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ABSTRACT

Studies on relationships .between antioxidant nutrients and varous chronic diseases are
increasing. In this study, serum concentrations of antioxidant minerals(Se, Cu, Zn & Mn) were
measured and compared among normal Korean adults. The ICP-MS method was employed to
measure mineral concentrations. The subjects consisted of 329 healthy adults(154 men & 175
women) aged 20 - 79 years. The mean serum concentrations appeared to be 26.440.41(Se), 89.
6+1.53(Cu), 113.3+1.56(Zn) & 0.34£0.05(Mn) pg/dl for men and 24.5£0.32(Se), 95.6+ 1.
58(Cu), 103.6+£1.79(Zn) & 0.35+0.02(Mn) pg/dl for women respectively. Among antioxidant
minerals measured, the mean serum levels of Se and Zn were higher in men than in women(p
<0.001), whereas that of Cu was higher in women(p<0.01). No significant difference between
sex was observed for the mean Mn concentrations. The mean serum levels of Se(p<{0.01) and
Zn(p<0.05) decreased significantly in the 60's of women. On the other hand, the Mn
concentrations in the 60's of women showed a significant increase(p<0.01). This difference
seems to be due to the changes in menopausal status. The Cu levels in men showed a consistent
increase with advancing age. The mean Cu/Zn ratios were 0.831+0.04 for men and 0.95+0.
02(p<0.01) for women respectively. The fact that this ratio increased significantly at the 60's of
men(1.26 ; p<0.001) requires further study in relation to chronic diseases. When analyzed by
stepwise multiple regression, drinking positively influenced serum Se and Cu levels for both men
and women, smoking, however, negatively influenced all serum mineral levels for women.
Further studies are needed to clarify precise roles of antioxidant minerals, their interactions and
their relation to disease status. (Korean J Nutrition 31(3) : 324~332, 1998)
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AEore A7) A8 X3} A o 3he
1 gl v 2 A57{free radicals) 52 AlX9 7]5&
ofstAl| o AUoirte] BEFEL 25l o2 w4
A8 fan w3} AL R 4Yol & + 9l
o wgbd A Xy X9 x=3l0) xdE 9
gk FAtslel #E 89089 FeAdw, A Y
sl ZrtsE AdPds dnl w4 2959
ibd Aol A aislad 9YLEY FaXe] I
A dFEHT QP Felvehs Ad FAED 5%
BARZ] 492 A3l 293 2EH A7} F71H
Q3 gZA A7) Aol 93 fEol Bol xE3H 1
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I A%, Fust, Age 5o 14 wg o
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2 st A go] SUHHEA mEFdled g B4
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AEE AYstae AA Y] 247 ¥F = SAHY
A8 BA0] v § njekslA o1FoiA . glnt. %]
F7HA] Leid giEe FAsHd ¥r)25L v
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SuEtel AS X3 Aiate) AsEAsl B
a|x] gatkal viellel] wgt 1950 T2 FsjoiA
stor gitstaA o) g3t dF2E 2o] Seol
GSH-Px(glutathione peroxidase) 4] n)x& 4
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1. g S A

Ag J ¥ EHdAAES AARE BYez
sty o8 st Fal 2 oguk Falg ke
20~794) Atele) A7 Q) 329% (FA} 1547, 9=}
175%)& Ao 2 a3t o] F Al %
A WFo) 745 1978 (FR 94%, <=} 1039F)9)
M AAAZS AP L duk Al didle] =
ATt o] 9 )% 2 ARVIE HAL 89, A
A AAL 59 AstEtE AAL Ao, A E, WAL
Ata AL X% it AAR B34 ol o] gl
FHAZ Qe 3t

2. 93y g EE 2 A B2y

gyeol ¥7]8 5% Perkin-ElmerAte] ELAN
5000 model ICP/MS(Inductively Coupled Plas-
ma Mass Spectrometer) & ARg-31a] 2A3%Th

A7 YRR RE old FEAIY AL AF5}a,
¥3L B F A3 AN 4oz €3 0.3mlol
3 FFF 2.Tmle H7rste] 10819] S 4E e
o} @4 F44(1ml)S 3.0tm pore Z71E A AE
25mm<] Millipore-Bedford filterg A3} <tAst
(nebulization) A A4 ICP/MSel FY4stA. ICP/
MSell F2lEe] 71gte Alge Zaxn A gd =g
&) oF 6000°KS] Arlexd] =2Hw, o] Zoj|A] oF
2m/S A= HEUA o]ty AAE 02L&
g2rE PAslE ol22(Ar) 71FE "k F A9
Ze e 71 interface® 3] mass spectro-
meter(MS)Z Eoi7}4 Z&R}. 84 Se, Mn, Cu
2 7Zn¢] ¥713 FEE AN 2000 van de Graff ac-
celerater (INFN-Legnaro, Italy)Z AR&ste] =}
o) g8 58 X-energy emission (PIXE)& Z33}
of FEFT.

3. Y2 MAT A

dA 27148 5o J&E T QUES 457
Ae YA HAFH &5, FQ T HEsES =
Aatct AT AR GY AT 2AME 244
7+ 34 (24 hour recall method)E ol&3l o



326/ AR S FA3AR F71A =

4F AT, AFRY, AEH 249 FAFEF A
BE o]43 3 UL T3 &4 JEHEY =2
ZY), 43 4L 7123 F ol A7 $Fo=
BT, old Y4HQA dF o] AolE AR}
o 2 xol7} e AFAE FAAY HAE AL A
g9 wgdalgiel. 2A19 ARE A% HEY UL
2 g2 o] dYHe] 9 computer programe
o83l Hr}stdct.

4, TN Rz 9] B Mg

B g7 RE IE SAS(Strategic Applica-
tion System) packageZ AHE3slY EAEAE 4/
slo] BAEFEEELAZ e Z+ $3He] Aol
o 3t Feld AAL a<0.05 a<0.01, «<0.001 F
FolA Students t—tests} ANOVA test(Student-
Newman-Keuls test)E ol8dta A3t €3
4atsl 2| Ao g3e F= 2919 4 ¢ 24
L 93 tE3E AP (stepwise multiple regres-
sion)& ol8sle] BA31 ey 3-89 E 15% vigt
o= a4t

97 ¥l 9 W

1. Q17 O ARl i AP

AFhdate] Hy dHE FAE 43.9+10.2408
9] 1 20~794), A= 43.4211.241(H9 1 20~T724)
fow, BMIE ¥y 47} 23.0+0.30kg/m*s} 22.240.
28kg/m?0.E o)|S& BT gutz o AMEEHE A4}
Z 899 20.0~25.0kg/m%l &3} THTable 1).

2. 9% gMT Y 298 5
B AT gty Ao o ¥ i3 gl §
712¢) 55 Z Table 2%} Fig. 191 Yeh)AT).

1) 8% Se 5

8A Sed] HF T EA] HS 26.4+0.41pg/
dl, oj&te] ¢ 245+0.32u/dl2 FR7} AlEh
FostAl =4t (p<0.001)(Table 2). $EiviolA
419 Se FxF F+¥3A polarographic analyzer
2 4% Shin $%¢ Bod] Jehd 19.Tug/d1R =
=8 Fx]o]n, o] Diplocke] AA|g FAkqle] HHA
Se % 8.0~27.2ug/d1®¢] ¥9le] 43t Swan-
son £9& 0|29 seleniferous X¥2 South Da-
kada®] #&t9] ¥4 Se BE+= 16.1pg/dl, &= 17.
1pg/diZ R 3Tt AFF 1 A EFE AFAske A
29 gz A9 Se FEE et} tj2a &
Z7tME Aol e} E 2jolE Y § JTpP.
BH=9] o Y Al= ARE 4L oz &
Westermarck 579 @79 2J5td % Se 5+
5.7pg/dIo1A 10.8pg/dl WSS BT} E9 7t Uyele)
HE Se vE9E AYEd PAE 8 1pg/d], FIAAS
6.8ug/dl, FFct 18.2rg/dl, W1=9) South Dakota:s
25.6pg/dl, Ohiox 15.7pg/dle] M2 Tt 555
Hojg)

2 dvoM A AU Se 558 4 dFE=
AR (Fig. 1), @A) 3¢ 20071 22.8+1.16pg/
dl, 30047} 27.620.70pg/dl, 40th7} 26.0+0.79ug/d1,
50t 7} 28.2+0.7Tug/dl, 60tH7} 27.440.93pg/d12 &
ol w2 {23 Aolg HY 53] 20ti4lA 304
Alolol {98 F718 Ho] FHUHp<0.05). =t

Table 1. Mean Values of anthropometric variables of the subjects

Variables Unit Men(n=94) Women(n=103) Total(n=197)
Age Year 439 +10.2 434 +11.2 43.6 +10.7
Height Cm 169.7 + 0.59 157.0 &£ 0.43%+ 163.1 £ 0.58
Weight kg 66.2 + 0.93 547 + 0.68% 603 £ 0.70
BMP kg/m’ 230 + 030 222 + 0.28 226 £ 0.20
Values are Mean+S.E.M.
a : BMl(Body Mass Index)=Weight{kg)/Height(m?)
**+ - different from men by Student’s t-test at p <0.001.
Table 2. Concentrations of serum minerals of the subjects
ariables Unit Men(n=154) Women(n=175) Total(n=329)
Se pe/dl 264 + 041 245 + 0.32% 255 + 026
Mn pg/dl 0.34%+ 0.05 0.35+ 0.02 035+ 0.04
Cu pg/dl 896 + 1.53 956 + 1.58** 926 + 1.12
Zn pg/d! 1133 + 156 103.6 & 1.79% 1084 + 1.23
Cu/Zn Ratio 0.83+ 0.04 0.95+ 0.02** 0.89+ 0.02

Values are Mean=+S.E.M.

** : different from men at p<0.01 *** : at p<0.001.
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Fig. 1. Serum mineral levels by age groups. Values with the different letters are significantly different from the others in
same sex and capital and small letters denote men and women respectively.

(*p<0.05, *p<0.01, ***p <0.001)

A% 7 9% 83 Se ¥ EE 26.0+1.001g/dl, 25.
620.70pg/dl, 24.8-£0.58ug/dl, 23.9+0.450g/dl, 21.
3+0.97ug/dlE Ueh} dFo] F7Hg] we} @Rkt
g2A fAdA 2age 2ger aFAME 60t
o ol g dFTF W FF F2E BIAG
(p<0.01). A A2 g H|usrd 20U
ASlatae ozte) B FEo] 2 AFITY WAL
B} oA Uehgth 204 olde] 373 4 dUiE
A% Nove Study”’s} AFlx A%} A Se ¥
E7F frejg g0 ARTAE 7AW, B4E Se 5%
ot A BXSRAR EHAWE vE Tt
ko] AAAAE /vt Rasigint. o] A7 EIE
£ d72zs) viug ¢ ool B4 1 vk vl
A FAkel, Bk Aol A Se TE &
Azke] FA UoiA, 20, 30thel XS] F7HE A

dJstne fold FBBA goke ©E BaP0%
oIx]8t}, Suadicani 529 S7IME 8% Se F=
o} dge o AA/AT BAL Se T/ wobd
S2 33 AAgd] 22 Fgo] ) Ax T B
3T,

2) 9% Mn 5k

dFgiAAe] 8% Mn9 B FEE 9W 42 0.
34+0.05pg/d1(62.0nmol/1), 0.35+0.02pg/d1(63.
8nmol/1)2 Yeht} Adel W& F93 2fo]E HolA|
ookt 778 44919 Mn tiAlel Y| T EE AT
3 Finley $%2 dy9 Mn dAks o2y 3389
Mn 5% 93P} 164nmol/l, &7+ 17Tnmol/1=
27k o A FoFAE YUy Husth
AASHE 0188 Greger 579 A7lA F4E& A



328/ =A A9 F4siR 7oA =

¥E AU $A49 2% ¥4 Mn =71 19.3nmol/1
9 BIFHT, olEdA 479 5 Mng 15mg/
day¥ 233 23 €3 Mn 57} 27.0nmol/12 &
ZHtHE d7Ee vad o 2 d1dgs 22
FRE HojFth €39 Mn 5= oA ¥
B} Ao childe 43 o == FPF) g3t
AAF v]ePd el 1 ¥ Mt Bt
=0

T 92 83 Mn B5& d&¢ A4S 2007t
0.29+0.03pg/dl, 30tH7} 0.39+0.04pg/dl, 407} 0.
35+0.05pg/d1, 5097} 0.38+0.08pg/dl, 60th7} 0.
28+0.03pg/d1E o] dHF7H H2)3Q) xjoj7} ¢l
AL, Azte] 9= 2o AF T oIM 0.26:+0.
02pg/dl, 0.39::0.06pg/dl, 0.31+0.02pg/dl, 0.30%0.
02pg/dl, 0.50+0.10pg/dlE 30chHe} 60th7t 2000, 40U,
500] FHFEG FosHAl BA U <0.01), &
£ ddes A7 Lee 32 845} 19 Mn ¥%
o JojA FRo] A3 vish o Eoiu 203 =} gl
o1 estrogen AEIL A28 f4lo] ¥ Mn &
o 9EE & Joie BIE o

3) 8% Cu¥ Zn 5k

ATt 4 Cu e 929 A4S 89.6+
1.53ug/dl, Aol ALE= 956+1.58pg/dl2 =7}
FrostA E&(p<0.0D), ¥t 84 Zn FE= ER 7L
113.3+1.56pg/dl, <=} 103.6+1.79g/d12 FA7}F ¥
98}A =% Hp<0.001)(Table 2). Bales %] A
2% 49 2788 & tdeR @ AFAM dF Cu ¥
= 97 94.1pg/dl, dA7F 108.0pg/dlE HR}7b
R8T oo Zn ¥5E EAF 90.2pg/dl, <A} 85.
Opg/dlZ FAp7} o2l E ) o, B A7AnE by
sF3 it £ Ahn 529 A7 didHE d3
Cu %9 24 A2} ozt o 5L AS BolFg)
21} Chung 5% ¢Jsld 83 Cu 59 Zn =9
A 9 Zol7t lE-S BaEx 1tk AR o
28} Cu 5571 2 99L& o4 289 estrogen
o] @43 ¥He] Cu $5F F7MI77] ez A
HHAPD ALHA AT Pets B =9
estrogen® 2 Q& ¥F Cu $&& Zvlse Wi,
progestogen®} estrogen® Zn ¥EE 7AAzitn
BaHI EF Cu 5= 64~156ug/dl, Zn %
£ T4~130pg/d12 A7 BaEr s S9g0.

Z 475 ¥4 Cu 55 A9Rd gzl 4%
2007+ 71.7+£3.99g/dl, 30t} 87.9+2.32ug/d1, 40tH
7} 84.7+2.10pg/dl, 50th7} 94.743.00pg/dl, 60TH7}

114.0£7.96pg/dlZ ol7t Z784E foldtAl S}
A2 (p<0.001), od=te] A 2 9HH Y Cu ¥
E¥ 102.0+£9.90pg/d1, 97.2+3.31pg/dl, 95.6+2.51pe/
dl, 96.3+2.06pg/dl, 84.9+4.01ug/d1= Vo|7} 2718
FE FoaA= gRR Aashe AL 1o vt
Artdo] HolatA Jegtth(Fig. 1). ©|& Bales 5%
o dFlA Fzk Z$oll= o7}t F1ArE HyY
Cufl %7} 71 2ol 4|3t b d+
POME Cud) FEE 9% B Add 39 4w
7} dokz 2ustgen, Ahn P& ¥H Cu 5E8
Az7F GARY ¢ § Ea Yelrt 518 5 7
A3 o] UA T dE AHRBAE Kol ¥t
i B3t o2ke] A9 o)zt 718t #1737
7} 9 estrogen ¥8]8 Al Cu 559 #44E %
gt 607t HHA GRARGE Cu 557} Zade
7}.12; i?_]‘:}.'il):iz).

a8y Zno A4 4 GHEE B d, 3Rl B¢
20017} 107.0+5.06pg/dl, 30tH7} 118.5+2.64ug/dl,
40th71 110.3£2.91pg/dl, 5007} 114.7+2.51pg/dl,
607t 103.3+£9.12pg/d12 d3 3o W& /9% =}
o]& HolA] ¥gt=d], o] Bales $79) ATolA ¥
3 Zn F=9 Yoloh= AaBA} Atk Hag
dA g}, Chung 522 Sy A4E 25 U
o|7} 5718 & Znd B ZASFHAN fo)3
Aol Holx gsitia B ustgt. oxte) A4 Z
aHd 8H Zn 557} 108.7+5.10ug/dl, 108.0+4.
35pg/dl, 104.9+3.49ug/d], 103.3+2.15pg/dl, 86.0+
4.65pg/d1Z 60the] A4 o2 AT 3 F5hA

& FEE BAG(p<0.05). oAte] A$ ely F
7tel W} Zno) 571 242 McMaster 599 B
ao BEAH o2 AXFY, Fui vliA] 4]l Fxle
BF Zns=rt AT 21 9] FUHESE B
9] z}o]7} ANTH= Rea®9] Balste dx|gic}.

4) 9% Cu/Zn Y&

Cu$} Zn& AWl metallothioneinol i3l A%
gl QojM M2 FAHe]7] o oL AYgFE
£ et AAIA FIAE FA8 e &
3] et A gt RS A7) ok WA o5 ¥
% T v go] A AY L X7 g 3
7Hl =gl Evta AUHAP. & A7l 8H Cw/
Zn9 Hl-&-L2 3217} 0.83+£0.04, 9=} 0.95:+0.028
Wi Aole folsiA Yelg3(p<0.01)(Table 2),
7} AT e i vjeL E2Y A$ 0.68%0.
04, 0.75£0.02, 0.78+0.02, 0.84+0.03, 1.26+0.21%



60dlol G2l& 2718 Hel1(p<0.001) (Fig. 1). 4=k
9] 79 0.94+0.07, 0.940.03, 0.9410.04, 0.95£0.
03, 1.01+0.042 A8 W2 F5 z}o] & Bol7A|
gttt A4S A8 Cabre 5¥0) B1g Cu/
7n H]&-& 1.1801% X, Cu/Zn Hl&o] A& B}
Z71gd wet HEAR ARAge) xIE & APE
B a7t gt a8y Cu/Zn Hl&ol gt 2t 8
3 & 2262 2 FAAT FFo] IR F A
A gFo] FrheIdthe 21T glo} AERA 2
3} Cu/Zn W& #AE Autd Aaso] Husu
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AWHOZ ¥ 1 Sest Zne] WH F=9) 3 200
2 AGshas A7l BN e $H (0 E Fe
)  nol FEH0| 97, Mnd] A= Azt o
Aurh 2o FFE Bolth} 600 AHAN FH e

2 Z7bee) gRtET £& $XE vehdo] Solsith

CusEE MnskEe wle] A3 B 60t 3A7}
gRE 9 YeEla, Cu/Zn HEoME Cus®
ol As} o) ex7} o &7} 60Tl o2 EApET
wobd g ol gyt A B 4 gk 604 4%

Table 3. Stepwise multiple regression analysis for serum mineral levels in male subjects

Dependent independent Parameter Standard o2
. . . F value p value Partial R
variables variables estimate error
Intercept 0.1603 0.0318 25.4301 0.0001
Age 0.0010 0.0005 2.5621 0.0578 0.0267
Se Drinking 0.0355 00114 7.1860 0.0026 0.0763
Calorie 0.0000 0.0000 29238 0.0281 0.0298
(R*=0.1329)
Intercep 0.0020 0.0011 3.2207 0.0763
Mn Protein(En%) 0.0001 0.0001 3.5484 0.0629 0.0379
(R*=0.0379)
Intercept 0.3697 01177 9.8611 0.0023
Age 0.0059 0.0016 26.1044 0.0001 0.2288
Cu Drinking 0.1065 0.0358 8.0212 0.0038 0.0651
Calorie 0.0000 0.0000 3.7545 0.0686 0.0295
Protein(En%) -0.0055 0.0034 2.5432 0.1145 0.0197
(R*=0.3431)
Zn - - - - -
Table 4. Stepwise multiple regression analysis for serum mineral levels in female subjects
Dependent  Independent Parameter Standard F value p value Partial R?
variables variables estimate error
Intercept 0.3052 0.0170 322.4002 0.0001
Age -0.0014 0.0004 14.7120 0.0002 0.1317
Se Smoking -0.0357 0.0117 6.7677 0.0030 0.0572
Drinking 0.0231 0.0115 2.7195 . 0.0479 0.0216
(R*=0.2534)
Intercept 0.0036 0.0003 113.6511 0.0001
Mn Smoking -0.0009 0.0005 2.6407 0.1074 0.0265
(R?=0.0265)
intercept 0.9668 0.0253 1464.4412 0.0001
Smoking -0.1595 0.0573 3.9867 0.0065 0.0395
Cu Drinking 0.1076 0.0561 3.6738 0.0582 0.0354
(R*=0.0749)
Intercept 1.4583 0.1172 154.9104 0.0001
Age —-0.0055 0.0019 7.0862 0.0062 0.0467
7n Smoking -0.2968 0.0441 45.8740 0.0001 0.3211
Fat(En%) -0.0074 0.0032 3.6731 0.0206 0.0230
Vit. A intake 0.0001 0.0001 3.1687 0.1409 0.0204

R2=0.4112)"

i




330/ =440 FARBE F0)4 3=

TAM 9 e Aol T2E9 W3 e Az
HAAo, oz 77147k Jdojue Aty
BA g F& A7 gasin

3. 8% 239 559 ¥¥L T 20 By

g3 sl B3 o1 559 ol dFL F=
8R17ke] FHAE dolu FHig2 LRI thE
3 AEA S 243 AHE Table 37 400 Y}

5718 AR o] dallAE 4% e
o)X 2] ZERAG dxol A FJ§ FaFee ehy)

Fdo] ARl A of W1EHA e LS HAF
Holtt. FAL ozte A ¢ 7712 5 g3 F
 A5E 47 dexw 1 9FEe 2% 29 B
& 2tk ol= F9 1 A7} free radical2 A8
FE A8HA 2EY M (stressor) & AHg3t7] oz
At} Swanson 599 ATFNME FAzte] Ay
Se Xt HFAARY o5l ¥ FEE HAF
ReH, 300099 FAS o2 § cohort study
ZHPNNE B Se ¥57 FF 2 I g9 4
BHAE Bt $98 Cud F9E, B 799
A FAA9] A Cu ¥5+E HFAR 2} B9to,
Cu sx= @4, Y, 855 9, o 24 AE
A A%, FAA 2~3u) A F7lEctn B aEy
1 =3 McMaster & 83 7n 359 A=
HOE Ag#AZ frhs Rak Qo] d7de] v
FEs BFei

=7 24 EFAA 83 Sext Cu FE9 49
BAE E¥ed 5971 84 7712 359 v)HE= o
FHo U d7d" 94 gYsA 2aga g
Suadicani 22 8% Se 355 $5-¢} 29 Auyg
AS EAv Budh yhy AZ240L ooz 3
Nove study 2N 8579 E% Se 557}
BlSFERY 9 £& Ao Buddr) 21~3549)
A3AE o2 ¢ Frimpong 59 ATAT}o) A
= 653 AFFe &Z(ethanol, 40g/day)S A}
= A%, 83 Cu®t Zn 5571 S718l9n oA 357
sk B¢ v FasAca Hasigen,
60~10041¢} =912 diF 22 & Jacques B¢ AT
AME He 15g/day ©13e) ¢FL HHet= A4 ¥
% Cu®t Zn 5% FosiA Zasiglotn sty
ot McMaster 5%9) Rudrs 4F 4= 893
Zn 59 A% 9 BFAAM, 282 Y Cu 5
& ozte] A9 Fo% #AE BolA gttt B
AT S5 A% 4 199 A%, 9% A 92
AHHF 57 7 BEgHos 83 7018 v 9

N

T on, BE gQIZ R P43 zHee By
tethe RIOAY A7 49 AS B
57t 7713 w29 W3lE 53 A g

BE 7L - A8 A ¢35 83 8
- 771280 vAE GFS goluy] YsME
&5 95 8 ol $F A% 121 &9 FF Fo
§ 2 Ko} A A d771 Wes)

=7 FG o9 EH ¥4 ko 9FL F=
295 AHEH Y Se F&olE 40 9L FA
o g glojA] 29gH-e M2 w2 el
X Zn T=oE A9 ¢ A A A (g%
%) R HIEH A AJF 3] 4FE F= 9902 Ug
$om, ¥4 Mn¥ Cu 5EdE 3Ae] A9 gy
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