* 3554

¢ %% Chinese Traditional and Herbal Drugs % 51% 25 138§ 202047 H

B XERESAL UPLC FHERNENES L FRIRAN G AR

REM, BWA, B A, Wb, T F, AAUE, &2 =
PRI IRA T, T4 I R e s, R PRl 528244

. B AT UPLC HETa SUEIE -0 8 R 5 2.0 75 R B R Morindae Officinalis Radix S AR f 5 A 1) 2 7
Y. 7335 R UPLC HARFEESLER RAR B 5 A O IR EEGE AN S R IR o 0, S5 &M, T EST. B
Kot FBSAH (PCA) BATEFERGRANF T . 25 R A0S T EEROR JAR B 5 AU IR A Bk s A SE SR M8 UPLC
FHEFESUEIRE, R0 e T 12 AF 20 NMLFIE, EERIRE S50 UPLC FHEFRSEIE Z R, 518 EERIF
S RGN ZE RS UPLC RHEFR S B - LR SR VR o I e s Bk, A, BLSH S it LR RAR e S A0 1 2 57
P, B R A B T KR

FEEEA: EELR: W KO HEBEES, FEREEE, UPLC HEIRa B, (bR, Kd2ts, ko=
g

HhESES: R286.2 NHERFRSRS: A
DOI: 10.7501/j.issn.0253-2670.2020.13.025

YEHS: 0253 - 2670(2020)13 - 3554 - 07

Identification of Morindae Officinalis Radix root cortex and woody core based on
UPLC characteristic chromatogram and chemical pattern recognition method

ZHANG Zhi-peng, LIANG Li-jin, XU Jie, LIN Wei-xiong, DING Qing, ZHONG Wen-feng, LU Yun
Guangdong Key Laboratory of Traditional Chinese Medicine Formula Granule, Guangdong Yifang Pharmaceutical Co., Ltd.,
Foshan 528244, China

Abstract: Objective A method for identification of root cortex and woody core of Morindae Officinalis Radix (MOR) was
established based on Ultra Performance Liquid Chromatography (UPLC) characteristic chromatogram and chemical pattern
recognition technique. Methods Using UPLC technique, the characteristic chromatograms of iridoids and oligosaccharides of root
cortex and woody core of MOR were established, combined with the similarity analysis, variance analysis, cluster analysis, principal
component analysis (PCA) methods for chemical pattern recognition research. Results The UPLC characteristic chromatograms of
iridoids and oligosaccharides of different parts of MOR were established, and 12 and 20 common characteristic peaks were
confirmed, respectively. The UPLC characteristic chromatograms of root cortex and woody core of MOR were obviously different.
Conclusion UPLC characteristic chromatograms of iridoids and oligosaccharides of MOR combined with chemical pattern
recognition analysis method can reflect the difference of root cortex and woody core of MOR integrally, comprehensively and truly,
which provides more sufficient basis for the necessity of removing woody core from MOR.

Key words: Morindae Officinalis Radix; root cortex; woody core; iridoids; oligosaccharides; UPLC characteristic chromatogram;
chemical pattern recognition; monotropein; deacetylasperulosidic acid
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FRIEHE SUEIVE LU Fu i/ o AR S5 i Jo 78 7 EL
TR IR Tk s 2SR 55 SR BB SR 843 UPLC R fiEfi SU&
R 773, AT 52201 BT
TR M (PCA) AT AR RSB 0T, T
BT UPLC Rk SC B -1b 22 A R 732, i 9%
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1 UEERA

1.1 488

H-Class 2 = RORAH it A (Waters A ] ),
TUV f3s (Waters A &), Empower TAEuk;
Thermo Vanquish 24 &1 &40 AH 154 (Thermo 2
7)), CAD il 2% (Thermo A ), Thermo T.{Euk;
ME204E #!Jj 45y 2 — KV (Mettler Toledo A ] );
XP26 M Jisrz—RF (Mettler Toledo A 7]);
1118 28— 4 2% 3l P 2R AL QAT 3 22 1 7K 3
AR A %% KQ-500DE Ui & ik e 4%
(R AEAEs AR A D; MiliQ Direct 8 B4l
KHL (BRIEZ B AR,

1.2 X%

KemZH (FiRD$=95.3%, #it5 111870-
201303), fif Bk (5t &5 %0=92.2%, #it'5 111891-
201704), REFE (PiE45r30=99.0%, b5 111507-
201704), ELERREENE 5 B (R E=94.2%,
fit5 111965-201501) 40 H H [E € 5 24 Sk e it
Fibi: 25 OMEEEMRER (YN ar AR
HIRAT, FES%=96%, iS5 wkql8051706),
FER=HE (R PHEAR R AR RS AR A,
B0 $=98%, fit5 470-69-9); HIEE. ZFE Nk
ali CBRTTAT]D, B NI al CRET R KL 2
RAVEBR AT, ACHEBAK, HAlR 2 A Hrat.
R 25638 10 i, P LR 1, & R —TrilZ

F=1 BEXAMHEKE
Table 1 Origins and sources of Morindae Officinlais Radix
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1 JHRERSEROPE | 6 JTASEIRIER AR
2 JUHREREEROPE | 7T JARTEME T EE
3 JTHREKEEMAE | 8 JATFHIRANTIH
4 TREKEENEE | 9 JARBEMEAEH
5 JURHKEEMAE | 10 AREEEM AR

A B2 B B F AT 240 4558 D9 o6 BERHE ) T RR R
Morinda officinalis How. [
2 FAEEHR
21 HEEE

LB R 28, B, fHEERUI, %
SN Y1~Y10; BUEECRZAM, BREA, KRE
ARG E, 20F2IRE, %5 R1I~R10;
Ky, 458 M1~M10.
2.2 BEXRPINGEATESE K 57 15 S BB A
221 faitZft  YMC Triart Cyg fo it (100 mm X
21mm, 1.9 pum); PAHEE (A) -0.1%MERREHR (B)
NIREIA, BEEEVERE (0~1min, 3% A; 1~6 min,
3%~10% A; 6~14 min, 10%~41% A); il
35 C; il 235 nm; AAFE 0.4 mL/min;
HEFEE 1 L.
2.2.2 XGERIIEE  alBUKE =T £4
P e R R G R S &, R FRE, 25 mL
SR I 10% I G K f 22 78.832 ng/mL.
F ORI AR R 118.31 pg/mL VR A6 R A
W, HIfE,
2.2.3 HHASIER PR & BORE R R G =57
21059, FEEMOE, B REHEIRD, F%IMA 10%
FIEE 50 mL, FREmiE, AL (D)% 250 W,
A% 45 kHz) 30 min, BUHGA, FRRERE, H
10% FHEE AN R kR I &, RRAT, JEId, USRIV
HIFE
224 FEEERE  REREEHA S ER (YD,
& “2.2.17 TR IS FAESHRE 6 I, THERHIE
Fe S SRR I AR T O) B IS (8] S A XTI TRIAR,,
RSD 435 #E 0~0.38%H1 0~4.36%, WX 2455
FEREF, FFERHEFRAEIER IR EK .
225 HEMRAE W5 (YD, P17 6 1,
FEEME, 1% “2.2.37 TR 5k & s,
i “2.2.17 WU IS KA AT IE, THERHIE
T BBV B R AR O R B I (8] S AR AR,
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RSD 7 HI7E 0~0.14%#11 0~2.07%, FHi%/jikHE
SYERLF, fFERHETRSIERER BRI K.
226 fRaEtiie KRR ALRE (YD),
% “2.2.17 UN 54T, 40578 04 2. 5. 9. 13,
17 h BEREDE ,  TF SRR 4R S0 S S R fE A A X £
B I (] S AT AR, FE RSD 43 HiI7E 0~4.00%7F1
0~4.40%, FKIAHAMIFRAE 17 h WESGE, fFaF:
TR SUEITE R T AR B K

2.3 BEXPEREXFHEESEERN G E
231 i %M Waters Acquity UPLC BEH
Amide ik (100 mmXx2.1 mm, 1.7 ym); L&
i CAD -/KIEW (B R BAH, BEEHEL (0~1 min,
90%~81% A; 1~7 min, 81%~76% A; 7~13 min,
76%~67% A; 13~30 min, 67%~49% A); HHi%
BRI g s FEER 35 °Cs AR E 0.4 mL/min;
R 1L

2.3.2  XTIESEB BRI S T BORERE R R =
M b . ERROR SE0E 6 SR e S &, RSB OE,
B 25 mL &, I 3% R RS RE RS 185.400
pg/mL. FER =P 88.788 pg/mL. Mif ik 78.665
pg/mL. ELELRSENE 5 ZEHE 80.447 ng/mL HIVRA X
MR, EPAS

2.3.3 HHAMIERPIH & BURER B R G =57
21059, M E, BEREHHHF, HEMA 3%
FEE 50 mL, FROEFiE, AL (U)% 250 W,
A 45 kHz) 30 min, BUHBGA, FRRERE, H
3% FH AN IR BB, RRA), R, HERUEWR,
HIFER

234 WEEERLE  REB AR IER (Y8),
% “2.3.17 TN G RAFIESIERE 6 Ik, THEFHIE
B A0 SRR W AF G OR B N 1] S AT T AR,
RSD 73 HI7E 0~0.12%A11 0~1.46%, ZHI(L 28 k5%
FERAF, AT U ERE T R E AR P ER

235 EEMRE B (Y8) “FAT 6 1, K%
FRAE, $£°2.3.3 7000 N J7 i 4 sl i i i, #%42.3.17
TR G A BT I e, THEARRE TR SIS &
HRFAIE D AF T (R B B[] B AE K U TR, 6 RSD 43 IIAE
0~0.10%7F1 0~1.08%, K Z7EELERL, F
BRI SR ST BRI E SR

236 FREMERLE KSR AS R (Y8),
% “2.3.17 WUN G, AnlfE 0. 3. 7. 12,
18, 24 h FEFEMIE, THERHEFESCEITE &Rk 1A
X O B I 8] S AH X U T AR, H RSD 43 il 7E 0~0.16%

F1 0~3.83%, RMPMIKIERAE 24 h WEE, F
S TE S ERETT Fe AR R B R .

2.4 BERPINGEETE X FHEE S EILAEL
241 FREFRSUEERI ST K 10 HEEER KRR
¥ “2.2.37 WUF ikl s, 1% “2.2.17
TR E FRIC R g, 2SN Ch2i it
S ERE AR PR BE) (2012A) B il E2 8k K I
Tk it R LA 0 REARFAE SR SO, Heifie 7 12 MR
FEAEDE, SEIE R S AEIA, BiSE T8 4. 5 05K
i SR 2 OB e AT R, R DANE 4 KT
E NS IRIE, WK 1 R,

2.4.2 FHEFRSUERELE R0 o BIE 10 HEE
RAFIEAIRE S, 1% “2.2.37 TR 732604 4t i
W % “2.2.17 TR SIS SRR E R
W, KRR SN (RIS R
FEVPN RGE) (2012A), 43545 2345 Tk s 25 KR E
RO, WK 2~4 s 1HE 10 tEECRI
Tk s S RFAEHE AU BV 5 % B AR B SR X HERFAE HE
SRS RIAHBIEE, SRR 2, RIAFMH, A
[ A AR ADLRE A T o EL R R AN ) S50 57 24 ) Bk
15 28 LA o IEUREAAE 418 20 PV A AL FEE ERLRR R 5 R R At
B, BERSRKORZ, WESAROHTEK.

. |

|
.1%?-!\6_ 7 8 90 uw A

1t
JETIX

0 2 4 6 8 10 12 14
t/min

4-KF2EH 5-F% LRI RR
4-monotropein 5-deacetylasperulosidic acid
1 BEHXINEERTERL G REHERYER (A) KRS
XEBR& (B)
Fig. 1 Reference characteristic chromatograms of iridoids
of MOR (A) and mixed reference substances (B)
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251 HHERRSUEERI RS R 10 HEEECORYUT
1% “2.3.37 TN J5iAH & A E i, 1% “2.3.17
TR E LR ik &, RN (P TR
SUEITEARLEEVEAT B ) (2012A) AR R EER 55
BERITA W HRAFIE R SUEE , 3 E 1 20 M ILA T
LU, JE IR A FR N, B2 T 08 1~4 25 9 ERE |
BER =W MR ihl . CLERORSENE 5 KB, JRLUE 3
M b4 2 [, 4nl&l 5 s
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2 10 #ItEERXR UPLC IGEETEXFHEIRUEIE REE
STERFHEE AL (R)

Fig. 2 UPLC characteristic chromatograms of iridoids of 10
batches of MOR
chromatograms (R)

reference  characteristic

and

R
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o S——
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3 10 HEERRE UPLC NEHEETEEFHEIR S BRI &
HERIFERIEE (R)

Fig. 3 UPLC characteristic chromatograms of iridoids of 10
batches of MOR root cortex and reference characteristic
chromatograms (R)

252 FHLIRSUEREE R 2 AHC 10 #EEER
RASFEALORE S, 420 “2.3.37 TR Tkl
BRI, 2 “2.3.17 TR il S A FRERED i O
KEEE. BEEEDH TN (P OETRIIENE
FALBEVEIN R 400 (2012A), 437l 15 31 55 S M ks
MEARAEE, ik 6~8 fow: THE 10 oK 5E
RPEIAFILAR U 5 2% B A2 i A X R AR SR
SUREROARBLEE, SRR 3, KIAF . A
[ S AEAE AR ALURE PR vt o ES R AN ) B 5 2R

4 10 #EERAL UPLC IF/EEATE TR SR &
HEWRBIFHERNEE (R)

Fig.4 UPLC characteristic chromatograms of iridoids of 10
batches of MOR woody core and reference characteristic
chromatograms (R)

FRFAIEFE SU BT I A 0 B AR AIE T S0 AR UL R B
KGR, EERKSARONRZ, BESAKGH
XA
2.6 HWIESH

iZFH SPSS 20.0. Past 3.0 &A% Bn #4705 2
ST BRI K E RS T, BT 10 HEELE R
[ AL R S 73 AR TR PCA 54
261 FESNT  EECRAIREA AR TR SR gt
A UEIETAR )T ZE i 25 R AR 4 FIR 5, S5 EIR
B B8 R AN [) 38 7 A s il s 7 SIS AR 1 i S 3 i 119
12 NG RHAEVE J U AR, ERROR SR B A
PRig 6 SMATC R EME R, A 4 NI RS 5
N4, 6. 8. 1L FEMRE S RO AR BENEE
St o ELRRORAS [FIAL 52 SRBER AR FR o0 B 2 e
BONWIE, FEMER 20 AT RRE NG f e 0 T A
W, AL BRI 1 GEERE) AN 20 4, oA 4RAE
g Je g T AN S R . R EE BENE R,
HAf 4 MG RHEES 590 10, 12, 18, 19
EEER R R =F 2 M RA BEEZER.
R, ERERORAS R ALRFIE R SIS A O S AR R 22
FHEER, ALSEERRZ, RESEERZER
PEFAXTELAN, AN [FRRA T SRNE S o A A Tk i 288
R 2= SRR

Fz 2 10 I BE XA ERMIIFGRETE A AFEE S EIE 5 H A3 RIFERR S EIEMEME SR
Table 2 Similarity of characteristic chromatogram of iridoids between 10 batches of MOR different parts and its reference

characteristic chromatogram

Kk 1 2 3 4 5 6 7 8 9 10 EMA MR
Ek 0994 0934 1000 0999 0988 1.000 0.988 0998 1.000 0996  1.000  1.000
R 0996 0937 1000 0999 0989 1.000 0.989 0999 1.000 0996  1.000  1.000
ARy 0970 0.841 1000 0.996 0971 0999 0974 0991 0999 0998  0.990  0.986
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| 12 A ﬁ i S mg
|J1314 BN RN IVYT m%
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_)LJ flo. ._J\,,,JLJL,.LJH kU I LMM%&%L A ymin
Y | | B . . P 2, N .
0 5 10 15 20 25 30 8 10 ?HIE!EZ?E*'L.‘ UPLC %%ﬁ%#?ffE*EgX'l«g&:ﬁf
t/min

1-RERE  2-RESRZME 3-MTHE  A-DSERORSENE 5 M
1-sucrose 2-1-kestose 3-nystose 4-1F-fructofuranosyl nystose
5 BHRXERBEXLBIBIFERIEE A) RE
XH& (B)
Fig. 5 Reference characteristic chromatograms of
oligosaccharides of MOR (A) and mixed reference
substances (B)

6 10 #EHRX UPLC BERIEXFFHERUEILERILFRT
RYFERLEE (R)

Fig. 6 UPLC chromatograms  of
oligosaccharides of 10 batches of MOR and reference
characteristic chromatograms (R)

characteristic

i Mo, R
= II:J:J_ LA ™ R10
NENEERERIITY R9
- ... LT R8
LUV R7
3-8 Mddiai R6
LEN R5
NI EEENES T,
NEEENEEIVIVITN sg
._._l.l.“._LL.LJ_%___ — R2
LU U A R1
15 20 25 30
t/min

7 10 #EHRRE UPLC BEBREXIFEIEMEIE R
BN BEHEEYEE (R)

Fig. 7 UPLC
oligosaccharides of 10 batches of MOR root cortex and

characteristic chromatograms of

reference characteristic chromatograms (R)

B REHERRYEE (R)
Fig. 8 UPLC
oligosaccharides of 10 batches of MOR woody core and

characteristic chromatograms  of

reference characteristic chromatograms (R)

262 R XMNEECRAFEEAL 30 fLFEA
UPLC FHIEFR SIS Bm AT R0 dr, HEEK
FrpbR B2 R 9 B sl B EIR, A (B
M7 b TR —K, EECORAIR LR N
—H. ARRY, EERAERA UPLC RHIEFEEL
B R AT IR O S R R . MR X 0 o
2.6.3 FEErHT PCATLAE UPLC #¥fEHe 4
W IR KBNS R, SFERRAF AT
TR T, FFRETE — 52 AV FE P 2 AT it RO A 22 57
P2y . i Rl 10 fiw, FEHS 1
(PCL). EMSH 2 (PC2) W RTTHRFIAF] 95%,
WEIE KT 85%, UiHH M 1 A 2 BEAE TELE AR
B 95% )5 AR B A5 ., R AR A g AR A TR BE ) R
If. UL PCL M3 E AR, PC2 IS0 E WA
AL FRZs i e e B (B 10) AT BoR R
O (B M7 IO ATl RS il — 2, ELRROR AR
FEIRER—K, HMETEAFR XK. K M7
HexAE, AOEEER . R 2 AL, AL
FEARFEAR LS PCLAF/HME N B X3, R A
MR 2 B IE(E X . 25K, PCA B4 KER
AT BRI FRAE A O FH T B R AR B B AR 2 (AN AEAE B B 2
S, 1E PCLI/KF ERIX Hls e . Fitk, PCL &
Ao AT L B R AR B (1) 3 R A =, AT T LR R
A EBLL X 55
3 g

108 T 2 N7 E R AS [ A A A T s RS A S S
J5 UPLC FHEFR U, S5 & BINEARLE . 5 25 4)
BTy BHArHT. PCA J5ikib AT A2 R 0 4347 »
REs LR R A O 5 R AR AT R IX 4y
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#3 10 {tEHRRF RSB ERELRFHER Y EE SH A RIFER S EIEHEIE SR
Table 3 Similarity of characteristic chromatogram of oligosaccharides between 10 batches of MOR different parts and its
reference characteristic chromatogram

Lk 1 2 3 4 5 6 7 8 9 10 EERR ARE
Mgk 0999 0994 0999 0998 0997 0.995 0.998 0999 0999 0.999  1.000 0.999
MRz 0996 0.987 0.998 0998 0.998 0.991 0.998 1.000 0.998 0.999  0.999 1.000
AR 0995 0.969 0.998 0987 0985 0.981 0.993 0992 0990 0.984 0.993 0.991

R4 BEXTERIIFGERIELIHERS EIEXBIEEERSFES2H (X £s,n=10)
Table 4 Variance analysis of common characteristic peak area of iridoids characteristic chromatograms of MOR different
parts (X s, n = 10)

HEX TR
U 1 U 2 U 3 I 4 U 5 U 6 U 7
kK 3.49+197a 867+1.76a 21.16+20.16a 690.88+265.08ab 342.19+75.94a  8.96+2.87a  17.43% 7.74a
W 339+192a 8.61+1.84a 20.87+19.84a 737.96+268.76a 344.76+71.85a  9.82+3.14a  17.23+ 7.16a
AKi»  472+323a 8.38+2.07a 24.06+2572a 480.76+258.57b 325.38+96.49a  6.41+1.90b  16.64+10.36a

Ff it

B XS Ve TR
. It 8 It 9 1% 10 I 11 e 12 I
gk 10.76 +3.83ab 7.69+6.68a 5.64+3.27a 4.37+1.55ab 7.77+502a 1129.01+327.91a
MR 1130+3.8la 7.65+6.6la 5.16+3.19 4.63+1.55a 7.50+=5.25a 1178.87+£325.40a
AR 7.84+2298b 5.38+4.36a 7.67E5.16a 3.28+1.23b 8.631-4.95a  899.14+341.14a

7] —F oA R 7 BRI TE 0.05 K EERAESE, ARBAAFRTERRE 0.05 KF EEREE, TH
In the same column, same letter indicates that there is no significant difference at the 0.05 level, and no or difference letter indicates that there is significant
difference at the 0.05 level, same as below

#x5 BEHEXAEIUERELIFERIEIEXFIEERRSZES (X £s,n=10)
Table 5 Variance analysis of common characteristic peak area of oligosaccharides characteristic chromatograms of MOR
different parts ( X s, n = 10)

A} i IR
it 1 it 2 it 3 it 4 it 5 it 6 %7 it 8 it 9 i 10 i 11
FEK 6.12+1.36a 4.23+0.76a 7.38+-0.98a 8.83+1.08a 8.92+0.96a 8.37-0.80a 7.57+0.73 653+0.64a 549+057a 4.67+046a 3.86+0.4%
RE: 6254143 4.52+0.86a 7.91+092a 8.87+0.9%9 9.42+1.01a 8.83+083 8.01+0.62a 7.01+0.49% 594+045 512+05% 4.06+051a
Adr  557+2.43a 3.02+1400 4.76+148 531+1.48h 5.62+141b 5.26+1.21h 469+0.97b 4.01+0.74b 3.33+054b 2.89+0.36c  2.19+0.34b
HEH TR
% 12 I 13 I 14 % 15 i 16 I 17 I 18 % 19 i 20 AR
EEK 3.08+040a 2.38+0.41a 1.79+0.34a 1.31+0.28a 0.94+0.21a 0.66+0.16a 0.46+0.13a 0.30+0.10a 0.18+0.06a 83.06+8.58a
fREz  350£052b 2.73+0.48a 2.08+042a 157+0.36a 1.14+0.31a 0.83+0.25a 0.59+0.20b 0.42+0.16b 0.29+0.12b 89.09+6.87a
Adr 1834032 1.39+0.27b 1.03+0.230 0.75+0.19b 0.53+0.15b 0.37+0.11h 0.26+0.09c 0.18+0.07c 0.12+0.05a 53.11+10.89%

e

Fe

FRAESR UG AR S S5 R 5 Z s RRm, B2 AP, SE5ALRmas R, ICABCHZ A ©
FOR SR B IAR LB =, AR S A AR R B EEROR B B A AT WA AE A DR PR
%, FIEERSRERZFIERN, WSRO HZ K%,

ERVEBORGE RIS . REDIHR S PCA &5 ARSI LB R AN ] B PR 5 2 o Bt AT 1
REW], ZHHATHIRAEA LS LER REFE €, ZERERREY 80%, Al 20%, REZFEL
RZIAFAE R Z R BERAOEY). 2448, BRI RIHEIECR, AR RS MM PCA 73 #r
R TCEE, PP ECR ik, BIFREE dRETORRES BRI e 20T
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9 BEX (Y). RE (R) AL (M) UPLC $HEFRLL
EER R TR E

Fig.9 Dendrogram of hierarchical cluster analysis of UPLC
characteristic chromatograms of MOR (Y), root cortex (R)
and woody core (M)

m R
4 - IN 3
3 LY NI

PC2(11.40%)
o
1

-5 —4 -3 -2 -1 0 1 2 3
PC1(83.57%)
10 BEX (Y) « RE (R) AL (M) UPLC 4
LEHEH — 4% PCA B EEE
Fig. 10 2D score scatter plot of UPLC characteristic
chromatograms of MOR (), root cortex (R) and woody core
(M) by PCA

A S T T IR T R SR S A 0 T s 2%
UPLC RFAEFE Ul -4 2 A5 R ) 7 1 40 B A 2
REREAR, ATHI . JLSIHb s ot B8 R AN TR ERASE FR) 4
SHE R B ZIRAR RS AFFALK UPLC FF
TEFR SRR S, AR A T PPN B EOR 25 A0 1)
EEME, TR M PRHERH FH 25 S Dl AT e it
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