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HPLC fingerprint analysis and chemistry pattern recognition of wild and
cultivated Polygalae Radix from different regions
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Abstract: Objective To study and establish the HPLC fingerprint of Polgala tenuifolia for the identification and quality controlof P.
tenuifolia. Methods Twenty batches of wild and cultivated P. tenuifolia collected from different regions in China were detected by
HPLC. The Similarity Evaluation System for Chromatographic Fingerprint of TCM (2012 A edition) was used to evaluate the
similarity of the samples. The differences among the samples were identified by chemical pattern recognition methods including
principal component analysis (PCA) and partial least squares discriminate analysis (PLS-DA). Results The common model of HPLC
fingerprint of wild and cultivated P. tenuifolia was obtained, 24 common peaks were found in the chromatograph. The similarities
between wild and cultivated P. tenuifolia fingerprints and control fingerprints in 20 batches from different regions were over 0.86, PCA
results demonstrated obvious distinction between the wild and cultivated P. tenuifolia. The wild and cultivated P. tenuifolia was
completely distinguished by PLS-DA. Twelve constituents, such as polygalactoneone III and 3,6’-disinapoyl sucrose were screened as
biomarkers, representing the major differences between the two varieties. Conclusion The HPLC fingerprint combined with chemical
pattern recognition can be used as an effective method for the quality control and identification of the different sources of P. fenuifolia,
and provide a reference for the quality control and stoichiometric taxonomy of P. tenuifolia.
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BB AR (pattern recognition) A&2&fb 211
BN EZEHB Y, WERE AR ERED
(Q-markers) MJE A 2ET77%, BARLE I H0NK
FERNZ G F I, $% B TRl Rl oy R T e
AR QR A0 e A R T vk . T 4
5 £ 543 50 AT (principal component analysis, PCA) .
FRKOHT (cluster analysis, CA) 2551k, FHE
B FE g d5c /N — k- ) 73 At (partial least squares
discriminant analysis, PLS-DA). A T £ M 4%
(artificial neural networks, ANNs). H 5] 53 #r
(discriminant analysis, DA) 275", A, 48
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FEIE (PZ201701-201710, PU201601-10) {#7FF Bk
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Table 1 Sample information of Polygalae Radix

95 2 I eI
S1 mE GRED Ll 75 [ & 2017-09
S2 e GERED e 75 75 22 2017-09
S3 mE GERED B 75 R FH 2017-10
S4 mE GERED B 75 R FH 2017-10
S5 i GRED B G A AR 2017-10
S6 mE GRED HR ERBA 2017-10
S7 mE GRED T i 45 B 2017-10
S8 mE GRED T R A 2017-10
S9 mE G MNP ] 2017-10
S10 mE GRED 1L AR T3, 2017-10
S11 wE (A ILPE K 5 2016-08
S12 mwE (A LG4 2016-08
S13 mwE (A Ve S 7 2016-08
S14 mwE (A B Pt T AR 2016-08
S15 mwE (A TN 2016-08
S16 mdE R 1Lt ) = 2016-08
S17 wE (A B ot 1t 22 2016-08
S18 wE (A e 75 R 2016-08
S19 mwE (A e v R 2017-10
$20 wE (A B Pt A AR 2017-10
2 AE

2.1 HiXEAERRSIE

AN TF 2= P ERBE AL E S AN ERARARAE B, T
60 C TR, FwE, i 60 Hif, DAMREIERER IS
K. DRBEEEAM I ARL 0.1 g,

ik PR e 2
B VR IE 5
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FEE N 70%H B2 10 mL, #7545 min (33 250
W, % 40 kHz), HUH, JBGAJE. H 70% H EEER
SRR, e, EE 2R, &FIERL 0.22 um
TALUERE eI f5 , EXERIEMEEAT HPLC 2347 .
22 MEESEARIHE

K2 AREL 5.0 mg 326 EMIEH 1T A1 1.5 mg 3,6"-
TrF- otk AR, D2l L E 45 42 10 mL, Bo i il
i 111 3,6"- Pt Jik 4 o 29K 20 0. 50 mg/mL
F1°0.15 mg/mL [FI7R A X HE SV
23 &M

i fE: Agilent 5 TC-Cig (2) (250 mmX4.6
mm, 5um); AR 1.0 mL/min; MK 316
nm; A 30 Cs HEFEAT 10 pl; WA N O
(A) -0.05% /K (B), BHEEVEN R4t (0~ 10 min,
10%~20% A; 10~15min, 20%~21%A; 15~20
min, 21%~23% A; 20~30 min, 23%~26% A;
30~40 min, 26%~38% A; 40~50 min, 38%~40%
A; 50~70 min, 40%~42% A).
24 FEFER
241 THEE  REPIHRSSR 10 uL 1R E
T NSO B, 2 “2.37 TUT ikt
BT . 45 RR U2 (O I 2 25 R
242 REEPERES RS E — s (S3) W
10 pL, #% “2.37 HUN R RELERE 6 IR, Al
BRI, FRAFENIEE 10 A1 3,6"- —FF B b
o 0 (1) LR B B () AU T AR, THS RSD 4 iR
1.65%- 0.98%71 1.42%. 0.69%.
243 faEttidie  BE - (S3) VT 10
ul, ZFBI7E 04 2. 4. 8. 12, 24 h #EFE, 4% “2.3”
TRt B 2 AR AR S0 B, SR EnlER 1 1

LU LI

3,6"- T TR W €01 0 17 R B B[] A0 T A
5 RSD 514 1.55%. 1.02%F1 0.96%- 1.12%,
FrE4RaUEiE 2Kk, 1 Il I RAE 24 h AR E
PR

244 FHEEMRAK  FERIUE—FES (S3) 6 1,
% “2.17 TR I & el s i, “2.37 TR
ERELARI, FATZENE T A 3,6 3Tk
SRR €L G (1) OR B B ) R TRI AR, 115 RSD 43
BN 1.74% 1.18%F1 1.01%-~ 0.66%.

2.5 #ERIRANSH

KA 2 €03 i g0 S A L BE VR R 4D
(2012 A) Fp#friz& HPLC fRarisddE, et
U, AR I S I BE T AR T . DAAE 3,
Al TR, KBS SIMCA-P13.0 &
34T PCA. PLS-DA FIE B EENE (variable
importance plot, VIP) 43#T, WFFCHEFAE Hakiia &
(22 e, TR 5 B0 i 1A) 22 = AL B A o
3 ZER5%

3.1 BYEEMMEREFIENHE

B 20 #HANFRIEE SR, H2 “2.17 TR JT
TR & SRV, 4% “2.37 TUR il & Rt R,
HEAT HPLC Wl e 5047, idsRtitl, SAFHT
TESE S EE AU N R 48 (2012A), WHE S1 4
i3 2B s A2 A SU RS, SR Kot R 4L
EHE LA 1. 2.

20 A FRIFZ EILEF] 24 MLEE, I
T H A 2 AN, 53 iz Bl T 5)
Al 3,6- I FELSLERE (1% 7). U BEERE. &
BRENLED 3,6- I TR A S R (7
gD, THEAERT R B B TR R A X I T A

1 20 #E S AR U EE B N E
Fig. 1 Fingerprint overlay of 20 batches of Polygalae Radix
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2 EEXERELEL
Fig. 2 Control fingerprint of Polygalae Radix

3.2 AREERIREREIR S EEBE D

K 24 35 i GBS A BLEE I R S
2012A hR”, DhmER AR E SR, tHEAH
ARE, Z5HIER 2. 456 1 A, AFRIEE A4
LR B AR AR, HABSSAE 0.86 LA
&, ROAEFA SR BB R AL, HA
O TR 2, M RARI KA L
PaREY A i & S17 (0.869).

£R2 AFEFKIFETE HPLC 155 EILHBIAE IEM

Table 2 Similarity evaluation of HPLC chromatogram of 20

batches of P. tenuifolia samples

G5 FHALLE i FLUE
S1 0.887 S11 0.965
S2 0.951 S12 0.955
83 0.887 S13 0.922
sS4 0.928 S14 0.914
85 0.890 S15 0.972
S6 0.941 S16 0.931
87 0.935 S17 0.869
S8 0.957 S18 0.968
89 0.904 S19 0.975
S10 0.912 $20 0.962

33 FEEIRFIAR

3301 REEIRN K 20 it ERE A 24 A
HEE IR TS0 (7 518 g
B N R, B3 20X24 M BIEAERE . R
SIMCA-P13.0 Git- 8B 20 REEFAE Mokhs
8BRS AT PCA, BT 3 AN R AR KT
1, BMTTHARIAT] 83.26%, VLIHAT 3 MR TF1E X
= b 24 AN AT RO AR BLOG Rk 3 SR,
R R K2 M ERGE (R3), H,

x3 ERSEMAE

Table 3 Loadings in three principal components

5 PCI PC2 PC3
1 0.493 —0.091 —0.620
2 0.751 0.030 —0.540
3 0.325 0.655 0.076
4 0.658 0.136 0.696
5 0.747 0.339 —0.274
6 -0.073 0.843 —0.095
7 0.084 0.564 0.494
8 0.486 0.229 0.024
9 0.403 —0.669 —0.123

10 0.196 —0.668 0.303

11 0.319 0.552 0.532

12 0.392 —0.164 0.619

13 0.389 0.537 0.503

14 0.825 —0.189 —0.344

15 0.607 —0.491 0.279

16 0.294 —0.128 0.376

17 0.797 0.247 —0.155

18 0.867 -0.222 —0.165

19 0.648 -0.530 0.160

20 0.843 -0.023 —0.004

21 0.729 -0.075 0.367

22 -0.136 —0.609 0.543

23 0.463 0.625 0.311

24 0.068 —0.268 0.649

FHIEAE 7.180 4.069 1.048

TTHRZE/ % 49.460 20.710 13.090

BMTTERE /% 49.460 70.170 83.260

81 RS (PCL) PhSZTTERZE Y 49.46%, T EH
S ok E I 18(0.867)420(0.843) 14(0.825)
17 (0.797). 2 (0.751). 5 (0.747) 121 (0.729)
45 B 46 2 ERUT (PCO AL TR 20.71%,
FERMEZREIE 6 (0.843). 3 (0.655), 23
(0.625). 9 (—0.669). 10 (—0.668) F1 22 (—0.609)
FI1E B 8 3 ER (PCIHOISLTTERE N 13.09%,
FERMEZREIE 4 (0.696). 24 (0.649) Al
12 (0.619) HIfEE. LR K, @i PCA
a3 AT B 4 A B S BT B B 32 gy e e AR SR I A AR
gUEE R 24 M EHEREEE.

WY 20 fmERP Rl 24 N IEK) PCA 455,
FRHLET 2 N ESES B, WK 3. HE 3 %W,
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Fig.3 Score plot of PCA

BB AN AL EUSE PCL oy 1A HAT B 1) B
B, A TR B AR, BARSL T B
A, AHEFAE G S12 SRE R FIRRER 1) S4 SRR
AR S B RIEIT AR T A a2 A
ARG J5 25 0T 15 56 A AN [F) SRR AR T i it & X
Ik, #E—25R A PLS-DA 5RE ST 0T
332 A EHEAINA  PLS-DA &% Wi/
ZFeyk (PLS) Emy—ap i B R Tk, K
FEFEE R R PLS SREEAR R, KRG
B A R AR B ST ISRk AR AR B R4y 2
A (AR, HEAT A A b . 45 AR
(& 4>, PLS-DA fRAEF AT A, BRI 2 ZHAN [
KVEFEMER R, X, REbaEmFE
SERAD, B AR AL T BRI AN, EsE
B A4 5 R EE A E R B E
S, HEtasE, BRMERsEHER 0=
0.522 0>0.5, Ui BIBIAL 1) 0 BE /o, S IR PR
AREA BB B a3 Ry=0.773 0, iU
RO R AR 8 A8 7 TR IR B 4 B 77.30%, B E AR
® GEHE 1B REEE R R 3B 77.30% A A 43
P () kA, BEAMEERLET.

FEEN PLS-DA #5784 rh 24 ANF s VIPE (K 5D,
X 24 AN FATIEIETHAR VIP R/ NETHED, %

4 S Ira
3 — T B
// -S4 ™~
- 2 / *$20 ST g2 \\\
S 1 /
S S6 .S3
2 ol o 516513811 S9 \
i \ Eol *ST#  .s8 S5 T
§ -1 \ +S19 +S10 /
- \ -S15-S18 El/
. 812 o

-8 -6 —4 -2 0 2 4 6
PC1 (66.40%)

4 PLS-DA 84 E
Fig. 4 Score plot of PLS-DA

VIP 18

1419718598 12041721152322103611121316242
g5

5 EZFREMMVIP (X £s,n=24)
Fig. 5 VIP of PLS-DA (X *s, n=24)

VIP KT 1 3, 450N 14 5% (VIP{E
1.475 8). 19 5 (VIP {H 1.379 1), 7 5§ (VIP
fH 1.340 3). 9 50§ (VIP {H 1.308 4). 18 *Fl& (VIP
B 1.307 5). 5 5 (VIP 1 1.288 5). 8 S & (VIP
5 1.213 5). 1 50§ (VIP {H 1.183 9). 20 & (VIP
fH 1.171 9 4 50& (VIP {H 1.124 1), 17 5l (VIP
5 1.077 3) Fi121 5§ (VIP 14 1.036 5) ¥ KT 1,
Tt BH DA b A 2 B %o BT AR R R B R 2R
REMW, XL 5| R A SRR IE S =
SR ERREMERS, RN 2 s T
HNUEE T (5 S0 M 3,6-—FF FREILERE (7 5
U)o FAREikIg VIP B/ T 1, XIFE S X 23 5200
BN,
4 it
4.1 EEFEMEILEEREE

ASEIG X HRBUA R FEEUTIE . PR EURIR
I I HEAT 72558, RILLL 70% A5 45
min, FEHL 2 IR AR T

[F I, 258 7 AL 30 AH H E-0.05% R 7K
W FHEE-0.05%BE R KIS . L JE-0.05% H IR
IKIEW S LME-0.05% 5 KW LI -0.1% 5 R
IKIEWL, 45 TR LL 2 JE-0.05% 5 IR 7K i s AH ,
ORI RRE . 2 B BRI AR BRI S A
b, @ Extimd HPLC $8 40 EE I JE 4 ik K
i, R TR E A R B R Ak E, 153
316 nm P K N HPLC #5801 o ig = & | 1%
JEUF . REAEPE

R ZHE A B 70% Y RE S 75 2 B 45 min, 2
B2 W i 24 LA FE Agilent 5 TC-Cig (2D,
WBIAE £ E-0.05% B FR /K BR FE VeI, ALK 316
nm, AR 1.0 mL/min, #:iE 30 C iz & HPLC
FREUEITE (1 e R %A
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ARSI EIE 20 HURE SN TS R R AR
5 RS R) HPLC 88U EIE, & hiEfae .
i, ArEE, 20 fbm LS R 24 ML, K
R A THT HiL S B 24 6 TR A SRR . Dl B 3L
RAE A, FEALE, &R ERARKIE
E S I A G B AR AR, 20 HERE S
FMIPAEZAE 0.869~0.975, A J1E &AL 2 i /) B4k
FROEARAE &, Z9M R m AR RS, AR —
vk, EA X AR RSD (B EK, 1 B 1k 2 %
= BT
43 WFERERNXIRAAR

P21 R A 7k e T2 MR T R 2
M, fEACER 25 il FR S . IR AR S S
SERABMEIE IS T — RIF AR, Be BT
X H L g R R A S R
By AR S Bl BT, ASEIG i R o i, A
SYEE R SREBE A 3,6'- 0T TR
WERAZHRIE (7 506D, FRAF I AH XTI T R R B
[, ST B 5H A SR PCAL. PLS-DA 738
PR AP A BN, PCA WU HR iz 75 4k
B AIEF AR B X 2y, PLS-DA fE 58 4 R85
AT AR S X A3, eI AR TR R A A
R R E RS N FBEEEy FEK
AT AR, IS BGE B S AR
LTI 3 i PO E TRk /O ibv AR ST % ' L e
WEX RO EEZSEDRA 12 4~ FR,
78 E AR B 5 BT AR S B R A —
EREENI S, RPAFE T EWEEMT. A
AR FE DA S P o B S, IR R S
PRI B AR KAERW =) B R A P2 A s, AT
SECRIH 2 R

A SEEG ST i AR S R S AR TR . R IR
M, ATRON AT S T S L R R
BRI 7 ¥ RTAE S i S0 B AR LR VR A (1) R
7, T T GUE R 3 A 0 R X UG T AR A A
PCA. PLS-DA /r2RiERIEM. A8, R XE
A S REHEE . K e SUEE AL A R ) 4 A
K AN () SR Rz 75 AR AR AL RE AR BB A T —
PRI R, SRR AT I R B 1 T B
AR Tz T E PR A AR 24

SEHk

[1] rhEZ8 [S]. —#&B. 2015.

21 X557, £ 5B, B ARSI E LA R
SERSHT [T]. HEZZAE, 2011, 46(24): 1879-1883.

[3] Wang C C, YenJ H, Cheng Y C, et al. Polygala tenuifolia
extract inhibits lipid accumulation in 3T3-L1 adipocytes
and high-fat diet-induced obese mouse model and affects
hepatic transcriptome and gut microbiota profiles [J].
Food Nutr Res, 2017, 61(1): 1-17.

[4] Xu R, Mao F, Zhao Y, et al. UPLC Quantitative analysis
of multi-components by single marker and quality
evaluation of Polygala tenuifolia Wild. extracts. [J].
Molecules, 2017, 22(12): 2276-2293.

[5]1 A B #, skaEd, %5 @& 2 UPLC R4t
W S ZARPRE R N E TTVERESL (1], HhEEZY, 2018,
49(5): 1150-1159.

[6] Filgd, x| 5, 8 %, 55 && HPLC ZARIRIEE
FIEBT T (1], 2581, 2018, 49(2): 391-393.

(71 £ &, 2 55, E&IE, % 2T HPLC-PDA Rl &
Gt SRS ERE T S (7] HESZ Y, 2017,
15(5): 561-566.

(8] XAk, RAEEE, (T R, 55 & UPLC ZARARHIY
B 5E Je 4R aC SR FE (9] TRELZE, 2016, 47(12)
2167-2174.

[91 KelJ,QuY, LiS, et al. Application of HPLC fingerprint
based on acid amide components in Chinese pricklyash
(Zanthoxylum) [J]. Ind Crops Prod, 2018, 119(1):
267-276.

[10] £ FF, 5kkaE, #%aE, &5 2T HPLC fREUAIE M
WA TG A AR 25 M B B 5L (0], E
27, 2013, 38(12): 1951-1960.

[11] #ASZEE, £, AR, A2 7 iAe 2
EERHT TR AR 7] T2, 2017, 48(20):
4339-4345.

[12] MRS, HER, 2 B, % HESREEME
HPLC 540 RT 7T SR AT [J]. Hh R 24272
&, 2017, 52(5): 367-371.

(13] FhfRse, BOEM, 5k [, % 7 8% HPLC R4
KRR [ E SRR TR A E, 2012, 18(22):
145-148.

[14] #RMg, 5K 8%, fHfEse, &6 ASFEHH S AT L4
RO AR STk (1], WREGEZ, 2015,
11(14): 11-14.

[15] IEE, HWILE, REJ5E, 5. UPLC 4iafbiait&ss
JIE R EE A S T LA SR SURIE AT AT (0], 2,
2017, 40(6): 1355-1359.



