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— Abstract —

The Influence of Smoking, Alcohol Ingestion, and Physical Activity
on Copper, Zinc and Ceruloplasmin in Blood of Male Adults

Jin-wan Park, Eun-yong Kang, In-cheol Shin*, Byung-sun Choi,
Jung-duck Park, Im-won Chang, Yeon-pyo Hong

Department of Preventive Medicine, College of Medicine, Chung-ang University
Health Control Center, Moonkyung Jeil Hospital®

Objective : To investigate the influence of smoking, alcohol ingestion, and physical
activity on copper and zinc in RBC and serum and serum ceruloplasmin, this study was
performed in a cross-sectional study in 113 healthy men aged 20 to 40 years who had no
symptomatic liver, heart, gastrointestinal, and other chronic diseases.

Methods : At the men's entry into the study, blood samples were drawn from each
subject and immediately centrifuged for analysis of copper, zinc, iron, ceruloplasmin,
total cholesterol, and hematocrit. Each man completed a questionnaire that provided
information on smoking, amount of alcohol intake, and physical activity. Partial regres-
sion analysis was performed on confounding variables such as age, body mass index,
hematocrit, serum cholesterol, and serum iron,

Results : In general linear models, adjustment for confounding variables did not show
statistical differences, and there was only an increasing tendency in serum copper in
heavy smoker(P=0,0678). There was no difference between high physical activity with
mild smokers and lower physical activity with heavy smokers.

Conclusions : This study suggested that copper, zinc and ceruloplasmin were not good
biomarker for early effect by smoking, alcohol intake and physical activity in young
adult. However, selection bias should be considered in evaluation of this result, and a
large prospective study will be needed in advance on usefulness of copper, zinc and ceru-
loplasmin as a marker for risk factors and early change of atherosclerosis.

Key Words : Alcohol intake, Ceruloplasmin, Copper, Zinc, Smoking, Physical activity
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M B

A A2 AA=ola ZA BAZF He A
o ulate] A9 AAl APgALe] 42 %) o] A
o2 AMFSTHCDC, 1996), $8 YAz #38
Z1BAAZ Qg Aol s wow (BAA,
1998), =3 Mgz A o - APAA Aol S
3% 2azte] AR ez vl 199589%
B 1998 6¥7tA F2ER|FThe] 54 AWzt
g olsld dRgez 98 Ay FollA o - 4]
daz Agol AA)ske gl 1995del 21.6
ol 1998\0] 52.3 %= slel ZAleln gl =
Aolt}, zelm ¥ A" AIFEE AxT
of Hlgte] ot g o] MpalEHA HFI
Z7Feta sk,

AETA G BAe AEY AxBA T
olde]l Bige AddA 2 oA (Kopp 5,
1983) % <k A (Gorodetsky %, 1985; Kok
5, 1988) 3 #HHe] 9le Aoz &dEA ok el
£ A7) (free radical) & A st LDLS <3
AlA EWAEE dayo] Fe]dlsl(Steinbrecher
5, 1989), ¥A ofdle Af7] A& dhol TuA
3z At otu sl (Ripa® Ripa,
1994; Wilkins®} Leake, 1994). Ceruloplasmin
< R Feevt d3hg Fag gakska A
A7 25E d@e 9P W (tunica intima) &
B3 Fe 9E€e dvta Eusl 2 (Cousing,
1985}, &elut el A el A BAEE
34471 ¥-S-(acutephase reactant) Td o
shiz de{A Ut (Cousins, 1985). Agekz}
PRGN dF o, old# ceruloplasminel thgk
Aol Salonen % (1991)2 Fdo] A yels

E deAlZivta 2udksin, Gaziano 5 (1993)
3} Steinberg %(1991) & HW#ke] d=L&4Z

4 3L 7}
HA HDLO A5S 7tdel A3 8Fe] dA

o

X

s

24 &

[}

Ox

At @34 W ceruloplasming wETI 81
o (Burmistrove} Borodkin, 1990). Edt &F&
) AP e ofde BEE vt B
a3k (Singh 5, 1990).

<2Abe] A" FoE dFEANs 3 AEFHe

].
Ws Fos *7}0}4_ NE AguAdge] w7
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Aeo] 1 S Hte] Agakale] Wzl ulE
T8, o}l ceruloplasminel @3k A7 a3t
A gk el A& olol] B3 e il B gon
TAE 519949 HDL-Z#2eE3e) A@Ad
#al 75 Astue AWM dRFreE
B 2T vl Z2ARE Flo] di-Folivt (1
3k 5, 1985; <71k T, 1987; oldAl, 1989; A
AE 5, 1989, F¥Y 5, 1992; BT 5
1992; 3kl 9h oA, 1994), T3k AJEekalel W
slo| ME APIAA LS B3 7|2 At FR
T Ad FE d o o] FojF 2u) Berenson &
(1987, 1998)°l ojald FwAslE WAo] g7
of Alzt=]m, o] Al7]el] g Atel wEEH HAHH
A A W go] oA BR YEek o] FH3ly
v AdES ddes & Jd7vt Fasts, Knekt
£(1992) % Reunanen %(1992) 9 2lste] g
F9t o} H ceruloplasmin®] mEHEZ A A
® 918, body mass index, H¥TEA HF
2 S0 BE AP= Wad oz Yy,

oHug & ds g9 | e, ol ¢ ¥
W 7 A e GaskAl9l ceruloplasmin®] £,

dz2AF] 2 WA GFPol upgl ou g Aol &
Holgx] ol F& 49 ExE ugez o
Raclia=s

o,

1. eATChet

AgAe] Qi detash A Frel BRaE
20~40417E219) A4l dAE 1139E Eﬂ”oi B!
o olEe RF RAMIAN WY R ABZAE
Folol 3 AR, £PAE, WHIE Bl 4

D430 gem N Beke TG

iy

e

ﬂll

=83 <
oAme ok HEF Hol Pee BASAT A
BNAES AgEe 39 Hvow @A HRX
T, W 519939 ATl el BF FEE
WA, 28, =R BRI AR 2RAe FF
& s5sh Aol7h glojAl £ dpel dgon g
A7,
2. MEX]
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(A&™E, 1993). dae AA JolE, AL
meter®, AFL 0.1 keWrY2 23 O}Ai‘”/} A A2
g5 5% Ho FHALY ¢ , &
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3. WLl el ofeint E@H
ceruloplasming| &%

&, SH2HE A

1) €& EZa)AEE ceruloplasming &

4 Y289 FHL
esterase® °©]&3l] choleaterol ester® Fa|x
HE2 2% A% A7 F cholesterol oxidase%t
peroxidase® °©]&3te] A4E quinoneminine
dyeE 500 nmelx ZA3st12m AbbottAle] Al
oF 3 717 (Spectrum EPX®) & o] &3 it
Ceruloplasmin®] &4 ceruloplasmin® cop-
per oxidase®A el 71%& ol&sled 71d9l p-
phenylenediamine®] tzlso] Y= =435t
&g 546 nmolA blankst tiRdle] FREe]
HEE 2435 AAstd o (Richterichs
Colombo, 1978).

2) ULl 2|2t ofolel £H

37 A Fele old e 2vhd3] )
{(Microwave Digestion System, MDS-2000,
CEM) & Az ¥ dAEFFTEEN7) (Atomic

cholesterol

0td & ceruloplasmin sZ0 &4, 23 U

AR 50| 0lR)E 2
Absortion Spectrophotometer, ChemTech
Anal. Ltd.) & |83l FFsslen], FH210L
Table 13 #th, Fe|¢ ofd FFELAPoZE=
1,000 ppm HAAFFEME(Hayashi Pure
Chem. Indust. Ltd.)= AMgsilem, EFREAY
fdog= FF 498 0.05 % triton X-1002.2
4% 0.1, 0.2, 0.3, 0.4 283 0.5 ppm FE
9 A& ARgslYTh, BE A8E 0.05 % triton
X-1002.2 64 3|48k ¥ B350t (Stevens 5,
1977).

3) X HFe) o &3

3 HEL& f-globulind £3lE transferrin®
A= sled o] 23E A (Fe”) & A2 A
F8 A7 ascorbic acid® FUAIA I8 A
(Fe*)& #3HAIl 2-(5-Nitro-2-Piridiazo) -5- (N-
Propyl-n-Sulfopropylamin) -Phenol#} 2 A
FalteS E3YxAE &3 latro-chrom
Fe kit(latron Co.) & °]€3le] 33 590 nmellA
Algas FEEE FAsvh

4, MEel XMelet SAEA

ZE A8&E SAS PC program (release 6,08,
1988) & o438t EAatAct,

AAREEL F AUA L8 F (total energy
expenditure, kcal/day: TEE)® $3 ZAHE3 &
Folu o] 2ole §AH =B WER 431
t. TEES @4 Aty #HEFE |
MET (metabolic equivalent), 283 %2 §
MET, #o] 2°l& $44 &¢%& 6 MET, 253

Table 1, Optimal measurement conditions of the A.A.S. for copper and

zin¢ determination by flame method

Copper Zinc
Lamp current (mA) 3 12
Wave length (nm) 324.8 213.9
Slit (m) 0.5 0.5
Burner height 10 10
Gas air-acetylene air-acetylene
Acetylene flow rate(l/min) 1.8 2
Oxidant air flow rate{l/min) 8 8
Mode BGC BGC

BGC: Background correction
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9] §44 &% £ TF5S 4 MET Z2]a go}
*1 2d %S 1.5 METE o o|& 2% g3

T AF(ke) & Fote] BABIATE F FHAI0] 5
AR oltol® 4.5 MET, 6, 7, 8, 9Alztel® 2zt
6, 7, 8, 9 MET, 10A1zt ool 12 MET 18]
3L SAH e FFoR FAZ TEANS F%

e EARteR Holm 782 Yo dY TFe

2 ¥ E3E e g% gvEe METE &3
o :r"ﬁ]'?\i‘:}(SalliS %, 1985).

SFe ¢RE MR FAsler dd o
& HHZ ﬂ”ﬁ 9] FHd wt &F T
Table 2, General characteristics of subjects

Characteristics n (%)

Age(yaers) 20-29 85(75.2)
30-39 26(23.0)

40- 2{1.78)

Smoking non-smokers 50(44. 3)
(pack-year) 1-6 39(34.5)
>6 24(21.2)

Alcohol ingestion Abstainer 37(32.7)
(gram/week) 0 - 80 62(54.9)
>80 14(12.4)

Physical Activity <2000 17(15.0)
(kal/day) 2000 - 2500 66(58.4)
> 2500 30(26.6)

AP

16 %, &F<= 25

i) i %k—’.‘—‘—:‘ 40 %= F793t]

Knekt % (1992)-‘% Reunanen % (1992} 2|3}
of g of 72l o & ceruloplasmin® W&
A2 A% A3, body mass index (BMI, ks/
), AEYEA1 A e 2 S Belo] I
FRA9 &g HIT BAE AP HES
ol H|3)F BAMelA fFejdel A EE mERge
isted " W) 2], old ¥ ceruloplasmins %
2 EES F F4, +F 2 AAF g5 nE
B E general linear models® A& 3}3it}

4 m
1. EACHRS] Yibsiol S4 % HASH|
ZANPAES GRAY BH L ol REE 200
5.2 %, FAS AR 44.3 %, L2 44
= 1~80 gol 54.9 %, AAHLF
2,000~2,500 kcal/day”t 58.4 %2 714 B F
2g A SAUHTable 2). 2AAS Pitdd

Table 8, Means and standard deviations(SD) of confounding factors(age, body mAss index(BMI), serum
cholesterol and hematocrit) and measurements in blood of the subjects(n=113)

Variables Mean SD Minimum Maximum

Age (years) 27.4 5.1 20.0 44.0
BMI (ke/m?) 22.7 2.6 17.8 28.7
Serum cholesterol (ng/d!) 173.0 32.1 102.0 274.0
HemAtocrit, (HCT, vol %) 48.9 4.5 34.0 62.0
Copper

RBC (ue/g) 0.91 0.15 0.50 1.32

Serum (ue/ml) 0.97 0.17 0.55 1.51
Zinc

RBC (ue/g) 11.73 2.15 5.84 21.94

Serum (ug/ml) 0.96 0.15 0.50 1.34
Iron

Serum (ug/ml) 1.12 0.54 0.18 2.54
Ceruloplasmin

Serum (mg/d!) 36.7 6.2 16.0 51.0
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Table 4, Multiple partial correlation coefficients between variables and confounding factors

In RBC In serum
Variables
Correlation P value Correlation P-value
coefficients coefficients
Copper
Age 0.007441 0. 0099 0. 005590 0.1376
BMI 0.002912 0.6150 0.016430 0. 0346
TC -0. 000017 0.9706 0. 000047 0.4488
Het 0. 005859 0.0875 -0. 001475 0.7430
serum iron 0. 020492 0. 4587 -0. 057597 0.1176
Zinc
Age 0.091722 0.0340 -0. 005898 0. 0563
BMI -0.061347 0.4843 0.011364 0.0728
TC -0.009263 0.1907 0.001176 0.0217
Het 0.057401 0. 2653 -0. 002528 0.4923
gerum iron 0.703589 0.0943 -0. 026579 0.3743
Ceuloplasmin
Age 0. 319813 0.0209
BMI 0. 689782 0.0153
TC -0. 000794 0.9718
Hct 0.039788 0. 8082
gerum iron 0.709014 0.0997

TC : serum total cholesterol, Hct : hemAtocrit (vol %)

& 27.445. 14 Z8lx BMIE 22.7%2.6 ke/nr$l  0.0153) ol tisted 28 WA4d #AE BHTh
o}, d¥FYAHES 173.0+32.1 mg/dl, HIETF
£AL 48.914.5 %ol AR HEP e

O

3. g Fal, oldnt & ceruloplasmino|

—_
= ol AlH|M ZEo| Ak

a8t 5o, 2F 9 2
= 22 0.97+£0.17 we/ml, 0.91+0.15 g/g, <k
2 0.96%0.15 wg/mi, 11.73%2.15 we/gelom, o T2, ofd @ ¥H ceruloplasming H
FHHE 1.1240.54 we/mEA Hlmd Wolzl 31 AT EHoz {osiA Jehd udwsR B3t
. A ceruloplasmin ¥EE 36.7£6.2 ng/ o FA, &5 B ANH FFo) wE JIgS ¥u

dIAH(Table 3). 39t (Table 5). 43& AHF EFE 0,
1~80 g, 80 g °ldeg U¥yo] ENyon
(Thomason® Majumdar, 1982), ¥4 d4
AEY FH|del HlwA Feol HEFYD, 1~6
g3 Fa), old3 ceruloplasmin®] 9&E &  pack-year, 6 pack-year©]do.& o] &A%}
F Qe TAFE golgy] g8 9%, BML 2 Az, AAF &FL& 2,000 kcal/day "W,
Yrad, gAzd2es3 g3 ddd #HEA & 2,000~2,500 keal/day, 2,500 kcal/day o4
A& APsch(Table 4). F¥FW Felgzst 2 ol E43ch
1% (P=0.0099) & AT BMIZH(P=0.0346) AP Feleke FAF] F715d wet 3
o #9F AAAH BAVE slKew, AP od #EEVF Sriete AYE BUou #od Aele
& A (P=0.0340) 7 dHolde A Fe2elE JeEhA gsith EAFee FHol B TelA
(P=0.0217) 3 F2lg HA4E BAE Bk 83 7P B4 Jebdov /93 Aole Holx] gttt
ceruloplasming 1% (P=0.0209) % BMI(P= (P=0.0687). dd7-¢ ol BF FAF

2, g% T2, olodn} ceruloplasmini} wEhgds
Zte| =7 24

573



ostaleielstslxl Al 11 A M 4 & 19904

Table 5, Effects of smoking, alcohol ingestion, and physical activity on copper, zinc and ceruloplasmin

(CPL) in blood (adjusted mean=standard error) (n=113)

Factors Copper

Zinc

(Number of CPL in
subjects) In RBC In serum In RBC In serum serum
Smoking (pack-year)
Nonsmokers  (50) 0.88+0.02  0.96+0.02 11.46%0.33 0.95+0.02 36.5+0.97
1-6 (39) 0.91%0.02 0.92+0.03 11.79+0.35 0.96+0.02 36.1+0.99
> 6 (24) 0.95+0.03 1.03%0.04 12.16+0.51 0.95+0.03 37.3+1.54
P-value 0.3117 0. 0687 0.5509 0.9750 0. 8246
Alcohol ingestion (g/week)
Abstainer 37 0.91+0.02 0.94+0.02 11.60+0. 36 0.95+0.02 34,8+1.05
1-80 (62) 0.86=x0.03 0.93+0.03 11.84+0.47 0.94+0.03 37.3x£1.36
> 80 (14) 0.87£0.04 0.92%0.04 11.72£0.57 1.04+0.04 35.1£1.80
P-value 0.4408 0.9146 0.9163 0.1653 0.3472
Physical activity (kcal/day)
< 2000 an 0.87+0.03 0.97+0.05 11.55+0.53 0.91+0.03 35.2+1.88
2000 - 2500 (66) 0.90=x0.01 0.97x0.02 11.90+0. 26 0.96%0.01 37.0+0.79
> 2500 (30) 0.94+0.02  0.92+0.03 11.41+0. 39 0.97%0.02 36.2+1.47
P-value 0.1936 0.6204 0. 5462 0.3579 0.5572

Table 6, Synergistic effects of smoking and physical activity on copper, zinc and ceruloplasmin (CPL) in

blood
Copper Zinc CPL in
Factors
In RBC In serum In RBC In serum serum
MPA and HS 0.89+0.02  0.92+0.02 11.76£0.29  0.95+0.02 35.6+0.97
HPA and NS 0.88+0.01 0.95+0.02 11.49+£0.27  0.96+0.02 36.3+0.89
P-value 0.4531 0. 4256 0.4983 0.7659 0.3151

MPA and HS : minimal physical activity (lower 2000 kcal/day) and heavy smoker(above 6 pack-year)

HPA and NS :
smoker (lower 6 pack-year)

TAGel AT FAS 2ok, A ceruloplas-
min® &g ulgl §93k xlo]E HolxA] &9}t
ok d@E A3 el uet ¥ W el
ofd BF folg xjolE Holx| gkston A
ceruloplasmin® Z-& AE 25},

A A BFel utel AP Foje AAH &
FEol FVE 5 Trkele ASE Eyled, €
A TeEv fgadte A% BAou fo Aole
Holx] ¢skr}, ¥ ceruloplasmins /\liﬂﬂ g
o meb fojgk 2ol & VhERA] ghskth kA
AT NA A EFeke FAAIAE B ﬁﬁﬁ A

‘o‘
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E}(Ross, 1993).
ol AESA 2%
e, ol H ceruloplasmm Eoﬂ EH‘_ ?ﬂ—?%
FHAGe] WAV 21T Fofl &
5719 4 & Aot}

ZAAANE ] FAFL Rk Yelrt tiiE
20012 3o} 4,5+6.9 pack-yearZ YETH &
g JHAFES F9 70.0£156.6 g2 HlwA ¥

o7} HeH olXZ F(1992) 9] 145.0 g 24
£(1989)2] 133.1 gHvl Hsgten, = H]"‘Eﬂ
TE 173,032, 1 meg/dl 2 o)A % 5(1992) 2} ©
g 5(1992) 9] AuHc) Woked e Z:’\}EH’E}

A59 Hi velzl 27.4+5 142 won, BMI
W3 22.7+2.6 ke/mE EA & wjFoz Az7tE
th 8% e vEe 0.97£0.15 w/n §9
g 5(1992)9 0.92 we/mi, FHE 5(1994) ¢
0.94 wg/mis} B8 AAH, A oldrxs
0.96+0.15 we/mlZ 1,19 we/ml (B3Y 5, 1992),
0.92 ve/ml (B985 5, 1992), 0.94 wue/m (FAE
5, 1994) ¢} w43 A3E Jelido, ¥3
ceruloplasmin ¥XE 36.716.2 mg/dl2 73]
Z¢] AN 29,3 mg/dl (Cignarelli 5, 1996) B
T #5431, Reunanen (1992) 9] 7ol 2]gt 4
A S0 galFelA 38,3 mg/dl a8l A% ol
27 355 mg/dl e} Wiwa] FRTERCT Ygln
21 Ecatrig-= i Z g ] 4=

Fdd b2 g 7], o E ceruloplas-
min BEZHE Ao]E Holx| ¢gki, @x nE
Aol ATt A dehle AEE 2o
(P=0.0687). 28la nFAT F AAF EF ol
Ao T FAL FA wE A AA7 g%

Pl FEE 04 T& WLHAL WOIE Ro B
volx] ggieh ol HWrldl AAY PP

ol Fo]7l AelolAe dod W Fe], ol ¥ ¥H
ceruloplasmin®] WALz o] A Heol ] 22
HASE AABIAY, EE B 7o fiatEol
A7stn vlaA e Agelolold FE9 olkdEe
7} o} wAV WA gend gz & H
d A/% Aol AAXH, FAHol 10
pack-yeare| ol Ay &is Adi el 100 gold

o f F2|, ofd Y ceruloplasmin L0 &M, 2F X 4

AAHH 2S0| DjAlE P

a2l3 AAA &%o] 3,000 kcal/dayE W& iy
A7 AL wWEQ ARz AzZtET,
Ceruloplasmino] Aol ulg} z}o]E Holx| ke
e FAREANAA oxidant stress® FE7F o
\ZH"‘XP} Hwd go @aglde] wZo] A

317 wiolgkn AztEc,
Salonen 5 (1991)& g7} 23t U= oxy-

gen radical¥ 4tEE 271 Edo| cerulo-
plasmin® albumin2%E Fel& fAlA &
AT EEE FeAdYdn sn, 9% cerulo-

plasminsEs & ¥ Y¢S U1 g
e d7= Q9o (Pierre &, 1988; Knekt %,
1992; Mongiat 5, 1992), FARNAM H93t
Al F7retdvhe a1 (Galdston 5, 1987; Pacht
o} Davis, 1988)= glol =& A7} i}, 28
I FAARENAM bronchoalveolar lavagedt &
Aol A= ceruloplasmine] Bo| ZF7lEe] gltle
Haurk Qevg (Bell %, 1981) carboxyhemo-
globin®a X F &2 WAz E4F Fart gvtn
Ay ztglet,

ol W& Pl 2], o} & ceruloplas-
min¥EIte] xpo]lE Holx] kgt ﬂ ol FE5E
9] ¢a&HFAE €4 HDLY A+S 7149 42
A Zol WS A sl (Burnlng &, 1992;
Gaziano &, 1993) AW ceruloplasmins ¥&
U= Hu9H(Burmistrove}t Borodkin, 1990), ¥
el HDLel &9 A##AAE Bivde
Kromhout % (1985) 3 Fd% 5(1994) ¢ Eme}
£ A7t e, ol ¥ |79 tldRr) e
7 B3 LRE AHFo] thREE- 100 g/week ©)&
2 AL viielet YzrE),

AY 7o A W Fele] vEE 0.87~0.94 me
/g22 Singh 5(1990)¢] ¥]&ET R} @gkon,
YT ol 11.4~11.9 mg/ge = Slngh F
(1990) ¢ HFTH v|REAL AlAY EFao]
w2 o o) e, ofd B ceruloplasmin®] %‘E
B Alrt glodeh ol B AP didAEe A4
g5 ol thEE 2,000~3,000 kcal/day® wlmA
zpol7k Aom, A7|7te] A&HH *FE ge Al
ol AU, FFHFH et ‘31—’3’1 Fzste] o
Aol 715A o2 AEEr] WEeR AZEr
Singh % (1990) & #7]3te] derz—i?l 2ES 83
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T2 E /A7 AEd FEle EFETelA
1.06mg/g, 28} thZToA 1. 26mg/g o2 &5
oA wskom, A olddo] FFTolA 12.4

/g2 vlETe 11.5me/g B} A Yeh} @
A AP Fele ofdle] EXE ubY ¥H
ceruloplasminEzels & ol7l gldivta &%
™. 39 Lukaski $(1990)& &% o= 3
T8, ofd, HY Fxrl F HeWd dden
T2l Ad3el 7 gle]l A¥F9 superoxide dis-

mutase@A 57} Z715HS BASGEEY ol g
A7 HAs] o] FojAH fALE FHA e P

tAalfgo] 75 ed AgEE vehlle AR
Azl
Reunanen
ceruloplasmin %7} 40 me/dlo]’4o
Ao AP =} b we wRe) vl 3.0
vl Eutn 8991, Klipstein-Grobusch 5 (1999)
o] AFoME AAME bl A ceruloplas-
mins=7F Fo8HA wavtn Emdta 3tk Kok
5(1988) & ATl s=rt 1.43 me/ ! ol4o|A&
u A A A Qg AlgEe] v aPET} 3.5
Hjolglen, Salonen & (1991)-2 X3kg ZAfollA]
AT E=rE 1.02 mg/ [ o]l A5l F442
73l HlmAFPEI} 4,001 HUTkL &qAch =
# Kok 5(1988)2 Ad#A A% A7t el
olAe] mA ko] Alejel] 9L F 4 gom=zm
g Fel9 ofdwre] Abgo]l dAFY HWHEM)
ol YEld +& Utk rtedS &dd] WA &
£ stk sklen, Salonen 5(1991)2 &4

5(1992) 9] Aol ostd €A

O
739 A

ZAbA BAFE e e FAEAATHAS
Ale7|ite 238 dvd = gvta d9irh
oz 38, old ¥ ceruloplasming 4 TA

Ago] U ARAAAE2A o] 5S S o

B 24w dyziel 4 mve] BF A7t A
Zglojol & Ao MYztait),

oldel A¥Eg B u FAdwo] nFATNA B
Fe7t A vdehde Age 2o, 85 9 A

) i=)
A Gl og oAy ], ofd H ¥H ceru-
loplasmin &%E¢ W3s 2 5= gldc} ojAL 2
AT7F FHRALAFEA giAdA 57 Ha, A%E
o] & 20U Aoz Algste AYHHAED
AP Zrd o] Aol FEG AHYE AAl

576

a7)ol = SHAIZE ATk Ed AAE Foly
Al Gl tE nBE o] FoIx|#] E3t A
ol sith, 1Elvh 20th7F g acle 229
HEdg meld W Bl ge gzt iz
G 2AME Ball g g o Fe], of
HA ceruloplasminsEehe] @A el Wk

o 2e 24T #HAY B @ A4

o
Folzjok & Fog AAHE,

1

rok

ol
N
2o doomy

-_

P

R D A1) oSL 2
[«

F N 2 ATE A2 A dAAAM g 7
o, okl % WA Y HHS FAAAA ceru
loplasmin®] &9, ¢ZEAH 2 AAHEF
uhg} oju] g zpol g HoleA] doldmal Fth

YA AR dFgas} NI Fgad] 25

e AAH R oHil FHE S48 gor It
Al Weo] gle 20~404 Alele] Al 113%W&

oz dxge g3y FEe) oy Ela
k] ceruloplasmanJ., 4y Zy2HES 5%
9 AAAEERE HEs o

3, F9, o7 4 CRG R
Ak, gl T8, ok % ceruloplasming =l
BMI, &&# =

FFE F T Uv addS (9,
HE, 48784 4 83 A)of & Heq &
Moz HEst fold A4d AV e udd
T2 BAsto] Hlmsksit)

4 o ey BudEe 27.44 olglem,
Aol Tl ofde d8, ¥A+eEls BML &
Hold e FF 2 E vl ¥
& A% 9 BMISL F91 8 fddAE Veich

Fd wet ngATdA A7 A e

S B o (P=0. 0687) AR CZ Ffo

ApolE HolA| kel &5 MFAFH AHA &
5"*"“ e At %ézhﬂ T, ofd R ¥H
ceruloplasminsE7rol & #o|& Helx] gFshrh,

NEFAT R AAA SFFo] ey FAdE F

etatHA AAY HFHgo]l FEE O]’b’
e o= AEFe 3 ) T,
2 HA ceruloplasmins £t zlo]E Holx

ceruloplasmin

r\r

ur

w2 o
-
FJ

_H_HrEJ

2 E 2 2 A Ay g3y
2], o} 2 A ceruloplasmine] &L ¢

W7
A% Zl



A A, 42EAH 2 AAY g5 s Vg
e *@o}ﬂ gsith ek A9Ed ‘594 ;|
ki Hﬂxﬂ%} F glom MBSty X Fa2A9 F84
2 A¥aQd FRH e dBSFE Ho g2 o

AZE Al Beg Aeg e}

i
AFES

1%

AW, Ay, £97, 437, ddy 5 45 A4S
#ate] ZtRAW T P oldwk. A A
1985;29:618-624,

B34, ol¥a, ©]4Y. Methamphetamine w3}l
olA A oldwmel T A, e g A
1992;25:172-179.

s, wEgY, FAR, AdY. dRAIAFERY A
AU Fo1sk 1FAte] 8% W4, 3E R lEE T
of et A, FYehAl 1993:18:387-397.

WA, ol9E, FANA, &UdF, olsd A4 AHl 7
A AFAZEAE 2ol GFEF G oM W%
AArEFe] A, Aielsha)A] 1989;1:127-139.

oA FEANA "A F R Ceruloplasmin
F71% FHY 44" 9o, A AAGHA
1994;47:664-674.

A#Y. Lifestyle( 85 ¢ 243 H7t d=9%
=] 1993;15:23-28.

7, HEE, A, AS 5. APRSE
A g FAe] ¥F B ofde] A3 AT Wi
W #83 33A] 1987;33:364-369.

o] A, FLEANM A B, Ceruloplasmin Z
Alkaline Phosphatase «i-Isoenzyme®] 433 2],
gh=ro] 78} 1989;21:398-405.

ojgE, RHE, wes, A4S, A

o] "AARAAA-Ad 18d 7k,
1992;42:500-514,

AAE, AGFE, 5. AN A T2 Sl
w3 AT, eS| A 1990;39:110-119,

%7117@ 19979 AFFAABAAE, 1998,

B, AN, §%71, olF9, olsFE F AEHE R L
?:‘-‘% A7t oldgmete] #AAY, AL gE A
1992;25:127-140.

FTAE, WA, WHE, 29y,
] Y 2eE3 Felo) ofddte] FHAL
2] 1994;19:305-313.

Bell DY, Haseman JA, Spock A, Mclennan G,
Hook GER. Plasma proteins of the bronchoalve-
olar surface of the lungs of smokers and non-
smokers. Am Rev Respir Dis 1981;124, 72-79.

Berenson GS, Srinivasan SR, Freedman DS,

E3A,

2
ZoH,

JgE 5 @ERlolA
o o 7} 55 A

)

BY4. 93 wUEA
Feel

i ceruloplasmin 850 &4, 85 &

MAX 2#F0| Olxl= G
Radhakrishnamurthy B, Dalferes ER Jr.
Atherosclerosis and its evolution in childhood.
Am J Med Sci 1987;294 (6) :429-40,

Berenson (S, Srinivasan SR, Bao W, Newman
WP 3rd, Tracy RE, et al
multiple cardiovascular risk factors and athero-
sclerosis in children and young adults. The
Bogalusa Heart Study. N Engl J Med 1998;
338(23) :1650-6.

Buring JE, O Connor GT, Goldhaber SZ, Rosner
B, Herbert PN et al. Decreased HDLZ and
HDL3 cholesterol, Apo A-I and Apo A-II, and
increased risk of myocardial infarction.
Circulation 1992;85:22-29,

Burmistrov SO, Borodkin IuS. The characteristics
of the enzyme status of the antioxidant protec-

Association between

tion and the level of lipid peroxidation in the
brain tissue and blood of rats with differing
preferences for ethanol. Farmakol Toksikol
1990;53 (5) :59-60.

Cignarelli M, DePergola G, Picca G, Sciaraffia
M, Pannacciulli N et al. Relationship of obesity
and body fat distribution with ceruloplasmin
serum levels, Int J Obes Relat Metab Disord
1996;20:809-13.

CDC(Center for Disease Control).
mortality weekly report. 1996,
Cousins RJ. Absorption, transport, and hepatic
metabolism of copper and zinc :

Morbidity and

gpecial refer-
ence to metallothionein and ceruloplasmin.
Physiol Rev 1985;65(2) :238-309.

Galdston M, Feldman JG, Levytska V,
Magnusson B. Antioxidant activity of serum
ceruloplasmin and transferrin available iron-
binding capacity in smokers and nonsmokers.
Am Rev Respir Dis 1987;135(4) :783-787.

Gaziano JM, Buring JE, Breslow JL, Goldhaber
SZ, Rosner B et al. Moderate alcohol intake,
increased levels of high-density lipoprotein and
its subfractions, and decreased risk of myocar-
dial infarction. N Engl J Med 1993;329(25):
1829-34,

Gorodetsky R, Fuks 7, Sulkes A, Ginsburg H,
Weshler Z. Correlation of erythrocyte and plas-
ma levels of zinc, copper,
dence of metastatic spread in cancer patients.
Cancer 1985;55(4) :779-87.

Klipstein-Grobusch K, Grobbee DE, Koster JF,
Lindemans J, Boeing H, et al. Serum caerulo-

and iron with evi-

577



ciErateielatgl Xl M 11 ™ M 4 & 19994
plasmin as a coronary risk factor in the elderly
: the Rotterdam Study. Br J Nutr 1999 ;81:139-
44,

Knekt P, Aromaa A, Maatela J, Rissanen A,
Hakama M et al. Serum ceruloplasmin and the
risk of cancer in Finland. Br J Cancer 1992;65:
292-296.

Kok FJ, Van Duijn CM, Hofman A, Van der
Voet GB, De Wolff FA et al. Serum copper and
zinc and the risk of death from cancer and car-
diovascular digsease. Am J Epidemiol 1988;128:
352-359.

Kopp 8J, Klevay LM, Feliksik JM. Physiological
and metabolic characterization of a cardiomy-
opathy induced by chronic copper deficiency.
Am J Physiol 1983;245:855-866.

Kromhout D, Wibowo AAE, Herber RFM. Trace
metals and coronary heart disease risk indica-
tors in 152 elderly men(the Zutphen Study).
Am J Epidemiol 1985;122:378-385,

Lukaski HC, Hoverson BS, Gallagher SK,
Bolonchuk WW. Physical training and copper,
iron, and zinc status of swimmers. Am J Clin
Nutr 1990;51:1093-1099.

Mongiat R, Gerli GC, Locatelli GF, Fortuna R,
Petazzi A. Erythrocyte antioxidant system and
serum ceruloplasmin levels in welders. Arch
Occup Environ Health 1992;64:339-342.

Pacht ER, Davis WB. Decreased ceruloplasmin
ferroxidase activity in cigarette smokers. J Lab
Clin Med 1988;111(6) :661-668.

Pierre F, Baruthio F, Diebold F, Wild P, Goutet
M. Decreased serum ceruloplasmin concentration
in aluminum welders exposed to ozone. Int Arch
Occup Environ Health 1988;60(2) :95-97.

Reunanen A, Knekt P, Aaran RK. Serum cerulo-
plasmin level and the risk of myocardial infarc-
tion and stroke. Am J Epidemiol 1992;136(9):
1082-90.

578

Ripa S, Ripa R. Zinc and atherosclerosis. Minerva
Med 1994;85(12) :647-54.

Richterich R, Colombo JP. Clinical chemistry.
Ceruloplasmin:Enzymatic determination with p-
phenylendiamine. New York:John Wiley &
Sons, 1978.

Ross R. The pathogenesis of atherosclerosis @ a
perspective for the 1990s. Nature 1993
;362(6423) :801-9.

Salonen JT, Salonen R, Seppanen K, Kantola M,
Suntioinen S, et al. Interactions of serum cop-
per, selenium, and low density lipoprotein cho-
lesterol in atherogenesis. BMJ 1991;302(6779):
756-760.

SAS (1988). SAS/STAT User s Guide, Release
6.08 Edition. Cary, NC : SAS Institute Inc,

Singh A, Deuster PA, Moser PB. Zinc and copper
status of women by physical activity and men-
strual status. J Sports Med Phys Fitness 1990;
30:29-36.

Steinbrecher UP, Lougheed M, Kwan WC, Dirks
M. Recognition of oxidized low density lipopro-
tein by the scavenger receptor of macrophages
results from derivatization of apolipoprotein B
by products of fatty acid peroxidation. J Biol
Chem 1989;264(26) :15216-15223.

Stevens MD, MacKenzie WF, Anand VD. A sim-
plified method for determination of zinc in
whole blood, plasma and erythrocytes by atomic
absorption spectrometry. Biochem Med 1977;
18:158-163.

Thomason AS, Majumdar SK. The hazard to
health from moderate drinking. In Turner
MR(ed), Nutrition and Health. Lancaster,
1982;87-107.

Wilkins GM, Leake DS. The effects of free radi-
cal scavengers on the oxidation of low-density
lipoproteins by macrophages, Biochim Biophys
Acta 1994;1215(3) :250-8.



