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Abstract: Objective This study focused on the root of Polygala tenuifolia by distinguishing the root, root bark (after removal of the
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heartwood), and heartwood from roots of different diameters, a high-performance liquid chromatography (HPLC) fingerprint was established.
Combined with chemical pattern recognition and multi-index component content determination methods, the quality differences were
systematically evaluated to provide a scientific basis for the traditional “Quality Assessment Based on Morphological Characteristics” theory,
specifically the principle that “thicker bark indicates better quality”. Methods P, fenuifolia samples were collected from Yulin, Shaanxi, and
grouped according to root diameter (2, 3, 4, 5, 6, 7 mm). The root, root bark, and heartwood samples were prepared separately. HPLC was used
to establish fingerprints, calibrate common peaks, and identify the main components. The contents of seven indicator components, such as
tenuifolin, were determined. Principal component analysis (PCA) and orthogonal partial least-squares discriminant analysis (OPLS-DA) were
performed using SIMCA 14.0 software, and cluster heat-map analysis was conducted on the Metware Cloud platform. Results HPLC
fingerprints of 18 batches of samples were established, with 23 common peaks calibrated and seven of them identified. Similarity ranged from
0.748 to 0.943. PCA and OPLS-DA clearly distinguished three sample types (root, root bark, heartwood) and screened nine differential
components, including 3,6'-disinapoyl sucrose and onjisaponin B. Overall, the content of active components followed the order: root bark >
root > heartwood. 3,6'-disinapoyl sucrose showed significant differences between root bark and heartwood, while polygalaxanthone III varied
markedly between root and root bark. The total content of indicator components increased with root diameter and bark thickness, but the
individual content fluctuated irregularly with diameter, which may be related to the ratio of bark to heartwood. Conclusion The established
HPLC fingerprint, combined with chemical pattern recognition and multi-index content determination, is stable and reliable. It can be used to
systematically evaluate the quality differences of P. fenuifolia roots, root barks, and heartwoods of different diameters, providing a scientific
reference for quality control and rational utilization of P. tenuifolia medicinal materials.
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Table 1 Information of different diameter root, root bark and heartwood of P. fenuifolia samples

s R E 2 /mm FE s R E £ /mm FE i s R E % /mm Fdh
S1-1~3 2 NI S7-1~3 4 AL S13-1~3 6 K
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Fig. 1 Fingerprint overlay of root, root bark and heartwood of P. tenuifolia with different diameters
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2-PEHREERE AS, 3-PORIEENE A6, 9-IEEMIER T, 113, 6-ZFF FEEAERENE, 13-4 nEH A, 18- 4irbmHad, 22k 2 B,
2-sibiricose A5, 3-sibiricose A6, 9-polygalaxanthone III, 11-3,6"-disinapoyl sucrose, 13-tenuifoliside A, 18-tenuifolin, 22-onjisaponin B.
2 EEXRIELEE
Fig.2 Control fingerprint of P. tenuifolia

229 LR M BT A FE A L E TR
0.748~0.943 (& 2), H A AR FE 5 1) AH 0L %
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Table 2 Similarity evaluation results of HPLC fingerprint of P. fenuifolia samples

G5 HHABAEE G5 HAABAEE G5 HBAE 95 FRALLE G5 FRALLE
S1-1 0.907 S10-3 0.861 S5-2 0.937 S17-1 0.935 S9-3 0.943
S1-2 0.912 S13-1 0.891 S5-3 0.936 S17-2 0.934 S12-1 0.887
S1-3 0.915 S13-2 0.892 S8-1 0.912 S17-3 0.935 S12-2 0.889
S4-1 0.748 S13-3 0.889 S8-2 0.916 S3-1 0.865 S12-3 0.889
S4-2 0.759 S16-1 0.818 S8-3 0.916 S3-2 0.862 S15-1 0.916
S4-3 0.751 S16-2 0.828 S11-1 0.921 S3-3 0.866 S15-2 0.918
S7-1 0.878 S16-3 0.830 S11-2 0.919 S6-1 0.908 S15-3 0.913
S7-2 0.876 S2-1 0.867 S11-3 0.917 S6-2 0.905 S18-1 0.897
S7-3 0.871 S2-2 0.870 S14-1 0.939 S6-3 0.910 S18-2 0.897
S10-1 0.855 S2-3 0.867 S14-2 0.938 S9-1 0.942 S18-3 0.897
S10-2 0.862 S5-1 0.936 S14-3 0.938 S9-2 0.941
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2.3.1 PCA PCA & —Fiui i 25 1 B 4t b 3 £ F
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(0.967). 19 (0.957). 22 (0.941). 3 (0.908). 13
(0.901) 120 (0.900) HEE: 52 Episr (PC2)
DIHREA 15.671%, 2B BLP) 2K H I 1(0.693).
5 (0.661). 4 (—0.741) 117 (—0.638) HIfEE: %
3 FERGr (PC3) TTHRERN 6.731%, FERBLFIEZE

KEWE 15 (0.696). 2 (0.485) F1 5 (0.430) 13
o AT SH 02=0.727>0.5, PR EE
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N, FES TR MR . A 328, HiRa
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RS B AR K.
2.3.2 OPLS-DA Ny B K 43 At 4 1) 2 S 9 0
%2 F gy, #— PR B OPLS-DA
J7i228-291 JET 23 AN IR TR AR, 15
PRI R=0.947, R%=0.967, 0*=0.951>0.5, &
R AR 5 Tl e ) R 4F

OPLS-DA H5rE (4 Bor, mER. &
Kol 3 BFEMIRERE LS, XORERILT PCA.
WL 200 KB HASIEIGE (B 5-A), PRIALE Y
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Table 3 Loadings in three principal components

g = PC1 PC2 PC3
1 0.457 0.693 -0.225
2 0.621 0.459 0.485
3 0.908 -0.191 0.042
4 0.571 -0.741 0.035
5 0.308 0.661 0.430
6 0.854 0.096 -0.193
7 0.780 -0.503 -0.126
8 0.742 0.496 -0.338
9 0.756 0.332 -0.253
10 0.644 0.242 -0.227
11 0.806 -0.011 0.308
12 0.564 0.447 -0.039
13 0.901 0.253 -0.149
14 0.870 -0.121 0.142
15 0.543 0.292 0.696
16 0.830 0.011 -0.269
17 0.629 -0.638 0.286
18 0.967 0.145 -0.035
19 0.957 —0.041 0.027
20 0.900 -0.053 -0.030
21 0.823 -0.343 0.035
22 0.941 —0.269 -0.099
23 0.677 -0.476 0.018
FRIEMH 13.311 3.604 1.548
TR /% 57.875 15.671 6.731
RFDTHR /% 57.875 73.546 80.277
B
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Fig.3 PCA score plot
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Fig. 6 Heatmap of 23 peak areas in the roots, root bark, and heartwood of P. tenuifolia with different diameters
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X0, BN FR (Y, LflbrtEdhsk, WE
4, MR EER 7T ANERDEERR R
255 MEEERE BUHbS A, O “2.2.17 T
s PFESLIRE 6 I, HHEA 7 AR
RSD {4/ T 1.93%, VLIRS E Rt

25.6 HEEMRE BE-0AM, % “2.2.27
SPAT I AR IAWR 6 1, 4% “2.2.17 TN ik &
PEHERE, THEAS 7 AR RS0 RSD {E /N
T 2.07%, RHUHEGMHERL .

T4 BMXFRETRER

Table 4 Results of linear relationship investigation

D% EVEpg R? LRV Bl /g

PEA Rz A AS Y=388 509 X—325 100 0.999 9 2.0~20.0
PEAR Rz HE A6 Y=160010 X—111 113 0.999 9 1.6~16.0
7 MR Y=162 374 X—142 351 0.999 8 2.0~20.0
3,6"- I T AL b Y=345 256 X— 146 628 0.999 9 1.0~10.0
gz S IFA Y=199 585 X—284 298 0.999 9 3.0~30.0
gHn iz & Y=340 986 X—186 382 0.999 5 3.0~30.0
it 2B Y=206207.77 X—183 576.17 0.999 0 0.2~2.0

257 FeEtkilne  HUE AR ERAE “2.2.17
WL T, T 0. 20 4. 8. 12, 24h i#FE, it
HAS 7 A T AR RSD (/T 2.13%, 155
FE 24 h WERE MR AT

2.5.8 IFEMEIYGRES  REEFREL A S BIFES 6

By, HERESER 50%. 100%. 150% 3 DIKFFE
BN 7 AR, AR H & VAR €2.2.27 T,
F “2.2.17 RIS FAAERE, THEAR 7 N
B InAE ISR I LE 95%~105%, RSD {H /N T 5%,
F B IR U R
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259 FEMEENE  (EfRgUEE M R b,
KA HPLC ¥EXT 7 NMEFsIE S AN [ EARIE &
Ry A RACH S BT e ENE. A&
[/ “2.2.27 W7k, Gig&ME “2.2.17 i, 4R
WET AT S B B, R NER 5.

BEKE, A EFALR & B & BRI >
R>AK. fER—BEEHAN, LidEsn—8. it
— W BRI, Sl RS R EE S
TAL, Hodt 3,6- T T RN 2 R o R
1k 4.25~10.60 155 HoAthpli oy 2 A 8RO : i &
MUERIILA 2.76~8.27 5. 4HMZEH A N 2.35~
6.97 fi5+ PHARRIZE ERE AS A 1.36~1.63 fi5) 7
AR ERE A6 N 3.15~4.94 1%, HHH 2T
N 3.58~6.59 {5, imE R B N 3.21~7.33 %, %

B3T3 22 A BN 3.00~5.64 i ARSI
o S AR, e,z ML AR T S P A

K (1.06~3.66 %), HARM 5% 7555 1
0.52~2.10 fi5; FRA- P ZEREHN 1.17~1.55
%, REMTREEROEMNER. TRMESEL
BRI, R . AROH SR SRR EAR
PR IR I 3G s ek, RIS A B
AR SN E EAR T RIS ARG 2 RA%. 1t
bb, AR AT ERMEYERHTIE, 2mm
A7 mm BEARFE SRR A Ry (0.87+
0.15) g5 (3.03+0.17) g. &5, 7 MEIr K
SYAE 7 mm AR RS BTN 2 mm i
A 5.13 £, RUAREE I EM B AR R R 55 R 4
hn, By RS EIR B SRS

x5 TRERZER. B, KOEREEFUHSSBMNESER (n=3)

Table 5 Determination results of main active components in root, root bark and heartwood samples of P. fenuifolia with

different diameters (n = 3)

G Joi &5 3%

PAR T EREAS PRI EREAG T ENEEN 3,6'- 7% FEEE A M ETA A mE LT T BB
S1 A 0.69940.007 0.743+£0.008  0.492+0.004  1.329+0.015  0.76530.002 0.879+0.028 1.1340.005
S4 A4 1.071%0.006 0.383+0.007  0.567£0.004  0.976+0.003  0.788:0.002 0.88120.056 0.586+0.011
S7 A4 0.67240.004 0.453+0.015  0.534+0.005  0.823+0.008  0.712+0.013 0.73220.014 0.65%0.019
S10 A4 0.628+0.005 0.430+0.003  0.404+0.005  0.709+0.006  0.7050.004 0.60520.010 0.492+0.005
S13 A4 1.01240.013 0.599+0.006 0.576+0.004  1.764+0.027  1.18340.010 1.067£0.059 0.948+0.005
S16 A4 1.01840.002 0.668+0.002  0.421+0.003  3.138+0.003  0.666+0.001 1.126+0.105 0.7910.012
S2 R 0.75940.013 1.5684+0.016  1.051£0.011  4.046+0.047  1.950+0.021 2.416+0.012 4.336+0.053
S5 AR 1.406+0.015 2.636+0.023  1211+£0.018  4.402+0.087  2.6350.028 3.44720.019 3.631+0.045
S8 AR 0.899+0.000 1.58240.005 1.201£0.003  5.126+0.573  2.3660.003 3.12520.145 4.196+0.009
S11 4R 1.13740.013 1.94340.014  0913+£0.004  3.723+0.037  2.1410.064 2.77940.041 3.703+0.031
S14 1.16840.002 1.78040.007  1.393+£0.015  5276+0.035  2.635+0.025 3.57220.025 2.9994+0.015
S17 1.27440.022 1.39040.005  1.891£0.002  7.171£0.011  2.761+0.004 3.416+0.259 2.64410.005
S3 14 0.970%0.019 3.0532£0.009  1.589+0.003  5.941+0.017  3.32820.009 3.732+0.050 6.04340.022
S6 f4 1.57140.001 1.38140.001  2.631£0.008  4.414+0.008  3.93820.018 3.73720.097 3.420%0.001
S9 f&4 0.91240.003 1.601+£0.008  1.81620.004  8.722+0.045  4.9590.028 3.89310.122 3.824+0.032
S12 f&4 1.02140.002 2.12540.002  3.342£0.009 4.671£0.009  2.93320.007 3.99020.128 3.604+0.005
S15 f 1.61440.011 1.8884+0.012  1.591+£0.034  8.045+0.077  2.786+0.027 3.6010.182 3.046+0.059
S18 f 1.43940.005 2.614£0.007  2.005+0.005 13.33620.017  3.55240.012 4.354+0.211 4.54840.001
3 Wig B UMD . B2 B FH AR, (HH TS X%

FEF 255 U, WHoRTT S ettt oo se SRt o
W “ WR-BE” PE, HAO ML “TE.
R By BT SRS E i RAA A E RS AR
WAL TR — KRR, Hory, “I7 M N B
FIVEIRRFAE, AN K TS5 T,
FLIERRBIZ M FE DI (RRAE) BIHfIC

PEAR- i T ORI BRI TS BN 55, ShZ R4t
P S 0 K 4

AT FELAAS A EARIE SR FUR R, 70300
HAR & (RORED RGBT RG0Hr, #iL
T 3T HPLC faar B . A2 il 5 24865
EIE R LRE VTR R . TREUEEARUEE 70 4 2R
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R, ARIBREER. & A0 AR LH
SIRAL, AR A S AR B E . 2
BERIRANSE LB, PCA A1 OPLS-DA X4 ikt
i PR A AR . AL ARy 328, HEREE 3,6
TrPBEE AR, AR B, i B A, g
WEH A S 9 M REERIESY, Kb 3,6- 2911
Pk BER O DT R RO B 25 . SR E 4 SR B R, i
SRR B8R, RIRZ, RORIIK.
Hor, mEBEEHAROZEE S & &2 RE
3.00~5.64 5, 5 SCHRIGEALLO); iz B 2 ]
(1) 22 S AR /N , ~F- 350 22 S A5 800 1.17~1.55 fi%.
HAERNZ, SRS & EEERTHIHRE
PRV S, R EAAA G H AR B 7 AR 1
B3 FHEE, EESARCH HLE] R R 2] S8
TER. REW, S654EmeEnth ki, BET
SR EAE SRR N, ik g 7 N8R
B B B RS B R E ST (7 mm AR 200N 2 mm A
i 513 £5), X NERAER AL “ARKE
FeEFAE” SRt T A S

YT M RS S R K B
1y RN ER AN ARE, AR RS A
EE B HL N FE SRR IS . AT A RROR, TR
B EIH R R — BB LR X — IR, I
R B 5 S 2808 B ARG R L,
JE SRR E TR —BHE T R H-AO b 3
ANFERIRES (n “RJE” 5 CRE”), RN
BUEMERO R A, I EAR S . RO
e 7 5T B B R 2 e, AT Sz 75 B VR 1Y) v e
AR 5 o7 B A o S At SRS AL R AR

2 O N R YA E RS SN R oy Ry
Kz fabn & millE ik, TR, ATEEHPPN A
BHARER., @ AROKREZES, 7R ERE.
HEML, NIZEAM PR AT PRSI
TR G BN R T RATI A S SHHE S

FBAR FAVHEHFEFARGEF TR
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