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Detection and Quantification of the Mushroom Toxin g -Amanitin
using High Performance Liquid Chromatography

Kohki Okada”, Atsuhisa Fukudaz), Hitoshi Takeshitall>

Summary Amanita virosa (A. virosa) produces a lethal toxin @ -amanitin (AMA). Laboratory
medicine for patients with AMA poisoning has not yet been developed. In this study, we
established a high-performance liquid chromatography (HPLC) method to detect and quantify
AMA in biological samples, and evaluated the usefulness of this assay for laboratory medicine. In
addition, we evaluated the efficiency of this method in distinguishing A. virosa from other
mushrooms. The HPLC system, using a gel filtration chromatography column, could detect AMA
in acetonitrile solution within a range of 200 to 2 x4 g/mL. An accurate calibration curve was
obtained using these concentrations. We then determined the levels of AMA in different mushroom
extracts; AMA was only detected in the extracts of A. virosa. The AMA in urine was undetectable,
possibly because components such as urea conceal the AMA chromatogram. On the contrary,
AMA in deproteinated serum was detectable, and its concentration could be calculated to a certain
extent.In conclusion, our HPLC analysis method may be useful for the detection and quantification
of AMA in deproteinized serum samples for laboratory medicine. Moreover, this method can be

applied for the examination of wild mushrooms and identification of A. virosa.

Key words: a -amanitin, Amanita virosa, high performance liquid chromatography

U BUER RS MRl R R R " Department of Medical Technology and Sciences,
T 607-8175 HUHRAT HUHR T LR X K8 1L HIHT 34 Faculty of Health Sciences, Kyoto Tachibana
Y KB ER SRR S = SRR PE B University, 34 Yamada-cho Oyake, Yamashina-ku,
T 569-0856 KB ST 5117 8-1 Kyoto-shi, Kyoto, 607-8175, Japan

Y Department of Medical Technology, Osaka Medical
HEARSE M R and Pharmaceutical University Mishima-Minami
TR R FE Bl A R R PR A A 4 R Hospital, 8-1 Tamagawashinmachi, Takatsuki-shi,
Tel: +81-755-71-1111 (ex.4938) Osaka, 569-0856, Japan

E-mail: okada-ko@tachibana-u.ac.jp
ZAHH 202146 H 11 H
PRIRH : 2021429 H3H

- 120 —



HEWEEIHT Vol. 44, No 4(2021)

I. #&

il

N7 ONE i EOdx ) ANEHT SRS
a-7<=F > (AMA) BEMEOHKEE L
TRBHEN TV L, AMADEN O &3
EEON - BAZEFIZRIT7-0, BHIZ
RO LT N D, —F T, BT
IZBIFAAMADK L ERE B E L 2R
MAREE 720, RFESY TIEEESCRIED
MEEL, B X OSERZ &% JEI R EAEE 0¥
ENVTOND o ORI H I ELHEDIEBR 2 IR
XREZRRIE DRI D D 720, KRS T
bz, AL, ERGEHAMAD M E |2
B BERRAEZEOB LTINS,

AMADREHZIE, 1 < 2> 5 Meixnerid BR 25
Heantwiz, CoOFHEEF, VI7r=ri2&50
A (TR ERIIRZ: &) (AR 2
TL. SHOIEERY S SEHFRERDIAE D
L&D T B AMAD A O 5 2
479 b D TH ALY —J. Meixnerithifi Tl
AMAIZHEE DS S 2 B4 Av ek i IR FE S
B, BIBHEORKN E 25 2 EDTRFBENT
WhY v POEMKRNEGTD va b= 23
Meixnerst B CHzlE & HIE SN DWE DD ),
AR ERMRAT IO 35 & L Id gL Eb
Nb, £72. Meixneridki#1Z 51T 2 AMAD K H
BB I =200 u g/mL & SILTHB Y, FfK
MAEE e U CRRI L 728, ZOKEIEWES
bEL BV, FIT, AIZLAEL. AMA
DR 7 B SR AE A 2515 (ELISA)
AR L. ZOMBELTFHN L 72o 44, ELISA
12 & 2AMAD 2 & B 132 ugmlit E &
Meixneritf & 0 &2 2 EEE TH > 7205,
ERMZEL, M MTHD I EHHIHEICE
Fenzy,

Dol R» 6. BFEOAMAR L EIZ 1355
HEHDLEEDLEL MR, £2T, Frlk
Edifk s a~ b5 7 14— (HPLC) I27EH
L 720 HPLCIZFH D37 T A % @ d 5
OB OIS X, HINRS % 55 -
M 2 F3ETH L9 AL, AMAOKHIZH
B ZHPLCO ST b2 T & a6, £
OF IR, B L OHES ) a0l
FIEIISH D EETH B & # 2 1 ARWFZE Tl
FIiEB s a<x s 75 74— (GFC) T L

TA5H T A EHWZZHPLCOHMIZE ), ¥/ 2
O A7 Fl R AR R 2 & OAMAD Y &
Eimax A b,

I. M#ETE

1. #1%%

I AE - N AR EH (RED X b,
e boliEB L R E LT, Human Serum
pool (Il i & #F). B X U'Urine, Single Male
Donor, Human (JREUED) Zft L7, 871V
AFER R A ST GRR) LX), AMAB X
OEFE— R L7, T2, HF /3 (6
10T > 7)) 13, HARZOZ & ¥ — R
ZepT (BI0 ICX DAL - FE SNz d D&k
L720 THEMIZAIRD 2\ XTG4 E %
A RO HARRHERE (22O SHEAFEE S
720 WiRZ. K2 2 V% 7 (Amanita virosa ;
Awvirosa) 5% 7 )V (AVI~5), 77 1)
5% (A volva : OS1), "NEFx/ aEFF (A
spissacea : 0S2). 7 ¥ 7 % 1 (A. pantherine :
0S3). 2y <IT > 7% (A citrina : 0S4).
BLUAFYNVE T (A cheelii : 0S5) H &4
1M TN THD B .INLHEF Tid FA
HSLARZ R U223 SC T L 22 F 3k L [H
CLbDTHY, AVI~513AMA% &H L. OSI
~5IZAMA% A L %2\ 2 & ZELISAB & O
Meixnerst 5k CHERE L T\ %7,

2. ik

1) fEfR o

iR OEAREE AT 5 2 LT
5720, HIHDOAMAZHPLCOREIH OF
woGBA AT £ b= b)) ov=35:65. Ll B&
solution A & FE#k) . JREE B D \VILIE R
WZHEBL-b o ke Uiz, oy »
WNIBOERENE L, TOF AL LTH
32L&, BB OBILOWERH T 450
FVICEDNDL, 22T, ARBEHTHLTE N
= MYV % & Eesolution A% MLIE IS =N Z A
ZETHRY SR E L w0 EE (1,191
G. 1057) %O LiExBRICHW . £/20 &
¥ 21k, ATHIE TR D HS O EHE DS
FR BT-4x (Pileus) O EBAL % Mk iz v
729 ¥ ADEER gGRIER. FNEMTIN
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IZL. 15mLF 2 — 712 AN-80C THfE, T
5 EFHREIC L K- TRAAEE (1,191 G,
1053) IR 6 N7z R R sk & L7z,
Tfk DFEAE & L & NG ICBUR L 72 b o7
Fig. 1Th %,
2) HPLCZHT

MR et B epT (UHF) O JLHHPLCEE
& Prominencell, BRASHIEAET CGEx) o
GFCJ/H /1 5 - PROTEIN KW-803 & %' — F 71 5 4
PROTEIN KW-G 6B % #ifit L . HPLCIZ X % 53-#T
RFEH L 720 RIFFEOHPLCHAT CTld. 717 A
F— 7 %20C. iM% 1.0 mL/minlZ &% L.
EM & L Tsolution A% JEBH L 720 Z0#T I H
W AR OWERIEETIOOuLE L7ze RO
A 21 305 [ o 4 Fr EE [# (Retention
Time;RT) 1Z81F 5 #5280 nm TH L 72 9% 7
ERLER L 7o, WIERIE, BEEICNEET AV 7 b
7 x. 7 LabSolutions & F\>C, M L7200
TR %4770 5 720

ZFOH, BTV 7 N 2 7 B AW THERD
TR 2 S L 2e AMADORH &R B
EZ O T ATHRIZILBIERICH 2 720, Z
5 AMA D B #i /e B & Mk rh AMATE FE o 72 &
ATz

B

3) AeatfEAT

ETCOFERTSHME L FEM L. BT — %
EFDOFME (Ave) # 70y b7z, 757
NI T —N— 3K WEOE R (SD). HI
5L EIXSDERT . /2. WHEEOFMIZE L
TlX. [Al—AMAREE O Rk % e T 1omlH 2
L. ZEfRE (v, %) #EL L7z, 5612,
AMA® 7 0[] 03 5 B % 52 i L. el T =R
(Recovery, %) %8 M$T 52 & T, IEES %FF
fili L 720 HRHBRTE (LoD) 3 & OVERBET (LoQ,
AHFFE TIEZCVATI0% LN I E % BRI &
L72) DL, HABRRILES 7 ) T4
AV AV PEMBESOMREY 1IBRE N
HAPSLHM L 720 %787 X — & QMBI
5TV 7 FEasy R Z W T, €7V Y ORERM
MR R) #8952 & CREGEL 72,

m #3R

1. HPLCA#R I & 2AMADRH

ARHPLC/I T % % v TAMAD I E % M i
L. ZEZHhHAMADEmEREZ FFli L 720 £ 77,
solution AT 7 TR L 72 AMA D 14E¢ [ 75 R % 5]
(200 - 0.1 u g/mL) ZHPLCH#T L 720 200 u g/

Mushroom

Centrifuged I
| Extract

o-Amanitin

o
6 6—» Deproteinization

Urine  Serum

Fig. 1

Detection and quantification of
o-Amanitin

Preparation of each sample. For the mushroom samples, pilei were cut up

and frozen at -80C in 15 mL tubes. After defrosting, they were centrifuged

at 3,500 rpm for 10 min, and the extracts were used as samples. For the

biological samples, AMA powder preparations were dissolved in urine and

serum derived from healthy volunteers. The samples were then analyzed
using HPLC to detect and quantify the levels of AMA.
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mLOAMAZHPLC/#T L 72 & 2 A RTA 1455
3T @ & T TAMAD I A3 S 7z (Fig.
2A)s ENLLUF OEEDOAMAD I 54T L
72E AL 05 ugmLE TIXAMAD JETE L
EN7z7% (Fig. 2B-H. 140 - 60 4 g/mL ORI
HEZ). 0.1 ugmLTIRIRHAT TH -7 (Fig.
21

2. AMADTRERGIER

Fig. 1DOfFRICHD &, AMAOBEMBIER %
RATze TV 7 N2 T E W TAMAD I
Eo TR (Fig. 3A. RGEES) & HaIC
I DHEML (Fig3A. HH) . AMARE LB
HEOHEME» SEROXNE KD (Fig.
3B) o ARXOMBARERIZ0.998 & FEF 12 BATC
Hotze EHIT, BREMIZED . HPLCSH

» 200 pg/mL 1:- o 20 pg/mL ) 1 ng/mL hsn
) P ¢
Il .
o ; . expansion
| I I's
TR 4 G o ; v..—r_éj R
* 160 pg/mL ' B 10 pg/mL E » 05 gL H
TN
! | L l [ %] expansion
{ I'4
- 40 pg/mL C = 5pg/mL F 0.1 ug/mL 'I
= @ » "l
< | b ¥
E ] I'd [ B 5 expansion
E | : 3 r_t‘ 3
£ 4 cJ
=
<
Retention time (min)

Fig. 2 Detection of AMA in solution A using HPLC. In panels (A-I), concentration of
AMA in solution A is as follows ; A - 200 ¢ g/mL, B - 160 u g/mL, C - 40 u g/mL,
D-20ug/mL,E-10ug/mL,F-5ug/mL,G-1ugmL,H-0.5xg/mL,and]I -
0.1 4 g/mL. Red arrows indicate that the peak of AMA in the chromatogram is
detectable, while the blue arrow indicates that the peak is undetectable. The x-axis
shows retention time, and the y-axis shows absorbance at 280 nm. Each experiment
was performed in quintuplicate.

A
:ﬁ]ﬂ?l‘ﬂﬂ» B
‘SPD-Z0K Z80m A
ol 19 Standard curve
7
E 6
g s
3
| »i
=
§ To I3 ) % © o2 s
<E-oLit— 1 M . =0.998
$PD- —_—y= A+ X|
e —— S 1 — 2.7084e+6
a7 0 50 100 150 200 250
I C A< N7 111 3 ] v N
i 121 L) AMA concentration
(ng/mL)
Fig. 3 Standard curve constructed based on the correlation between AMA concentration

and chromatogram area. (A) Calculation of the chromatogram area of AMA. Red
color depicts the chromatogram area, while the blue frame shows the calculation
results. (B) Standard curve of AMA in solution A. The x-axis shows the
concentration of AMA, and the y-axis shows the calculated area of AMA. Values

for calculated area were plotted as mean * one standard deviation of the values

obtained from quintuplicate experiments.
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Wiz & 2 AMAEFE (100, 100 1ug/mL) #1%E
DOERVERER FFI L 720 AMAEREL 1 g/mLill%E
DCVIZ10.7%TdH - 72 A%, 100 u gmLB & V10
w g/mLE5E TIE10% LA TH - 72 (Table. 1)
F72. TN HAMARREERIE DRecovery1398.7~
109.5%. LoQI32.03 y g/mLCTd - 7= (Table. 1),

3. K7YILETUSNDX/ JHEROI R

W, N2y rbitoRx 2 2 (0S1-
5) O OHPLCAH AT 2 FEHi L 720 i
DI BT B 5HTHERIZB W TS, RTH
1457 R ICAMA & Bb I 2 I 3B S 7z
o7z (Fig.4) o

#

ﬁ\

T

4. K7V IR OMERO

—J. N7y (AVI-5) ofiiiE o
HPLCH T 24T 7% o 74 #. W3 LB RTAN1455
fFEIZAMA & b B WA S 17z (Fig.
5A-E. B, E512. INHEEOHEEZ
BHL, HEffcLTiEns 28T AVI-SO
AZIZBIT HAAMAREOHEENTEETH > 72
(Fig. 5F)o B, ZOMHIEF / 20&%#1 g
YIBs L 7280 7 & 45 72 il O AMAGE FE ©
HbhHo b, HHESNZZAMARE ICE&D£E
HEEMHEEARLE L & Ty AVI-SO4R|S
HEFEFNLAMAD G HEOMELHETH - 72
(Fig. 5G) o

Table I Measurement performance of AMA by HPLC analysis, based
on measuring solution A dilution series
Solvent Solution A
AMA concentration (pug/mL) 100 10 1
Ave (pg/mL) 104.1 9.87 1.10
SD 4.93 0.80 0.12
CcV (%) 4.74 8.11 10.7
Recovery (%) 104.1 98.7 109.5
LoD (pg/mL) 0.47
LoQ (pg/mL) 2.03 (n=10 each)
Solution A; ultrapure water : acetonitrile =35 : 65
Ave; Average, SD; Standard deviation, CV; Coefficient of variation
LoD; Limit of detection, LoQ;: Limit of quantitation
051 (A. volva) ) 083 (A. pantherina) S
. A C
] I
n /‘\ 1l f
5 | i A /
J I | MU
T W 7 0 £, e ® %
OS2 (A. spissacea) T 084 (A. citrina) =
] B 1] D
! o |
; m ; Uy
[ !
AL ol vive
o L T L 0
£) 0S5 (A. cheelii) | Y
F] =]
E ﬂ E
g o [
E I ’\l M‘
3 : it
< = T ]

Retention time (min)

Fig. 4

HPLC analysis of the extracts of poisonous mushrooms. The mushroom extracts

used were as follows: A - A. volva (OS1), B - A. spissacea (0S2), C - A. pantherine
(0S3), D - A. citrina (OS4), E - A. cheelii (OS5). The x-axis shows retention time,
and the y-axis shows absorbance at 280 nm. Blue arrows indicate that the peak of

AMA is undetectable. Each experiment was performed in quintuplicate.
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i (] i ) H o 1 E] & 0 i-] 50 %
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HPLC analysis of A. virosa (AV) extracts. Panels (A—E) show the chromatograms of samples
AV1-5. The x-axis shows retention time, and the y-axis shows absorbance at 280 nm. Red
arrows indicate that the peak of AMA is detectable. Each experiment was performed in
quintuplicate. (F) The calculated concentration of AMA in each extract. (G) The calculated
content of AMA in each of the extracts. Dotted lines indicate the average value.

5. REFPAMAD R ST, BB R AMAD W2 R 5 2 &
FEv Ty JREEZ W CAMAZSER RS AR 13k h -7 (Fig. 6A-E).

(200 - 100 x g/mL) L. HPLC/ AT % FE i L 72

AMA%R &4 L WIREE OG5 E (Fig. 6F) 6. B2 > /N7 MiERFHAMADO B

EHELTH, AMAZ & T REE TIIRTAT 14 S 51T, M REE F v CAMAZ 7E A R
o A 200 pg/mL o D 120 pg/mL
\ AMA in Urine AMA in Urine
. \/ . \ I
]:RT#/: L & E 7 Jﬁ:—/% ® 3 i
o B 160 pg/mL E 100 pg/mL
AMA in Urine ™ AMA in Urine
w] ‘ ol ‘
’ | il g \/
7 0 7 % R T T_N: —
] C 140 png/mL sl F Urine only
AMA in Urine (Control)

= «] %]
<
: ‘ \ k ' \
g 3 o (3 3 & [ o |§k E] % 0
H ]
g
=
<

Fig. 6

Retention time (min)

HPLC analysis of urine samples. In panels (A-F), concentration of AMA in urine is as follows ;
A -200 u g/mL, B - 160 ¢ g/mL, C - 140 u g/mL, D - 120 4 g/mL, E - 100 ¢ g/mL, and F - O
g/mL. The x-axis shows retention time, and the y-axis shows absorbance at 280 nm. Blue arrows
indicate that the peak of AMA is undetectable. Each experiment was performed in quintuplicate.
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(200-10ug/mL) L. ZN&Brsy v /87 B L
72b O FBIKE L CTHPLCHHT % 17 7% - 726
AMAD ETZE R R BTN IR WK Z IR L 72
MLAMAZ G L 7% W LG RO 754 & (Fig.
7H) L L T, AMA% & &Ik T i,
RTZS14453 44 3 12200 - 20  g/mL O & & i B ¢
AMADOEH % B 7> (Fig. 71A-F)o ¥ 720 1iE
OB TIE, 10w gmLELUT O O AMAIL R T
WARTHRETH - 72 (Fig. 1G) o & H 12, KW
DFFENRE RS MFEHPAMARE 2 HH L, 5
BROyEEE & DIt w iz, B, By v
BUEE 2 C I & & Dsolution A% I 2 T\ %
72 MBI FH RSN T 5, 22T,
RTS1453 45838 O P o T 4 T A% % #am i1 12 24
TIED. BONRELFEWI2METL L

®OR T

T. AMAEEZ & L7, B S7-AMAR
J& (Calculated concentration) (. IMiFEZE Tl
B 7-AMAEE  (Actual concentration) D 1/2~
IRRREDEE 72572 (Fig. TDo ZOFERENS
b5 > X7 H O MEHE A AMAIZHPLC/ T I
BV, EBEOBELN LLPEDICAED S
NLZENGhole &5, HPLCAHTIZ &
% IMLE FAMAJE E (200, 100, 20 u g/mL) Al
EDOVERE % FFM L 720 AMAIEFE20 u g/mLill %E
DCVIX10.1%T H - 72 H5 200 u g/mLB & O
100 u g/mLifl 52 T3 10%LL A T & - 72 (Table.
2)o 720 TS MG FAMAR B E O
Recoveryl$34.2~43.2% & K fiE T & V. LoQld
22.6 ug/mLTdH > 7> (Table.2).

200 pg/mL AMA A * 60 pg/mL AMA
in Serum &

]

!

X

in Serum
: ‘/ ”
\\,J I

in Serum

o v
D | . 10wgmLAMA G
o
p
I

\
ALl ! /N\V\JR‘,\J} b\g j ‘ J

A ® £l % 7 o R R A
“ 160 pg/mL AMA n - | 9 .
pug/m
*in Serum B B :‘:Sue "’:_/::: AMA E #  Serum only H
.
| @] »1 (Control)
I ‘ 5| U ]
" \ ! ‘ \ﬂ W] ‘
i UF\V \ A / J k& ’ ,_/L_/H
] 7 ] 1 ] ] Kl g [] 3 3 [ i s ] F}
P
o] P =2 250
80 ng/mL AMA C | . 20ngmLava F E
¥ in Serum in Serum E I
»] \ »] = 200
o ’\ 5 | §
W ’ ‘ \’ o] ‘ \’ F 150
e / | ki M \ =
= T ] [3 ] E3RRE 7 [ W FIRERF! 8 100
E wn g
£ <
3 = 50 *
2 E t
] = ® ¢
E E ot
% 3 0 50 100 150 200 250
Retention time (min) Actual concentration (ug/mL)
Fig. 7 HPLC analysis of deproteinized serum samples. In panels (A-H), concentration of AMA in

deproteinization serum is as follows: A - 200 ¢ g/mL, B - 160 u g/mL, C - 80 ¢ g/mL, D - 60 u g/
mL, E-40 ug/mL, F-20ug/mL, G- 10ug/mL, H - 0 4 g/mL. The x-axis shows retention
time, and the y-axis indicates absorbance at 280 nm. Red arrows indicate that the peak of AMA
is detectable, while the blue arrows indicate that the peak is undetectable. Each experiment was
performed in quintuplicate. (I) Correlation between the actual (x-axis) and calculated (y-axis)

AMA concentrations. Values for calculated area were plotted as mean * one standard deviation

of the values obtained from quintuplicate experiments.
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Table 2 Measurement performance of AMA by HPLC analysis, based

on measuring serum dilution series

Solvent Serum

AMA concentration (ug/mL) 200 100 20

Ave (ug/mL) 87.1 37.6 6.99

SD 6.67 3.13 0.71

CV (%) 7.66 8.34 10.1

Recovery (%) 432 36.8 34.2

LoD (pg/mL) 17.4

LoQ (pug/mL) 22.6 (n=10 each)

Ave; Average, SD; Standard deviation, CV; Coefficient of variation

LoD; Limit of detection, LoQ; Limit of quantitation

V. EE

AREFFEDOHPLCHTIZ V> 72 5 A IXGFC%
FHELTBY, ShiBEos T2 (MW)
DEVIZED ZORG 7T HHDTH 5,
AMADOMWIIOIORRETH ) . MW Z D%
RIAEEWIEARBICB VT, RTP 45T
WP END 2 e gholze TD0,
AR ICAMA & [J B OMWO L& 34 <
FEENDITE, AMAHRARORII K S 72 5,
F 7o, RETUGMTIZRIERR o056 &
Wo T, ZOWITPRAMATSH 5 EILRS 7w
ZEIIEETRETH D, HRMEER. T
AX 7 a0ENB L OHEERE L OSHT 58
1213, Meixnerst B& S°ELISAIC £ 1) . Bk b o
AMADFFTE % % 8 & 724 T, HPLCIZ & 1)
AMABEZHEET D, L) L) eBEfrg s
ODPFHPLE L WEER S, B, AMADIK
HIZB L Tid, Bl poiditiza~x b 7574
— (RPC) % JFH X L7274 T 4% H\7-HPLC
AT DA AT H AL D0, RPCIEFEF R O 45
%O B 125 0 CTOET A TET
BN, AEHFIZAMA L RSO H 3 5
BPHEIEL L WEEICERZEERE VR b,
7B, RPC% W CTAMA% S5 A 125589 5
7ok, 7Yy MABERFET L 2 L8
gFlweEZHoN TR, 75T b
T HE IR AT OB & B I B L S
NS GHEAT ) BED D B 720, IEHOHE
EMESMOBEIEMETH L, —H., Fan
M L 7-GFC% JF# & 3 ZHPLCHATIE BH L
WFRHETH Y, solution AD A % FERH 9 5 H il
BRI B & 3 R AT 2 o7 B RE & FSHE

T2 EERE Bz, BAROBIPLEL b BT
POMBETH ) BN E LM ORI
L7z, AR B CRILELE: 2 & T 3T
727 AMADHPLCHIZELE IR L7z &8 v 2 %,

RIFFEDFERH 5. HPLCHHTIZ £ 5 AMAD
LoDI0.47 u g/mL. LoQI$2.03 u g/mL & ¥ %€ T
&% (Table. 1)o = DLoQlE. Meixnerilhf D
HY T RE 8 FE =200 1 g/mL* D100f5TH 0 . &
FEIZ Z DEDOHPLCO M A G A Ak & 72 o 72,
F 72, A DLBEIOWIZE THESE L 72 AMARIE H
ELISADLoQA  #J2 g/mLT & % 72 %, HPLC
SHIEINERMSEDOREE L Lo F 72,
HPLCHTIC & 2 AMARH IR AGIZH v <D
PEEND Lo HIZIZAMADLoQAT10 ng/mL
EVIOIRERL DD ENHY, A DOTHEICE
WTH IS EBEL, WEEZKNUTS 5
JEEEDSI L3 Wb E 2 sz, B K
WFFEOHPLCHHTIZ BT A CVIZ10% % R R°#8 2
% 5B h3d % D3, Recoveryld 100 = 10% O i
IZILE D (Table. 1), Wb HFEHFANEZ
Z BNz,

¥ a0 AR L Lok, REEE v
LT ETRIZYNE TNOBG D HAMAY 55
i C&E 5 2 & 3o 7 (Fig. 5)0 IS
27 vV % r NIZAMA & [F5E OMWO LA
WYz THDEERD, $720 Fr o
7 DA OFEF 2 2I2B W TH, RTA1451
TRLE—7 2 b OB EZLHERERD
(Fig. 4). AFEIZF 7 2I2BIT HAMADE %
FRZEHHAL LTAEHEEbhz, B,
K7V r IR EES~15 mgDAMA% &
ZEPHEIN TV AW, KEETIE, £OEL
5D IKRAMAD E A & H W L7225, Fi5160
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pugb EL VKL FEB SN, T, ¥
I DHHBAARF 5 TH B Z LR, B
IZBIFDAMADELNZ 2 bi-7-0, flil
FiEETRTLZETUHEEINL EFHET 5,
AKX, F 7 3 %8503 2 Hiise.
oy >y e &2 w5 2 8T, il
B OAMAS B #IZEBOMEICES L L #E
25

BRI L COISH % ME L 7234,
AMADY R K O HEZF ORI 22 6.
AMAZBINTE L EDNEETH L, Lo L.
AMAZ R CHRE L 72 d 02 ik e LY
AlE, REICLXDAMAZ BT 2 2 &2 TE
o7z (Fig. 6) =2 T d, KlkT
AMABIE B E RIETTHRT 2 HEET 5720,
RFERZIRPRSCTH L IRFE, KEE. 2 LT F
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