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ABSTRACT

The purpose of this study was to examine the lipid peroxidation, plasma antioxidant status and insulin resistance in
childhood obesity. To this end, we measured blood lipid profiles, glucose, insulin concentrations, plasma antioxidant
vitamins, baseline conjugated diene formation as a measure of LDL oxidation in vivo and TRAP (total radical trapping
antioxidant potential) of 93 school children (58 nonobese, 35 overweight-obese) . Insulin resistance was estimated by
homeostasis model assessment of insulin resistance (HOMA-IR). The overweight-obese children showed significantly
higher levels of leptin (p < 0.0001) and triglyceride (p < 0.05) and significantly lower level of plasma lycopene (p <
0.001) and 7 -tocopherol (p < 0.05) compared with the normal weight children. Furthermore, the levels of TRAP
were signi-ficantly lower in overweight-obese children (p < 0.05) . Significant positive relationships between plasma
leptin and conjugated dienes formation (p < 0.005) and inverse relationship between plasma leptin and lipid corrected
levels of B-carotene (p < 0.05), lycopene (p <0.05) were observed. Our results showed an increased lipid peroxida-
tion and dec-reased antioxidant capacity in childhood obesity which could be involved in the atherosclerotic process.
(Korean J Nutrition 38(7): 553 ~560, 2005)

KEY WORDS : childhood obesity, total radical-trapping antioxidant potential, lipid peroxidation, antioxidant vitamins,
insulin resistance.
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Ao =R YaixEe x2Fog Lo YA gt AU
ABIAEYA (oxidative stress)s B4R (oxidants)
7} A3 (antioxidants)7He) B4 oz Qs %
3, 2 43 AR geld et xE ¥t of
2} DNAZIA] &4 o8 J8a8AEE, & 52 Aol
o2 ¥t} Keaney 57& AAZFAF 4 -9
Yo Elg} ABAEH AL A3 e ARBAE B
231 1, olol AU AYEHARo] AAEHAY F29)
olztx ¥l nl it} E=3 HI Mohn 5L nivtelsol
Ax A sabske] 291 % malondialdehyde (MDA)
E57 FIEHA ASE] lx vlERl E F0) ol
5 Abst-absbAlAle] Qloiq Edds B ¥4
1215 Absl2A-RAslEazke] Ev3e 671ty ¢
242 3 HuRAR dASH AT & Adokn
v} ok 3 b|rloREelA &3] WHHEE e
A T3 gASFES A x7|DACA
SRS xEHE Q9log AL 5 gt 4
A AEVAFAHE Hole HTolFolAA Fitstsol
#A3] dolA Y=g B F e ol vwteg
3 AAEE AT ABEAE F3A1717] A8 At
Elqlo] @o] AN 1L AR Faksh|ERRI) Ay o] %7t
Zase ARE JAeE Aoz A9 5 Uk o]
Y5 A& A, o dNEF 9 3 AAL =+
5 Huoz 98 f5sE BAES A7 Gwold
TRRsE —‘S“ iAoz dAdg F glong Aol
e o} ¥zt o} Ak ARt AF7
A vt biet obe-& EH“OE. %"&91}74\74] AbsA

o
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HE A7E gk
olof B A7 EAL 8] o5 do R o]
AAEE P40 g3 a3l AlxEe] rlX|E Gk
&l AR A7, olF AR ¥ % U F
S217] £4 84k8)5 (total radical trapping antioxidant
potential, TRAP)3} X AzpitslE @ &% Falshu|einl

FES S
APy
1. A
B A= ARG AFsR= 2580 3~48hd0) A
& Fog EQ U RRo xolg dL ofF 93¥E tii
o7 AN dAFdiidelsd] #XE 2580 3~4
3ha (10~114DQ) ‘Bo} 549, oo} 39 o7 AMEHe R

9390l 1, thgtiolaslslor] AA|eH= A4E EF
HZP o 7 AKX AHAlE (RW: relative weight = real
weight/standard weight * 100) ©ll 2% v]2E F7}A],
AAZo] 110% 142! BAF—ulgtols 359 (dok:
199, ook 169), 110% vel A/dobs 58 (gok 35
9, ojok: 239) o2 Tk AW FAsA A FF
& FE HER 9IS 585 Y obs-2 IR

oA A skt

2. A8 R U

AT okl A, AF, sl 2 dFolEHE
233531, 018 T4 o|3ASHEEY 3 FYol
EduIE AASIITE Y2 108 o GYEHE A
A7 & AFHYAE o1 €38l] FE18YH oje1E
ke 24515k Ads7) A 12417 o] SAEE 1A
UEE AT on o]EEZRE oF 5 miY A& A
Fko} B0l ARREth dRESY AL A8 F
heparinated sterile tube®] @o} 43F s &
BAS | 248 wrbx] -80TA ¥ BATIG

J

1) 3593, 2l ANEk 3 H8E:

ke 3E Aade A FITHAHER T
AW, HDL-ZYAHE 55 9 F583E SAs8I9
t}. FZgAu 29 AW Hitachi 747 2584171
(Hitachi Ltd., Tokyo, Japan) 2 &g ©| 43t £
A&is, HDL—-Z8|2~HES A3 aiRle?, LDL-F
AAHE 25 Friedewald 34 ((EFgAHZ-HDL
ZY2HB) —F9A/5) ol 3 At F5EEE
hexokinaseH 2. &, Q& FEE INA-IRMA (Bios-
ource, Belgium) A]¢k© & y ~counter Cobra (Packard.
USA)E o]§3 wataey (IRMA ¥ oz Z433l
th Q58 AP AFEZE HOMA-IR (Homeostasis
model assessment of insulin resistance)E AHE-3%
2 ohe e 2 FAel g8 AXbsith. HOMA-IR =
fasting insulin (xU/mD X glucose (mmol/L)/22.52" &
Z de) F5= e ZA34 kit (Human leptin RIA kit,
LINCO Research, INO)E
yy o g SR}

2) &3 TRAP &%

8% % TRAPS Rice—Evans and Miller® ) inhibi-
tion assayjell wel B4t} o] BPHS ABTS (@2, 2'-
azinobis (3—ethylbenzothiazo—line 6—sulfonate), 150
2 M) ¢+ metmyoglobin (2.5 #M)& H0, (75 kM Z &

ARE-E1d radioimmunoassay



Asrd oz BAE ferryl myoglobin radical species
9kl A3 AL o3 FAE ABTS radical cation®)
absorbance® ZAs=d| 7|2E F1 9lo® 1 absor-
banced] A A% sample (0.84% plasma)oll S ¢
L antioxidant capacity©ll Blgl3HAl €t} Samples 6
B 2l 30CoA| ujeket & UV/VIS spectrometer®
740 nm®) oA absorbanced ZA3ATH A<
TRAP 5%+ trolox® calibration curveZ ©]-83}
AArsIden TEAC (Trolox equivalent antioxidant ca-
pacity, mM) 2 E@35ith

3) 9 Mot HjEQ BN

Y7k 284 ats) vleRIQ) carotenoids (@ —carotene,
B —carotene, lycopene), @ —tocopherol @ 7 —toco-
pherol, retinol, 721 ubiquinone &< reversed—
phase HPLCE olg3te] BA313itt™ &, ¥sd 8%
& ALo =0} ethanolZ THAL HAANI F n-
haxane 2 A %S FE3I5th n—haxanes TEA)
71 & e HRo dichloromethane® methanole] 15 :
852 H]&Z A9l eluent® Eid ¥ 150 pIE FH3
HPLC® guard—column®l] FYA17]12 UV detector?t
2a HPLCE 43199t} @ —carotene, B—carotene, ly-
copene & carotenoids= 450 nm, ¢— % y —tocophrol
£ 295 nm, retinol& 325 nm, 183! ubiquinone= 270
nmelMe FFEE gL F F F%AY BEE external
calibration curveZ AR curve W2 area®HH
Axrsict.

4) LDL M8} Z7%(Conjugated dienes, CD)

LDL ABHEES w7] ¢3) X149 s} @doz A7)
= 3 249 8% CD (Conjugated dienes) FF&
2A319 0 (1 mg/ml EDTA) 9 trisoduim citrate
buffer (pH 5.05, 5N HCl, 50000 TU/L heparin) & ¥}
LDL& AAA)7)1 Na—phosphate buffer (pH 7.4, 0.9%
NaCl) 2 =%tk the-© 2= chloroform: methanol (2 : 1)
3 mLg 71ty 2545 1 mL 92 ¥ X84 7EU
23} rotary evaporator® ZFHAIFTL o3& cycloh
exane 1 mLE =91 & 234 nmolA spectrophotometer
g BY3HUG”

3. M= A

BE 2ABE= MSY excel database systeme ©]-&3}
o] 9183k ¥ SPSS—PC+ ¥4 package (version 12.0)
2 A3l Astgnt FodAE #AAF-uRloks
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T3 AolET LR WPrled, F I8 W] HEA
o] $9AQ zlol= Student t—test® AFICE FHA
ZF-vlgt obETH FAorEEzre] B BX Y Aol
chi—squared testE o] §315x, WE 9] AJaaAE
A K] $3l Pearson’ s correlation coefficientE ©]
2319} BE 2AXE P+ ¥EAR(SD) 2 JeERN
1, ARA p<0.05Y9H S FAHOE Fo% AoF 3
Aot

4 0

1, IARY R U Ty

AT oFsS 258 3~48d 10~114] £¥)
Q1 o} 541, oo} 397 o7 ANF T 9319 ©]|3N7,
A Fe] 2A43 vgts HUHA) A F-n]ttobs 35
= (gok 194, ok 16'3), B/doks 58 (do): 35%,
ook 23H) 02 FA T tholgl AdEef glo F I
7k ol Qglch AA) A7 oFs] sl 9ol
E9 #)&2 0.87 £ 0.06°130%, BAF—v|gtorgrel
AArolE o) HjE §2F o2 ¥k (p < 0.005). =g
AA WFolEd] BE $5718¢E 106.9 + 7.8 mmHg,
B o) 8YL 67.7 £ 6.5 mmHg?! RO E eI,
o] 9A] FAF—nToRETAN FJ5HAl F34TH(Table 1).

2. 87 Mo R HEsT H

g2 e = AAolEd] H|sl FAF-Hgkolsel
A Fa 1 FE2 FFEAL(<0.001), AEAA
Aol ¥ AEEE HOMA-IR index (homeostasis
model assessment) = FAF-BPolETo] B FFE
Holou BAH R oA Wsteh eHE, FAlF-H]
glolsTo AN dF FEUAHE, LDL-ZHAHE 5

Table 1. General characteristics of total subjects

Totdl subjects Normal Overweight-
(n = 93) (n = 58) obese (n = 35)
Age (yrs) 1052+ 050 1052+050 10.51 £ 0.51
Boys : Girls 54 : 39 35:23 19:16
PIBW' (%) 1081 +132 998 +583 1221 +9.78"*
WHR? 087 = 006 0.86+0.05 0.89 + 0.06™*
Systolic BP 1069 * 7.74 1046 +7.12 1106 +736™
(mmHg)
DiastolicBP  67.6 + 642 66.1 =623 700 =+ 6.03*
(mmHg)

Values are Mean = SD.

*p <001, *p <0.001: t-test between normal and overweight-
obese subjects.

'percent ideal body weight, “waist-to-hip ratio
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59 4% 2 HDL-ZAAHE 29 P4

5 8F A

AEE Hdo) Aoz 2 gL P £ —’F AR,

E3] FARY FEE JAS-HoEEo FAHSE
F2sHAl =94t} (Table 2).

3. B 3 997 TN BUSs (TRAP)R AZIHARIS Hiy

¥ A7dy, % U F st 588 S4ske TRAP
S22 HAAF-nlgtolEoA 1.18 £ 0.12 mMo2 4
obs 1.24 £ 0.12 mMel vl BAIR SR Rt W
Aoz veidt} (p<0.05). A AR A2 A
2 AMEE 8% LDLY conjugated dienes &5
EAACE FosAE AUAT FAF-v]| obFTof
A e AL BT (106 4.82vs 124 £4.13, p=
0.07).

4, 97 PMSHIERDIS HI Hiyl

2 delMe 3 X84 At vERIQL carote-
noids (@ —carotene, B —carotene, lycopene), a@—~toco-
pherol ¥ ¥ —tocopherol, retinol, ZZ2]1 conenzyme
Qo TFE A9t BE SAA= €% FELH
£ 9 ZAX9gk (mmol total cholesterol + mmol
triglyceride) ol tial 2788 & o]&3iich £4 2
7}, Autd o R i) A8A vellEY FEt #
AF—v|golsrord W& ARE HAFUL, ol F r -
tocopherol®} lycopene ¥E+& H|TtolRgFolA FAA
S F FostAl @A JeFstth (Table 4).

Table 2. Blood lipids, plasma leptin levels and HOMA-IR of
overweight-obese children

Normal Overweight-

(n = 58) obese (n = 35)
Total cholesterol (mg/dL) 156.6 £ 21.8 1620 =277
Triglyceride (mg/dL) 82.8 £13.9 89.0 * 19.6*
HDL-cholesterol (mg/dL) 527 = 11.6 502 +122
LDL-cholesterol (mg/dL)  88.3 £ 25.1 98.4 *325
Leptin (ng/mi) 396t 25 98 = 45
HOMA-R' 1.51 £ 0.8 1.66 £ 0.9

Values are Mean + S.D.

*p < 0.05, *p < 0.001: t-test between normal and overweight-
obese subjects.

'homeostasis model assessment of insulin resistance

Table 3. Baseline levels of conjugated dienes in LDL and TRAP of
overweight-obese children

Normal Overweight-obese

(n = 58) (n = 35)
Conjugated dienes (M) 10.6 = 4.82 124 £ 413
TRAP' (mM) 1.18 £ 0.12 1.24 £ 0.12

Values are Mean = S.D.
*p <0.05: t-test between normal and overweight-obese subjects.
total radical trapping antioxidant potential

5. @3 HEm ATEE, AEMNSIE Y W SN &
a4y

g3 P w58 AAFE, At AEHA 9D A
At A% 4F AR AFIAFE 247 (Te-
ble 5). 8F W TE& AAFTA ZAT o AT Y
53§93 AHAAE BYT ¢ =0.714, p<0.001),
3 AL 2% ¥ AHIAE BEQH ¢ =
0.211, p<0.05). 53], {8 ¥+ Adz3E2] AR
@l conjugated dienes FE3 % o A#AAA T}
AT (r = 0.282, p < 0.005). FHFES} FAtstAlA
ol #AAME Avnd FAFLE AAPeE BAH
B —carotene (r = —0.240, p<0.05) ¥ lycopene ¥%
(r =—-0.234, p<0.05) % Zt7} F93 59 A4HALAE
Bojok x3 FAACE foshd ‘”‘”X]‘?} A v
o} 87 F S el TRAPHE 2 4
FAAE el A A IEHES] 22D conju-
gated dienes®} I13ls9] X #Q TRAPZHIE #-23H
-9 AATAZE YA = -0.439, p<0.001) (Fig. 1).

Table 4. Lipid corrected levels of plasma lipid soluble vitamins of
normal weight and overweight-obese children

Normal Overweight-obese
(n=58) (n = 35)
Retinol (zmol/L) 0.35 = 0.06 0.35 £ 0.08
a -tocopherol (zmol/L) 889 =218 9.06 £ 1.92
y -tocopherol (zmol/L) 0.54 £0.37 0.39 £ 0.27*
a-carotene (¢zmol/L) 0.02 £ 0.01 002001
B-carotene (zmol/L) 032037 029 £0.16
Lycopene (¢mol/L) 0.16 £ 0.08 011 £ 0.04*
Coenzyme Q10 (zmol/L) 017 £ 007 0.15 = 0.07

Values are Mean + S.D.
*p <0.05, »*+p <0.001: t-fest between normal and overweight-
obese subjects

Table 5. Correlation coefficients between plasma leptin and
lipid peroxidation, plasma antioxidant status

Leptin
Correlation coefficients p-value
Relative weight 0.714 0.000
Triglyceride 0.211 0.040
Conjugated dienes 0.282 0.007
TRAP -0.179 0.095
Retinol 0013 0.903
a -Tocopherol 0.008 0.938
r -Tocopherol -0.095 0.374
Lycopene -0.234 0.028
a-Carotene -0.186 0.081
B-Carotene -0.240 0.024
Coenzyme Q10 —0.045 0.672
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Fig. 1. Correlations between plasma baseline CD (conjugated
dienes) in LDL and TRAP (total radical frapping antioxidant po-
tential) levels of the subjects.
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s BuEy Jy, AES AEHAEY N2 AL
oz Frlsjojo} Frh= AR Yoy AohF” grlo]
gAEEF D AFAEQ C-RsA duda) A
£ HolEy 5 27| 39AsS A= in vivo AT
AFso] LA, H|T o2 R ARBIAEH AL QI
U AP, oldAEF Fol adipocytokine?l ¥l
Jgal LF wipsEE Rk FEE 45¥s 22 3l
oL a1 gy glndd P g g 9 4
2N E ST in vitro A8 AAEE Y 2 A
TFoAME, 3 d8 w5 AAPEE 4 AE=
ARE-E conjugated dienes =3 %9 AF TAE RO
I, B3 84F - s AvtE oz #aEAdo] QIR
o2 R} olH% AAE FukEsittn & 4 Qo £
Ao AREE conjugated dienestE XA RS-0
z7)o PAEE BAZ FHASETH] Bl ol
oln] Hyd v} Q=" ASA e A AFHts
Ao X ge} & 4 Qlr} 3, Ed7AT P99 5
7} y-EFHET ol 5 IF 3 sl §
59} 5o ARAE Vel Qo] ol fYe 27] F
WA Ao BT T30l UeE ARk
ZAA81E2 (Reactive oxygen species, ROS)2 Al
X9 wsht &, A, R wEo] SV, &
3] Mzl A& AP 5o Aol A 1 ST
soldcky &&A Qith old FAANSEAS dF=
Aol ¢ F2e 95 shu A3} Hoi7|He <]
& AAHEAAN FEE FAsHA goh 9AsEA
gt AlEY g 714 3Hksl 5421 superoxide dis-
mutase (SOD), glutathione peroxidase (GSH—Px), ca-
talase 5ol 23l o]FoX1,* 1 ¢ glutathione®} as-
corbate® ME u BAAsEAY 54 FAIleH
Z3% A8 Jdait? A2l ROS T3 F= ¥
A3 AN 1FEFE EASHE vlENA el 71d, B
3] ascorbate ¥ vitamin E, carotenocids 52 X84 &
Aks} wlERIE] g8l o]Foxz Aok Al ROS
E429 w0l gAY HojdAE HolAH ASIAE
G2 Pako] dojuiA Ha I Ane AX wma &
3=, AA B ohel DNAZHA &2 943 J¥8%
AZE, o 5] AW W Alo] ek B AT M=
A F—n]5t opFeliA A AAAEE AT FAkskA
Aol didll Aunsict, & AFelx dikslsgE Brtst
71 18] AHEE TRAP S3HE 3 o —tocopherol,
ascorbate, urate, protein sulfthydryl groups ¢ 34t
sHAIEY 539 S48 W8 Y F #E7) 2R

(I (Y
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Fashs-S JED g A w8E Ho Qe o)
S 28 ol H2 Hol o]§HE WY F shelth
BXA, 345 - v|g ol A MAtskE A4
9] =R conjugated dienes FF°] FAALR F25t
A RokAeE ARl vjsl £ S JERL, ok
AU Bi1sFsE S ugsh= TRAP 52 #f9sHl ¥
AAE Bk ol2d Axk= HAdolsel vls AAT-
HZoRs-g Aks} AEFH AT} FUtEo] 1T ok FALS)
wo] 7]7o] FHekg Ag BoFEiy st H]vloksol
A Bojx)E BAsE el Foh EsE Y Aske
Hz3 2o wuyd ATARES T3 AHE 5 Utk
Mohn 5"9& Zg4obgel ula uwtobs LDL A3}
A% MDA F%7} 45Ho] 3 olYf MDA sk¢}
AR Ae7re] gt oFY ARAATT S Basiich
olg}st A= Al vk} ofgn|TtellA &34 AN
9 27} 4 Faslso AU BEdrhe AgAT 2%
293 a3z due FAsE BoiEoh 3, Molnar
592 g —tocopherol®} B—carotene F=7t F/doksol
H)s) vlgk ob5e) B¢ W T XS Holu oHE &
Ao B3] drieETe] g o gstEdn gEiL
vgtolzol A B FIRE| o= FEY AEA A
9] &o] AHAL = HE FAs) viER] w29 Zt
Hooks d7ass ok olgd APE2 Adsd A
A D AAFASe] Ftel BlEo] 313} el 7)Ao)
& o] ulgk kg EAYS Ho] Frhn st 2
TFAFANME YeRte uke} o] HAIZF - oFgolA
AnkR o 2 X3} vl 27 WS A, v 7t
He Al AEYAE wWoldlr] ] AesA FAks
HjeRlo] AREEo] AFH o7 H ishlelle] /-8
7} ZaEE Aozt AZEn). % FASEN FEE
JEF QALY AAE A, A 59 AR s
b= oz A QUoh® webx] Aot A
—n]g} o}5-2] FAHS} o AFH AEHE viR, AR
& A Fatsl Gokde AR AF Ao e FQ
Itk g Q1 Aolr). o]¢} BE A7AAE Strauss
0 029 6~194] Alol9] 61397 oFsS WFeR &
Tolla ulgtote} Aaopze] E3F Wl B—carotene$} a—
tocopherol 5+ #2241 2Jo)7} AUARE B —carotene,
a—tocopherol, HY F= oplle] AFHZele KA 2t
o7} gitkx Hwslgch. B Yrie] obsS dider A
T8 Torok T% nigtolza A foksztel hatst viet
719 AHFFS FAAQ) a7} S BasIgla, ol
g JEsd 7102 vitlelse] &% Wl A vEl &
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£o] 7hat Ao| Al 93t ol Rk wimo s
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© 8z 918} el e BT 28] gE Zo)
B3 AGHTEY B AelaE ek e o AR
A2 NS 2AF] AAtokE D FHAF 1|7 oFEY
SAs G IS B8] sl & gitke AR
Mol glormz FF ol S oz 3 ek HHF
7 4% vjell 55 2 s BN AdE A
77} Alss]olof & ol $i9) T AFATE u)Fo] B
o wElelEe) e ksl AAE FAE doka A9
= 34 AP Qoalel AlRen

B A7ANE qokshd, Falokgel Hls) Fa|F-utt
OB 427 U olgly] Wo] AL u, BF F
SAuEs AT D ARl T} Ao} s
44 9ol Qe AL FAZ-u|e olEold &
& &z9 JepiA e AAols] vlE BAMoR o5}
A gkt HAF-H]T oFFoME A ATAEE FFo]
AAtobEe] vla %A UERtE, €% ANF5HE 49
37 "ol QT =8 HAZ-v|TolE M ANl
o asmlER st At Hej e Hoz vkt
=), 595 9% y-EIUEF ol FEE 4
A Assol Adee & 5 YUt oW AHF-u)T
o}EolME RAIASE o] Zlstn FarsksEo)
At} QAL o 4 9w, ol ZIHoT Yol
U 287 olakew YA wdo] gt vl AL
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