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Abstract: Objective To analyze and identify the metabolites present in plasma, bile, urine and feces after gavage of the cyclic
peptide extract of Pseudostellaria heterophylla and to speculate on the metabolic pathways of different structural cyclic peptides in
rats. Methods Male SD rats were ig administered cyclic peptide extract (400 mg-kg™), and plasma, bile, urine and feces samples
were collected. After the samples were processed, the metabolites of two of the blood entry cyclic peptides, heterophyllin A (HA)
and pseudostellaria C (PC) were structurally characterized by ultra-high-performance liquid chromatography-quadrupole-
electrostatic field orbital ion trap mass spectrometry (UPLC-Q-Exactive MS). Results Seven cyclic peptide components were
extracted from plasma, including pseudostellarin A, pseudostellarin B, heterophyllin B, PC, pseudostellarin D, HA, and
pseudostellarin E. 13 metabolites of HA and 15 metabolites of PC were detected in biological samples from rats. 3, 7, 0, and 13 of

HA metabolites and 3, 10, 4, and 14 of PC metabolites were identified in plasma, bile, urine, and feces, respectively, and the
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metabolism of the two cyclic peptides in rats was elucidated through the pathways of dehydroxylation, hydrolysis, dehydration, and
methylation. Conclusion The metabolites of HA and PC were deduced by UPLC-Q-Exactive MS.

Key words: Pseudostellaria heterophylla cyclic peptides; ultra-high-performance liquid chromatography-quadrupole-electrostatic

field orbital ion trap mass spectrometry; heterophyllin A; pseudostellaria C; metabolites; metabolic pathway
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Table 1 Identification of prototypical components of cyclic peptides in rat plasma
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| m/z BARAH m/zZPR(E (X107
PA  C,H;N,Og 798 502.2660 5022676  3.19 474.2723.389.1826.318.1458.233.1291.197.128 6.127.087 1.
86.097 2.70.065 9
PB C;H,NOy 11.82 683.3517 683.3522  0.73 665.3415.570.268 8.513.2459.399.196 6.314.1504.217.134 0.
120.081 3.70.065 9
HB C,H;NO; 15.14 779.4456 779.4470  1.80 751.451 7.666.364 3.552.316 9.405.250 5.308.197 5.
183.149 9.98.060 7.70.065 9
PC C,HuxNO,, 1648 8314505 813.4496 -1.11 795.439 0.777.429 9.655.382 4.542.296 9.358.212 6.
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197.129 0.169.133 9.120.081 2.86.097 1.70.065 9
PE C,HiN,O, 21.46 878.5140 878.5153 1.48 850.519 0.674.425 3.533.345 9.436.294 6.365.219 0.

155.081 9.86.097 2.70.065 9
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Table 2 Mass spectrometric information and distribution of HA in rat plasma, bile, urine and feces

[M+HI]" WRE/

=1 YAA
Fa o TR otz B (B mlz SBRIE (X 10°9)

tx/min

T
MS/MS # 4k fz b SV

A
1%

MAO C;;H;N;O4  18.69 728.4341 728.436 6

MA1 CyHsN,Op  11.82 7449291 7444297  0.81
MA2 C;;HyN;Oy 1377 7449291 7444291  0.00

3.43 710.422 5.700.439 5.615.351 1.514.303 7.419.229
6.310.213 0.197.129 0.169.133 9.120.081 2. U.F

JRM P.B.

86.097 1.70.065 9

726.4193.197.128 6.169.133 6;86.097 0;70.065 8 #:Hik F
726.419 1.197.128 4.169.133 5.86.096 9.70.065 8 #:Hik F

MA3  C,HiN,O, 14.32 744.9291 7444298  0.94 726.418 4.716.433 9.197.128 5.169.133 5.70.065 8 #%t4k P.B.F
MA4  C,HiN,O, 1513 744.929 1 7444297  0.81 726.4193.716.304 7.197.128 6.169.133 7.70.065 8 #%:fk B.F

MAS CyHiN,O, 1607 744.929 1 744.4289 —0.27

726.417 5.716.434 6.185.128 5.86.060 6

7 P.B.F

MA6  CyHuN,O, 1635 746.4447 7464426 —2.82 728.3804.718.397 5.197.128 6.169.133 5.70.0658 /Kf#  F
MA7 CyHiN,O, 18.57 7104236 710.4227 -1.27 682.428 0.197.128 5.169.133 5.120.080 9.70.0657 /K  B.F

MA8 C,H,N,0, 2.54 336.1918 336.1905 -3.87
MA9 C.H,N,0, 229 279.1703 279.1702 -0.36
MA10 C,H,N,0, 3.57 378.2387 378238 1 -1.59
MAIl C,H,N:O, 5.89 532.3130 5323106 -4.51
MAI2 C,H,NO, 9.73 649.3919 649.3939  3.08
MAI3 CyHuN,0, 26.73 758.4447 758.4412 -4.62

318.176 5.70.065 8 Kf# P.B.F
261.158 3.86.096 9 KiE  B.F
360.182 0.253.154 8 IKfi# F
514.285 1.126.000 2 IKfi# F
631.271 3.305.149 6.287.139 0 KA F
730.446 8 ikt B.F
FRJEAY,

P-1fL3% : B-HH T : U-JR R F-2840 .

P-plasma; B-bile; U-urine; F-feces.

70.065 9
86.097 1
169.133 9
197.129 0
120.081 2
728.436 6
310.213 0 615351 1
4192296 514303 7 ‘
R WP P VSO OO T| RSO IO 1 B

100 200 300 400 500 600 700
miz

E3 EEFEATHAN-RRIEE

Fig.3 Secondary mass spectra of HA in positive ion mode
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Table 3 Mass spectrometric information and distribution of PC in rat plasma, bile, urine and feces
L b/ [M+H]* 15/ § Rz
B P iz SRR (X 109 MS/MS St w N
MCO C,HNgO, 16.48 831.4505 813.4496 -—1.11 795.439 0.777.429 9.655.382 4.542.296 9.358.212 6. J5i™! P.B.U.F
211.144 1.183.149 3.120.081 0.86.097 1.70.065 8
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MC3  C,HeNO,, 11.27 829.4454 829.4460 0.72 811.4349.793.4242.211.144 3.167.081 8.70.0658 ¥5#:ft, B.F
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MC8 C,;HyN;Oy 6.40 514.287 1 514.2855 -3.11 496.273 7.478.262 6.355.237 1.126.022 1 TK it F
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Fig. 6 Secondary mass spectra of PC in positive ion mode
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