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G6PD: glucose-6-phosphate dehydrogenase

NADP: nicotinamide adenine dinucleotide phosphate
CA: carbonic anhydrase

SDS-PAGE: sodium dodecyl sulfate-polyacrylamide gel
electrophoresis

HMP: hexose monophosphate shunt
PCR: polymerase chain reaction

AE 1: anion exchanger 1 |
CARP: CA-related protein

SOD: superoxide dismutase
GSHPx: glutathione peroxidase |
TAS: total antioxidant status

OFR: oxygen free radical

Se: selenium

DMPO: 5,5-dimethyl-1-pyrroline-N-oxide
MDA: malondialdehyde

1-NP: nitropyrene
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Determination of Erythrocyte CA 1 and CATI
Isoenzyme in G6PD Deficiency.




SUMMARY

The aim of the present study was to determine the level of eryth-
rocyte carbonic anhydrase isoenzyme of G6PD deficiency patient in
Taiwan . Carbonic anhydrase (CA) is a zinc-containing enzyme, it
reversibly catalyzes the hydration of carbon dioxide to bicarbonate
and hydrogen ions. CA II is believed to be a chloride/bicarbonate
exchanger in red blood cells, and also directly coupled to band 3
protein. Human erythrocyte CA I and CAIl were measured in normal
subjects (n=30) and G6PD deficiency patients (n=30), by using
Western blot assay (with 12.5 % SDS-PAGE- 0.8 % bisacrylamide).
In the groups of G6PD deficiency patients, there was a tendency for
CA 1/ CA 1l ratio (mean= 2.3) to be lower than normal subjects'
(mean= 5.2)(P<0.001). The band 3 protein were resol-ved by 8 %
SDS-PAGE, normal subjects was also significantly higher than the
G6PD deficiency patients. We may speculate that in G6PD deficiency
might be to a chvar‘lge in CA II and band 3 protein expression and; |
stability. The cytoskeletal proteins which bind spectrin, and that this
change makes the affected protein more susceptible to oxidative
damage, band 3 protein loss and increased levels of CAIl in G6PD
deficiency patients may lead to hemolytic anemia. Detailed

mechanism 1s unclear.
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AEBREZRAREHAE GOPD £22 6% A i 3K car-
bonic anhydrase isoenzyme %4t &5 o carbonic anhydrase(CA)
RX—HeBBRTHEEE:  Ah TR T kI ERYE
G EahKPHEFE CI/HCOS BB ERAE > TEE
g #band 3 Z G &4 £KMMER 12.5 % SDS PAGE (0.8 % bisacryl-
amide)E vk o #r 0 3 LA E — &) carbonic anhydrase 1T 3182 847 & F
225k E %8 AN=30)R G6PD 42 % 55 A(n=30)4r a3k Iy CA
1 & CAIl 69 & %1t - & X 88~ GOPD #:2 % A(n=30)4c a3k ¥
CA Il 8B &8 L # - AR5 244 L4 student’s test & stepwise regression
AT AT 12 BRAE GOPD 2w A n| + CAT/CATl &5-F3tk
B4 23 HEMAHEFIER - teE 5.2 (p<0.05) - E ¥ E4E
XA P band 3 e & G A BLAB SN GOPD #r2m A - & 2*%&
34§ 428 GOPD £ 2 T € % & CA Il & band 3 é%éé’]%l

XN\

RBAREEORBREE > §HAAMG TR AT o2 % spectrin #1
cytoskeleton &4 4 & > 1& cytoskeleton B spectrin & & ¥ /i %
#mband3 F @ VP R CAIl ZEa 46 mbeglksx LA SRsnx
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AR B AT & 1% 85 AR glucose-6-phosphate dehydrogen-
ase (GOPD)&x 2ty FIAY » L E R ¥ B0 B B ReyERGF R
THEEFRRH > REFE) 3Ff>‘HA r BEMHARBE TE &
;S o M B ARSHEABRDD e £HE 2~3% > FBEAA 10
~20%89 8 A K o B GOPD R MY ER ACERFE S5 TH
BA 400 £ 24 R F By % £ A (variants) /R B #9432 B BB A
R ) & G6PD variants - o 4. & G6PD variants $1L A8 4 7 3R 15
ZRER ATl Ay E et Rk EE R BRI ZRCY K% # GOPD
BENETRPRBEY MEZRAEIFAILh S TR
Sty B o 42 4% GO6PD variants & 50%% G1376T,21.3 %4
G1388A; 7.4 %% A 493G; 7.4%% A 95G; 42%% C1024 T - &
AF R AR Y B RIE K AT A $2, % BB 4o % fa % (neonatal hyper-
bi]imbinemia) ~ AR MM %\,ﬁm(acﬁte hemolytic anemia) & ﬁﬁ)ﬁa

(Favism)% £ o




— ~  Glucose-6-phosphate dehydrogenase (G6PD)
I~ G6PD #4454 S i%

G6PD & —#& & % B % (house keeping enzyme) > G6PD
é@?%ﬁé SIS A RE K BEAT 4R, - F = 4 59,256 daltons -
EALE B R A b R E R GOPD 41 NADP ¥ 54474
A7« NADP #4694 B & 12 % 386 & 387 B K B M (lysine
Fo arginine) 'O § 205 Bk A& (lysine) & %) &) ¥ -6-5 B 44 &£ 4
£ > GOPD & 7 &%k B 54 B 4% (Hexose Monophosphate Shunt;
HMP)#) & — B8 4 > CHILE HB-6-BE B AL &R -84 8L 3] B
Y8k - 5] 85 4E NADP & & s NADPH » NADPH & #.i% £/t
DR R EE TR 4 o HMP 4o fa 38 + °% — 69 NADPH &
b T R AL B B A Ak B B8 - NADPH 2 H 4 glutathione
reductase (GSHPx)z H#y £ 28R > TiHE L K HILA LS
B HORY o B % GOPD £ R £ H ¥ o ML 4b @& £ NADPH
49 B % 4w isocitrate dehydrogenase & 77 {2 B K Ag 82 - B 2t G6PD
HEZRRASRERTEEAB L 0K NADPH 24 89X 28 % -
B G6PD &M & % % cell attachment(4w Bg i ) & growth factor

stimulated tyrosine phosphorylation f 4 fig 4+ KiBf2 PIHE €24
% é(l?_)




GOPD #: 2 M EMER  HARBMN X LB KT E 28
#(Xq28) - F M GOPD -2 % AR E R T2 4% > & homo-
zygote » 4 G6PD éﬁéii%‘ﬁ;&:/%ﬁ’\ g FEh 5 (3195 2B hetero-
zygote 1k -»' & homozygote > T A AH B EIE ELFEHE S
e R R - LR ERESRER E A ER Y e fragile A,
hemophilia A (A %! = & 5% ), color vision (&, g ), Bornholm eye
disease, clasped-thumb mental retardation (MASA) syndrome Fa
dyskeratosis congenita (& XM AL R B) o
2~ G6PD R4 Al Z 45

1986 4 Persico £ A 045 G6PD £ B & H 2 H T 95 7]

U519, 35 g3 5 B B A 4238 20 Kb .45 13 18 exons » % —{8 exon
& 4~ coding seguence > exon 2 v exon 3 % 4 & intron 4 3 & » 4
0857bp > 5’3 5514 T1bp B 3 3554 608 bp » RH & 1L4
HARE > 25CH 42 @K F6 GOPD REAMER > BAK
% #ey GOPD REA L AR R ER é‘]%%ﬂ%"&&ﬁ%%%ﬁ ' ]

4o GOPD A R A X 248N IEM » 5 GOPD RE A H T ok sy

ik BB UL 0 #% % GOPD A - B AT #2 & polymerase chain reaction
(PCR) &) 47 7T 485 iF 69 G6PD R A .4 60 B R g A«
(Table 1) « G6PD #2 % % —# AR % A& £ (polymorphism) » &
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WomATR 2 F ey B 53 GOPD 42 5 5% AT &4 falciparum
malaria (4% 77 4K E %) 89 B £ 7?0 o T R B A GOPD 422 % A4Y
P9 &4 oxidative stress(A A L/B8)TTEER F A S RE AT - AEHY
G6PD #h 2 5 A& AIDS 89 % &faaf > Edi A 1~ R AILRE
P74k B 48 8% F €% 5k macrophage & 754b T 3% 3 4 i 04 Y
A2~ GOPD gy ssk kR &% HIV ARG E S 8% - GOPD
&% 7T 5 2 @ class I ¥ nonspherocytic hemolytic anemia (JEZK
Bt B ) FH B 0 GOPD X & R4 2k NADP % 3 & #5-6-54 8%
By & o @ classII:GOPD #2 % 3k % f & » GOPD #7& &M E
%2 10% o @ classIl:G6PD P & #:% » G6PD &4 &N EF
2 10~60%F © @classIV:G6PD &} 3% 1 % 3, % (60~ 150%) o
®classV :G6PD &M & BL18 pu@ o
3+ G6PD 41 % 2 B R HK
27 % B4 classII & classlll G6PD deficiency » 2 & fm oh >
Refk R BobFAHHLE o
Ohemolytic anemia: &,4#% drug-induced hemolysis (Table 2);
F Bk 2 A 3h a5 4o & diabetes mellitus A3 698 o R JE
» # & 8-aminoquinoline & HLJE % %#@(primaquine)ﬁ @ {F dn 4o
A e Ak Heinzbody » M &G fri’firﬁélﬁﬁi{ﬁ}i




E3EE LS .
@ Favism(E 3% ): 8% %4 % class I G6PD deficiency
T #A F # L-dopa ~ vicine ~ convice % s ¥ & % semiqu-
inoid & iy Bk M fE dr dn BR M 0 RIE 0P
@ neonatal jaundice: & R4z 4 2 517 & €3 > GOPD $:%
HEYRFZ— TEHEANTHEBPERETREAR B
FEERBR L2 ZEQmydL) > X FEHE A &
BAEMFE  RELSRENIEHRLEZLT -
@nonspherocytic hemolytic anemia: /& class I G6PD deficiency
EEEBRFER -
4~G6PD 2 EFBRT®
® G6PD deficiency z & 1 |
1961 4 Motulsky & Campbell-Kraut® #] B brilliant cresyl blue
B4R & RIE o & G6PD 4 % i s 85 NADPH & .’V * 4 methemo-
globin & & ik R &4 - B2 T brilliant cresyl blue » methylene blue
i ARER
Q4rfn3k Py G6PD iE M2 % &
—HEENEEE TAHNER-RER G R I 6 4
S EKFE A T T 4% NADP #2455 NADPH » T & 42 4P 298 b % &




H 8 L4F %o GO6PD &M o
® G6PD % % 7l 448 5%

8 kA B £ 48 & DEAE cellulose % 5 BB 4b /b B &
TN~ ERRBAGEEEZ 54 - AR B A polymerase chain
reaction (PCR) &y 4 2@ o |




— ~ Human band 3

frtm B BE lipid bilayer 89 & ¢ FIHEEE X O R @B F X
1% obfm B0 B 42 6,45 «, B spectrin ; ankyrin ; protein 4.1 & actin -
% o #u B spectrin 1 %, w9 B £% (tetramer) € #: b ankyrin & %2 band 3
WA E A# 4 F > M band 4.2 BT ju3g ankyrin $2 band 3 P &)
REAR® (Fig. 1) - Btb44 band 3 & & 8% > band 4.2 € #1 band
3PATIHE  REZRGRIALA LR -band3 EE AL LIKBEE
A ERY T A G(1.2X 108 copies per cell » #4k 4r fn IR B
&5 25 %) . |

band 3 4,48 & AE I(anion exchanger 1) » X %3 & 4x 3K
BERF EHRAENWEEE R —R5F Ol EEAEEY
glycoprotein®® » 7 4 £ 3K _E &4 anion exchanger » & 7T Hrik 494
1t % 5 BE AR B T & £, 3k 7 4 #9 R 3 (chloride shift)®” » band 3 &,
S W 1ERF ey #kis B o se B4 @ © 43 kDa amino-terminal cyto-
plasmic déniain &ﬁ&@&é@%é\&@% g% = 4:0) glyéolyﬁc
enzymes - 4t E & iyrosine kinase % o %M f 4r % g ¥2 band 3
&) amino-terminal domain % 4 & ¥ 3 band 3 clusters &9 &% ° 4
T3 R P AR AR P HLAE(1gG ) AT 23k o i M4 phagocytes &

macrophage #k 1 42 98 o« @55 kDa carboxyl-terminal membrane
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domain &5 12~ 14 {8 transmembrane helics 7 &, £ 32 F & & oy 3k
T - f£band3 &FH 2 Co b Tyr’Lys egfn B LARE 5 4
# proteolysis #3, £ M4 43 kD 2 55 kD 18 domain 2 B¢ -

1998 A 7 %23 X 45 # carbonic anhydrase & %% band 3 &9
carboxyl-terminal region SAA8 5 tbfp| B E ey 4 0 Rir ik b &
FREG EBEEF(68) o Féxhaf F oy CAI KM= BALBIY A,
HEEAREE T o IKBR R T 5 38 band 3 HE AL B T R AL ELARBE
TRATHIE > 4 — AR & 2 E D E IR R P B AR HE
ko LB L TR i rey pHE - B R OIKEF o0 R
RMB B L REE O XL EEZHRAE - band3 ZEFTHR
¢ hemoglobin ~ hemichrome & BE/LEE E ey A4 « B INTHEA
% ¥ R %45 tm B ) senescence antigen 4r fn 3K A % 4405 > i E
g8 F~ band 3 &4 &L R AL IS BE T 3@ 18 (anion channel) »
mmﬁmﬁﬁﬁﬁiz%ﬁ@°k%éi%h@Aﬁ$Wz%G
MES HEBEAORRED TR AR FR > B2 B AR 4o
BB R AN BB

band 3 4r b KR B MR B TIHEERA & o £ IMREUN
# B A hereditary spherocytosis(:E 1% M B 3K iz )89 m A+ A 20 %
i band 38R 2R R R K 3 F DAt &3 F S HE 4 6 GOPD




2 B H P Ca¥-ATPase %k % 7%t ; 4 SDS-PAGE T 5
band3 ~ band 4.1 & &’ > band4.5 & band 4.9 F & ¥ v >
RARSFoyEEE - ££ 23 8] 29kDa ¥ 3 35,378 polypeptide 1644
% B8 B8 &9 membrane-bound globin®*>? » £ G6PD Seattle(E282H)
& G6PD Mediterranean(S188F) &y 55 A F 42,25 34, spectrin & band 3
Ké? BRI o band3 EF R EERE L TN A BB AR

3 o Bk P R BEAR B T e B 0 B AORBEECY » BT P 455 band
3HRE @I P RGBT E > ok P pH A4 €T 0.15 unit® -

M fe 7 4= Be P 45 3, band 3 #2278 @15 ok BRAR B T SRR A HE
SREFBE BN T BN ¥R osteopetrosis(‘F E BLELIE)

“o)




= ~ carbonic anhydrase (carbonic hydrolase)
CARZ—HHgBTHEAREL B FE4 530,000 £
% 0 #1935 #£% s & Roughton 45 4r fn 3k #5537, » 1940 £ 1244
Davenport #3325/ & 7 & A &R EH CA> CA Riz5 M7
&~ MY EE2R&MIE CO+ H,04p HCO, + H T 1 M KRR
JE o & RAbB B R kB A2 ~ 4516 & 8 S4E A (photo-
synthesis) 7 @IEHF ER > AHAGY PO EE M QT HH
3T % (NaH" > CI/HCO,) B3 8 pH {8 & 8 BoA ) -4 -
ERHLLANEAR  hFARRBERIEE ARKE & F
BENFABE T BAA T4 isozyme £ S B Bk o B
R @45 QBN e CAL- - A B> VI : & &&
Fx#WNa/H" » CI/HCOy) - @sismpnfita ey CAIV @ 488
Yo R aFF s = fAusm Pkt s o F — F ey ABEME CA
[V 80%% B At # CA TV B R34k 85 BEALeY e iRt 48 ) CA
#2537, & 1% 1% phosphatidylinositol glycan anchors i# & 45 %= feL B
LV @tz atey CAV X & F ¥ 8= Rba gk b 4z A8
Ih o Dol CA VI o
1 ~ carbonic anhydrase families 18 %

Ocarbonic anhydrase | x5 8 &8 k4 & 22 #(8q22) » »




FE29kDa: RABOKFR T o FHELZHEESY &
4 12mgCAI/gHb b3k P ey 4 &4 CAIl 89 5~6 4%
e s kgL CAILE 15%  £25C F#H2X10sec’™» &
5% Cls @ bty rdp sl - CAL 69 504 T4 CAIl BiZ > £ RB7 >
GBS TAABERY - A Lk b BERHF CAL
—MAEFRF A0 BB WA LTRAF CAL BEASH—
FHRERAGEAE -

@ carbonic anhydrase Il 27 R & % & CA isoenzyme > AL 8
FERKE & 22 %8q22) 0 4F & 29kDa K CO, #y7E M
JEH 5% 0 4£25C - pHO B93BIETF 4 1 X 10° sec'“? 4% iodide -
sulfanilamide #= bfomopyruvic acid Arap 4] - — AR CAIl w4
P AIEE] 0 484 2mgCAIl/gHb - CAIl a4k ¥+ &4
DR TR 45 B 4886 7% F e B (osteoclass) ~ B ) K A 4
% #a B (oligodendrocyte) ~ 8 85 &4 B 48 3% (choroid plexﬁs)i}}:ém
B6,Fu Bk 4k B2 (ciliary body) ~ AF a8t ~ B Bisain - § B s ~ “ER
B PR >~ h 3R a3 oo RE CAIl %A &# - CAIl
deficiency 1 osteopetrosis(‘F & #i $44£ ) ; renal tubular acidosis (&
% & ) > cerebral calcification (A Bi45/L) SR B A M - £ 7

#& carbonic anhydrase isozyme 7 CA Il # — & b 844 rk 5% B8




REETF By E &K% o3k BE F A K8 anion transporter 73 ]
/m3g HCO,/Cl' % 3% -

® carbonic anhydraselll 4 &% 8 L&t &k4 & 22 #(8q22)°
S>F&29kDa> 4K 24[51 isoform(CA]I[A, CAIIB)k A2 CO, #
FEMEIEFGR 0 A 2STHRIET 4 8X10°sec™™ « CATT £ &4
BB WL 4 9 BE & 3 0 45 slow-twitch( type I fiber) red skeletal
musce PAMEEGE 8%x % » TH gy CO,EH| M #3484
o & 09 o o typelfibers 89 B E SIEHE - FR - SRA
ik e R CAII ZHE AR -

@ carbonic anhydraselV 7% 17 2 &8 &4 & 23(17923) © 4
F= 39~52 kDa #,% 1-5N-linked oligosaccharide chains » 4
membrane-bound % glycoprotein > B f 15 € &9 ¥ 5i4E » M AZR
CAIV#R Z mg KAL &4 30 B sb o F 28 H e d sl #8449 CAIV
»J§ - CAIV & % 1% phosphatidylinositol glycan anchors £ 4 4 4a
B pE Ser-284 E &ﬁ;‘%%iﬁéé’i signal sequence > & CAIV
2345 4 B 8% - signal peptidase @78 C a2 A B &Y - 1
phosphatidylinositol-specific phospholipase C & ¥ T & CAIVdH
fm B REREACH R o CAIV X AR M B b & ta it 4y
# % BB N bR fa R 89 R K % (brush border)™*? o




® carbonic anhydrase V. 47 % 16 &8 » R E /AN
mitochondria matrix®**» » £ A $8AT %8 # mitochondria ¥ 4% &9
TR A 30KD » A 5T (pH 922 E 4 R (G X 10°
sec!) e ﬁ“%ﬁq%ﬁl‘iﬁﬁ%ﬂ‘&ﬁé&%%ﬁﬁﬁﬁ%—%‘éﬁ%&%ﬁ% B B
RETEL@DEABDFEER ALK R AT BaBRIEF
G GBE AT 0 L@RER T CAVIMNLAR RGN m Y
CA ¥ 1=(CA Tl & CAIN) - CAV £ fF Bhohr R 8% 2 AT 8% 4 &R B Ik
FEARBT LR EROAE T REERBETS
pyruvate carboxylase & carbamyl phosphate synthetase®*>> » 4,
RIS CAV TR BT £ mRE -

® carbonic anhydraseVI] RAE 1 S b a p & 36,22,23 %
(1p36.22-23) » T & 42kDa > 4. & B FiRAk P o 8
4t Cys-42 Fo Cys-224 {1 B b # &isg 4% > Asn-67 Fo Asn-256
k4 N-linked carbohydrate™" « CAVIg CA Il —#k &4 K #
CO, 58 M » {a A CATl 8 2~3 % » —fzdats CAVIT 38
Bp ok P &Y pH A -

@carbonic anhydraseVll 4z 7% 16 F &8 &k & 22 %#(16q22) »
¥R ABRAERR > OEER ‘Pfiiﬁ’ia‘&%ﬁ%é‘]%\ﬁs&m o I RAF
mouse CAVIiE N E-coli %8, > 1340 Kk CO, 89754 5
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CATI &5 40 %™ -
carbonic anhydraseIX (MN protein) & CA-related protein £z 35 3
&8 Ok E # @45 CAVI(CARP) ~ receptor type protein tyrosine
phosphatase(CA)RPTP- 8 1 RPTP- ¢ » CAIX &AL H 4w i & @ kY
transmembrane %& & » 1, Western blotting 4 #7143 40 & 4 F = & 58/54
KD » B3 % 8% i ¥ 3 H HA - |
2-CAsy e BB THE G
C4 e BRI R T 74# CAisozyme ¥ 4 atype * % 3 CA
SRBETHEAMZARY FEABERFG CAL - A8 FHHwm
AR e an““ﬁuy\\?«‘; gL > =@ A% His 89 imidazole » 7 — &
B2 %8 Thr 199 & OH $2 Zn*i# 4 > Thr 199 &3 % —18 OH'=T
#1 Glul06 & #H R, Zn-OH/Thr199/Glul 06 & 48k i > 318
ERAEEIETER & CO,~ £4E4p#] & (sulfonamide ~ anionic)
928 4o (Fig. 2) - PRV % 4 AR & 7ot » sbaf CA
Bk ok £IE M o 12BN ZnT R TIREE RS - H 5 4R 8
F(Co™, Cu™, Ni*', Mn"" & 7T 81 CA &4 » #kF Co" A & g 4
Zn*" 48 Bty 7 MO o
3~ CAs ey 1Ltk
CAs B R #)9AE ) T ALK AR — B fbsg Ao BEARBE T ALY




FeyEss o AP ChodRikeEE A CATL(1X10°sec?) » CAs
BT KA F RIS A BB HE o VE AR 5 ilide T

QK — A bst 2 o BEAR BT

EZn-OH + CO, «—» EZn-HCO, «*2°»E7n-H,0 +HCO;
CO, 8 CAs A UIE LB X&ES > Rt ShgsHm - £
oy CO, RIBRBAM > THRERHH IR B GEBBEY
B B sME R (ECF)F - Mg SRS T 805 IR 7 Xid
@ LAM CO, &4 M CAs 893945 B 7T 445 4 o P = AL
W5 B AR BE T B 0 T4 -

QF Fuy88 4% B
His64- EZn-H,O+—>H"-His64-EZn-OH +—» HiS64—EZr1-OH'
BH+

o F N T ey 845 © 4028 £ B/BH (buffer system) ¥ i 4T - f2 42
BEH(PKa) B 78 HEBRAY FHBLKIRAREY A 10
~10%sec’ o &Ik buffer system ¥ & F &4 & £ 4 rate-limiting >

2 &8 & buffer system + 8 % buffer-dependent step °
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R B #

G6PD & 7<% ## 2 55 8 5 % (Hexose Monophosphate Shunt;
HMP)#y & — B8 % » HMP & & 4z fn 3 ¥ . — &9 NADPH %4
#& o NADPH = H & glutathione reductase (GSHPx)= H &y * &
KR o TR 4 SR B 9B - R — A
L% 0 kg K2 8 E/6& #1 (oxidative stress) B
eI B dir E @8 2 proteinband 3 &4 AN
A [ B 38 38 (anion channel) » A8 R m S R i & & L #4LR -
M E AR CEBNZ [gCHaES  HEBRAREER TR
f 3R A% 7R o ™ carbonic anhydrase &9 4 ¥ 2h 48 F& % 61,3% acid-base
balance  carbon fixation & control of ventilation » 7 3 2% F = &,
1o Roak BRARBE T # M R B @ m PO B 28 & CA 7S ME4E{L - 1998 &
John W.V. % 2 3 > 7 723 0 35 & carbonic anhydrase € #1 band 3
#) carboxyl-terminal region A48 F bl B E 6 &4 > KA IR T
S F R M) 2 BB E - £ 2 GOPD deficiency 7 £49% 21 3
B classT &I » & A B miE k%5 4 » Bt ds CA isoenzyme
L e Y band 3 & & RIEB e K EARR > ATUALE AR
F # ¥ 4E 31 G6PD deficiency &4 7% Aélmia‘{ b G6PD iz A Rk
band-3 ~ carbonic anhydrase & & % 3.2 1% -




RS %
— ~ B LB
1 ~ acrylamide » Tris base B & Sigma chemical Co. (USA)

2 ~ protein assay dye reagent © TEMED B & Bio-Rad laboratory
(USA)

3 ~ Coomassie brilliant blue R-250 » sodium dodecyl sulfate >
ammonium persulphate 3 & Serva chemical Co.(Germany )

4 ~ Triton X-100 8 & American Biorganics Inc. (USA)

5-KH,PO,.H,0 Na,HPO, glycerol B & E. Merck chemical Co.
(Germany )

6 ~ NaN, #& 8 United States biochemical Co. (USA)

7 ~ glycine » NaOH - acetic acid B B B TAL 2 B & A FR
3] (Taiwan )

8 ~ methanol 8% B &4 ¥ p iy A& FR 2 3] (Taiwan)

9« G6PDH reagent (No.345) # & Sigma chemical Co.
o RE

1 ~ Beckman DU 640 spectrophotometer

2 ~ Beckman GS - 6R centrifuge

3 ~ DASG - 250 slab gel unit

4 ~ Bio-Rad model 200/2.0 power supply

5 ~ Alpha Imager 2000 documentation and analysis system
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6 ~ Beckman J2-21 refrigeratory centrifuge
7 ~ Eppendorf centrifuge 5415C

8 ~ Hybrid HB-SHK 1 shaker

9 ~ Orbital shaker

10 ~ Fargo #2342 %) /1 %

11 ~ Hitachi model 7170 autoanalyzer

= BERARBEE

1 ~ PBS buffer #z % :

B 8 gNaCl» 0.2 g KCI»0.2 ¢ KH,P0, H,01.95 g Na,HPO, -
hask E 1000 ml » 38 pH & 7.2 -

2 ~ 5X SDS - PAGE loading buffer &g %! :

B S5gSDS flun10.4mlL.5SMTris- HCIpH 6.8 » Aux 25 ml
glycerol » & 6.25 mg bromophenol blue » fusK £ 50 ml -

3 ~ Tray buffer & & :

B 3 gTrs base » 14.7 g glycine > 10 ml 10% SDS » & AusK 2 1000
ml o | - |

4 ~ Stain solution &z # :

Be 227 ml dH,0O» 46 ml acetic acid > 1.25 g Coomassie brilliant blue
R-250: 8434 » & & 3 & & 235 8 F /v A methanol 227 ml

5 ~ Destain solution &z # :

B 875 ml dH,O » Au A 50 ml methanol » 75 ml acetic acid ;&4
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6 ~ Electrotransfer buffer &% :

B 6 g Tris base~28.6 g glycine ~ 800 ml methanol > & #u/K 2 4000
ml © |

7 ~ TBS buffer (pH 7.4)

B 2.66 g Tris base ~ 18 g NaCl > AuwsKZE 1000 m1 H v 0.5 ml
Tween20 > A pHEZE 74 -

8 ~ Blocking buffer &% :

9 ~ Substrate buffer(pH 7.4)& % :

BR 2.66 g Tris base ~ 18 gNaCl > vk ZE 1000 ml > A pH A ZE
74

m ~ 12.5 % SDS-PAGE & kB 2z fe 4 :

1~

Resolving gel (12 ml ) :

3.0 ml 1.5M Tris-HCI (pH 8.8) » 120 1 10% SDS » 5.1 ml 30%
acrylamide — 0.8 % bisacrylamide > 0.6 ml APS (10 mg/ml) - 3 2 ml
dH,0 » 10 1 TEMED.

2 ~ Stacking gel (5 ml) :

1.3 ml 0.5M Tris-HCI (pH6.8) » 50 12110 % SDS » 0.7 ml 30 %
acrylamide-1.2 % bisacrylamide > 0.25 ml APS (10 mg/ml) » 2.7 ml
dH,O » 20 « 1 TEMED.

%~ 8.0% SDS-PAGE & xBx i H ¢

] ~

Resolving gel (I2 ml ) :

-72.




3.0 ml 1.5M Tris-HCI (pH 8.8) » 120 1 110% SDS > 3.2 ml 30%
acrylamide — 0.8 % bisacrylamide » 0.6 ml APS (10 mg/ml) > 5.1 ml
dH,0 » 10 1 TEMED.

2 ~ Stacking gel (5 ml) :

1.3 ml 0.5M Tris-HCI (pH6.8) » 50 12110 % SDS » 0.7 ml 30 %
acrylamide-1.2 % bisacrylamide » 0.25 ml APS (10 mg/ml) > 2.7 ml
dH,0 » 20 £ 1 TEMED.

N AREEIE

EFARGOPD 22 EH5 MR E S TERALBRME LG
R XM & S8 SUR ARl s EDTA Hust Bl A & - 8800 1000
xg 10 448 » BR4% 2 4x o BE A 4% 32 A B8 Kb 3% = =k > Aw lysis buffer
HACTHE 10 548 B 11600 xg 30 5 48 - IE LB R
B 47 CA 5#7 TF & itk A PBS s » BR ghost cell i# 47 band
307 e
+ ~ G6PD 7FH eyB e -

R AR AREBAF 15 8 ACD St B &l 41 Lo fliR 4 > B8
5% A lysis buffer & 32 4% A& 8 £ & 22 & 4] A G6P 2 NADP* £ G6PD
FATF @4 B 6PG & NADPH - NADPH # s 89 & #2 G6PD /%
M AR EEE 0 T NADPH 4 340 nm R & > T A e E 3Rl -
GOPD &6y & B AT &4 ik A A1 8 B 5 A7 IREUK -

N ZaFZLEE "
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Bradford & & 8 B &% ¢
RESHAA0~4-~8-12-16~20-24-28 -ul BZHEL%E
& (BSA > 0.4 ug/ul ) » B Aok E 700 ul » 4 %] hu A PBS &% 100
ul » Coomassie brillliant blue G - 250 —’;—1‘1‘4 200ul > JRA34 0 B
FB 1S 5481% 0 B ODsps RAME » BIRBEERALEEZ LR RS
% o iM% MMk X B 0 U PBS &% 2 % 100 ul 24k
B2 & > Ausk 700 ul » Coomassie brilliant blue G-250 #3200 ul »
RAHY o BES 15 548% 0 B ODS9S Bkl 0 BEAZEGS
¥ S EHASESE -

.~ 75 & B 47 7% (Western blot):

g4l 12.5 % SDS-PAGE &k A » # &R 4 2 AR E 2 2]

TAEEL > REAMAEBERER R (Tray buffer) » B 30
Ll BB EE 20ug) » A 6] 5X loading buffer( R 43
B RSB 90C Ak S 4 o loading EARBAR T o AT
Tokorde - TS 150 ka5 - 45 HH kS B BRB A = A
o BikE RIBET R EGEF 0 HFBEEZ N electrotransfer

buffer » , B3 B 1ty 5852 7818 transfer buffer &5 4 F & » L5
k@ % R A A 6 R A A5 0 LY LR 4 R S

7% B i@ transfer buffer » & 1% B E H 7kiZ&:® transfer buffer &9

-2




A BB XA A ke H P e R8> B transfer holder 4
#% B ¥ electrotransfer tank 7 4°CF » 47 100 R4&FE&EHK 1 /|
B 0 245 aE b8k 4 Bl 0 A PBS-T buffer 2454 5 248 » 5%
blocking buffer A B FEAfu4EA 1 /J‘~ BF o 48]42 blocking buffer -
A M PBS-T buffer i k=R > BR S5 548 - L — &M
(polyclonal antibody) carbonic anhydrase IT (1000 42#% %) - 7 4C
T8 A 24 /)8 > B A PBS-T buffer #if Zeic =k » Bk 5 48 -
B F B peroxidase &9 — 4 FL B2 anti-rabbit IgG (5000 4&4#4 )
NERTEFER—/ N8 HA PBS-Tbuffer Bt ik =k > &
RS 548 Bk S R AL 4R 4 42 A 50ml &9 substrate buffer (50 mM
Tris-HCI pH 7.4 50 ml > I mI DAB > 1ml 4CN » 5 4z 1 H,0,) % #47 2
ERE AR b 44 E A HERS) band BB 0 BPET LA R EEFK
Kk ZERIE  FhSLFIBER
-+ ~ Human band 3 & & 45 #+

A4 0.5 M EDTA z lysis buffer #% ghost cell 5%k > B &)
Bt ERS%hE 0 & Ao 100 1] lysis buffer 5 - B #l
8 % SDS-PAGE kB h ' MR G2 RBEER EAKE
Lo AEAE NS ERE SR (Tray buffer) » B 10 ¢ 1 448
Ae A5 15X loading buffer(FR 4 & R &) » RAEY 90°C Aok S
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548 > loading ZARBAE 7 AT Tk #E - TRA 150 Ry
ok kE) 2B BRI Y =A% - BUF B B £t Coomassie
brillliant blue #4734 &, -
T &Ik

R AL 4k 4 4% b &) band #] A Alpha Imager 2000 #4r/6351% %
WARVE E E 04 0 B R A b8 4 4 £ % 2L control sample 4% E 4%
e 2 R4 $04% » P LU E A RAE SigmaPlot 47 42 M £048
R 2R - FHERZRRERB LG ER ABAETERELERSH
B89 i % 5 Bl 1% 5 3£ A student’s test & stepwise regression 4~
W UABE R Bl 5] T A B a2 R R A
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T wmE R

FIT R AR AR LA 1 B $y A 4R 84T GOPD B2 78 M o471
EERALEE S 64~12.9 U/gHb - BARIE G6PD 75 1 28 4%
ARGy A EGAEA GOPD #: % dda » AT 4 o3} bm O BE
L+ band 3 & & 4-#7 & carbonic anhydrase & % 547 °
— ~ 4K F band 3 B G o4

AT BRSO R AR AR A Ao BL3R R E)( B -MSH )&y 15 T2 A 8
% SDS-PAGE = E kB h 47 band 3 & 447 » &KX & 95kD
Mg 34T i3 band 3 « R 5-MSH 2 E R B h L&) band 3 2
ROk (Fig. 3) » {25 g B-MSH K32 BTk #54EF
4 E bR AR ZIEHLAK e band 3 ¢ & %k (Fig. 4) - £ E ¥ 1882
£ band 3 9% & R A S GOPD 42 % Atk A » 245
GOPD sh 2% AR TN A B Loy 2 B A4k
— ~ %z 3K P carbonic anhydrase & & 5 #7

AE B B E 2669 ik o #7 tb & carbonic anhydrase &
FAEEFEME A GOPD sh 2 m Adr sk P oy &R o e A 12.5
% SDS-PAGE 4~ 1.2 % bisacrylamide = & xR > 8 H & — CAIl

BBy BRI R EAOKD 9 Bt A CA WSS £
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R o2t ks CAI R CAILER 695 FH(Figs) - #EXBR T
1.2 % bisacrylamide 2 & 0.8 % bisacrylamide 7% > CAI & CA 1l
AlTEHERR B - BREF BB T EoMETLIOKD 9 &
it A CAI R CAIl & a 1742 (Fig.6 & Fig.7) » wE R &%)
FHAb 4k 4 45 1 &) band #] B Alpha Imager 2000 24163518 04744
& Z o itifTE/L - EFMEO=30)F CAI§E4 % CAI
8 4~6 1%(Fig.6) » fm GOPD #2: 2 5% A(n=30)4c 3k ¥ CAIl 87 8
E#(Fig.7 ~ Fig.8 & Fig.9) - A74F 2 {& LA student’s test & stepwise
regression AT #4534 G6PD 422 5 A+ CAI/CATl
8 -F3LbfE A 23 0 BRBAMRANE B R 6 b4E 5.2 (p<0.001)
(Table 3)
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G Eo)

carbonic anhydrase & —f& 4438 F o9 2 BB £ - A4 hik
PRTRaFIIEEHEE ALl PHEZABEENEZ
B CAI &BF e band3 & & Ctregion 4t b 3R F &4
3 B 5 O X, 7T ok AR B T SUHEE X 3k dm B 2 0 @ band
3EEGEARBILB A A4 B FeyBE LB 7T £ & ATP
it 7T 45 & Na'-K* ATPase 6945 & RR® o —fxtafE o dn sk B2 5
% band3 fiefe Ny Z G FEMEEHE > Mmband3 TR\ L HEE S
HAR o LATA S BATIRETE B A o R MR % 4 4 85 band 3
FAFREERVGRLEDY o § RERFEED| ghost A 8
% SDS-PAGE Tk R o #4& 95 kD ML A #E 34K 4 band 3 &
G G6PD #: 2 thm A B B3Rk (Fig 3) - AR ERE(S
MSH) & 52 75 60 B Sk 2 4 95 kD Fi 6488k 4 band 3 & & #8 4
ik (Fig. 4) -

KEH P % 12.5 % SDS-PAGE (4 1.2 % bisacryl-amide)% &
KBRS HEH AR S GOPD 422 Adr 3k P CA R G4 E
B iEfEoT i A ER £ B(Fig5) o #— % 2 A 4 0.8 % bisacrylamide

ZBEABR o EFEEN=30)2 CAl# CAIl > 3g-~=2 &tk
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{2 % 5.2 (Fig.6) » SRR 40T % 8 RA 75 4%9 » @ &2 G6PD 4
2R AM=0)ey54r P48 CAT# CATL Rl egteEa & 2.3 (Fig.7) -
SR ERRLE R ARG T o sb&E R B ATHI SRR P L 48
e R B THACAIA CAI Myt ek F& 8% kM
HARRI e #46 - fhs U8 CALB Y SRR RF 40 AR —
B2 > EF ey A Rk CAlZ A A RS > 8] ]
Rk CAT &bt LBl R AAan » CATl g9 &R 5 CATH
AR R 0 1996 4 Akbar SA. ZEA4TH REIR A - A LR
AT CAI R CAIl Za o > &R THEF 208 CAI
SMCAN &t 509 12 388525 RAR LI E 8.8
#6945 F B~ GOPD 22 J5 Adhéc 3k b CAT g4 CAIl
LB # 23 88~ CAIl 89 & G 433 we B A1 & A 3R4E 45 4 uremic
anemia - cancer anémia & megaloblastic anemia 4z s 3k F &9 CA Il
W& B ERRL I THEREE CAEZ G e RES 4R M catalase
% glutathione peroxidasé BN ARRE R D R Ak P A AL
BEAE 4 - 1994 £ Alfinito F.e95F % & £ 45 £ 42 G6PD
Mediterranean (S188F) &4 % A ¥+ 445 38, spectrin & band 3 & &

LS BB A GOPD A BBy BT E — B R EEY
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—EEGEEE > FRA A GOPD #1285 B E oo BE B8 8L o
25 > 4% NADPH &9 RRFFE M B AALR KR - sbRALHG T H
385 & B spectrin #2 cytoskeleton #3944 » 4# cytoskeleton &
spectrin & & ¥ %k » ¥z band 3 K G/ » @ G6PD Seattle
(E282H)A] & st & - &A1 & R K& A14F 408 GOPD -2 T HE
HHECAIl & band3 £ E G W AR EZRRXEGRITE » §HN
band3 EEE % Rl EFmBRETF LA ATHG BN
BRap TR R aEm CANEabontBRELA  BHREL
LS5 R IE R P T RE]

1987 4 Meloni % &4 35 $ /5 45 4 0982 B 82 GOPD &8 % 7%
A > M GOPD SAZ )R A P AR S EHN F ta
41 % (4o carboxyhemoglobin; COHb % )7 » f%f/fiﬁl?l?% oL
Z proteinband 3 &4 BEMMAB A B L MHER o b E
AR ERENZ [gCREES  WEBEORR MM TR MK
Fh G BREBAMRECABRZELGRRZ - M AR
b BRER LA 2SR CAIl £ 43248 L& band 3 ] & Atk
BER > mEF CAl R a4 meRsx LA - EB L% & G6PD
B AFTE L RIS R R R A RETAEL A E |~ GOPD
35 m ABRNE A2 m e class 1l & class [ - 2 ~ G6PD #£% 5%
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AFEZE R RERE - mEH - Rib EwE GOPD 422 5%
ASRBa g Emmeyclassll & class Il » e KT P AR

G6PD B2 Z 7542 698 A 3K P band 3 & CAL1~CAIl 89%
é%iﬁ,ﬁ\*ﬁtﬂfiiﬁ”%"Z{%déﬂfi% ' b fB B £ &£ 2T B F
& G6PD & E A F B> band 3 G mV A CAIl &4 &k EF>

BRI Z EERIEAK 0 R LIRRAIR T ERAR -
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Table 1 G6PD & H #

Variant

Nucleogtide Substitution

WHO Class

Amino acid Substitution

Gaohe,Gaozhou™**

Sunderland
Aures
Metaponto
Castilla
Alabama
Ube
Lagosanto

Vancouver

Sao Borga
A
Chinese-4**
Ilesha
Mahidol**
Plymouth
Chinese-3**
Shinshu

Santamaria

Birmingham

95A — G
105 — 107 del
43T — C
172G — A
202G —
376 A —
241C —
242G —
317C —
544 C —
592C —

337G —

A
G
T
A
G
T
T
A
376 A - G
392G — T
466 G — A
487G — A
488G — A
493 A — G
527A — G
542A — T
376 A — G

T

563 C —

o

32 His — Arg
351le — del
48 Tle — Thr
58 Asp — Asn
68 Val — Met
126 Asn — Asp
81 Arg — Cys
81 Arg — His
106 Ser — cys
182 Arg — Trp
198 Arg —
113 Asp —
126 Asn —
131 Gly —
156 Glu —
163 Gly — Ser
163 Gly — Asp
165 Asn — Asp
176 Asp — Gly
181 Asp — Val
126 Asn — Asp

188 Ser — Phe
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Table 1 G6PD $ 2 #k(4)

Variant Nucleotide Substitution | WHO Class |Amino acid Substitution
Coimbra 592C - T 2 198 Arg — Cys
Santiago 593G — C 1 198 Arg — Pro
Sibari 634A - G 3 212 Met — Val
Marion 637G — T 1 213 Val — Leu
Harilaou 648T — G 1 216 Phe — Leu
Mexico city 680G — A 3 227 Arg — Gin
A- 680G — T 3 227 Arg — Leu

376 A - G 126 Asn — Asp

Stonybrook 742 - 729  GGC del 1 242-243 Gly & Thr
Wayne 769G — C 1 257 Arg — Gly
Cleveland 820G — A 1 274 Glu — Lys
Chinese-1 835A — T 2 279 Thr — Ser
Montalbano 854G — A 3 285 Arg — His
Viangchan 871G — A 2 291 Val — Met
West Virginia 910G —= T ] 303 Val — Phe
Kalyam 949 G‘ — A 3 317 Glu — Lys
Nara 953-976 del 1 319-326 del
Chatham 100G — A 3 335 Ala — Thr
Chinese-5** 1024C - T ? 342 Leu — Phe
[erepetra 1057C — T 2 353 Pro — Ser
Loma Linda 1089C — A l 363 Asn — Lys
Tomah 13T — C 1 385 Cys — Arg
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Table 1 G6PD # 2 #k (%)

Variant Nucleotide Substitution | WHO Class |Amino acid Substitution
Walter Reed 1156 A — G I 386 Lys — Glu
Guadalajara 1159C — T 1 387 Arg — Cys
Genova 1160G — A 1 387 Arg — His
Anaheim 1178G — A 1 393 Arg — His
Alhambra 1180G — C 1 394 Val — Leu
Riverside 1228G — T 1 410 Gly — Cys
Japan 1229G — A 1 410 Gly — Asp
Tokyo 1246 G — A 1 416 Glu — Lys
Georgia 1284 C — A 1 428 Tyr — End
Pawnee** 1316 G — C 2 439 Arg — Pro
Telti 1318C — T 1 440 Leu — Phe
Union 1360C — T 2 454 Arg — Cys
Andalus 1361G — A 1 454 Arg — His
Cosenza 1376 G — C 2 459 Arg — pro

Taiwan-Hakka* | 1376 G — T 2 459 Arg — Leu
Anant 1388G — A 2 463 Arg — His
Campinas | 1463G — T 1 488 Gly — Val

E S IR L 2
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Table2 GO6PD #:3 B AEREZBY

Acetanilid Primaquine
Furazolidone (Furoxone) Sulfacetamide
Methylene blue Sulfamethoxazole (Gantanol)
Nalidixic acid (NegGram) Sulfanilamide
Naphthalene Sulfapyridine
Niridazole (Ambilhar) Thiazolesulfone -
| Isobutyl nitrite Toluidine blue

Nitrofurantoin (Furadantina) Trinitrotoluene (TNT)
Phenazopyridine (Pyridium) Urate oxidase

Phenylhydrazine
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Table 3 iE F BB A GO6PD #: 2 5 Adr oK F LR A H X Lh

EEER ~ G6PD #: 2 7/ A
No. 30 30
G6PD (U/g Hb) mean 94 3.5%%*
S.D 23 20
S.E. 0.38 0.41
CAI1 mean 30138 21974%*%
S.D 14905 5345
SE 2721 976
CAIl mean 5801 9960%*
S.D. 2853 2631
SE 520 480
CA I/ CA I ratio** 5.2 23
S.D 1.38 0.55
SE 0.25 | 0.10

** P<0.001
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#47E k¥ > 2 Coomassie brilliant % &, °
M: M. W.marker
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G6PD deficiency Normal subjects
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Normal subjects

G6PD deficiency

3 4 5 CA

Normal subjects GOPD deficiency
1 90168 92378
2 99008 93096
3 92820 88842
4 93704 93538
5 88400 93980
6 89726
mean 9230.4 9236.7
S.D. 3837.2 2057.3
SE. 1566.5 920.1
T value 0.2188
P value 0.8375

Fig; 5 FHH BEENH oI T carbonic anhydrase Z & & % 5,
i fg B fn 3R S R EE O B B E 3Ry 0 2L 12.5 % SDS PAGE
(1.2 % bisacrylamide) E 7k 47 - LB E AR B M E - E0E
— 4 carbonic anhydrase 11 $u4¥ 47 R JE » #] A AL B4 2 &

& &% i 2L Sigma Plot 447 ©

M: M.W.marker
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% =31
o6 M E I AR F A AL B F 7S (SOD,
GSH) & Total Antioxidative Status 2 & %,

Determination of Antioxidative Enzyme Activity and
Variation of Superoxide Dismutase, Glutathione
Peroxidase, and Total Antioxidant Status in Healthy

Chinese.

- 58 -




SUMMARY

A rapid automated system for assessing the activities of superoxide
dismutase (SOD), total antioxidant status (TAS), and glutathione
peroxidase (GSHPx) in blood was developed using a set of commercial
kits and the Beckman Synchrom CX-5 automatic analyser.
Reproducibility data for assaying SOD, GSHPx, and TAS by our
proposed procedure were excellent (CVs < 6.0 %). We then recruited a
total of 188 apparently healthy individuals and their antioxidative
status were assessed by our proposed method. We found that female

(n=90) had a significant higher SOD (1082 +261 unit/g Hb) and GSH-
Px (9116 unit/g Hb) than its male counterparts (n=98)[ SOD: 989 =
196 unit/g Hb; GSH-Px: 79+ 11 unit/g Hb] (P < 0.01). GSH-Px (R =
0.26) and TAS (R = -0.38) was correlated with age. Interestingly, we

also found that alcoholics and motor cyclists seemed to have lower
GSH-Px (P < 0.05). In contrast, we did not find any significant
discrepancy in SOD, GSH-Px and TAS between smokers and non-

smokers.
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T X H 2

ABFRAE B 7 £ /53X %) & Beckman Synchrom CX-5 8 #1t
G R & RARPLR BEES 54T 7RSS R F superoxide
dismutase (SOD) ~ total antioxidant status (TAS)#v glutathione
peroxidase (GSHPX) Z Z 541 « AR F & 447 SOD ~ TAS Fu
GSHPx A4 BB IE F4F > CVs N 6 « HAIPICE T 188 1842
AR 845K (00 1841 & 98 {81 B M)A AT o AL
- SOD #2 GSHPx (SOD:1082=+261 unit/g Hb; GSH-Px: 9116
unit/g Hb)#: B+ 5 (SOD: 989+ 196 unit/g Hb; GSH-Px: 79411
unit/gHb) o 4 ARk ELak ey & £ X EAf R & B A 8B R A BAE
B BT AL > P GSHPX 89 7E b i #f 88 4 & (P < 0.05) -
A A 3B R R 38R A+ SOD ~ TAS 4o GSHPx &9 #4%

ERAERABYER -
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& 3

FAMBBE LA A AN —ak > FAFREDRAL LS
HagEG  EEMBERTANEERS PR A s T LAEOIRA
HEMW - BB EREAEBAEALLAE — A — AU LAKHE
TeMmE - £ BN E R o925 8 & K& &35 superoxide anion
(O, ")~ hydroxyl radical(OH ") ~ hydrogen peroxide(H,O,) 24 & single
oxygen(l O,) - £ #8484 THILAFHWIES » FELE HRMAE
4 1> BB EMSLAAY (antioxidants enzymes ) » 42 SOD »
catalase » glutathione peroxides % » £ & &% O, "#u H,0, %15
BET 2~ I H5F(<1000 MWL B4 @ o3 B 5§ ~ &8 - Vit.
C & Vit. E ~ bilirubin ~ uric acid % » X 2/ alf A b A e A i
SR JE - T4 SODVA A br a3k F > & — B & R oy 1 A b4 (anti-
oxidant) » 4 & b4 X 41 8 & K (anti-free radical ) & €% oxygen
free radical (OFR)# 4% » & 4p#] OFR FlAe ey AA/ER » LAk
OFR #mt95F > 4t A B RO HTHE% Y
L AL I B R R B GED  H AR 8RR A REY
neurodegenerative ~ atherosclerosis®?” - & 4 Kz @2 0 77 24 7%

%kﬁ(.m-}l)% o
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— ~ LA H B
1 ~ superoxide dismutase (SOD: E.C.1.15.1.6.)"

SOD 2 —#4EBEE (metallocnzymes) » R AF AN B AR
R— A R R R St e P AA A B %
M E L EAE A cofactor A AEEEM A » SOD & — el B T 1K
R oei e BEFERE > T4 SOD 4% MnSOD ~ CuZnSOD
B FeSOD » FeSOD R % — 8% Syt fo Lokt F F 745 -
Fr B ANSB R B 89 75 ta B ZR 4 MnSOD & CuZnSOD - 4w 4%
b AHEm By MnSOD ; min i F 44K — R4 ey CuZnSOD
o Aggmsk ¥ CuZnSOD 4 & LUAFB X % - SOD T 5 LB A
Bk B OFR & b3l ey B BEakE > BIL O, e btE AL & &
H,0,09 - |

10, "+ 0, "+ 2H—0 H,0,+0,
ATl SOD T sl & O, " » B sb¥ttmf A 473 /F A - SOD B4
FHEFEM BEAMSOD s ARGEARS oA KRR
F#HE um 4L - SOD $##45 % > X B af AR ABZ LM
RKoekax— - SOD FE2AMEAA =K (1) SOD 1=
BN A RE BT R 2R % SOD v {24 R BE M -
(2)% £ 8 SOD » B % A 4r fa 3k & CuZnSOD 4848 {340 » £
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Aty CuZnSOD Lt HF AL 239 RS EALBEZ B BT RSB
(multiple organ failure) £ 3k 8% » CuZuSOD & b F] S## 8 £ A7)
125 ZENE RO RR o SIE0E ~ BRRE - BhERRB ~ B
05505 B9 SOD AR - A-ALZ ~ ot R AL
4rfn 3k SOD BB B RA > RAALEWTRALFFIZE L
b ZHENBBHABET &2 TR o RFH 4L a8

(WHO.) &ttty R AERA BRBARNZ DR ° HAk&
FmmAEAEMHY SODLEAY BABRSZHWAEBEEHRTE
158 Fk g 9 B R A& R SOD &8 A% © FFABR B FIRBAB A AR A
4 fn 3K F CuZnSOD ¢y ik V™ - % Fdb ek > AL
WiE AR MR T H A BN ERS Lk T
#{t - F%5 & & (progeria)i2 i3 SOD 4 & R AT A& 41k 4
BEEMNSARENSOD THEELEBREAM
2 ~ glutathione peroxidase (GSH-Px; E.C.1.11.1.9)® :

GSH-Px & —## selenoprotein A mEk P EE > K iE

AR &M 8 1soenzyme® cellular glutathione peroxidase, GSH-Px1

oﬁ‘

@ phospholipid hydroperoxide glutathione peroxidase, GSH-Px @
plasma glutathione peroxidase, GSH-PxP @ GSH-PxGI"® - GSH-Px

& B H0, RAKR A & & # 81L& GSSG ; glutathione reductase
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(GR)& & #% GSSG B & & GSH -
H,0,+2GSH _SHPy, 2 H.0 + GSSG

GSH-Px C4n B BB &4 0 5 F =4 22kD - GSH-Px ##
4& cytosol Fu mitochondria ¥ 7] # H,0O, & hydroperoxides &7 &
H,0 A& alcohol » GSH-Px 547827 ##(selenium > Se) g f# cofactor -
FHERE B ACY - GSH-PX T E b f/L A RAA LA 8 &
£ - GSH-Px # ®#&0E B4kt GSH-Px (selenium dependent
glutathione peroxidase » Se-GSH-Px ) ; @ R & &1k B ah &y GSH-Px -
Se-GSH-Px Rt fo NEE % > C oy B MR Fodr i 3K F 55 > Se-
GSH-Px &) 78 M8 dn B SR MR BIBIR E A B E IR 5 0 i+
Se-GSH-Px 7EM X St P b5 EH M - ARG 8 B &)
FHEm B & Se-GSH-Px R Aty » Zeh 2k > f5E BAAL
# 92 OFR % @ 15 F a0 BE &5 4 o) A o B 248 <] && B3 Se-GSH-Px 1%
b A HBRAEAY c mA B AR A A 0 BT HE
RIB RSB TR E R EH 0 £/ - KERHRPUFA
EeRAECRBENTENTR - AR ER FDA H R E i ahty
RDA » {28 & 50~200 ug 89845 X 29 B - heh 2 L0
Bk % A B (2o Keshan disease)™*" » i3 & — #6831 69 BLIE 75
(endemic cardiomyopathy) » 25 &£ W N ZR A F F& 9 F 4L 0 BLE

-64-




B @5t e
3 ~ Catalase -

2H,0, ““ 2 H,0+0,
4 heme-enzyme - X fm g A7 0 & B9 82 % f7 45 4m fa &9 peroxisome
Py > catalase B9 E M Ui KA R EY - TH4A L
cofactor» ;48 & 289 &1t H,0, & £ . &K » AR AT Ak H)0, -
catalase 47T # LOOH™ o s 4Tuk fbAF i K33 o o h3f A
FA/E R &Y 45 0 B AT g4 SOD » catalase & glutathione °
4 ~ total antioxidant status (TAS)
D2 % &) (8 -carotene) -

M T ARG FTED A TRTHILASHE T ey VIL A
B A E(B-carotene) A F L HHEHEL Vit AW
WA RN FREFMARE > AN CLTBEES VIt A-
RARNRE Fed VIt AZHRS  ABERATH VLA 28 F
BOFRG - AR EHLNEY BRET ANt Rk d
HoHBREFTRARARSAESTHEKAENE E /A A (excited singlet
state oxygen ) > Fl8f4. & OH & LOOH % A A eyiErek® &7
frebtmppfl > B BB RS ROHT (CIERBHBANER) -
RILARGTATEAD 8 A RBEUR > BT EELR

- 65 -




Wik RIRERE c PR FTEANERBOGER > R E R
ML EIAE ) > B FRAETA HALBTHERGE £
hoREFERE - HEABGF T LG A HIGE DNA MR
MBE > EERMRAER  H5BEEEENGBEY FORE
HGIK o Bldo ! FEHEBEELPHEGEFR VILE lLF ABIK-
@vitamin E :

X 2R &y Vit. E g4y & a -tocopherol & * > SEMLE S
REH KA AR EIY - VILE B2 A RER a7
UARE mpe 69 PUFA R 3 B5% & > %7 E OFR £ 4 BEH &
AV R M R4S E > BT Al OFR #9245 R JE » Vit. E T4 B
O, OH A LOOH % & & & - ww R &4h ¥ PUFA #9425 v > Vit.
E#mRECTE RBEN - Vit EIZEEIHKRZRDA)
AFBEBMHI0LU. » &M 8LU. - A& RD AR A Z 2 &
ERMARE > B 121U M 101U - 5§ & K B lafl - 3
safo Bt A Vit E 4238 + Vit E oT 5 ik OFR 26 » #8 Vit C
B VLEZRBEAY - VitC B Vit E —#&{E A A A R84
fbA8 Fe 2 £ (synerg) o Vit. E 334 Vit. C 897748 > Blzh s KiTH 3o o
®vitamin C (ascorbic acid) :

Vit. C 2N miaRILAE E 2 st F —E s o
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SR 0P RAE XA BEA 09104 mg/100ml - 7T 4%
HEREEE > RNE AT BRAINAER - Vit E R C AFAARK
F 0 & 2oy B B (nitrite) 49 7F 18 (scavenger) B gt =] B ok 2 A B
BE #% 4 & nitrosamines & nitrosureas % 2 & @Y > Vit. C T A F B

O, OH % g &y & - Johnston % A KX 238,8 8 A 500mg &5 |
Vit. C = LU 4# 12 B R A 4z f 3k & reduced glutathione (GSH)#4 & 3%
A o Vit. C 7T 24T 3 B AR 3% F 4= f6 (natural killer cell, NK cell)
6 7&E M o

- B E R

BeAaNEMBREBE  ATRARR S LEA 8 S8
BEEE - — A MBREN B B A e o ¥ A4 T8 (oxidative
stress) B > FALR BT R AR B G AN RE A HHRE
el - MmBEALT BRI TR G TR ZAREHRNEAMME K&
T~ o R— A ILAAL 4o ¢ superoxide dismutase ~ catalase
glutathione peroxidase #4975 ; K244 £ C~ %4 £ E - P-4
8% - A B (glutathione)¥ - A A AHAZ 2R A HE
4u superoxide anion ~ hydroxyl radical % - F =38R 2 <X B &
R BB AW 04 THEE 881644 49 & 4 DNA % hydr-
oxyl radical A i W A » A0 E B L B AR A -
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1~ BEMei A1t

superoxide dismutase ~ glutathione peroxidase ~ catalase 7 & _E
¥4 3, 84 kit 7T 2L BE B -CuZn-SOD & #| B McCord and Fridovich
method” » xanthine & xanthine oxidaSe TUAEALO, 0, &
#1 p-iodonitrotetrazolium salts(ONT)#E Fi & 4 4 &, & 4% » ™ CuZn-
SOD ¥T#p#] O, "8z INT 4% B - GSH-Px & #| F Paglia and Valentine
%) 2 GSH £ cumene hydroperoxide £ GSH-Px ## /5T € 7 5%
GSSG » ™ GSSG 4 glutathione reductase 4 A F T 1 NADPH #&
% % NADP" gbB5 4 340nm #9% 0% & F&1K - ™ Total Antloxxdant
Status & #% PI L BALAE 77 69483746 > B89 B & B (w H)O) g4
4B RALE G G 0 81 ABTS (2, 2°-Azino-di-[3-ethylbenzthiazo-
line sulphonate)) 4 & A2 € B 4k &4 64 > # 600 nm A 7%
B ho REENILEALE N BRA LR BRI & # 5 - bbb

M

=] F| A total peroxyl radical trapping assay'” ~ enhanced chemilumin-

escent method® 2%, oxygen radical absorbance capacity assay''*'> 4 #7
BB ALLREN -
2~ 8 R adieBE
4.8 b & (hydroxyl radical) ##mffg £ K - B dNHE
EMEIEE R > B AR LI g EE - —ffF 0 7T AERH
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trapping reagents s£ %1 hydroxyl radical R &% 7 ik 8% & 4% £ 44
radical’ & 24 electron spin resonance R #x 78] % F &) trapping reagent
447 5,5-dimethyl-1-pyrroline-N-oxide(DMPO) & » & T ESR 2
4k » trapping reagent £ hydroxyl radical REAZ By 48 & W1 T8 =T A
HPLC R Ao Lk 5347 ©
3w QA B AN BRI ABEW S H

A E (lipids)R 5 5 24 R 8 A A A B M BT BRIy
WY RIE - — A BT ERTHAEEBRCHEEY - % —
RRAZARGAAE D F LA EHER 8 ALY (perox-
ides) ;s F=Fh ik CLRRAMBEFTANT X BERBFIER
B fr 8 1L A48 A & 4 conjugated diene #5454 - conjugated diene
3% % 4t 230nm %] 250nm %7/'55 BRI o FraFE AR EAREE N AEFe
thiobarbituric acid R fE14 88 &0 £ 4 - BB F L@ ¥ A TBA
test e 7 A5 H B L4k 49 & 49 % =8 malondialdehyde (MDA) -
# MDA €40 TBA }iﬁ?,}fﬁﬁk conjugate - {2y 4 M B2 9 A 3F
% R4 % &8 TBA R &> B M T4 T malondialdehyde #) £ & -
st > T HPLC & 4 R Al 58 4878] - 5 4} 8-Hydroxydeoxy-
guanosine(8-OH-dG) & DNA guanosine residue & 2| hydroxyl radical
SR T R A o T 8-OH-dG % #& A R 3715 4 484 g DNA 1§
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% 8.1645 F (oxidative damage) 8y 35 42%7 - £ ¥ % A BB K 4948 B
M3 E o AFA 8-OH-dG 898 B Ak % 69 5% - 8-OH-dG
B BT UEE ISR Bey HPLC k&A% - Frr#4 4.8

WAMELE  BABRHHGTERARFAZREAHEHRD

Ay

AAEHANELE URAMBREEGAL BB GEY -
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AR

MHEFR 2EBETERKRRE - FHEBRERE R
LR EERRAFBAGEI > ADKEFHRT - FE
TRMAI - TERSEWMEEABRE  BREEEAN IR
EAEALEAREL BRHATAREHARERBTZRAT
BREFNHE  EREEZELEOBREHRS - CoZRITEDY
RBRABERGE O3 TRIFPRABR A~ RET EIRNER
O FERIKIEEEYAEENRED B2 REFAER K
TIRETAT A A QR R B AT AR G FE R IE F RS AAT
EEHRFEHRERERATENEETERR - HIHERIRS
Rk L 4EKE ~ AT SR
MESERGHABGE > FloTRFTEBRGIIE - NO -~ CO,
SO0 faF — b e KEAABEATHIEA bR > 125045 5 %A 8
HAREREEBEGHR > WwKEFEFRHELEE - g
FHARNRETHHE  LEMBEST LT LELERME
FAEFT B A A LHN 11 B ELHEERENR
£ 18 % (SOD; GSH-PX) B 4n B AL N BL AT W & B R P 8 2
Ro2-#I—FHik - BHEEFTRORERY L ERENRLAIL
&% % (SOD; GSH-Px) & 4t B 1L AE /) 89ARBRAE £ & ©

CRBUREEF o BEEEIT R
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— ~ HAE
1 ~ Ransod reagent kit ; Cat. No. SD 125 # & Randox Labs.
2 ~ Ransel reagent kit ; Cat. No. RS 504 8% § Randox Labs.

3 -~ Randox total antioxidant status kit ; Cat. No. NX 2332 B& &
Randox Labs.

4 ~ Ransod control ; Cat. No. SD 126 8 B Randox Labs.
5 ~ Ransel control ; Cat. No. 099 8% § Randox Labs.

6 ~ Randox total antioxidant status control serum ; Cat. No. NX 2331
8% B Randox Labs.

7 ~ Drabkin’s reagent
— R E
1 ~ Beckman Synchron CX-7 autoanalyzer.
2~ Beckman GS - 6R centrifuge
= mBEKE

AR E 188 ERA T LERRHMRERMERAIER
BB HP a4t 98 £ FMHAR 0 L4t » Fé#bdy 22~92
B BRELAAERAN I mE - BAEDHEAFERE
AR AREHINE OB FATEE  HBEEY - RIBRILA
BT EE o B TRUE L EDTA A B & > iR E 4

-T2




CEET > R PEFRTRTH °
g ~ CuZn-SOD &M 2 4547 -

B 0.5 ml & 42k 1000 xg B0 5 448 B4 A3k A 3ml 0.9 %
IR Bk kMR S KA Ao 2 ml A R ABAR S B 4T T #
F 15 548 - Al w2 e L 0.01 M phosphate buffer #% #2 100
2 46 B Beckman CX-7 8 & 45 #7 & 47 5-# (Table 1) -

B ~ GSH-PX M2 54 ¢

B 0.05ml &N 1ml#HER > FES n4gH A 1ml
double strength Drabkin’s reagent » 3% 20 4~4% ) {& A Beckman
CX-7 & 9 5474 A7 (Table 2) -

75 ~ total antioxidant status(TAS)Z 5 #7 :

BUM & 6y o 7 R BE 0 {# A Beckman CX-7 & & 447 4R 4T
5y #7 (Table 3) 488 7 2~8°C THRA7 18 /N85
+ >tk -

FIT 4 B 358 N\ B BS 2 8% SigmaPlot 448 M SR g £ & o
coefficients of variation (CV) 82 47 ik 694 B gL R sk M
FHEBRAREAR £ Q93T A A B IE R B & B EF S
% B 1% A A student’s test & stepwise regression 4 #7 LA B #% R
Blian P 8B EZEERABHM -
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T W& X
— BB EALN

#414 Beckman CX-7 & $pb a4 & F 42 A B AT 2454
# 47 CuZn-SOD ~ GSH-Px ~ TAS z within-run & between-run #%
FESH AT ZGBRM - §EH 20 RBE R FHAR -
A2 #4551 & CuZn-SOD : 233 unit/g Hb « GSH-Px : 482 unit/g
Hb~TAS : 1.32 mmol/L > 3+ B H % B 4 #3494 6 %LL T (Table 4) -
HRENKE -
= ~ FAEEF AL CuZn-SOD ~ GSH-Px ~ TAS = /&4

HAr7H% 188 B IE FEBSAR F s R M A 1T 040 > 38k B
FAHETEEBOFHERLY - RBEKARATUAEFART A
%o 8RR LM CuZn-SOD~GSH-Px 2 7E M8 B H 5 (p<0.01)

i TAS 2 3 & 98 Beh £ & (p>0.05)(Table 5) » ) 4 - £ 478
SATE L & B B Y £ B (Fig. 2) -

e 188 BEFERE T H 27T AR BRIE(144 %) > 25 AF B
(133%) > 57 AB B B EA AR T (G033 %) - £RERLR
WRME M E CuZnSOD & TAS si ¥t BBttt meAfaey 2 £ » M
F BB B RT3 P B4, GSH-Px 278 M 3 ¥ B8 481K
(p<0.05) (Table 6) -
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& @

AREBLZRRABH ENER RN ZAXERE
HE e R BB R e N R R B ECY ) 3]
REEBELE  c MABERNEALE N REHKRE > TRHE
—REEALOHBEBRSREBRRYLARE FHYRALH
W o LAAE A 4z f 3K P 69 CuZnSOD ~ GSH-Px 7% 14 B Hi 84b 48
A(TAS) %R ER > BFIHREEZARINBREMELSENE
B o AN R FARATR PRI AN L KRBT B
BABBRE > FEBESHBERMER EMHEE(Tabled) > BT
BLEE IR &Y A 5E

545 B AR R Bl % 478 & # % B & 4% CuZnSOD + GSH-Px
W BILRACIE S (TAS) A A Bl 6y R B0 0 B st il AR + &
P E M M e A (2H & P3E)&E L CuZnSOD ~ GSH-Px
EMER TAS iR #y 54 {E(Table 5) - A ZIERELCHER
£ 4t ey CuZnSOD~ GSH-Px 2 j& M # B M & (p<0.01)» iy TAS
Z it & A BEE £ B (p>0.05) 0 A E S B S HA RARR
B £ B o £ Ne've®" & Ceballos-picot®? % £ w70 & 45 o 480k
Bl R A6 HR S B CuZnSOD GSH-Px 2 &M F# L it b £ B -
da B ap AL Bk L b b 3 g4 CuZnSOD JEM A FER AR E
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FHEFH? KRBT ALRAEEWE T EARRE
LEEREREE HELEBRREBERAARRGEIL A
DAZBERRT - LELBINRL - TERG EHFEEZRER K
EREREAN SHEMEELTAABLEMN -
BRASERERATLEAERS LR EHERFTEIUT
B RR A BN M A E - RABEHRY 04F — A s ~ &
IERINOX » £ £ A —F A8 fo —FALR) ~ KRB 69 WK 3
tr fAb B BALA Aok 7 5 - 15 F B A R IR IR 2 5% B AL -
FEBBEANER RS ERRY T OIS MRS ABRY
Blho ZBAFFR-HRESEFERP—LBEMME -1~ $3&
FERAEMBNEG LR Bk E /LB E 4 % (monooxy-
genase) 2, AT 7% & H 4 m B % (prostaglandin H synthase)/X 3 /&
fb gk epoxide » 2Rh1% & B KA ¢ & diols A ey E/L TR A -
oL R E 45T 81 DNA #1844 5 DNA 4244y » s A B X
G 3 AR CD o 2 B A S IRH AR 3 A B —
BE BT EY > &b S H AL B A (nitration) @ 7
Mt B ket = O K AMEH T > & NO, % N0,
GBS SBESEFRGEBUMEERELAA A §AOH )R A
@ fe B M @ A2 Ak, NO, " (nitrinium ) @ #BEFHH FRFTEHE
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BABCERAMBR - ERBNETEHSRFRLBFEFR
#8146 4C > Nitropyrene(I-NP) R BHE T S ER S A 5 5
FERD 3 EHEEEBRRSGIERE - Ry TEZHK
bedh - N EE SEEN  REURREENER T £2H%
R A M .45 R (benzene) » F X (toluene) 5 o E 4
AHHESEAMCEREN  £8 EZBATTEAE AN #
(photolysis) Z 4+ B B & - KRR C4xRBEMWE » EERHEEN
BRERT @R hZAHAE  Flieb 05 (leukemia)
WL - ENNERAEARKRFROAEIE  ShoFEeE
FRMRBRAEAR AR EEN A TRE 4% DNA
i AR, DNA 42454507 o

ARG R PR S B DB AKX T A% 0 GSH-Px
EMESAR  RETREE RBARBEAT A ER T o GSH-Px
MEERAA M 0 & GSH-Px t94] F 3 /o 3 o AR 69 4 & 32 o 40
i B M T - GSH-Px 6 % hh a5 BB M B a5 it
T WL IR B AFRM o 48 B 89 GSH-Px & 7& M 884
LA BT B TR 0 LB R4 Guemouri F 235 657
KSR o Ml HR @R ¥ - CuZnSOD ~ GSH-Px
EMEA TAS ByR B RBa it SR £ £ - R # Guemouri
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& Leonard®™ % 2 £y K &R — B o

AN EELR  RNBRBARERRT EHWEER
B 7 3§46 B 4 (SOD; GSH-PX) B 4 L AE 71 (TAS) 52 4 it 0 & &
REIG 2B BET — M Bk BLE A ORBRT % BHENR
868 % (SOD; GSH-PX) B 41 fAL4E /1 (TAS) 89 e BR AE 2 R -
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Table 1 4 A Beckman CX-7 4~#7 superoxide dismutase activity

Z A
Test Name: SOD Calculation Factor: 0
Reaction Type: [Rate 1] Math Model: [1]
Reaction Direction: [positive] Cal Time Limit: 24 hrs
Units: [IU/mL] No. of Calibrators: 6

Decimal Precision: [X.XX]

Primary Wavelength: 520 nm  Secondary Wavelength: 700 nm

Sample Volumn : 6 ul Calibrations Multipoint Span

Primary Inject Rgt: #1:0.00 -2:0.00
A: 200 ul #2:0.17 2-3:0.00
Secondary Inject Rgt: #3:0.34 3-4:0.00
B: 30 ul #4: 0.68 4-5:0.00
Add Time: 400 sec #5:1.35 5-6:0.00
#6:2.70 6-7: 0.00
Reagent Blank Reaction
Start Read: 250 sec Start Read: 90 sec
End Read: 300 sec End Read: 270 sec
Low ABS Limit: -1.500 Low ABS Limit: -1.500
High ABS Limit: 1.500 High ABS Limit: 1.500
Usable Range rate Depletion
Lower Limit: 0.00 Initial Rate: 99.999

Upper Limit: 2.70 Delta ABS: 1.500
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Table 2 4% A Beckman CX-7 %4-#7 glutathione peroxidase
activity Z & 4

Test Name: SEL Calculation Factor: 8412
Reaction Type: [Rate 1] Math Model: [Linear]
Reaction Direction: [Negative] Cal Time Limit: 24 hrs
Units: U/L No. of Calibrators: 0

Decimal Precision: [X.X]

Primary Wavelength: 340 nm Secondary Wavelength: 410 nm

Sample Volumn : 5 ul Calibrations Multipoint Span
Primary Inject Rgt:
A 250 ul
C: 10u4
Reagent Blank | Reaction
Start Read: 250 sec Start Read: 64 sec
End Read: 300 sec End Read: 192 sec
Low ABS Limit: -1.500 Low ABS Limit: -1.500
High ABS Limit: 1.500 High ABS Limit: 1.500
_Usable Range rate D ion
Lower Limit: 0.0 Initial Rate: -99.999

Upper Limit: 2000.0 Delta ABS: 1.500
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Table 3 4 B Beckman CX-7 4-#7 total antioxidant status < &
#

Test Name: TAS Calculation Factor: 0
Reaction Type: [Endopoint 2] Math Model: [Linear]
Reaction Direction: [Negative] Cal Time Limit: 24 hrs
Units: [mmol/L] No. of Calibrators: 2
Decimal Precision: [X.XX]

Primary Wavelength: 600 nm Secondary Wavelength: 700 nm

Sample Volumn : 4 ul Calibrations Multipoint Span
Primary Inject Rgt: #1:0.00 1-2:0.00
A: 200 ul #2:2.50
Secondary Inject Rgt:
C: 40 ul
Add Time: 368 sec
Reagent Blank Reaction
Start Read: 320 sec Start Read: 180 sec
End Read: 336 sec End Read: 212 sec
Low ABS Limuit: -1.500 Low ABS Limit:- 1.500
High ABS Limit: 1.500 High ABS Limit: 1.500
Usable Range Substrate Depletion
Lower Limit: 0.00 Initial Rate: 99.999

Upper Limit: 3.00 Delta ABS: 1,500
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Table 4. Accuracy and precision for superoxide dlsmutase, total antioxidant status,
glutathione peroxidase (N = 20)

Within-run precision Between-run precision
Item Mean  SD CV (%) Mean SD CV (%)
Superoxide dismutase 219 12.3 5.6 222.6 12.2 54
(unit/g Hb)
Glutathione Peroxidase 484 5.8 1.2 482 10.9 23
(unit/g Hb)
Total Antioxidant Status 1.34 0.016 1.2 1.32 0.05 3.8
(mmol/L)

SD: Standard deviation; CV: Coefficient of variation.
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Table 5. superoxide dismutase, glutathione peroxidase, and total antioxidant status in 188 healthy Chinese

Superoxide dismutase (unit/g Hb)

" Glutathione peroxidase (unit/g Hb)

Total antioxidant status (mmol/L)

Age group

(years) Male Female Male Female Male Female

20 -29 876.98 £ 175.75 1095.23 £299.96* 68.59 + 7.86 87.47 + 8.88*** 1.55+0.07 1.54+0.05
N=13 N=15 N=13 N=15 N=13 N=15

30-39 961.07 £222.59 973.52 +198.61 72.50+ 12.34 82.77 + 6.08 1.55+0.06 1.57+0.06
N=38 N=6 N=28 N=6 N=8 N=6

40 - 49 102885+ 186.18 108036 £241.77 74.54 +£8.07 92.98 + 18.89** 1.49+0.08 141 +£0.12
N=19 N=20 N=19 N=20 N=19 N=20

50-59 105469 £ 116.80 111537+ 19423 82.45+983 8532+£542 1.39+£0.11 1.41 £0.06
N=T7 N=S5 N=1 N=35 N=T N=S5

60 - 69 1006.35 +£239.46 1038.04 £ 206.72 80.41 +9.88 87.46 + 9.50%* 1.43 +0.10 1.43+0.10
N=25 N=27 N=25 N=27 N=25 N=27

70 - 92 991.02 £ 167.51 1170.72 £ 352.05*% 86.38 +12.27 100.30 £23.27* 1.45+0.10 1.42+0.09
N=26 N=17 N=26 N=17 N=26 N=17

Overall 08924 + 19631 1082.03 £261.32** 78.79+ 11.73 90.68 + 15.66** 1.46 +£0.10 1.47+0.10
N=098 N=90 N=098 N=90 N=098 N=90

Student’s t test: *P <0.05, **P < 0.01, *** <0.001.
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Table 6. Comparison of superoxide dismutase (SOD), glutathione peroxidase (GSH-Px), and total

antioxidant status (TAS) in 188 healthy Chinese by life style

Cigarette Smoking Alcohol consumption Riding motor cycle

YesW=27) No(N=161) Yes(N=25) No(NV=163) Yes(N=57) NoW=13

SOD 984.76 + 138.29 1041.86 +245.55 989.18 + 191.61 1040.48 = 239.34 1039.01 +239.35 1031.34 %2
(unit/g Hb)

GSH-Px 7954+ 1143 8531=%1534 7791+£921 8549+ 1542*%  80.63+10.73 86.16 £ 16.
(unit/g Hb)

TAS 144+0.12 1.46 £0.10 1.47+£0.09 1.46 +£0.11 1.47+0.11 1.46 £0.10
(mmol/L)

*Student’s t-test: *P <0.05.
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Original Articles

Quantification of Superoxide Dismutase, Glutathione
Peroxidase and Total Antioxidant capacity in Blood of
Healthy Taiwanese by A Modified Automated Procedure

Whei-Lin Chiang!">, Jyh-Chang Lai*, Yie-Tin Tasy?, Jer-Yuh Liu?,
Shu-Chen Chu? and Yih-Shou Hsieh?

'Sehool of Medical Technology,
Institute of Biochemistry, Chung Shan Medical and Dental College, Taichung, Taiwan;
3 Department of Clinical Biochemistry, Chung Shan Medical and Dental College Hospital, Taichung, Taiwan;
4Deparrment of Clinical Biochemistry, Veterans General Hospital, Taichung, Taiwan

A rapid automated system for assessing the activities of superoxide dismutase (SOD), total
antioxidant status (TAS), and glutathione peroxidase (GSH-Px) in blood was developed
using a set of commercial kits and the Beckman Synchrom CX-35 automatic analyzer. Repro-
ducibility data for assaying SOD, TAS and GSH-Px by our proposed procedure were excel-
lent (CVs < 6.0 %). We then recruited a total of 188 apparently healthy individuals and their
antioxidative status were assessed by our proposed method. We found that female (n=90)
had a significant higher SOD (1082 + 261 unit/g Hh) and GSH-Px (91 £ 16 unit/g Hb) than
its male counterparts (n=98) [SOD: 989 + 196 unit/g Hb; GSH-Px: 79 £ 11 unit/g Hb] (p <
0.01). Interestingly, we also found that alcoholics and motor cyclists seemed to have lower
GHS-Px activities as compared to their respective counterparts (p < 0.05). In contrast, we
did not find any significant discrepancy in SOD., GSH-Px and TAS between smokers and

non-smokers.

Key words: Antioxidant enzyme activities. total antioxidative status, superoxide dismutase.

glutathione peroxidase

ance of oxygen free radicals. When the capacity

introduction of the antioxidant system reduces. the highly
The discovery of superoxide dismutase (SOD) reactive cytotoxic oxygen species such as super-
in erythrocytes {1], the key component of the oxide anions, hydrogen peroxide, and hydroxyl
antioxidant system, shed light on the under- radicals can cause a wide spectrum of cell
standing of mechanisms in the enzymatic clear- damage including lipid peroxidation. fnactiva-
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Analysis of Antioxidative Capacity in Taiwanese

tion of enzymes, alieration of intracellular
oxidation-reduction state as well as damage to
DNA [2]. The oxygen free radicals have been
reported to be involved in the etiology of
atherosclerosis and cancer [3] as well as
neurodegenerative diseases {4]. Moreover, they
have been attributed to be implicated in the
aging process {3].

A well-integrated antioxidant system is
determined by the a dynamic interaction
between individual components. These compo-
nents include vitamins A, E and C, [ -carotene,
reduced glutathione (GSH) and the antioxida-
tive enzymes [3]. Among the enzymatic antioxi-
dants, copper-zinc superoxide dismutase (CuZn-
SOD; E. C. 1.15.1.1.), catalyzes dismutation of
the superoxide anion into hydrogen peroxide
and oxygen. The hydrogen peroxide is further
reduced to water and oxygen by catalase (CAT:
E. C. 1.11.1.6.) and glutathione peroxidase
(GSH-Px; E. C. 1.11.1.9.) [6].

measuring the levels superoxide dismutase,

Therefore,

glutathione peroxidase and catalase in blood
may provide valuable information on the antiox-
diant status of an individual.

Since the antioxidant system is relatively
complex, analyzing individual components is a
painstaking task. Therefore, determination of
the total antioxidant status (TAS) has been
reported to be a favorable alternative to give an
overall indication of the antioxidant status of an
individual [7-15]. The total peroxyl radical trap-
ping assay (7], ABTS (2. 2 -azion-di-(3-ethyl-
benz thiazoline sulphonate)) method [12].
enhanced chemiluminescent method [9]. and
oxygen radical absorbunce capacity assay [10,

15} were developed for TAS uanalysis. The

30

values of TAS have been reported to be
elevated cardiovascular
diseases [16-17].

Although there is evidence for the automa-

in patients with

tion in the analyses of the antioxidative enzyme
activities [18], the determination of these
enzymes is mainly based on manual procedures.
Recently, commercial kits for assessing the
CuZn-SOD, GSH-Px and TAS in blood have
been commercially available. These kits can
detect the antioxidative enzyme activities from
whole blood sample. We report herein the devel-
opment of an automated procedure for assaying
SOD, GSH-Px and TAS for clinical laboratory
usage based on these commercially-prepared
reagents. By using these proposed methods, we
also assessed the levels of antioxidant enzymes
and antioxidative capacities among the general

population in Taichung area.

Materials and Methods

Subjects

Blood specimens were collected from 188
subjects (98 males and 90 females: aged 22 to
92 years) who participated in the general
health examination at the Chung Shan Medical
and Dental college Hospital. These subjects
passed all examination items and no medical or
surgical problems were found. In addition to
recording the sex and age of each subject, daily
activities (cigarette smoking, alcohol consump-
tion. and motor cycle riding. etc.) were also
inquired.

Blood Collection

The subjects were fast overnight. Whole blood
sampples (2 ml) were collected by venipuncture

into Venoject tubes with EDTA. These blood

J Biomed Lab Sci 1999 Vol 11 No 2




samples were kept at 4°C and analyzed within 8
hours.
Analytical Methods

Assay of CuZn-SOD activity. The activ-
ity of CuZn-SOD was determined using a kit
(Ransod; Randox Labs. Cat. No. SD125) which
is based on the method of McCord and
Fridovich [1]. The reaction between xanthine
and xanthine oxidase is used to generate super-
oxideradicals. These radicals react with p-iodon-
itrotetrazolium salts (INT) to produce a red
formazan dye. SOD in the sample competes
with the INT for superoxide radicals and so
inhibits the production of the formazan dye.
SOD is measured by the degree of inhibition of
formazan dye formation. 0.5 ml heparinized
whole blood for were centrifuged 10 minutes at
3000 rpm. The RBC was washed four times
with 3 ml of 0.9% NaCl solution and

centrifuged for 10 minutes at 3000 rpm after

each wash. The washed RBC was then made up

to 2.0 ml with cold distilled water, mixed and
left to stand at 4 °C for 15 minutes. The lysate
was then diluted with 0.01 M phosphate buffer
pH 7.0 to reduce the inhibition reaction to the
runge of 30 10 60%. A sample of 6L with the
primary inject reagent (200 4 L) was added to
the cuvette of an autoanalyzer(Beckman CX-5).
After adding the secondary inject reagent (304
L). absorbance was monitored at 520 nm for
180s. The_ final volume reaction volume was
236 L and the unit of activity was calculated
based upon uas the umount of enzyme that
inhibits the rate of the formazan dye formation
by 50%.

Assay of GSH-Px activity. A kit (Runsel;
Randox Labs. Cat. No. SD125) was used to

] Biomed Lab Sci 1999 Vol 1l No 2
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determine the activity of GSH-Px. This kit is
based on the method of Paglia and Valentine
[19]. GSH-Px catalyses the oxidation of
glutathione by cumene hydroperoxide. In the
presence of glutathione reductase and NADPH,
the oxidized glutathione is immediately
converted to the reduced form with a concomi-
tant oxidation of NADPH to NADP'. The
decrease in absorbance at 340 nm is measured.
Whole blood (0.05 ml) was added to | ml dilut-
ing agent and the mixture was incubated for 5
min. After adding 1 ml double strength
Drabkin’s reagent to the mixture, SpL of the
sample was transfer to the curvette of the auto-
analyzer (Beckman CX-5). Absorbance was
monitor at 340 nm for 128s.

Assay of TAS activity. The Randox Total
Antioxidant Status Kit (Randox Labs. Cat. No.
2332) was employed to determine the TAS
activity. This kit is based on the fact that
the ompound ABTS is capable of producing
a stable blue-green colored cation radical
(ABTS") in the presence of peroxidase and
hydrogen peroxide. Antioxidants in the sample
can suppress the production of this color to a
degree which is proportional to their concentra-
tion. Plasma (4 ¢ L) was transferred into the
curvette of the autoanalyzer (Beckman CX-5).
A chromgen (1 ml) was added and the solution
was mixed thoroughly before taking an initial
reading of absorbance at 600 nm for 32s. After
adding a substrate (hydrogen peroxide, 200uL),
another reading was tuken 3 minutes later
exactly. The concentration was calculated as the
difterence of these two readings.

Statistical Analysis

The coeflicients of vartation (CV) were calcu-
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lated to determine the accuracy and precision of
the assays. Means and standard deviations of
the results obtained from the normal subjects

were calculated. Student’s test was used to deter-

mine whether they exist any differences in the .

mean values between groups. The relationships
between the antioxidative enzyme activities and
the respective variables were assessed by corre-

lation and stepwise regression analysis.

Results

Precision studies

Reproducibilities as reflected b); the within-run
and between-run precision data for SOD, GSH-
Px and TAS determined by the proposed auto-
mated procedure were excellent (Table 1).
Twenty repetitive determinations on the same
control material had mean values for 219 unit/g
Hb (SOD), 484 unit/g Hb (GSH-Px) and 1.34
mmol/L (TAS), respectively, with CV’s of <
6.0%. The same control material assayed in
several consecutive runs showed mean values of
223 unit/g Hb (SOD), 482 unit/g Hb (GSH-Px)
and 1.32 mmol/L (TAS), with CV’'s of < 6.0%.
Again, the between-run reproducibility was
also excellent.

Evaluation of SOD, GSH-Px and TAS

Ievels in a group of apparently healthy
subjects

One hundred and eighty-eight subjects were
recruited for this study. Among these, they
were also subgrouped according to age and
gendér. ‘Also, their daily activities, namely:
cigarette smoking, alcohol consumption and
motor cycle rider, were recorded. As indicated
in Table 2, the overall SOD and GSH-Px levels
in female subjects had a significant higher
value than its male counterparts (p < 0.01).
However, TAS levels was shown to be insignifi-
cantly different from each other between the
two groups (p > 0.05).

Among these subjects, 27 of 188 (14.4%)
were cigarette smokers, 25 of 188 (13.3%) were
alcoholics and 57 of 188 (30.3%) were motor
cyclist. Comparatively, we found that there was
no significant difference in antioxidant enzyme
levels between smokers and non-smokers
(Table 3). In addition, among all variables
compared, only alcoholics and motor cyclists
had had suppressed levels of GSH-Px (p < 0.05)
(Table 3).

Discussion

Since disorders in the antioxidant system may

Table 1. Precision data for the proposed automated procedures for analyzing SOD, GSH-Px and TAS

levels in erythrocytes

Within-run precision

Between-run precision

Iltem
Mean SD CV (%) Mean SD CV (%)
ﬁj"(lﬁt"/’gﬂgj’ dismutase 219 12.3 5.6 222.6 12.2 5.4
(Ci!rleittg/’ghﬁgf Peroxidase 484 58 12 482 10.9 23
Zs:igozgioxidant Status 134 0016 1.2 132 0.05 3.8
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Table 2. SOD, GSH-Px and TAS levels in erythrocytes of a group of apparently healthy subjects in
Taichung area

Superoxide dismutase Glutathione peroxidase Total antioxidant

Age group (unit/g Hb) (unit/g Hb) status (mmol/L)
(years)
Male Female Male Female Male Femal

20-29 876.98 £ 175.752 1095.23 +299.96* 68.53+7.89 87.48+8.88*** 155007 154005
N =13 N=15 N=13 N=15 N=13 N=15

30-39 961.07 £222.59 973.52 £198.61 72.50+12.34 8277 +6.08 1.55+0.06 1.57+0.06
N=8 N=86 N=38 N=8 N=8 N=6

40 - 49 1028.85 +£186.18 1080.36 £ 241.77 74.54+807 92.98+18.89** 1.k49 +0.08 141£0.12
N=19 N =20 N=19 N =20 N =19 N =20

50- 59 1054.69 £+ 116.80 1115.37 £+ 194.23 8245+9.83 8532542 1.39+£0.11 141+0.06
N=7 N=5 N=7 N=5 N=7 N=5

60 - 69 1006.35 £ 239.46 1038.04 £206.72 84.1+9.88 87.46 £ 9.50* 143+0.10 1.43x0.10
N =25 N =27 N=25 N =27 N=25 N=27

70-79 991.02 £167.51  1170.72+ 352.05* 86.38+12.27 100.30+£23.27* 1.45+0.10 142+0.09
N=26 N =17 N =26 N =17 N =26 N=17

Overall 989.24 £196.31 1082.03 £+ 261.32** 78.79+11.73 90.68+15.66** 146+0.10 147010
N =98 N =290 N =98 N =90 N =298 N =30

Student's test: *p<0.05, **p<0.01, ***p<0.001, *Mean iStandard deviation.

Table 3. Comparison of SOD, GSH-Px and TAS levels in erythrocytes in grouped individuals according to
their daily activities

Cigarette Smoking Alcohol consumption Riding motor cycle

Yes (N=27) No{N=161) Yes (N=25) No (N=163) Yes(N=57) No (N=131)
(Su?lg/g Ho) 984.76 £138.29 1041.86 £24555 989.18 +191.61 1040.48 £+239.34 1039.01 £239.35 1031.34 £232.20
GSH‘pX 79.54£1143 85311534 77.91:9.21 85.49 £15.42* 80.63:10.73 86.16%16.21*
{unit/g Ho) SRRl : : G1E9 . . . . .16 £ 16.
s 460 7 1.46 + 0.10
(mmol/L) 1.44 £0.12 146 £+0.10 1.47 £ 0.09 1.46 £ 0.11 1.47 £ 0. 11 460,

*Student’s t-test: *p<0.05. aMean * Standard deviation.

cause cell damage and damage to DNA [2].
untioxidutivg enzymes may be employed as an
indicator for the health status as well as the risk
of certain diseases. However, in the analysis of
these enzymes, manual weighing and pipetting
may cause significant variations in the results.
Thus, it is imperative to devise methods of anat-

yses with high degree of reproducibility inquan-

I Biomed Lab Sci 1999 Vol 11 No 2

tifying SOD, GSH-Px and TAS levels in human
erythrocytes (RBCs). For this reason, we have
developed a rapid and simple automated proce-
dure for analyzing SOD. GSH-Px und TAS
levels in RBCs using commercially-prepared
reagents. These procedures have been evaluated
and  excellent  reproducibilities  have been

obtained (Table 1). Thus, they are suitable for
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both clinical applications as well as for basic
studies.

Biological variability in the antioxidative
enzymes activities has been reported in several
populations [18-23]. In this reports, we provide
some reference ranges of SOD, GSH-Px and
TAS levels among local residents in Taichung
area (Table 2). Additionally, it is interesting to
note that fernale subjects have had mean values
for SOD and GSH-Px higher than their respec-
tive counterparts. These data are consistent
[19-20].

Conversely, Ne'veetal [21] a-s well as Ceballos-

with those reported elsewhere
Picot et al [22] reported that gender was not
differed in both SOD and GSH-Px levels in
French and Belgian.

Cigarette‘smoking have been reported to be
negatively correlated wit'h activities of antiox-
idative enzymes {18, 24]. However, we did not
find any significant difference in SOD, GSH-
Px and TAS between smokers and non-smokers.
This finding agrees with the reports of
Guemouri et al. [20] and Leonard et al. {23].
Conflicting results have been obtained in the
relationship between alcoholism und levels of
antioxidative enzymes [20]. We have found that
alcoholics had a lower GSH-Px value. This find-
ing is inconsistent with that reported by
Guemouri et al. [20] and may be due to the
difference in the population studies. Lower
values in GSH-Px have also been observed in
the persons riding motor cycle everyduy. It ix
possible that prolong exposure to the pollutants
on the road may cause disturbunce in the antiox-
idant system.

Finally, we noted that SOD. GSH-Px and

TAS levels in RBCs of our population evalu-

J Biomed Lab Sci 999 Vol 11 No 2
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ated were considerably higher than those
reported in the Westerns [18-22] and Japanese.
Whether genetic factor will play a role in caus-
ing this discrepancy or not is warranted for

further investigation.

Acknowledgement

This study was supported by the Chung Shan
Medical and Dental College (Grant CSMC 85-
OM-B-023).

References

1. McCord JM, Fridovich I Superoxide dismutase, an
enzymic function of erythocuprein (hemocuprein).
J Biol Chem 1969; 244; 6049-55.

2. Halliwell B, Gutteridge JMC: Oxygen toxicity,
oxygen radicals, transition metals, and disease.
Biochem J 1984; 219: 1-14.

3. Knight JA: Diseases related to oxygen-derived
free radicals. Ann Clin Lab Sci 1995; 25: 111-21.

4. Jenner P: Oxidative damage in neurodegenerative
diseases. Lancet 1994; 344: 796-8.

5. Harman D: Free radicals in aging. Mol Cell
Biochem 1988; 84: 155-86.

6. Halliwell B: Free radicals and antioxidants: a
personal view. Nutr Rev 1994; 52: 253-65.

7. Wayner DDM, Burton GW, Ingold KU, et al:
Quantitative measurement of the total. peroxyl
radical-trapping antioxidant capacity of human
blood plasma by controlled peroxidation. FEBS
Lett 1985; 187: 33-7.

8. Glazer AN: Phycoerythrin fluorescence-based
assay for reactive oxygen species. Methods
Enzymol 1990; 186: 161-8.

9. Whitehead TP, Thorpe GHG, Maxwell SRJ:
Enhanced chemiluminescent assay for antioxi-
dant capacity in biological fluids. Anal Chim Acta
1992 266: 265-77.

10. Cao G, Alessio HM, Cutler RG: Oxygen-radical '
absorbance capacily assay for antoxidants.
Free Rad Biol Med 1993; 14: 303-11.

11 Cao G. Culter RG: High concentrations of antioxi-
dants may not improve defense against oxidative

35




Analysis of Antioxidative Capacity in Taiwanese

12.

13.

14.

15.

16.

17.

18.

19.

36

stress. Arch Gerontol Geriatr 1993; 17: 189-201.
Miller NJ, Rice-Evans C, Davies MJ, et al: A novel
method for measuring antioxidant capacity and
its application to monitoring the antioxidant status
in premature neonates. Clin Sci 1993, 84: 407-12,
Whitehead TP, Robinson D, Allaway S, et al:
Effect of red wine ingestion on the antioxidant
capacity of serum. Clin Chem 1994; 41: 32-5.
Chiselli A, Serafini M, Maiani G, et al: A fluores-
cence-based method for measuring total plasma
antioxidant capability. Free Rad Biol Med 1994; 18:
29-36.

Cao G, Verdon Cp, Wu AHB, et al: Automated
assay of oxygen radical absorbance capacity
with the COBAS FARA II. Clin Chem 1995; 41:
1738-44,

Lantos J, Roth E, Czopf L, et ali Monitoring of
plasma total antioxidant status in different
diseases. Acta Chirurgica Hungarica 1997; 36:
188-9.

Digiesi V, Oliviero C, Gianno V, et al: Reactive
metabolites of oxygen, lipid peroxidation, total
antioxidant capacity and vitamin E in essential
arterial hypertension. Clinica Terapeutica 1997:
148: 515-8.

Andersen HR, Nielsen JB, Nielsen F, et al: Antiox-
idative enzyme activities in human erythrocytes.
Clin Chem 1997, 43: 562-8.

McMaster D, Bell N, Anderson P, et al: Automated

20.

21.

22.

23.

24.

25.

measurement of two indicators of human sele-
nium status, and applicability to population stud-

" ies. Clin Chem 1990: 36: 211-6.

Guemouri L, Artur Y, Herbeth B, et al: Biological
variability of superoxide dismutase, glutathione
peroxidase, and catalase in blood. Clin Chem
1991; 37: 1932-7.

Neve J, Vertongen F, Peretz A, et al: Usual
values for selenium and glutathione peroxidase in
a Belgian poputation. Ann Biol Clin 1989; 47: 138-
43.

Ceballos-Picot |, Trivier JM, Nicole A, et al: Age-
correlated modifications of copper-zinc superox-
ide dismutase and glutathione-related enzyme
activities in human erythrocytes. Clin Chem 1992;
38: 66-70.

Matsuda A, Kimura M, ltokawa Y: Selenium level
and glutathione peroxidase activity in plasma,
erythrocytes and platelets of healthy Japanese
volunteers. J Nutr Sci Vitaminol 1997; 43: 497-
504.

Duthie GG, Arthur JR, Beattie JAG, et al: Cigarette
smoking, antioxidants, lipid peroxidation and coro-
nary heart disease. Ann NY Acad Sci 1993, 686:
120-9.

Leonard MB, Lawton K, Watson ID, et al: Free
radical activity in young aduit cigarette smokers.
J Clin Path 1995; 48: 385-7.

J Biomed Lab Sci 1999 Vol 11 No 2




Analysis of Atherosclerosis Risk Factor Among Pre-school
Children in Taichung Area
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A group of 128 pre-school children were randomly selected from Taichung area to partici-
pate in this evaluation program. Anthropometric measurements and biochemical determina-
tions of serum glucose, total cholesterol, triglyceride, apolipoprotein A, apolipoprotein B,
lipoprotein (a), fructosamine and total proteins were performed on this group of subjects in
order to establish if there is a possible correlation between obesity and the metabolic status
of lipids and carbohydrates. Firstly, we found that regardless of sex, there was no significant
differences in these measurements. Secondly. we found a relatively low prevalence of
ohesity (4.7%) among the children participated in this study. No significant correlation was
found hetween obesity and the anthropometric as well as hiochemical measurements.
However, it is of interest to point out that hody mass index (BMI) was found to he signifi-
cantly correlated with the levels of glucose, triglyceride and apolipoprotein B. Conversely.
BMI was also found to he inversely correlated with the ratio of apolipoprotein A to
apolipoprotein B and fructosamine. Taken together. these findings indicate that changes of
BMI with these factors in children may be a progressive process rather than an immediate

reflective response at the pre-school stage.

Key words: Pre-school children, lipoprotein (a), fructosamine, hody mass index, correlation

ous risk for the development of diabetes melli-

Introduction . :

tus, hypertension, heurt discase. gull bladder
Obesity in childhood or adolescence has been disease, and certain forms of cancer |3, 4]
reported o have significant influence on the Currently. obesity is considered us a conse-
health status in adulthood [ 1. 2]. It poses u seri- guence ol the interaction between environmen-
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tal factors and the individual genetic substrate,
in particular with susceptibility genes [5]. After
the obesity (ob) gene in ob/ob mouse was
isolated [6], its product, leptin, has been deter-
mined to play an important role in controlling
food intake and energy metabolism [7-10].

Although the basis for genetic susceptibil-
ity to obesity has been documented, researches
on the relationships between metabolism and
obesity in childhood deserves extensive studies.
Inobese children, the metabolism of apolipopro-
tein B has been reported to be impaired [11] and
the levels of serum lipoproteins and apolipopro-
teins elevate significantly [12]. These changes
of the lipid metabolism in childhood have also
been considered to be a risk factors for coro-
nary artery disease in adulthood [13, 14]. In
addition, significant associations between child
obesity and abnormalities in glucose tolerance
as well as insulin secretion have been reported
[15-19]. Therefore, obesity affects not only the
lipid, but also the carbohydrate metabolisms in
obese children. Thus. these changes may be
employed as predicators of obesity in child-
hood.

Information on the relationships between
carbohydrate and lipid metabolisms and obesity
is quite abundant. However, this information is
obtained mainly based on the children of school
age. Thus far, informution pertaining pre-
school children is scanty. The present study was
designed to obtain these information for pre-
school children and to find risk factors that may

be used as indicators for gbesity.

Materials and Methods

Subjects

38

The subjects were children selected randomly
among the kindergartens located at Taichung
area. Informed consents were obtained from the
parents prior to participation in this study.
Anthropometric Measurements
All measurements were taken by pediatricians.
The children were weighed on a calibrated
weighing scale (Nagata, Tokyo) with a preci-
sion of 0.5 kg. Standing height was measured to
the nearest 0.lecm. At least two measurements
were taken on each child and the average of
these measurements were recorded. Body mass
index (BMI) calculated from height and weight
(kg/m?) was used to estimate the degree of
obesity. Children with BMI above the 95th
percentile were considered to be obese [20].
Ages of the children were determined from
their dates of birth.
Biochemical measurements
Blood samples of the participants were also
taken by pediatricians between 8 a.m. and 9
a.m. after an overnight fast. Serum was then
separated when clotting was complete and
stored in at -70 °C for further analyses.

The concentrations of serum glucose (GLU)
, total cholesterol (TCh), triglyceride (TG), and
total protein (TP) were determined by an auto-
matic biochemical analyzer (CX-5. Beckman,
Loy Angles) uccording to established proce-
dures of the manufacturer. Fructosamine (FRC)
wits assayed using the nitroblue tetrazolium
method adopted from the Beckman CX3 autoan-
alyzer. The levels of apolipoprotein A (Apo A).
apolipoprotein B (Apo B). and lipoprotein (a)
[Lp ()] were determined by Array unalyzer
{Bechmun, Los Angles). All luboratory measure-

ments were obtained in duplicate and averaged.
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The concentrations of serum FRC was corrected
according to Peheimet al. [21]:
[Fructosamine] ¢jyied 1o protein
= [Fructosamine} / [Protein] x 70 g/L.
Statistical Analyses
Values were expressed as mean + SD. Differ-
ences in the anthropometric and biochemical
measurements were determined by the Student’s
t test. The correlation between these measure-
ments and obesity was determined by Spear-
man’s rank correlation. Correlation coefficients
among the anthropometric and biochemical vari-

ables were also calculated.

Results

A total of 128 pre-school children (75 boys, 53
girls, aged 5.03 + 0.71 years) participated in
this study. The means of anthropometric and
biochemical measurements categorized based
on gender are shown in Table 1. There were no
significant differences in these measurements

with respect to gender status. Regardless of sex,

W. L. Chiang, J. Y. Chen, U. P. Ling, et al

six children were found to have BMI above the
95th percentile and, thus, the prevalence of
obesity were 4.7%.
~ The results of the anthropometric and
biochemical measurements of obese and normal
children are tabulated in Table 2. Regardless of
the obese children had higher values in height,
weight, GLU, TCh, TG, Apo B, and TP and
lower values in Apo A, Apo A/Apo B, Lp (a)
and FRC, there is actually no significant correla-
tion between these measurements and ‘obesity.
As shown in Table 3, BMI was not only
significantly correlated with glucose, triglyc-
eride, and apolipoprotein B, but also inversely
correlated with the ratio of apolipoprotein A to

apolipoprotein B and fructosamine.

Discussion

Serum lipoprotein (a) concentrations have been

investigated in a group of five-year-old
Japanese children [22]. The frequency distribu-

tion of the concentrations was found to be

Table 1. Anthropometic and biochemical measurements of a group of pre-school children in Taichung area

item (Sf-){; (S:"é%)
Height (cm) 1129+ 8.1 1125270
Weight (kg) 239+59 225+5.3
Body mass index (kg/m?) 18.5+33 176+32
Glucose {mg/dL) 791104 78.5£10.7
Cholesteral (mg/dL) 167.2+27.2 1732345
Triglycerides {mg/dL) 614186 653+ 261
Apolipoprotein A {Apo A) (mg/dL) 1350 21.0 1367207
Apolipoprotein B (Apo B) (mg/dL) 1029245 1086285
Apoc A/Apo B 14£03 13t03
Lipoprotein {a) (mg/dL) 16.9+ 315 14.7 £195
Fructosamine (g/L) 220.8 £ 301 2210181
Total Protein {g/dL) 7831 7505
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Table 2. Anthropometic and biochemical measurements obese and non-obese pre-school chidren in
Taichung area

Obese Non-obese
item children* children
(n=6) (n=122)
Height (cm) 13.7+72 H2.7+£7.7
Weight (kg) 33.8:4.2 22.8+5.2
Body mass index (kg/m?) 26.1:0.8 17.8+28
Glucose {mg/dL) 86.3+4.3 78.5:10.6
Total Cholesterol {mg/dL) 164.8£33.5 169.9 £ 30.4
Triglycerides (mg/dL) 6584283 ° 629218
Apolipoprotein A {Apo A) (mg/dL) 129.0+19.5 136.0+20.9
Apolipoprotein 8 (Apo B) (mg/dL) 108.0x 31.0 105.1+ 26.1
Apo A/ApoB 1.3+03 1.4 £0.3
Lipoprotein (a) (mg/dL) 15.4 £10.7 16.0£27.7
Fructosamine (g/L) 205.7 £15.1 2217259
Total Protein (g/dL) 80x05 77424

*Children with BMI above the 95th percentile

Table 3. Correlations among anthropometric and biochemical measurements of pre-school children in
Taichung area

HT WT BMI GLU TCh TG Apo A ApoB Apo A/ApoB Lp{a) FRC

WT 0.69*~

BMI 0.24 0.86*"

GLU 0.23 0.49** 050

TCh -009 -0.00 004 013

TG 012 023 023* 030** Oomn

Apo A 0.26* -021 -009 -000 0.34* -ONn

Apo B -0.00 0.18 0.23* 026* 0.77** 0.27* 019

Apo A/ApoB -0.14 -0.29** -0.28* -0.29** -0.46** -0.39** 0.40** -0.75**

Lp (a) -0.06 -0.05 -0.04 002 013 -0.03 -0.01 0.10 -0.056

FRC -0.16  -0.32**-0.33**-0.14 -0.03 -02t 0.04 -009 0.4 0.72**
™ 013 008 002 005 -006 005 002 -003 004 -0.53** -0.81*

'p < 0.01, **p < 0.001.

HT: Height; WT: Weight; BMI=Body mass index; GLU=Glucose: TCh=Total cholesterol; TG=Triglyceride Apo A=
Apolipoprotein A; Apo B=Apolipoprotein B, Apo A/Apo B=Ratio of apolipoprotein A to apolipoprotein B; Lp (a)=Lipoprotein
(a); FRC =Fructosamine; TP=Total protemn.

highly skewed. The concentration was also serum lipoprotein (a) among the pre-school chil-
inversely correlated with weight and BMI We dren in Taichung area ranged from 2 to 242 mg/
obtained similar findings in frequency distribu- dL. However, no significant correlation was
tion of the concentrations. The concentration of found between this analyte and total choles-
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terol, or weight, or BMI in the present study.
Low prevalence of obesity among pre-
school children in Taichung area makes the anal-
ysis of the relationships between the measure-
ments and obesity difficult. By the Spearman’s
rank correlation, we did not found significant
correlation between obesity and the anthro-
pometic as well as biochemical measurements.
However, BMI was significant correlated with
TG and Apo B and inversely correlated with
Apo A/Apo B and FRC. However, recent inves-
tigations have established that apolipoprotein-
Al and apolipoprotein B as well as their ratio
(Apo B/Apo-Al) are strongly correlated with
coronary heart disease [23]. Qur findings indi-
cate that changes of BMI with these factors in
children may be a progressive process. Signifi-
‘cant influence on the metabolism of lipid and
carbohydrate by obesity did not reflect immedi -
ately at the pre-school stage.

Carbohydrate is known to

intolerance
occur in obese adult and can be determined by
serum fructosamine assay [2<1]. We found that

there is a correlation

significant  inverse
between the level of fructosamine and BMI.
Thus, an impairment in the me tabolism of carbo-
hydrate may occur in children with lower fruc-
tosamine levels. Therefore, serum fructosamine
assay may also be used as an indicator for

obesity in children.
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