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A Study on SOD Activity and Serum Antioxidant Mineral
Concentrations in Obese Adolescents

Lee, Da-Hong’
Department of Food and Nutrition, Wonkwang University, Iksan 570-075, Korea

ABSTRACT

The purpose of this study was to investigate the relationship between obesity and, erythrocyte SOD (superoxide dis-
mutase) activity and serum antioxidant mineral (Fe, Zn, Cu, Mn and Se) concentrations of adolescents. Subjects were
assigned to one of two groups such as obese (BMI = 25, 32 boys, 24 girls) and normal group (18.5 <BMI <23, 27
boys, 30 girls). Subjects were evaluated based on anthropometric measurements, 24-hr dietary recalls and blood
analysis. The mean age of the total subjects was 13.8 years. The mean weight (p <0.001), BMI (p <0.001) and body
fat (p <0.001) of obese were higher than those of normal group. There was no significant difference in nutrient intake
between obese and normal groups. SOD activity of obese group was not significantly different from normal groups, in
both males and females. However, in the males, serum Cu concentration of obese were significantly lower than those of
normal group. In the females, Serum Mn concentration of obese were significantly lower then those of normal group. In
the correlation analysis, BMI of the subjects had significantly negative correlations with serum Cu, Zn and Mn. To su-
mmarize the results, increase of obesity may lead to decrease of serum antioxidant minerals such as Cu, Zn and Mn.

(Korean J Nutrition 40(1): 41 ~48, 2007)
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peroxide dismutase (SOD), catalase (CAT), glutathione
peroxidase (GPX), D—T diaphorase, ¥ glutathione Al
A &4 o] 4EA Ak sl aas AxErY X
A kst &4 sulthydryl-8 549 28413 2 +
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A4z deA] QIth'? ot ksl Jgie AUA &
a0 @Adol AN, 849 TaE MEue] # F
E3] A e ®islE xste] M2 s &
AAZIA Ak 204 oo A7s ARl dHE ATE
Nove Study®] A#} Z4Ag Aey 559 €3 U £%
SR TSR v TRV} kel AdEEAlE v
Atk B3 P Suadicani 59 ATeME A
Ay 59 A% 29 AHHAE By dFE 5
Tt GoldSE S8 A AY #go] 24 A=
=0k 8ol

G- AF-RIOA HIRIRIS -9 T, ofd, Aellu
2 sidd #7149 85 wE7F AR Aolg
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ot HAEE UdoR & AN 84 Felsarl AT
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3h AR BITE QI Fade) A REder o
571829 JFdEHE AR A7) 2A 1 vk o}
2hx| BiRkEe)] wE kst dalksl 71455 zolE
A EE AF7F Besitha Be Ko,

olo £ ATelMs AABATE 71FOZ g uuis
et vl QAFeAE 2R 8% dAke AL
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243 A 7HE 22FE Aol WdE A
£ H5HA st AFAEAZ7] (Fatness measuring sys-
tem, DS—102, JENIX, Korea) & AMg3lo] 4351tk
F49 g7 AT ol8sto] AdZAT (BMI body
mass index = kg/m®) (3F=8]9Fe+3] 2002) 2 AARSIIC.
o, oprlolRlY] A AR W AY E{R7IE wet
18.56 < BMI< 2297} & A/, 25 < BMIE H|Whre
2 BRI AAg, AR EE (LBM, lean body ma-
ss) < AAL=A7) (Bio—electical impedence analyzer,
TBF~-105, TANITA, Japan) & AM-sto] A3 A4S
71E0.2 Atk AAEHE 24 o] 83l HYE
g, YHolEdE S, slElst dHelEHE VIE
o3 WHR (waist hip ratio) & AFg3l3lch. 42 25
#217] (Fully automatic blood pressure monitor, BP—
750A, ITOco, Japan) & AME31o] FEJelollA Zd3}5ich

Aol AHe 8 2AHIO] Food modeld} 4/3-4%
oA AMgshe A71E o] &3to] AR B)E ol
A IR QTS shs o R FARIITE A AR
£ 7122 st 19 ¥4 AHFS ¢tz o
(Can—Pro. Computer Aided Nutritional analysis pro-
gram for professionals, ¥=Yg2ts] 4 JFPRAl
ENE olgate] BAgT Telgt olle] AHBE 97
Vel AFAREY )2 8 QRO ARE ol§F

of #AjsHck

4, AR

FTEGEHA 2F APDE o] g3t WY 15 ccF
AFSIATE AHE A F 10 ce= A=A 3,000 rpm
o] £E7 15637 94 #est] 84S 42 ¥ #49
ARSI, WAl Fole Flalyl Xzlste] HEANEE
SODE/] ZA ol AMR-3I3ich AL 2 2 ml¥ F3 te-
rnary solution (B4} Ak HPALARE 1011 1 49) v]&
Z 4o Alz) 2 mlg 7Iste] #aligh & o] A AFE 3
A% 718 AN0F 3}l ICP (inductively copuled plas-
ma, Thermo Jarrell Ash, USA) & o] &3l ¥ 7l
ofd, Wik Al g AEEAS AAISKIS. SOD
2L Floh $°79] upHo 7}1%3}o], xanthine©] xanth-
ine oxidase©°l 2J8] A ¥ superoxide radicale) LN.T
(2-[4—iodophenyl] —3—[4 —introphenol] —5phenyl—
tetrazolium chloride) £} ¥+8-3t] Formazandye® 4
sh=dl, SODEAYE= o] g9 AAH= ATE 4%



gk AAe WA s HE ¥8 1.0 mlel 0.85%
NaCl& g0} A& 3,000 rpm?] $EZ 1087 94
2 aigith Rele dag 45Ae AAT F ol
W2 43 DEst] AABIIG FRTE A7lstel 1A
BHE 20 mlE 9 e 4T 1587 Aokt & 0.1
mmol/l phosphate buffer (pH 7.0)& ©]g3}e] 254 3|

r}m"-’

] 1< o] ofoki MHu} 0]2 2l o

Yatol AARE Soik. AADE AAZ AEEA7) Co A el 19 9 BT 018 el 9
=759} FAFH7E gk AdFNEE ZARE Adk= Table 2, 3

bas MIRA. Roche. Switzerland) 2 &733}it} of UERISIT) 1 ojshado] M35 A2k TG LE o
5. BHEN ok A&k vlubEy} A4kl F-9)Z 9 2jolE Hol
B Ao d& BE A= SAS program (version A UTh tiAES] 19 ot @F AFHZFL vlnkto
8.1)% ol4ste] HEy uEAxE Ty, HwTe  2,053.9 kcal, BATo) 1,937.3 kcal®Z H|vhro]l A4

E ankr e AT e AAAE, dodi ”‘S%"&EH, El
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mmHg, 76.7 mmHg, A%7-°] 42 122.2 mmHg, 73.6
mmHg2E 7 #7k] W-»qu] 2ol g Holz] ¢korrt. A

B|gkRo] 37.2%, AAHro] 24.3%

B3 (p<0.00D).

E2e] ESEon foal Aol ohdsick & 47 Y
A5 19 B BHE YATS
7o) 300.4 gOIST, Ayt FeAXEBHATS
o] z}z} 58.5 g, 243.1 mg, Aol 247 50.2 g, 252.0

2 Hukro] 319.8 ¢ A
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ot Q& AT GRS EAF S BrIE
Ho] FARIEE H|Thro] 62.3 1 12.1
62.2 :14.7 : 23.38 ©|g3} u
Ql 65 :15 : 203 Hl R PS W wwtTa AT B
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APhdAtel vinkE Q13 W A ASARES Table 1
¥} o} AFVEAR ?i‘?é]jﬂr A2 el 42 13.8
Al, 58.0 kg, H|Thre] 13.84), 73.9 kgl om, 237} A
F& olg3lo] AT BMI% H|ekro] 28.2 kg/m?, A
0] 21.8 kg/m*’C& AZ (p < 0.001) 3 AAHAF (p <
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Table 1. Anthropometric measurements of middle school students according fo sex and obesity index

Male (n = 59) Female (n = 54) Total (n = 113)

Obese (n=32) Normal (n=27) Obese (n=24) Normal (n=30) Obese (n=56) Normal (n=57)

Age (years) 135+ 0.7° 137 % 06 140+ 02 139+ 03 138+ 05 138+ 05

Height (cm) 1652+ 7.2 1663+ 7.0 1585 = 4.1 1583 + 6.1 161.7+ 7.0 1629 + 7.7
Weight (kg) 78.1 £ 102 5903 = 6.6 701 + 7.6 562+ 497 739+ 9.7 580+ 61
BMI” (kg/m®) 286+ 26 4= 127 278+ 24 24+ 06 282+ 25 218+ 1.1

SBP® (mmHg) 130.7 + 15.0 126.3 £17.1 1226 +11.7 1165 + 105 1263+ 13.8 122.2 + 154

DBP* (mmHg) 79.4 + 209 74.4+130 743+ 86 727+ 98 767 +15.7 736+ 11.6
Body fat (%) 330+ 6.8 190+ 46" 408+ 56 314+ 22" 372+ 7.3 243+ 7.2
" Waist (cm) 879+ 74 711+ 487 779+ 6.0 69.1 + 357 829+ 84 703+ 4.4
Hip (cm) 97.9+18.6 909 + 52 100.7 + 5.0 929+ 3.6 99.3 +13.2 9.7+ 477

WHR? 1.2+ 1.6 08+ 00 08 = 00 0.7+ 00" 10+ 1) 08+ 00

1) Body mass index

2) Systolic blood pressure
3) Diastolic blood pressure

4) Waist hip ratio

5) Mean = standard deviation
6) »+: p<0.01, #++: p<0.001; Significant difference between Obese and Control as determined by Student’s t-test
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Table 2. The daily nutrient intake of middle school students according to sex and obesity index

Male (n = 59) Femadle (n = 54) Total (n = 113)
Obese (n = 32) Normal (n=27) Obese (n = 24) Normal (n=30) Obese (n = 56) Normal (n = 57)

Energy (Kcal) 2200.6 + 798.9" 20527 £ 5153 18927 +408.4 17834 + 4194 20539 + 6424  1937.3 = 4912
Protein (g) 69.8 £ 266 76.1 £ 331 558 + 17.2 642 + 189 62.1 £ 23.1 710+ 283

Animal P. (@) 286+ 19.2 340+ 199 233+ 129 269 + 120 2565+ 162 309 £ 17.2

Plant P. (@) M2+ 140 21+ 176 325+ 94 373 £ 96 366+ 128 401 £ 148
Fat (@) 638+ 394 51.7 £ 204 525+ 221 482 =+ 19.8 585+t 31.8 502+ 200

Animal fat (g) 287+ 179 245+ 133 144+ 82 156 = 86 210+ 155 207 £ 122

Plant fat (g) 356.1 £ 30.2 72+ 172 380+ 228 326 = 192 375+ 270 295+ 181
Cholesterol (mg) 279.2 +187.8 277.1 £ 218.5 217.2 + 155.6 2185 1514 2431 £1742 2520 £193.3
Carbohydrate (g) 336.8 = 132.9 3208 £ 942 2993 = 7446 2732 + 787 319.8 +108.0 3004 £ 903
Crude fiber (@) 51+ 19 48+ 21 41+ 16 50 £ 21 46+ 1.8 49+ 2.1
Vitamin A (R.E.) 638.1 = 342.2 589.4 + 352.9 428.6 + 215.8 506.3 +309.1 5291 + 2977 536.6 + 332.9
Vitamin B, (mg) 1.4+ 06 1.5+ 07 1.1+ 04 12 £ 04 1.2+ 05 14+ 06
Vitamin B, (mg) 1.1+ 06 12+ 07 08+ 03 09 + 03 1.0+ 05 10+ 05
Niacin (mg) 130 43 142+ 55 M7+ 47 124 + 45 122 46 134 51
Vitamin C (mg) 954 = 935 77.6 £ 629 1202 £ 1229 1409 *=1241 1068 = 109.5 1047 = 98.3
Calcium (mg) 458.1 £ 300.9 4499 = 304.3 361.3 + 250.5 4057 £ 1565 401.4 + 2824 431.0 = 250.8
Phosphorus (mg) 1043.9 = 4120 11065 = 4443 851.2 + 309.1 Q44.66 - 250.3 933.8 +£373.0 1037.1 + 379.5
Iron (mg) 102+ 45 105+ 52 81+ 30 96 = 42 90 39 101+ 48
Zinc (mg@) 73+ 3.1 78+ 30 53+ 1.8 62 = 23 63+ 27 71+ 28
Copper (@) 1096.5 = 382.7  1061.3 £ 229.4 8845 + 2364 10325 +£4583 9820+ 3293 1048.9 + 343.1
1) Mean * standard deviation
Table 3. Percent of KDRIs values about daily nutrient infake according to sex and obesity index

Male (n = 59) Female (n = 54) Total (n =113)
Obese (n=32) Normal (n=27) Obese (n=24) Normal (n =30) Obese (n=56) Normal (n =57)

Energy (% EAR)" 91.7 + 33.3% 855+ 215 94.6 + 20.4 892 + 210 940+ 27.6 87.1x 211
Protein (% RI)” 139.6 = 53.1 162.2 + 66.2 1239 = 38.3 1426 £ 420 130.7 = 46.2 148.1 = 56.8
Vitamin A (% R 91.2 + 489 79.9 £ 504 660+ 33.0 77.9 £ 476 781 = 427 790+ 488
Vitamin Bi (% R 113.5 + 46.7 1245 +54.2 107.2 + 38.1 1189 + 415 1112 425 122.1 = 4838
Vitamin Bz (% RI) 73.1 +£36.3 76.8 = 43.7 704 + 375 711 = 242 788 + 46.8 743 + 365
Niacin (% RD 86.9 £ 28.6 94.5 + 36.8 903 £ 363 952 + 345 728 + 37.2 948 + 355
Vitamin C (% R 95.4 £ 935 77.6 £ 629 133.6 £ 136.6 156.60 + 137.9 106.8 + 109.5 111.4 £108.3
Calcium (% RI) 458 = 31.0 450+ 304 401+ 278 451 = 174 422+ 293 450+ 255
Phosphorus (% RI) 1044 = 41.2 1107 £ 44 946 + 343 1050 = 278 984+ 379 108.2 £ 380
fron (% RO 84.9 £ 377 87.2 +43.0 678+ 248 797 + 354 750+ 328 83.9 £ 39.7
Zinc (% R 90.8 £ 38.3 97.1 £37.3 761+ 254 88.1 + 335 844+ 33.8 932+ 357
Copper (% RD) 1462 £51.0 141.5 £ 306 1179+ 31.5 137.7 = 61.1 130.9 = 43.9 1399 = 457

U EAR: Estimated Average Requirements, 2 RIl: Recommended Intake, ¥ Mean * standard deviation
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Table 4. Blood parameters of middle school students according 1o sex and obesity index

Male (n = 59) Female (n = 54) Total (n=113)

Obese (n=32) Normal (n=27) Obese (n=24) Normal (n=30) Obese (n=56) Normal (n =257)
SOD" (U/mL) 140.9 + 57.9% 146.4 + 751 162.1 = 57.1 1626 *49.2 152.7 £ 59.7 152.8 = 65.9
Se (pg/dh) 24.3 + 241 279 +204 252 +277 23.8 =282 243 =+ 258 26.1 =+ 241
Fe (pg/db 105.3 = 28.2 965 + 227 98.2 =+ 287 99.4 =+ 389 100.7 +£29.0 97.7 =304
Mn (ng/mL) 012+ 04 028 = 0.1 0.18 = 0.2 029+ 0.1° 015+ 03 029 = 03"
Cu (pg/d) 100.6 = 14.9 1081 £ 94% 113.4 £ 16.1 108.2 *19.6 107.8 +17.2 108.1 +14.5
Zn (pg/d 99.7 £ 14.0 1062 £11.3 93.7 *+10.8 Q47 + 97 955 + 126 101.3 +12.0°
Cu/in 1.0x 0.2 1.0 £ 0.1 1.2 £ 02 12 + 02 1.1 £ 0.2 1.1 £ 02

" Superoxide dismutase
2 Mean * standard deviation

¥ % p<0.05, *x: p<0.01, Significant difference between Obese and Control as determined by Student’s t-test

5% 24, 43 2 lReead A7 Axd Row
et e A9k 55 9 GRAET} o] FoiHo}

& Roz P73t

3. SOD gy= 3 E¥ & 79, of, T HY5 5=

AT A2 AT SOD A EE Table 49 Vet
U 3l nie)l o] kel A9 wlnkrto] 140.9 U/mL
Ado) 146.4 U/mLE vieRstch o8 242} 162.1
U/mL, 162.6 UmLZ Fq 25 vnkra} Aol &
ARl o)zt Utk ©)= Zhu 59 AFelxE Bint
7o) AR vlEle] SOD7)F wH ez s A
W AT 2jol7) Qglon, HAT ofAle o R nluk
I AT SOD A EE ¥wd Sung®d Kim™ <
ATeME FA Afel7) Gl AoE vehsTh

Axkrat viekre] 94 A w5 gl vinkzo) 105.3
pg/dL, A0 96.5 ug/dL, oI8HEL BlvlTo] 98.2 g/
dL, 99.4 pg/dLE @ BF F Tl {221 Aoz}t
et

gy 789 w5 FEe] A9 Bt 1006 pg/dL,
A 1081 pg/dL2 FYH o vinkre] 83 FalF
7okt (p < 0.05), oJ8AE Z42F 1134 pg/dl, 108.2
pg/dLE VRt £ #Fo)7t 913t Yakinici &
o] Byef e wkrel A Ta] ko] Fakatel wlsk
o fojdoz A Yepton, 58w 1dhd ofs&
ooz vinkret GATS Hliwst Lee™ 2] AelA 8
A T g FodolAE A Hvkre] o ¥ 4
e Ueldith g3 T2l s vuks o)glef A
olu} =& Ao wlghr] o)zt gl ZeF HuEm
=, &3] estrogen?] A5 A2 T F5F F7H
20k Sk goshae] glof vlRkee] whe ¥4 g
F2) Aol ARETIel Qi oIFAA AN FE A
LS F1EAZI o B TEESE U Y fg 52
of G&E TR 7heAdo] U FoE Bk

g3 o) FE= MY A5 winkt 99.7 pg/dL,
At 106.2 pg/dLOZ Ve, o3hg& 747k 93.7
pg/dL, 94.7 pg/dL o™, MAH o 2= uvkgte] 955
pg/dl, A7dto] 101.3 pg/dLE H]gkFo] Aol H
st FroF o2 Wdth(p <0.05). Chen 59 AAelA
R ug okag) Ao)g fEH bRk vkl
Yz o}l et AR Wokn HwEe)l g3 of
A 2 Fo AEHEAE e Ao® Yeht 2 AT
Yx)8h= AHE Bl

g3 Pz e FEge A4 viRkE 0.12 ng/ml,
AT 0.28 ng/mlL.g o, ojsge H)ulkr 0.18 ng/ml.,
AR 0.29 ng/mLE HU B u]gkro] Aol nisko
s}, g3 g 5t 98 A9 vkt 24.3
pg/dL, BT 27.9 pg/dL, 882 22t 25.2 pg/dL,
23.8 ug/dLE VERET W BT vlvhen) Aol &
2JHQl AJolE Koz ggit) 2 Ajtigate] I ddyw
55+ Diplock®o] AAlgE A1) 84 Sesxsl 8.0~
27.2 pg/dLe] Mol &aiginh o] FRlE Yo s
3 AeM A AdE sEE FAIME vntEs #
#AE RBolx Askon) o defint AdEA]S 300) el
A sk Zio® By HIAWR Agg dbstascl
GPXg AAsted destd, dulws Fa93hd GPX &
AJo] 52 33% 4% F71=EH, LDL Akl 46%7d = 3
A2A Aoz BuHRnE” AU AdE e s

ofo] BAle] o) FolAotett, Siutete] A4S WE Aol
F 2427} whEo) gl sho} & AelAE o)ef o
# B} RESE AREE AT ek

4. M5, NEFAIT< SODEY: R BMSAFNE F&49

AF, AdFATd SODBEE 9 A7 55
sbo] AABARE A= Table 59 2k e AF
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Table 5. Correlation coefficients among weight, BMI and SOD activity, serum Se, Fe, Mn, Cu and Zn of middle school students

Male Femaie Total
Weight BMI Weight BMI Weight BMI
soD” -0.0802 -0.1523 ~0.0044 0.0385 -0.0570 -0.0542
Se -0.0561 -0.1075 -0.1322 -0.1252 -0.0805 -0.1285
Fe 0.3030™ 0.2675" 0.0651 -0.0805 0.2259™* 0.1278
Mn -0.2138 -0.2731" -0.3959™* —0.4498™ -0.2863""" -0.970"*
Cu -0.2011 -0.3265" 0.0746 0.1263 -0.1342 -0.1269
n —-0.2862" -0.2663" -0.0795 -0.0996 -0.2323"* -0.2671°"*

¥ Superoxide dismutcase

2 Correlation coefficient, *: significance at p <0.05, =*: significance at p <0.01, ==x: significance at p <0.001

Table 6. Correlation coefficients among SOD activity and serum
Se, Mn, Cu. Zn, Fe of middle schoot students

SOD"
Male Female Total
Se 0.3783**% 0.2640" 0.2445"
Fe -0.1453 -0.0918 -0.1387
Mn 0.3314" 0.2526 0.3241™"
Cu 0.2709" -0.0092 02171™"
n 03176 0.1490 01776

" SOD: superoxide dismutase
2 Correlation coefficient, *: significance at p <0.05, *+: signifi-
cance at p<0.01, =x*: significance at p <0.001

3 AAPAFE B B3 f9H9 g duie, 33
ol A9HQ g9 HBYS B TE G
AAFAFE 89 B L FHNE FH &9 4
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Fue) Fo2e 2o YR itk P Sy 25
A BEACE ARRASE 93 U3 U obdd gl §
29§ JBWAT RYORH MY TP} A
s ¥ )49 BF $FL AAANTE ¢ S A
T sl 2R AF B ARFASS SOD B
Rgbell 121 JoeAZL VERA ek

5. SOD T @7 Mo TN 549 Y

SOD $4xel 8% tslaa F13A FRgle] A
AE B8t A3h= Table 63} 2t} F8H42 SOD E4%
o} d3 Ay, B3 ok, FRIEH Tole FolEd &
o] AAAdE YeRIITE 989 4= SOD 4%
g3 Ay T el 54 2] e veRA
o}, T, ofd, Wk dAkSE F4 F SODY Age| F
3kn? dElae GPXe Y40t £ AFtellA] H]
gl Agadzkel Fi AET SOD FAEE felE
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