I EFHA A8H A4S
Korean J. Biotechnol. Bioeng.
Vol. 8. No. 4. 328-335(1993)

1%} aAAHE

o] &% Zd2HE AL

Flow Injection Analysis A] ~8]2] 7jjut

AR A7 A
azHP|e Y A2Ee

Development of Flow Injection Analysis System for Amperometric
Determination of Cholesterol Using Immobilized Enzyme Columns

Min-Chol Shin and Hak-Sung Kim

Department of Biotechnology, Korea Advanced Institute of Science and Technology
373-1, Kusung-Dong, Yusung-Ku, Taejon 305-701, Korea

ABSTRACT

A flow injection analysis(FIA) system was developed for the determination of cholesterol using im-

mobilized cholesterol oxidase and cholesterol ester hydrolase. The enzymes were immobilized on con-
trolled pore galss(CPG) by the glutaraldehyde method. The glass colunms packed with immobilized en-
zymes were found to contain 3-5 L. U. for each enzyme. A hydrogen peroxide sensitive electrode was
contructed and applied to the FIA system. The operational conditions for FIA response were investigat-
ed and optimized with variation of sampling volume, flow rate and composition of carrier solution. The
FIA response were linear upto 60 and 400mg/ml for free cholesterol and cholesterol ester, respectively.
All samples were analyzed with a good precision(<2.5% CV) and accuracy. 23 samples were mea-
sured succesively within about an hour. Intermittent assays of more than 500 times caused 50% de-

crease in response sensitivity.
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850mg 2] EAEl o] 715} Fol A A= ozt
29 A7), AFoME iAol o] AL T3
#E ZE2HES F53t dAEAl "o o]
A$ ZY2EHEY B g $2 S wE,
A Wl ME lipoproteine]dt B3Ae] ez &
uks|ojzle}. Lipoproteind] T2+ A4S WA
7171 915te] Tl AAMA, A, felEda
HE0] 91X}y, B triacylglycerol, Zd|AH)
£ g2 FA=E gt} old FHAHES
42l Yejol olrdl2 Per} 4169 vl EE EA
e}(3).
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Ho2ie, HPLC, GC 5% 53 45 go
v, B4 HheE o)4geEH Z i Eule Eol
A Ak (4)o] 7FssHA Halek A EHE a4k 2
#l~8)E A}3}d 4 (cholesterol oxidase, COD)$} 2
A2 B E ol2dH 2 7hE8) &4 (cholesterol ester
hydrolase, CEH) o]n, 2 uk8-7)2b& 3-8} 7it).

CEH
Cholesterol ester + HyQ -+ ovevivonn >
Cholesterol + Fatty acid
COD
Cholesterol + O2 + HZO ................................. >

Cholest-4en—3-one + H,0,

% AA" A3l (hydrogen peroxide)Z colo-
rimetry(4), fluorimetry(5), chemiluminescence
(6) 59 dE o83l ZH2HE T AT
% sl

a2y BAAEE o7 74A] ZH1E A (interfer-
ence compounds)°] E3tEo] gle] H&FF B
Zoizb "eh(7). FF 34 daE o)4d Ag:
Alge E8xst £39 33 Sol A7} =4, §
F 2 o 83w 4% 0l §E 9
ok ey A7)k delE 43k 29 o)y
& RS AL 5 Sk, 5 9
g A ¢Jx}(potential difference) 8}2) £ A= Ajo]
oA, Atstasel] o HAH FaserE ke
Zro] wlzbd Ao 2 Absjuk3-g U o)A =Hch(12).

(+) working electrode :

HO, i > 2H* 4+ 0, + 2e
(—) counter electrode ;
4H* + 0,4+ 4e™ oo > 2H,0

oluf AAz}A AAE A o)A k3 Ak} (anodic
oxidation) A] ¥AJ3}= &4 (diffusion current)
v HAskrae Fx vlEEA "o o)elgk A
' (amperometry) &4&, o} FAubo)A] 3
7F2 AR A== Aofo] - gste] AAMo|H, B
Ao A5} $98ln, 233 2 253} s
3} (7). _

£ ATNME A3 EAE o]43)e] Ay)sst
A ulo R ZHAdES ZHHsa A 24
3= AAE MEstzzt sged, ol i FIA
(flow injection analysis) A|AES E4j3te] Al
3t AP o] ¥ FH2AL Fgslgct.
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AE 3

Alet

AMEE §4E cholesterol oxidase(E. C. 1.1.3.
6 ; 2.7 International Unit(l. U.)/ng ; Sigma Che-
mical Co.), cholesterol ester hydrolase(E. C. 3.1.1.
13; 25 1. U./mg ; Boehringer Mannheim GmbH)
28|32 horseradish peroxidase(E. C. 1.11.1.7 ;
250 U./ng ; Boehringer Mannheim) ¢| e}, 23| A
H€3} cholesterol linoleate-2- SigmaAl2EE FE
8}913, 3243} Al controlled pore glass(CPG,
pore size 200A, 120~240mesh)E= ServaA}o) 4]
T313}4ic}. 4-aminoantipyrine, sodium cholate, 3
—aminopropyltriethoxysilane, glutaraldehyde 2]
3. Triton X-100+& 25 SigmaAle) &g o443}
Aok w3 AA ARA sFsAS AHRT] 98
of, control serum®} 9%ql Accutrol(Sigma Che-
mical Co.) & FAol AMgaldch. 29 Ay A4
" Ak 2% analytical gradee]g]t}.

HEEH| A=

o282 2 aeze o] gt e L)
& wjZel 2 standard solution®] A|zE &4l o

& Zeth FHadHEY A, 94 400ng g
Triton X-100 4-94(20% v/v in 0.1M potassium
phosphate €+3&8-¢, pH 7.0)¢) *¢l & 100mlZ
3] M31oc}. Cholesterol linoleate= 400mgg 20ml
o] Triton X-100¢] Fo] =A$ Edr] Felo g
3to] Bhe fefo] dojx|m 0.1M potassium phos-
phate $+&4-H(pH 7.0)& A28l 100ml2 34
3hict. o] whye g A NAEo] INFHA &
T ZFEY FF8AE 94 =

849 N5

A4 248} 84 Ao 2oj= FAAYL F2
controlled pore glass(CPG), silica gel 53} 7-&
7] @A (inorganic supports)7} A3 ¥c}(7, 13).
2 ol FIA Alag] WielA9) 1 73t tijk
AgAo] 222, dead volumeo] 4717 A =
A|g52] FAigAde] HislE7] wFolc}. o)Ly
LTHE FHEAEE 58 A 294 A
& STl A3E F0, pored) 2 ulEHA
o] FHEHERE A A 3pgo] ) 7]
A F718¢ THATE A7 A B9
3lA 2ol W (14) 2.2 4 silanizationg =3}
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Ar}, o} Ee 2 HAME 2%2] 3-aminopropyltrie-
thoxysilane €< 5mlel] 1g CPGE Ad-2ol4 10%
7+ AANAR F, Hefe] JAE AAT F 80T A
6417t 5t 71g3ted propylamine CPGE 2%t
o]Z t}A] ol ELR 43| AHI F, 120CeA
1207 AZA7) F AistolA BFssict. 345
FAA) 7= A A=, 0.1M potassium phos-
phate $+38H(pH 7.0)o2 FAH 0.1%(v/v)
glutaraldehyde-§9} 2mle] 200mg propylamine
CPGZ A F vz ATAdlA 158 A2
3t thA] Aol A 4587 AAHAct. ol ek
o) 2242 AH% 9, 0.5mle] a480E sela
1037 AL FAAZ. AAS 2L e 12
A Bk 52 TASA F, ol Fefa
e i TR AH Arstel Qlojal 243
&2 0.IM potassium phosphate %344 (pH
7.0)el4 4CE Rpslgde}.

oAsl44 E0) M21 Flow—through cell2|
H =

Wl sheet(5X5x0.3mm) S o] &3] FAkslra
Eo)lAdZg ARttt AT EAS AsRI] 9
3 A" A AZAdAE, saturated calomel
electrode(S. C. E., TOA, HS-205C)& &AFo
2 olgatglty. AT Alele] AAE AAA &
AXNA F= ETHlA g (potentiostat) & EG &
GA}FY) Scaning Potentiostat Model 3625 A3}
3, o)& F4 A7)3shike-E At 7AE
AL FIAX 2" A 34387 93, Fig. 13 2
2 flow-through celle- A3 g}, Flow celldl

Working E
Insulator
Flow in Flow out
— E
] C
{ 1 I
A Spacer
C i
Acrylic plate
Tylie e Assembly
Screw
ounter E

Fig. 1. Schematic diagram of flow-through cell.
Spacer was a silicon sheet(thichness, 2mm)
and solution inlet and outlet were made of
stainless tubing.
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A ghe Aekedel o wSolAE Uy ¥l
(internal volume)-2 <k 80 1 ¢ o)¢t}. 44 back
ground noiseE Zo|7] $3l inlet%Fe] AHddx~
22 Wrlez Az,

FIAA|AEIS] PN

TAs G4 AYL ol4sty FHxHE FAHE
sl FIAAI2ES Fig. 2014 221402 vehlig]
t}. FIASY 7 FAHSAE A2 dAsted ol4"
2E connector$} #(Teflon, ID 0.8mm)2 Alltech
ApolM Falsheleh. 2247 (Rheodyne, 5020,
Teflon Rotatory Valve)old F4% Agx, e
o] Lall.g FEA]7)= HE (peristaltic pump, Eyela
MP3)ol 98 2A3 &4 HHE T8} flow
cellg Aptela] EAo) Hr). F8] FH2HE £4
g COD AYee, FE2g2HE 4= CEL,
COD #YEL FaAH o2 AFAAM FIAA2EE
TRt A4S a4 Ahe, 840 2Astd
CPGE 4&l3t(W7 2.5m, Zo] 2.5cm)el| 214
7]3 2 ¢k & nylon nets® 2|3t i)
=3+ mixing coil(length, 50cm)-& Ax)3le sl z]of
(carrier) €9 W} Triton X-100¢] AZ. % lipo-
proteine] EAsHe FHAHEE B A B4
(emulsification) A1 4 =2 3ot H=of 9
8 A7)s 9534 (pulsation)& flow cellel] A
AL BolAEA o2, damper® 48l &=
flow cell?) outlet 29 Fulg 2AA 3o 1 £&
waste £ Yo g2 24, flow cellol]4] A=
L pulsationg 4 4 itk BE FIA £4&
37C F23lolA =T Aejo] &A9) AL,

_ll)ll

Potentiostat

Sampling port M
g ) O—n"
B (l PREE -
I D u Flow cell

immoblilzed enzyme
column

IBM PC

Fig. 2. Schematic diagram of FIA manifold;B,
carrier buffer;P, peristaitic pump;D,
damper;M, mixing coil(length, 50cm); W,
wastes.
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1.0% Triton X-1002] 0.1M potassium phosphate
%349 (pH 7.0) o] %It}

As X2

FIAA 2R 2 9] 3235 AHeja}r] K6, PC-
Lab Card(PCL 812, Advantech Co.)& o]8-3}o],
EZRA e ~He] £3E vlo]aE HFE(IBM-PC/
XT compatible) 2 #<:(interfacing) st} 22
2 A5 9 AMeEAFHAN A Boxcar averag-
ing method(15)% ¢]-83}e] &2 WAJ3}= noise
2 924, B dAY AHE 4S5 sl
AFozye WAHE AFE 2% Y 23
AL, ol WA= S-S Huhgk(peak hei-
gh) 02X 25 A58 FEE <& & rh

7|El EA{aH

Allain 5(4)9) ¥pe 433}o], COD, CEHY
2A4E Atk & ke 242, 4-ami-
noantipyrine 0.116g/¢, phenol 1.2302ml/¢, per-
oxidase 250 P. U./ml, 0.5% Triton X-1002] 0.1
M potassium phosphate $+%-8-(pH 7.0)¢] 24
A2k 3mlel] 1004 ¢ 2] 5g cholesterol/¢ ethanol?)
714& 7hete] He ¥, 37CeA COD YAee
B7R1e] AR A2 Fol FREE 500mme A 5
st &AE 734} CEH #A$-+, 50 1 U./¢
2] COD#} 1.2947g/¢ ©] sodium cholate7} 3715
WYAekg AM8Ete s, 7)Ae 2g cholesteryl lino-
leate/¢ isopropanolo]gltt. A §4e ALE
e wyoes 1 AL ZA3Hr}(8). o},
40 1A3} o, 2A4s}ER] G A5 EA
= #4888 Bradford’s method(16) 2 Aekslg
t}.,

Az =8 3%

CPGe| & Zgls™} §M 8|58

dAeke] CPGel ZAwe WsiA7|dA 243}
ARE W, Bav) 2AsEE AxE ARl
7t A Aawe] 200ng CPG 3 WAoo 2 of
2mgN A} Tig o & F7lsle Eat, Agse 9uA
& Ay oz FU1sAct. 19 Smg/200mg CPG
o] & 713t A5t ME 60% W29 AT 24
3} 788 Aok B d7olA 243} Fxe)
Al Stk S A71E o, 893 Z92H2Y ¥
T WA FAo] et E FEF 971 i
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7t 2R EHE 278 = Ao Fast)h. Uik
o2 Y¥AAE o= 10040 & 0.67 umoled] &
FEreEo] 23, 743} 54 AHNA 9
L U. 0|49 Az} fA€ctd Iml/ming] -5
oA 714 Z57}t FAseAR AfEE Fo Y
Z730] A€ Zeolch. £ dAFoxE 200ng CPG
o) Aol 4 Tmgg HHEAIAA, oF 16 1L U.o &
e e 243 FAE At o] SelHd &
AXAA 3~5 1 U. Weje] 8A& z2h= 243 &
A2 AYE FAY 4 glgit). CODg} CEH 2% 9
27102 zpzt n A3} i)

37 AR EY

49 AR et Akl Fod¥ 5 Qe
3}3tEo] F=ln] WA AR (anodic current) o) gt
A3 2dert wigsiAl "do(12). Faksleao) Al
gdeo]n] ¢k Ael HIuL%(anodic oxidation)g
do 7l AYAE dolry] ¢s), ZFAF(S. C.
E.) tiy] A2 AaE +0.5mV/secd] scan
rate® W3 |7|HA A= ARE At
ME g2 JAsa FEANAM dojxE AFHY
24t (current-potential curve)& HA3FL o,
+850mV 39| Al A A AFEA ] HBF
Het}h. oldl AreEt= MEAZ(auxiliary elec-
trode) di®} #)A]A=(working electrode) ] A$)
A= +600mVyen 2 2% flow—through cell€)
o] ATFA A$olls +600mVe] A}l 4] AL
T33}5ict.

Flow-through cellof| A HSSEHl| i3t A|Z2k
A

A we aEs AdelA9 &4 (measure-
ment in static cel) = ga], FIAX A=A A
83| flow cell& A= Fohah £714q 23
(peak height mode)o] o]Fe|=|A Hc}(13). =7
22 FY=He AEHe] 18-S HYNsE
g 71 =3, dAH olAdlME At Y
Sto] dojalt), 2eh} A B AEES Eol7] 9
# AEEAe FEE HAsA 24 dgr) Q)
t}. Fig. 3(A)o4] Iml/minZ 3149 <8}l A
1,0002¢ & FAstpa AEe ALY AEE
Bol}, &Ao) A8 ¥+ AJ7H(peak width)o] v
o Aee AE o 7 ok AERE A2
upz} A3 ZolA| T peak widthE Zojti 78k
o] A=t 1je 2 AFeg EA A (char-
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acterization) o] |43 Algake- 100y ¢ 2 wAE
et

Flow-through cellojjA] =22t chst {49
Y&

AEagst Aol 4o fol S v &
A= BAAo g HE ). F Aggo] By 45
o] &%, Xg2 A Are A2 Hu
detectorol| A} #F-2& A7ke] Frlste] & Alart

. 22y o S92 flow cell

500

4
4001 - 5044
100
i e 250
~ 3004 -— 500
] — 1000
2
g
§ 200
o
3
S 1001
o
2
)
V]
—100 T T T T T T T T
(4] 60 120 180 240 300
Time(sec)
350
300 0.4ml/min
- ——= 06
v 0.8
250
é ’ 1.0
% 1.5
S 2004 1.8
a
&
2 150
L
k]
S 1001
S
&
=501 \\
0 —=
-30 T T T T v - v
0 60 120 180 240 300
Time(sec)

(B)

Fig. 3. Electrode response for H:0: under various
operating conditions.
(A) Effect of injected sample volume.
Flow rate was fixed at lml/min. Ar-
row indicates sampling point.
(B) Effect of flow rate of carrier buffer.
Sampling volume was 1001 £.
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of| A u+-&(electrochemical reaction) o] FHbE =2,
Féol wE FAsFLY SHHSLE HREHAL
(Fig. 3(B)) & L5ml/min o|el| A& 74 #ste|
w2 35 Zolrt A E9led, o2y £ 48
AR BSE £FE0E FAHAY. f50] Fold
T8 grto] AXE AL A4 35 A
F gWo g9 EAxGo] walA] 7] wolch E
0.8mn 9| Wl & W7AE 7hAl Fo] AHEEHSGen
2 X530 doju}= 3HiteiAte] Mubdog T 7
E 1 olf9 shir & ¢ Uk

2ot st Triton X-1002] &t

gAY lipoproteindl] £AjslE FH2HE o2
27} F4uk-% boejd, Triton X-1003 7Z&
AP A (surfactants) &) ESo 2 &8 Y2 2
Fats]ojAof gl 2 AREHA= L8
7 AL A2, ofgE AFuHEE WHE F
A =}, Fig. 4914 Boz%o] 1.0% o]4+e] Tri-
ton X-100 EEojx=, A A A8.Q control
serumel| thg AFEHe] AFH2 FAdgrt.
2R Aele] fHolH e FrE o SHE B
olx= 1.0% = AR} g}

elo] BHel FSo e SE| Wt

MNelofe F4-2 A5F 4 Auletd, 14
3} &4 Ao A2 uk-e-A|7H(retention time) g TF
). dAeke]l Zg2eE3 cholesteryl linole-
ate® FIAAI~glo 2 EAEQE o, 5o W
3ol we} Fig. 53 22 55 FAbo] Hofzlr}. 500

2.5

2.04

Electrode response( ZA)

0.0

o 1 2z 3 i 5 T
% Triron X100 in carrier buffer
Fig. 4. Effect of triton X-100 concentration in
carrier buffer on the electrode response
for Accutrol.
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3.0

2.5 4

Cholesterol
2.0

Electrode response( (A)

Cholesterol ester

0.3

0.0 T Y g T —— Y y T T T
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
Flow rate of carrier solution{ml/min)

Fig. 5. Effect of flow rate of carrier buffer on
electrode response. Symbols are : (M) 50mg/
dL free cholesterol, (A) cholesteryl linole-
ate.

ng/dLe] w]wy }o Ag yrox By sy og
o Mgl sl oJEAo] 2 e, A} T4
Yol FE3A FaA AEgo] 2] wFold).
A2 FAMA Foll Este Age] B} a2
n, 50mg/dL olaHZel Alels Fdd B bx
o 8] FHAHE0] Hole A5 20% 2o
A3 22 A5} dojzirt. oj= CEH 143 &
& AFA A2 Ak(dispersion)o] E712
WA, CEH7F 34319 A9 Agtgo] ze
HlA tiige] Z)qlgit) @ feae] RAe
=7t 4319k $A 47 A7} (peak width)o] 4
~TE ARE w)$ HoNE2, 2F RE BMo
1.5ml/minel| A 48 = ¢}

ZY AH| S0l tiBt Calibration curves

A B8Fo] 1001 ¢ o= sle]o] 49 f&o] 1.5
ml/min? o, FHAH o] St S5t7}e] ARA
< AsEsgkeh. A G FY2HE9 A4, oF 60
ng/dLe] =7} A¥A Q) Sohe ¥y, o] A
FASE 090430} olgHow ANE Ha 34
gl S/N(signal to noise) ratio’} 3 o 1.2ng
/dLojz, AA SAHE W%E & $=94(0.387
ng/dL)7HA 7Fedint. $EAHE B9 A9,
400mg/dL7AA 9] $so] MYAE Jeldzw, F&
A3AG(r=0.998)7} ¢dejxc}. S/N ratior} 39
o 1 24 SAHYAE 6.12ng/dLEA AL
4] 875+ 10ng/mle) 2= 48 5 gldch
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2.5
.
2.0
2 1.3
i=
g
2.
2
L )
& 1.0
2
o}
<
o3
Q.0 T T v T v T T T v
[4] 20 40 60 80 100
Cholesterol concentration(mg/dL)
25
2.0
T 154
2
o
&
&
v 1.0
a-)
<4
o}
L
=054
0.0 +—v———"7——

0 50 100 150 200 2350 300 350 400 450

Cholesterol ester concentration{mg/dL)

B)

Fig. 6. Calibration curve for free cholesterol(A)
and cholesteryl linoleate(B).

Fig. 69 (A)s} (B)elA Z+2t 2] 292uE o
FY2HE oAHEZ FFLNo| 8 calibration
curve® B4t} ofge] ¥ o Ak 29~
HEo] 130~260ng/dLS(2)< za& o, 2 FIA
A2EE A834 S AxHAA glo] EAlo] 7}
¢ AHE Ayidz AYztE,

249 LY (precision) T} H&HA (accuracy)

A2 oE A8 ¥R 2 A3E FAsg).
(Table 1) =& A87} A4l F4lo2 103 &
AE et 29 o 35 BE coefficient of varia-
tion(CV)e] 25% oJ3}ql Ao g ZAlEQir}. w3t
least square methodell 2JgF AbzksbA| 4)o)) A €] A4k
Aok AA FEG 94 2 Apolr) 25% oluigt).
ol2igt ¥-Al9] AuA} H& A vl National In-
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Table 1. Precision and accuracy of FIA results.

Concentration| Mean sD* cv™ Recovery

(ng/dL) (1A (14) ®) ®)

Free cholesterol

10 0.2270 0.0052 229 9.2
60 15857 0.0391 247 102.2
100 22186 0.0530 249 -
Cholesterol linoleate
100 0.5866 0.0114 1.94 98.6
250 14157 0.0113 0.80 100.2

*5D:standard deviation
* ¥ CV : coefficient of variation

stitute of Health¢] 4+8} $1913)q] Laboratory Stan-
dardization Panel on Blood Cholesteroldl] €]}
e 8 A(<3%)(2) ¥35E 2 Afolnt.

aele| 1

s FIAGIA 9 A¥el 5L Fig 73 3
o Fojal AlagloAM S5 AL nAst &
4 Ao A A &It 1A% ans
°C, 0.1IM photassium phosphate ¢34-<(pH 7.0)
o] Bed 724 FIAA2HAM9] $Fe] 6704
o] $-A(>95%)Hlort, o 5003 o]4te) 7+
A BAeA FIA $9& 50~70% FFo2 7Ha
gt 2As 84 AYPE o4 FY2HE 5
A4 FIA 7%, 2713 10~203)9] EAAEE
7} s wl gith(3, 8, 10). £ A2HdMe FF
v 21 carry-overS 1% 2§43 E

2.5

238mg/dL equ.

2.0 Control serum

179mg/dL equ.

UL

0 10 20 30 £ s 60
Time(min)

112mg/dL equ.

104 6omg/dL
cholesterol
equ.

Electrode response( zA)

Fig. 7. Typical response pattern of FIA.

Korean J. Biotechnol. Bioeng.

o] X834 % (sampling frequency )+ 23 sam-
ples/hr24] Hr} Al&g o] 7bs3ctk. f2
d2eE BA9 A9 A3 Aol A drls
Agapell Ardglo]l o 60~80mg/dL7tA|S] &t
o] AYAo|gor}, FFH2HE £A4L 400ng/dL
Wele srzbA A¥edE st ol Fig. 50l
Aok ARl F AY BF FEA X A4S
74Xz glevt, CEH #H#ollA] Azk(F 20%) HE
oAl f2 FHxHEo] COD AAA AhH
2 2 A88L 2y diskeas AAst] wiiel
g} Azbgich, weba 2 Bk f8 FE2H
£3} 2 o2HZA9] AlEst £ FIAA2H A
o] A4, A2 zlolE Mo|r|x Fh(8). 1
o2 CEH7} AdAe g gef 3A35t5 Ao =
3he Ao] Basltiy g}

2 o

IAF AT ol4std FH2HES A%, 7
317 A 4 ¢+ Flow injection analysis(FIA)
A2 e sl S 2 Aslaae) 29
2HE d2HZ JlE A4S controlled pore
glass#} glutaraldehyde® AM4-3 912 2438 &
AE, F2dd A8 oz YL ¢ 351 U
o) 4% yehyglh. WFE o4 4™ AS
£ +600mVollA aanks A AFE ks
o sl Soldoz Sustelch FAselAl FIAX
2d9) BXFE g7 A3t AEE, Ao
folo] 4231 A Fo| Wizl @& FEE AL
atgdct. HAstE gz AE A fE T HE
7 ZY2HE o2dHE2 FFEH] g SF 4
7} 60, 400mg/ml7tA] AP A (r=0.994 2 0.998)
S Jehign. ZE A5 £ AE, AU(<2.
5%)% AR ZAESIT. A7k 2335]9) EA4o
Vs8R, 50039 7HEEA Fo SR}t
ulo 2 zkaalgdrt.
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