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Investigation of Chemical Differences between Pishenliangzhu Pills before and after Sterilization by
Cobalt-60 Irradiation Based on UHPLC-Q-TOF-MS Technique

WANG Yating] ? CAO Linxu'?, XU Xinxue®, LU V(/angwei3 , QIN Xuemei'”, LI Zhenyu] 2* (1. Modern Research Center
for Traditional Chinese Medicine, Shanxi University, Taiyuan 030006, China; 2. The Key Laboratory of Chemical Biology and Molecular
Engineering of Ministry of Education, Taiyuan 030006, China; 3. Shanxi Huakang Pharmaceutical Co. ,Lid. , Taiyuan 030006, China)

ABSTRACT :OBJECTIVE To investigate the effect of this tratitional Chinese medicine irradiation sterilization on the chemical com-
position, especially pills with complex herb composition. METHODS The chemical composition of Pishenliangzhu Pills was examined
using high-resolution mass spectrometry. Then, the obtained data were used for the multivariate statistical analysis of the components of
Pishenliangzhu Pills and finally, the contents of 22 index components of 15 medicines in the Chinese Pharmacopoeia 2020 were compared
before and after irradiation, and the rest of the compounds were analyzed by mass spectrometry, so as to comprehensively investigate the
differences in the chemistry of the irradiated sterilizers. RESULTS A total of 260 compounds were identified , including 45 flavonoids,
28 triterpenoids, 24 phenylpropanoid compounds, and 163 glycosides, organic acids, lipids, amino acids, and alkaloids. Principal compo-
nent analysis and cluster analysis revealed that there were no significant changes in the chemical composition of Pishenliangzhu Pills after
Cobalt-60 irradiation at a dose of (2.5 +0.5) kGy, with only 13 components showing minor alterations. CONCLUSION  This study
demonstrates the potential of high-resolution mass spectrometry in investigating chemical differences induced by irradiation sterilization in
traditional Chinese medicine using Pishenliangzhu Pills as an example, which providing scientific evidence for the utilization of irradiation
sterilization technology in producing Chinese patent medicines.

KEY WORDS:: high resolution mass spectrometry; Pishenliangzhu Pills; Cobalt-60 irradiation sterilization; chemical difference
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Fig.1 Characteristic chromatograms of Pishenliangzhu Pills before( A) and after(B) sterilization
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A - before sterilization in positive ion mode ; B — after sterilization in positive ion mode ; C — before sterilization in negative ion mode ;D — after sterilization

in negative ion mode.
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Fig.2 Total ion current comparison chart of Pishenliangzhu Pills before and after irradiation in positive and negative ion modes

R2 BEWHATER KL
Tab. 2 Identified ingredients of Pishenliangzhu Pills

No. Identification Molecular [M+H]* m/z " firror P Type
formula /[M-H] - /min  / x10°°
1 Formononetin CigH 04 [M-H] - 269. 080 7 14.92 -0.6 0. 467 085 89 Flavonoids
2 Naringenin CysHy,0s5 [M-H] - 271.061 1 13. 64 -0.5 0. 184 778 644 Flavonoids
3 Astragalin Co1Hy0yy [M-H] - 447.091 9 10. 18 -3.2 0.351 439 875 Flavonoids
4 Kaempferol CysH;06 [M-H] "~ 285.040 4 13.91 -0.3 0. 804 814 613 Flavonoids
5 Isoafrormosin Cy7H405 [M-H] - 297.077 1 16.91 0 0.095 099 176 Flavonoids
6 Chrysoeriol Ci6H 1206 [M-H] "~ 299.055 7 12. 36 -1.3 0. 440 965 197 Flavonoids
7 Quercetin CysHyp07 [M-H] "~ 301.034 6 12. 61 -2.4 0. 425 528 475 Flavonoids
8 Isoorientin CoHp0py [M-H] "~ 447.091 9 8.04 -3.0 0. 058 288 041 Flavonoids
9 Isoquercetin Cy1Hy00p [M-H] "~ 463. 087 8 9.32 -0.9 0. 164 714 461 Flavonoids
11 Poncirin CogH340 14 [M+H]* 593.177 12.21 -0.9 0. 562 968 004 Flavonoids
12 Ellagic acid Cy4HgOg [M-H] - 300. 9987 9.16 -0.9 0.372 350 78 Flavonoids
13 Eriocitrin Cy7H3,05 [M+H]* 597. 181 8.76 -0.7 0. 945 768 76 Flavonoids
15 Rutin Cpy7H30046 [M-H] - 609. 146 4 8.93 0.5 0.214 185 793 Flavonoids
16 Neohesperidin CogH3405 [M-H] "~ 609. 182 10. 4 1.3 0.207 985 08 Flavonoids
17 Isomucronulatol-0-Glc-ACE CpsH3001; [M-H] - 507. 186 6 13.87 0.9 0.935 507 099 Flavonoids
18 Daidzein CysH; 04 [M+H]* 255. 065 12. 04 -0.8 0.874 763 114 Flavonoids
19 Calycosin Ci6H1205 [M-H] - 285.075 7 12.57 -0.2 0.247 104 611 Flavonoids
20 Catechin Cy5H 1406 [M+H]* 291. 086 6.2 -0.7 0. 268 000 216 Flavonoids
21 Isomucronulatol isomer Cy7H 505 [M-H] - 303.122 6 15.43 -0.4 0.357 458 137 Flavonoids
22 Epigallocatechin CysH 404 [M+H]* 307. 081 2.11 6.1  0.479 126 244 Flavonoids
23 5-Hydroxy-6,7,8,3" ,4’-pentamethoxyflavanone CpoHy0g [M-H] - 389.122 6 18.12 -1.3 0.559 916 017 Flavonoids
24 Nobiletin Gy Hp0g [M+H]* 403.138 8 16. 21 0.1 0. 995 957 756 Flavonoids
25  Ononin CypHpy09 [M-H] "~ 431.1336  11.41 -0.1  0.417 510 214 Flavonoids
26 3,5,6,7,8,3',4'-Heptemthoxyflavone CypHp409 [M+H]* 433.148 8 16. 81 -1.3 0. 468 842 223 Flavonoids
27 Baicalin Cy Hig0y,y [M+H]* 447.092 11.42 -1.1 0. 663 990 813 Flavonoids
28 3 -(2,3-Dihydro-1,4-benzodioxin-6-yl ) 4-oxo- Cp3H5 04 [M-H] - 459. 128 10.77 -1.4  0.336 421 354 Flavonoids
4H-chromen-7-yl hexopyranoside
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£3R 2 ( continued )

Molecular [M+H]* ty Error

No. Identification m/z P Type
formula /[M-H]~ /min /%1076

29  Quercetin4'-0-B-D-glucoside Cy1Hpp0p [M+H]* 465.102 3 9.32 -1.0 0. 656 487 033 Flavonoids

30 Apiin CoeHogO1y  [M+H]* 565. 155 7.92 -0.3  0.972380 612 Flavonoids

31 Procyanidin B2 C3pHp6012 [M+H]* 579. 15 5.47 0.4 0.071 805 51 Flavonoids

32 Phlorizin Cy1Hp019 [M-H] - 435.1287 11.03 -2.3  0.390 464 224  Flavonoids

33 Odoratin Cy7H140¢ [M-H] - 315.0859 12.82 -1.4 0.631 368 417  Flavonoids

34  Sarothamnoside C37Hy6043 [M-H] "~ 859.2495 11.86 -0.9 0.772 638 25 Flavonoids

35 Hesperetin-7-0-B-D-glucoside CpHy01  [M-H]- 465.1396  10.4 1.0 0.562 231248 Flavonoids

36 Pratensein Ci6H120¢ [M-H] - 301.070 5 10. 57 -0.5 0.578 970 013 Flavonoids

37 Formononetin-7-0-Glc-6"-0-acetate isomer CpqHps0pg [M-H] - 471.130 6 12.46 -2.6 0.463 365 663  Flavonoids

38 Apigenin Cy5H ;005 [M-H] - 271.0599 13.71 -0.7 0.848 328 25 Flavonoids

39 Isosinensetin CooHp007 [M-H] - 373.128 1 15.31 -0.2 0.716 120 562  Flavonoids

40 Kaempferol-7-0-B-D-glucopyranoside Co1HpoOpy [M-H] - 449.107 7  10.17 -0.4  0.962 508 996 Flavonoids

41 Narirutin CyH304  [M+H]* 581.186 1 9.8 -0.7  0.821204 967 Flavonoids

42 Vicenin-2 Cy7H3005 [M-H] - 595.165 7 7.14 0.0  0.441 206 69 Flavonoids

43 Hesperidin CpgH34015  [M+H]* 611.1973  10.39 0.4 0.927 021 012  Flavonoids

44 Nobiletin CyHp0g [M+H]* 403.1389  16.20 0.5 0.995957 756  Flavonoids

45 Tangeretin CaH07 [M+H]* 373.128 1  17.16 -0.2  0.747 816 228  Flavonoids

46  Liquiritin CyHp09 [M-H] - 417.119 3 9.09 0.4  0.498 306 726  Flavonoids

47 Phloretin-3",5'-di-C-glucoside Cy7H3405 [M-H] - 597. 182 9.21 -0.8 0.255588 922 Flavonoids

48  Limocitrin-3-0-HMG-B-glucoside CpoH3,047 [M-H] "~ 651. 157 10.78 0.6 0.328 592 322 Gycosides

49 2-0-B-D-Glucopyranosyl-L-ascorbic acid CpH g0y [M-H] - 337.077 3 1. 47 -1.1 0. 834 530 887  Gycosides

50  8-Debenzoylpaeoniflorin Ci6H24019 [M-H] "~ 394. 171 5.29 -0.9 0. 085 900 884  Gycosides

51 Protocatechuic acid4-glucoside C13H 609 [M-H] "~ 315.072 5 3.89 1.0 0.459 093 157  Gycosides

52 1-Galloylglucose Ci3H1604 [M-H] "~ 331.067 4 2.51 1 0.490 483 666  Gycosides

53 Glucosyringic acid Cy5H5001 [M-H] - 359. 098 4.6 -2.6 0.196 475 911  Gycosides

54 Benzyl 2-0-B-D-xylopyranosyl-B8-D-glucopyranoside CigHa019 [M-H] "~ 401.145 1 6. 69 -0.6  0.297 971 687  Gycosides

55 Aromadendrin-7-0-glucoside Cy1Hy0p [M-H] "~ 449. 109 7.42 -1.0 0.354 937 315  Gycosides

56 Trihydroxyl-dimethoxyisoflavan-Gle CoyHy04 [M-H] "~ 449.145 8 7.9 1.1 0.456 311 318  Gycosides

57 Tsomucronulatol-acetyl-Gle CreH3,013 [M-H] - 551.1759  12.99 -2.0 0.849 275542  Gycosides

58 7,4-dihydroxy-5,6,8,3-tetr amethoxyflavonol-3-0- C31H3605 [M+H]* 695. 183 12.7 5.1 0.836 104 913 Gycosides

HMG-B-glucoside

59 Narirutin 4'-glucoside C33H 09 [M-H] - 741.224 9 7.46 0.2 0.285 367 11 Gycosides

60 Glycerol diphenolic ether 4”-0-8-D-glucopyranosider C37H46016 [M-H] "~ 745.2695 11.3 -2.5 0.628376 8 Gycosides

61 Limocitrin-3-0-(5-a-glucsyl-HMG ) -B-glucoside C35sH0,, [M+H]* 813.209 9.91 0.8 0.288 697 862 Gycosides

62 Monohydroxypentamethoxyflavonol-3-0- (5-a-glucosyl-  C3gHy50,3 [M+H]* 871.251 11. 69 -0.4  0.260 970 324  Gycosides

HMG ) B-glucoside

63 Astraisoflavan-malonyl-Gle CpeH30013 [M-H] - 551.1758  12.99 -0.1 0. 121 390 767  Gycosides

64 Trihydroxy-dimethoxyisoflavan-Gle-Gle CogH3g046 [M+NH,]* 660.248 7 7.22 -1.7 0.332 092 548  Gycosides

65 Limocitrin-3-0-HMG-B-glucoside CyoH3047 [M+H]* 653.170 7  10.78 -0.7  0.431 929702 Gycosides

66 Calycosin-7-0-Glc CpHy0q [M-H] - 447.127 9 8.83 -1.4 0. 674 106 67 Gycosides

67  Astrapterocarpan-3-0-Gle Ca3Hy04g [M-H]~ 463.159 6 12.02 -0.7 0.282 668 264  Gycosides

68 Isomucronulatol-7-0-Glc Cp3H50 [M-H] "~ 465.175 1 12.26 -1.0 0.782 969 372 Gycosides

69  Apigenin-malonyl-Gle CpHy0p3 [M-H] - 519.112 8 11.13 -1.0 0.917 109 026  Gycosides

70 Natsudaidain-3-0-(5-a-glucosyl-HMG ) -B-glucoside C39H500,3 [M+H]* 887.281 7 12.35 0.1 0.706 611 836  Gycosides

71 Naringenin-malonyl-Gle C24H24013 [M-H] - 521.129 4 11.62 0.9 0.737 729 78 Gycosides

72 Astrapterocarpan-0-malonyl-Gle CpeHag013 [M-H] "~ 549.1594 12.78 -1.5 0.683 624 176 Gycosides

73 Monohydroxy pentamethoxyflavonol-3-0-HMG-3- C3H30 5 [M+H]* 711.2127  12.46 -0.5 0.776 085998  Gycosides

glucoside

74 Acteoside CoH36015 [M-H] - 623.198 1 9.27 -0.6  0.312 847 577  Gycosides

75 Licoricesaponin B2 CyoHgsOy5 [M+H]* 809. 432 15. 12 0.6 0.522916 084  Triterpenoids saponins
76  Licoricesaponin G2 CypHg047 [M+H]* 839.405 8 14.15 -0.2 0.814 763 576  Triterpenoids saponins
77 24-Hydroxy-licorice-saponin A3 CygH72045 [M+H]* 1001.459 12.35 -0.4  0.443 130 119  Triterpenoids saponins
78  Glyeyrrhizie acid CypHg046 [M+H]* 823.410 7 14.7 -0.4 0.680 330 305 Triterpenoids saponins
79  Achyranthoside E CyeH70019  [M-H] - 925.446 5 14.71 2.8  0.275023 552 Triterpenoids saponins
80 Achyranthoside D Cs3Hgy055 [M-H] "~ 1117.5062 13.81 -1.0 0.725 851 971  Triterpenoids saponins
81 Achyranthoside B Cy7H7000  [M-H] - 953. 44 14. 4 1.3 0.226 444 226  Triterpenoids saponins

+ 399 -

HrE 224 2025 4E 2 H 5 60 55 4 1 Chin Pharm J, 2025 February, Vol. 60 No.4



%53k 2 ( continued )

Molecular [M+H]* ty Error

No. Identification m/z P Type

formula /[M-H]~ /min /%1076
82 Achyranthoside G Cy7H720  [M-H] - 955.4551  14.55 0.7 0.713 359 44 Triterpenoids saponins
83  Zingibroside R1 CyoHgeO 14 [M-H] - 793.438 3 14. 61 0.4 0.003 768 491  Triterpenoids saponins
84 28-Deglucosyl-achyranthoside C C41He045 [M-H] - 793.401 6 17.89 0.1 0. 500 790 838  Triterpenoids saponins
85  Achyranthoside IV C41Hg0015 [M-H] - 791.386 5 17.98 0.7 0.482 002 786  Triterpenoids saponins
86 28-Deglucosyl-achyranthoside E CgoHgoO14  [M-H] - 763.390 6  18.48 0.5 0.471 055 438 Triterpenoids saponins
87 28-Desglucosylchikusetsusaponin IVa C36Hs5609 [M-H] - 631.384 7 18.23  -0.7 0.364 016 974  Triterpenoids saponins
88  Agroastragaloside IV CyoHgoO2  [M-HT - 987. 518 15. 18 0.3 0.202 41202 Triterpenoids saponins
89 Acetylastragaloside [ Cy7H74047 [M-H] - 909. 488 3 17.45 -2.1 0.700 812 341 Triterpenoids saponins
90 22-Hydroxy-licorice-saponin G2 C4He048 [M+H]* 855.399 12.82  -2.2 0.457 660 29 Triterpenoids saponins
91 Acetylastragaloside [ isomer Cy7H74047 [M+H]* 911. 499 6 19.5 -0.3 0.920 484 893  Triterpenoids saponins
92 Astragaloside I Cy3H7005 [M-H] - 827.476 3 15. 15 -2.9 0. 659 249 551 Triterpenoids saponins
93 Astragaloside [V Cy1HegO14 [M+H]* 785.470 1 14.28 2.4 0. 180 739 527 Triterpenoids saponins
94 Betulin C30Hs5002 [M+H]* 443.388 28.2 -0.7 0.289 346 918  Triterpenoids
95  Dehydrotrametenolic acid C30Hy605 [M+H]* 455.352 24.53 -0.9 0.499 968 171  Triterpenoids
96 Limonin CaeH300g [M+H]* 471.2072 1571  -0.4 0.849 692 477  Triterpenoids
97 Alisol B C30Hyg04 [M+H]* 473.3618 24.54 -1.6 0.414 263 797  Triterpenoids
98 Alisol B 23-acetate C3,Hs005 [M+H]* 515.3729 26.89 -0.3 0.934 831 778  Triterpenoids
99 Pachymic acid C33H5,05 [M+H]* 529. 389 27.24 -2.1 0. 838 718 934  Triterpenoids
100 Dehydrotumulosic acid C31Hyg04 [M-H] "~ 483.3474  21.05 -1.3 0.417 753 099  Triterpenoids
101 Soyasaponin | CygH75018 [M+H]* 943.525 7 15.18 -0.4 0. 857 762 868  Triterpenoids
102 Alisol C monoacetate C3,Hy506 [M+H]* 529.3519  18.62 -0.8 0. 867 880 506 Triterpenoids
103 Deacetylaspe rulosidic acid Ci6H20p, [M-H] "~ 389.108 1 5.98 -2.0 0.269 451 775 Monoterpenoids
104 Geniposidic acid Ci6Hp019  [M-H] - 373.113 5 4.17 -1.3 0.304 645 953  Monoterpenoids
105 Asperulosidic acid CigH2401 [M-H] "~ 431.118 6 4.09 -2.2 0.101 442 28  Monoterpenoids
106 Paeoniflorin Cp3Hpg0y, [M-H]~ 479.154 9 7.91  -2.1 0.323 834 32 Monoterpenoids
107 1-Deoxyeucommiol CoH 605 [M-H] "~ 171.102 7 12. 46 0.3 0. 662 489 502 Monoterpenoids
108  Curcumol CysHp,0, [M+H]* 237.1846  17.44 -1.3 0.774 447 926  Sesquiterpenoids
109 Tussilagone Cy3H3405 [M+H]* 391.247 7 23.89 -0.5 0.707 813 555 Sesquiterpenoids
110 Tussilagonone [ CyH3005 [M+H]* 331.2259  23.89 -2.5 0.756 772 017  Sesquiterpenoids
111 Rhmannioside D Cy7HgpOy  [M-H] - 685.219 7 3.31  -0.5 0.527 295 014  Iridoid ether terpenoids
112 Loganin Ci7H6049 [M-H] - 435.150 1 6.98 -1.6 0.296 663 386 Iridoid ether terpenoids
113 Morroniside C17H5601, [M-H] - 451.144 9 5.68 -1.9 0.590 946 13 Iridoid ether terpenoids
114 Rehmaglutin C CoH/505 [M-H] - 199. 061 2 2.45 1.8 0.516 482 859 Tridoid ether terpenoids
115 Cornuside Cp4H30014  [M-H] - 541.1555 10.26 -1.4 0.354 616 954  Iridoid ether terpenoids
116 Corchorifatty acid F C13H3,05 [M-H] - 327.217 1 13.53  -1.7 0.786 039 928 Lipids
117 Ricinoleic acid CigH3403 [M-H]~ 297.243 3 22.04 -0.8 0.550 315 664 Lipids
118 Pinellic acid CgH3405 [M-H] - 329.2332 1412 -0.4 0.721 863 101  Lipids
119 LPE(16:0/0:0) CoHyNOsP [M-H] - 452.277 4 19.7 -1.9 0.721 493 382 Lipids
120 LPE(18:2/0:0) CpsHyNOP [M-H] - 476.271 5 18.88 -1.6 0.505 611 084 Lipids
121 LPE(18:1/0:0) Co3HygNOsP [M-H] - 478.293 1 20. 55 -1.7 0.461 280 467 Lipids
122 LPE(18:0/0:0) Cp3HygNOP [M-H] - 480.308 6 23.27 -2.1 0.693 995 443 Lipids
123 LPG(16:0/0:0) CypHys00P [M-H] - 483.271 9 22.98 -1.9 0.340 580 812 Lipids
124 LPG(18:2/0:0) CpgHysOoP [M-H] - 507.2713  21.36 -3.1 0.627 412 531  Lipids
125 LPS(18:2/0:0) CoyHyyNOGP [M -H] - 520.2662  19.24  -3.7 0. 898 876 786  Lipids
126 LPI(16:0/0:0) CosHyoO P [M-H] - 571.2882  20.5 -1.2 0.206 639 203 Lipids
127 LPI(18:2/0:0) CyHyOpP [M-H]-  595.2878  19.44 —1.8  0.532155 138 Lipids
128 Monopalmitin CioH3304 [M+H]* 331.2844  27.57 0.4 0.992 098 489 Lipids
129 1 ,1"-Oxybis[ 3-( octyloxy) propan-2-ol | CpHyOs  [M+NH,]* 408.3683 27.95 -0.2  0.909 218 712 Lipids
130 2 ,3-Dihydroxypropyl(9Z,12Z)-9 ,12-octadecadieno- ~ C39HggO19 [M-H] "~ 858.4689  17.7 -0.4 0.351 185 671 Lipids

ate-hexose-hexose-hexose

131 Glyceryl linolenate Cy1H3604 [M+H]* 353.2683  24.55 -0.9 0.189 936 191 Lipids

132 Gingerglycolipid B C33Hsg0 14 [M+NH ] * 696.4156  18.7 -1.2 0.423 330 161  Lipids

133 2,3-Dihydroxypropyl 9,12-octadecadienoate CyH3304 [M+H]* 355.284 26.34  -0.8 0.964 546 464  Lipids

136 LPC(16:2/0:0) CogHygNOP - [M +HT + 494.3232  18.22 -1.8 0.721 956 281  Lipids

137 LPC(16:1/0:0) CoyHsoNOP [M+H]*  496.3398  19.84 0 0.766 730 442 Lipids

138 LPC(18:3/0:0) CogHygNO7P [M +H] * 518.3236  17.93  -0.9 0.424 065 534  Lipids
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£F3R 2 ( continued )

No. Identification Molecular  [M +H] * m/z " Frror P Type
formula /[M-H] - /min  / x10 0
139 LPC(18:1/0:0) CyeHspNO7P [M+H] *+ 522.3551  20.72 -0.5 0.872 106 877 Lipids
140 LPC(18:0/0:0) CreHsyNOP [M+H] *+ 524.370 1 23.52 -1.8  0.459 927 006 Lipids
141 Palmitic acid C16H3,0, [M-H] - 255.2329  23.34 -0.3  0.887594 43 Lipids
142 Gingerglycolipid B C34Hg0O016 [M-H] - 723.382 18. 69 -2.6  0.501 518 02 Lipids
143 LPC(18:2/0:0) CoeHsoNO7P [M-H] - 520.339 6 18.99 -0.4  0.257 398 697 Lipids
144 Fumaric acid C4H404 [M-H] - 115.003 9 1.05 7.6 0.120 860 274 Organic acids
145 L-Malic acid C4HgO5 [M-H]~ 133.015 3 1.05 8.1  0.019 400 806 Organic acids
146 Citric acid CeHgO5 [M+H]* 191. 020 4 1. 65 3.6 0.027 185 801 Organic acids
147 2-Hydroxyhexadecanoic acid C16H3,03 [M-H]~ 271.2278  26.19 -0.2  0.224 741 182 Organic acids
148 Linoelaidic acid CigH3,0, [M-H] - 279.233 27.84 0.3  0.764 175 486 Organic acids
149 9-Hydroxy-10,12-octadecadienoic acid C1gH3,05 [M-H] - 295.228 1 20.72 0.8 0. 133 142 847 Organic acids
150 (5Z,8Z,11Z,14Z)-Eicosatetraenoic acid CyoH3,0, [M-H] - 303.232 5 27.62 -1.5  0.625 469 044 Organic acids
151 13-Hpode CigH304 [M-H] "~ 311.2227  16.88 -0.2  0.930 670 872 Organic acids
152 (12Z)-9,10-Dihydroxyoctadec-12-enoic acid CigH3404 [M-H] - 313.238 3 17.96 -0.6 0.583 111717 Organic acids
153 4-Pyranoxy-3-benzoic acid Ci4H 309 [M-H]~ 329.087 6 4.09 -0.5  0.207 596 588 Organic acids
154  Azelaic acid CoH 604 [M-H] "~ 187.097 6 10. 66 2.5 0. 111 505 24 Organic acids
155 2-Phenylbutyric acid CioH 20, [M+H]* 165. 091 8.59 0.1  0.009 335515 Organic acids
156 (9Z,11Z,13E,15E) -octadecatetraenoic acid CigHpg0, [M+H]* 2717.216 21.38 -0.6  0.697 153 091 Organic acids
157 Vaccenic acid CigH340, [M+H]* 283.2628  26.59 -1.2  0.811 806 566 Organic acids
158 «-Dimorphecolic acid CigH3,05 [M+H]* 297.242 2 23.68 -0.7 0.322 615 621 Organic acids
159 9-Hpode CigH304 [M+H]* 313.236 8 16. 87 -1.6  0.291599 119 Organic acids
160 ( Dimethyl N-( tert-butoxycarbonyl) -L-glutamate CpHyNOg  [M-H] - 276.144 2 2.31 0 0.951 189 071 Organic acids
[ (ethoxyacetyl ) amino ] -3-methyl-5-oxop-
entanoic acid
161 3 B,16a-Dihydroxylanosta-7,9 (11) ,24-trien- C30Hy604 [M+H]* 471.347 14.72 -0.4  0.979 312 061 Organic acids
21-oic acid
162 2-Hydroxyheptanedioic acid C7H,05 [M-H]~ 175. 061 3 5.65 0.5 0.343 126 628 Organic acids
163 8-Acetylharpagide Ci7H601; [M-H] "~ 405.139 3 5.7 -2.4  0.472 017 347 Phenylpropanoids
164 3 ,4-Dihydroxyhydrocinnamic acid CoH 04 [M-H]~ 181. 050 8 5.13 0.8  0.548 886 902 Phenylpropanoids
165 Cistantubuloside C1 C35Hy460, [M-H] "~ 801.248 1 6.72 2.8 0.013 884 882 Phenylpropanoids
166 4-0-B-Glucopyranosyl-cis-coumaric acid CysHg0g [M-H]~ 325.092 7 6.12 -0.7  0.911 876 564 Phenylpropanoids
167 Dihydroferulic acid CioH 04 [M-H] "~ 195. 065 8 8.6 -2.3 0. 020 265 259 Phenylpropanoids
168 Ferulic acid CioH 004 [M-H] - 193. 051 16. 32 1.7 0.400 994 353 Phenylpropanoids
169 Ethyl 3-(3,4-dihydroxyphenyl ) acrylate Gy H 04 [M-H] "~ 207. 066 3 7.26 0.3 0.029 717 781 Phenylpropanoids
170 Neochlorogenic acid Ci6H 1509 [M-H] - 353.087 8 6.08 -0.1  0.513 867 144 Phenylpropanoids
171 Cistanoside F CyHpgOy3  [M-H] - 487. 145 5.28 -1.6  0.070 381 801 Phenylpropanoids
172 Tsochlorogenic acid A C)sHy, 01 [M-H] - 515.119 8 9.82 0.5 0.33336353 Phenylpropanoids
173 Kankanose Cy7H350 5 [M-H] - 649. 198 6 4.71 1 0. 006 940 804 Phenylpropanoids
174 Tangshenoside 1 CyoHyrOy8 [M-H] - 677.232 6 7.86 4 0.577 202 44 Phenylpropanoids
175 Nomilin glucoside C34Hys01s [M-H] - 693.276 11. 15 0 0. 627 140 342 Phenylpropanoids
176 Echinacoside C35Hy604 [M-H] - 785.250 9 7.72 -0.1  0.258 817 703 Phenylpropanoids
177 Tubuloside A C37Hy50,, [M-H]~ 827.262 7 9.05 1.4 0.511030 677 Phenylpropanoids
178 Chlorogenic acid Ci6H 1309 [M+H] - 355.102 1 6.07  -0.6 0.373974 476 Phenylpropanoids
179 Butylidenephthalide CpH150, [M+H]* 189. 091 18.7 -0.5 0.152 153 509 Phenylpropanoids
180 Corylidin CoHi07  [M-H]-  369.0968 12.87  —-0.1 0.589375972  Phenylpropanoids
181 Coumarin CoHgO, [M+H]* 147.043 9 10. 62 -1 0. 962 233 706 Phenylpropanoids
182 Formononetin-7-0-Glc-6"-0-malonate CysHps0pp [M-H] - 517.133 8 12. 44 -0.5 0.904 608 249 Phenylpropanoids
183 Psoralen C11HgO;3 [M+H]* 187.039 0, 13.66 0.1 0.769 122 625 Coumarins
184 Pinoresinol diglucoside C3pHy046 M +HCOO - 727.245 7.53 0.6 0. 426 857 99 Lignans
185 Hexadecanamide C1gH33NO [M+H]* 256.263 3 26.87 -0.8 0.729 383 707 Amides
186 Oleamide CgH3sNO [M+H]* 282.2792  27.5 0.3 0.524 719 555 Amides
187 Stearamide CgH3NO [M+H]* 284.2951  25.18 0.9  0.840 967 546 Amides
188 Feruloyltyramine CigHioNOy  [M-H] - 314.138 5 11.98 -0.7 0. 493 537 091 Amides
189 Citrusin Il C36Hs53N709  [M+H] * 728.396 6 12.76 -1.6  0.547 924 722 Alkaloids
190 Pipecolate CeH;1NO, [M-H] - 130. 086 8 1.01 4.4 0.819 882 466 Alkaloids
191 Stachydrine C7H3NO, [M+H]* 144.102 1 1 1.4 0.210 898 888 Alkaloids
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%53k 2 ( continued )

Molecular [M+H]* ty Error

No. Identification m/z P Type
formula /[M-H] - /min  / x10 0

192 1H-Indole-3-carboxaldehyde CoH7NO [M+H]* 146. 06 5.04 0.4 0.788 472 134 Alkaloids

193 1-[ (2R,3R,4S,5R)-3,4-dihydroxy-5-(2-hydroxy- CppHisN,Os [M+H]* 268.1043 2.45 -4.1 0. 967 668 817 Alkaloids
ethenyl ) oxolan-2-yl ] pyridin-1-ium-3-carboxamide

194 Codonopsine Ci4HyNOy  [M+H]* 268. 154 4.03 0.1 0. 967 668 817 Alkaloids

195 Palmitoylethanolamide C1gH3,NO, [M+H]* 300.289 5 25.48 -0.7 0.900 316 22 Alkaloids

196 «-Linolenoylethanolamide CyoH35NO, [M+H]* 322.2738 21.71 -0.7 0.972 763 349 Alkaloids

197 1,4-Anhydro-1-[ 5-carbamoyl-1-(4-nitrophenyl) - CisHigN,O; [M-H] - 365.1056 1.13 -9.8 0. 801 497 626 Alkaloids
1 H-pyrazol-3-yl ] pentitol

198 Synephrine CoH3NO, [M+H]* 168.101 6 1.54 -2 0. 082 643 924 Alkaloids

199 5-( Ethoxycarbonyl) -2 ,4-dimethyl-1H-pyrrole-3- CioHi3NOy  [M-H] - 210.077 6 6.92 1.9 0. 586 983 694 Alkaloids
carboxylic acid

200 Betaine CsH;NO, [M+H]* 118.0872 0.93 7.1 0.427 637 976 Alkaloids

201 Trigonelline C;7H;NO, [M-H] - 138.0552  0.97 1.7 0.583 310 325 Alkaloids

202 N-(benzylidene) methylamine CgHoN [M+H]* 120.081 6 3.43 6.5 0. 885 747 864 Amines

203 3-Hydroxypropyl palmitate Gle-glucosamine C3HgOyN  [M+H]* 672.416 3 19.5 -0.2 0.679 209 053 Amines

204 2,2'-(Tetradecylimino ) diethanol CigH3NO,  [M-H] - 302.304 8 17.07 -1.9 0.251 742 154 Amines

205 Lauryldiethanolamine CiHi3NsO4  [M-H] - 274.2739 15.39 -0.5 0. 146 082 422 Amines

206 Hesperitin Ci6H 1406 [M-H] - 303. 086 10. 42 -1 0.458 197 7 Phenols

207 Catechol CeHgOy [M-H] "~ 109.0305 5.54 9.2 0. 196 752 914 Phenols

208 Pyrogallol CeHgO3 [M-H] - 125. 025 2.93 4.6 0. 964 650 377 Phenols

209 Salicylic acid C7Hg03 [M-H] - 137.0248 5.66 2.9 0.001 327 028 Phenols

210 Coumaric acid CoHgO5 [M-H] - 163.040 4 8.48 3.1 0. 658 657 199 Phenols

211 Gallic acid C7HgO5 [M-H]~ 169.0151 2.93 4.8 0. 600 680 67 Phenols

212 Fructose CgH 1,04 [M-H]~ 179. 056 0.93 2.1 0.014 045 551 Carbohydrates

213 Sucrose CioHp0py [M+NH,]* 360. 15 1.08 -0.3 0. 140 826 023 Carbohydrates

214 Melezitose CigH3,046 [M-H] "~ 527. 158 0.89 -0.4 0.738 797 797 Carbohydrates

215 Isoleucine CgH{3NO, [M+H]* 132.102 2.26 4 0.095 074 537 Amino acids

216 Pantothenate CoHy7NO5 [M+H]* 220. 118 3.86 -1.3 0. 503 469 07 Amino acids

217 Proline CsHgNO, [M-H] "~ 116. 0717 0.98 9.4 0.353 104 182 Amino acids

218 Arginine CeHi4N4Oy  [M-H] - 175. 1189 0.89 -0.2 0. 115 780 865 Amino acids

219 (S)-2-[ (tert-Butoxycarbonyl ) amino ] -5-methoxy- C; HgNOg  [M-H] - 262.1283  1.02 -0.9 0. 864 101 883 Amino acids
5-oxopentanoic acid

221 N-[ (Dodecyloxy) carbonyl] valine CigH3sNOy  [M+H]* 330.263 8 16.73 -0.1 0. 260 940 661 Amino acids

222 Phenylalanine CoH;NO,  [M+H]* 164.0723  3.41 3.6 0. 855 272 645 Amino acids

223 Tyrosine CoH{NO; [M-H] - 180. 067 2.23 2 0.996 878 993 Amino acids

224 Tryptophan CiH;pN,0, [M-H] - 203.0828 5.02 1.2 0. 807 044 865 Amino acids

225 N-Acetyl-L-phenylalanine Cy H;3NO; [M-H] "~ 206. 082 8.32 1.3 0. 266 300 695 Amino acids

226 Guanosine CioHi3NsOs  [M-H] - 284. 099 2.69 0.2 0. 229 296 796 Nucleotides

227 Uridine CoH53N206  [M-H] - 243.0625 2.11 0.8 0. 509 658 483 Nucleotides

228 Menthyl salicylate C17H,405 [M-H] - 277.179 8 23.9 -0.2 0. 923 646 32 Esters

229 Senkyunolide F Cio,H 405 [M-H] "~ 207.101 5 11.11 -0.3 0.383 971 144 Esters

230 Senkyunolide K CoH 605 [M-H] - 209.116 8 9.86 -2.1 0.322 799 674 Esters

231 Senkyunolide I CpH 604 [M-H] - 225.1115 19.45 -2.9 0. 680 484 318 Esters

232 Senkyunolide B CipH 03 [M-H]- 203.071 4 16.01 0.2 0.259 792 506 Esters

233 (E)-Ligustilide CpH 40, [M+H]* 191.107  18.59 1.5 0.352 615 811 Esters

234 Senkyunolide D CioH 404 [M-H] "~ 221.082  15.47 0.5 0.401 760 134 Esters

235 Phosphatidylethanolamine Cp3HygNO7P [M-H] - 480.308 5 20.55 0.1 0.210 561 275 Esters

236 Di-n-butyl phthalate C6Hpp0y4 [M-H] - 279. 159 23.41, -0.4 6. 954 59E-06 Esters

237 (E)-B-Farnesene CisHoy [M+H]* 205.1949 22.22 -0.9 0. 095 843 292 Other categories

238 Hydroxymethylfurfural CeHgO3 [M+H]* 127.0396  3.65 5.1 0. 195 916 46 Other categories

239 Phthalic anhydride CgH405 [M+H]* 149.023 7 23.42 2.5 6. 549 21E-07 Other categories

240 3-Methoxy-4-hydroxystyrene CoH 10, [M+H]* 151. 075 7.9 -0.8 0. 609 326 278 Other categories

241 Senkyunolide A CoH60, [M+H]* 193.122  17.15 -0.3 0.067 823 511 Other categories

242 Atractylenolide VI CysHpy [M+H]* 203.179 2 21.35 -1 0. 690 528 944 Other categories

243 Senkyunolide J Ci,H 504 [M+H]* 227. 128 9. 86 -0.9 0.782 042 616 Other categories

244 Astrapterocarpan C7H 605 [M-H] - 301.107 2 15.26 0.4 0. 555 449 486 Other categories

245 3,6,9,12,15,18,21-Heptaoxapentatriacontan-1-ol CpgHsgOg [M-H] "~ 540.446 6 27.7 -0.8 0. 634 627 555 Other categories
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£3R 2 ( continued )

o Molecular [M+H]* tp Error
No. Identification m/z P Type
formula /[M-H] - /min  / x10 0
246 Methanol caprylate caproate valerate CpoH3607 [M+H]* 389.254 9 12.95 3.8 0.576 738 853 Other categories
247 Gingerglycolipid A C33Hs6014 [M-H] "~ 694. 400 2 17.7 -1 0.272 901 678 Other categories
248 1-Eicosapentaenoyl-sn-glycerol-3-phosphocholine CogHygNO7P [M-H] - 542.3215 18.99 -4.8 0. 851 396 593 Other categories
249 Pentaethylene glycol tetradecyl ether CpyHs5006 [M+NH,]* 4523943 27.88 -0.7 0. 179 052 968 Other categories
250 Hexaethylene glycol monododecyl ether CpyHs004 [M+NH,]* 468.3888 24.59 -1.5 0. 025 895 825 Other categories
251 Calycosin-7-0-Gle-6"-0-acetate CpyHyy0py [M-H] - 489. 138 9 11.34 -0.4 0.456 767 434 Other categories
252 Hexapolyethylene glycol monotetradecyl ether CyeHs407 [M+NH,]* 496.4209 27.79 0.2 0.382 021 212 Other categories
253 3,6,9,12,15,18,21-Heptaoxatritriacontan-1-ol CyeHs4Og [M+NH,]* 512.4153 24.46 -0.8 0.002 610 917 Other categories
254 2,3-Dihydroxypropyl(9Z,12Z) -9, 12-octadecadieno-  C,,H,g04 [M+NH,]* 5343632 21.05 -0.8 0.287 177 325 Other categories
ate-hexose
255 1-Arachidonoyl-sn-glycero-3-phosphocholine CogHsoNO7P [M +H] *+ 544.377 1 20.72 -5 0.507 860 811 Other categories
256 Dodecyloctaethyleneglycol monoether CogHsg0g [M+NH,]* 556.44 11 24.35 -1.5 0.001 678 312 Other categories
257 Gingerglycolipid C C33HgpO 4 [M+H]* 698.431 5 20.27 -0.8 0.692 878 042 Other categories
258 1-[(2S,3R)-3-decoxy-1-[ 1-(1,3-dihydroxybutan- C34HggO19 [M+H]* 781.441 1 26.67 -2.1 0. 708 163 533 Other categories
2-yloxy) -2 ,2-dihydroxyethoxy ] -6-[ 3,4 ,5-trihydr-
oxy-6-( hydroxymethyl ) oxan-2-yl ] oxyhexan-2-yl ]
oxy-4-methoxypentane-1,2,3 | 5-tetrol
259 22B-Acetoxyglycyrrhizin Cy4Hgs 015 M K/IH] + 881.416 3 13.37  -0.3 0.619 314 079 Other categories
+
260 20-Hydroxyecdysone Cy7Hy04 HCOO] - 525.306 9 9.07 -1.6 0. 555 653 838 Other categories
261 Angelicin Cj 1 HgO3 [M+H]* 187.038 8 13.95 -0.7 0. 851 842 958 Coumarins
262 Sipeimine CyyHyNO3  [M+H]* 430. 332 9. 65 0.2 0. 648 147 373 Alkaloids
263 Ruscogenin Cp7Hy0y4 [M+H]* 431.316 17. 68 -0.1 0. 959 568 05 Other categories
264 Umbelliferone CoHgO3 [M+H]* 163.039 1 6. 06 0.8 0.931 609 371 Coumarins
265 Atractylenolide [II Cy5Hy03 [M+H]* 249.148 3 17.01 -1.1 0. 138 611 166 Sesquiterpenoids
B
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Fig.3 Unsupervised PCA analysis and QC sample distribution plots of Pishenliangzhu Pills before and after sterilization
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Fig. 4 Cluster analysis plots of Pishenliangzhu Pills before and after sterilization
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Fig. 5 Differences in key traditional Chinese medicine components of Pishenliangzhu Pills before and after sterilization. n=10,x £
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R3I BEWHAFTBAKRLRKEAE PHEE Fe 1,
n=10,x s
Tab.3 P-values and fold change (Fc) of 13 components in

Pishenliangzhu Pills before and after sterilization. n =10,x +s

No. Compound P value Fe value
1 Ethyl 3-(3,4-dihydroxy phenyl) acrylate 0.029 717 781 1.36 +0. 46
2 Dihydroferulic acid 0.020 265 259 1.23 £0.32
3 L-Malic acid 0.019 400 806 1.14 +0.17
4 Kankanose 0.006 940 804 1.30 +0.33
5 Salicylic acid 0.001 327 028 1.53 +0.28
6 Zingibroside R1 0.003 768 491 1.57 £0.29
7  D-Fructose 0.014 045 551 1.13 +0.16
8  Dodecylheptaglycol 0.002 610 917 0.81 0. 13
9 Lauryl hexaethoxylate 0.025 895 825 0.89 +0.12
10 Dodecyloctaethyleneglycol ether 0.001 678 312 0.90 £0.09
11 Citric acid 0.027 185801 1.11+0.14
12 Cistantubuloside Cl1 0.013 884 882 1.27 +0.34
13 Betaine 00. 042 763 798 0.93 0. 30
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