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ABSTRACT
Effect of oxidative stress on vascular complications in type 2 diabetes

Norimi Ohashi
Department of Internal Medicine, Keio University School of Medicine

To investigate the relationship between oxidative stress and the development of diabetic angiopathy, 194
type 2 diabetic subjects were enrolled, and divided into three groups ; Group I without diabetic
angiopathy, Group II with microangiopathy, and Group III with macroangiopathy. We determined the ratio
of oxidized albumin (ROA), and other oxidative stress markers, inflammation markers, PAI- 1 and some
growth factors. We then analyzed the relationship between the levels of oxidative stress markers and the
other markers. It was found that the ROA and SOD were increased relative to the control group in all the
groups. A negative correlation between the ROA and PDGF and positive correlations between both
glutathione peroxidase and lipid peroxide and PAI-1 were found in Group I In Group II, positive
correlations were found between catalase and CRP, and lipid peroxide and PAI-1, and a negative correla-
tion was found between the ROA and PDGF. In Group II], a positive correlation between SOD and'PAI-1
was observed. These findings suggest that the onset of microangiopathy in diabetes mellitus may be attrib-
utable to the effect of oxidative stresses on PDGF, PAI-1, and CRP, and that the onset of macroangiopathy
may be attributable to the effect of oxidative stresses on PAI-1.

Key Words : oxidative stress, ratio of oxidized albumin, high sensitive C reactive protein, plasminogen

activator inhibitor 1, platelet -derived growth factor

BERREBEEICL >~ THESHEOFERERLS THRE
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Leh-T, 20N, WECHIPRIEELHTEEL L -
T3, FERFBEEDOHER DNA kB W TZ O
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LTZOBEX b L 2OTLED, Th SHEKBMES
EDEBRITHL h b > TV 3 AR HSRIT O <
ST ENDDH B, Tilton” 5 IFEMEDOEE
BEBRZFHEE RV, SMES VIR — Y=t F v

F7 =4 vtk - TIE O BRI P MFE s FHE
XN BHHE%, F7 vascular endothelial growth fac-
tor (VEGF) OthfIfiiA THFMMELES 5 T Lic &
DENEEEILLY B ERR L. &5, TOHR
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XN, HIRENEILR b L2 OEBICBEIS LTWA T
EMBFEIN TS, & SICHANEEERREA v F
v AT ~NF Y Y 3 VY ARMY 5 &, plasminogen
activator inhibitor-1 (PAI-1) MBI 5 Z & AR
xh?, PALLl =t Y v 7 REASDEBZOEH %A
EFBIEDPD, RRE~D< MY v 7 2BAOERES
VDERITOTRBODLEELOSNTWS, F/: trans-
forming growth factor (TGF-P) 3 1 & BE#& sk M0 A
(MBEA R MR, MEFEHMAE, MK /Mg,
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F o RINEREE, —RRHICHIRBIIREE LA O RIERR
KBAL TR, EERSEICHS»ITED20dh 5. BHEZ
DEBZFIANLNTVWAIRIEE LT, Ross'™ 2D
ERIHKE (response-to-injury hypothesis) 23&% 5.
T8 b LWRIREE L O Rl ME N R EE & NEEEED &
ERFHEL, ZOHEF I LTI BEERA K i
KESRTEOESEN L THEL, NEHEBT~EA
45, ZLCIEEAEALTlakEizs sy, MIHRE
Th BIEHHREEERT 5. & chEO S A
FETFANEALTHIEL, HIaDERS INb b SR
Eh3, SHIIOBREBICBVTVMI® T Y v 8k
DS LTVWELEVIEDTHS. ZORHMTELSH
3 & 5T, BRE(LEEORREIC BT 5 MEHRLP M
faoMBERIG IR X CEEE NS XD -7, LHL,
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OAETHY, Bz FL2oZEicBELTy, —H LK
BREBONTOVERL,

% CCARIRERFE M ME & PFE D RIEBREIC 81 28
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RERIMAE 200 mg/dl LA E&H A2 WIBEO 75 g 7 N ol
BT RERIC T 2 BRI IFE 200 mg/dl DI L&/ 4 b
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W26 ZOREASLRL .
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pl&, REBLEXKRRIEZEFRHK CVrr) %
Cardimax FX-3301 (Fukuda Denshi Co. Ltd., Tokyo,
Japan) ZAVEIEL, 1.66%LT AOBROEET
FRME) 35 & OBEER ARLIAZE SIS 9t/ LT % /e
TREFE L, 7538 CVrr BIERRIE 10 2ATIC< o K
L EBORBIERIT - 72, PR SRR R 4RO
BEL L AOBBEICHBAIL TS S WREERES L, &
DO 2EMICHEL . RINBEREZEMEOERSE, b
L BNEFOBFEE2S2b0E LZDHERLTO &
SICEHE L. BRI OERER, RO, Ly
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EAEBDHDL D%, FMETOBE I MEEREE D
HVEEH CT, MRI ThHim, MEEOZHZshTw
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EFHOVTHRAIE L 2. HREEEEETE, RF-5000 (&
EBIERT, WE, HA) 2L

C reactive protein (CRP)

T Tyl ABREEEHOAEREF Y b, N-F v
7w ACRPIAZFEHLLV—-—F—% 70X —5F—
BNAII i THIFE L 7=.

Interleukin-6 (IL-6)

2AF v THYRT 4 v FERAVEERERES v -
IL-6CLIA (E-Lv e, f&E/ll, HA) 2EHL, EH
HE28 LP1200 I THIE L 7.

Plasminogen Activator Inhibitor (PAI-1)

557w 7 RBBREAH VI PALl RIEREF » +,
LPIATpai 7 2 b (F4¥ oy, RHE, HAE) %2
AL, 2BH0RFMEREZEE®D LPIA-A7T00 (51 ¥
Fe Y, BE, BE) KTRIEL K.

s ERF (TGF-p), mM/MHRERRREF
(PDGF)

ik ERT (TGF-p), M/NMKHREERT
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E1&R BERER

1% (n=59) & (n=30) M (n=31) ayviro-—L# (n=26)
R (8 12.3+4.0 13.1+3.3 12.1+3.8
Fl R 59+8 61+9 6445 6010
5l (810 37/22 20/10 22/9 14/10
HEE (%) 27 28 39
BMI (kg/m?) 225+29 223+25 23.2+2.7 226+2.3
FPG (mg/dl) 151+42* 156+43* 152+ 35* 102+14
HbAlc (%) 7.2+1.0* 7.3+1.0* 7.1+1.2* 50+03
TC (mg/dl) 194=+37 199+38 203+34 193+32
TG (mg/dl) 115%70 10279 113+47 101+71
HDL (mg/dl) 53+18 55+13 54+14 55+17
BP (mmHg) 134+14/79+12 132+17/79+8 147+5/83+8* 132+19/78+10
M-Alb/Cr (mg/g Cr) 142+23 182.2+84.8° 31.9+136 13.9+76
HARESE Bhv:  pUigEME hEREM
) 0 14 10 0 0
RNIMEEE EIMECESE  fMaes
(n) 11 28

I8 MEAHES L, I8 MNOEREOCAEH, E : ROEEED A&

BE I TFEE - FERE TR LI
+P<0.0001 vs 2 ¥ + @ — L, °P<0.003 vs fth#¥

BMI : bodymassindex, FPG : ZEf§E:[¥E, HbAlc: ~EZ ot v Alc, TC:#a v x5 o -, TG : tiisl;

4. #Et

KEE OZORE 13 —IToELE BRI TR L 7=,
&< —Hh —DOHHEIBAR % simple linear regression 5347
EROENT L., ST TpE 005 UTEARE L.
T X T OHET B3 Stat View Version5.0 (SAS
Institute Inc. Cary, NC) ZHWER L 7.
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M #HOEE G, iRl CER NELSFER
EMET& - 72. Body mass index (BMI) iz M0 EE
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2. BEX FLRT—H—DREE ST E 1K)

BHRTOERLZOBLZ b L 2w —H —OREBEST%
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vho—LEEolkETR, BTy vE, SOD
BERTaviro - VBRI LSRR L. BRI
BRIUBCBVWTDAI Y bo - VBIICH LEEICE
BTh-1ch, [, IBHTREEERTRSZIEET

Bih-7, h¥%5—+¥, GPox i, @¥Tarvbo—
NV EERIEIRD - 12,

VRN CHELE T 2 b7 v 73 VI, B
EIEER I B IR THECSETH 7. 74
5 —+¥, SOD, GPox ¥ERKHAVTHOBEREICbZE
Figp ot BBABIEEIESE THRELSSEER
Lics, BHTHREZEOHSICERS, -1,

3. ZOMOFEET—H—DATESE FE2H)
CRP BHERRBNTOHMZEIRD b 728, &
Bibaoviro-#loEEEmERL, BT
HETH-/c. IL6RZBELba v -A#HEDE
BER TR - - PERERRD L -, PALL 3=
vihoe -, FRRESERRBEICBT AEMOERE
ETH» -k, TGF-p, PDGF 3fERFECI v bo—
VB DABRICEMEER L. SERREICE T 2R
DEIEETH» - 12,

4, BILAPVRZ—H—LBORET—H—DEHT
DFERIRAR
VIFokRED, BBLRX LX< —#—T&h3 SOD,
Bit7 V7 3 v M, BELESE, CRP, TGF-p, PDGF
DE<T—H —THEOELERED I LMD, Thb<w—
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A Ei%ﬂzﬂw‘s‘/l;t B. SOD .
(%) ' o (ufl) % ’
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.45 7] [
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1
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I II I C I II I C
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. s
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L4
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I It 111 C
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| 2- 2 7 _L
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I I 111 C I It I C

FIX B b L Rv—h—OHIEBESH
BRREZANESHEOREOEE LIV EASY, MPOKBIER b LAv—h—DRlEEERL, Bk
L, 1 MESHEEE S WHRKRERER (n=59), I fVNIEREDCHA2H T ZHERKBEEH (h=30),
Il REEEDA2ET 5 (n=31). C:MNEBH (n=24). p<0.05 X, “P<005vsIll, 75 73F
Bl BLU ERREEEER L
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A. CRP i} B. IL-6
(ng/ml)
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I I I C I 1I 11 C
C. PAI-1
(ng/ml)
70 7
60 7
50 1
40 7
20 7 % %
10 7
07
-10
I I I C
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R i 35 ' {
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H2R 2 OMOKE= — 4 — ORIE[NE
FEIRREBE L MESIHEOELEOTEICL VPES T, MEOZOMOREE~— 7 —OHIEEETR L, BRILE
L. 1! MEESHEEE S ZVHERREBRER (h=59), I fiVMNIBREEDCL42H T 3 EEREEE (n=30),
I RNEEEDCAEF TS (n=31). C: NBE (n=24). p<0.053BE, 75 7 IVHEE B LU EEE
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AfE  BEPRRIME SHHE~NOBILR b L 2 DEE
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7004 0 PR .

60.0-
50.04
40.04
30.04
20.04
10.04

0.0
0.0

01 02 03 04
L7 ILISUH (%)

w3 [#cofgt7 V7 s ke PDGF OEBERIR
I8icH g a8{t7 V7 3 v & PDGF OHHBEBERE®R
L7, 18 (n=59) TlE(L7 V73 & PDGF
BEOMBR% AR L (r=-0.35, p=0.03).

80.0
700
60.0
50.0

l‘=-0-47 p=0|05

40.0
30.0
20.0
10.0

Sovitonlonbonlirnlnbicistssssl

e

pr—p—y

T—r—T T Ty

0.2
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T
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FAR LUBCOBLTIVT I v & ftho PDGF OFHBIRE
%

N BB 28{L7 V7 3 v & PDGF OHHRARER %
Ut OB (n=30) TRE{t7 V7 ¥ vH& PDGF
REOMEBEEZRER L. (r=-047, p=0.05).

EEEAFSTVIRTEBRILTY V7 3 v & PDGF
B OEBIRR AR o (BB 3D, H/NIE & HHE %
BT UBETbERRK, BIL7T/V 71 vH& PDGF i
BOMBERREREY I E4K). —4, SOD, L7
W7 I vEE TGFB ORI, & EBICHEEDOHE
BABIR 2D 1ad» - fo. KIMBEAHEEE T 5 NI BT
13 SOD, B b7 v7 3 v, BEBUEEOBRLR b L
ZA<w—#—¢&, CRP, TGF-8, PDGFicz2 v b o —Ju
BoH~, 5EOZbEED M, BLA LR —H—
L& —H —MTREBOHBEBREED L - 12,

£ ¥

ERBICB VTR L RIE, ZORIE»SMES
PHEOHBICEL T TRELNRINERLLTVEEER
SRTWVAE™ P, EEEEREE 7 VB CEIRREE O
s, &L < 3D To®Bb2 b L 2 DTTENE#E
ENTVAEY, KFic 2 WERREBEZE TOHE R, DNA
BflEEDIEETH % 8-hydroxy-deoxyguanosine (8-
OHdG) SEOHEMARPRIMP?2Ic BV TRENT
W5, CORFICBVWTCHMPTORILR b v 2DTUHE
REEEZD Iz, My v 2 BD5 LENICRLBEIC
FAET B 77 3 v id mercaptalbumin (HMA &7TH)
& non mercaptalbumin (HNA B{LE!) icKBlaNn 3.
Z LT HMA » 5 HNA ~DOZE# I EERNTORILEY
DRAARY Y v =& LTEERTBLLR b LV EHO®
HAE > TVWB I EDBPELPITH->TBDE®, ThFE
TIRGBEREEZEICBVWTEBILT V7 3 v oINs#RE
EhTWn3a®,

SEIOKRFTOHBREORE L —KL T, FHOERE
BERICBOVTRILT V7 3 v IS BE & A RO
BRI, BINL ALz b LRI LTT VT v
DUBRILER 2R U IR TH 2 alRE s R s h /e,
S5k, BILRA ML ZROWEECEESRIERLT
SODMavio—LVEh L ERCEEELERLLT E
bEIMMEIC L 5L b L RDTUENSBIEX b L RJEE
FRREFBELERTHE LV AREESEE S N,
EBE, NEMEI b 0¥ F Y 7 TO superoxide D EL
MEIMEIC L D FEINE LIRS TV BHD, &
[H o5t i3 superoxide #D & DDRPFETIZML, D
HERTH S SOD DB TORFTH D, SHEISIC
BiTE2ET L EEZ ohi.

IhE T, ERFBREEOIMT® SOD icfid 2HE
1, Adachi 5® @ 2 BIFERFE B ICE 1 5 il SOD
vAvE A v R Y vk & OBREIC O W T OB E
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ATMEDOHTH 5, K5 ITEKROMBE®E, BML o
v 2 Y R & A SOD LR HEEICHERL
TEEHELTV S, SHEORITRBRKEICBLT
RGO [MEEE, BMI &M SOD o i FEBERIH% &
Ronih» -7, Adachi 50H&EE, EEELEHT
REFshTwaoicl, SEok:TIdFEE BMI22 i
FHOEBOBEVEETCORNTHE LItk EREE

Cl-malREMENEZ Sk, £/, SEoRETld, ME
EEDIH S & 78 - 1o WIHIR I O A ZSRERINEZ &
FNTVBEIEBERENL > T EAEEESZ R S N,

—%, GPx, #%5—¥d H0:DHERTDH %M,
Atli T 5P ORERRERE TOMH GPx D% & Rk
SEIOMEICBVWTS GPx, S5IKH ¥y 5 —EbH
Bl L TEERBZEEZEDEh - 12,

BRIVEEPRKNERESHETHL N HTOAE
BiouBEICH UEETS » 20 REKREVEREWZ
5. bbb, BERLIEE EIRELREHRALICE D A
zh, LDL 28{kL, <7 n7r—voakfiaikic
HFE5THLEBL CHRELERET S L05, B)
RE(LERAE L TV ABIcBVL TR, REWLICEERL
EEHE AT, FERE L TPEBESEEE -k
HHEtEASE 2 St ERR, ABRLEEE, b r0F
IREELEE I IEE U <B{L LDL £ & bIIBET B &8
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