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Methylglyoxal (MG), a highly reactive dicarbonyl compound, is a metabolic by-product of glycolysis. MG is often
detected at high levels in the blood of diabetic patients. We examined whether MG was capable of inducing reactive oxy-
gen species (ROS) production in bovine aortic endothelial cells (BAECs) . The viability of BAECs decreased with time
on treatment with 5 mM MG, and was almost completely lost at 24 h. In contrast, MG at 1 mM had little influence on
BAEC viability up to 24 h, but induced the elevation of intracellular glutathione content at 24 h. Exposure of BAECs to
MG caused a dose-dependent increase in oxidized-hydroethidine fluorescence intensity, indicating ROS production. In
addition, aconitase inactivation, which is an indicator of intracellular superoxide, was observed in MG-treated cells. Fi-
nally, we found that MG at 5 mM increased the fluorescence intensity of BES-So, a specific probe for superoxide.
Together, the results suggest that MG induces superoxide production in endothelial cells, and that the accumulation of

ROS may be linked to cytotoxic effects.
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T T2 E, ROSOHMETO—T TH5 2,7~
vryoaz)vtFlbtvAa - 7t5— K (DCFH-
DA) OfE{LAHE AT 5. DCFH #HWi=ERN S
o T MR, b MO, T S MR E AR
BNWTH MG P ROS EAEZETUHET D Z NG S
NTWD Y0 X502, b - H &I R
(HUVECs) TIZ MG 2LV GSH Othig &7 L%
FARNVFFF—EIENE ERENRED SN TN
5.1 26 OHEMNS, MG AEEMERICB W
THALA ML A2 52 TWBHREENE X 5N 5.

AWFZE T, MENEMEE AN, MG OFE%E
Bt U7z, SEd MR RICHT 22 EEBHL,
KINWT ROS DFERITDONWTHATO—TTHDE
ROoTLF2 > (HE) &% 37z BES-So &
ANWTHHZ21To7/. ZORE, MG ULEIZ X DM
faEERNE NI %8 T ROS OELANED LN
DO THET 5.

£ B A &

1. = MG (40% 7/K¥5#R) 1 Sigma Chemi-
cal Co. (St. Louis, MO) XLV AL7. HEIZ In-
vitrogen (Eugen, OR) J U, BES-So I fll )¢ fli 5
T CKBR) KA LZ. UHREiMmiE (FBS)
% Cambrex Corporation (East Rutherford, NJ) X
DIEALbDZ/MHAL. TomoilEEET,
W el 2 W 7z,

2. MfRKEE L MG ALE Al B 13 Cambrex
Corporation & D A L 7= 1E% —7 & KEIARAN K H
(bovine aortic endothelial cells; BAECs) Zffif L
7=. B&Htl3 Dulbecco’s modified Eagle’s medium
(DMEM) 2 10%FBS, X=31U > (200U/ml),
AMLThRAT> (200pg/ml), L-7 )7 I
CmMm) ZHEMLZZHDZEHN, CO, A > FaX—
& — (B7°C, 5%C0,/95%air) TH:EL =, KW
TI3 6-13 kLD BAECs 2 1> 7 )L T > MIREEIC
R U TEBRICHEMALZ. MG ULEZ, iz 2%
FBS 258 DMEM 25 L7205, MG ZiRinL
Tiro/. A >Fa~xX—3 3%, fllliz DPBS
TP L, FREHEICHW .

3. MRREHE M AEFERIL, BRTERA 7 7
Y —CEMEZEREE LU THE L., BERZX T 7
& —EIEHE, MENEOEMEE & &M &
RY ZEMHISN TS, Y BAECs (3X10% cells)

ZMGUELAZDS, I0mMp-=—hO7 =)L)
P8 KR 0.1% Triton-X 100 A HEE T b Y ™7 AU
#® (pH5.5) & 100l {wMML, 20 f1 > F a2 N—
23>/, DWT, 1M NaOH &k 10 ul % iz
TRRZEEL, 405 nm QWEE 2 HIE L7z,

4. GSH RU'GSSG DEE DINBUH A1~
U 7 EZRMHALZ Y BAECs (1.5X105 cells) %
MG LB L, HifdZ Ve, SRS ReE 120 o B L
7. oz EiEO—#% [GSH+GSSG] E&D
AEIELTHEAL, 2-EZILEY DN TY A F
LD E GSSC EEHDREIE L. 0.1M
U EEREE W (pH 7.5, &% 5mM EDTA) 2l EH
(50—-100 1), 0.6 mM DTNB, 0.2 mM NADPH 7% i
L T30°C T LA >Fax—2 3%, 1.30/ml
DINWNEFH VYU E—EHRME D RIGkGL
7=. kU7 2-= hO-5-F AR EEFH D 412 nm 12
BIF W EEERE L. GSHIZ [GSH+
GSSG] & GSSG OEMGHEM Uz, Iad, & 2N
JERBIZIZI /70 BCAEZEH W,

5. ROS &R  ROSIIHTZHNETO—T
HE K UF BES-So 2 iz, £z, ya=4—t%
MOEEHZIIEE L.

HE O HE : MG LR, MG 23 Ui Z2RE
L7-. 10uM HE &4 DMEM i 2L, 20 %
M >Fax—ra>lrik HWTHE 280
K zFRA L T DPBS THei#g, #OCEHMEE Y
DN, HE) ICXOEHRL .

BES-So O %Yt : MG QLE#, MG &3 855 %
PRz L 7. 10 uM BES-So &4 DMEM V&K % IR il
LT2 01 >Fax—arlik HTHlE
ZRUT TR0 HEERO L THERL, Bonk
WMasEm ezt A ML —F—F 2—7 (Becton
Dickinson, Franklin Lakes, NJ, USA) TAiL T>
O—HA4 MA—45—HOik 2z L . BES-So
DHEFEE, FL-1 F v+ %)L (530nm) IZXDBHL
7z,

7 A= —YiE M MG QLERRI G Z $E %, 0.2
% Triton-X 100, 0.1mM Y ITFL > MUY IS
Felz, SmM 27 T 2% 58 PBS Trlia (kL /2.
AV I OBEREEL TERT S A7
F >l D 240 nm OO ZHIE L7z, 1Y

6. RETAE  F—FIIFHELERERETE
L 7=. Figure 1 DMEICIE, —ICELE 7 B HT 1%,
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Fig. 1. Effect of MG on Viability of BAECs

BAECs were treated with 1 and 5 mm MG for the indicated times. Cell
viability was assessed by measuring acid phosphatase activity. Values are
means +S.D. of six experiments. *»p<{0.05 compared with control at each
time, Scheffe test after analysis of variance.

Scheffe D EZH Wz, TDMDFT—%13 FRE
THES %, Student @ ¢t IEEIT> 2. 48
MDOEHEN=T — 12DV T Kruskal-Wallis #
E %, Scheffe DMEZITo72. THhE i p<0.05
EERELE.

] R

1. BAECs DAEBE(IHT D MG DFE L GSH
BOZE) BAECsIZ MG (1 mM, 5mM) Z RN
L, BEEICHaAEFRZREL 2 (Fig. 1). M
faAEE R, MmN O &M R & @B 2R
THUERAT7 7 —CEEZHEEE LD 1mM
MG LEETIE, MAEFROEKTNEOSNZDHD
D, K1 80% DN EFEZRL . ZHITHL, 5
mM MG LB TIE, 1 >FaxX— 3> 4h 6
HU, 24 h BOMIAEFERIIDT N 13% Th-> 7z

12 BAECs IZ MG (0.5-5mM) Z#AL, 4h
#%&E 240 1%ICBT 5 GSH &2 llIE L 7= (Fig. 2).
4h#%® GSH &I MG #iRiML7aWwa > ho—)b
IZHART ImMm, 2mM &5 mMm MG YLE Tig A
U, BIlZC2mM THEHZETH 7. TNSDEHET,
LA GSSG DEBNIZRD S/ > 7= (data not
shown). —7, 24h ® GSH &3 0.5mM K& U8 1
mM OLEEMTHEML, I1mMIZBWTI > b
O—)LD2-5% (E¥4£%5) Z:RxU7k (Fig. 2).

N
6]

MG (mM)

Fig. 2. Effect of MG on Glutathione Levels in BAECs

BAECs were treated with MG (0.5, 1, 2 or 5 mm) for 4 and 24 h. GSH
levels in BAECs were measured by using enzymatic cycling method as
described in experimental section. Values are means+=S.D. of 3-8 experi-
ments. *p<0.05 compared with GSH in control cells, Student’s t-test after
analysis of variance or Scheffe test after Kruskal-Wallis test.

ZDES7 GSH O#INZ 2 mm 8 5 mM O =
EHTIRRED SN B>z, 24h O GSSG &1 1
mM OEFETOADOITNTIEH DMLz (3>
ro—Jl, 0.3+0.3 nmol/mg protein, n=38; 1 mM
MG, 2.2+ 1.8 nmol/mg protein, n=6), L»L7&MN
5, i MG 2% Tl GSSG DZEFIIED 5 nis
/Mo 7= (data not shown),

2. MG 4L BAECs [CH(T5 ROSDEE MG
LEE 2h T, ROS AEKICOWT 3 MORITEEZ M
WTHFE L7=. HE X ROS &KL TREHEZ
FT D, FRIT Oy~ EDORINMENE <, MEAN O,
TO—7ELTALHANSENTNDS, 19 K TII,
HE W MG EEHEMIGLBNWI E2H 50 CDOMER
LTS ERICHELZ. MG R UEOO Y ho—)L
MR B O MG QLEE 2 h % @ HE # ¢ 5 H % Fig. 3
1279, HE O#06IE, I ho—)LiiacldiEe
AMEBZRSNIRMD =, —7F, 1 mMm O MG UL
TIX HE OFREBEADDOTNCBR I N, £,
5mM O MG LB TIIJRa#EENHEFITH AL,
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1mM MG

5mM MG

Fig. 3. HE fluorescence in MG-treated BAECs

BAECs were treated with 1 and 5 mm MG for 2 h. Cells were incubated
with 10 um HE for 20 min. The red fluorescence generated from HE was
monitored by fluorescence microscopy.
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Fig. 4. Aconitase Activities in MG-treated BAECs

After BAECs were treated with 1 and 5 mm MG for 4 h, aconitase activi-
ty was measured spectrophotometrically. Values are means+S.D. of three
experiments. *p<0.05 compared with control, Student’s f-test after analysis
of variance.

MG BEEGFENTH D Z ENH SN 7=

KIZ, MG {LE¥ BAECs © 7 J =% — &M 2l
EFLZ 7224 —Fi3 0, OEFEHEFNTESIZE
T2 ENMWEINTWS, 1719 Figure 4 IZ;- T
EOI1Z, ImMOMGUETIRY =4 —EiEHD
ZENIED S Nahoz. ZHUTHLT, 5mM D
MG L TI3# L <{KTFL, Fig.3 TH S5/~ HE
W L FRRRAERZ R L 72

=T, MmN Oy~ Y bo—=7 & L T BES-So AfH
¥ XN/, BES-Sold Oy~ KWEERMTHD, N
DXEHENTNDS. 19 T, BES-So # {1,
JO—HA M A MY —4H%1T> 7z, Figure 5(A)
WZR9 &I, 3> hO—)LTld BES-So D1
NS L, FEAEDOHBANER ATl —
#, MG (5mm) L TIE, fHIE A OHHAESIX
BAL, Oy OAEMZERTHEHEB AT ML

control 5 mM MG

29.9%

Cell count
Cell count
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N
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Fig. 5. BES-So Fluorescence in MG-treated BAECs

BAECs were treated with 5 mm MG for 2 h. Cells were incubated with
10 um BES-So for 20 min. BES-So fluorescence was detected by flow cyto-
metry (A). Fluorometric analysis of data. Values are means+S.D. of three
experiments. *p<{0.05 compared with control, Scheffe test after Kruskal-
Wallis test (B).

O, #HXmEZOY hOo—LoR2 BT ERL
7= [Fig. 5(B)]. 723, BES-So ®#J:i%, BAECs
MEELBNWEAE T TIEI MG OFEIZHRD S TR
5NN o 7z (data not shown).

% £

AWFFETIZ, MG IZ&L D BAECs DAEFRNET
L, ZOMEETROS EANTTHEINTNSZ &%
AUz, BEREOREETIE, MmiEHh o MG EEIR
IEERRE (0.1um) EHARTHEL, 0.15-2uM 2
JEIZEMT 5.0 L L, MG 2@z RY
F—IVRBENS AR T D E2EEBTHE, MlEN
MG BEIIMBEFRLDISICEVWETHIEINS, HE
B2, T v FEIIRAEAE D MG EEIXMER L DK S
& <,2 CHO fiflaiN @ MG 1T 310uM T H
HEHEINTNS. D LhLRRNS, AFFETH
W 57z BAECs £ FR DK T U ROS FEA DI
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KiZ, mMF—F—LNnI EEEMG 2EL /-,
DCFH-DA % /= £ Ti, b MOAifilE T 200
uM D MG LB X0, o MR E R i T 200~
800 uM O MG JLEIZ & D ROS FEE DB K ATFED
5N TN 10D F7- b b BEERM: I # Ak
U937 Tl 10-300 uM @ MG 12 & D ROS pEE
9 %73, HL60 < K562 75 &t O itk Tid ROS
EADOEMMEZ SRNWZ ENFEINTNS. ¥

INSDHEMNS, MG KT 22 Mo &
FICE > TRV BRRBEEZEZ NS, —F, BE
I MG 2RI L 72856, MEAICERD AN
ZMGIIOTIE®B THDZENHEIN TN
2.9 Z0ZENS, AERIZBNTmM 4 —4 —
D MG ZiHEML7z%4E, BAECs WICHDIAENT
W5 MG BEERRE T umA—F - HEIND.
PRAGICHIRE N, R 12 IS N Rz M 0 MG 8 B YR
T uM A —F —FTHEMNT HNEINTIARHTH S
7, EIEE DR U B RIE N AL T DR RE T2 D
RIS ETERnbDEEbn b,

DCFH-DA 3 #il2N T DCFH Nk R & 1,
FEWTROS EET 5720, BEA ML ZOHEE
WIh<HWwsN TS, Z#H X T, HUVEGs, ¥
a7 M, mAESEE M b S OffEeT >
A ) Rz el 2 MG QL9 % &, DCFH-DA H 3
DEANDWERT A ZENRFEIN TN S, 71D
DCFH (3 H,0, i3IS Ly, B ROoFI LT
PHIVRNO, T2 HIVERIEL, #HXEWMETH S
DCF N\t 5.0 LinL, HE#LzZ2ZT5
WZ &%, DCFH MBI N2iWEfET Oy KU
H,O0, 24T 5 2 ENEHMINTNS. 2D LR
> T, DCFH-DA ZHf W= EN 5 ROS OFE
BILSCRINEZHEET D LIIREETH D EHbN
%, AW T, #t70—7& LU THE 2w,
ROS A IZDWTHEI L7z, HEIZWE Oy~ 1Tk
STENAMDODIFOIUALAICEILENE EEZZSNT
Wiz, GRS, AT ASHAMEIIIF UL LR
2% ZEMHLNTEINTNS, 19 FYE O
FIEIRHATHZH, 0~ EORIBTREMICAEL
5 ENFAEHIN TS, BAECs 2 1 mM O MG
T U 72356, HE #6ICd 2 & I3A 5N
Mo 7h, BAECs DAEFHRMNE T T S 5mm D
MG THLHE L 723413 HE 30C DB AN @D 51 /-
(Fig. 3). 202 &S, MEEGFRMETIT S5

fFT1x, MIREZEIZEITL T Oy~ @K 572 ROS AN
BEINL TWS ZEMNRBEINS,

A —FIE - RICEHEE Y TS —
[4Fe—4S]2* 2 H T 58 ET, Oy X TEHIC
b =4 [3Fe—4S]i+ & 72D 4359 5. 19 BAECs
OF7 A= —EiEMEIE 1 mm MG LB TEEI1Z A5
Namozn, SmMMG LB TIZELLEFL
(Fig. 4), HE #0¢HE O 5% (Fig. 3) & —&% L /=
LMWL S—4T, MG (5mM) YL BAECs IZ
K57 a5 —EiEHRETIX, Cu,Zn-SOD, %
WHR DR TF L > 7)) a—) V&4 SOD Z i L
THEE Lo 7= (data not shown). SOD %
MG & EBITHRML 254G, SOD OIEMEH.LTH
D Curt MEREL, RIEL TWA I ENEZ LN
5.5)

BES-So I3 S Nz T 0 —T7 T, Oy~
I LT T WR R ZH9 5. BES-So D
JiE MG (5mm, 2h) UEIC XK > THEMT S &
MEERSINE (Fig.5). BLEXD, MG {L#
BAECs IZBWT, ZOMIuEFROE NITHEITL
T, Oy ICERTZ2MIA ML ANFEINTY
D ENRBINS.

HUVECs %3 27 U #illd Tid MG LHEIZ LD
GSH L X))V Ad s &amEasnTn
% 122829 BAECs 2 MG T 24h JLEE L =355 &, 2
mM KON 5 mM O &R EMIT GSH & O A 0380
5z (Fig.2)., ZHNIZHLTO05mM & 1 mMm D
KEEMTIX GSH BOBMAED 5z, 20
GSH O ¥ #HE L T, MgEEFHRIL 1 mM MG
TRz, SmMMG TIEELLSHEAD L (Fig.
. L7z2>T, MG IZX2Hil@sticx L T GSH
DEEEERZEL TWS I EMREBEINS. GSH
WX y-ZNE IV ATA CamkEE (yGCS) &7
WEFF D EREFED 2 BEREDRIRIT R D GRS
5. MG X GSH EH K OALHETH % pGCS &M
BT S5 ENREINTNDS, 30 ZD pGCS D
IEMEBETRAY 0.5 mM KON 1 mMm MG LB (24h) T
B 5NT- GSH OBEINICE G L Tnws 2 &nE Z
5N5.

4hiZH1J%5 GSH EDOE#EIT 240 LITRB -~
##zRL7z (Fig. 2). §78b5, 1-5mM MG AL
HIZXD GSH WAL, —RICEIEARL ZAD
WETIX, GSHIZZ NI FA RN AFIF—F
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ZNLTOr HIRAET 2 H0, ZiBILH R T
%, ZOiEfET GSH IEE A L, GSSG 1d¥#ind
5., LInU7aMs, GSSG O#EmidizEA LR DS
N72/m - 7= (data not shown)., 7 )L & FH > X)L
FF I —VEEIIMGCHEEFTERTS,2 55
WIEARTEMERET 230 EnsHGENRInNTNWS, 4
Bl GSSG WM ZE RS> ZEBERELT, Zb
FFHA L RINFAF T —ERAEE LI N TS T
EMET 5NN, FMIIAHTH S, MG I3HIE
WTGSH 2B L T/ UAFHI—ERITLD
REZ TS, I UVAFY I 1T ONEICEK
0 S-D-lactoylglutathione ~fL# X4, DWTHY
FF Y5 —F MK D-lactate N B I N 5.
Amicarelli 513, AT/ —<#lfigZ 200-400 um @
MG TS 2 &, Z7UFFHT—F 1 ROIOME
PENETRT 2 Z EZBSMNTL TS, 3 Figure 2
WWARLZEDI20.5-2mM MG YL (4h) TIdE
EARFRIC GSH O A o, 77U 4+
T —YOEHEMRE N LT MG OREAEE X
N, ZHiTHEWv GSH OiH#E &1 L 2l fetEn %
A6N5. BB GSHOED IEISmMED 2mM T
HETHD, SEE MG UBELHETIRZ Y AFY
T—EMNMEEEZZITTNDEIENEZSND.

AW TIE, Oy 7O—7ELTHWLWSLNTW
% HE O\ BES-So % iy, MG L BAECs IZ$
WTEDHEENERITHZEZHASNILE. 35
2, Oy~ Dby —¢:INE7 325 —EDiEMHE
KFHED 5N, MG IZXD BAECs EFERDEKT
IZGSH L X)LV OEFNEGT 2 Z &Rk n
72. LML, ROSIMEERT S A =X LS GSH
NIVOEE), HEZVWITVAFTIT—EREDRE
MIIFRHTH D, 58, FEHSRANLETHD &
EzoNnb.
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