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Abstract: Objective To establish HPLC quantitative fingerprint of Wuzhuyu (Evodia rutaecarpa), so as to provide basis for its
species differentiation and quality evaluation. Methods The HPLC quantitative fingerprint of 29 batches of E.rutaecarpa was
established from three species of E. rutaecarpa. The chromatographic peaks in the fingerprint were identified by HPLC-ESI-MS
technology. The similarity was calculated by the similarity evaluation system of traditional Chinese medicine chromatographic
fingerprint. Chemical pattern recognition technology was used to distinguish three kinds of E. rutaecarpa, and the content of the
index components in E. rutaecarpa was determined. Results In this study, the HPLC quantitative fingerprint of E. rutaecarpa was
established, 13 common peaks were identified, and the structure of common peaks was identified by liquid chromatography-mass
spectrometry. Cluster analysis and orthogonal partial least squares discriminant analysis were used to identify the three species of E.
rutaecarpa. The contents of evodiamine, rutaecarpine, dehydroaevodiamine and narcissoside in E. rutaecarpa from three species are
different. Conclusion The effective distinguishment of different species of E. rutaecarpa can be achieved through the combination
of HPLC quantitative fingerprint and chemical pattern recognition technology, which will provide reference for the quality control of
E. rutaecarpa.
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RRFONHE R —, BABCELE. %
Wb BRSO, R B Ta 7 B
S TN FERMA, 2T IRRSEEN. R
RS B R, AR AEYIb . AR
wR. mERL ISR, Hop AT B R R
HEVRIFEEEM RS . BT (hEZ ) 2020 4F
WSSk T A FHE Y R 294 Euodia rutaecarpa
(Juss.) Benth., f1J% Euodia rutaecarpa (Juss.) Benth.
var. officinalis (Dode) Huang i %2594 Euodia
rutaecarpa (Juss.) Benth. var. bodinieri (Dode) Huang
TR SR R S AT 9 SRR B 3 Pk i 245441241,
X 3 FHAMAE P E M &I 2, R
BT b 2 T S R, ERIRBE R A S
ANTR 3 J B AR SR AR IE SR 78 73 Y SRERAIT 7T, ANIR]
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IR R & B E , (h EZ4 ) 2020
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WTE R TTEA T 2 VAT, R T 7. — sl 4 T 14 5
BEHITIUNEE, ERARGERE R H AT 2
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HB0A SRR TR S RS 0T oA B 7 il B,
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ARG HPLC 07 29 #LR R85 i f
SR, IR VBRI S5 AR 3 FH U F Ak 22 45 7

HATEE, SEMUETEM AL BT, XY
ANIF IR SR R SRR B AT 700, D SR 2R B ) ot s A |
S BE B PR A FH At 5 22 A4

1 UESRG

1.1 4=

Waters Alliance = RCAH LS R4, 46 2695
BEFEZR, 2998 “ARERESIR A, BZNEERESE,
HIR RS, Empower (Al T/EG . MS204TS HLF4>
PRV MR- ER Z A IRATD , B &R
I R4, SPD-20A £4M& M %5, AB SCIEX
X500 %1 QTOF Jfiif{X

EiEFE: Tnature-ACCHROM Cig £ (250 mm X 4.6
mm, 5 um, £ ERFFHAF]D A Eclipse XDB-Cig
(250 mmX4.6 mm, 5pm, ZEEZFFGAT)D
1.2 iK%

X RS SR ICE R (it B266, #A% 20 mg, i
BI04 99.20%) RSB (L5 BI35, Ktk
20 mg, R 99.40%) . EAREVIH (S
5451, #A% 20 mg, JiE 54 98.0%)  AKALE (Gt
54016, FHE 20 mg, FiESr498.0%) W H Lifg
REPHEARER AR MRS A PR A | 0 HR 2544 R 293 Gt
5 120909-201510, 0.5 g/3) MW H E & 525 5k
SEWFARE; REFZG AL 29 ik, RE WM. LA
Wy BLy VLA XA S, RS (P EZH)
2015 4Rt 2 Hp ERNE B R S ERAT 5E TR /D
PR RN EHFFHEY R85 E. rutaecarpa (Juss.)
Benth. . f1j& E. rutaecarpa (Juss.) Benth. var.
officinalis (Dode) Huang B¢ i & % 7% ¥ E.
rutaecarpa (Juss.) Benth. var. bodinieri (Dode) Huang

AT M SR 58 . B RE B IR 1o

A1 9HRETEHRER

Table 1 Samples information from 29 batches of Evodiae Fructus

F5 R FEl #it= 5 5 7l fits
S1 ES 31 VoIES Y-1808035-1 S16 FHIE YL PEA XA T A1709003-1
S2 ES S VoileES) Y-1808035-2 S17 % TL7E 48 XA Jh A1709004-1
S3 ES 3 MRS Y-1808035-3 S18 FHIE YL PEA XA A1809001-1
S4 ES 31 MoIES Y-1808035-4 S19 FHIE YL PEA XA A1809002-1
S5 ES 3 VoileeES) Y-1808035-5 S20 % TL7E 48 X2 J A1809002-5
S6 ES 3 LGB T & WZY191018-1| S21 % TL7E 48 XA Jh A1809003-1
S7 S YLVG 48 eyt B WZY191018-2| S22 AIE TTPE45 XA A1809003-3
S8 ES YLVG 48 ey B WZY191018-3| S23 iR TLTG48 XA A1809003-4
S9 % YLTG 48 XA T A1609003-4 S24 AR YL 7G4 XA Jh A1809004-1
S10 AR YLTE 48 XA T A1609002-1 S25 MEBREE WMEEREE SMWZY01
S11 Ak YL PE4E X2\ T A1609001-1 S26 HEBREN  WMEEHRARE SMWZY02
S12 Ak YL PEE X\ T A1609003-1 S27 HEBREE  WMEERARE SMWZY03
S13 [k YLTE 48 XA T A1609004-1 S28 MEBREE WMEEREE SMWZY04
S14 AR YLTE 48 XA T A1709001-1 S29 MEBREE WMEEHREE SMWZY05
S15 AR YL PEA XN i A1709002-1
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i (AL, g . HEE (4L, Bk
¥ E Sigma-Aldrich. HIER (500 mL, ifgh) I
H Aladdin. =258 % 7Kk H Milli-Q M4kt &
4 (Billerica A7, FEE) .

2 HiE

21 @IEFRIL &Y

2.1.1 HPLC-DAD thifi2kfF itk Tnature-
ACCHROM Ciyg ¥ (250 mm X 4.6 mm, 5 pum, 2
REFHEATD , s 285 (A) -0.5%F IR (B)
e, 0~21 min, 5%~27% A; 21~24 min, 27%~
48% A; 24~35min, 48%~55% A; 35~50 min,
55%~90% A; 50~60 min, 95% A; AFIRE 1.5
mL/min; HEFEEN 10 pL; #8830 C; Kk
K4 252 nm.

2.1.2 HPLC-QTOF-MS Jiii%ft WiM%M45 L
WAEFE. BT ESI @Y IEE TR A
X, 241 kPa; Gas 1: 448 kPa; Gas 2: 448 kPa; i
¥ 620 ‘C; BST4bIE 15500 V, Ef%HE 80 V;
SAHEVEE: miz 50~1500; ZfEHE 40 V. CE
Spread: 20eV.

22 BRAIHIE

221 XTHRSERIEIE BORIHEDL . RAETEIX
Bl ARG, ARG R G, K
PR, I B R SRR B 80 pg/mL R BL
% 80 pg/mL. EEHRAHI 80 pg/mL FI7KALH
80 pg/mL FIVR AW, HIfS.

2.2.2 BERSIER M & WRZEGESM AR G
350 £10.1g, MEMKE, BHAEHEHY,
NN T5%HEE 25 mL, FRERTE, EAELE (T
F 500 W, #iZ 40 kHz) 60 min, Ji4, FFRER
&, M 75%FEEANERCRIE, R, JE, HL
SRR, EA.

23 FHEFER

231 MEHEERE  HE—H (S RERZKEZ
M, & R AR, SRR 6 IR, D SRARME
PR o 25 457 A1 U (1) AH GEOR B 16 18] RSD 38/ T+ 1%,
T BRFAR VG A XS I T AR RSD /T 5%, R BIAX
NG R AT

232 FREMIRE  HUE—H (S IRREBEZM,
Bl IR, 0 0. 6. 12, 18 24hiEA
TAREETEAL, (O SEARE PG . S AR DA P AR X 7 B
B [A] RSD 34/NF 1%, = BEAFAIE U 0 AF Xof Ui T A7
RSD /T 5%, R IA TR 24 h WA E I R T .

233 EEMIRAE  HUFE—H (S RRZEFHLHM,
il 2% 6 MBS IA, R, IDSRAIERNE . SRE
HE VG (R RE A BE IS 1] RSD 347N 1%, 32 BEARfF I
AR ST IE AR RSD /N T 5%
3 HBRES
31 REFEIRYEIEMESL

H 29 b 5 28 gpEFR S S A S VT, 20 il %
“2.2.27 TR BRI B FERCTAT 2 1k, %
“2.0.17 TR ITIEMRUGERERTI, SR1SF RASBEZH I
HPLC #R4EiE (B 1 . B8 e s 4
HFN (2 SRR ERE A AL VR R G AT
(2012 i), BA STty Elig NS s R, i
WL BGRAT B BhILEL, InLAZ SR IE, #isE 13 Mk
Ak, @ REFEAM B RIEE (B 2) .

S29

e .Sl
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El1 29 #t RZEEHME HPLC a4 B
Fig. 1 HPLC fingerprints of 29 batches of Evodiae Fructus
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B2 X% HPLC EUEIGHEER
Fig. 2 Common pattern of HPLC fingerprints of Evodiae
Fructus
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Table 2 Identification of characteristic peaks of Evodiae Fructus fingerprint
55 MSY(miz) WhET L BN A TR
1 359.0960 163.0355[M-+H-gluconic acid]*, 135.0417[M-+H-gluconic acid-COJ* 2-0- 2 2 -MMF Tt 2 2 A R
2 359.0956 163.0354[M+H-gluconic acid]*, 135.0418[M-+H-gluconic acid-COJ* 3-0- S - ) 46 R
3 359.0959 163.0352[M+H-gluconic acid]*, 135.0414[M-+H-gluconic acid-COJ* 4-0- J 2. P 2 R R
4 359.0967 163.0357[M+H-gluconic acid]*, 135.0262[M-+H-gluconic acid-COJ* 5-0- 2 2 -MMHF ot 2 4 A R
5 3551050 135.0449[M+H-QA-COJ* G
6 3021301 286.1021[M+H-CHs-H]* FH R K
7 465.1063 303.0500[M+H-Glc]* U
8 625.2203 317.0658]M+H-Glc-Rha]* KA
9 304.1457 171.0916[M+H-CsH/NO]*, 144.0808[M+H-CsHsN-O]* RFBH
10 288.0621 273.0902[M+H-NHJ* S 3
11 340.2651 242.1549[M+H-CrHua]*, 228.1393[M+H-CsHis]*, 186.0945[M+H-CraHao]* AR T
12 366.2774 268.1646[M+H-C7H14]*, 200.1028[M+H-C1oHzz]*, 186.0862[M+H-CiaHae]t  1-HIHE-2-[(6Z, 92)-6, 91 Tk 4 ]-4-(1H)- M4
13 3422071 214.1248[M+H-CoHz]*, 200.1079[M+H-CioHz2]*, 186.0919[M+H-CuHoa]*  “HRFHE R

33 IBYEEHRMUEITE

W 29 k2 vk AR SN 25 IS RHE K
AU YR RS 8E) (2012 fRD , B,
ZER AR 3. 29 it RAC B M HIARUEE KT 0.917,
AN TR 2 SR 1) SR 2R g e S RS R B AL, (EAFAE— 52
Zete Horb, RZEGEIAIEETE K T 0.934; f %
RAEFMUETEEN 0.917~0.945; BRI
Y5 N 0.920~0.952.
3.4 BAED

N T B M A R R SRR T I K R,
PLRZE R A G 13 ML m L &, §

T3 20 MRETEHIHBINE DTSR

Table 3 Similarity evaluation of 29 batches of Evodiae

Fructus
fits HHABAEE s HHEAEE
S1 1.000 S16 0.924
S2 0.993 S17 0.938
S3 0.989 S18 0.934
S4 0.991 S19 0.932
S5 0.985 S20 0.945
S6 0.961 S21 0.937
S7 0.973 S22 0.939
S8 0.934 S23 0.937
S9 0.926 S24 0.938
S10 0.917 S25 0.93
S11 0.926 S26 0.952
S12 0.92 S27 0.925
S13 0.918 S28 0.922
S14 0.929 S29 0.920
S15 0.926

N\ SPSS 22.0 #f4, RAMRBIEL, EEFTI7RK
FPE B I 6 AT RIS br, 45U 3.
F SR 2 4 TR AT A1 29 SR b 7E P 5 RGP 99 5~10
i, 29 fLRZACBIZGHM 40N 3 KK, AFF=HIA R
51 S1~S8 (RZEFZM) BN—I, AR5 H
S9~824 (A J%) TA—IF; S25~S29 #it (HiER
20 TON—F. LA H, AFEE R
G EARONHE R KES . BV TERIEE A
RRIER
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B3 REHEAHHBRESTRGRE
Fig. 3 Cluster analysis dendrogram of 29 batches of
Evodiae Fructus
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10~25 i, RAEBEMAFEILAE— PR R—RK, X
2 T 5 S 240 1 JoT B MRS B A A

35 IEXmE/ZFFF 24 (partial least
squares discrimination analysis, OPLS-DA)

A 29 b AN [F] 5 iR SR 2R B R SIS T i 13 A3k
AR R, ¥ H 3N SIMICA 14.0 ¥ ff,
#E4T OPLS-DA. W 4, OPLS-DA Frirés £,
RIRBE 3 AEE G AP RE AT AL T AN [B] () 5 1) SR
A DASEIUA I M X 7, 6P 3 Pk JiR SR AR B 14k 2
IMAEAE—E N ZE . Hrp, ARARRIRETE N
AR, UL IR — P H ) A R SR 2R L 2 b i i 22
FRUN: MR, RRFEREBONEL EEUERT
BB R PREA, T RE A T AR ) A KA S
SARFATIE R IR H A M TR E R R T #E—
K2 73 HDTEREBCR IR 73 R 3 Pk Ji 52
KRG GMIFATHM A, RIEEEHEEEREE
(variable importance in project, VIP) kA [H] % &
RG22 A [ 22 e 1 T B 0214, 4508
TN, RORBONUA PR SR 2K BH 1) 22 S ME o B AR B A e e
8. 11, 12, 10; f1 /8 RIARPIMIGE B SR A (1) 22 S 1

~6000 —2000 0 2000 6000
t1]

4 OPLS-DA ##7

Fig4 OPLS-DA
JREAREYNIE 6. 3. 8. 10, 2. 11; R MG
BRRHEZE IR S NE 6. 3. 2.
36 BENME
36.1 LMEKRRFEHE FEWIN AR, RAKH
U 228 R 2R B AN KA 5 R A i A T
B il 7 AN IR B R A TR A R A, TR
“2.1.07 TR BB S AT IIE , DA 0] R o R
B OO RREAAAR, WETIAR (YD APALRR, Zeiilbn
HEHIZE, MLMRITTRE. MR (RD Mk
Yo, ZRIE 4.

R4 ANEBIRB D EE LRSS
Table 4 Linear relationship and linear range of four components

LD P EYEp R2 LR PEVE I/ (ug mL)
I Y=12 583 X+25 334 0.999 8 9.523 2~238.08
G2 B IR Y=17 711 X+7 950.1 0.999 9 2.231 0~55.775 3
AR, Y=19722 X+7568.4 0.999 8 1.577 4~39.435 2
KA Y=12 377 X+3335.9 0.999 8 1.577 4~39.435 2
36.2 FEEERE BURSKIREIA, <2117 HIEHAR RSD 43514 1.98%-.1.40%.1.82%-1.92%,
TN B SR IESEIRE 6 X, ICRREH . ke RIPATEREE R

UE 2 SRR BN KA F AN, TR
RSD, &5 E/RRAHNE . RGN LA RAH
AT ZK AL fR I T AR RSD (B354 0.21%. 0.08%.
0.29%. 0.31%, FHUUIIEHE REF

363 FmEMiki WE RSB (S
S1) , FEHIZJERI 0. 6. 12, 18. 24 h 2» HIiEHE,
T R RS 2 R BT KA
H WA, HHE &R A RSD A
0.58%. 0.01%. 0.78%. 1.20%, 2 HIHL AR
1E 24 h MR EE R 4.

36.4 HEEMRK WF—REEFLMK 6 0
(S1) , 4%H8 “2.2.27 TUTFFESACEE T V04, 4%
HR“2.1.07 TR AR T E , 0 SRR B
R SRR P AR, T

3.6.5 fFEEIRALS R PRBURACE MR (it
5 S1) 6143, 0059, FEERRE, B 25mL =
b, RN RZE TR RPN, EERRE
BB K AL R R 5 1,64 0.45. 0.33. 0.33mg, %
IO To%H G, EAE 25 mL &=, 5kt
FRME “2.2.27 Wi, $%M0E “2.1.17 TR GG AT
Mg, a5RER, REFR. RETRI. EER
SR B HEAN AL E B RIS 23 301 96.94% . 92.52%.
91.79%.97.76%, RSD 4354 3.19%. 3.04%. 4.28%.
3.09%.

36.6 FEMEENE XS 29 #tRIHE LM it
750 AT, DE AN AR S5 SRR B 20 h RO BEH. R
ZEBTIRI BEREFERA KT R, SElE
LER K 5. SEHREOR, 29 fLRZE LM R AE e
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Table 5 Quantitative result of four components in Evodiae
Fructus

. i B 0%

3 R R EERAE A
S1  RZEH 1.70 0.49 0.91 0.34
S2 REW 1.69 0.49 0.90 0.34
S3 R 1.69 0.49 0.90 0.33
S4B 1.67 0.49 0.89 0.33
S5 RZEH 1.69 0.49 0.90 0.33
S6 R 1.55 0.52 0.81 0.14
ST REH 2.76 0.54 0.60 0.37
S8 REEH 1.99 0.42 0.70 0.32
SO ARRFEE 435 0.97 0.71 0.62
S10 AREREZFHE 451 0.98 0.70 0.65
S11 ARRFHE 443 0.99 0.76 0.63
S12 HERKE 415 0.89 0.66 0.60
S13  ARREFHE 419 0.89 0.64 0.60
S14 ARERFHE 409 0.92 0.71 0.60
S15 HERKHE 433 0.93 0.69 0.61
S16  FAERZFEHE 416 0.87 0.65 0.61
S17 ARREZFHE 389 0.85 0.70 0.55
S18  AERZFEHE 401 0.89 0.71 0.60
S19 AERZFEHE 409 0.91 0.72 0.58
S20 ARREFHE 373 0.83 0.69 0.52
S21 ARREFHE 399 0.87 0.70 0.57
S22 HAREREFEE 372 0.82 0.70 0.55
S23 AREREFEE 410 0.89 0.74 0.57
S24  AERFHE 397 0.87 0.75 0.60
S25 EiERFKHE 116 0.25 0.70 0.15
S26 EiERFKHE 119 0.25 0.72 0.16
S27 WMERZFHE 112 0.23 0.71 0.15
S28 MEZRZFHE 111 0.21 0.71 0.15
S29 HMERZFHE 110 0.21 0.72 0.15

BT B 70 BULE 1.10%~4.51%, S 4% B YR Bl ot 2 23 3
7E 0.21% ~0.99%, 5 5% % % i & 5 $0E
0.60%~0.91%, 7KAlT 5 &7 %4 fE 0.14%~0.65%.
4 g
4.1 FIRAEEE

A EERE L, Ebgk 30, 354 40. 45, 50 C
5 AR AR R — SRR B AR . A5 R
T, AR 30 CHAMTR, RHEEE A 5
ROR . BEEFE TR, 20 min A4 32 B 04
o B AW, R, 3% 2 2 88 25 M RHAE I
AN 30 Co
42 HRREANEE

£ 1 mL/min 26448 T, SRR 8E 2B REE B 1 75
Hrisf [ (80 min) 25 F8 98/ NFFAE B3 3 Bt
WA, $EmlsR, %2 1.5 mUmin 1 F4FAE
PR ) 20 B R - 25 KRB, £E 1.5 mL/min 2414 T,
Sy M IR 4650 2 60 min, L€tk 0 (5 H A gy 25

BRI DR, 058 RSB ZGMRHAE L R A4 AR
WMEN 1.5 mL/min.

RCH B AIEIL . BIBHIEE TR, fEiR
SRR O M BUETE & Pudf. buhie
WA I 5 7 TR 357 80 e YRR s 3 A4S
RPN, TR A VLEREER, Rk, LRECHEE . 75%
FHTE . 50% HIE . 70% £ T 5 2 B 245 4 1) 4 B3
So MU E AT AR S5 U T 256 LU o il B R
L, 75% H EEAE N UA IS B BOAE ki
B %, VRN, FEPEE, B
RKGEAMM T EMS . LRE5HE, 1EE 5% H I
YRR SRR BT 2 AR AIE B ) i EDA 771 o

TEM A i 26140 5 ELER Eclipse XDB-Cig (250
mmX4.6 mm, 5pum) I Tnature Cig (250 mmX4.6
mm, 5 pm) 5§ 2 MR R RIS R 2
BRI . 25K, RACHRETE P IRAS A S b Cas
TR B B 22 RO, HHAE Tnature Cig
A TN S B AR L o X FER T
FRORBIRE ity h A SR 2R BN SR 20 B Il 55 AR Dk
FAbEY), M Tnature Cag (i AER I A — & & 1)
IEHAT, AT ARS8 . LREFEIE,
16 5E 2R B AR AE R (1) 40 M 43 4D Tnature
Cig (250 mmX4.6 mm, 5 pum) -

ASLIGHTWER ) 29 HUAS A3 5 R 2 4 i
1T THIE, BBSL T 3 FhkJF RIS 20 1 S4B 4L
B, FriE 1 13 AL 0, Jfmid s 15 AT U
RN, B T R I B . FERR SUEE
(A b, d s B A A I A D e /D — e ) 43
Frxt 3 Pk ROREREAT T X 7. iR EoR: WFh
TTER 3 R8N s OPLS-DA 455, A
IF1) i J57 5% 2 B 240 T (1) 22 S o b B AR AE
ZErte MAh, XRG4 BRI RS [F]I
HATIE . B BEEERATHEN, 3 Fhik i R EE 2544
t, RECRRE S BRI AR RKE T
SR S A KA A B e, AR
e RN, HEBERRERIK. HILEH, RK
YA B B S B R MR YIS, AN 2
JRM RS R E R AR ER . AL ET
TR T B IR SUEIE T BT 5, AN RE MR
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