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Abstract: Objective To establish HPLC fingerprint spectra and multi-index content determination method of Chelidonium majus
from different regions. The quality of C. majus herbs from different regions was evaluated comprehensively to provide a basis for its

further research and development. Methods Agilent Extend Cis chromatographic column (250 mm % 4.6 mm, 5 pm) was used and
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0.1% phosphoric acid aqueous solution (A)-acetonitrile (B) were as the mobile phase for gradient elution, volume flow rate was 1.0
mL/min, detection wavelength was 284 nm, column temperature was 25 “C, and injection volume was 10 pL. Using the “Similarity
Evaluation System for Traditional Chinese Medicine Chromatographic Fingerprints (2012 Edition)” to establish HPLC fingerprints of
19 batches of C. majus herbs from four main producing areas and analyze the similarity. Using Origin2022 software for hierarchical
cluster analysis (HCA) and SIMCA-14.1 software for principal component analysis (PCA) and partial least squares-discriminant
analysis (PLS-DA). By comparing the identified indicator components with reference materials and quantitatively measuring them, a
comprehensive evaluation was conducted using chemical pattern recognition and entropy weighted TOPSIS method. Results A total
of 16 common peaks were identified in the HPLC fingerprint of 19 batches of C. majus, identifying chelidonine, coptisine
hydrochloride, corydailine, sanguinarine hydrochloride and chelerythrine . The similarity range of the fingerprint spectrum was 0.745—
0.983. HCA divided 19 batches of C. majus into four categories; The cumulative variance contribution rate of the five principal
components obtained from PCA was 84.758%; The PLS-DA showed that five components, including sanguinarine hydrochloride and
chelidonine, were the symbolic components of the quality difference of C. majus herbs from different regions. The mass fractions of
chelidonine, coptisine hydrochloride, corydailine, sanguinarine hydrochloride and chelerythrine were 0.658—1.547, 0.718—2.577,
0.029—0.108, 0.095—0.527 and 0.069—0.253mg/g, respectively. The box plot and entropy weighted TOPSIS method evaluation both
indicated that the comprehensive quality of C. majus herbs from Liaoning and Shaanxi regions was superior. Conclusion The
established HPLC fingerprint method for C. majus herbs has good separation and simple operation; The content determination method
has good stability and repeatability, which can provide a reference basis for the quality control and further research of C. majus herbs.
Key words: Chelidonium majus L.; fingerprint; chelidonine; coptisine hydrochloride; corydailine; sanguinarine hydrochloride;

chelerythrine; chemical pattern recognition; principal component analysis; entropy weight TOPSIS method
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Table 1 Sources information of medicinal materials of C.

majus
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FEE VAL (0~5min, 5% B; 5~30min, 5%~
20%B; 30~32min, 20%~5% B; 32~70 min,
5%~30%B; 70~85 min, 30%~5%B) ; &K
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Fig. 1 HPLC superimposed fingerprints and control
fingerprint (R) of 19 batches of C. majus
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10-chelidonine; 11-coptisine hydrochloride; 12-corydailine; 13-

sanguinarine hydrochloride; 16-chelerythrine.
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Fig. 2 HPLC of mixed reference substance solution (A)
and test solution (B)
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Table 2 HPLC fingerprint similarity evaluation results of
19 batches of C. majus

95 LU 95 LU
S1 0.968 S11 0.981
S2 0.953 S12 0.950
S3 0.904 S13 0.960
S4 0.972 S14 0.941
S5 0.964 S15 0.981
S6 0.983 S16 0.977
S7 0.745 S17 0.854
S8 0.975 S18 0.936
S9 0.983 S19 0.900
S10 0.972
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Fig. 3 Hierarchical cluster analysis diagram of C. majus
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Table 3 Principal component eigenvalues and variance

contribution rates

ERS B T ETURE% BB ETURE %
1 4.957 30.983 30.983
2 3.343 20.894 51.877
3 2.125 13.284 65.160
4 1.886 11.785 76.946
5 1.250 7.812 84.758
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Fig. 4 PCA crushed stone map of C. majus

DL 19 #EXk FE SERE db fa gC s 1) 16 ML g
IR R, S SIMCA-14.1 HHEGH A,
HEAT M BN PCA, R ILE 5. 451 ER,
PCA BLfRRR S HIE AP E S Rx ~ 0.998,
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Fig. 5 PCA score plot of 19 batches of C. majus

5 HCA 53 —3, #— P8Ik | HCA K45 R,
PCA 25 5 —J7 T R B R 73 A [R] 7= Hb | JE =2 245 1
—EERLE, 53— )7 AR B R SR SR 2
AR E E s B —E KRB .

FIF SPSS25. 0 A LAREHE 7 Ukt PCA &5 i
A7 R, SR BUOE &S0 5K T 22 16 IE AT Jied
IEAR 11 G153 3 il o B PR, 7381 1~16
SR 5 AN FERAT TR R, AR 4.

F*4 HBEX PCA BEFHITER
Table 4 PCA factor load matrix of C. majus

e 2 e )
F — — — —
TR 1 EFD2 ERD3 ERST 4 EESS

1 0.703 —0.174 0.382 —0.254 0.430
2 0.391 0.269 0.537 —0.285 0.541
3 —-0.275 0.541 0.415 0.503 0.233
4 0.719 0.039 —0.141 —0.154 0.007
5 0.188 —0.546 0.621 0.287 —-0.215
6 0.791 —0.242 —0.296 0.299 —-0.026
7 0.228 —0.445 —0.025 0.685 0.455
8 0.557 —0.243 —0.435 0.584 0.149
9 0.179 —0.417 0.380 0.288 —0.525
10 0.661 0.643 —0.100 0.015 —-0.284
11 0.805 0.189 —0.080 —0.385 —-0.039
12 0.650 0.319 —-0.079 0.161 —0.068
13 0.022 0.793 0.384 0.375 —0.134
14 0.903 —0.163 —-0.171 —0.106 —0.100
15 0.495 —0.378 0.699 —0.142 —-0.209
16 0.306 0.899 0.053 0.229 —0.086

51 FRI IO 1, 4, 64 10 CHJEZERD .
11 CGERRRTEENRD « 12 CEERD « 14 DT K
52 FER X EigE 3, 13 GRRIMARHD « 16 (A
RS WIDTHRE s 35 3 X et 5,
9. 15 MITTERECK, 5 4 ERUAHEiEE 7, 8 5T
BRECR, 5 5 Xt it 2 () sTmk iR
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Fig. 6 VIP score graph of 16 chromatographic peaks of C.
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Table 5 VIP score for 16 chromatographic peaks of C.

majus
e 2= VIP { g = VIP {8
3 1.344 150 8 0.954 488
4 1.292 420 11 0.948 322
13 1.054 510 5 0.915 573
15 1.044 840 12 0.909 801
16 1.009 650 6 0.907 781
9 0.999 840 7 0.867 556
14 0.977 319 1 0.861 084
10 0.970 352 2 0.780 310

BN R R R S D2 2R 1R X TR i VRO
B, 1% 9237 BURE KA, BT, AR
IR AR (X0 | WEEIBUNHALRE (V)
b ERI 2, 15 5 DN FEAREC 1 BT RE S Ak
WHL ZIRIE 6. SiREBWIFE. HRIE
B ECEB. ShERIMARB. LA 5 AN B

A RIFIZIER R
2.6.2 FEEFLARE FEERE “2.27 BT RAX

MVETR, H% €237 TR B AARE SRR 6 K, 0
AN SRERIEENR . SRR R R i AR
F RSB AR A A, T RSD {5/ T
5%, RN T FE R -

2.6.3 FRwtikie HERIEEFMA 10 (S
3D, % “2.17 TR i B AR, 43 3T
HJEHI 0. 4. 8. 12, 164 20, 24 h, #% “2.3” Tj
NIRRT, 0% AR 2R TR T ER

*6 RIENRT S MERAITHEMXRERER

Table 6 Results of linear relationship investigation of five chemical components of C. majus

b s EIPEpay s P LRI/ (ug mL ")
e S Y=11.249 X—13.042 0.999 7 10.000~100.000
SRR BB Y=31.171 X—131.37 0.999 8 29.300~293.000
LE Y=11.224 X—4.45 0.999 6 2.050~20.500
SRR AR Y=56.242 X—74.766 0.999 1 10.200~102.000
SPEE SR Y=66.246 X—5.820 5 0.999 1 1.002~10.020

SR EhR AR [ S LU I AR AR A
TH5H RSD H¥/NTF 5%, R IIAHR A AE =K
# 24 h WiaE M RIf.

264 HEMRAE WEKNOEXHK 6 H
(S3), $%“2.17 WU R il & Al s, #%“2.3”7

TR G 2 A ERE 20 AT o VT AR B (B 1) RSD B3
INTF 5%, RHNZLIEZ MR LT,

2.6.5 JMFEFEISCERRE  FEEFREL A E SR K 0.5g
(S3) , HHEEHVMS, 17 6 4, 4l —5E
PRAR BT AT R SV RSB IO 95% £ 1-1.0% 25
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FRAKVE (10 1) 20 mL, % “2.17 TR ikl &
Bk, & “2.37 TUN A & - FATHERE AT, T
HES A RSD . 455K Fm b ShFR T hl
SHEGL. IR MR, LT B R
BN 111.28%- 83.89%. 98.42%. 108.84%. 103.1
6%, RSD ¥/ T 5%,

26.6 FEAEENE  H 19 ORI A RSk
Ry i “2.17 TR g AT gl S i 4, 3%
“2.37 TR EGERAERE AT, WE 5 AN TRARESY
(T AR, SR FARAE 2Ryt FAE S S FR bR 0 &5
&, RIEKT,

2.7 BEEAMEZEEITMN

271 AFFEHLE B BTEAT B EE
SEILTT AN, 19 #HUR A JESRRE ST bR ) B A R
ZE5t, SRR 48 SRR B = ) S17 HERE b
SR, SrRJE 1,547 mglg A110.108 mglg; EhE
BRI T SO LR B, 183 2.557
mg/g; ERIR MARBHRAN (i SR E 1L 7=y S7 it
UAES SR, A& 0.527 mg/g A1 0.253 mg/g.
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Table 7 Content determination results of five index

components in 19 batches of C. majus

Gy JRES U/ (mg-g™")
ElEER T EN R E NIRRT = SR

S1 0.678 0.875 0.048 0.177 0.069
S2 0.723 0.718 0.048 0.205 0.074
S3 0.658 0.851 0.052 0.175 0.068
S4 0.897 1.589 0.044 0.150 0.088
S5 0.740 0.842 0.051 0.195 0.085
S6 1.062 1.989 0.072 0.309 0.183
S7 1.011 1.163 0.075 0.527 0.253
S8 0.703 0.944 0.055 0.204 0.076
S9 1.163 2.557 0.041 0.222 0.127
S10  0.996 2.038 0.090 0.189 0.109
S11 0.690 1.636 0.061 0.129 0.075
S12 0.775 1.188 0.031 0.303 0.107
S13 0.909 1.397 0.047 0.392 0.146
S14  0.752 1.700 0.059 0.141 0.079
S15 1.120 1.762 0.101 0.451 0.167
S16  0.695 1.497 0.044 0.181 0.070
S17  1.547 2.435 0.108 0.267 0.224
S18  0.715 1.873 0.029 0.095 0.068
S19  0.714 1.848 0.038 0.104 0.070
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Fig. 7 Box plots of content of five indexes in C. majus from different origins
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Table 8 Scoring ranking of qualityof C. majus herbs

5 Dy D Ci H7 5 D/ D Ci HE P
S1 3.750 3.787 0.502 14 Si1 2272 4.168 0.647 5
S2 4.042 3.644 0.474 17 S12 3.440 3.253 0.486 15
S3 3.758 3.838 0.505 13 S13 3.138 2.822 0.473 18
S4 2.655 3.659 0.580 8 S14 2.203 4.096 0.650 4
S5 3.796 3.491 0.479 16 S15 2.583 3315 0.562 9
S6 2.617 3.266 0.555 10 S16 2.704 4.048 0.599 7
87 4342 2.061 0.322 19 S17 3.438 4.017 0.539 11
S8 3.556 3.699 0.510 12 S18 2.454 4385 0.641 6
S9 2.320 4.400 0.655 2 S19 2.316 4342 0.652 3
S10 1.650 4.122 0.714 1

19 fit A R 250 SEARME C AP W R : S10>
S9>S19>S14>S11>S18>S16>S4>S15>S6>
S17>S8>S3>S1>812>S5>52>S13>37, H#%
AT =52 S10>89>S19, Xf M ()7 #i &3 T (S10-
S9) MIBEFE (S19) , Ht— LIk | FHLL ISR .
3 Wie
31 EERAXRIZERSM

AT AL T B A SR B [ S B R Ah 7 =20, [l
TP E A AR i A e £ T B A T, MR
[FIAAEECT e AR5 T A RSEEUAT] (20%-
40%- 60%- 80%- 100%HEE K 50%- 70%. 95%-
100%ZEE) « FHERIIAE (0%~ 0.5%- 1.0%- 2.0%-
3.0%)  $REUETE (304 60+ 90, 120 150 min) -
PRBUATEASE (121041 22041 53041 40,1 : 50)
YT R SR 2 R BUSUR () s, DLl ¢ 1 0 i
W 43 B8 FE R bR » BRI E 95% L E-1.0% 25 R
AU (LD 1) NEEECEF, IFARIRIEE 2h, #2
BURIEAEE 1 2 20, AR AU S T b 3 777
32 HMPEICAYIEER

ARSI HEL [ 269, 274, 284 nm 3 MK,
7E 284 nm R T, FESR . ShER & 48
BB EhRR ARG [ i SELL0835 e A B i,
HL RS BRE R S 2 a0, HLR K TR AR 2
S, WETE K A B BT, MOEE 284 nm WKAE R
For A o
3.3 HPLC &1tk

BN E S AR sy, AR S AL R

RIS T 5 Gemini C15110A (250 mm X 4.6
mm, 5 pm) . RPERGRZE M X Bridges BEH
Amide (250 mmX4.6 mm, 5pm) Al Agilent Extend
Cig (250 mmX4.6 mm, 5pm) (i FEHE4T sz .
it Z RS KB, Agilent Extend Cig (01844 X A<
YRS BGAE R (10 0 TS 08I B A 1) 40 B 2OR, Rels
BRI IEHE RIS, BB EISEES, AR
SEIG K Agilent Extend Cis (835 4E . A SIS R HA 7
X EEE-K . FREE-BEER . ZHE-K. ZB5-BERR. 2
F- (0.1% 0.5%) =M% (BRI pH=3.0) i
SR R AR E 0.81 0.9 1.0mL/min #E1TANA
PRS2 S BEM, S5 380, SR 2 -0.1% 8% 1R
IR SAF AT IR BE Ve (0~5min, 5% B; 5~30
min, 5%~20%B; 30~32min, 20%~5%B; 32~
70 min, 5%~30%B; 70~85min, 30%~5%B) ,
ERURE 1.0 mL/min, BREEGENL, H 2501 B
kg BRSO B N ERAR, LIS RLUT
34 BYEEREEMNE
2Rt IS RPN R A o e —, 18
ST e A TR AR D S B2 I N AE R 2. 248
o I AT LAHERR I 52 11 S 249 04 R FE AR A 1)
S, DRR P  5 A RE R AP (A JE SR 24 1)
AR AN 19 #R AERAME T8
SUEE, JLUTECH 16 AN 0. @i S TR A X IR
Bk RTINS, RN T 5 MR, AR
FE SRR (10 56 | ShERTEERL (11 518) |
HE (12 50 . HBERMARE (13 508 ffE

b b



* 4202 »

¢EH 2024F 67 $£55% B 128 Chinese Traditional and Herbal Drugs 2024 June Vol. 55 No. 12

AL (16 508D 5 FRSU A AL B A IR
19 HERZGM H 1L 7 A 7 15 AR P s s 4, Attt
R T SUEIRE AR LR ITE 0.90 DA 1, FREFZ 4L
DAL= U SR 25 M — BT, R RN ER
JE. PCA 4555 HCA 455K, S75 S17 #LikFE
a5 HAR IR Z R R, AN E 1 EkE ST #iE
RGBT D Emek, 11 S17 R 2 AR ImEk,
HED S7 A1 S17 A K I L A bk, RIS,
B A28 T IX S AR HLIR M R & AEE—
JEIZE 5 . PLS-DA 45558 W] 3 T, 4 S, 13 5
e CGERER IMARBH) . 15 S0&F0 16 Sig (FJE3E4L
WD A A1 S 1 2 e bn &), AR
R 5 s B TS T ST B, e R EE
SRR EDIIEER o

SCHRIRIE B SR RS SKER. £
P& AR BT S LU A PUME . PR BUR.
BRI oA H LR T i S 24 B 1 034, R st
5E G5 TR RN [F] 7= i 1 JE S A MR AR Lo & BATAE
WFEZES, ST REUCRE S TS I SRR AR SR (1 )i
AR SRS T HRMIRIGEE, S17 #ukFE
i Y RS R R & B B R T AR IR
TR, SHREERESERMR TS BRI T
H ) R SR 2 8E o i Rk DA b 22 5 AR 1Y) 32 B i R AT
A 5 SRI0 TG S M SR R . PR AR i X 3
(M FRERES . SRS . AR KT . e
KU I L7 XFEE RS Z R Rw A K. L
K 50540 TOPSIS VR4 4412 B 3T 5 AT Bk 74 72 i 1)
RS i R R . ERATR % “MEpE
H” BREE, SO R PR HIRkt
L “TEHZGR 7 BT, AR 25 R AR S

ARKW,  (RAREZ) EFxhi:. “tTi
frat, B, IR, 7 B, CRBAED)

B “EHEAL, MFFEMmMECGE. 7 PR L
PSRRI E YR R LA, RYE A ESA
B AR , A SR 583 FE SEEG M I U AR,
et T EIR IR

ARSI 5 ) ER R SO R 5 R B s T R
AR SR, WA S AERSIAE 21 A SR
Hh R R T 2 PR 0 BN 4.401 me/g, HARAT
VER R, ARV B SOk A I X R R SO RGN <€ LA
L2 AT R A GBI T ROIRGE B s T34k, At
FOPTIGE 5K SRR SCIR AT 130, (HAE SC A B
AR A L NAE ARG, I LA SRR T SRk

PR S EWNE B, R TAMA S
55 B LU IR 35 AN PRSI 5 SR 00 0 R Bl
G — DT

AW FCESL T AN[F] = H JE S 2544 ) HPLC fi

SUEITE, W€ T 16 MR, 455 HCA 1 PCA K

HESRX 7309 4 28, PCA pfreh 5 DR RS

ZETTHRZE N 84.758%, PLS-DA Jifiifth 3 Sk, 4 5

W 13 S0 (EERRIMARBED + 15 SR 16 SUE (H

JESRLLTR) X 5 A BRI AR 1L 3 S 2 04

FIEZEREM, RHEBZROEEREY, N

€ TP A SR Eh R RN SRR EhER I

ARBAT L0 5 N RFR R 15 & ARSI

E M. EELE. SRR, T T

BEF P 22 5 (0 S 2 1) b S VEAR T
HBEAR PAEEHFARELEF YR

SE R

[1] hEZ# [S]. —F6. 2020: 112.

[21 &7k, FPHE, BWARGE, S5 ORSLBEIR i o gl
e e A Wi wE T (0], 1R RO R, 2016,
55(8): 2082-2085.

[81 HEFERE D EEDERERZ RS, PEEYE [M]
Jbmt: Bl R, 1999: 74

[41 TFEA, Jrex, O, 55 BESERREINE 0. A
ZHFAT, 2008, 20(3): 40.

[5] WI-RMHIERE. £33, Kb, FREGE. BOEARER
BESHTSC M. Jbst: B £ Hi AR, 2007: 72.

[6] TEEHEHE, KUK, MUOCHE, SF. A ESEIREC BT
5 S BT E I RIALRIRT AL [J]. MR /RIEBE R R
%, 2021, 55(1): 1-6.

(71 FafRlE, %, A ESEm KB 90 i B 1
HLEIERDS [J]. BURMRIZE 22, 2018, 26(10): 1498-1502.

[8] Fo%, WRVEEL, WRehdE, &5 JET W4 25 2 e 5
UM 7 T HLEIBT T (0], Th A2y, 2018, 49(3): 646-
657.

[9] Capistrano I R, Wouters A, Lardon F, et al. In vitro and in
vivo investigations on the antitumour activity of
Chelidonium majus [J]. Phytomedicine, 2015, 22(14):
1279-1287.

[10] Xiao X Z, Chen Z H, Wu Z R, et al. Insights into the
antineoplastic mechanism of Chelidonium majus via systems
pharmacology approach [J]. Quant Biol, 2019, 7(1): 42-53.

[11] Wei Q H, Zhao M, Li X Y. Extraction of chelerythrine and
its effects on pathogenic fungus spore germination [J].
Pharmacogn Mag, 2017, 13(52): 600-606.

[12] Qian W D, Zhang J N, Wang W J, et al. Efficacy of

chelerythrine against mono- and dual-species biofilms of



¢EH 2024F 67 $£55% B 128 Chinese Traditional and Herbal Drugs 2024 June Vol. 55 No. 12

* 4203 »

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

Candida albicans and Staphylococcus aureus and its
properties of inducing hypha-to-yeast transition of C.
albicans [J]. J Fungi, 2020, 6(2): 45.

Meng F Y, Zuo G Y, Hao X Y, et al. Antifungal activity of
the benzo[c]phenanthridine alkaloids from Chelidonium
majus Linn against resistant clinical yeast isolates [J]. J
Ethnopharmacol, 2009, 125(3): 494-496.

ik, HIT, F5RE, A ESIREY b YR
JEPLRAE AT FL (7], T E S T R R &, 2013,
19(8): 262-265.

XIFGY, ZFhmile, BUOREE. W e S SUR 1R R 7T
[7. WARESEZ, 2022, 18(5): 35-38.

AEEE, BfeR, EEHE, 5 B ESESEYEURE
IR SEIRRTFE (7], HPHLE B4R, 2011, 32(6): 29-
30.

JALE, VREW], BUIE, S SARE AR E R
B [J]. hEER 2% &, 2020, 40(11):
1206-1211.

P77, WIEIR, BRI, A& NLA TR G TT
AN LB SCRUE R K ERE R G R BT 5T (3], HhR
%, 2014, 36(1): 44-48.

MR, ERE, BB, S5 PUMOR 2 A AL 2
MR IR [J]. SEH MR 4 &, 2010, 24(5):
415-417.

U T ST N 7 N = Ve AR PN NSRSl
WIGHEFT [1]. B4R WA - 9848, 2014, 26(6): 459-462.
KR, RIRR, KB, 55, SR80 A Rl 4
ZURR AT AR S R i 21 NF-xB ZRIE K520
[J]. MK BEEERR, 2019, 45(3): 518-523.
JAERE, HAREE, VL, % HPLC RSB 2 sy
JE B4 A A AR URNE VA A [R] AL A ST Lk SR
B [J]. hEZE, 2023, 54(7): 2235-2242.

EE, WA, HE/MIL &5 TR EIE A S
WU S 2 By R 73 & w8 1 KA e - PR [J].
FRELZY, 2023, 54(19): 6452-6460.

AN, BEngR, ek, 5. 27Uk SR GC-MS

[25]

[26]

[27]

(28]

[29]

[30]

(31]

[32]

[33]

[34]

[35]

[36]

[37]

(38]

RGBS RS e 2 H Ay BB [J]. HHEZ, 2022,
53(22): 7048-7057.

WE, FHW, e E, % 5T HPLC fagu&itss
AT ERFNARSHEEA PR AR [J]. b
2}, 2023, 54(12): 3990-3998.

i, 220, FRET, % B R/ R R 04
T AR AT bR HE 7 R R s B[], A, 2022,
45(3): 664-667.

Ak, Jid, Rk, & BT TOPSIS ¥R
EIRHRE T RS M SR 7T ], TRREZY, 2022,
53(17): 5504-5512.

TRE, R¥, %0y, & BT IREOKE-TOPSIS &
VEM AN = o #E R (0], P2, 2021, 52(23):
7317-7322.

7}, skErim, EHER, 25 T4EE HPLC FRSUERERF
50 [J]. TPEEZE, 2018, 49(5): 1165-1168.

ERIEZL, BRl, B, %% HPLC F84rikAIL Mo &
BEENFERRAEEN B R E (1] 2T
WF9T, 2023, 46(3): 583-591.

kR, ZETNTE, WU, . AJECEAEERSGAR
HE [J]. FRPERZ, 2022, 42(1): 84-87.

i, SE, TR, 55 AESEEE SRR ().
ANSHIFT, 2022, 34(2): 58-62.

MR, Bk, 200, % [ ESRZAEER KRR
HWTI AT (0], HEEEAARE, 2022, 41(2): 41-45.
FATY, 45, diP R, 2 AR I ELE
FMBF TR [7]. F 524, 2009, 40(S1): 38-40.
BEM. HAE M) dbR: NRSCEH MR, 1978:
169.

- RESER. HHRE. RARESZ (M) LR
= 24 44 H fRAE, 2020: 495.

TG BE. SRR EAR (M) A8 ZER
ZHARH AL, 1987: 2.

B, AR, BEORRE. 21 MK A ESE 6 sy A
sMETA 1] REFPEZ ST, 2020, 38(11): 207-
209.

[Tt i 29]



