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W OE B 2R REEWOSENE I E, AL RILEMAIIE AL T AT, ik KA SRR E RN T ER
T EREEG 4% . €342 % Eclipse Plus Cus, BN A8 4 THE-1 % BEBR R 72 (15:85, V/V) ,A£iR 2 40 °C, ik % 0.8 mL/min, #) J
K 4 256 nm, HAEE A 10 pLo VAR I FEFCRE AL A F RIS AR, KR 3 A R Fe SRR I 5 6 AP R IR A IR AT R ik, R A S
R e AR F) 1 R I R W A AR BT ], R R wy ek b A B EAAE (A E T ) AN AR, A BRI
JE | EA R pH, LB BB RBLN T A F KB, AR E XA E R SR I L T L S AT IR, R P TR
MR R 6 22k TR 4 0.028~0.281 mg/mL(7=0.999 9) ; € FFR % 437.5 ng/mL A& M FE % 109.4 ng/mL; 45 25 & AL E A
PR B89 RSD 3 /N T 2% , Am AR w M F H 96.24% ~99.75% (RSD<2% ,n="6) , HPD450 A K FUR M At g 2o 3 R ¥ 3% 87 69 45 5 7R
W fo iR m A N RE T, AT SR S SR AT E 3 A 12 h, R T LA LR ZRIE 1.854 4 mg/mL, LAF& pH 7, T8
AR H60% , LEEZILIN B 8I1E AR, BiEiXIe 27, #k T & 4405 09 3R B3k 8748 Wy 2h AL AT 49 22.556 7 mg/g L9+ &
57.728 2 mg/g, b AAF S % 2.56(n=3) . £k FTEA BN E 7 ik AL & ST M HACH L TEARE TAT, TR THERE
F B AL,

KR R EREA; A 0 K IUE A s T E

Study on the Optimization of Purification Technology of Total Flavonoids from Amomum tsao-ko by
Macroporous Adsorption Resin

ZHAO Yuhong', SHEN Hua', DAI Shuangyi',PU Zhonghui'*, XIE Zirui', XIAO Ling', KUANG Min', DAI Min'**
(1. School of Laboratory Medicine, Chengdu Medical College, Chengdu 610500, China; 2. Sichuan Provincial
Engineering Laboratory for Prevention and Control Technology of Veterinary Drug Residue in Animal-origin
Food, Chengdu Medical College, Chengdu 610500, China)

ABSTRACT OBJECTIVE: To establish a method for the content determination of total flavonoids from Amomum tsao-ko, and to
optimize the purification technology by macroporous resin. METHODS: The content of total flavonoids was measured by HPLC.
The determination was performed on Eclipse Plus Cis column with mobile phase consisted of acetonitrile-1% acetic acid solution
(15:85, V/V) at the flow rate of 0.8 mL/min. The column temperature was 40 °C, and the detection wavelength was set at 256 nm.
The sample size was 10 pL. Taking the adsorption and desorption performance as indexes, 6 kinds of macroporous resins were
screened out by static adsorption and desorption tests; adsorption and desorption time were investigated by static adsorption and
desorption kinetics tests. Using the content of total flavonoids (calculated by rutin) as index, with sample concentration, sample
pH, ethanol volume fraction and elution amount as factors, based on single factor test, orthogonal design was used to optimize the
purification technology of total flavonoids from 4. tsao-ko, and validation test was performed. RESULTS: The linear range of rutin
were 0.028-0.281 mg/mL (»=0.999 9). The limit of quantification was 437.5 ng/mL and the limit of detection was 109.4 ng/mL.
RSDs of precision, stability and reproducibility tests were all lower than 2% ; the recoveries were 96.24%-99.75% (RSD<<2% ,n=
6). The comprehensive capacity of adsorption and desorption of HPD450 macroporous resin was the most suitable, and the best

static adsorption and desorption time both were 12 h. The optimal purification technology was 1.854 4 mg/mL, sample pH value

A AT « IS RHE B1FF T TR % H (No.2018086) ; was 7, ethanol volume fraction was 60% , the amount of
VU145 48 20 2 BB D 263 R11951 B (No.201913705037) 5 JK#5 ethanol elution was 8 times of the column volume. Vertification
[ 2E B e FE 411 (No.CYZ18-18) 5l HB = 2 B K 16 = 2% B B 9 A 4% tests show that after optimized, the content of total flavonoids

BIEAFFEIH (NoJYZK201802) from A. tsao-ko increased from 22.556 7 mg/g to 57.728 2
FORFHE o RIS I KR 2GR Gy 8 S AL o E-mail: mg/g. The purity of was 2.56 times higher than before
1546129084(@qq.com

purification. CONCLUSIONS: Established method is sensitive

and stable for the content determination. Optimal purification

#ABAFVEH PEIT . WFTETT 1) RIREGW AL 53 I 28 T A
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technology is stable and feasible, which is suitable for purifieation of total flavonoids from 4. tsao-ko.

KEYWORDS  Amomum tsao-ko; Total flavonoids; Content determination; Macroporous absorption resin; Purification technology

IR KR 2 AN AR ) R
(Amomum tsao-ko Crevost et Lemaire ) [t -5 i 2R 512
FrFRE AR VSN SR BRI A . 12
PRI e H I & B ERRIR T BOERR IR A )
B, BRI 2 A, E R
AR T2 2 6 AR FL R TR SR I BE e
JE R JaE Xt | B DhREEEAL THALAS RAEEY, B
HPRRIFIEIE S, R A TE T B B DI RE AL sl
PO PR RN RN RS 25 Z A 25 B E Y, SR
o AR A R R G RO A B R B TR B
FIVERY . H R, B R B R 0 S R A R O
(HIZR R R R, e A B Bl & AN il it — 2
afifpt, A, L R R ) 2l Ak 32 ER T R I B
FR AL B R VLT 2 Horp SR AR Big 24k A- FEFE
A DA R A B fef 2o A v 25 B 33 2 S Bl o 5 T R LI
BREARS i AT 5 A IR T X v 245 47 5 2 BBOHS , HAT 18
PEMELT WA R P AR AL PR R SRS, AR Ak
BYR B R Tz S AR RS
PERCT TR, DLE S (LU T3 A ts, R R
FLI A% Bl 72 i A e R R v e, X i Ak T2 5
b, DU R RO B P O i AL R 2 3R IS5 |

1 #
1.1 {88

LC-1260 Y 55 240 AH €33 (HPLC ) 1% (35 [ Agilent
Iy F) ) s ME204 B3 A7 K7 (g RR 8 -4 2085 LA
FRZSF] ) 3 BJ-T50A BRI REMMREHL (s FEAS LA A BRA
F)) s PHS-320 BUFR BE T (AR 20 7 PR A PR A D) 5
THZ-320 Rl & X R IR (_EVRS 2 S 0 s & A PR
Ao
1.2 Z5ikH

TR (5 20180705) Wy [ DUt (. 25\ A}
R JEAT BRI, 2 AR H B 24 R 2 2 B R R 2 2
T NZR TR B AR Y) TR (4. tsao-ko Crevost et Le-
maire ) A TR AR S

FETXE BE S OBGER 2 TR A= R A BR A |l ik
MUST-19010210, 4} f : 99.47% ) ; HPD100 . HPD300 .
HPD450 ,AB-8 ,X-5.D101 B K FLIZ B (il 4<ms Ak
TAMRAF,HS43514 20180618 .20181126,20180626
20181005, 20180716,20190111, %7 £ : 0.3~1.25 mm) ;
W 38R ek ol , Hoap iR 24 i B o vt 7k oy
ZEIRIK
2 FiEEHR
2.1 HERIZFEMAIRE

FRICE AL 25 b3 1, B i, 3ok 5 0 . R 3 AR —
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FE SRS AR, 4 FESCRARGE A $R BT 2451 : B
AR B060% RHK HE 1:50 (g/mL, T [a]) | 32 B
60 °C 7 (I%:160 W, 4515 : 60 kHz) #2560 min, &
PR EA IR 20K, B TR, Wi Ze T, RIS 2
LB (R L g ML AR S TAE2573.10 g) .
22 REMEENE

SR FH HPL.C 7300 e S R 174 15 ik
2.2.1 PO XTRRANVE AT RS BRI T R
7.02 mg, & T 5 mL fE i, I it H R S (D22 160
W, A% 60 kHz ) A, 00, P B e 25, $220, B)
PR M 1.404 mg/mL (1977 ] % B SL VAT
2.2.2 ARSI A BC2. 7 IT B Y R R
B IS A, A R, BT 5 mL B, PR
Pt 25, 25T, BASH A T A
2.2.3  BAPEXT BRSO SS %217 WUR A
Er BRI BAPERE S, PR S A IR E R TS
mL s, BIAS B BRI
224 @IELME Ai%4E : Eclipse Plus Cis(150 mmx3.0
mm, 2.7 pm) ; Ji 2 AH : & NE 1% i B2 7K 75 W (15 2 85,
VIV) s HETR 40 °C ;335 : 0.8 mL/min; K513 K : 256 nm;
PEFR R 10 uL,
225 TJEME HU2.2.1750 R XIS DL AR
Z R M 0.158 mg/mL, B HL“2.2.27“2.2.3" 101 | i
TR A VRN S X HR A R A5 i, 4 2.2.47 T (i 4%
PRUEREINE SR ik B, 550 R IS N A T
Y53 B R, DR BRI 2404 5.95 min, VS B E
T, gL 1,
2.2.6 ARUEIIERIMZE] BRSO 2.2.1" TR
TRHE AL 0.1.0.2.0.4.0.6.,0.8 . 1 mL, 435 & T A
)5 mL ARG R, I B 25, 250, 19 i i vk B )
5114 0.028,0.056.0.112,0.168.,0.225,0.281 mg/mL i
GUBRUEFE I, 26 0.45 wm S FLUE IR J5 , BRERIE T 10
uL, #42.2.47 R gk S AR AR A BT ie SR L
FOTBERRE (o, mg/mL) SRR AR AR (TR () AL bR
AT AE [, 75 18] 5 J7 2 y=7 468.1x — 60.438 (r=
0.999 9) . ZEALFHT, = T Al Jot it vk B i A MY LRy
0.028~0.281 mg/mL.
2.2.7 ERMRSGKMR R AR IC2.2.67 WU BT ik
47 0.112 mg/mL 4% T X% BE SR fE S WS £, DA B
£ LU S, #“2.2.47 WU (A3 S5 R HERE S0 BT, 4300 LUAR
M LY 100 1.3 1 THAE PR S A IR . 2558, i BRI
KM BR43 514 437.5.109.4 ng/mL.,
2.28 KBRS KW 2.2.67 N BN
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Fig1 HPLC chromatograms
0.112 mg/mL 7T X RE St B o 15 WO £, 4% 2.2.47 301
TR SRS E 6 UK, TSR, 255, T T
FURNRSD 4 1.85% (n=6) , FREUUZNGH E R 4T
229 FEEMAE ORI SEEHL R 6 17, i
“2.2.27 TR Jr i A SV, T 2.2.47 T T (L k
SR S UEREIN AE 6 YK, T SR TR R, AR [ U 5 R AR
A3t VA P B Y R R AR I TR R
S B - 24 SR JE 4 0.032 3 mg/mL, RSD 7 0.60 %
(n=6), RIAARLE L M R AT
2.210 FREMEALE  BUE AR, 400 TR IR
TIE 0.2.4.6.8.10 h i F5“2.2.47 T F {4338 24 ke
AT IR . 25 T TR RSD R 0.79%
(n=6) , RPN AR R WCE 10 hINFRE .
2.2.11  JEEENSCRIRES B 0B A SR B R
i B A A B CATE # 50% . 100% | 150% it A
0.056 mg/mL /= ] Xf B Sl AR ME VA R, #4¢°2.2.27 T U vk
A ARG L HP T R R B A SR, T “2.2.47 T T £
TEA IR AT I SRV TR RR I E TR IAE Ml %, 4 i
HOREPATIAE 6 R A5 K b L BT R B A
VRV TIRE [ i 843 1) 96.24 % ,99.75% ,98.13% (-
AR [ 2% 4 98.04% ) ,RSD 43 1l 4 1.83% . 1.76% .
1.78% (n=6)
2.2.12  EOLRCGEE SR E O SRR b B gl
A5 RE SR AR IS i, $242.2.27 00 R Jy ik il A& R i i
W, 28 0.45 pm LIS R L5 , ICEEE IR 10 pL, 4%
“2.2.47 T ARG AR S AT, AR S [ R
T H SR ) BT VAR B TS R i (mg/g) o

HHEEZG 2020455 S1ER T

2.3 AFLUR xS 2 B B9 I ik
2.3.1 ARSI S RESCER AT 6 Fh
LW B B (HPD 100 . HPD300 , HPD450 . AB-8 . X-5 .
D101) HEA7 AL B, R FH i 25 W 5 i W0 321790 i
Al b IR B ) e AR AR 2

e 2 R H 6 2 i Ak T 1 K FLI BREAR G 45 1.0 g,
153405, 43 B E T 50 mL HLZEEE 11 = fffHh , SR 43l
N R R A TR (2.1 3T BT AS L il FH K B i
15,452,275 5 1 AR I R 4 0.463 6 mg/mL;
[i])20 mL, F 25 CHE IR 25 P HRFE I 24 h, 52500
BRHIG , T, B U R % T I FH P S 25 2 10 mL, RPASIR
BRFIC . BB R IR B L Sk A RN S e e v e T RO IR,
A T5% .15 20 mL, F 25 °CH IR R 7 % A 35 38 17 1 24
h, FE 5 B  FUE B e ZE TS B A 2 10
mL, RIF AT o 53 3] WA BB S R SR fge I T 45 1.0
mL, £ 0.45 pm il L U8 B8 o I, BRSE U8 WE =, i
“2.2.47 T g S VAR S AT, PR C2.2.127 T ik
TR W BB R 0 i, IR IE A X DO ~@DIT5 6
Tl R L SR AR A st R 85 T PR o L R 3 1 R

PRI R -
O B = (oW1 V) ) [ +=eeeeseemeresmsasesenennee @
MR =[(coVo—c Vi) /coVo]x 100G weeeeereeseeees ®
LSRG B = Col/ol wveverereensnnesnenesasneianneannas @
R = [V (coVo—c1 Vi) X100 G eveeseeeenses @

o, m ARG T (g) , co Ry b AE IR Hh BN 114 S5
W E (mg/mL) , Vooly EARE AR (mL) , o 2 W B
Hh R TR Y R MR (mg/mL) , VR AR FR (mL)
o N CTEGEIR IR b S B Y BT i R S (mg/mL) , Vb &
VR (mL ) o PSR BRI R i 2 R L 1
F1 AREIZEBIKFL R B BE B &R 25 U Bl A0 A AR K 6 25

B(n=3)
Tab 1 Results of static adsorption-desorption tests of
different types of macroporous resins(n=3)

il HRHHE me/g TR, % R my/g L& 9
HPDI100 8.122 87.86 4542 592
HPD300 7463 80.49 4.056 5435
HPD450 7.162 7124 5.158 7202
AB-8 7.560 81.54 4524 59.84
X5 5871 63.38 3.579 60.90
D101 6.859 73.98 3.698 5391

FH 2 1 AT UL, 6 b L W2 BHARS i i) Wi RS 23 o v BIIG
# Y% 5 HPD100>AB-8>HPD300>HPD450>D101>
X-5 it W %A% Yk i HPD450>X-5>AB-8>HPD100>
HPD300>D101, JE4 HPD100 F I fity Wz JhF < i 155
(B A W2 26 A o 451K 5 T HPDA50 ZEU i o el % fe s, HL
W FfE S . 2R 25 18, W HPDAG0 B K FL IR B g
YR — 252,
2.3.2  ERESW R B 1A K B R b
FR HPD450 B ICFLWE A A 2.0 g, V47 3403, 73 il & T
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50 mL J& FTHE T, 40 51 A BT & 4k B o 0.927 2
mg/mL ) 55 S IR K 40 mL, F 25 CIEIRIR Y #%
W, 05T 1.2.4.8.,12 .24 h BRI 5 4 mL, 3k
GiZE TR T I E 25 % 2 mL, VA R . B R 24 h
J& B R AL RS , /K v 08T, A 75 % 2.1 40
mL, F 25 CHMEIRR G 2 PR A, /300 F 1.2 .4,
8.12.24 hINWEHL FI5 W 4 mL, 45 28 T )5 FH I BE 4
% 2 mL, RIS AR . 53 53 R AR 451 i I st g R o
WD A2 % 1 mL, 28 0.45 pum BFL g gt 5 |, Bstug
WG B, $522.2.47 T (g S AR A BT, #52.2.127
O AT RAS EE  EE AR S TR 2.3
T AA R o R AR, I A B R R R A
W 1m (mg/g) ML R (BFE] (h) A AR AR , 221 HPD450
UL RS g 1 5 A R S R A R ) T 2 2, 45 51
L 2.

)

12
o0 10 o0 10
TE” 8 ED 8
i‘é 6 W :g ) (,_._*’°§—o
B g1
2, 2,
0 L—— T 7 T 0 — T T
124 8 12 24 124 8 12 24
i8], b IS )  h
A TSI B. HA L
E 2 HPD450 B K 7|, IR Bt 4 fis i 5% 2 R B A0 R AR 3h 11
FHh 2

Fig 2 Kinetic curves of static adsorption and desorp-
tion for HPD450 macroporous resin

Hi 1 2A 7] UL, 7E AR W B2 FE v, HPD450 B K fL
W FREARS I 0 LU IR M A2 1~ 12 h N2 B #, 12 h )5
DI AR 5 bl 1 2B 0] L, FE RS R B, HPD450
TR BFEARY B %) LU 0 ek #E 1~ 12 h P 2l B i, 1
12 h G FEARTKRIPA . h I, ARS8 e P de A e A IR o
A s T 344 12 he
24 HRBEMAUIZRAMNERZRE
241 BRI BTEEMREE RS F AEIRS 0y 48 AL B Y
HPD450 %1 K ALK FFF#4 i 15 mL, 9B 8 FAR i Hb 2 1
13 BB RS AE (B AR 1.5 em 5 : 20 em, R [6)) A, 43300
A pH K 6 J5 5 #4351 4 0.115 9., 0.231 8,0.463 6,
0.927 2.1.854 4 mg/mL 1) 5L LB 7K 5 9K 20 mL, W)
BF 12 hJ5 T8 W BRR R, O A e K R 2 O G
o KR R FK BERR B 0T, Wk 4R 28 TR TR B
A2 mL, W1 mL, %8 0.45 um (AL IE L I, Bt
UEVROE 5, #¢°2.2.47 WU (A S5 R HERE A0 A, 6 °2.2.127
TN VAT W b A B A Y B, 2,317
AT, 250, MR <0.927 2 mg/mL
B, WA 5 i A Y o A R B iy b R (H
MR >0.927 2 mg/mL B, W RN A7 AR
JOT £ VA 3TN 0 R R ST A ST B L 5 AR T LA
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3A. LR HIE, B 0.927 2 mg/mL bR e A TR
.
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Fig 3 Results of single tests

242 FFEWCpH RS % B S 0y 48 WAL B ) HPD450
RUK AL A4 A 15 mL, & FEEEAE T, 4350 A pH Ry
3.4.5.6.7(pH £ 1 mol/L R ¥ 5% 1 mol/L A & AL
VRIE T ) 19.0.927 2 mg/mL B3 BB 7K 75 20 mL,
W R 12 b5, 0 R B, S P A K R 2 S TG
o P BRI FIK SRR A I VR AR ZE TS, T e
257 2 mL, I 1 mL, 28 0.45 pm LIRS |, st
TEVRGE B, $22.2.47 I gk SR BT, 6 2.2.127
TR 5 P A P R, PR 2.3
ROV, G558, 24 FFER pH N 3~6 1, Bt
A B pH T T R B 2 pH>6 B, W38 s
AT TR, 25 R DL 3B, 2R %8, B pH 6 1 |
FEWR ) e fE pH.

243 CEERFUE RS % S Oy 24 T AL LY
HPD450 B ALK fERHAE 15 mL, & T34k, 209
A pH H6[90.927 2 mg/mL &L BB B 7K 457K 20 mL,
W BfE 12 e, R R B, I 3 S /K DR 3 v e
Je 43 B AR 80 50 % .60% . 70% 80% 90 % (1) Z.
BEEAT NS . KB UE R AR 75 T, A B E A 2
2mL, WHL 1 mL, %4 0.45 pum GALUE IR 5, ISR TR
W 2,247 T A AR AT F 1 2.2.127
D S P R ) Fr i, S5, S R
EH 50 % ~T0% s}, ALK B g BRI T > i) o B ol 55
AT B O EEAR TR BT = b T AR A T 2 2 AR
> T0% I, 88 i 25 SO A BRI, X AT RE S &
A AR R B0 i, LR T R A Rt i 2 5, &5
PEUWLE 3C, L8 %08, 4% 0% K L BEUE I 1Y fe FE A
TS

244 CPESEE KB RES (4 fiab e HPD450
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AR AL B AE 15 mL, B FBEEA: 4 50m A pH 4
6 10.927 2 mg/mL HHL S B ZK I 20 mL, W 12 h,
R W BV, S IS K R R R E ), A
70% LEELL 1T AFREARF(BV ) /h 83 FE PR , 2 BOIsc B2 1
VWG, B 1 BV 10y, BRI 4 25 T, T B 45
% 2mL, W1 mL, £ 0.45 pm flFLUE gL e BUESLE
WG o, $22.2.47 T A 3E S A A B, #2.2.127
O R BV YRR 0 B R A S5 7EER 9
BV B PRI T LF- BT S, $2 70 S B o e R A
SER, A RTEILEI 3D £ A% IR, 158 9 BV A RAECBE
VR
25 ERBEMRANIZMUMELIRE

FRAE PR 2 25 1, A AT MR B (A) R
W pH(B) \ LEAAFIH(C) L EEPE (D) % 5%
2, LLUSVHER & o e bR, SR Lo(3) 3R T4 IR 37K
PIE SRS . R AR IR LR 2, IEAS I IR R TR
SERTENLER 3, 2253 Wr s R L3k 4.

#z2 BEEFKFE

Tab 2 Factors and levels

[k
KF
A, mg/mL B C,% D,BV
1 0463 6 5 60 8
2 09272 6 70 9
3 1.854 4 7 80 10
®3 EXHEZITMER
Tab 3 Design and results of orthogonal tests
Y A B C D BHEEE mg/g
1 1 1 1 1 29211
2 1 2 2 2 432383
3 1 3 3 3 447710
4 2 1 3 2 469118
5 2 2 1 3 49.774 1
6 2 3 2 1 513110
7 3 1 2 3 497105
8 3 2 3 1 574643
9 3 3 1 2 58.003 7
ki 43,6435 46.5145 50.2330 50.565 5
k 493323 50.1589 48.086 6 49.384 6
ks 55,0595 513619 49.8955 48.0852
R 114160 48474 2146 4 24803
x4 FETHER
Tab 4 Results of variance analysis
[ES BEV IR A B F P
A 195489 5 2 97.744 8 21,1692 <0.05
B 382267 2 19.1134 41395 >0.10
C 612587 2 306294 66336 >0.10
D(iEE) 92346 2 46173
¥ : Foose.=19.00, Fo12.0=9.00
Note: Foos.=19.00, Fo10.=9.00
i 3 AT L, 26 TR 20 A MR o B B K /MU

HA>B>D>C, il %N AB.CD,. HEAR L, H
EAXN T 2H BEFm(P<0.05);B.CX T IR EY
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i) (P>0.05) ; 2R D K 534 2575 Flfe/ N, OB Ry ik
PEATFI ., 2545 DL B2 B 2N HPDA50 YR FLIK
BREARS i a0 A e SR S BT ) dc T2 254 AGB.CD, B
REE R E 1.854 4 mg/mL, FRE pH 7, Z AT
SE60% , LIEVE S 8 BV,
2.6 IIEIRIE

$i242.5" W fe AR oAb T2 A T4 4E 3k, #F4 T RHIE
TR0 K 2 B AL B HPDA50 1 FL K% BFF A i
300 mL, {2 HE , A pH b 7 Ul 1.854 4
mg/mL % 5L GBI KR 400 mL, MR 12 h, 50 i
FRHA , - FIE SR PR i il )5, PR 8 BV 60%
A TURN WA, Wk AR 25 T I e A 2
10 mL, B 1 mL, 28 0.45 pm GLFLIE R gL ) , B
WIS L, 4 2.2.47 T T ok S AR ERE A, PR 2.2.127
TR 5 e e R, Bl AR A K
W10 mL, B T 28 & MLrh 28 1 2 E B i, LIS &t BT
Ve T 0 R IR P R R L AR
Sl AL S5, B K P A TR T 35 i 2l b A
1.854 4 mg/mL % % 1.335 4 mg/mL, F ¥ 1] it &y
72.01% ; b B 32 8 v A0 B 25 1 S 38 25 ol 4k i
22.556 7 mg/g F+ % 57.728 2 mg/g, AL H 2.56 , 45 5
TEILERS,

x5 WIEXBLER(n=3)
Tab 5 Results of validation tests(n=3)

BETKIEEA &, mg/nL

BHER S, mg/g

. B
| 1.854 4 13687 73.81 25158 575126 2.55

2 1.8544 13311 7178 23.1375 5162717 249

3 1.8544 1.306 1 7043 20167 58.044 4 2.64
FHE 1.854 4 13354 72.01 225567 57.728 2 2.56
3 itit

LR e ) DL EEE Y NS TV e (BSE S)
R R T 251, 45 A AR & B2l 2 —,
2015 4 R [ 24 L ) (— 38 ) AT I 5 45 A i 2 B A
PO FCR AR E EAE R O A A A RO 2
PRI ARAT o X HAR R A o HEA T DTS o 81
YRR FR s — R E R AR RN, RA TR
R B R TS AT SR R BRI A T TR
HE RN R (24.2 mg/g)™, H. T 2R DL 2R S i 4
T ZAABIHI RS , BCA TR TR T ACHETE o

FURIT , 2508 v e i 35 A0 T ik 2 2 AR 58 50
G B HPLC 350 B A A8 R vk k™A . o,
HPLC V5 HAT AR I 2 DO 5, BRE 80712
JO7FH T BB R R AT R B S s 2
R RAL R i FR IR AR o 55 A L, LIk
S RY i E AT MR B R R P PR AR BT (AR AT e
SEOUAL A ISR S IR o AL R I S
T, AT ST LRSS B R N AR bR, LLHPLC I 45
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R AT BT T B, X AL B AR g 1 gl Ak T2 HEA T
etk
AW T MM (HPD100 .HPD300 . X-5.D101

AL 58 (AB-8 2Y) DL R i M (HPD450 7Y ) AL W it

g , D125 2 58 T AN [] 2R RUAR g xof 0 R B o ] 114 o B 4K

o GER BN, MR I HPDA50 RIS [ Xof 5 5 43 3% il

PR A PRI R 255 BB D deedds v, 59 o AR P A

TEXTIY o A FEAE PRI 3L Al b, X b AR R o s e B

pH UK CBER R B ST T B 200, IR AE B

PRI Z R0 B St b 456 1E S IRX HPD450 AL fff

PG 2l Ab B0 B T AR T T i, 255,

SR B A I B T 245 EARIRT R MRS 1.854 4

mg/mL, PR pH 7, /K PERRZ )5 FEH 8 BV 60% £ it

TV . (EASE AR, BE R R 2 EFER

Jo v B o S AR s B i, HLE A IR AL T

H AR BV B (1.854 4 mg/mL) 5 B PR 25 0 1 Jo i vk JF

(0.927 2 mg/mL) M 2ZZEEK, Jy it il I it 22 , B W 2%

0K B VR BE T2 3.708 8 mg/mL, {H & B AR v

B 2 A, LA AR O IRAIR, S E S e 1 Sl Ak

W WANEZ R, 4 50% .90 % 2 BRI , B0

R 1 2 AR 5 T 28 60 % ~80 % £ VI ) , 2 T

(49 S AE DO R, X AT B g R R R B A A M 5 60 9% ~

80% LIS LI AT K. B Ui IR 45 R BoR , aifb s, B

B 7KV R A e B SF-34 1 R 1.854 4 mg/mL FE

1.335 4 mg/mL, [EISCAE R 72.01 % 5 B B 5 H ) A B

i S 14 5 4B AL 1T 22.556 7 mg/g TF 2 57.728 2 mg/g,

aifb 5 ECH 2.56, H. 3 YRES U Hh B I B i o N

57.512 6.,57.627 7.58.044 4 mg/mL, 7] WLALAL 5 f 4l 1k,

T ARRE I AT A A i R o

25 LR A Br 5 S vk R R AR

ML AR BB I AE AL T2 F80E Al AT SR, 7E R

BRI 2R i o A v, e R R R KV R AR S K T

AT BR 2 REB A3 7KV PR 22 5T, (HAS IS FF AR R K BRI 8

A7 KoK e (A T 25 2%, T i 2 1 ol v 1 25 i o 1Y) 3

&Ko B, BE A G S5 o A TR, IR IRA

i R R R 1) 24 3 2ROV O B R S A R

ATFF RN S-SR A
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