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of the roots and aerial parts of wild P. veitchii from the Western Sichuan plateau, and then comprehensively evaluate of the quality of P. veitchii.
Methods High performance liquid chromatography (HPLC) analysis was used to analyze the samples with the following conditions: column
type, agilent HC-Cas column (250 mm>4.6 mm, 5 pm); temperature, 30 °C; flow rate, | mL/min; injection volume, 10 pL; wavelength, 230 nm;
and gradually diluted with acetonitrile-0.1% phosphoric acid water. The fingerprints were established by the Similarity Evaluation System of
Traditional Chinese Medicine (version 2012). The comprehensive evaluation of the quality of P. veitchii was performed by the hierarchical
clustering heat map analysis, similarity analysis, partial least squares discrimination analysis (PLS-DA) and principal component analysis (PCA).
Results The results showed that both roots and aerial parts of P. veitchii contained gallic acid, oxypaeoniflorin, catechin, albiflorin, paeoniflorin,
benzoic acid and paeonol. And the content of paeoniflorin in only three samples did not meet the requirement of the 2020 edition of China
Pharmacopoeia. The HPLC fingerprints of roots and aerial parts of P. veitchii were established respectively, and both of the two fingerprints had
19 common peaks, of which seven were identified as gallic acid, oxypaeoniflorin, catechin, albiflorin, paeoniflorin, benzoic acid and paeonol.
The kinds and contents of chemical components in both roots and aerial parts of P. veitchii from different areas were variable, but the variation of
paeoniflorin was relatively small. There was a feature of obvious regional consistency in the kinds and contents of chemical components of P.
veitchii. Moreover, the rhizome (medicinal part) quality of P. veitchii from Laoyulin of Kangding City, Xianggezong of Yajiang County, Chali
gas station of Aba County and Baxixiang of Ruoergai County was relatively better. Conclusion HPLC method established in this study could
simultaneously separate and analyze the main compounds in P. veitchii. The rhizome quality of P. veitchii from the Western Sichuan plateau met
the requirement of Chinese Pharmacopoeia. Because the kinds and contents of chemical components in roots and aerial parts of P. veitchii were
similar, the aerial parts had the potentiality of development and utilization.
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Table 1 Origins of P. veitchii
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3-gallic acid  6-oxypaeoniflorin  8-catechin 9-albiflorin
10-paeoniflorin  15-benzoic acid  19-paeonol

1 E&¥ER&E (A) #S1L(1R) #& (B) HPLC
Fig. 1 HPLC chromatogram of reference substances (A)
and S1 (roots) sample (B)
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Table 2 Calibration curve of seven reference substances
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%S Y=25 820 934.78 X—209 560.08 0.026~2.06 0.999 8
A725 S E Y=9 597 000 X—120 520 0.021~2.12 0.999 6
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£33 MOERDTHUFRINESELER (x+s,n=23)
Table 3 Contents of seven components in 44 samples (x =s ,n = 3)
G b PRy %
WETFR AT ILEER A5Z M BT AJUE KR P B
S1 R 0.21£0.02 0.32+0.05 0.11£0.03 0.15+0.04 4,14+0.21 0.30+0.08 0.10+0.05
Ml 0.03+0.01 0.23£0.03 0.35£0.05 0.23£0.07 2.13%£0.25 0.60£0.11 0.08£0.02
S2 it! 0.15+0.01 0.10£0.01 0.17£0.06 0.12£0.03 4.29£0.30 0.33%£0.10 0.08£0.03
Ml 0.19+0.03 0.20£0.02 0.18+£0.04 0.12£0.06 1.224+0.11 0.32£0.07 0.06 £0.02
S3 it! 0.27£0.04 0.30£0.07 0.21£0.03 0.20£0.05 4.08£0.27 0.42£0.08 0.13£0.02
M 0.11£0.01 0.09+0.01 0.124+0.05 0.10+0.01 2.42+0.24 0.24+0.04 0.06+0.01
S4 it! 0.28+0.05 0.59+0.12 0.35+0.08 0.26+0.07 4.06+0.34 0.46+0.09 0.07+0.01
# b 0.1640.02 0.17£0.02 0.10£0.06 0.11+0.05 2.98+0.27 0.26 £0.06 0.06 £0.02
S5 Jic! 0.31£0.03 0.31£0.11 0.32+0.07 0.21£0.09 4.23+041 0.52+0.03 0.08+0.01
b 0494003 0.30+0.09 0.46+0.08 0.17+0.06 250£0.21 0.88£0.09 0.05%£0.01
S6 Ui 0.09£0.01 0.09£0.02 0.13£0.02 0.17£0.04 2.97£0.32 0.19£0.07 0.08+0.02
Wl 0.12+0.02 0.17£0.03 0.09£0.01 0.1140.05 2.47£0.30 0.16 £0.04 0.05%£0.01
S7 Ui 0.09+0.02 0.08+0.01 0.15£0.03 0.17£0.09 2.97£0.32 0.22+0.05 0.08£0.02
M 0.10+0.01 0.20£0.05 0.08+0.01 0.12+0.07 1.46+0.17 0.24£0.06 0.04£0.00
S8 R 0.23+0.04 0.29+0.09 0.33£0.06 0.16 £0.05 5.67+0.50 0.39£0.05 0.08£0.02
M 0.21+0.02 0.39+0.08 0.17£0.03 0.19£0.07 3.29+0.35 0.21£0.04 0.05+0.01
S9 i 0.18£0.01 0.21£0.02 0.16£0.02 0.54£0.07 3.36£0.29 0.29£0.08 0.08£0.01
Ml 0.15+0.03 0.27£0.08 0.17£0.03 0.14£0.03 3.51£0.37 0.18£0.07 0.04£0.01
S10 Uics 0.16+0.02 0.20+0.02 0.23+0.05 0.30+0.02 4.671+0.62 0.20+0.09 0.07+0.02
Hh b 0.14+0.01 0.15+0.01 0.11£0.02 0.29+0.05 3.70+0.41 0.11£0.04 0.08+0.01
S11 it] 0.18+0.02 0.26+0.06 0.224+0.03 0.16+0.04 4.07+0.50 0.28+0.07 0.07+0.02
Hi b 0.09+0.01 0.124+0.02 0.09+0.01 0.08+0.02 2.57+0.33 0.11£0.02 0.08+0.01
S12 iR 0.194+0.02 0.44+0.10 0.31+0.07 0.45+0.07 4,17+0.42 0.35+0.06 0.08+0.02
Hi b 0.14+0.01 0.18+0.04 0.13+0.03 0.20+0.05 3.31+0.60 0.23+0.05 0.08+0.01
S13 iR 0.17+0.02 0.17+0.02 0.24+0.06 0.194+0.03 4.32+0.77 0.43+0.07 0.07+0.02
Hh b 0.10+0.03 0.17+0.05 0.10+0.03 0.11+£0.02 3.19+0.38 0.12+0.01 0.04+0.00
S14 it 0.16+0.01 0.12+0.03 0.20+0.04 0.10+0.03 3.68+0.45 0.31+0.08 0.08+0.03
Hh b 0.17+0.02 0.31+0.03 0.16+0.05 0.11+£0.01 3.61+0.62 0.18+0.02 0.04+0.01
S15 it 0.094+0.02 0.07+0.01 0.27+0.05 0.70%+0.09 2.63+0.37 0.30+0.05 0.09+0.02
Hi b 0.05+0.01 0.11£0.02 0.08+0.01 0.08+0.01 0.13+0.03 0.08+0.01 0.08+0.01
S16 Uis 0.124+0.02 0.28+0.04 0.44+0.07 0.44+0.07 3.77+0.52 0.55+0.10 0.07+0.02
Ml 0.31+0.03 0.36+0.02 0.29+0.05 0.30+0.05 1.94+0.36 0.47+0.07 0.06+0.01
S17 Uis 0.19+0.01 0.61+0.13 0.44+0.09 1.10£0.20 5.08+0.92 0.69+0.10 0.07+0.02
Hh | 0.49+0.04 0.74£0.15 0.57+0.09 0.49+0.03 3.16+0.61 0.42+0.10 0.05+0.01
S18 it] 0.23£0.05 0.78+0.18 0.31+0.07 0.50+0.06 3.39+0.48 0.43+0.07 0.08+0.01
Hh | 0.26+0.02 0.48+£0.04 0.33+0.06 0.24+0.02 2.12+0.32 0.51+0.08 0.04+0.01
S19 it] 0.21+0.03 0.62+0.07 0.44+0.07 0.45+0.04 3.15+0.60 0.33+0.09 0.08+0.02
Hi b 0.44+0.02 0.53+0.09 0.58+0.08 0.40+0.08 2.85+0.65 0.37+0.08 0.05+0.01
S20 Uis 0.18+0.01 0.38£0.05 0.33+0.07 0.46+0.07 3.90+0.59 0.28+0.06 0.08+0.01
Hi b 0.46+0.03 0.58+0.07 0.72+0.10 0.21+0.03 3.01+0.66 0.51+0.10 0.08+0.00
S21 Uis 0.11+0.02 0.15+0.02 0.15+0.07 0.43+0.08 4.85+0.68 0.18+0.05 0.07+0.01
Hh | 0.09+0.01 0.19£0.06 0.08+0.01 0.12+0.02 2.81+0.78 0.22+0.09 0.08+0.01
S22 ic! 0.22+0.01 0.88+0.16 0.31+0.07 0.40+0.05 3.22+0.94 0.41+0.23 0.16+0.05
H | 0.31+0.02 0.39+0.08 0.24+0.03 0.30+0.07 1.98+0.48 0.63+0.20 0.09+0.02
THIMERS AR 0.18 0.33 0.26 0.35 3.94 0.36 0.08
Hh | 0.21 0.29 0.24 0.19 2.56 0.32 0.06
RSD/% i 33.27 70.39 38.48 67.93 18.92 35.55 25.47
Hh | 69.17 59.31 79.56 56.70 33.76 64.31 27.34
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XI-BEFIHR X2-EAMAHE X3ILHRER XAATHNBE  X5-ATZH X6-RHER  X7-FHEEm
X1-gallicacid X2-oxypaeoniflorin  X3-catechin  X4-albiflorin  X5-paeoniflorin  X6-benzoic acid  X7-paeonol

2 JIFRAIR (A) Fatth B4y (B) 7 MEENFERS RS BRAMRE
Fig. 2 Hierarchical clustering analysis and heat-map of content of seven reference substances in roots (A) and aerial parts (B)

of P. veitchii

26 IBUEENENSST

Hh 24 (03 48 S VR R VRN P 2 T R R R e
MR TE, RA%E B0, B EIEL T
FE IS8, Oy T SR A RAEFIVEAN 5 N ZRATRE: b 1) b
Jii, WO SRR ARATRE ST A TEFR A B,
1 M HAZE R B L S P S R R R
2.6.1 fRorEERESL s “2.57 miR 22 A
PRI ARATAR AN 340 1 HPLC #i#l LA CDF
RN (2012 i A 24 € il Fig S0 BE AR BURE PR 2R
45) B, 4»HILh G1 A DS1 BEGAE NS R K,
KH A EGE, A% 5N 0.5, 2 2 FURIES,
HAT GRS UCEL, 20 5 A2 B 1 AR ATHR A 36 2
(45 20 P B i B A FR PRt 433 DL 3 A 4.
DL 13 SUEfExRT iR, 15 BRI b5 55 A
19 Mg, SxHE S A E s, Al 74
HHE, HRNEE TR (3518, AATHTF (6
S, JLRR (8 58, AAREE (9 T15).
AT (10 58, KR (15 508). FHEmy (18
S,
2.6.2 FHRUESMHT R (2012 R 2 eitde oA
WAL VEY RG0) A R “2.6.17 i1l
AR AR 38 3 14 € P 5 St R PR a3 A 7 ARLABURE 3
B, SERIE 4. BFRATHEL, 22 HURNFRATHREE &
Hfg 20 #LIREIAIALLE E 0.900~0.992, 17 G11 fil G22
HMET 0.900, 43514 0.844 F10.802; 22 #tik)Il7F
A5 3R BE S A 15 IR EIAEUE AE 0.912~

X DS1

0 10 20 30 40 50 60
t/min

B3 ISR (A) fiith L35 (B) e EIE
Fig. 3 HPLC fingerprints of roots (A) and aerial parts (B)
of P. veitchii
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4 JIFRAIIR (A) Fadth EEFRSY (B) XPERIELUEIE
Fig. 4 Reference fingerprint of roots (A) and aerial parts
(B) of P. veitchii
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x4 ANEH)IFFAIEMUE SR
Table 4  Similarity of P. veitchii from different habitats

95 HHACLE Uikl HAABLEE
Gl 0.920 DS1 0.970
G2 0.977 DS2 0.988
G3 0.951 DS3 0.989
G4 0.986 DS4 0.966
G5 0.948 DS5 0.899
G6 0.945 DS6 0.995
G7 0.966 DS7 0.942
G8 0.956 DS8 0.965
G9 0.945 DS9 0.977
G10 0.992 DS10 0.965
Gl1 0.844 DS11 0.968
G12 0.911 DS12 0.978
G13 0.975 DS13 0.959
G14 0.944 DS14 0.978
G15 0.933 DS15 0.881
G16 0.915 DS16 0.784
G17 0.900 DS17 0.722
G18 0.919 DS18 0.912
G19 0.911 DS19 0.801
G20 0.927 DS20 0.755
G21 0.964 DS21 0.978
G22 0.802 DS22 0.811

0.995, 7 G5. G15~G17. G19. G20 Hl G22 ¥k
F0.900, 4% 0.899. 0.881. 0.784. 0.722. 0.801.
0.755 1 0.811. i HH 7= Hh 1| FRATHR AN 13651
JREAAE—EEST
2.6.3 PCA /T KM SPSS 23.0 #ft, LA 19 MEH
g (X1~X19) WP, X)IZARATHE ., &6
SR PCA Z0HT, NARATERE M 3305 78k
TEERE, AT, Norm 8 LA - HHEAE
FRATTIREE S M L5 B3 5 T as R W 5.
JNARATIR R > 1 MR 6 4, R
TUHRF N 83.4%, ik B AT LARAE ) AR ATIRFEAAE
B, S SCERRE M 191, JEHL 6 AN 32 pear R T i
R # A R BB 10%3 e A A B =y Norm B 10% 36 ]
Y1) Fi b aEON R AR VR A 10 R B T 4R
(minimum data set, MDS), %5 UL A I X1,
X5. X6. X8. X10. X11. X17. X19 i#t A\ MDS,
& U 1 S LA U T DL A S B )1 AR A AR T 5 A
B AT E5 oy RARFEE > 1 R A 54,
RTTHRE N 82.623%, FEATT LS 1| F7ATHb I
oS B, THE IR AIE X3, X4, X6
X7. X8. X10. X16. X18. X19 # A MDS, #H]

XA U TT DLFEAS Sz i 1| 7R A H 35820 1R TS
B MRAESFES B GE AR R (R 6), IR
AR IR HE4 N Gl7>G18>G4>G19>
G5-----Gl4>G7>G6, KMFEE M EMIK (G17).
VT E M 52 (G18. G19). Rl 4l £ 2% B il 3k
(Gh). H/RFEETZ (G5) iX 4 AN iy )1 74
HEFE Sl o AU o I ARATHE B35 LR 615 70 HE4
Jy DS19>DS17>DS20>DS16>DS18------DS1>
DS2>DS12, FEHETEAHMKE (DS19). FEE
ZHidk (DS17). MELEFRI& S (DS20). FEE
#rz il (DS16). VT EAHKE % (DS18) 1X 5 A=
bRV ZRAT H 35020 B T SR LT
2.6.4 PLS-DA #r#fr A T ik 5] L)1 ZR~7 iR AN HE
R ZE R bR E RS, KA SIMCA 14.0
A3 TR A 3543 HPLC 4820 &3 1 A e i [
I (X1~X19) #£47 PLS-DA Z0#r, L X1~X19
(1) VIP (B> 1 FENVEMARAE, Tk 51 2 5 IV e
ey . TRikgE R (K 5) R, NFRATHRFE S
LA 11, 19, 8. 6. 13. 14. 15, 5. 3 Z&ffy
VIP {ERTF 1, B IR Eebd AR SR 1 a3 A2 38 AN
)77 b ) 1 ARATARAE 28 S 1) R AR EM R . b b
Y RE S g% 15, 3. 8. 11, 16. 19. 17. 6.
9 ZEH) VIP ERT 1, UEHIXLeIg AR s =2
1 AN [ 77 1 1 A MB35 0 B 25 5 1 2 R R
PEVIBT o XSG g0 e rh AN G 1 ARAT IR IE) 5T
“RIYE, REAATHEAERE RIS R S E R
VBT, X5 & Eile g B AT 24 & &M RSD
AR BN —8
3 it

JNFRAT RN =B A i 2G84 . ZEDU )1, )12 3
oM AE ) P R R A B SO RIRAT I, DAE S T B4R
JUARAT RS VR AR 78 S A TR AR 1 P v R b A
MREE . EPE PEE. HABEAFTINE
Fgedh L, DL — ek BARKRAE X R0 12,291 At
FORE ) PG e R RN () SR BEEL . BTHLE . #R
i FAE BRI KB LR H O A E T AT
B E AR I FRATHEAT T RE VY, AN T IX L)1 55
AT BR8NP N ARAT 20 1 o 4 )
PRAE T N AT B S . (R E 25 ) B E )1 ARAT T
BEAR ZE A 2 A R =>1.8%, TASHEFT )1 ARAS IR 2
HAT 251 S ) =>1.8%, X5 HT AT )14 HAh X
S (PRSI &5 TR — gL 13 200, SR 1| 7 B A )1 R A
WRAATA N & B &4 HE.
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x5 JIFR*IRF AR AR PCA R
Table 5 Results of principal component analysis in roots and aerial parts of P. veitchii

iR LA

A — —
il FI. F2 F3 F4 F5 F6 ARFHENom{E F1  F2 F3 F4 F5  ARFHZE NormfE
X1 0261 0.781 0207 0.145-0.423-0.180 0953 1615 —0.197 0659 0021 0423 0286 0.734 1501
X2 —0.289 0404 0.139 0328 -0.429-0593 0910 1374 0118 0494 0427 0263 0214 0555 1214
X3 0.727 0.441-0.033 0435 0.078-0199 0959 2129 0968 0113 0011 0057 —0.095  0.961 2.682
X4 0.018 0220 0.097 —0.673 0.454-0175 0747 1118 —0.139 0808 —0.134 —0.482 0096  0.932 1.710
X5 0.820 0.358 0218 —0.101 —0.148 0.138 0900  2.266 0475 0.674 —0.159 —0.234 —0.206  0.803 1.888
X6 0.902-0.018-0.009 0.041 —0.165 0203 0885 2381  0.887 0.199 —0.186 —0.179 0242  0.952 2513
X7 —0.606 0.455-0.021 0.246 0.104 0057 0649 1795 0044 0800 0208 —0.089 0.088  0.700 1570
X8 0.849-0.257 0.031 0.95 0.191-0193 0900 2300 0938 0110 —0.101 0.026 —0.107  0.915 2.603
X9 0575-0.371 0.308 0454 0.091 0140 0798 1792  0.809 —0.118 0.118 —0.103 0.463  0.908 2311
X10 0.134 0.466 0.389 —0.039 0488 0.134 0644 1193 —0.210 —0.042 —0.442 0629 0.402  0.799 1.204
X11 0851 0.117-0.322 0.277 0.062-0021 0922 2311 0846 0158 0115 0208 —0.287  0.879 2.393
X12 —0410 0537-0.335 0225 0.373-0.092 0767 1579 0359 0643 0398 0342 —0217 0864 1733
X13 —0.602 0.345 0.583 —0.097 —0.056 0.290 00918 1896 —0580 0401 0358 —0.297 0276  0.790 1.896
X14 0462 0.322-0473 0397 0202 0220 0788 1602 0291 —0.353 0711 0093 0273  0.798 1443
X15 0.785-0.102-0.007 —0.053 0.232-0.289 0767 2105  0.764 —0.037 0.50 0.304 —0.350  0.824 2.185
X16 —0.086 0.642-0.497 0016 0083 0252 0738 1330 0864 —0261 0048 —0.049 0317 0919 2.463
X17 0521 0.247 0.666 0.202 0.000 0208 0861 1737  0.790 —0.246 —0.190 —0.093 0.295 0.816 221
X18 0.207 0.065-0.364 —0.400 —0.620 0291 0809 1231 0026 —0.558 0.573 —0.251 —0.092  0.711 1.349
X19 0921 0.139-0.037 —0.224 —0.107 —0.045 0933 2445  0.888 0.084 —0.110 —0.169 0.045  0.839 2.468
ERHHEE 6.860 2.806 1.971 1.637 1560 1.011 7612 3677 1729 1438 1.243
R TTHE% 36.10514.76810.375 8616 8.212 5324 40061 19.354 9.098 7.570 6.540
TR BRTTERE  36.10550.873 61.248 69.864 78.076 83.400 40.061 59.415 68513 76.083 82.623
F= 6 JIFRASIR EM A ERPEEBETTTER PR R R, AR AT L. BETFRA
Table 6 Results of comprehensive score of principal AT A O 5 2 N 7525 i i 3 S R A
component analysis in roots and aerial parts of P. veitchii AR BUR. PRI . ik, FLEE . B,
— — ‘ : - N
55—t et BB, KR L
ARG S & R SAV AR A Y R
G2 -1.429 19 DS2 -1259 21 BB FEREE R MR 2, HA AT 251 /)P
G3 0313 10 DS3 0.088 9 e T1 e G e
N mEEIR 2.56%; LAk, BGNZTAL HRZE
G4 1312 3 DS4 -0.858 18 -
G5 0.988 5 DS5 -0303 12 O Hb B34 MRS T R B, IFRATH
Ge 2220 22 | DS 0498 14 RS EEA ISR ILT 8. BLE
G7 -2.108 21 DS7 -0.110 11
+: 227 4 N h 25 B AN
G9 0372 15 DS9 0.175 8 et — 20 R IREE A I R A, a2 8 H A i 4
G10 -0.581 16 DS10 —0.851 17 P 7t 4 [R5
RS P g - SLUL RS Y 19 NI g,
Gl  -0038 13 DS11 0829 16 \ j‘( o E/HE'QX T [EE“%# '+: A
G12 0.800 7 DS12 -1531 22 FEFR N AR 74 (RJH . SWATAE. A
gij —ggi ;g Bzﬁ ggié 12 WHEEH . BETFRR. LR FHEMFZEHERR), 1
—1. —0. SR 745 e g IR o 2 52 1 7
G16 0062 12 DS16 1.246 4 33 T 1 e RO B 1 3 o T T IR BRGE A )R AT
G17 2139 1 DS17 2.148 2 T U BERIEFT . ARACLEE 20 i 25 SRR B 45 7= Hb )1 7k
G18 1.957 2 DS18 1.060 5 N
§ 1§ H A AR R 47 B AE 0.802~0.992 #
G19 1.040 4 DS19 2.288 1 AR Mﬁ"ﬁmwﬂ&ﬁﬁ{f [ A
G20 0422 8 DS20 1411 3 0.722~0.995, Ut B %7 3t 1 74 AT AL 22 B A7 AE —
G2l —0751 17 DS21 -0977 19 EZR, X5 Yuan ZE0R ILA SR R SR
G2 0807 6 | DSz 0549 6 gk, AMAAENURER) XA TR,
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Fig.5 VIP values of common peaks of HPLC fingerprints from roots (A) and aerial parts of P. veitchii using PLS-DA method
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