RN S A R R RIS

WL, BaEAE 2, A, R, B, BT, 00, BREKR Vapaua ES, 9 710003;
2. PRI, PE 7100545 3. B EZIRAhZyAle, BifE 201203)
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97.29%~103.21%, RESH . TR EMRDZRARN SN ERE T, 16 KRB TR RS, AAERA
RIBE AN, WmARHREFRK., BiE PLS-DA P XS EERB YN LI 4 MEFEIBAFRS, 28 HEREK .

FRRB A N-BX-FHBEBEEAAE T NE, Gt 2ITHE. HEO I ERAY S8R E F ik, LB
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Multi-index Components Determination and Chemical Pattern Recognition of Porana Plants

QU Tong!, YANG Yuanyuan?, HU Jing!, REN Hui', CUI Xiaomin!, LI Ning!, WANG Xiaotong’,
CHEN Zhiyongl*(l.Shaanxi Academy of Traditional Chinese Medicine, Xi’an 710003, China; 2.Xi’an Institute for Food and
Drug Control, Xi’an 710054, China,; 3.School of Pharmacy, Shanghai University of Traditional Chinese Medicine, Shanghai
201203, China)

ABSTRACT: OBJECTIVE To establish an HPLC method for the determination of multiple indexes of Porana plants, and to
provide reference for the quality control of Porana plants. METHODS The determination was performed on Agilent 5 TC-Cis
column with mobile phase consisted of acetonitrile-0.1% phosphate acid (gradient elution) at the flow rate of 1.0 mL-min~!. The
column temperature was 25 °C, and the detection wavelength was set at 345 nm. In addition, chemometrics methods including
cluster analysis(CA), principal component analysis(PCA) and partial least squares discriminant analysis(PLS-DA) were used to
evaluate the differences of 9 components between different Porana plants. RESULTS Nine components showed good linear
relationships within their own ranges (#>0.999 0), the RSD of the precision, stability and repeatability test results were all <
3.00%, whose average recoveries were 97.29%—-103.21%. The results of CA, PCA showed that 16 batches Porana plants could
be separated obviously, and the composition of the samples within the groups had strong similarity, but the differences among the
groups were great. According to the variable importance in project analysis of PLS-DA, 4 different index components were found,
whose were chlorogenic acid and isochlorogenic acid A and N-trans-feruloyltyramine and scopoletin. CONCLUSION This
simple and precise method can be used for determination of multiple indexes of Porana plants. The statistical method proves that
chlorogenic acid, isochlorogenic acid A, N-trans-feruloyltyramine and scopoletin are the index components for the quality
evaluation of Porana plants, which can provide reference for the distinction and quality control of Porana plants.

KEYWORDS: quality control; cluster analysis; principal component analysis; partial least squares discriminant analysis

“RIRTEEJE (Porana)ta )y, A2y 20 455, Wiath, £ T, AEMESMTERILUME
FE A TG WA, AEAEN AR S, &4, —FhEff Ry . HoRM, kR YA
W5 REWM . EMBA . P EA IR )R Iz HNEE, R RIKEE (Porana sinensis
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Henmsl.) B £ BN B i T 28 B 25 04 1) F2 B4R
F, T RGBT . BT S5 1IR3,
P8 (&P EZLC g ) iIc#, ik Bk (Porana
racemosa Roxb. ) LA HAZ), HAKF  HEHD
oisk, ERGIKERE . BBURIES, DIZE . IRAZ
FHF1697 KB, Chen S5O0 KR I HET R 48
IR AL2E o B A YR TR g, SRR
AR ke v A R R S IR BRI 32K
H40% B EAT LR . BURMER, MRS
GZeVEm . BEPTE R TP i UPLC-Q-
Exactive Focus-MS/MS A} ik ik Ja& At 4 nt 4k
ST AT, e BT ) R BN SR R R
%, FEERE. B, SRS HERALS
Y1, IR THe R R . R RS SRR
BRERRR AR S INEE . FARRTR B, SRR A
SRR C . N-JX-B AR mE K e S oy ST UL,
AR GER . ARSI . GRKR . Ra)R
M2, REFENEE. FRER B, Ra R A, Rak
JRFR C . N-J=-Bal R LR e 9 o M A8 Al o7,
X AN [) 7= bR A 1 1 AN TR) I B R A (AR, ik
M. TTCERIREE . RkEE . A Wik, =
IR K IR SRR L iE L B ROt
A& I E . KM SPSS 20.0 £l Markerlynx™S #/4:
XF 16 b QB R R S AT R T . R
I3 B dne /D I FN BT, % Rk A
AT I 2258, R B RE Y A 2 8B 1E £ AR
P, DUBEREETHZE MY 00 B KO, HEsh
Rk e A A B2 TR

1 &E5HF

Agilent 1260 =0 (A5 (S [E Agilent 2
A)); KQ-100 AU I B pLER th iy s A s AT
FRZH]); BS210S #5432 —F1 BT25S ®+ 741
Z— BT R A b 5 58 2 R A R
NHE],

X B ST SRR (LS - 17062003 5 4115 =98%) |
KEEFF S . 160408055 4lifE =98%) ., LR (L
. 1701904 ; 4 JE =98%) . Rk (LS .
17061401 ; ZiE =98%) . A K N5 .
161208 ; 4l & = 98%) . &4k iR Bt 5 .
17121201 ; 2l =98%) | STLRIER At : 18090301 ;
4lify =98%) SrarEiR CHLES : 18070401 ; £ =98%)
¥ | T AR IR A R N-R - AR
Pk & i (FIL 5. WO1D9Z6497; 4l =98%) I [ I
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IR AE YRR IR AT S @, Ha
R Al , AR . FERE R 1, Br
AT LR il 22 DR P 4 P IR 25 BIE 5 Bt R 7S K R 5
PUERE, FERMRAAF T BRI 4 R 250 5 B
2RI

x®1 HEER

Tab.1 Information of samples

P E4) SRt SRS i) il

S1 TR R PR T 2013-01-20 20130120
S2 RA W JoRMRIL 2011-08-29 20110829
S3 R e JPERET 2013-09-16 20130916
S4  RAL G JOUVERET 2013-07-17 20130717
S5 IETCEWMUE  JVERT 2014-08-25 20140825
S6 Rk =5 WAL 2020-10-27 720201027
S7 RNt WIACEG - 2020-09-28 20200928
S8 K- 1L WIALEE 2020-10-29  H20201029
S9  TRIKHE-AEL WIJEEE  2020-10-17  C20201017
S10 gt ~MEMW 2020-09-16  Y20200916
S11 RigeE-=5 ~EEMW 2020-10-16 120201016
S12 R4 ~MEM 2020-09-10  €20200910
S13 RigkE-=X R 2020-07-11 120200711
S14 R Rk JUPERT 2021-07-26 20210726
S15 ZE[ Wik R 2020-08-01 20200801
S16 =Rk JOVERET 2020-08-13 20200813

2 RHEEHR
2.1 AR

Agilent 5 TC-C 5 #£(250 mmx4.6 mm, 5 pm),
TSN 215 (A)-0.1% 85 R /K ¥ WL(B) , 6 3 Uk it
(0~15 min, 5%—15%A; 15~70 min, 15%—25%A;
70~90 min, 25%A); ABUE 1.0 mL-min~'; HE
25°C; Ky 345 nm; JEFEE 10 uL., fEIL(
TEARAFT, KRR . O ke . gk
5H G, 2R R B R R, @
TEEIZERILE 1,
2.2 HESA TR

K B PR LR AR S YK 0.5 g 40 H
i), & 100 mL HIEEHIEHH . KEMA 80%H
i 50 mL, FRAEJTE . & N8~ A 30 min, i
%, FH 80%MH BN IR i, $ES), dUE, H
ZEVEWE 5 mL R % 10 mL B, 40% P EEE 2
it 0.45 pm FUALUERERITS
2.3 X HE VA TR

K& PRI G &, BT 10 mL £,
T 80% FHY il G 7 B Sk SRR 37.32 pg-mL' . RE
5772 pgmL | SRR 65.22 pg-mLt, R4k

P E SR T2 2022 4F 10 A48 39 545 19 31



JRPR 6532 pg'mL™', ZREZNEE 20.28 pg'mL™"
SRR B 4028pugml . B4R R A
112.00 pgmL™' |, F&¢JEER C22.93 pgrmL™" | N-/2
- B IERS I 53.36 pg-mL~" ATR A R A

S
A

~

9

- L

0 10 20 30 40 50 60 70 80 90
t/min

0 10 20 30 40 50 60 70
t/min

80 90

0 10 20

30 40
t/min

50 60 70 80 90

1 BHREEeEEE

AN R ARG B R AR AR C— IR AL A T 1-
WERIER ;s 2R IEH T 3-E0ER; 4-Faskliiie; SR NEE; 6
SFERRR B; T-R4KIRIR A; 8—R4RIER C; 9-N-Ju =X - Pt s I
Fig.1 HPLC chromatograms

A-mixed reference substance; B-sample solution of P. sinensis;
C—sample solution of P. racemosa; 1-neochlorogenic acid; 2—scopolin;
3—chlorogenic  acid;  4—cryptochlorogenic  acid; ~ 5-scopoletin;
6—isochlorogenic acid B; 7—isochlorogenic acid A; 8—isochlorogenic acid
C; 9—N-trans-feruloyltyramine.

2.4 JriktEEER

241 LMXLRFE  AFHWIUR S X SR
WEhE, N 80% I EAR R 6 AN BRIV IR G
X BRI, % 217 TR A3 SR
DLMR BE MR AR AR (X)), DT R AR BR(Y)EF T4
B, AEIEE R, R0E 2. 9 M TE—
S R S L O S5 e T AR P 2 M e R AT

242 (UEPKEE RIS B 237 TR RS
W, i 217 BN SFUERE 6 Ik, A HTLk

PR 2% 2022 48 10 H 55 39 #5719 )

®2 AESWEERR

Tab. 2 Linear relationships of various constituents

% mURY-E r AN /ug mL!

B JRR y=17.18x+0.33  0.9994  0.187 0~37.320 0
REE y=1591x+3.85 0.9993  0.289 0~57.720 0
i y=19.27x+0.38  0.9995  0.326 0~65.220 0
[SEA y=15.83x+0.32 09991  0.327 0~65.320 0
REENEE y=31.61x+352 09990  0.102 0~20.280 0
&R B y=23.10x+0.46  0.9993  0.202 0~40.280 0
SRR A y=26.73x+19.00  0.9990  0.560 0~112.000 0
SRR C y=24.97x+0.50  0.9993  0.1150~22.930 0
N-JX-PERmERS B 1=9.04x+0.18 0.9995  0.267 0~53.360 0

JRfR . REFET . SRR . REER . RES
fig. FLER B, SRIER A, F&ER C Al N-
Sz 32X - BT 2 I 1 i s 18 AL RSD 4351 R 0.78%,
0.50%, 0.81%, 0.83%, 0.46%, 0.63%, 0.63%,
0.71%, 0.52%, FRIZALEHE® L R AT
243 FROEERE R MR TE] — b S v
10 L, 7EZE@FME O, 2, 4, 8, 12, 24h, %
“2.17 TR RSO, ISR RRR . RE
. SRR RSER . RESE NN, RaE
ik B, SFEEEIR A, SFLRERR C A N-J 2C-BT 20
fig i I T AL RSD 43918 0.63%, 0.49%, 0.40%,
0.38%, 1.34%, 0.42%, 0.73%, 1.57%, 2.64%,
A A AR 24 h INFaETE R
244 EEMEAE  EEPREE S
i “2.27 WUR Ir AT S M s, & 2.7
TR Ak e R 2 o AR BT SR IR R . AR R
11 SRR . R . RS N . a5 B,
SRR A SEERIRIR C A N-Jz 3 - Bl 5 Bk 1 e s
T2 RSD 730518 0.27%, 0.31%, 0.49%, 0.49%,
0.90%, 0.40%, 0.35%, 0.62%, 2.24%, W%y
HEEERLT
24.5 AR RERECH 9 MES
Yo A IR IR 0.25 ¢, JEFRI 6 17,
FEEME, B 100 mL HZEHIEIA, 4 3E%m
ASXF IR GE R, $ 92,27 TR vkl A Ak
VWL, & 2,17 BT ik S ab A, RS R
B4 BIEE ISR, 55 L3R 3,
2.5 FEMEEIE

A3 16 AR R AR Wi . 0 E IR
JEE . IR L 5 ECIRE L 2 IR R R 45 0.5¢g,
WEFRE, ¥ “2.27 TR kil s il m s,
fie “2.17 WM, TR 9 R
o 4RI 4,
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T3 BRASMEERKERRER
Tab.3 Results of recovery tests for various constituents
W A AR W FE RSD/
mg mg mg /% %
Brek IR 0.1876 0.1882 03742  99.13  2.60
AR 10812 1.0567 21093 9729  1.20
SRR 12107 12152 24203  99.54  1.32
R R 04213 04024 08172 9939 222
AREE MR 0.1890 0.1833 03742 9783  1.74
LR B 0.6894 0.6802 13914 10321  2.41
SERIFEIR A 0.6393 06312 12776 101.13 233
FEER C 11051 11021 22031 99.63  2.25
N-JRC-BTERmE R E 03064 02928  0.5913 9731 1.02

2.6 LT

P16 dit Rk e Jm AR A S b 9 AN Lo B
h7AsHE, 32 SPSS 20.0 # 4, KA Ward B4,
R B I B TR TR IS, A5 AR LA 2,
16 it IR R A AT AR 4 25, T 284045 S1 K
BRI PERT) . S6 Kk HE-ZE (WL Ui |
S10 "RikEE-r (=R ). S11 kX (=M E
W1).S12 Rikpke- 25 (= g R W) S13 Rk - 25 (=
FSCI) . S16 =2 RIRBE( VIR T); T 2Etuds
S8 Wik B -AE (AL RUit) . S9 Wik i -4 (L IR
Jifi). S15 5¢ H Rk (mmscil); M2EaHE S2 K
LRI AR BRI . S3 R RIkEE(T PE R T
S4 R Mk PU R ) S5 LT Rk (T
FT). S14 KRR IR PR 7°); IVREHE S7
TR - I (A R )

0 S 10 15 20 25

S11
S13
S12
S10

S16 j

o1}
4
L

S8
S15
S9

S2
S3
S4
S5

S7

B2 REpiTE
Fig. 2 Cluster analysis plot

2.7 EWSHH

iz [l SPSS 20.0 #cf, DL 16 #HAE S 9 Al
Sy AR L, AT R AT, 15 A SR
MVRFIEIE STy 25 DTk, e (A7 22 Tk 3
GUR WA 5, DIAFE(E>1 A8 BnifE, 153 3 4>
FHGr, 13 A RHEE R 5.271, 1.290,
1.022, Rt ETTEkFE N 58.562%, 79.897%,
91.249%, KPR RWNE 6. FHir 1
KEFENE. S5 B, 5K C HARE
Hfrfa, Ela 2 haER . SEER A, Bk
SRR HA B R, 8 3 hRaERR AL
AESIT. RIEMRAARSERME. A H
Markerlynx™S # {4 iEAT 500, 2l 04y
SrHTARST UL 3, Mo 2B RS R R —3

=4 FEREENEZER

Tab. 4 Results of sample determination mg-g!
— ]

ER s gst s maEW KREAS Remms meima e O
= L3

S1 0.000 0 0.9320 1.1336 0.101 9 0.074 8 0.108 5 2.308 3 1.2055 0.000 0
S2 03770 2.1428 23111 0.804 4 0.2820 1.367 8 1.0400 1.988 8 0.673 0
S3 1.065 8 3.5352 2.608 7 1.726 1 0.697 1 1.933 5 2.1593 3.056 9 0.5490
S4 22571 1.598 2 4.601 3 3.666 4 0.774 3 2.383 8 2.256 4 4.049 6 0.5913
S5 0.000 0 5.769 0 5.6595 0.329 2 0.824 3 1.4514 1.519 1 3.662 7 0.000 0
S6 0.1954 0.5829 1.014 3 0.096 1 0.044 4 0.186 8 0.267 8 0.050 8 0.143 3
S7 03599 0.6659 10.018 6 0.790 4 0.000 0 1.7120 4.3092 0.460 4 0.000 0
S8 0.000 0 0.000 0 43285 0.000 0 0.000 0 0.000 0 0.374 5 0.000 0 0.000 0
S9 0.2656 0.548 5 8.926 6 0.451 4 0.000 0 09100 2.268 9 0.243 6 0.000 0
S10 0.114 1 0.071 4 0.995 5 0.2523 0.000 0 0.128 8 0.000 0 0.066 7 0.000 0
S11 0.0333 0.129 7 0.1110 0.000 0 0.0237 0.000 0 0.000 0 0.000 0 0.070 4
S12 0.052 6 0.164 5 0.308 7 0.069 3 0.028 7 0.043 1 0.000 0 0.024 2 0.080 3
S13 0.000 0 0.071 8 0.067 8 0.000 0 0.029 6 0.074 3 0.000 0 0.1180 0.000 0
S14 0.620 1 0.8490 1.948 6 0.988 2 0.560 1 2.6011 3.1599 27475 1.0343
S15 0.658 8 0.000 0 5.060 3 0.796 2 0.127 6 2.159 1 4.167 4 2.8274 0.000 0
S16 0.2757 0.0910 1.021 2 0.333 8 0.076 6 0.061 8 0.148 6 0.126 5 0.000 0
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RS HEEIRSHEERTZREME
Tab.5 Sample principal component eigenvalue and variance
contribution rate

iy FFAEAE TRETTRE % BRI TR %
1 5.271 58.562 58.562
2 1.920 21.335 79.897
3 1.022 11.351 91.249

w6 HEEHNETREES

Tab. 6 Sample principal component factor loading matrix

) %ix FHG 1 TR 2 TR 3
Brek R 0.758 0.307 -0.567
REFET 0.689 —0.467 0.386
SRR 0.139 0.890 0.326
K 5 0.813 0.283 —0.492
REENBE 0.935 -0.320 —0.021
SEER B 0.916 0.174 0.086
SHERIRR A 0.566 0.643 0.398
SR C 0.905 -0.173 0.149
N-J52 2K - P L o i 0.830 -0.399 0.121
A ]!
3 s70 =§
2t oso SIS 4
1L
S o 519S°831A 50 54
) -1F Sl3§ 2 . 0S2 %os3
—2r eS5
3l
—4 - >

3 ERSANASE
Fig. 3 Principal component analysis score plot
2.8 fidse/ N3N 53 b

Ry i — 2L X A i A3 S BT R R Y
Ak, ARSLER ] Markerlynx®S #07F, 16 A
JEAEE, LI 9 RSN, #TA R
BRI % D e /s — 3R 4B, 45 3 e/
IR S Hr A T B LR 4~5 . i oy R EE IR
RIEGT . ER T IEERIEA 3,
XL RY 47702 e VAR (variable importance in
the projection, VIP)/#fr, #fiik 5|24 [a] 25 5 51
kR EE RSy, LL VIP>1 NFRHE, VIP {E>1 )
AT AR . SERIRRR AL N-KC-BT 2 it 1 i
MRS NER, RWAX 4 DR ITVER X 53 Rk
e TR AT ) 1 25 S AR R LA

P B F 252 2022 4F 10 58 39 545 19

A 7 1
3L 087 =%
2+ ©515®59
1L

o S48 53 @514 Slns.ls"g
-1} ss@  o%2 S%g%SB
ol
3l
4 |

6 4 2 o 2 4 6
t[1]
R YNt SE PR N

Fig. 4 Partial least squares discriminant analysis score plot
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Fig. 5 Partial least squares discriminant analysis VIP value
diagram plot
3 g
3.1 @RI

RTIGHET CHE-/K . HEE-RVE N e & 4
XERE A 0 B FE RSN, G5 R KB O -/K I B RCR
W 4T A -OK s BT A RIMERE R . Wi
X B RCR I, 45 2R K LWEIR A 73 B S8R T
o, BAWE 0.1%BRERIF A KA. 45, it
FELNE-0.1% W R O TR SR TAR B VE b . i
S50 % AE 345 nm KNP N IR AF | Jr B
B, WOE 345 nm AR SRR,
3.2 Al o b

P BRI 73 T i B B R e B
BT, e B A A G 2R b .
Ui i N E RN BN TR Y (T N B
B 1IN 'l 5 4 N P2 7| B T SN £ g s
FFHREAS 2Z 0] ) e e 0 SR 64T R 3, A HE S
BRI —2, RJE ARG 5 26 2 Ta] i B
HIATRE, —HERHERE, HREERLHEC,
AT RIS R 9 Rl & BN E A 45
BT T RZESM, DL O RS o, o 16 4t
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MART 4 25, B NTEE AR
] AR S, BEECH A RULAS T B R Rtk AT
AR, ARBETE R EUE T 3 A R T T
HZNRER G RIN N RER -8 HTH
— T RE TR K A B, AR
Pittpe/ DI HN AR VIP 4387, VIP {H 2
ez LAY EEAR bR, VIP H#l, Fonxt
Ak A % 41 TR) 5 22 S A R R R 18100 )
VIP>1 SWbRifE, ABFRHREET 4 257K

I3, SRS ERR . FEeERR A N-JaC-B
PR AR B2 NS, X 4 D22 SHEE 0 8] i

SERMEE R AR, PIHERTX 4 Aol hE
S IR AR ) AN TR b AR AGE ] o 26 4 T2
MANER . WITEHGE, RESNERRA . PiR .
PR EAEHT, RPUXGRAA RBUS dA
WFTEiR thaR R . SERIR A ) IZAFE T 1Y)
i Z IR, BAMRBEPTR . B
AR, T AR R YR A U ) AR TR
PRI TR A AF SIS, NI - B B gt 1
HAZ A, JCHR USRI R 52
BRI F0100 e i 24 1 R [ 22 UK A6
QA% ARIFER A, HA TR SN RIRE

ZERRAL AP INAT N-F - BT BE I e ) i,
%#%1%*#@@Uwitmﬁmw&%aﬁ,
HEEPE FRIM & i TR, gk
SR I TR B 7 i B e T AR . AT A
(9 ML a kA KR UREEITILE ©
IR >R 5 > — 2R

3.3 /g
ARSI 3N 1 B T A TR, A SRR

AHTIE SR A R 9 MRS, 4
BAERAGRB  rk, BENE R S B i
R0/ RWSIIN 9 I K7/ DN R LN R N R R
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