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TRAPc as a Marker of Antioxidant System in Korean
Type 2 Diabetic Patients

Kwan-Woo Lee, Aewha Ha' and Hyeon-Man Kim

Department of Endocrinology and Metabolism, Ajou University School of Medicine
Department of Food and Nutrition, MyonglJi Universityl , Korea

ABSTRACT

Background: It has been suggested that diabetic patients are under high oxidative stress and
plasma MDA concentration is a reliable marker for oxidative stress. However, some studies showed
that plasma MDA is not a good marker for oxidative stress. Recently, the total radical-trapping
antioxidant parameter (TRAPc) has been proposed as a marker for the overall antioxidant property
of plasma samples. Therefore, in this study, we tried to evaluate whether MDA and TRAPc are
reliable markers of the oxidative stress-antioxidant system or not.

Methods: The plasma samples from 67 type 2 diabetic patients and 31 normal subjects were
collected. The plasma MDA, protein-bound SH groups, uric acid and vitamin C were determined by
fluorophotometry or spectrophotometry. Plasma vitamin E concentration was analyzed by HPLC.
Calculated TRAP (TRAPc) were determined by the proposed calculation methods.

Results: 1. Diabetic patients had significantly lower TRAPc, compared with normal subjects.

2. SH groups, uric acid, vitamin C and vitamin E were not different between the two groups.
3. MDA and MDA/TG were significantly higher in diabetic subjects.

Conclusion: From the results of this study, TRAPc seems to be a reliable parameter of overall
plasma antioxidant system and the plasma MDA may be used as a marker of oxidative stress, but
further long-term logitudinal studies are needed (J Kor Soc Endocrinol 14:134~141, 1999).

Key Words: Diabetes, Oxidative, Stress, Vitamins
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Fae] bl ey PATES] YA %
A4, A, 38734 agld sfale] Yol Aoz
LA glot), HT gl sjsld o) whin
23S0 WQlE feleicidol 23t of8) FFo
ABRAEslATT Hofdila Bass glei~4).

FRRREE i, W, el 72 g s
o] J3kg wixn, MFEalol EAlslhi= AR 2
3led #18 ABE YA Aoz gelA ok
frelehcide] 32wk, 2 ), aels oig-
S el AZkAEeaAE il HH A
Zal7)gk ofeigol Qlck aMeE JF34En) AA
IR 58 S3sle] Ay &4 AEE 7
o2 ZAsx 9t

2 $izle] AdfAEalrd] B3 ATE ¥
Aol HyTe] % AFe] A = YA &
49 PAEE Fsiedl, o] Aol adgd
o2 Qs AR} ZUREIAY = 43 &
4=9] YAET) Asislo] FiogTold] F& AAE
HlAE R 9lgol AXslR 5 ~T). F, Y
oM A EAT) FTIsba Wbl Alshs
Eglzo)] WolHQl HEE sl YA Hoo
oigt AsfAEd A gpAshAle] BFde] Jun I
W3} o] gl fofels Ao s it
[6,7]. 2} AsAEske}l ashlolr A Wyt
Z7A9] ojeFoF ool titt A& vinlgt AAelct
(8,9].

ArErd] AFE APIIlEQ ¥l
Malondialdehyde (MDA) 558 F4slod 1 &
gon], by AskiEgtol HojFel AgE =
C 3AAAlIe] - AEE=  Total radical  trapping
antioxidant parameter (TRAP) 24¥{e] glt}. MDA
Z[10~151 ul2d ol Agsln gleu,
TRAP Z4[16~21]2 1 epdAell dish HZ A+
EsuiA HE| ool cidt F4lo] FuisR Slck

MDA 55 &gl WS Thiobarbituric acid
(IBA) assayol] oJ8f] MDA FE8 sk 2,

oA feEleltigel vl L #a, Fil Hebyy
ez EAlslel felecigoll ot =Ho) Ajxe]
A &4 FAF e BoFss] wiiE,
PEez fejeiigo] AEnte] BXAMPAE
THE 9 e APde] ARkl 4=
£ ARFIREQY MDA FEE FFs= Aoldd
[10]. 22} MDA 5342 3 7IA FAPde] 9l
o} A TBA A AR ol9jolls Yo
W, Fjeleid, sivgayl, Yy e BAE
o] F4Elo] MDA 5o Fg Xl AH11~13),
7 MDA 55 &34 A ol o] 4%
€ g 7 o] SR A duy $ix
g} A1 Aelrt gich= Helolie6).
gshgol7 el it A7 iR A 1k
o] A9, PAShE Y FE FHoZ o]FolA
Skoi4~6,22], 2ol 438 &4 Y3kl
g vehd 4 gle AEZA, TRAP Afo] Aok
of ko3t QIrH16,28,29]. TRAP Aol Exlsl=
SAsAES 2 PASAESY] J3AE 58 a2
Bod Wake] FaRA3} Wolkoll tigt FrIREZA
AgEch TRAP SR ZEYH F54UA
TRAPm (measurement)? 744 Z34el TRAPc
(calculation)7} 3lt}. TRAPmE 353 o] 8z}o]
frelelcide] F47058E A2 F4E Aol vl
W TARPc= €4e] 47 Aol 33kl SH
groups, uric acid, vitamin C, vitamin ES 32js}od
Tl FAE o83l AR ZAeolcHie]

Ceriello A E{16]9] Ao AF 23%
TRAPm 2 7Hd3 o2 AWK TRAPc 7t 2d
Aol A B4 Be) felslA deked, a3k
€ vehlie 2 NEYS 2o Fick a2z
ZA% TRAPmY} ZHE o2 AdE] TRAPc Alolol]
£ & 4% AL J8E Hod FUcHis)

olol] £ A7AEL T 23y $iAjellAg] At
A &4 ARZA ¥ MDA 5 $48 ok, 4
$polr el AF2AE TRAPe HE sl 413t
2ot PAAAE vz T Bz} sk
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FuA RS e Y 47 | ol%
2 &7, ASH A, e, 35 XA AR A
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oA AR AR, PurAERAA, AR (F
Fl28lE, S4AML 3E S8 E AlME
3, GHE FEAlell AHs] -80Tol WE Bl
g7 MDA 2} TRAPcE 574315k

1) S MDAS| &3

A MDAE Yagi K 52l10] o ol =t
TBA .22 Spectrofluorometer& o]-83}of Z4sl%]
t}. 200 4L2] Aol 1mL TBA £N4-& Hrlsim,
100CollA 458 71 F Wzigick 8|3 5mLe)
n-butanal/pyridine (15:1) 87} ¥ ¢A4EelE 8l L
A}l 510 nmollA] spectrophotofluorometer(553nm
for recording of emission value)2 243 ¥ MDA
E5E 1,1,3,3-tetramethoxylpropane?] 5% (0.156~
2.5 umol/L)E THE EFF4E o83} AWleilch

2) TRAPcS &3

TRAPcE ZA&s}7] 9lo}e] vitamin E, vitamin C,
protein bound SH (thiol) group, uric acidg ©hg<]
oz &4t

§3& SH groups: 50 pLeo] ¥gell 750 yL 2] 0.1M

phosphate buffer (PH 7.4) $} 200 4L DTNB(2 mM,
5,5"-dithiobis (2-nitrobenzoic acid)E &%, wjokdt ¥
412 nmollA] spectrophotometer 2 B]A4 Aeksigic). &
= il FARE ol 831] AlsIIei23).

/&9 uric acid: Uric acid?] x5 438 oz
o852 gl A4 kitE A-83le] uricases} peroxi-
dase?] BAHEE ZAl] FA5:

Vitamin C: Vitamin C oxidaseZ ©]-84}F Tsan Z
Si24)e] AiQkst wbHe R spectorphotometer® %3
silck. ZH2ke] ekt 10ml FEE 2714 Fals)
o] ¥zl controls, vitamin C 0.2 mLE H7}8k v}-g,
3 B Holli= vitamin C oxidaseE 0.1 mL 7}

£ FHole B4 A/RIA ok A5 A &
4 F, 3709 EolA 1587 sl acetate
buffer, TPTZ solution, FeCl3 6H0& FAUE &3}
a3k g2olA Ays] SE B F 593 nmellA] H]
A Aeigls S5+ vitamin C9] EFTAE o&
sto ALksISC

Vitamin E: HPLC (Hewlett Packard 1100)& o] &
slod Bieri G B9 w2519 wie}l Bul= aceto-
nitrile: methylene chloride: methanol (70:20:10)2} 1]
42 s}, 7S Beckman 5pum Ultrashpere C18
£ A8 $5 14 ml/min2 81300k €3 150
uLel] internal standard 150 L& H7}s}s 30 E<}
315 ¥ 300 uL o) hexane-2 37kslod 1,040g004 5
27 Q4% stk 1§ 43U Z0A7 5,
t}A] 100 yL9] acetonitrile: methylene chloride:
methanol (70:20:10)2 83171 ¥ HPLCHll 3151
=g

Standard 23 a-tocopherol (Sigma Chemical Co),
intenal standard %= tocopherol acetate5 AF2-51c)
Img2] a-tocopherolol] 1mg tocopherol acetate S P31
50ml9] alcoholZ 3]4}s}9) 1 working solution-&
stock solution®] FE7} 0.4~1.0 ug/mL5 =5 ethanol 2
3|Aste] ARg3Ick

TRAPc: Wayner DDM 5{17]3} Ghiselli A &
[18]°0] ARKE S o3l ANdsigict

4370 A A3l 84 Sl HiE felet
o F4ZsEo digt 4iEQl JH5E sl
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A3 APbel 2.0 (vitamin E) + 0.66(SH) + 1.7
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FAARE G0N Rel7} giglont, s Fals
HlE2 =i Te] AT uivled Hglel (p<0.05)

(Table 1), 33y 34 679 F & 7149 FpiFelet
= 9 $R5= 20%eiglo, 2 S g A
%, Al colgldh FagA il I &
7} PEFo] GR F Aelddke vol, AHAS, I3
a4 g agE FHEEE S50k f2H Relzt
Wik '

2. ASAEH AL SMSLAHO) gt W

Azt Edao] XL ¥4 MDAE BTl
Aol ulsle] fofeiAl Eghed (1.0240.08 vs
0.54+0.07 umol/L, p<0.05), MDAS &#+ FAAM}
BFEE BAY Fo|E o] B2 AnE el
%ic} (Table 2). ®A} vitamin C, vitamin E 3 22

3. 8

BE &4 A PF+IFoNE EXENR
SPSS package program-& o] &sled sudent t-test B
ANOVA 24 v|2 E48i93c). 4 regression S8
F3jo] 2 WGBS AVTAE 2t foG
& 005 vjitog A

4 =
1. PRI NS Ry

BiiTo] A4l vitte] HF el E3ka, A
ARATE F2el Aol7 ugiet. FFuevlest

Table 1. The Clinical Characteristics and Biochemical Data in Diabetics and Control

Subjects :
Diabetic patients Control subjects

n=67) (n=31)
Age (y1) 523 £+ 10.1* 457 + 72
BMI (kg/m?) 243 + 32 237 + 30
Total cholesterol (mmol/L) 52 + 12 51 £ 07
LDL cholesterol (mmol/L) 33 + 1.1 30 + 06
HDL cholesterol (mmol/L) 1.1 + 03* 13 £ 04
Triglycerides (mmol/L) 19 + 1.0 16 + 0.7

Data are means + SE. *: p<0.05 compared with control subjects

Table 2. Oxidative Stress and Antioxidant Parameters in Diabetic and Control Subjects

Diabetic patients Control subjects

=67 (@=31)
TRAPc (umol/L) 850.44£22.3* 949.5+38.8
SH group (Bmol/L) 452.7+24.4 484.74197
Uric acid (umol/L) 273.7+9.2* 3204+16.4
Vitamin C (umol/L) 434145 413458
Vitamin E (umol/L) 15.0+0.6 15.6+09
Vitamin E (mol/L)/cholesterol (mmol/L) 29+0.1 31402
Plasma MDA (ymol/L) 1.02+0.08* 0.54+0.07
Plasma MDA (umol/L)TG (mmol/L) 0.72+0.09* 0.4410.07

Data are means + SE. *: p<0.05 compared with control subjects.
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P<0.05 ‘

MDA {umolL)

Normal DM with Cx DM without Cx ‘

Fig. 1. The plasma MDA among groups.

DM with Cx: diabetes with complications
DM without Cx: diabetes without complications

MDA/TG gmolmmo)

Normal DM with Cx DM without Cx

Fig. 2. The plasma MDA/TG among groups

DM with Cx: diabetes with complications
DM without Cx: diabetes without complications

2882 2% vitamin Ex= 4770l 52421 2lo]
7} gisick ARE gAel A gitel A4
Foll vlale] fofslAl dokow (273.749.2 vs 3204
+16.4 ymol/L, p<0.05), SH group ZAX]+= FuH
oA ol vlslel Uskou), BAERI frejde
$igich (Table 2). 3pAIAAIS] A|EQ] TRAPCE 2
Tl Aol ulsle] folsiAl Yokl (85041
22.3 vs 949.5+38.8 ymol/L, p<0.05)(Table 2).

" MDA} TRAPc Z3X]ol] disle] dxTe
G Sl e T G Bl sie

1000 ‘ —— P<0,05

..,Z%gf’: - m -'
DM with Cx DM without Cx

700 ¢

Normal

Fig. 3. TRAPc among groups

DM with Cx: diabetes with complications
DM without Cx: Diabetes without Complications

To8 ro] vlasigidal, ¥4 MDAE Jasi4d
hEZe] v I g T BF A4 (0.54140.07
pmol/Lyol]l Hjsle] fejH o E9ka (p<0.05), B
WA o] e vt FaA el gl
Aolol] A Fo942 8i%ic}(0.92+0.6 vs 1.08
+0.8 ymol/L)(Fig 1). FAAMlog &z MDAS X
A% A FdTEch Sl gl Tol BAA
o2 oA w2 A9E B9l vh (0441007 vs
0.80+0.7 ymol/L, p<0.05), PiHA PuiZo] 9=
T gl T A Aol vehiA sk
(0.58+0.4 vs 0.80+0.7) (Fig 2). TRAPcE HAFE
o} FuA PEETol folHoE e 7he Vel
Z)u}(949.5+38.8 vs 814.3+140.2 ymol/L, p<0.05)
FxA EFe] §50 wkE w2 XelE v
ERNA] 9kghr} (814.3+140.2 vs 873.4+203.5 ymol/L)
(Fig 3).

I &

234 8 Fay Sl kBt
shAPE 89 Q4Ee Pl Aol AR e
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st ek B A7 991 B 3RS o
22 MDA FFoz JRRAEAE FRs

..138_



— oJBt 9 2k Ay Bl WA W FAS PolMAle] AEEA TRAPe -

TRAPc 3oz BAAE H4% A9, dud
BAollA Aol vlaled AshAEHAT}L E w
o} gl e Zg Bo Fol, Fany A}
At el gAY B8 Aol 988 U
Bl 290t} o= Jain SK 5219 $38F %319 o+
£ dA7AES] ZAnel Xk

¥z MDAE 3 3Rl F7ksle] Jiglen,
Y4 MDAE SAAM o2 B34 MDA/TG X 4
Al Fxd FAlolA SjullAl Fksle) Slgic) els)
2 AR2A Gy HAjolA] A3 AEAE L
Rl AX2A ¥4 MDA, 87 MDA/TG 7} &
44 Aoz Agsh], o= Cerello A F{16)7
Nacitarhan S £{26]9] ¢+ Ak 4=l 23
olck

asht A el AR SR
the ohE ARER27~3013ks gE, ¥ 97 A
FadAl S| e BTN ¥4 MDAYE 7t
A F1E AT feH Aol gisich

Yol EAR= $A3 A 180) 4328 58
o] AligkEl Wabe] F4HA3 ol sl it A
9 TRAPmE H3EHE oldsle] fejeiide]
F47M54 e AR g5 2], £ dvolME
AYodAge] BAR d FF5A E&ck 22
olu] thE HA713,14]0l}4] TRAPmI} TRAPce] $&
A% BAE Hol IV wiEel, £ delde
TRAPcUMS Z43519ich TARPcy: ¥#¢] 47) A4
A3 AllQl, thiol groups, uric acid, vitamin C,
vitamin EE n2jsle] 8 F4E o83l AWt
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vitamin E$} vitamin C9] 3%, 7 SxHvd 34T
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