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Establishment of fingerprint and chemical pattern recognition of Eucommia
ulmoides male flowers from different cultivation areas

ZHANG Zhi, LONG Hua, ZENG Luo, LI Tao, LI Li

College of Biological Resources and Environmental Sciences, Jishou University, Jishou 416000, China

Abstract: Objective To establish HPLC fingerprints of 21 batches of male flowers from Eucommia ulmoides in four producing areas and
provide experimental reference for quality control and resource development of male flowers from E. ulmoides. Methods HPLC mthod was
adopted. The determination was performed on a column of Agilent HC-Cis (250 mm x 4.6 mm, 5.0 pm); Mobile phase: 0.1% formic acid (A)
and acetonitrile (B); Flow rate: 0.8 mL/min; Column temperature: 35 °C; Injection volume: 20 pLwas used to detect organic chemicals in male
flowers. The fingerprint of male flowers from E. ulmoides was evaluated via similarity evaluation, partial least squares discriminant analysis
(PLS-DA), hierarchical cluster analysis and its relationship with climatic factors were also analyzed by using correlation analysis. Results
HPLC fingerprints of male flowers of E. ulmoides from four producing areas were established. A total of 15 common peaks were calibrated and
six chromatographic peaks were identified, which were aucubin, geniposidic acid, chlorogenic acid, geniposide, rutin and quercetin. The
similarity between the established fingerprint of 21 batches and standard reference was 0.911—0.989. The results of PLS-DA analysis showed
that there existed differences among male flower samples from different producing areas. Seven differential compounds were screened by
variable importance in the projection (VIP). Moreover, correlation analysis between peak area of different compounds and climatic factors
indicated that the peak area of No.9 was positively correlated with the average minimum temperature in March and April. The peak area of
quercetin (No.15) was negatively correlated with the average precipitation days in March. The other five compounds showed no significant
correlation with climate factors. Conclusion The established method in this paper could be applied to evaluate the quality of male flowers from
E. ulmoides, with view to providing reference for quality control and resource development of male flowers from E. ulmoides.
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SEVE,  DASAN [ P= ) () A Ve S v B, B
SRR R IR LM T A T Bz — 01213, (HEREL
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BB 43, OO B U 2% TR 24k 2 HR A S R
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Bes TR T (itS B20771). 5B F (its
B20635) W H EilgdEM AR A R AR X
A (LS 479-98-1). RBFHEE (it
5 27741-01-1) W4 H AR v S AR A R A
Al PLES R PR B0 =98%. S TR
(HPLC %%, i SRR AR ik 2l A 7D B
(HPLC %, REMRIZERMAZFKFEIR A D, 4l
K

ANE A 21 HEAL AP REAEAE S, T 2021 42 4 H
SRR E AN NE T R E R RN E T4
TR X IR TR T AR R Berh & I e
FHE 4 MEX . EEEe A T BACHT K5 R I
FEAPaERR (RSN 25 FERL 1D, FRRRFE S 2 R 2
by oy R 3 EA AR 2%, DA BUKES 1
TRORTELAR S s [B] S 56 S AR B . R4, 60 CHt
TREH, M, o 80 BHIf, FTHHLSPEY
TIRAARAT, & FEMEHEKRFEYRFESH
BR R 5 5 Bt 25 W 4% % 8 NAL AP RLE AL AP E.
uimoides Oliv.[FHEAE, FE iSRRG B ILEK 1.
2 ik
21 XY

RN Agilent HC-Cis (AL (250 mm X
4.6 mm, 5.0 um); VM NLHE (A) -0.1%H R
KIEWR (B)s BHEEBEML 2% AF: 0~15 min, 5%~
7% A; 15~20 min, 7%~14% A; 20~42 min,
14% A; 42~45min, 14%~23% A; 45~55 min,
23%~25% A; 55~60 min, 25%~50% A; 60~65
min, 50%~100% A; 65~75 min, 100% A; 75~
77 min, 100%~5% A; 77~82 min, 5% A; 1K
M 0.8 mL/min; AR 35 ‘C; HEFERE 20 pL; FE
AR K : 0~8 min, 202 nm; 8~15 min, 238
nm; 15~25 min, 324 nm; 25~30 min, 238 nm;
30~40 min, 240 nm; 40~50 min, 254 nm; 50~
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Table 1 Origin information form of E. ulmoides male flowers

' R R 'S KA

S1 PWE T R 2 RE S G S12 T8 K R T A LR A
S2 ME T R ERE S G S13 IR K R T A EL 2R A
S3 WhEERT REEEZ 5 S14 IR A KK ST 2R L2 A
S4 M HT R 2 RE 2 G S15 e 75 45 I HR T S BH 5L 4 ST 4
S5 WWNE T R 2 RE 2 G S16 e 75 45 I HR T S PH 5L 4 ST 4
S6 DM I IX S17 Ik 75 4 0 P T gk B 4 SR
S7 B A NIX S18 e 75 45 I HR T S BH 5L 4 ST
S8 SO XHICNIX S19 e 78 45 I HR T S BH B 4 ST 4
S9 IR A KR T 2R EL R A $20 Ik 76 4 Y80 P T % O L K T
S10 WA RE AR ML S21 e 7 44 3L 71 s O 2 4 ST 4
S11 T 44 5 K I T AR L2 AR

82 min, 374 nm.
22 i @ARE &

Iy G ERREL 0.05 g MRS 4.0 mL 50%
IR S], MoEmE, SEFE 1 h, @55
HL 30 min, 8%, FRPRERE, H 50%F B
RIERIER, #2251, A 0.22 um flFLIERE T,
B A5 AR S VAT
2.3 RMAREIE

Sy ARG R 1.5 mg BRI E . 1.4 mg 5
Je FHIR. 0.4 mg HJEF. 0.6 mg 1. 52 mg
KRR 0.8 mg BB FH . 0.5 mg M i F X E
m, I 5 mL 50% H B fF, & BER, A&
F o BERH &5 BRI BE 0 508 034 0.28.
0.08. 0.12. 1.04. 0.16. 0.1 mg/mL.

24 FBEERE

BUE—Hkk (S1) AP HELERE S, 3% “2.27
T 7 V2] & R AR, TR €217 TR IS
FE6 W, ix@i%E. LS5 (GRR) ASR
U, o A LA U B AH X DR B ISP [A] RSD 33/ T+
1%, SILAWERFXTIERI RSD /NT 3%, £
ARG P R
25 REMRAE

IR —HER (S1) FARPRERERES, $% “227 TR
Tr i S AR, 7R “2.17 TN ERER T
0. 2. 4. 8. 12, 24 hilliE, kiR, LS S
(IR NS, THE &I WA R B I [A]
RSD #I/NT 1%, SRR RSD /NT
3%, RHIHHAMIERAE 24 h WEETERTF.

26 EEMRAW

HUE — bk (S1) AP HELERE S, % “2.27
TR B PAT RIS A 6 1, 78 “2.17 I
SRR R, ek BLS S (R

B2) NS Mg, T & I IR A X R B I TA]
RSD ¥J/NT 1%, FILHUERAHX IR RSD /s
T 3%, KZIEEEERL .
2.7 SIEHE

L35 %5 IR AL AR AT OB 56, 1T
3.4 HR0AUR. FoKE. RESE 12 MR T H
THotgt. AEE IR T E RS Chitp://www.
weather.com.cn/) BT T #HIEE.
2.8 EEXIRA

AW TR RFA RIS (hierarchical cluster
analysis, HCA) VA Jf & /N 3% 50 #r (partial
least squares discriminant analysis, PLS-DA) %%
HEAR AT 5787 HCA J& TR B a7k, R
B NFEARI AT EN NG E RS, BEXNE
PEEAT @R 2R, LA R XA E R MiE#E
PLS-DA NHWE - Hr 7%, FEM NI 72N
NI IARRE, IS »FAE, PLS-DA #]
DU Rt AL R W S B30 AT X 7, JF B ik 313
B 1) X ) 22 e 1 AR
3 HBRESH
3.1 HPLC QU EEZISHBIENTHTE

W 21 AP EETERE IR “2.27 BN 7]
F ALK I, R “2.17 TR AR SRR R T
o, W EIEE. SN 2t e SUR R AR
FEVEG 2407 (2012) W AF, LA ST REdh ta il &
NZRERE, KA A0, NEEEEN 0.1
min, 4% SR IEFEBAT ORI ILE, 33 21
HEFL AP EEAERE f 4RSS (B 1D DU IEFR AL
BE (& 20, JRHEATARBUE R . TS0l i
HFRE T 15 MA@l S5RA X RIS G
R (B 3) WE, $RIN T Hr 6 NME, 3l 1
SUERE I 2 SUEREFHRR. 5 SUIELR
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2. 6 SIETTRFAF. 11 SUER T LUK 15 St
s

VRN 5 (£ 2) £H, 21 ke
FE ity PR 5 0F B R SO 2 TR PR ARBUEEZE 0.911~
0.989, ¥J7E 0.9 PA L, HiH] 21 Hbke S 4 o
BA—8, FEMANTRE, (UErRaEsE R

H—E LS. 5 HOUU)I S 2R 58 A AL A 0 20 4'o[/ . 60 80
0.979~0.998, 3 i SN SRR S ] AL R o
0.926~0.985, 6 #HLiH g 24 B S 8] (K A AL E Sy B2 #{hiffE HPLC % RBIE4E L

0.832~0.994, 7 b Bk 75 BE FHAE & 8] 59 AL Fig. 2 Common mode of HPLC fingerprints of E.
0.929~0.997., A[E]7F=HuAE S A R ABALE N 0.751~ ulmoides male flowers

0.984, Hrp 5 i SCRE (ST, S8) 5 Bkt g K

FE A AR BRI, K2ART 0.9, #iW] 2 5

7 LRI A B ) 7 22 R UK

IpE——— s
St L2 ¢ . 5
0 20 40 60 80
, t/min
_rl:: i —— i T =
i BV S W ¥ w w—— = - e 2-R0)e PFERR S-@EIR 6-nt)ePE 11T
_M B WY
81 154t %
0 20 40 60 80 l-aucubin 2-geniposidic acid 5-chlorogenic acid 6-geniposide
t/min

11-rutin 15-quercetin
Bl 1 21 A A m R E
Fig. 1 HPLC fingerprints of 21 batches of E. ulmoides

male flowers

E 3 JE&XHE& HPLC B

Fig. 3 HPLC of mixed reference substances

R2 RUENEHEMESER
Table 2 Results of fingerprint similarity

HILLE

é‘l:l
Y SI S2 83 'S4 S5 S6 ST S8 S9 S0 SII SI2 SI13 S14 SI5 Si6 S17 SI8 SI9 S20  S21 XN

St 1.000

S20.988 1.000

S30.994 0.987 1.000

S40.990 0.998 0.986 1.000

S5 0.984 0.990 0.979 0.994 1.000

S6 0917 0.898 0.904 0.909 0.888 1.000

S7 0.937 0.890 0.943 0.897 0.892 0.926 1.000

S8 0.974 0.937 0.975 0.942 0.929 0.927 0.985 1.000

S9 0.982 0.962 0.977 0.970 0.966 0.955 0.958 0.971 1.000

S10 0.887 0.941 0.895 0.932 0.923 0.837 0.761 0.800 0.875 1.000

S11 0977 0.961 0.977 0.963 0.954 0.952 0.961 0.970 0.992 0.893 1.000

S12 0.907 0.888 0.882 0.900 0.883 0.980 0.882 0.892 0.951 0.832 0.941 1.000

S13 0.850 0.849 0.823 0.862 0.844 0.953 0.803 0.814 0.906 0.841 0.896 0.985 1.000

S14 0.908 0.903 0.890 0.913 0.894 0.979 0.870 0.883 0.951 0.872 0.943 0.994 0.987 1.000

S15 0.886 0.863 0.875 0.877 0.858 0.958 0.885 0.888 0.945 0.804 0.934 0.975 0.961 0.974 1.000

S16 0.841 0.831 0.832 0.846 0.823 0.952 0.837 0.837 0.912 0.801 0.897 0.963 0.966 0.973 0.982 1.000

S17 0.925 0911 0.917 0.921 0.904 0.965 0.905 0.913 0.969 0.864 0.966 0.978 0.960 0.984 0.992 0.970 1.000

S18 0.807 0.818 0.788 0.826 0.802 0.913 0.751 0.764 0.869 0.846 0.866 0.953 0.978 0.971 0.948 0.963 0.951 1.000

S19 0.822 0.844 0.814 0.846 0.814 0.923 0.769 0.785 0.869 0.884 0.878 0.936 0.956 0.965 0.929 0.950 0.944 0.986 1.000

S20 0.853 0.857 0.837 0.867 0.849 0.935 0.806 0.816 0.913 0.858 0.905 0.970 0.982 0.984 0.972 0.978 0.976 0.993 0.976 1.000
S21 0.869 0.875 0.859 0.884 0.870 0.933 0.823 0.832 0.925 0.878 0.918 0.962 0.970 0.981 0.971 0.973 0.981 0.985 0.974 0.997 1.000
XTHE0.956 0.953 0.947 0.959 0.945 0.974 0.912 0.930 0.982 0.911 0.980 0.978 0.958 0.987 0.968 0.952 0.989 0.940 0.944 0.965 0.971 1.000
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3.2 HCA 5 PLS-DA

DL 21 kP A g 15 AN Wik i ARy AR
&, AR 21X 15 MEIRAERFET HCA. JRia%k
WL Z 1950 bRl m R FH A Ta) 0 b AT R B 2 U
REEM IR, AT RILE 4. 25 R BRI
SRS 13.0 NEME, 21 #{FESN 5 AR5,
Bl S1~S7 %A~ 1 2%, S8~S9. S11~S12. S14
BN 1 2K, S13. S15~S18. S20~S21 EH 1
5, SI10 BN 125, S19 HME N 1 2%, &
RLE R G ML MR IFOCIRVEAN B s, AEAE ™ Hh
TG o 4 AN A A A Y )] A 5 B
BRI 1 28, W9 R 2E R0 Bk 78 i BH 1 A7 75 B
AFEIRN 1 RIS, UL i R P
FLARRE i 18] 22 R BOK

AR
5 10 15 20 25

(=]

Htf

T

|

B4 21 #tALhifETE HCA &
Fig. 4 HCA diagram of 21 batches of E. ulmoides male

flowers
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DA HHATHIBI M. LA 21 fiLkES 15 D IE IR
WETHI RN R, R 1S 21X 15 BIETERE, SRH
SIMCA 14.1 AT R FEE 41T PLS-DA,
SR E 5. B B ERERE I S R AN
R%y 4y 5159 0.819 A1 0.865, FHMEEHSH 0> N
0.731, #RT 0.5, UIBRARSE AT SE. AN[E= 1y
FEAPHEAERE A SR TEAR 4y R e e I, AHELZ [A]
B HIFEAZE SO, RE8 B R 7 tH 2% 4H )
. MR AR B E BN (variable
importance in the projection, VIP), 43#7ifiikE
S AN [ 72 bR A e G A DX 20 11 22 S5 A
VIP>1 HAR SN N E AR 010, fR
VIP>1 B2 48E 74 (Bl 6), il 15,

1. 11, 9. 4. 13, 3 S, Hdr 15 Stk
o 1SR I, 11 ST
33 ERMBSERRSSEEFEXMES
#&HE PLS-DA 5%, #AltE 4 AN H
7 A VIP>1 TR IE, @it SPSS
25.0 B A5 P S AG R T REAT AR O A, IS
ZE SR B MRS R T, 4R IE 3.
15 SR RIS 3 HPHBAKRBERE
kSR 9 SRS 3 A FHRILSE. 3 H
SFERIRS 4 A PRIRTR. 4 AFHRIERER
FIIEME; HRZERMERS 55ER T IHAR 2
HEE M. WIEARE, EFEXT 9 SR
Iy UL 4 S E A IR R R EHER, X35
WAL 22 B A AR SR A IR A, 7K 2 A R T )

v
4 614 9810 it
5 S1p e oS11

oo

— o 19 oS13 57.

) SI8

= ST7516 S gaglss
-2 S21'515 S1

El5 21 #HtAtfhufEtE PLS-DA [
Fig. 5 PLS-DA figure of 21 batches of E. ulmoides male

flowers

VarID (primary)

6 EFMAREY VIP
Fig. 6 VIP figure of differential markers
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Table 3 Correlation coefficient between differential component and climatic factors

L MR REL

RAET WEE T ST 0oBlE 45 1351 351
3 AF¥ERE AR 0.282 0.062 -0.315 0.924 0.808 —-0.282 -0.128
3 A FHRAIRRIE —0.038 0.234 -0.807 0.963* 0.405 —-0.796 -0.334
3 HFRE 0.246 -0.011 -0.692 0.993* 0.474 -0.656 —0.452
3 H PRk E —0.679 0.904 —0.027 0.343 0.700 -0.091 0.738
3 AR KRB —0.964" 0.816 -0.325 —0.182 -0.271 -0.411 0.429
3 AP —0.666 0.529 -0.815 0.248 —-0.360 -0.863 -0.132
4 HE¥ s SR 0.549 -0.196 0.064 0.698 0.838 0.115 -0.082
4 HFHRRAR —0.038 0.234 -0.807 0.963* 0.405 —-0.796 -0.334
4 HFBHRE 0.084 0.221 -0.525 0.977* 0.709 -0.508 -0.144
4 F K E —-0.492 0.779 0.112 0.383 0.848 0.063 0.736
4 HP RO —0.896 0.861 -0.563 0.218 -0.020 —-0.637 0.317
4 H PR —0.735 0.562 —0.724 0.103 —0.430 —0.780 —0.047

TRy R IRAECPEIR 2] 0.05 F1 0.01 1 RE K

“and ™" respectively represent significant levels of correlation of 0.05 and 0.01

7 A VIP ERT 1 AR g AR AME, 8
SPSS 25.0 BAF5 7 AR 7 #EATAORAE 73 AT,
WA 5 22 S R e BAT SR PE AR 2SR 7, S52R L
3o 15 FIEMHE RGNS 3 A PR R IR
WENMR; 9 FIEETLE 3 A FE R,
3 APIARIE. 4 A TPHRISE. 4 AT8SE
EE IR HRZERIERD 5URKE T IR
I BERM RN WEAAE, RN 9 Sk
FRr AL 4 SIS R AR RA L, X
3 SIS A RAT IR, KA
TR R . B R O, EATTRT et

B AR 2, PRI R R
4 g

ARSI oy 5 5T AN AR R EUE 7 (50%-
60% 70% W BED, A[EE AR A (200 30, 40
min) XPAEFREELERE S B IE S H . 1 B RE DL K
TR, 2R EIR 50%H EEREL, HAE 30
min JTACERROAE SRR e . B T AN ARG E
(1.0~ 0.8 mL/min), ANEFRBIHH Z05-0.1% H K
TR HEE-0.1% F R K ¥ WO 20 B ORI B2 i
i O -01% F R KE R, AR EN 0.8
mL/min, A& o BAR B, HIGREL . &
MR 2 KA, AR T — KA, 2
WA B SATE T ik R a2 i Ve 1 e R R L
REUE 2 F LGSR, BRI (5 5 8
W HEE. SGESMEE, AR kg
%A

21 AL AP EETEAE G B AR ALRE VPAN 25 SR B A
[ 7= M AL AP AR T AR e, AR PR AR —
B, ERFEANFRSEE. MUESRET

RIS [7] 72 R A o (0 R ABLBE DA 45 SR 201, I
Ji R AT e A2 B T AL A LA, SRAER RIEE
B AW RAERE ST /N, HCA 450710
HOAZ Y BRG,  JHA  wig 2E R A0 55 7 s 9 7 b o
A ARSI 128, RITZAE S A P~
bAE S ) 22 SR, L IR AT R a8 A DR 2R 1 5
R, TR SRR R . AP DI
gl PR, FEEARRIEAE AR RN, AR, 8
FEAR S BAFAE T REAR R0 38 R 2E R A ke v g
BH R34 1) 3 B AR R 72 X, ELA R
WIHEE . PR S HERT 2 K B A4
ARSI, ESAETS S A e R, X BER
FATSL 24 0B A o A S A= b R 5 IR R
FRAE, KR ALfh B Ak & S 4L AL . PLS-DA
s R B A A AT T, AT LA 06E 4R
SAEIATIX 5y, IF ELAB SR B T SO R XA (F 52
i, AMIEmANREEME. PLS-DA SR ER 4
7= RE 23 ) SRR AE S E BT PE X 38, AH B B3
X, AFEFEHX A EM AT W, X R &
VIP {H &S TR I = Bert s, T %%
Fe B2 M E TRy . MRS A RT sk g BH
AR R) T mJR P AR B B KT HoAth e
Hby, POV AR A AT R PO 2R T AR I B KT L
=i, 7E 2 FEAT AR EAE AN [R] 1 25 A B a2 5
fih 2 AR AR, A] AN AT A AL AN R
Fedh . SR FAHCPE ST EE AR 15 506 i
R 9 S A S SRR TAAE— e A, H
AR W T AR 5 SR T IR0 S A O, X AT g
SEHTAME AR, 4 NPERAER TR ZE R
ARIERZE TR R RN FERNE. ZERERS
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R R W] BETE 2 132 M RISk 1F . LIRS,
RIS AR R R s, AR A fridt— 2
AT BARI S, AR AL RAT €
MR Z S, FERIVIAD R ZESR, il
NFSANR] AL i (g S0 B RS AT 70 A B R B S
ALLA 25 SR20V, i 00 Tt 52 A A AN A 3 7 3l i
W B L 3t (1 B IA 2 — B, R OREE A A R
HEHIN MRS B BH A STMEE B, DU
FEAPHELE A0 o AR S8 S ST (R R S0 B 7 2 n] At
FREETE R B 5 BT R PR IS %
RBHR PTANEH P RARALEA TR

'

(11 EFEREDEEDERERER S, PEENEEE=
TR (2D #)M]. dbm: B H AR, 1979: 116.

[2] HhEZG8 [S]. —#. 2020: 172-173.

(3] {77, TAEEE, E&M, & AfhXeRlr (1] &uF
ML, 2010, 28(2): 86-87.

[4] ALEREE, wZRME, PR7E, & RLATRT SR AETE B
VR KR 2 (7], Aol R 5244k, 2016,
38(11): 42-49.

[51 LiR, Huang T, Nie L L, et al. Chemical constituents from
staminate flowers of Eucommia ulmoides Oliver and their
anti-inflammation activity in vitro [J]. Chem Biodivers,
2021, 18(8): €2100331.

[6] ChenSY, Zeng X C, Zong W J, et al. Aucubin alleviates
seizures activity in Li-pilocarpine-induced epileptic mice:
Involvement of inhibition of neuroinflammation and
regulation of neurotransmission [J]. Neurochem Res,
2019, 44(2): 472-484.

[71 Fu G, Tong H, Zeng H, et al. Antioxidant and xanthine
oxidase inhibitory activity of Eucommia ulmoides Oliver
leaf extracts [J]. Pak J Pharm Sci, 2018, 31(4): 1333-
1339.

(8] HLPKEE, XIZEE, BHET5, 5. MAPREIER R L HEE
FOEFRMME M (0. RO 5T R, 2016,

(9]

[10]

[16]

(20]

(21]

28(6): 889-897.
ExRDAEMIRAEETRREAS 2014 5 6 5 [J].
FHEAREMEER DEMTREETRZRSAH,
2014(4): 8-11.

TEUR, JhE, XIEH), % SRIETEERS SEER
FAHRMEWF A [J]. R SEIR 7 4, 2016, 22(17):
27-31.

i, wkEE, HHE, & K Maxt AR K
SRIE R [J]. " ZiH1, 2006, 29(5): 420-423.

XIBER, Eok, ABE, % T RaEgE @ (1]
FR2h, 2021, 43(7): 1950-1955.

XIZRT7, AN, MR, 5. AR EISE AR
Wtk e X M [J]. hEZ, 2016, 47(22): 4085-
4094,

A g, Wi, SRE, 25 ARPEHLBLMA HPLC F84L
P g S KA B OR B AL [J]. R, 2021,
52(21): 6677-6682.

Bk A, #5, BUKRI, %, HPLC {884 &1k %
BN T AN A = MR A6 AR M SR [J]. PR
24,2018, 49(21): 4991-4997.

RN, 25X, iHE, 25 FET HPLC $R4UENEL &k
FOr RN E LM R E N [J]. PR,
2021, 52(6): 1751-1758.

RN, FH4E, 2R, & HATEEE HPLC fRa0 i
KA AR BRI BT AT (7). HHEZE, 2012, 34(4): 706-
709.

FriE, 2, Fooil. ETORIEMaSEE A Rk
[T - B KGR BRI S BB 5 (0], a2 5okt
BT, 2020, 40(8): 2440-2446.

RN, BRR, TR, & AFEZEREF UPLC f
SR R A A TGN AR T [J]. REE, 2022, 53(1):
244-249.

FETS R, XM, AR, 2 AS[E RS MU AR OB
BREFR SRS (1] W2 EEEZ, 2016, 27(6):
1496-1498.

PR, TR, FRE, % BT SSR AR AL P EE
PR 2RI BB AR S5 (7], R ARl RR R R 2 5
%, 2018, 38(5): 79-85.

[FriEsmit  Ee]



