHS Colon-26 HlAEIXE SLAFZE R 7 1k N L2 58
F A YY) — 2 Fe 22— (K, BA) 2°5AFL7-, Colon-26 #li% 10% FBS &4
RPMI 1640 }#ia vy, 37°C, 5% CO2 S T CHEE LT,

(3) FEHrEY

Specific pathogen-free (SPF) difi: BALB/cCrSlc ~7 A (7 ##li#) % B ART AT Lo —kk
St (Fr, BAR) BEEA LT, MM~ 2233 L= A 1%, Colon-26 #ifE2Y N-nitroso-N-
methylurethane Z 1 BALB/c ~DRIZH G5 5Z8IC8o THESLESN Il THHZE 19 BL
OHD 29 OFEEZIEICRIMIFESET VEAERT 5720 Th s, 1 MBI E-%ICE
BRI Uz, BT CE-2 (HARZL 7R, B, AR) & 527, ERMIME P, ks
AGEAKITH HEREL, =i 2322°C, % 60+10%, ARG 271 12 W (FRBHRER : T
7 WE~VHJT 19 BF) OBRBE F C~UAREIE Lz, B ERITRE) [+ KFEEREE S
DIKREAFT-M% (KGEE S P-11-2014-03-A), B EgiLaimsr L., Tl &1 Ry B 5
BRI E N EE W THEm LT,

(4) RMNFEREET L~ A

7 ar 7/ ho Colon-26 iz EDTA-N T VAR T ZAT/MBRIBEL | 20057 B
#% PBS (-) (ZRE L7, BRI T CHIE (1x10° cells/50 pL) %~ AD RfEPN I BERE L 7=,

HEO T I AU~D AT PBS (1) 85 L7-#E% Normal # (n=13), CSE 100%% % 5-L7=
%A CSEonly # (n=7) L7, HMRA~DRIZ PBS (-) =5 L7-#E% Control #f (n=13),
CSE 10%%#%¢ 5-L7- 4% CSE 10%H¥ (n=13). CSE 30%%# 5-L7-#f% CSE 30%#E (n=14),
CSE 100%% % 5-L 7= 4% CSE 100%#f (n=14) &L7-, PBS (-) F7=1% CSE (10,30 BL*
100%) % 16 mL/kg RETHAMAEERE A2 S 1 B 1 (8] 14 B EEG CEVENE G L-,
B G BERDDLITED 1 DLLT, B~ 8% SO EREYL-VOREMESEL-
1235 % FIVCe MEATi & (human equivalent dose; HED)Zik-6b % 5 1382 20, (L6 22 718
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AL TEEZAEL 2N ENRRBRLEB IR T2 CSE O REMET LT, FXRIT
il EE ks OV I EE &l RO FHE R E W TR L,

(48 Y U7 i o B )/ (fACER) X 100
(5) HFET A

P7ar 7o hofileE 12well 71—k Lwell H7-0 1x10° cells/2 mL (2725 558k
FHL7-, CSE % 2mLiwell FFTORKEIEEMN 100 FARIC/2DEH12 PBS (-) THIEEL, %
well (2 20 uL 2RI, STk, 37°C, COp AL FaX—F—HT 24, 48 BLW
72 WFfEIEERL A IFEIC EDTA-R) 7T 12 well 7L — Dl z #IBEL . =2 —/12
— #1774 — (Coulter Z1, Beckman Coulter, Inc., CA, USA ) % W CAEMaEzFHHIL7Z,

(6) =T A

Albini & ) O FIEIHESTITo72, 8 um OFLEH T2 transwell D7 (/L4 — I 25 ug
@ matrigel Z=2—7 1> 7L, transwell % 24 well 7L —NNIB LTz, Tro /3 — EEiZIZH T
a7 xR Colon-26 #ildz FBS A& 0.1% BSA &7 RPMI 1640 51T 5x10°
cells/500 pL/well (ZFRFEULARFELT-, T o/ N\— FHEIZIFrET M7 X RELT fibronectin %
GAHLIZ FBS RE RPMI 1640 E5HiZ % 7=, Colon-26 Mlifd DG 8% 5-Z Teh T i
JED CSE WML, 72 BT V2 — FHEICIRELZMNE Diff-Quik Fvhk
(Sysmex, St HAR) TYEAL ., BEMEE T CHilatia o MLz,

(7) WEETEA

W7 a7 R Colon-26 #iifidza FBS AR5 0.1% BSA &7 RPMI 1640 55 M2 FH iR
L. 5x10% cells/500 pL/well (ZFAEEL . matrigel Z=—7 (27 LT 20 transwell @ 5|
L=, F=I2IL fibronectin & A L7= FBS A& RPMI 1640 £iHA Nz 7=, Colon-26
R DTS % -2 720 o T IR EED CSE AIRNMNLTZ, 24 W%, 7402 — FlZlEE LTz
#lla% Diff-Quik b (Sysmex, [, HA) CTY L, BEIKEE N TRz o MUz,

(8) Western blotting

Colon-26 #fifz 2x108 cells/10 mL &725 8912 75 cm? 77 A= THEMEL -, 24 K[,
FBS &, 7= /—/LLyR7—0 RPMI 1640 FiHilZAZ#AL . CSE ZIRML T, 51T 24
MG LIz, Z0%, 8538 RIEZEIL, A OiRfEsE (MV-100, BRRSHMR— L, )
I, BAR) ZHWTHRE RIGZREMEL, a7 elic, &7 v 10% SDS-
polyacrylamide gel # M\ CEXIKEIL, BIRTAT a7 (27 3E %2 FWTC, PVDF A 7L
NNIERG LTz, AT L% 5%AX ALY 0.1% Tween-20 &4 PBS () TV ayd 7k, —
WHUAR MMP-2 (D204T) Rabbit mAb (#87809, Cell Signaling Technology, Inc., MA, USA) T—
WAL Fa_X—hL7, D%, _IKPUA goat anti-rabbit IgG conjugated horseradish peroxidase
(Cell Signaling Technology, Inc., MA, USA)& 1 B S S4 . Chemi-Lumi One Super (471



FTAIAR S, mEH. BAR) 2V X 7V A TR L, Imaged Z2 W TR RO EE%
EEbLT,
(9) #eaHfEHT

T — BT AR AERR S TR LT, #ERHIEHTIZIX Graphpad Prism 4 (GraphPad Software,
Inc., San Diego, CA, USA) ZA{# fiL7-, Kaplan-Meier % AV CAAE#R 2B L . logrank #%
TEAFAWTHERUTZ, 2 BEROLEBICITR SO t BEZ V., ZRHCBIT D% REEE DL
B:(21% Dunnett %% AV Z, p<0.05 THEZEHVEHIE LT,

1 RIS ET LU RIS S CSE D
[R5 R]

Control #EDOFHJEFHIMIT 24.242.0 H TH-o7=, CSE 10, 30 LN 100%FED AT
T ZNTI 24.8£2.2, 30.0£3.0 BLW 25.2¢1.9 H TH-o7z, CSE BHREDAEFHIMIZ
Control Bf& Il THBE/RZEE /RS2 7278, CSE 30%#E1X Control #ELV AT A 4R
T HMEMERLT (Fig. 2A),

JE56 B SR 2 A e O ML B s KOS RS B 2 2 FE e IPBER 2213 Normal BELC
FE~X Control #£TA EIZHINNL CTHY, Control #2351 T Colon-26 FHHEOD i Co b FS
FONFHERE A3 HERR TE 7=, Control BELLHLHEZLC CSE 30% RECIE, HAHh Ul B &2 e i 1 %
<L (Fig. 2B), AR 1T E & 13 A & 1 L7z (Fig. 2C)s,
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Fig. 2. Effects of CSE on survival time (A), relative spleen

weight (B), and relative liver weight (C) in an experimental

Relative liver weight (%)

mouse model of metastasis from the spleen to the liver using

Colon-26 cells. Data are the mean+SE. Significantly
different at: # p<0.05 and ### p<0.001 vs. normal using

t-test; ** p<0.01 vs. control using Dunnett's test.
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TH DR KA A AN 2 BT 5 Z LI I ERR LT MR £ 7 v~ 2% VT CSE
D BER AT, AERCHIEBIERIZM# AL Colon-26 #Mlluix, Al&diltEd BALB/IC ~v
AL THINLS NI RIS AV RO T D,

fi e/, CSE 3091 MDD~ DERRE A 35281280 | 477 A BA E R S W5 MM
(NN =D TR R ST,

CSE 10%I35h5R7372< CSE 30% | FHAREAMHIIEM 2/~ L7223, CSE 100%I 350 K372 o7,
Fig. 2C (ZXAUE, IEH7e~T AT CSE 100%% 1 5-L7- &2 A AHxt 87 il & & oo 72N
ZRLT=ZED D, CSE 100%23~ 7 AD Tl B A B LIF LT EE 2 b,

5% 2 fifi Colon-26 HifimdOHEsHIs LI ONZIMICKI425 CSE D%
[R5 R]

CSE 0.3 BLUY 1%/l s A EIZFLEL (Fig. 3A), MIREERIZ B O/ T
CSE 0.03 BXU 0.1%ILRHAH BICHHIL 7223, CSE 1HEEICITEEL BRI 2T
(Fig. 3B BXT* 3C),
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Fig. 3. Effects of CSE on the proliferation (A), =
=
. . L =
invasion (B), and migration (C) of Colon-26 cells. g
Control 0.03 0.1

Data are the mean * SE (n=3). Significantly different
at: T p<0.01 CSE 0.3% vs. control, § p<0.01 CSE 1% vs.

control, * p<0.05, ** p<0.01 vs. control using Dunnett's test.
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O CSE 0.03 BEDY 0.1%IXRIMA A EICMHIL 7z, ZOZEH D CSE 1XiZ A 4]
FTHIEIZED B EIHIL - RS, BSAMIEORIEIERR IV T, 23 AR R B
DHOBERL, FEBEFEO TLHERS LU E O RN EE CTho, £2C, EEREICA T2
CSE DEHBEIET 5725, WEET e A%4T-7-L 25, CSE 13l I B A B IIES/ -
T2 ZOTEND CSE 1T MasEE Do iRzl 35281280 RIEZMHIL TWDHIENE X
Lo,
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ARSI DRV ETHDH CSE 0.03 BLTY 0.1%I1F pro-MMP-2 43k &% A B
h&4, CSE 0.1% Tld MMP-2 &3 G B Lz (Fig. 4),

[Z%2]
CSE %X MMP-2 ZyibEZHNHI4 5221250, Colon-26 AL RIEFEZINHIL TWHBZEN
REENTE,

CSE CSE Fig. 4. Effect of CSE on the
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meanSE (n=3).
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AREECIE, Colon-26 fifaz AW AT ©F L~ A 2T, CSE 30%IIAT AR ]
VERZ R 2D HBE 25T, EHIT invitro (28T, CSE 1E Colon-26 a5

BED IR CIRIEZ IR LT-, ZO/ERFD 152U T, CSE X Colon-26 #ifio> MMP-
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% 2 & Methyl vinyl ketone (MVK) (2X5 Colon-26 #ifaDEFEI IR EIZxH 28

HIFEH OAFFEETIL, GCIMS Zf LT, CSE HIZ af-REfi7r i d MVK 2MFFEL
24 B16-BL6 AIfEIZIV VT, MVK 7% CA JOHi Wil st 2 A 752 L6 BB L 19,
ZIZ T AEDE 1 HiTl, B16-BL6 il THERSIL MVK BLT CA ITEDAMIaEEFEH
HIFEH 19 73, Colon-26 Hifdi L0 BALB/3T3 clone A31 i CH [RIEEDVER 27~ 9 D kst
L7z, 35 2 fiCid, MVK 23 RIEEHIER 2 3 20 @ D it Uiz,

GSH | HIE MR E-CRE I EAEWERIGL . B LI L 2F 4 (GSSG) 7 /L
AT A ADEW (GS-X) &72%, GSH A 71X TMEICIREFE 35&, GSH-ACR BLTY GSH-CA 28
RIS, GSH DB T 2ZENHESIL TS 2520, LinL, B16-BL6 Al AV -Fx DFE
BRClX, GSH-ACR BLU GSH-CA I, IFEA KRS0 o7z, ZOBHEALNIT 57
WIZ, £9°, ACR, CA BLW MVK & GSH % invitro THRIGSHE, KIC B16-BL6 Hifuz H
WT CSE ZAEL THUSSHE, WA TAHEMTD GSH TG IRIZ OV T, FEMIC LR L7
28)  ACR, CA BX® MVK & GSH @ invitro ®FERTHI-ISERSD%Z LCIMS THHTT
%L . GSH-ACR ([M+H]* m/z 364). GSH-CA ([M+H]* m/z 378) 35X GSH-MVK ([M+H]* m/z
378) OEEMNEOIZ, —F, B16-BL6 Al TlX, GSH-ACR ([M+H]* m/z 364) L
GSH-CA ([M+H]*m/z 378) (XIFEA ST, 2 Da /& EMIC m/z 366 LT m/z 380
DHEBLLTz, M E &EORERE R D, ZNHOT La—/L{EKTH5H GSH-ACR-OH BIWN
GSH-CA-OH 2AERKLTWDZE, MVK Tt GSH-MVK 3L GSH-MVK-OH i J7 234
L TWHZ LA LT, ZRHOFERIE, HIfINIZIX GSH IZiuA3ih7z ACR, CA BX
O MVK DINVAR= VR T DR PAAET DL amB L CWD, TVR-T L& 72 —8
(AKR) X~/<~7TiUﬂi%iﬁﬁ@iﬁfﬂﬁ&ﬁfﬁ%i PEZ I L TRV, AR, 12T
A A NENERLIEE DA R FERIA G OHE . B AEIEMALB L OD AR

EIELBEE LTS 2930 AKRIB1 & AKRIBI10 (U3 4t g I\ v PH O 2B (R B 26 L
TIEMZED 2O VARV a7 L a— VB8 T35, reduced nicotinamide-adenine
dinucleotide phosphate (NADPH) {KfEM £ CThD, MIANICIEET D, ZOXHRLF 74 —F
[2&D, GSH ([ZfaA &7z ACR, CA BLW MVK (37 bva—/UKSE TS, REfshse
EzZbND, & 3 TR, AAMINTHS B16-BL6 ML THEIZZSNZ ACR, CA BLW
MVK ORI LD MLIE THERD BADDINIONWT, BV P MLiEZE WV Tig Lz, b
? GSH HBIEDT Na—K~DiRIEIC AKR 2385325007879, B AKRIBL ¥
F OO EECHHT ULL ZAXy N L TR,
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(1) CSE OF# ik
%1 BRI FECIRL-
(2) 1 AR
Colon-26 #fifiaz -, MR EORMTE 1 RICFHE L IELFRIERIZIT>72, BALB/C



< AD T H RO HEL F MR CTHS BALB/3TS clone A31 HIEIXE LA ZE B 5 N L
WHEFT AV — 2 Fe k2 — (K. BAR) 7B AF LT, BALB/3T3 clone A31 i
10% FBS %A MEM EiHiz vy, 37°C, 5% CO2 it FCHE#E LT,

(3) HFET A

%1 FICFEHE LI BRI T>72, MVK BXUY CA ORREIXROEVIZE 272, CSE
% 0.3%CTAH EIZ Colon-26 faOHFEAZMHI LT (Fig. 3), MVK LT CA @ CSE 100%
o MVK BXO CA BEIZZTHEN £ 100 uM BLTY 120 uM TH5 (Fig. 14), CSE
0.3%H1 MVK DOEEIL 0.3 uM, CA % 0.36 pM LR T&2, Lo T, MVK BXO' CA
Z 0.3 UM DOIRENDILE LT,

4) BM7oeA

%1 BRI FIEERIICITo 72,
(5) EETYEA

%1 BRI FIEERIICITo 72,
(6) CSE D& i it ~DHE &

TEAN=KRIEF Oy VmiE (97% volume) & CSE (3% volume) % 37°C C 1,5, 15, 60
BIO 120 yMRA L, IRAWMEEIET 10 4y, 2690xg Tim D orBEL . MmERE L i
ZBELT, WO E RO 9 50 75% 7 BR=RILERINT 22 L2 X0BRZ 78
ATV, SHIZERT 10 47[H. 2690xg Tim Lo BEL 72, WE 5O FiEH D ACR, CA BLD
MVK OfCHEERZ LCIMSIMS 12X~ Tz,

(7) GSH-MVK DAk

AKR OIEMZRIE T D720 DO FEE L T, GSH-MVK [L-y-glutamyl-S-4-(2-oxobutyl)-L-
cysteinyl-glycine] Z & L7=, 1 mM GSH/PBS (-) &RAE%EAED 1 mM MVK/PBS (-) (2@
L. BIET 24 BFJESHETZ, L7Z GSH-MVK (X, LC/MS & NMR ZHIEL ., Hid% e
LTz, LC/IMS JIE TIXE &EE m/z 378, PrFFRFAIZMERE L 72, NMR HIE Tl DMSO-ds (Z
AL, H-3X 00 BC-NMR ZHIE L7, NMR #&|Z1% INM-ECA500 (JEOL, Tokyo, Japan)
W, TN T MEE Ty T A AR NFIR OB Th -7z, § (*H, ppm) 8.52 (1 H),
8.28 (1 H), 4.42 (1 H), 3.70 (2 H), 3.29 (1 H), 2.90 (1 H), 2.64 (1 H), 2.70 (2 H), 2.66 (2 H), 2.32
(2 H), 2.09 (3 H), 1.90 (2 H); & (*3C, ppm) 206.97, 171.97, 170.81, 170.67, 169.98, 53.29, 52.44,
42.92, 41.22, 33.54, 31.63, 29.68, 26.90, 25.43.

(8) BV Ik DL H 72 —BIEMEDHE

GSH IZ&0faaSn/zZnbD G DIEITLHIGIZ AKR 23 5925 BN T 5720,
AKR, BERTEMILFAIL L TS A2y B L OFEE EL T GSH-MVK & W CEESETE A
W7,

YV MERF DL &7 5 —BIEVEZRIE DR, MIfIEFAE T T AKR 1255 GSH-
MVK DIETERISITHT T VL 22 O R R 72~ NADPH [2 mM/PBS (-), 240 uL] %
e AKR (1 mg/mL, 10uL) % 37°C T 5 /MR ALTc, ZOLX 72 —BEHK 85 L 1T



10uL DT/ YLLAZ YR (I mM) F72idxtEEL T PBS (1) #¥sAIL, 37°C T 10 GRS
7z, WIZ, GSH-MVK (0.5 mM, 5 uL) %l 5 ORI Z., 37°C T 30~35 s EE7z,
b LCIMS HIEM DY 7 e,

WIZ, B PHERDIFE FTD AKR 125% GSH-MVK DIETLIISIZR T DT/ L A%y
NOZY AT, YU 180 pL i L ZZ vk (I mM) F7213kt RS LT PBS (-) &
20 uL ¥, 37°C T 10 oGSz, 2Ok, EELT MVK (1 mM, 2 uL) %50
BHIZIRANLTZ, 1,5, 15,30 F8LT 60 431, & BUSEHE F oy Vi Bk 2558047 BEZ K0 [E1Y
L. RWT 9 f[EOREDMHAEILT: 75% CHCN/H0 2T 2ZEICEVBRE L RIE L, EhIT
2690xg T 10~15 Zrfilim.L o BEL 7o, & Hif% LCIMS it HOBUERE L TRER LTZ,

(9) —HE M EMAE EHrEts LY HPLC ORE SR+

TV IR L —AF kL (electro spray ionization: ESI) %1 2.7= Quattro Premier triple-
quadrupole LC/MS (Micromass, Manchester, UK) %, Alliance HT 2795 /jBfE =—/L (Waters
Co., Milford, MA, USA) |ZHEfESZ ERBLIOEAAE—R QL MIERLY BIRSISE=H
U7 (selected reaction monitoring : SRM) VERIE ATIZEER LIz, 70~ o7 4 —IZ X557 B
I%3_C Cosmosil 5C18-AR-II column (4.6 mmx150 mm) % AV NCTiTo7-, BEMRIZAEE A &
LT 0.05% formic acid /H,0 3L OVEME B LT CHsOH ZMWV, iitidid 0.3 mL//IZikEL
= BECRITS LC SMEITBIB ARLEE W, IR SIHFBERE RS2 - 29,
(10) HeFHiEMT

T = RTFEHAEAERR ZE TR LT, #EEHIEHTIZIZ Graphpad Prism 4 (GraphPad Software,
Inc., San Diego, CA, USA) Zffi H L7, A5 ZMEIZIL Dunnett {EFE721% Tukey {54 HV =,
p<0.05 THEZEHYEHIELT,

% 1 & MVK BEXU CA @ Colon-26 #ifis k0" BALB/3T3 clone A31 RO HEFHIZ 5L
BN %
[ 2]

B16BL6 AL MERLFEREIZ, MVK DIEH28 CA L0E Colon-26 AR~ 2 MM HE5H
MHIER 2582 72 (Fig. 5A XY 5C), MVK [XH#EIE R #inCTéh5 BALB/3T3 clone A31
AR 9 HAERR SR ENEI/E L Colon-26 HERRIZ b5 L5570 57 (Fig. 5A BL 5B), *
7= N-acetyl-L-cysteine (NAC) 2LV AT AL A BIINEE, GSH &2 MEE5L, CSE
BELO MVK (IZBWTHGEMEIERIZW T b ES L (Fig. 6).

[#%]

MVK & CA [ZRIL FEDILEW THLHD, MVK DIEH753 CA LB UM HEFEH
FHER TR ED BB E/ R o7, BLIRRWZ 2, ¥ EF M TH2S BALB/3T3 clone A3l
A9 5 MVK OFEHITER T AMIREVE 550 o7z, £/, CSE BLDY MVK 128
WCEILH GSH &ZHNSE5 NAC Z0FHLIZEZA, ENOLOEFEMHIER X HEE

10



FENTZ, E-T, CSE BLY MVK (ZI DI FEMHIEMIZITMIE GSH B3 BE5-L

TWDHERBENT,
(A) (B) © (D)
Colon-26 BALB/3T3 clone A31 Colon-26 BALB/3T3 clone A31
it
1,000,000 1,000,000 ¢ 1,000,000 t 1,000,000
; . §
g 2 t i 8 g
S € S [S +
= 100,000 w 3 100,000 = 2 100,000 = 3 100,000 ®
r *%
= = r = = T i
8 3 il 8 8
It
10000 —88 . 10,000 10,000 10,000
0 24 48 72 0 24 48 72 0 24 48 72 0 24 48 72
Time (h) Time (h) Time (h) Time (h)
—o—Control —o— Control —o—Control —o— Control
—2—MVK 0.3 uM ——MVK1uM ——CA 0.3 uM ——CA1lpM
—5—MVK 1 M ——MVK 3 uM —o—-CA1pM ——CA3uM
——MVK 3 uM ——MVK 10 uM —e—CA3 UM ——CA 10 uM
—A—MVK 10 uM ——CA 10 uM
—=—MVK 30 uM —=—CA30 uM

Fig. 5. Effects of MVVK on the proliferation of (A) Colon-26 cells or (B) BALB/3T3 clone A31 cells,
and effects of CA on the proliferation of (C) Colon-26 cells or (D) BALB/3T3 clone A31 cells. Data

are the mean£SE (n=4). Significantly different at: ** p<0.01 MVK 1 uM vs. control, 1 p<0.05,
11 p<0.01 MVK or CA 3 uM vs. control, § p<0.05, 1§ p<0.01 MVK or CA 10 uM vs. control,
88 p<0.01 MVK or CA 30 UM vs. control using Dunnett's test.

(A) (B) Fig. 6. Antagonized effects of
L. £ % Bk 50 uM NAC on Colon-26 cell
£ £ ] growth inhibited by (A) CSE
z o il i 1% and (B) 5 UM MVK. Data
£ 60 £ 60 -
g w0 z w0 are mean £ SE (n=3).
= 3g z 22 # p<0.05, ## p<0.01 vs. CSE
o o
24 48 72 : !
R Fimei(i} 1% using Tukey's test.
O Control NAC 50 uM O Control NAC 50 uyM T p<0001 vs. MVK 5 uM
M CSE 1% B CSE1% +NAC 50 uM B MVK5uM @ MVKS5uM+NACS50 uM

11

using Tukey's test



9 2 Fi Colon-26 MAORHIZK 32 MVK DiZ%
[R5 R]

R B DR R E T MVK (0.1, 0.3 XU 1 uM) 1E Colon-26 HifE IR M A &Iz
HL7= (Fig. 7A), L2~ Colon-26 HfadilE &I 21T B A B KX S 7207 (Fig. 7B),

—_
Z
—~
5y
~

Fig. 7. Effects of MVK on
invasion (A), and migration
(B) of Colon-26 cells. Data are

—
w
o

150

—
o
S

100 . .
the mean * SE (invasion:

3
o

50t n=8-9, migration: n=9-15).

Invasion (% of control)
*
*

Migration (% of control)

Significantly different at:

0 0
Control 0.1 03 1 Control 0.1 0.3 1

** p<0.01 vs. control using
MVK (uM) MVK (uM)

Dunnett's test.

[#%]

MVK (323> Colon-26 #lifidds JOMEIE E Hiflie> BALB/3T3 clone A31 #fifialod 14
(B2 B2 72 NREET Colon-26 MR A2 72Z280°36 MVK [ ZHSAAIDA )72
V—=RNMEAEWHDNNIT V2 U REIRVIRL RTREMENE 2 HiLD, £ MVK AN A il L7z
MRV E P AR L QORI D 2,

% 3 fi MVK,CA BXUACR Dftat
[ 2]
(1) CSE MEEEIC Loy 2MmicEsiTsd af-Aafnl R =1 b5 ORE

EYVIMRIZ CSE Z¥RINd5E, CSE 1> MVK, CA BLT' ACR [THIIIAN GSH LK
IZBRJEL, GSH A KD GSH-MVK, GSH-CA LT GSH-ACR &£k L7Z, 260 GSH
A KIZZEN L., SRM {EDORT Py arb LT, miz 378>231 (FREFIFRE] 1 tr 16.2 4Y). m/z
378>231 (tr 17.2 43) BLV® m/z 364>217 ZHWTHHTLIZ, SRM hFo Vs a v =B %
AF AT ACEHOBRTTAR (T va— 1K) Tk yl OB (VXU FED C=0 £ NH Off
ARHAL, VAT A G T OBZAA ) miz 251, 237 AV, T TEREFRARTIR
yl PHORBAKRAAY miz 231,217 ZfEHL7C, mER (Fig. 8A) BLORMERSIMNE (Fig. 8B) z
BT, GSH-MVK (m/z 378>231) DT 072 —7 DA DM S 41, GSH-CA (m/z 378>231)
BELOY GSH-ACR (m/z 364>217) 13 &< EN2D o1z, —F5, T/va—/U LD SRM hFo3
a2 GSH-MVK-OH ( m/z 380>251 [tr 16.90 min]) , GSH-CA-OH (m/z380>251 [tr 17.14 min])
B GSH-ACR-OH (m/z 366>237) OB —7 3 ER TS 7 (Figs. 8C, 9A, 10A), F7-,
FRIMERSMNE T Tl 3 DDOT L — RO — 73R OFLE & 1T 2 [THIIMUIRD 7=
(Figs. 8D, 9B, 10B),

12



(A)

Peak area of GSH-MVK (m/z378>231)
in the sheep blood cells

500,000
400,000
300,000
200,000

Peakarea

100,000 |
b N .
& O
o

Control and exposed time (min) to CSE

©
Peak area of GSH-MVK-OH (m/z 380>251)
in the sheep blood cells

500,000
400,000 |
300,000
200,000

Peakarea

100,000 [

12
> M YO P Y

Control and exposed time (min) to CSE

(A)

Peak area of GSH -CA-OH (/= 380>251)
in the sheep blood cells

500,000
400,000
300,000 |
200,000 |

Peakarea

100,000 |

BN IPSIOI

Control and exposed time (min) to CSE

(B)

Peak area of GSH-MVK (m/z 378>231)
in the extracellular fluid

5,000
4,000 |
3,000 |
2,000 |

Peakarea

1,000 |

SN OHEH P

Control and exposed time (min) to CSE

(D)
Peak area of GSH-MVK-OH (m/z 380>251)
in the extracellular fluid

5,000
4,000 |
3,000 |

Peakarea

2,000 |
1,000 |

0

& L o T\ s_\
& N\ N Q@ \f\’Q
(&)

Control and exposed time (min) to CSE

(B)
Peak area of GSH-CA-OH (m/z 380>251)
in the extracellular fluid

5000
4,000 |
3,000
2,000

Peakarea

1,000 |

0

> N 5 E N QA

& SR g
C_/O

Control and exposed time (min) to CSE

13

Fig. 8. Time course of
changes in peak area of
GSH-MVK adduct (SRM
transition of m/z
378>231). (A) In the
blood cells and (B) in the
extracellular fluid, after
exposure of sheep blood
cells to CSE. Peak area of
GSH-MVK-OH (alcohol
form of GSH-MVK
adduct) (SRM transition
of m/z 380>251) (C) in the
sheep blood cells and (D)
in the extracellular fluid,
after exposure of sheep
blood cells to CSE.

Fig. 9. Time course of
changes in peak area of
GSH-CA-OH (alcohol
form of GSH-CA adduct)
(SRM transition of m/z
380>251). (A) In the
sheep blood cells and (B)
in the extracellular fluid,
after exposure of sheep
blood cells to CSE.



(A) (B) Fig. 10. Time course of

Peak area of GSH-ACR-OH (/- 366>237)  Peak area of GSH-ACR-OH (m/-366>237) changes in peak area of

in the sheep blood cells in the extracellular fluid GSH-ACR-OH (alcohol
500,000 5,000 r
' ' form of GSH-ACR
400,000 | 4000 | N
< «
2 300000 | £ 0w | adduct) (SRM transition of
T 200000 | T 2000 | m/z 366>237). (A) In the
A ’ = i
100,000 I I I I I 1,000 | I sheep blood cells and (B)
0 9 in the extracellular fluid,
SN e S Yoo veP
o ¢ after exposure of sheep
Control and exposed time (min) to CSE Control and exposed time (min)to CSE  plood cells to CSE.

(2) GSH-MVK DiE Tt % il i~ 2% 38 O s

AKR 28 a,f-REIFIHINVR=/ALEHD GSH faEEDEITTIZR 59 0G0 E BN
H1212, GSH-MVK ZFZEELTHWV, AKR ([ZX0iETTEN TRHREENSD GSH-MVK-OH @
SRM B —ZHEFEN DRl 72, SHIT, BER L ERIFIE FEIEFLE T Tk L7z,

JEZ,AKR D 1 ©THD AKRIBL OIEMEZHERLTZ, AKRIBL {2 NADPH DOfFfE FC
FELELT GSH-MVK ZGSHET-EZA, GSH-MVK OB —27 03 ib425—J5, D7 Lva—
JUR (GSH-MVK-OH) Ot — 27 RBN7=Zt0 5, AKRIBL BEEDOTEMENHERS =, T DkE
% Fig. 11A 17T, GSH-MVK-OH/GSH-MVK @ SRM b — 7%, B & &b (280
L. FRRFIZIE TSI T,

WRIZ, AKR1B1 #PHEFET 2/ VL AZy MOREFRIEMED L E N K2R LT-, NADPH DfF
1E£ T, AKR1IBL 2T/ VL A&y MEFILE L7214 . GSH-MVK ZiRINL7Z, GSH-MVK Ot —
NIFEE A E A ERE T GSH-MVK-OH OE—7 (%, BWEFRFEO% 55N E T,
TV ALy ME AKRIBL IEMEZ 52 HE L2 (Fig.11B),

TV AZy NTHLE LY PHLIEIC MVK ZRINL CHR&2 e 7B LIRS RO B4
SHILTZ SRM 78~ R Z L2850 T, MVK Z4LEL T 30 0k £TlE GSH-MVK BXW
GSH-MVK-OH 78, =/ LL A&y MRAVE LRFEEEBLIL -, £ D%, =/ L ASy MeRiTLE L
TR TlE SV L RSy MRALE L b~ GSH-MVK-OH |38/ L7z (Fig. 12),

[#%]

AWFROFEFIT, CSE D MVK, CA BLDY ACR D3I EY VAR MERIZEWIAE I,
ARIMERAN GSH EEURL TENEND AT AN AR L, SHITEBIZT La— LRIZE
JLIAL, ELUCHRAMNE P PR SN A2 84777, LLRTOFR LT, CSE [ZShE 7z B16-

BL6 MificFi7D MVK, CA BLUN ACR DRHIEIL B U=k RA/RUIZAN, FRIMERCI
T — AR ~DIRTTEEHE DOTEMEN RS, B16-BL6 IR 1) D18 mEEETEME IR M ER LD 55
WZEbRENT B, Flo, TNV ALy MO MEZ RS AKR e VR ILERFICAE(ET

14



ATREMEAVRENTZ, ZRHO M L, LB O SR IMER &S AHIIEAS, 7212 > MVK, CA
BEOY ACR Z[RIUHME CREFTD2EE2RLTEY, af-REaFfi VA= /L&MWl DB
E I E D AR RGE T DI MR S BB 72 e B2 Ref= T EHEHIS LD, MVK (k¢ v
BF A ALESNDZENHDINIIRSToD T, HLAAAIE L TRV 321203, ik
HEVNEST | JRFTEGDIFIN RNEREISND,

(A) (B)
Peak area ratio of SRM transition Peak area ratio of SRM transition
m/z 380>251 / m/z 378>231 m/z 380>251 / m/z 378>231
untreated with EPA treated with EPA
5.000 0100 -
o 4.000 2 0.080
- -
g g
< 3000 c 0.060
¥ 2000 < 0040
© @
& 1000 & 0020 f
0.000 0.000 — e s W
1 2 3 4 5 6 7 1 2 3 4 5 6 74
Exposed time (h) by GSH-MVK Exposed time (h) by GSH-MVK

Fig. 11. Effects of Epalrestat (EPA) on the time course of changes in the peak area ratio of GSH-
MVK-OH (m/z 380>251)/GSH-MVK adduct (m/z 378>231) in the absence of sheep blood cells, (A)
untreated and (B) pretreated with EPA before reacting GSH-MVK with aldose reductase.

Fig. 12. Effects of EPA on the time

Peak area ratio of SRM transition m/z 380>251 / m/z 378>231

in sheep blood cells . .
course of changes in peak area ratio of

10,000 # untreated with EPA

o treated with EPA GSH-MVK-OH (m/Z 380>251)/GSH'
MVK (m/z 378>231) in sheep blood
cells treated with MVK.

8.000

6.000

4.000

Peak area ratio

2.000 r

0.000

1 15 30 45 60

Exposed time (min) by MVK

[/\45]

MVK (Z23AMED Colon-26 Hifidds L OVEIEH Hifido> BALB/3T3 clone A31 i@ o> HEFH
B A G52 72O REET Colon-26 AR IRIEANHIL 7228020, MVK I35 AHI B L UL
LG RDOH N2 — LB DNTT V2 bR IS5 ATREMENNE 2 55, 4. MVK
DRI L7 E B P 2 AT L QUK E R B 5,
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% 3 B JNFFAL (GSH) HARRIZE-3< Colon-26 FEOMEFEE MG+ A/ITSEH D
a p-AEEFIINR= AL DIRTR

ARETIE, af-FEFINVR=IULENELC GSH O SH k-~ A7 AN 2 RErED
mESZFIALT Colon-26 HMifldd#EsHA 3% CSE D ap-REafih/ A= AbEWEHE
T, 5 1 B CiEE S, CSE & GSH #LULSt, B fRie &b ata AW CROGIRIRE
SIHTLL B R U2 — 7 OFE B E Bl DRAIE R 21T\ MR E R | it &%
BIRU7Z, WIS, LA MB LY CSE O GCIMS HHTEATV Y, = AAZ MLE L OMEREEE

ML, ZNSOERIEA WO HD CSE IHT-ICIFETHIENHIA LI LA R E

Lz, ZHDEMEAEE GSH ZUSSH . ROGAER A LCIMS 1542 W TRIEL , KUt

PEZFHMIL7-, 55 2 BiCIE, 5 1 8T CSE HICTAETDIENHLNE/Ro72 8 FEFED a,f-
REAFA VR =ALA A, Colon-26 HEF LY BALB/3T3 clone A31 AAEOHEFEIZ I JIE

TREE R LT,

[71%]
(1) CSE it

¥ 1 SRR E TR,

(2) CSE (BT H e af-REaFIh )V R= AL EW DR

GSH & CSE ARG LTSk % o fREE B T B IS X0 b Ui, RIS#% Dra~ T
TUTHBLUT, Fiiz/ee — 2 OFEEE B A RO | MR R ATV FoN /A=) GSH
BLROMINUT AT ORI RE 225 W A N T, WSO DI L &2 8 IR L | 12
Y Z AL, BEALT- Bl A% (10 mM) % GSH e (1 mM) HIEAL. 37°C T 30
RIS EE Tt KOS % IEAZ L E—ROD LCIESIIMS T/H#TL7-, CSE BLOREAL
TAERE AT OV T GCIMS D HrbiT-72,

(3) i/ fiRfE — 18 U B AR By AT

HPLC &L C, Prominence UFLC (LC-20AD) (&R ERT, 58, HA) Z2HE LT, @i
HE'E By 171 Orbitrap Velos Pro (Thermo Fisher Scientiffic K. K., #i7t, A AK) ZF5%E &E
DORNTE I L OFHRRAEAT I L7, A7V —FBJE 3,500 V 12, ZEE O/ fi#fElIL 100,000 (2,
FRETU—IREEIT 250°C ITRRE LT, HIERFHIEL m/iz 100 725 650 L7,

(4) —EMNEBEESHERS IO HPLC ORIE ST

% 2 BEFEIREDTIE T o7,

(5) GCIMS D4/

GC (6890N, Agilent Technology Inc., Santa Clara, CA, USA) %1 2 /=B &/ Hr =t (Automass
SUN, HAE 7RS4t A, BA) &, GSH L5 CSE FOSTEME LA D 5y
Wz L7z, GCIMS 13, A4 bmx/L¥— 70eV, Eift 300 A, PM FE/E 500 V. fit
FETRIRE 250°C, A& —7 = —AWE 250°C, A DR 250°C, He A 1.0mL/%y (—iE
i), A7V R RAE—RELTe, 2214 Efii/ve~h7Z A (Total ion current chromatogram,
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TICC) BIONEIRA A E=%Y. 2 (Selected ion monitoring, SIM) % AT, L&MW % [F
EBIWEEL, FYETV—DT7 A2, £3 30 mxNEE 0.25 mmx1.00 um 74 /L AE T, iR
BRIV =F L7 Va—/Ld Zebron capillary GC column ZB-WAX (Phenomenex Inc., Torrance,
CA, USA) #ff L7, CSE HOIGLTHIEMbEWE 3BT D720 GC i, 40°C
(1 43) — (4°C/53) — 100°C (2 57) — (15°C/57) — 220°C (3 57) — (30°C/57) — 40°C (1 47) &
L7z,
(6) A R A

Colon-26 a3k 0" BALB/3T3 clone A31 iz v =, MIfERGEROSMITE 1 BL
O 2 BICFEHE L A IELRIERIZATo7,
(7) HHET A

%1 B L TELRERIZ T T,
(8) HEAMEHT

%2 BWITHELT,

% 1 fi CSE HICAFESTHIEN AL af-REFNVA=/ALEYE GSH EDRIEED
(5 3]
(1) CSE HOHHL o p-REAFNA VA=A G DR

o f-NEAFN T IVR = AL B IS ST GSH L~ A7 AN 522 FIHL T, CSE H D
ACR. CA BXU MVK LSO apf-REAFIH LR =LA ORI ZR 7T, £, GSH &
% CSE 12hnxC,37°C T 30 SIS SE72t%, marfiEae LCIMS & W TR
ZOHT LTz, E LT BB IZFE DUV T, GSH ERLTAL & D5y TR & FHRE L,
W LB EHEE U, IEHEE B, #E LR VR = b O Rk L 0%
OFEREE R4 Table 1 (TR, JLHFAMDFERNE | TIROERE AL, AL
7AbB % Table 2 [ZRL, ENLOMHEEE Fig. 13 1T 7,

Table 1. Composition analyses of products after the reaction of CSE with GSH.

. Measured Estimated Calculated | . Increased The elem_ental
Retention N Difference composition of
time [M+H] accurate elemental exact (mDa) mass value the candidate
mass composition mass from GSH
compound
16.4 min 390 390.13298 | CisH2407NsS | 390.13295 0.03 82 CsHsO
18.5 min 392 392.14790 | CisH2607NsS | 392.14860 | -0.70 84 CsHsO
éi 2:2) 404 | 40411176 | CisH22O0sNsS |404.11221| -0.45 96 CsH402
18-19 min
(16-17 min) 404 404.14851 | CieH2607NsS | 404.14860 [ —0.09 96 CsHsO
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Table 2. Candidate compounds utilized as standards.

Mr 82 (CsHeO) 2-Cyclopenten-1-one

Mr 84 (CsHgO) trans-2-Pentenal

trans-2-Methyl-2-butenal

3-Methyl-2-butenal

2-Ethylacrylaldehyde

Ethyl vinyl ketone

Mr 96 (CsHsO) 2, 4-Hexadienal

2-Methyl-2-cyclopenten-1-one

3-Methyl-2-cyclopenten-1-one

Mr 96 (CsH402) Furfural

Q 0
0 CH; O
HSC\/\/"L HiC ™ N & M HsC H
X H HoC X H®
o CHy
2-Cyclopenten-1-one trans-2-Pentenal trans-2-Methyl-2-butenal 3-Methyl-2-butenal 2-Ethylacrylaldehyde
CHj3
H
- on, /N,
CHs o
o} X o
(0] o
O
Ethyl vinyl ketone 2, 4-Hexadienal 2-Methyl-2-cyclopenten- 3-Methyl-2-cyclopenten- Fulfural

1-one 1-one

Fig. 13. Structures of candidate effective compound in CSE.

(2) CSE HDOISHDENVY a,f-AEIF1 7 VAR = AL E D[R E L TE &

GCIMS Z3#rZ& VT CSE HIUIAFAIE T HIERLA W% R E LTz, CSE 7ebONIIEALTAR
Hefb 5%z GCIMS (2L THtrL, ZNENDIRFFRF# &~ AART MV 2 LT, Dk
. 2-cyclopenten-1-one, trans-2-pentenal, trans-2-methyl-2-butenal, 3-methyl-2-butenal,
ethyl vinyl ketone, 2-methyl-2-cyclopenten-1-one, 3-methyl-2-cyclopenten-1-one L T* furfural
N CSE HUZHAFTET DALAMEL CAESAL, 2, 4-hexadienal X CSE IZH N TEHT, 2-
ethylacrylaldehyde |Z[FIEIZESRD T, fliAA 70~ 7T 0% Table3 (2”7, GC v %
ARIMUZBWTEWE =7 2R LT LG %Z GCIMS (&> TERLL, ZhoD(baW
0, IEFISHEDOENMEA M THD ACR, CA BLY MVK HFIFF%DOET CSE 177
ETHILEEALINCLI (Fig. 14),
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Table 3. Retention times in GC mass 25

chromatograms of CSE, and commercially %}fg
available ¢, f-unsaturated carbonyl compounds g lgg
that showed the same retention times. % jg
. Retention Commercially available 5 28
M (tr:1ni1r?) car%ﬁyrz?)trl;:)aéiﬂds VC‘Q- o¥ {sk \/\,é\“ Q\@\"} \@@\Q \\°& <¢>‘-\$®\
82  18:38 2-Cyclopenten-1-one \oQo‘@ Qg@ *\4\‘6 & 4
84  6:58 2-Ethylacrylaldehyde & &K \/,a“
7:35 - V@«*
8:11 - W
8:28 Ethyl vinyl ketone Fig. 14. Concentrations of the main
11:00 trans-2-Methyl-2-butenal
12:08 trans-2-Pentenal a, f~unsaturated carbonyl compounds in CSE.
14:24 -
14:50 3-Methyl-2-butenal
96 18:52 2-Methyl-2-cyclopenten-1-one
19:23 -
19:40 Furfural

20:09  3-Methyl-2-cyclopenten-1-one

(3) CSE HIZAFAET AZENHIBILI. af-Aafni VA=A b5 WE GSH LD RUGMED RS

CSE WITAFEAET HIZEMHIBILTZ 8 FEDILEME GSH EDRIGIEZTR <572 8 FfH
DILEMZE GSH LRILSHE, ZDOIRBWERE LCIMS ([Z&>THotrLiz, ZhbDbao
GSH &R [M+H]Y Ofiitti (4> 7a~h/Z L% Fig. 15 1Z7~L7=, 2-Cyclopenten-1-one
(m/z 390), trans-2-pentenal (m/z 392), 3-methyl-2-butenal (m/z 392) I LT ethyl vinyl ketone (m/z
392) I — BRI ED 5T, LL7AeA3 5, trans-2-methyl-2-butenal (m/z 392), 2-methyl-2-
cyclopenten-1-one (m/z 404) 33X 1Y 3-methyl-2-cyclopenten-1-one (m/z 404) (X" — 27 FREEHMK
o7, Furfural (m/z 404) 13E—2 RN TGN >T7,

(&%

o f-REAFIH VIR = AL EMIINE ST GSH D SH I~ A7 /AN 2 et & S Z2H)
FIL T, CSE HIZHi7=IZ 8 FEFHD{LAY) (2-cyclopenten-1-one, trans-2-pentenal, trans-2-
methyl-2-butenal, 3-methyl-2-butenal, ethyl vinyl ketone, 2-methyl-2-cyclopenten-1-one, 3-methyl-
2-cyclopenten-1-one FLTN furfural) FIETHZENHLNEI ST, TE &G RN D, trans-2-
pentenal (X, CA XWFTEENZ<, Colombo & 270 23R~/ & GSH ZDJE/ %, ACR BX&
Y CA 1255 GSH DOHELIAMZEH, MVK BEOY, b0 ap-Aafi i VR=ALEWIZ L
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Fig. 15. Extracted ion
chromatograms of reaction
products of GSH with a, §-
unsaturated carbony!l
compounds. 1.0x108 in
(A)~(E) and 5.0x108 in
(F)~(H) indicated the absolute
intensity of ion detection, and
each value indicates 100%

relative intensity.
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100 uM @ 2-cyclopenten-1-one, trans-2-pentenal, 3-methyl-2-butenal 35O ethyl vinyl
ketone |X, B5#EBAAA 72 WERIHICHEV T Colon-26 Ml iEsi% 58.4,97.5, 33.6, BLWY
98.0%#11ii| L7=, —J7 . trans-2-methyl-2-butenal, 2-methyl-2-cyclopenten-1-one, 3-methyl-2-
cyclopenten-1-one 35X Ot furfural 1%, Colon-26 FAEDHEAEZITEA LML 72h 7= (Fig.
16), 100 uM @ 2-cyclopenten-1-one, trans-2-pentenal, 3-methyl-2-butenal XU ethyl vinyl
ketone |Z BALB/3T3 clone A31 #D¥EFHZ 39.6,48.9, 17.9 FSL TN 95.9% L 7=, LAL
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L C. BALB/3T3 clone A31 HERIZ &3~ D FEMMHIER A3 55\ 2L REi7z (Fig. 16).
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Fig. 16. Effects of the eight identified
compounds on the growth of Colon-26
cells and BALB/3T3 clone A31 cells.
Both cell types were treated with each
compound at 100 uM concentration for 72
h. Cells were enumerated using a Coulter
counter. Data are mean + SE (n=3).
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Fig. 17. Antagonistic effects of 50 uM NAC on Colon-26 cell growth inhibited by (A) 100 uM 2-
cyclopenten-1-one, (B) 10 uM trans-2-pentenal, (C) 100 uM 3-methyl-2-butenal, or (D) 10 uM

ethyl vinyl ketone. Data are mean + SE (n=3). * p<0.05.
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