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Research on difference of Phellodendron amurense and Phellodendron chinense
based on fingerprint and multicomponent content determination
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Abstract: Objective To evaluate the difference of Phellodendron amurense and P. chinense by establishing HPLC fingerprint and
determining contents of five effective components. Methods The HPLC fingerprints of 10 batches of P. amurense and 10 batches of P.
chinense were established by HPLC method, and the common peaks were identificated by reference substances. The contents of five
effective components were determined. Similarity evaluation of the fingerprints were carried out, principal component analysis (PCA) and
orthogonal partial least squares discriminant analysis (OPLS-DA) were used to find the differential components of P. amurense and P.
chinense. Results There were six common peaks in the fingerprints of P. amurense and P. chinense. By comparing with the reference
substances, five common peaks were identified, they were magnoflorine, jatrorrhizine, berberrubine, palmatine and berberine, respectively.
Three biomarkers were determined by PCA and OPLS-DA method in the fingerprints of P. amurense and P. chinense, they were
magnoflorine, palmatine and berberine respectively. The content difference of palmatine was the most significant. Conclusion  This method
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can effectively analyze the quality differences of P. amurense and P. chinense and provide reference for its quality evaluation and control.
Key words: Phellodendron amurense Rupr.; Phellodendron chinense Schneid.; HPLC; fingerprint; multivariate statistical analysis;

magnoflorine; palmatine; berberine; berberrubine; jatrorrhizine

KB ON 25 A& B 4 35 5% Phellodendron
amurense Rupr.[FF-ER B2, I B N =B RHED) 5
FZ# Phellodendron chinense Schneid. ()44 5z .
PR BTSRRI V5 KBRZE MRERTIE T,
FEVRITHEIETER BRE. T, PR . BURG
H #IRmEmAERS, BT, Stk A
SRR, AEE. BR. RN RERME,
JUBEAE ) FEALZE o N IR . B =ik RN
FAVEDFREIE RSO, A A= e 2 A2 S T A A
NSRRI E EE R s CREZGE) 2020 SERR
JI B R 5 R A A AH R (0 Do PRk, (H Bt 5 3
R EARMBED, BRI & o s 3 =2
SEIAERARES, #mEAE., EyEtt b
BAFEMME, HEERKREHS, ZFHIHFER
RIS El, e By T & & )1 A,
T ) VSRR PR /N BE B 75 B2 DS B 5~6 517, (R
[E] 24 #iL) 2020 4Rt 5E SRS B AA TR AR 1R B A 2R R
ANBEGRF SRR B2 ST ) BEAR TR bR o R R
ANBERR S SRR BRI . A LD B E  oSEE R AN
J BRI P& I Fahs,  BOME R0 A TH Hb P4 DG 3
MRS T, AR SLail s g 57 HPLC Fr 48Ul
PRI R E AR 2L AE00 . ShERZGARAN .. /NBELT
Bl VTR NEERR ) &8, AL - ERENE

Sk, N ORBEA )V B AT ) o B4 ) B2 I R G B
RIS,
1 {UEEHH
1.1 {4

Agilent 1260 B = HORAH €4 3% 4% ; Diamonsil Cus
%A (250 mmXx4.6 mm, 5 pm); Sartorius B H
TR (HEEZEZFI); Eppendorf Centrifuge
5418 250001 (4% [E Eppendorf AG A ]); Milli-Q %
Haat KA (3EE Milipore 2AF]).
1.2 #8t

FHAAZ MWL A 4 3 7=t 10 HEFES,
JBEAAZIM FE 10 HEFE S, ST Jb A B 2 e 4 B L
P88 N HEFHEY BEE P, amurense Rupr. & 257
BHEY) BB P. chinense Schneid. [T 184/ 57 , B 5
K fE B ILER 1. XTRSAR = (it
19082004, JHE/ % 99.84%). ThESZHIEML (L5
19072609, i &% 98.62%). /NEELIHE (HtS
19050701, Jii & 70 % 98.71%). /NEEE (S
17110105, Jii & 4> $0 98.95% ). By (5
18022604, Jfi 4% 99.01%) ¥ H B Hl 2 ARG AE
YIRS HRAT; OF5. HEE (i, S5 K
IRRAVATD; HEE (rral, RETH K K2R
HIRATD; #HaiK il Milli-Q Zli/K 25 %

F*1 TR~ XERRIIEEERER
Table 1 Sample information of P. amurense and P. chinense from different producing areas

FEmsms EAS 5 P B B it FEH
s1 KHAH 1804001C R S11 ik vié| 1901001 U
S2 KHAH 190601 L S12 ik vié| 190303CP287 U
S3 KEH 190901 K S13 JI B 180301 g
S4 KB 1908797131 K S14 JI B 19072301 o
S5 KA 1904001 K S15 JI B 202002001 o
S6 KHAH 20191201 ik S16 ik vié| 191002831 U
S7 KM 202008001 ik S17 ik vié| 1905001 U
S8 KHAH 190602151 AR S18 ik vié| 190804491 U
S9 KA 190307 o S19 JI B 18061501 o
S10 KA 20200719 wdk S20 JI B 17081601 g

2 FEEHR

2.1 XEMKJIFEMA HPLC 35X BRI E

211 ik it Diamonsil Cis i (250
mmX4.6mm, 5um); FishtH: CFE (A) -0.1%MR

IKIE (B, FREEVEML (0~5 min, 10%~13% A; 5~
20 min, 13%~15% A; 20~28 min, 15%~20% A;

28~40 min, 20%~40%A; 40~55min, 40%~50%
A; 55~65min, 50%~75%A; 65~67 min, 75%A;
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67~69 min, 75%~10% A); FElly%K: 265 nm; fAFH
W L mU/min; #EE 30 °C; #EEEE 10 pL.

2.1.2 RAXEEEGIS AEHEIRPOR 2Em. &
PR 2 AR BR INBELLHR . /NEERR. BTN R E
BT 10 mL &I, I\ 70%F e A, o)
FREEAR R o HERRIR S RS = 2 5 mL &=,
In 7T0%HEEESY, RS, FC U SR A AR
ZAEHH 4.9 pg/mL. FRIRZGRH 0.6 pg/mL. /NEELT
B 0.2 pg/mL L 5T 6.2 ug/mL /NBER 18.7 ug/mL
[PITRA X R S, & .

2.1.3  BHASIERIIEI & s SR EOS A
JIERIFI A 059, BT 100 mL B ZEHERIT T,
3231 30 min JE A 30 mL 68%H ¥, # A 40 min
(fE#R 25 C) JaH 68% H B4 2 I8k T &, TRAT,
B 4598 4 mL, 13 000 r/min B> 5 min, B _Ei&ETR
T 5 mLEP &, BRI EiEW 1 mL T 10 mL
B, AHEEFREEREZIE, H0.22 pm il
JEMEYERL, 152 ) B A R A

214 FEEERLE REERIOCSHM. AR
AR, SRR 6 IR, RBIMITOR 6. EhIR
AR ANBELLHR. ELELYT S ZINEERRAE X OR B B 1)
f) RSD {43514 0.12%. 0.34%. 0.76%. 0.28%-
0.66%; FHXF U TH A1) RSD {HAK N 0.24%.0.31%.
0.36%-. 0.25%. 0.19%; JIIFEHMIF LI 5 Sl
X OR BT[] 1) RSD {E 4374 0.69%.0.83%-0.92%-
0.51%- 0.36%; AT [ AR ) RSD fE AKX} 0.56%
0.62%. 0.48%. 1.25%. 0.81%, %% & HI{X S 1IHE

HEHT
215 FAERK HERFRIA — A )11

FZER A, 1%IE “2.1.37 TR 5% 6 Atk
AR, 4% “2.1.07 TR R ST bl 2
KEAN P AR AT ERERZGARIL . NEELI . 25
VT /NBERRIX 5 A2 &1 RSD 1543 514 0.69%.
1.94%. 1.36%. 1.44%. 1.68%; )I|#HhLl 54
B A i RSD {7 58 0.47%- 0.96%- 1.28%-
0.52%. 1.49%, &£5HFRIIZTTIENEE R

2.1.6 FOEMEAE R SRR — RO A )1
BRI, 1% “2.0.17 TR, 45
7E£ 0. 3. 5. 8. 13. 20. 24 h #HFf, KEMIAZETE
Bl ERERZGMAR. /NEBELIRR. EILVT. /NEEBEAR
[ i (]I T AR Y RSD {43709 1.69%. 1.98%.
1.64%. 1.83%. 1.54%, JI|BEAIHLLLE 5 N TE
AN [F) B E] T AR ) RSD B 23708 1.29%- 1.59%.

0.81%. 1.29%. 2.67%.
2.1.7 fRorEEm S KA RN RAE S
YT RS (PO RSUE AR E RN R G
(2004 A 43 I%t 10 HELEHIS 10 L)1 F#EAARH
HPLC fREUE s AT A WU RT, 5 B[R] 7 58 FE
0.1, BAS1GHEAMIFES (5 1804001C) J S8
JIEEAARES, (65 1901001) HITRSUAE NS K
W, DUNBERRCA Mark AT (R B TR IE,  [R]i
KR A BOE AT AW UTIR, ST B ) SR A AR
A e L 1. SRR et 6 ML E TR

6
A
35
1 4|
6
B
1
A 2 34 lu
6
5
C
-
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t/min

LARZIEIR 3-ERERZGMRM  4-/NBELLH 5-EE VT 6-/NBEW
1-magnoflorine  3-jatrorrhizine  4-berberrubine  5-palmatine
6-berberine

1 RANBSAR (A). 10 #XEMAH HPLC 84
EEH#AEN (B). 10 #L)IIRMAZH HPLC B EEHEE
#3 (C) HPLC &

Fig. 1 HPLC fingerprint common pattern of mixed
reference substances (A), 10 batches of P. amurense (B), 10
batches of P. chinense (C)

U, JLATHR SO AE XTI T AR RSD {EL7E 22.74%~
35.91%; JIlZAAdsE tH 6 MLAIRAE, LATRA
U R AR XTI T AR RSD {HAE 11.67%~19.82%. K3
MRS A UEAE 0.912~1.000; 1B HITREL
K A LU £E 0.998~1.000, AEALEY AT 0.9,
Wi B AR LU R 4189,

22 XREMER)IEHENEILNERME ST

221 FERHHT Cprincipal component analysis ,
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PCA) KHI SIMCAL4.0 #f, Rt 5 Fiom. BAVIP>1.0 MbrE, 3LH 3INMERMERE

1T PCA 43H7, 3 S )1 [ 35 AR Scores AT Loading
Kl 2. 3 iz, i Scores BIRT AN, SSEEAIAN)I3E
FAZHA 53 T FRERAE 2 DNASTRIIX 3k, i BB FN ) 1|
PR ZE T, 1S R X 4y
Loading I 25 5 bRzt 3 B 18043 A il R 22 S 0T
Bk, @It Loading B4, XA 1Y
SN B K2 /IMK ORI 64 54 1 X0 2 (1)
ST FH KB IMEKICRIE 3. 44 6.

s1
4 s13 o
]
4 Sl S4, @3
= o S20 S17 éﬁ 88”55.510
= ®
sige-S16 9
-1 S14 ®s7
_2_
(]
6 4 2 0 2 4

t[1]
R?>{1]=0.622 R?x[2]=0.134 Ellipse: Hotelling's T2(95%)

B2 XEHERIIFEMEZH Scores [

Fig. 2 Scores scatter plot of P. amurense and P. chinense
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R?>{1]=0.622 R2x[2]=0.134 Ellipse: Hotelling’s T2(95%)

3 XEMKJIFEMEZH Loading
Fig. 3 Loading scatter plot of peak variable of P. amurense
and P. chinense

222 B w3 FH 534 Corthogonal partial
least squares discriminant analysis, OPLS-DA) A
TR N R SRR ZE S, KR A
FINEERGr Iy 2 40, DLOREOR L SEAR 4R S B 1
JE R AL &, FIIF SIMCAL4.0 B PR 37 G HA
5N EEAIFE S ) OPLS-DA 5% . fF OPLS-DA
55y B, 10 fEOCEE AT K2 10 #6)1EEA AR L7 X
3N 228, W 4 PR, B8 R% (cum) 5 0.730,
R?y (cum) 4 0.951, Q? (cum) & 0.924, k%
SLHBY A R IHE RE U0 A2 R VIP B ]

Yy, RV 5. 6. 1, AN EETT NEERAIAR 2
1eh, HAEDITH VIP EECK, Ui SRR
FMH RTINS RERREE.

23 FHEMRSEENE

231 ZMEXRFRELE HHKHERE “2.1.27 TR

ml
L P
24 oSl
esil
= L ® S12
S 538 054 o518
0 S10 S8 516 09517
o
N s3°% s140® $13
S -1 S6
-
5 ®513
] 052
-3 : . ! | .
-6 —4 -2 0 2 4
1.0001*[1]

R2>41]=0.622 R2x[2]=0.134 Ellipse: Hotelling's T2(95%)

B4 XE®EMKIIEM OPLS-DA
Fig. 4 OPLS-DA Chart of P. amurense and P. chinense

5 6 1 2 4 3
VarlD (Primary)

E5 E#RIEHLEIE VIPE

Fig. 5 VIP value of common peaks of P. amurense and P.
chinense

TRA XTI SR 1. 34 5. 10, 15, 20 uL, #%“2.1.17
TR B0 0 S A1 AR, N 5 % Vg R B I ) S W i AR
DL of JE it PR ST IR B AR O, I TR 9
AABR (YD) ZeiflbRiE 2k, 193 A5 ZH 23 1 1a] )
TitE, SRIE 2.

%2 [EEFTE
Table 2 Regression equation
By [ H75 r M/ (ug-ml™)

KR  Y=29267 X—1.776 3 0.999 7 0.60~12.00
hERZIMA  Y=30422 X—3.0732 0.9994 0.04~0.80
NEELTH,  Y=T75554 X—0.6624 0.9997  0.003~0.06
BT Y=20 404 X—20.032 0.999 2 1.31~26.20
/INEER Y=55 452 X—59.785 0.999 6 3.39~67.8
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232 FEEEAR

(1) HHWREHE: k%R AL R St
P IETR, ESEHERE 6 K, RBHIFE S PR 228
EERR MR NBELLHR. [T, /NBERRIX 5 AR
SrUETHIAR ) RSD {EAK N 1.23%. 1.41%. 0.84%.
0.73%. 0.49%, JIIZEAARESH B b 5 A Bl g3 g i AR
ff) RSD fHAK /N 1.63%- 0.92%. 1.21%. 1.38%.
0.87%, &5 RARILCASIN I YRS 56 BE R

(2) FAIKEHEE: R3O AR B A At
AR, B 3d, KFMIPAREIEH. EhR
ZiRRAR. ANBEATHR . BT ANBERRIX 5 Ak
THIAR ) RSD AKX N 1.69%.0.93%.0.62%.1.47%-
1.03%, JIFHIH L 5 A4 A RSD fE 4K 1%
79 1.85%. 0.49%. 1.16%. 1.93%. 1.82%, 45L&
AN 1 TRk % P 28
233 HEEMRLE K EAREUR — RO HH )1 3
MIZER A, 1508 “2.0.37 TR ikl 4 6 Atk
WA, 1% “2.1.07 TR kSR T bl e
REMIREIEHR SRR 2R B /INBELLH. YT
INBERFIX 5 SR A RSD B4 AN 1.32%.
1.92%. 1.54%. 1.10%. 1.39%, JI|&AF Ll L5 A4
B4y &) RSD fH 4 08 1.59%. 1.01%- 1.83%.
1.14%. 1.05%, &55KZIT LM EE RS .
234 FREMERLS ORGSR ARl — O AN L)1 AT
BER VA, % “2.1.17 TR BIEL&HE, 4r5I7E 0.
3. 5. 8. 13, 20. 24 h #EFE, TR ZETENN.
FRZGMIAE . /NEEZLAR . BT, /NEBERRIX 5 MRy
£ [ s} ] I T AR ) RSD B 435319 1.05%. 1.41%.
0.93%. 1.16%. 0.98%, JI[FEMIFLLLE 5 A&
) RSD 143518 1.72%. 1.94%. 1.82%. 1.09%.
1.48%, &5 F R A IRRATE 24 h WA E TR
2.3.5 MEEFRENSERGRES S FREL Ol e 1 DS B AT
ZiM R 0.25 g 3£ 6 7, BT 100 mL HIEHEL A
o, NSRS B S N R, AR
“2.1.37 TUR &AL, % “2.1.17 Ditaik ok
PEREAT BT GE , ARZAEH. SRR ZARM. /NEELL
Bl ELERYT . ZNBEBRIX 5 /RS A RN 2 3l
9 102.16%. 99.85%. 100.38%. 101.73%. 101.91%,
RSD 43714 1.54%. 1.15%. 1.44%. 0.92%. 1.39%.
RIZOTIEM ST AR
2.3.6 RIEMI AR S EIWE B 10 kK
TN 10 #HE)IBENTR A, 4% “2.1.37 TR J7 ik %
PR AR, % “2.0.17 TR i e RE I

WSRO ], I bR 2 SRR iR 2218
Bl ERERZARAR. /NBELLHR. ELE VT R /NBERRT) &
B, SRNES3.
R3 HRABNESR
Table 3 Determination content results of samples

e JE 5 5%

ARZEAEHE  ERRRZMRE DEEARR OV NBER
S1 0.64 0.10 0.003 1.56 2.64
S2 0.78 0.08 0.001 121 2.00
S3 0.66 0.08 0.002 1.32 2.01
sS4 0.57 0.07 0.001 1.11 1.39
S5 0.89 0.06 0.001 1.03 2.08
S6 0.73 0.05 0.001 0.80 1.69
s7 0.72 0.04 0.001 1.44 1.83
S8 0.91 0.06 0.002 1.03 2.20
S9 0.66 0.06 0.001 1.24 1.97
S10 0.62 0.06 0.002 1.40 2.03
s11 0.16 0.05 0.005 0.07 8.72
S12 0.19 0.05 0.007 009  15.63
S13 0.14 0.04 0.002 007  14.48
S14 0.15 0.04 0.004 007  12.32
S15 0.19 0.04 0.007 004  12.38
S16 0.16 0.05 0.003 008  12.34
S17 0.16 0.05 0.004 008  12.37
S18 0.14 0.06 0.003 022 1113
S19 0.17 0.04 0.006 005  13.46
S20 0.18 0.04 0.008 007  12.37

IRAE (R EZGH) 2020 SERRIIELE, 1EISTEHA
Zidth, EERER/NEEIANE DT 0.60%, EhERELT
TR0 T 0.30%; I EEAZ A b & SRR A RRAS
20T 0.34%, HER/NERCAE AT 3.0%1, 10
HEOCTOAIRE i J 10 b1 SRS Sl 38 745 6 24 L 1
5, JEHRFEMPELT RGN 3~5
%5 NBEBRIV & ARG MU E (1 2~4 fi5. I T2
WA R /INBET ) B 2 24 B E 1) 3~5 fi%. Bk, A
EraE R AT LR, SSEEA PR 2R B
ST R e )M, TS /N BER )
RS T O . ERER 2RI /NBELL I
AR SCTEANRI B AR TC I B2 5 .

3 it

SRS RTIAXH R SIAHIEAT T 0RO
AR /N BRI B 5 7T N S/ INBERR TR AR i, 45
PR N ARAL, TR 3 FH 205 -0.1% FH BR VA VR AT it 3
FHES, /NBEREAEE ST By BB 2, U G-
0. 1% MR RAE NI BIH G, SSFEALFI B A /N
BEAN LT i 43 B R 4740 25, [RIIE A 20
0. 1% MRV R AE N 5 BRI s AH . A SI256 7 4
TS AT M B SR T 20T 7 %%, A& HiE
KEMAIRAEIRI T 208 HEEAARR 508 70%.
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R 60 mL/g. $2HUES 8] A 40 min.

KRB B E S A DR A BEK
RIS, RINRKEZ NS, EVISER s £ %
BARZEICHH . R AN . ERER 2 MR /NEELLHR
Ly T AN S . (R ZG ) 2020 4R H O
FAE B 52 B A/ INBERRAT EX 59T, SR =il
E BT R ERER B AT S /NBE, TR, AREA
TR R BOCE AR AR i . A5, SRR
TR 24 SR E BN B AR AR AR e, (AR
SUENESLIGH, BARIBNZ Ay, R T
BT 2R U B S R, A DG s B )1 B Ar v 1
AW 43 A RN 5E 4 o WOAS I SO AR 22 R
ERERZGARTR . /NBELLHR . [ LyT K/ NBERS 5 W)
B B A B e B FR AR LAY, ARAC 4TI
INES vl vl

FESSEEAAAN BRI 22 B T, /NEERR)
BEFRANEFM, HYChESIT. HAh, fESEN
SESEIG R, R A = Aem & s T
JUBEAR, DRIHCA 2 AEm AR AT 1R N X 4 =3 (e An i
Ie FHN, FEXTHES HPLC it &, 4 SUd/NEELT
BRAE DGR AD ) [ B AORE P S B RUIK, 5 SRR
VTAE N EADRE S & 2%, R (Rt aal
KREFLEE PP 2400 (2004 FiiA) h, TCIEAETRLL
Bl X 2 M T IERTRIN . 2 SR LEH
FEREMAR T DA JE TS SR EA
X R BEATRH N SEA R A 27 B oy AT B O A T (1) 48 58
FX Gy, RN RN A 5T SAR S 1) i % o
FrAER e Rttt — 5%

FBAR FAVHEHYFEFARGEA TR
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