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RIRAER S, TR TR LA A0 R E T AL RIS T ARG R RA ERBR (1) A E R B O 3) Fedg 2 5 3 AR
Th 2 bl vt B RS0 £ FAREY

KR AT R A — ] SRk L FEXRA] £ FAREY

Quality evaluation of Crataegus pinnatifida leaves by fingerprint combined with quantitative analysis of
multi-components by single-marker

LI Yanrong', DUAN Liying', WEI Hong’, DU Yilong', ZHAO Shengnan', GAO Han’, PAN Haifeng' (1. Institute
of Traditional Chinese Medicine/Key Laboratory of Traditional Chinese Medicine Research and Development of
Hebei Province, Chengde Medical University, Hebei Chengde 067000, China; 2. Dept. of Pharmacy, Beijing
University of Technology Hospital, Beijing 100124, China; 3. Shineway Pharmaceutical Group Ltd.,
Shijiazhuang 051430, China)

ABSTRACT OBJECTIVE To establish the fingerprint and multi-component content determination method of Crataegus
pinnatifida leaves from different producing areas, and to evaluate the quality of C. pinnatifida leaves and screen the differential
markers. METHODS Seventy-eight batches of C. pinnatifida leaves were collected from Chengde of Hebei Province, Huludao of
Liaoning Province, Yuncheng of Shanxi Province and Linyi of Shandong Province. High-performance liquid chromatography
(HPLC) and Similarity Evaluation System for Traditional Chinese Medicine Chromatographic Fingerprints (2012 edition) were
used to draw the fingerprints and conduct similarity evaluation. Grey correlation analysis, cluster analysis (CA) , principal
component analysis (PCA) and orthogonal partial least squares-discriminant analysis (OPLS-DA) were performed by using SPSS
19.0, MetaboAnalyst 5.0 and SIMCA 14.1 software. The differential markers affecting the quality of C. pinnatifida leaves were
screened with variable importance in the projection (VIP) value greater than 1 and the error line not exceeding the origin as the
criterion. Using vitexin rhamnoside as an internal reference, the contents of chlorogenic acid, glucosylvitexin, hypericin and

isoquercetin in 78 batches of C. pinnatifida leaves were determined by the same HPLC combined with quantitative analysis of multi-

components by single-marker (QAMS) , and the results were
compared with external standard method. RESULTS Eight

ABEEIE Wb &S AR E (No.20372507D) 5 i Jb 4
RS T s AR H (No. 35 (2013)4 %)

e W, WSSO P 2540 . E-mail: common peaks were calibrated in the fingerprints for 78
liyanrong00001@163.com batches of C. pinnatifida leaves from 4 producing areas. Five
HABEEE 237, Wi S0, BRI P2 B A K rh 2l known components were identified, including chlorogenic acid
Be 7 ikr, FLI%:0314-2291186, E-mail: phf2301@163.com (peak 1), glucosylvitexin (peak 3), vitexin rhamnoside (peak
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4), hypericin (peak 7) and isoquercetin (peak 8) ; their similarities ranged from 0.871 to 0.998. Average relative correlations of
samples from Chengde of Hebei Province, Huludao of Liaoning Province, Yuncheng of Shanxi Province and Linyi of Shandong
Province were 0.538, 0.528, 0.462 and 0.435, respectively. CA and PCA showed that the samples from Chengde of Hebei Province
and Huludao of Liaoning Province were roughly classified into one category, while the samples from Linyi of Shandong Province
and Yuncheng of Shanxi Province were roughly classified into one category; VIP values of peak 1, 2, 3 and 5 were all greater than
1. By QAMS, the relative correction factors of chlorogenic acid, glucosylvitexin, hypericin and isoquercetin were 0.401, 0.993,
1.670 and 1.615 (RSD<<2%). Compared with external standard method, except for isoquercetin in the two batches of samples (S39
and S41), there was no significant difference in the content of each component in other batches of samples (the relative deviations<
5%). CONCLUSIONS The established fingerprint and QAMS method are simple to operate and can be used to evaluate the quality
of C. pinnatifida leaves. The sample from Chengde of Hebei Province is relatively good in quality. Chlorogenic acid (peak 1),
glucosylvitexin (peak 3), and the corresponding components of peaks 2 and 5 may be differential markers affecting the quality of
C. pinnatifida leaves.

KEYWORDS Crataegus pinnatifida leaves; fingerprints; quantitative analysis of multi-components by single-marker; chemical

pattern recognition; differential marker

LU A 2 35 A R 90 L B 2T Crataegus pinnatifida
Bge. var. major N. E. Br. i} Ll # Crataegus pinnatifida
Bge. {14, HAG TG AR 3G bk Al el 2 )
A, BRI, LA I B B R
BURRZE LA YT, BA B Dkl R AL | R R |
HE R B ik I e A 2 PR PR, RO i I A
TRYTOUACR 22 1, 2020 4FRRQ 24 30 (—8) LA4:
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Z FAMR: AR T RS AAS B Bt UL RS, (15K
WA HE & o — I 22 PF (quantitative analysis of multi-
components by single-marker, QAMS ) i& H 75 2 /& /0 #7 1
AT (NZSY)) BV a] 5230 22 40 5 0 [a] g s, w]
A B TR B SR A RIS A S A [, R T AR
WFFEXHA G A AR T 1L T A8 A BT P s T
LZR A I YT T 4 1> 3277 b 1 T8 4tk LLIAE I 245 4 R A7 48 4L
P35 Bt 55 FK €8 G HK 43 B (grey correlation analysis,
GCA) . B 2543 M7 (cluster analysis, CA) | 3 i 43 43 Mt
(principal component analysis, PCA) | IE 3 flife /)N —- 3 H]
51 4> ¥ (orthogonal partial least squares-discriminant
analysis, OPLS-DA) , & Ffl QAMS 3% A6 il 245 b4 v 5 Ff 3=
B RNy (S JERR IR 22 A A AR 2R R
B A MeH MR DR &, PR AN TR L
A Pt 1 o B O 0 26 52 i HL B o 1Y) 28 SR S L USSR 4
T PP LU - 24 4 o e S AR
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1.1 FEUES

AWFSE A P E AR A Agilent 1200 % =5 500 AH (1
T (HPLC )Y (3518 Agilent 23 7)) \KQ-700 AU 75 I 1 1k
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(RIS A BRAR) (AG-254 B+ T 73 2 —
LT B K- (Fii 1 Mettler Toledo 23 7)) \HC-2062 %I 5
DAL (BB AR A FRA F A\ 4

1.2 FEH@RSRF

23 SRR IR (5 18071907 ) (30 2238 A8 i X
T (4145 20042305) 4 3A) RS BE 9T X IR A (5
20042304 ) . 4z 22 M X HR S (1645 19103001 ) L St iz %
X HE i (FE 55 18062702 ) Y4y [ S  JE A8 A= e AR AT
RN T, 4l B AT 98.0% ; Z A DU S0V | F RSy
gkl FA R b ali, KR gl .

78 L LA 25 1 (45 S1~S78) 43 WISk H AL
ARFETT LR I YTTT LT AR S T LA s T
AN F R, e E P EA LR (EHREE)FARER
YRR NN B F AL 2GS, B I BT C. pinnatifida
Bge. var. major N. E. Br. (10t . 78 #L25 442k A 2020
AE10—11 A FI2021 4E 10— 11 H , 43 5177 [ b 4g & 4
HiFefk B (45 S1.S4.S8.510.519.522.526,S28 . S37
S39.S42.S44 . S63~S67.S76~S78) T[4 7&K £ 7 7K
5 (45 S2.S3.86.S7.S20,S21.S24 . S25.S38.S41 ,
S60~S62) Ak AR AR T U (445 S9.S27.843) |
TTAEAE AR T D4R L (S5.S23.S40) Tk 44 A& A v i T
BTHE (G5 S45) L TEW A S TES B (4% S12~
S14.S29~S31.S50~S54.S68~S70) . LI 45 I Y i 2%
B (955 S11.S46~8S49) (WP H iz Wi B & (45
S15~S18,832~S36,S55~S59 .S71~S75),

2 FiEEHER
2.1 @iy

LI Agilent ZORBAX SB-Cis (250 mmX4.6 mm, 5
pm) R EGERE, DL ZE - TS R TR A (R T 12:
L) shiAl A L0.3% B RV R I sl AR B E4 76 B e
(0~15 min, 8%A—12%A ; 15~25 min, 12%A—16%A ;
25~38 min, 16%A—15%A ; 38~45 min, 15%A—20%A ;
45~50 min, 20%A—34%A ; 50~55 min, 34%A—100%A ) ;
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W A 1.0 mL/min; A6~ 30 °C 3 8 3 K 2~ 363 nm;
PR 10 ulo

22 BEHTIE

2.2.1 JRA XTI SRIR

BRI R A AT R R R
BETF Sz 0] R A5 i, RS O, Y B o
FEZY il BT R R 4300l SR 1.02,1.02,1.07,1.04,0.41
mg/mL [ B — X B S AE 2T . 43 S B b s B — X e
it & BOE R, BT 10 mL &m0l , L 509% H s B, il
A 1 mL & SRR R 75.33 wg. IR 27 45 5 1 80.18
pg FIR R R 115.77 ng & 2Bk 35.26 pg . it
212,40 wg HOTR A X BE S AT, #5220 B .

2.2.2 M

LA T 2541, By i, UM oK (3 80 Hifi ) 29 1.0 g,
K% FRE BT H 2 =, R % A 60% H B 50
mL, BRI, B A (B2 40 kHz, THZE 700 W, R [A]) 25 30
min, il 2 %R 5 FRFRE, FH 60% F AN 2 R, HE
k12 000 r/min 5.0 10 min, B3, 28 0.45 pm il fL
DERRYEAT , ISR, AN A5
2.3 EYEEST
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F 2. 17T A E SRR 6 I e R, DL
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S A% B B[] 4 RSD 21/ T 0.2% (n=6) , e W )7 ks 2%
JE RAT,

(2) T M LA 2534 (45 S43) , Bl , B
AR 60y, #2“2.2.27 BT J5 32 il 48 A3 L R, P
“2.17I R G ARSI e SR ISR . L4 S
MR 3 H AT A5 A W AR X 04 TR A RSD /N 1.6%,
& A W A O 5 B B TE] 9 RSD 217N T 0.2% (n=6) , 3
Wik R R AT

(3) R M - B LA (3 T 8 W (G5 S43)
P ER R 0.2.4.8,12.,24 hisHE“2.17 300 F (4 1%
SRR AT IC ISR . LI 4 S BRI TR
LA U RE Yo 068 18T R RSD /N T 1.9% , 4% FA W A Xof
5 B2 5} (8] (9 RSD 5 /NF 0.2% (n=6 ) , 3 B L 5 V4 T
TEZEI TR 24 hINR& B2 ME LI
2.3.2  PRECENE T S W AT U PR

B 78 b LA 25 AR S A IR BORY R, 4422.2.27 35
T A AR AT, B 2.1 IR (g SRR Sy
B, e sk s s, RS R DL ATA” R T L R
(2 (03 1 20 R R AR AR T4 2R 48 (2012 ) ), LA S1
B A RS R 2 B 150 I R) % 58 82 o0 0.2 min, DA 4R
RS 2 SRR A U IR SR A RS SRS
(R), BAKILIE 1, Hepre HA g 8 4>, 2 XT LA X) 1]
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FIFH b 2 a3 48 S0 B AR U A R 40 (2012 W) ) itk
TAARLBE DA, 25 50 (36 1) iR, T8 AR S S IR i 5 %t
MeFg o s AR B A 0.871~0.998,
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2.3.3  FREUENE R ER GRS

(1)GCA : L 78 bl it 245 44 (1% 8 /4~ HAg e e [T X
(R I AT VT — AR AL 33 ) SRy P4+ A5 40 2 BT
P, e A 5 I3 9 il 22 5 2% 3 (CHLh et i
ZBH e A BRI K B/ MED  TTHE AT
W PR TCARXT F Il e 25 57 P I AR P e 25 5%
P SRR OB, I AR SCBE FE R A T HE I, Herh A
X IR B B RE i B e s R (R 1) R, AN
77 b LA I 245 B B4 A X GG By 0.382~0.645, HETT 3
{79 S3.ST . STTHE S )™ A b /RIS TT . T8 HEAE
o A RS T AL TR B L PE A S T L
AR A G U TH A i 8 ST B4R G DRI 43591 A 0.538 ,0.528
0.462.,0.435, H AT, YT Jb 2 AR T A o ) o i 3 A
B, ORI T A BT LR E T AR A I
PTikER
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&1 TSHLUEMERBOVETN R GCA TSR

&8 fﬁﬂﬁ'ﬁﬁi ffﬁ}ﬁiﬁ *EX& TR 5 fﬁﬂﬁ'ﬁﬁt ffﬁﬁ%ﬁ *EX& AR
KR OB WRE Y KR HKE B T

S 0950 0668 0539 0553 15 |[S40 0980 0663 0540 0551 17
S2 0983 0616 0635 0492 39 |[S41 0973 0594 0686 0464 48
S3 0871 0816 0449 0645 I||S42 099 0637 0579 054 25
S4 0969 0627 0642 0494 38 |[S43 0993 0606 0636 0488 4l
S5 0974 0627 0642 0494 38 |[S44 0970 0627 0632 0498 35
So 0983 0646 054 0538 22 |[S45 0982 0698 0505 0580 10
ST 099% 0760 0437 0635 2 ||S46 0987 0607  0.654 0481 43
S8 0961 0646 0570 0531 23 |[S47 0956 0631 0593 0516 27
S9 099 0617 0619 0499 34 |[S48 0951 054 0874 0384 63
SI0 0998 0706 0482 0595 8 ||S49 0978 0568 0765 0426 58
SIL 0954 0587 0741 0442 54 S50 0998 0621 0598 0509 31
SI20993 0653 0537 0548 19 |[SSI 0988 0617 0636 0492 39
SI30977 0703 0543 0564 13 |[S52 0983 0648 0575 0530 24
SI4 0992 0649 0556 0539 20 |[SS3 0987 0630 0613 0507 33
SIS 0952 0574 0776 0425 59 |[Ss4 0973 0637 0598 056 27
Sl6 0973 0391 0699 0458 50 |[S55 0978 0568 0766 0426 58
SI7 0943 03582 0762 0433 56 |[S56 0974 0587 0718 0450 52
SI§ 0980 0603 0667 0475 45 |[S57T 0939 0652 058 0539 2l
SI9 0988 0630 0606 0510 30 |[S58 0967 0590 0718 0451 Sl
S0 099 0634 0597 0515 28 |[S9 0969 0573 0769 0427 57
S 0994 0.734 0457 0616 6 ||S60 0980 0644  059% 0519 26
§22 0989 0632 0595 0515 28 |[Sel 0941 0566 0791 0417 60
§23 0984 0615 0642 0489 40 |[S62 0979 0578 0734 0440 55
S240973 0673 0558 0347 20 |[S63 0982 0613 0645 0487 42
S25 0997 0719 0472 0.604 T ||S64 0984 0607 0656 0481 43
S26 0998 0623 059 051129 |[Se5 0983 0562 0789 0416 6l
§27 0994 0658 0538 0550 18 |[Se6 0954 0544 0865 0386 62
S8 0896 0705 0502 0584 9 ||S67 0943 0344 0880 0382 64
§29 0982 0659 0527 0556 14 |[S68 0984 0610 0622 0495 37
S30 0995 0655 0543 0547 20 |[S69 0978 0630 0610 0508 32
S31 0994 0689 0500 0579 I |[S70 0981 0617 0619 0499 34
§32 0976 0606 0655 0480 44 |STL 0982 0616  0.636 0492 39
$33 0987 0595 0674 0469 47 |[ST2 0974 0581 0729 044 53
S34 0987 0595 0672 0470 46 |[ST3 0987 0617 0620 0499 34
S35 0985 0589 0692 0460 49 |[S74 0972 0563 0789 0416 6l
S36 0988 0598 0662 0475 45 | S75 0982 0609  0.635 0489 40
§37 0989 0663 0537 0552 16 ||S76 0935 0747 0460 0619 5
S38 0983 0676 0519 0566 12 ||S77 0945 0758 0449 0628 3
$39 0973 0625 0632 0497 36 ||S78 0947 0746 0454 062 4

(2) CA: CA P& ] X Bl o A7 075 1 | SR IBORIIAE A
0 A 1) SR S MR AR b 22 B A SR A%, i) SRR S
S e W e I L PA LB PuRt A N AN R S S

W ocnrign Wacraseet Bokgmrn B sREs

l

TR S22 IO 25 S | o e 5 DU SRl B 2T, J
ZHREHE . ARRETER A4 7 (b4 AR AT LT
FP T AR YT LS S ) 1) 78 ik L i
2R 1Y) 8 A AT I T AR A MetaboAnalyst 5.0 T &,
A 22 0k A — b AL BR 753 CA PR (& 3A) .
H1 Pl 3A R UL, T8 AR i T 434 2 2% AT b 48 7 A i AL
TS TR RO 28, IR I Y T AL v
B3B8 T AR SR BT — 2 45 A IR 5 B8 ]
A AR T RIIL T A T S AR g 13,56,
7. 8 REW A B R, ILAR A WG YT Tl AN LU VS A S kT
B I 6 A3 1 i AR AR

(3)PCA: K] SPSS 19.0 #4F, LA 78 b 114k i 245 44
(14 8 > A U T FR Ry A8 1 AT PCA, I #E4T KMO K
¥ X Bartlett 5k JE 46 56 . 25 B B R, KMO Ji &5 15 K
0.616, Bartlett BRIE A6 56 (1) P<<0.001, 7] #£47 PCA™,
8 /™ oAy g I 17 B S A MetaboAnalyst 5.0 T. ., i 5%
P etk JH—fbab P 755 PCA TS (K13B) .
P 3B AT O, YT b 48 AR AT RIAL 3 4 T I TR KB
AL 43R, LR A8 i O T R L PG 48 d ST R it R B0e]
I3 R—2, 5 CATEIZE R IHA 3,

(4)OPLS-DA : Jyift— 0 W 22 Fbn iy , AR 534%
TRt LA 24 A4 1Y 8 A I I T AR A SIMCA 141
Bk, 57 OPLS-DA MY, A5 AU B-IE S 450 ] Sl , A5 75
15 5 PRI (R=0.843, R=0.725) H.2¢ X E i i
AE g (0°=0.532)"", BHAGE M RPLE HLEHEY
A bR AR R 0.049 6(<<0.3) , 1d I BT EAR A0 ] 5 5
Ol HLAE Y AL brkh b A #EE  —0.188 0(<<0.05),
VLB T AR AT LA, il R T 2T RE i i 4 ]

S, HLEOPLS-DA 57 v 8 A~ A W6 fi 745 1 o 22

P #5 (variable importance in the projection, VIP){H , LA
VIP{E >1 H iR 252 A i I s WA k17 22 e br ks
Priiise , 25 4 (K 4) o, 6 1 (SRR ) (U 2 0 3 (451
FEAIELT) W 5 Y VIP IR T 1, XS I sk 22 S
Py, AT RE RS LA 2 b o 1Y R AR T
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121
1.0
l‘g 081
> 06
0.4 1
0.2

L35

B4 78HtILER 25k 8N HIER VIPE

24 SMEYRSSENNE
2.4.1 JrikipEER

(1) L J@ PRI« LA 3 A A TR (G5 S43)
TRA X IR SV TRORN 25 PR (60% HI ) 42217 R (1
TSR HERE T, i SR I (RIS ) o S5 W, 25 FA
O AR A (RN TE e, A i R TR LA

(2) MK R TEE R MI2.2.17 T T 5 Fh s — X
ML B A T A i, B TRl — 10 mL & &R, L 50%
R i A %, R 1 mL &4 R 192.00 g 413
F A 204.00 pg JHIFIZE RASHHT 300.00 pg &2
B 131.82 pg. S fiif 1 25 64.36 g MTRA 0 HR S TR
TCN 1SR T R VAR B SR A B A TGS
JH 50% F R IR BE 2. 4.8.16.32.64 . 12813, 43 Hlic
F2~8 FIRA X AT . BB LR 1~8 SR A X
RV, 22 2. 1 T T (0 i 2 AR AT, T SR TR
DRI i3 Jo R FEE SR A Al b (X)W T R AR B (V)
PEATERAE )T, 4R L% 2,

x2 SMENRSHEIFARSEEER

TRl DRyt HERH) Gl (ugimlL)
£ T=464Y-087 09999 1.50~192.00
HRE R Y=1157%-3.00 09999 1.59~204.00
R Y=1150-2.13 09999 234~300.00
Eotidi Aty Y=19.71X-6.03 09999 1.03~131.82
S Z Y=19334—047 09999 0.50~64.36

(3) 45 %% B 1 - UL A (5 A R (5 S43)
Fi 2. 17T OGP E SRR 6 I 10 SRIGE TR R, 255
R SRR IR R AT HOR R R e
BEAF S R 220 1 B AY RSD 43 1) 4 0.41%,0.29%
0.36%.0.39%.0.53%(n="6) , WA T K5 B K 4T,

(4) T PRI R % R O AR I 25 6 K 5 (S5
S43), 366y, 43 Wl “2.2.2" WK )y gl A Btk S A
PR 2. 1700 T A% SRR S0, I SR I AR TR S M
BT B i, SR BN, SR RETR AR 2 4 4 b
T IR BT S22k it R 5 RSD 43
K 1.57% . 2.48% .2.34% . 2.44% .1.93% (n=6) , & )5
REE R

(5) FaE PRI - B LU I S A W (G5 S43)
T R ACE 0.2.4.8.,12.24 hiFHEZ“2.17 300 F (43%
SRR AT I SR AL, S5 IR ROR SRR IR R
PR AR R S22k A R AR
1 RSD 43 %11 4 0.63% . 0.56% . 0.84% . 0.66% . 1.29% (n=
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6) , FEI A SR e I T ICE 24 h NRRE TE R AT

(6) i ARf [l e R 6 « B 0 5 1 A LL AR I 2 4
i (45 S43)290.5 g, 346 1y A B FRAE , 43 I A B —
XoF HE A 28 YRGS o O 5 E M A A ), 42642.2.27 10
O A AR S AR, 2.1 7 (i SRR S
Mr, iSRG BOR B IR . S5 s, SRR
FEIR R AT IR R BT A 2Bk R A
R 2k Wl 3 4 B 97.37% . 101.44%
102.18% .96.79% . 102.00% , RSD 43 5l 4 0.51% . 0.67% .
0.46%.0.72% .2.67%(n="6) , FE W 7 b HERA 3 L 4F
2.4.2 ARG IE Ty

DI R BB AN S (i im ) , Bi2.4.1
(2)"TF 1~8 1A X B W, #2170 (8 3 2%
P SERE A3 AT, 1 3 0 1 AR T S SRR XA I R T
(fus) +fus= (CkX As)[(Cs X Ax) (Cs NS WY T e T
ANPGRS, COMREI B 1 BT LR S, AR E
DR oy B I TR AR ) o 25 R bR, 2 SRR | Ak JR) 25 48 4 b
A 22 BT L SR 2R 0 AR R A I P43l
0.401.0.993.1.670. 1.615, RSD %3 %] & 1.58% . 0.64% .
0.38%.0.39%(n=8),
2.4.3  AS[AIRIE S5 X AR X 1E PR (A S i)

B2.4.1(2)" B F 1~8 SR A% B S, 424217
T (3% S5 A HEAE 3 AT, 5 55N R { A (Agilent 1200,
11001220 # HPLC {) A 7] 4,35 4% [Agilent ZORBAX
SB-Cis. Agilent 5 HC-Ci5(2) . Shiseido CAPCELL PAK-
Cus, A —2] AR (0.8, 1.0, 1.2 mL/min) AN [R]#:
T (25.30,35 °C) X AHXIAL IE T A5 . 55 IR, 78
R FMET SR ER IR R AT A 22kt S
Fe 2 AR X R OE I 43 1) A 0.374~0.404, 0.979~
1.003.1.626~1.725,1.579~1.647, RSD 43 5l & 2.32% .
0.67%.1.56% .1.24% (n=12) , F W Iy i1t i1 4T
244  AgEGEEN

K FRE G B3 B[] 3 R A7 €8 i 0 o7 o <2401
(2)7T0 R 1~8 SR A X IR IR, #“2.17 0 F % 4%
e REA T e S R . DUHIH R R AN S
Y R HA 4 W AR B s TR) . 45 5 B, S
PR IR R AT A 22 BE T S R AR X AR B )
6] 43 51 4 0.422.0.930 . 1.540 ,1.218 ,RSD 43 5124 0.04% .
0.029%.0.04%.0.15%(n=8)
2.4.5  FEMEEIE M A

W78 b LA i 25 B4 B R S A, H 2. T
T A% A AE R 43 B, 1 s W T AR, 43 0l SR FH AR bR ik RN
QAMS VAT 5 AL 3 1 & 1 (NS & AL LA S M
TR, IF 115 2 B 7 ik 25 5 0 A X 0 22 (relative de-
viation, RD) o £ il~FATIN A 2 UK, 45 4 LT 34 1 e
o GEW(ES) R, T8 HERE S, 4 Rl R4 B 2 Fh o vk
By 2 R A RET , B 2 SRR S (S39 AT S4T) Hh Al iz
RO RD ML 5% 41, Hax i & 51 RDEIA
15 T 5%, $&7m 2 Fie N 7 2 SR oI B 25 5
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3 itit
3.1 IEUEELE RS

T B LA A 1 7 b K BORT 43 A SR AL PR
AKX, FE AT L AT AR AR P A
HU ABFST A T 2020 4F 10— 11 H 2021 4 10— 11
A AT LR WU LT BT L
BB I A LA I 277 ) T8 HLRE A, B A B 2 A
WOy BFE R , BA —E et heieauAis
SR QYN A 1K o1 5 W ot O 4 e (1) e ]
B4R B2 B Y, AT i R R O R
D7 B RN A | AT R S A ) S A
4, Xo A3t v R A R €83 AR EA T T AL OR ST
T T8 b A& T 2 A AR SO B T 8 AN g, 45
AT A 5 AN BT s A HERE S AR AL R 0.871~0.998,
LR AT M LIS 2 M AR — e 25 5. ANDFST Tt
RO B Sy AT, H HPLC Be3E e, v 1 T 1L s
2R 1) T o
3.2 WEEKXIABERLH

T oL gLl A A 2R R AR LS B 4 b s e
211 B 22 5, e HL AR AR o 22 TR v A A,
J vz 2 A ) B 22 AR R B iR . GCA
ZE R, T8 HEARE S, AH XSGR SR 0.382~0.645, HE
HII 307 S3.ST . STTHE s 4177 F AL A AR T . 4% 7™ Hh
) S 249 AR e S B B 4 1) SRy b A R AT 0.538 AL T
BRI T 0.528 L 1l VY 4 a2 3 0.462 1L AR 8 I DT
0.435, B2y 44 I 2 A 45 HE P AT b4 AR A T 10 7248 4
T AL PE ST LU ARA IR . CAAE R
7N, T8HERE S AT 4350 2 28 Il Jb 4 AR AE T FNAT 72 44
SRR KRB —28, IS A3 W AN A 8 e U Tl
FE G KB N —25 5 PCA i 45 RS RIS 45 R —
B, EHDNIN, R RSB A5 E O
M SEF M AE R IABE R A X, OPLS-DA £5 1 i
N, W (SR JER ) W 2 0 3 (AR A AT ) %5 1
VIP 35K F 1, 3 B H X R 543 T RE 2 52 M Ll - 24
A T B 1) 22 S AR i ), S R T AR 2 A R A 2R T
Y TE AT BT XS 2R AT A R s R AR . R R
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