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Abstract: Sterones are one of the active components of Achyranthes bidentata , and the
difficulty in distinguishing sterone isomers poses a great challenge to the accurate identi-

fication of the chemical components of Achyranthes bidentata, while online energy-
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resolved mass spectrometry (Online ER-MS) has been proved to be an effective method
for distinguishing the isomers due to its ability to provide rich MS/MS fragment infor-
mation. In this study, mass spectra of sterones were collected by ultra-high performance
liquid chromatography-quadrupole tandem time-of-flight mass spectrometry (UHPLC-
Q-TOF-MS/MS), and then the structures of the compounds were matched with MS/MS
fragment ions to initially identify the sterone compounds in Achyranthes bidentata. In
order to further distinguish the sterones isomers, the fragment ions with higher abun-
dance detected in UHPLC-Q-TOF-MS/MS were selected to construct pseudo-ion transi-
tions (PITs), and the collision energy (CE) and relative ion intensity of PITs were col-
lected by using the multi-reaction monitoring mode of ultra-high performance liquid
chromatography tandem quadrupole linear ion trap mass/mass spectrometry (UHPLC-
Q-trap-MS/MS). Further, the relative ion intensity of each PIT under different CE was
recorded, and the dataset was imported into GraphPad Prism software to draw the frag-
mentation curve for each ion transition via Gaussian fitting. The vertex of the fragmen-
tation curve was defined as the optimal collision energy (OCE), and the OCE of differ-
ent ion transitions of each compound was calculated respectively. At the same time,
combined with quantum structural calculation, the thermal enthalpies of precursor ions
and product ions in each candidate structure were calculated using Gaussian program
based on density functional theory, and the bond energy required to break the corre-
sponding chemical bond was calculated according to the difference between the precursor
ion and the two product ions. The OCE and bond energies of each group of isomers were
analyzed to establish the relationship between the chemical structure and OCE. The
results showed that the energy required to break the same chemical bond was not the
same due to the different substituent positions of isomers, which made the OCE of
different ion transitions of isomers also differ. Finally, 12 sterones including three
groups of the isomers were identified from Achyranthes bidentata . and the feasibility of
the method was verified by comparing with the standards. Therefore, the combination
of online energy-resolved mass spectrometry and quantum structural calculation can
achieve efficient differentiation of isomers, providing a new solution for accurate identi-
fication of isomers in traditional Chinese medicines.
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mentation curve; quantum structural calculation
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Table 1 MRM optimization conditions of three groups of isomers
¥ BB T FET EHEIE A
Formula Parent ion (m/z ) Daughter ion (m/z ) Declustering potential/V Entrance potential/V
Cy7 Hit O7 478.9 319. 3 —225.13 —8.10
478.9 301. 4 —243.91 —8.78
478.9 159. 2 —221.64 —13. 40
Ca7 Hyy Og 495.0 335.2 —256. 48 —8.35
495.0 175. 2 —73.28 —5. 11
495.0 319. 3 —233.95 —5.09
495. 0 301.2 —190. 21 —5.05
495.0 158.9 —71.12 —8. 36
Ca7 Hy2 Og 461. 1 319.1 —270. 98 —6.14
461. 1 301.2 —35. 86 —10. 08
461. 1 159. 3 —251.03 —5.67
161. 1 141. 1 —229. 96 —7.30
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Fig. 1 MS?® spectra of B-ecdysterone in negative ion mode
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Fig. 3 Extracted ion chromatogram of Achyranthes

bidentata by UHPLC-Q-trap-MS in negative ion mode

FIHI SCIEX OS #1155 43 F $R HU ) fig
G3 AT e 43 BB T A L 43 0 T O BRI 6. 12,
6.35.7.95,8.44 min bR B B 4 T XK
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Table 2 ER-MS? information of each compound

T R8s (e A G 13 D
Fragment ion (m/z ) (OCE/V)

BELGY

Identification

xr2
e AT PREmm g 5K W2
No. Formula tg/min  [M—H]|~  Error/ X106
1 Ca7 Hyy Og 6.12 495. 2963 —2.0
2 Cz7 Hyg Og 6.35 495. 2963 —0.5
3 Czr Hut O 7.94 479. 3014 —0.9
4 Cz7 Hyt Og 7.95 495. 2963 —3.2
5 Czr Hit O 8.25 479. 3014 0.7
6 Ca7 Hys O 8. 43 479. 3014 —0.9
7 Cz7 Hut Og 8. 44 495. 2963 —1.1
8 Cz7 Hy2 Og 9.93 461. 2909 —2.6
9 Cz7 Hy2 Og 10. 22 461. 2909 —2.9
10 Ca7 Hy2 Og 10. 58 461. 2909 —3.4
11 Ca7 Hy2 Og 10. 87 461. 2909 0
12 Ca7 Hy2 Og 11.2 461. 2909 —1.5

319.19(53.12),175. 10(41. 29) ,301. 18(62. 91)
319.19(44.08),175.10(40. 90) ,301. 18(61. 45)
319. 19(55. 06) ,159. 10(55. 80) ,301. 18(57. 78)
335.20(49. 89),159.10(54. 13)
319.19(58.03),159. 10(58. 78) ,301. 18(62. 74)
319.19(58. 28),159.10(59. 02) ,301. 18(62. 24)
335.20(50. 93),159. 10(55. 12)
301.18(43.72) ,141(50. 79) ,159. 10(40. 88)
301.18(42.67).319.19(44. 98) ,141. 09(48. 39)
301.18(34.02),141. 09(46. 40) ,159. 10(33. 05)
301. 18(34.46),141. 09(46. 70) ,159. 10(35. 44)

301.18(33.80).,319.19(44.02) ,141. 09(44. 95)
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Fig. 4 Breakdown graphs of compounds 3, 5 and 6 in negative ion mode
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