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Abstract: Objective The differences of non-volatile components in different processed products of Taizishen (Pseudostellariae
Radix, PR) were analyzed. Methods Five different processed products of PR were obtained by drying in the sun, drying in the shade,
low temperature drying, high temperature drying, and drying in the sun after slightly scalding. The HPLC fingerprint of PR was

established, and then the homogeneity of the internal components of different processed products of PR was analyzed by similarity
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evaluation method. UPLC-Q-Exactive Orbitrap MS/MS was used to identify the cyclic peptides in 95% ethanol extract of PR. Cluster
analysis and orthogonal partial least squares-discriminant analysis (OPLS-DA) were used to reveal the differences of cyclic peptides
in different processed products of PR. Results The established fingerprint has the advantages of good repeatability and high resolution
of chromatographic peaks. A total of 20 common chromatographic peaks were screened from different processed products. There were
two unique chromatographic peaks newly generated from sun-dried products after slight scalding. The similarity of fingerprints of all
kinds of processed products of PR exceeded 0.97. A total of 14 cyclic peptide components were identified from PR. They were
heterophyllin A (HA), heterophyllin B (HB), heterophyllin C (HC), heterophyllin D (HD), heterophyllin J (HJ), pseudostellarin A (PA),
pseudostellarin B (PB), pseudostellarin C (PC), pseudostellarin D (PD), pseudostellarin E (PE), pseudostellarin F (PF), pseudostellarin
G (PQG), pseudostellarin H (PH) and pseudostellarin L (PL). Cluster analysis showed that the drying temperature and boiled water
treatment had a great effect on the cyclic peptide components of PR. Compared with low temperature drying products, the contents of
HA, HB, HD, HJ, PA, PF, PG, PE and PL in high temperature drying products were significantly lower. Compared with sun-dried
products, the contents of HA, HB, HC, HD, HJ, PA, PF and PG in sun-dried products after blanching were significantly lower, while
the differences of PB, PC, PD, PE, PH and PL were not significant. Conclusion The established HPLC fingerprint can be used to
analyze the internal components of different processed products of PR, which provides a technical means for the quality control of PR.
The processing in the producing area has a significant effect on the cyclic peptide components of PR, and the rationalization and
standardization of the processing of PR need to be paid attention to.
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Fig.1 Pictures of different processed products of PR
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Fig.2 HPLC of different processed products and reference substances of PR
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Fig.3 HPLC fingerprints of 23 batches of different processed products of PR
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Table 2 Similarity calculation results of fingerprint of each

batch of samples and reference fingerprint

HEACURE | i HETADURE | ik ARADURE | HEK AR BV
1.000 |GW2 0.973 | LT4 0.991 |SG4 0.975
0.998 |GW3 0.981 | LT5 0.991 |SG5 0.987
0.998 |GW4 0.985 | LT6 0.991 |[YGl 0.995
0.998 |LTI  0.992 | SGI 0.983 |YG2 0.994
0.999 |LT2 0.992 | SG2 0.972 |[YG3 0.995
0.983 |LT3  0.991 | SG3 0.987 |[R  0.997
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Fig. 4 Total ion chromatogram of non-volatile components in different processed products of PR
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Table 3 Basic information of cyclic peptide components in PR

L2 AR FELAFR fRI R T AER)TY
1 KF IR heterophyllin J HJ C24H33N506 cyclo[Ala-Gly-Pro-Val-Tyr]
2 HHIA IR EY) pseudostellarin L PL C30H37N506 cyclo[Pro-Gly-Tyr-Phe-Val]
3 KFZHH pseudostellarin A PA C25H3sN506 cyclo[Gly-Pro-Tyr-Leu-Ala]
4 KFZIHIK L pseudostellarin B PB C33H46NsOs cyclo[Gly-Ile-Gly-Gly-Gly -Pro-Pro-Phe]
5 KTZHIKB heterophyllin B HB Ca0HssNsOs cyclo[Gly-Gly-Leu-Pro-Pro-Pro-Leu-Phe]
6 Ky ZHIkC pseudostellarin F PF C3sHs6NsO1o cyclo[Gly-Gly-Tyr-Leu-Pro-Pro-Leu-Ser]
7 KFSHIKT pseudostellarin D PD C36HssN70s cyclo[Gly-Tyr-Gly-Pro-Leu-Ile-Leu]
8 KT ZSHIKNA pseudostellarin C PC C40HsoNsO10  cyclo[Gly-Thr-Leu-Pro-Ser-Pro-Phe-Leu]
9 KFZIHIA heterophyllin A HA C37Hs7N70s cyclo[Thr-Pro-Val-Leu-Phe-Gly-Leu]
10 KT S IR pseudostellarin G PG C42Hs6NsO9 cyclo[Pro-Phe-Ser-Phe-Gly-Pro-Leu-Ala]
11 KF SRR pseudostellarin H PH C44HeoNsO10  cyclo[Gly-Thr-Pro-Thr-Pro-Leu-Phe-Phe]
12 KFSIHKL pseudostellarin E PE CasHe7N9Oo cyclo[Gly-Pro-Pro-Leu-Gly-Pro-Val-lle-Phe]
13 KTZI KD heterophyllin D HD C35HasN6O7 cyclo[Gly-Phe-lle-Thr-Val-Phe]
14 KT ZHIKC heterophyllin C HC C36He1N7O7 cyclo[Leu-Gly-Pro-Ile-Tle-Pro-Ile]
IR T DW1~DWS ixX 3 2N LA mRIERS KR isem O 7R Sad K. TEHR

BOREE B, MM GW1~GW4, B
G LT1~LT6 435l BB A—2K, R
B TR . R /KR ALK 2 NMREXT K
TS AR S BA B .

23.8 THHLE. RELH KN K TSIk

FEIX 2 ANHEFX R TS 28RS o 1) Bk 52
Wi, oy AV SRR S s iR WS
W& 2 JE W+ i A RS B 7 OPLS-DA #47, 347
200 R EIRATES, BN 2 AR BB AL SA R B
A, SRR S E B E (variable importance
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Table 4 Identification results of cyclic peptides in PR

B sl RE

hae) et B R
min (mz)  (mkz) (X107 i
1 1223 HJ® [M+H]" 488.2504 488.250 0 —0.80 70.065 8, 169.133 4,297.191 7
2 13.42 PLL [M+H]" 564.2817 564.2807 -1.70 70.065 7, 155.081 4, 318.144 5,465.213 9, 536.286 7
3 13.48 PAL [M+H]" 502.266 0 502.2656 —0.76 70.065 8,233.128 1,361.186 4,474.270 8
4 15.65PB®1  [M-+H]" 683.3511683.3507 —0.70 120.080 8,212.139 0, 302.149 6, 399.197 5, 513.241 5, 570.266 0, 665.355 0
5 17.28 HBI®*101 [M+H]" 779.4450 779.444 8 —0.36 377.2549,405.249 1,569.309 0, 751.449 0
6 17.70 PFe [M+H]" 785.4192 785.4190 —0.34 308.196 3,672.3349,757.421 9
7 17.88 PDI101 [M+H]" 714.4185 714.4182 —-0.47 136.075 6, 155.081 4, 183.148 9, 211.143 9, 324.227 6, 573.338 2, 601.334 4
8 17.97 pCl'l  [M-+H]" 813.4505 813.4504 —0.09 358.2118,471.2292,629.363 2
9 18.72 HAPM [M-+H]" 7284341 728.4337 -0.67 197.1282,310.2124,419.227 7,457.280 4, 514.301 1, 627.384 0
10 19.45 PG [M+H]" 817.4243 817.4241 —0.21 245.128 3,332.159 8, 536.249 4, 746.381 7
11 19.82 PHIY  [M+H]* 861.4505 861.4500 —0.59 294.181 1, 663.348 8
12 2033 PE  [M+H]* 878.5135878.5131 —0.38 252.1339,365.2179, 616.359 5, 765.429 0, 674.421 5
13 20.99 HDI®1  [M-+H]" 665.3657 665.3653 —0.64 330.1812,387.202 2, 534.270 6, 647.355 0
14 23.95 HCI'?  [M-+Na]* 726.452 5 726.4457 —9.36 268.165 4,381.2102,437.274 0, 494.296 8, 534.324 4, 591.349 0
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Fig. 5 Peak area of cyclic peptide components in different processed products of PR
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Fig. 6 Cluster analysis heat map of difference of cyclic peptide components in different processed products of PR
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Fig. 7 Score scatter diagrams of OPLS-DA for difference of cyclic peptide components in different processed products of PR
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x5 REMTRESSEMTRZEIRERTERDIT
# VIP, P&
Table 5 VIP value and P value of cyclic peptide
composition difference analysis between low temperature

drying products and high temperature drying products

s VIPH PiH M5 VIPH PlH
HJ 1.177  <0.001 | PC 0.706 0.091
PL 1.105  <0.001 | HA 1.112  <0.001
PA 1.158  <0.001 | PG 1.150  <€0.001
PB 0.229 0.605 | PH 0.668 0.110
HB 1.162  <0.001 | PE 1.052 0.002

PF 1.197  <0.001 | HD 1.114 0.001

PD 0.640 0.123 | HC 0.976 0.007

#* 6 MTmEZERTREIRKRERSERTITH

VIP. P&
Table 6 VIP value and P value of cyclic peptide
composition difference analysis between sun-dried products

and sun-dried products after slight scalding

sy VIPH PlE sy VIPH PIE

HIJ 1.107 0.002 | PC 0.945 0.006
PL 0.998 0.008 | HA 1.164  <0.001
PA 1.115 0.001 | PG 1.168  <0.001
PB 0.762 0.043 | PH 0.502 0.275
HB 1.145  <0.001 | PE 0.973 0.009
PF 1.089 0.003 | HD 1.175  <0.001
PD 0.408 0.287 | HC 1.049 0.007
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Fig. 9 Schematic diagram of different parts of PR
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Table 7 Ratio of relative peak area of each cyclic peptide
in WP and MX of PR (WP/MX, n =3)

B WPMX | B WPMX | B WP/MX
HJ 3.46 PF 4.23 PH 0.05
PL 0.20 PD 0.01 PE 0.05
PA 5.39 PC 0.58 HD 1.58
PB 0.53 HA 2.77 HC 1.64
HB 1.03 PG 2.56
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