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Identification of Chemical Constituents in Equisetum hyemale L.Based on UPLC-Q-Exactive-Plus-Orbitrap-MS ZHANG
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Child Healthcare Hospital/Guiyang Children’ s Hospital, Guiyang 550003, China; 2. Guizhou Provincial Key Laboratory of
Pharmaceutics , Guizhou Medical University , Guiyang 550004 , China ;3.School of Pharmacy, Guizhou Medical University , Guiyang
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Abstract ; UPLC-Q-Exactive-Plus-Orbitrap-MS was used to rapidly identify the chemical constituents in Equisetum hyemale. A
Hypersil GOLD Cg column (100 mmx2. 1 mm,1.9 wm) was used for gradient elution using acetonitrile (B)-0. 1% formic acid
solution (A) as mobile phase.The flow rate of 0.3 ml/min, column temperature was 40 °C , and sample size was 1 pL.The
electrospray ionization ( ESI) source was adopted for the analysis in positive/negative ion mode. The retention time, quasi-
molecular ions,and MS/MS characteristic fragment ions of the chemical constituents of Equisetum hyemale were compared with
those of standards or or previously reported compounds. A total of 70 compounds were identified from Equisetum hyemale ,including
22 organic acids, 15 amino acids, 12 alkaloids, 7 nucleosides, 4 carbohydrates, 3 flavonoids, 2 aromatic aldehydes and 5 other
constituents. UPLC-Q-Exactive-Plus-Orbitrap-MS method is rapid, accurate and sensitive, and quickly elucidates the chemical
compositions of Equisetum hyemale ,which provide reference for further pharmacodynamic material basis , mechanisms of action and
product development study of the crude medicine.
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Fig.1 Total ion current diagram of Equisetum hyemale

in positive (a) and negative (b) ion mode
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Tab.1 Results of chemical composition identification of Equisetum hyemale
{5 I ] . — e . -
g RHMTI e 0T e mem FEIER B T P
tr/min =T
1 0.65 C,HsNS  [M+H]* 136.02176 136.02155  1.54 109.011 01 g/ SIH T AR
2 0.8 CeHuN,0, [M+H]* 147.11298 147.11280  1.22 130.086 32,84.081 38,67.055 02 #i4jii
3 0.89  CgHgN;0, [M+H]* 156.076 90 156.076 75  0.96 110.071 53,95.060 84,93.045 17 k=17
158.092 44,130. 097 55,116. 070 79 )
4 0.8  CgH,N,0, [M+H]® 175.11905 175.11895  0.57 ’ ’ TR
70. 065 85
5 091 CeH 06  [M-H]™ 181.07095 181.070 66  1.60 163.060 38,101.023 19,59.012 56  H#&!’
6  0.91 CeH3N;03 [M-H]™ 174.087 54 174.08732  1.26 157.079 22,146.960 21,131.081 50  JR&jK!®
179. 055 47,119. 033 85,101. 023 19
) C1,HyO “H1- 341. . . , , ST
7 091 pHnOu  [M-H]™ 341.10886 34110784 2.9 " " 17.71. 012 5959012 57 FER
8  0.93 C4HsN;O  [M+H]* 112,050 89 112,050 54  3.12 95.024 41 4 -2 g 0]
9  0.93 CsH,NO;  [M+H]* 130.050 02 130.049 87  1.15 130.049 91,84. 044 94 4-E R R
179. 055 47,161. 044 69,143.033 80, ... . .0
10 0.9 C,Hy0y  [M-H]™ 341.10895 341.10784  3.25 ’ ’ GE 3
113. 023 27
129. 018 20,99. 007 51,96. 968 27,
11 0.9 CeH,0,  [M-H]™ 195.050 34 195.04993  2.10 87.007 47,75.007 48,71.012 57, iR
59.012 56
12 097  CeH;NO, [M+H]* 162.076 17 162.076 08  0.56 162.075 93,144.065 43,116.070 75 L-2-433E —fl'2
13 0.97 CsHoNO,  [M+H]* 148.060 50 148.060 43  0.47 130.049 87,102. 055 27,84.044 95  #&R!")
14 097 C4HoNO,  [M+H]* 104.071 02 104.070 61  3.94 87.044 60,69. 034 20 y-EHE TR
15 1.02  CsHN,O5 [M+H]* 147.076 52 147.076 42 0.68 130.049 96,84. 044 98 D/ L-4E B
16 1.02 CsH; NO, [M+H]* 118.08658 118.08626  2.71 72.081 42 AR
17 1.02  C;H3NO, [M+H]* 144.101 81 144.10191 -0.69 84.081 31,58.065 91 KT
291. 129 58,273. 009 03,247. 029 98,
18 1.02  CHgN,Og [M+H]* 291.12994 291.12991  0.10 229.019 17,175. 118 76,121. 034 56, A5 HBEHmA6
103. 024 37,70. 065 82
115.002 41,89. 023 11,71.012 51
19 104 C,HgOs  [M-H]~ 133.01305 133.01315 -0.75 ’ ’ T FERpRTIA

59.012 49
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. CoH;3N,0,P [M-H]" . ) . ’ ’ ’ -5/ -BpR L1
21 1.13 oHisN2OP [M-H]™ 3230890 323.02749 436 | ' oo 85.96. 968 28,78, 957 70 JRAF-5"- B R
2 116 CsHyNsO [ M+H]* 152.056 73 152.056 69 0.26  135.030 06,128. 045 30,110.035 10 2%y s 7]
23 1.28  CpHpu0,, [M-H]™ 341.10922 341.107 84  4.05 179.055 18,161. 044 83 e
24 1.31 CeHsN,  [M+H]* 124.03959 124.039 31  2.26  106.029 16,80.050 10,78.034 46 4@zl
173. 008 38,154. 997 45,129. 018 19
. C.H., O _ - . . . 4 ? 4 o fiiss [ 7] A
25 1.38 oHO;  [M-H]™ 19101901 191.01863 1.9 7" o 57.87. 007 49.85. 028 21 PR
154. 998 20,129. 018 16,111. 007
26 1.38 C¢HgOs  [M-H]~ 173.008 38 173.008 06  1.85 54.998 20,129. 018 16,111. 007 58, B3l
85. 028 22
128. 034 13,85. 028 25,83. 032 .
27 1.38 CsHgO, [M-H]~ 129.01823 129.01824 -0.08 8.034 13,85. 028 25,83. 032 09, FeREmR
72.991 94
28 1.50 CsH,NO;  [M+H]* 130.050 08 130.049 87  1.61  84.044 97 fEaEmi
29 1.50 CyuHypNgO,S, [M+H]* 613.159 06 613.159 24 —0.29  355.069 92,177.957 82 SAAL A B H A
30 1.60 C,HgO,  [M+H]* 123.04443 123.04406 3.01 105.045 12,95.049 64 KR R g 10
147. 7,123. 044 20,119,
31 170 CgHgN,0, [M+H]* 165.066 16 165.06585 1.88 044 07,123. 044 20,119. 049 35, R 2
95. 049 62
32 1.75  CuHEN;O, [M+H]* 268.103 82 268.104 03 -0.78 136.061 75,119.035 14 gy (2]
33 1.80 CsHsNs  [M+H]* 136.061 80 136.061 77  0.22  119.035 29,92. 024 57 6- 58 Fnns L]
34 1.85  CeH;;NO, [M+H]* 132,101 94 132.10191  0.23  86.096 93,69. 070 58 SrsEm®)
35 191 CH;3N505 [M+H]* 284.099 15 284.098 95  0.70  152.056 59,135.030 03 5 45L7)
36 1.96  CsHgN,O, [M+H]* 127.05033 127.05020 1.02 127.050 12,110. 023 83 5-HIJEpR w24
37 2.0l CeH3NO,  [M+H]* 132.10202 132.10191  0.82  86.096 91,69. 070 53 A"
38 2,49 CpH;N,Og [M-H]™ 283.068 73 283.06732 4.98 151.025 27,108.019 10 AL
39 2.60 CsHgO, [M-H]~ 131.03403 131.03389 1.07 113.023 39,87.043 93,85.064 79 R _fiz>®
40 2,93 C,HNsO, [M+H]* 282.12000 282.11968  1.13  282.119 42,136.061 74,119.035 77  2'-H & S (1)
41 335  CgH;NO, [M+H]* 166.086 17 166.08626 —0.54 149.059 46,120.080 91,103.054 59 LA %A A
42 400  CoHyNOs [M-H]~ 218.10323 218.10230 4.26 146.081 36,88.039 18 ZRm
43 4.05 C;HgO, [M-H]~ 153.01849 153.01824 1.63 109.028 34,91.017 42,81.033 04  JpfiHfiz!>"
44 506 C;H;sN;O3S [M+H]* 298.096 92 298.096 84  0.27  136.061 72,119. 035 48 5SS - R L
170. 060 03, 146. 060 07, 144. 080 89,
45 506  C,HyNO, [M+H]* 188.070 69 188.070 61  0.43  142.065 22,118.065 38,115.054 58, JZ3-3-M|4:p kisfa 10!
91.054 77
46 5.06 CoHgN  [M+H]* 132.08095 132.08078  1.29  132.080 81,117.057 53,90.903 75  6-F 3|l 10]
47 511 CoH;NO [ M+H]* 146.06020 146.060 04 1.10  146.060 09,118.065 32,117.057 58  4-H i 3ns] kL 10)
118. 065 28,94. 944 01,91. 054 70
) CgH,;N + 118 , ) ’ ’ © w0
48 511 ¢, [M+H]* 118.06550 118.06513 3.13 " 510k
287. 054 81,259. 059 66,241. 049 56 .
. C H O + X . -0. ’ ’ ’ ZS \_ -~ _+v—4v4‘”n~72;§]
49 59 a0y [M+H]™ 449.107 84 449.10815 -0.69 | [ "o 31153018 26 LA -7-0- BT
213.054 46,165. 018 14,153. 018 16 :
C H O + . . —-1. ’ ’ ’ ﬁ [187
50 9.75 1sH1gO0g  [M+H]* 287.054 72 287.05501 -1.01 121, 028 53,68, 997 82 IS
51 9.75 CoHgO,  [M+H]* 147.044 01 147.044 06 -0.34 119.049 29,91.054 69 HHRA
178. 02 149. 134. 036 2
52 10.49  CH,0, [M-H]™ 193.05000 193.049 54  2.38 8.026 38,149. 055 89,134. 036 25, (TR
121. 028 38
53 1172 CyuHyxO, [M-H]~ 447.09375 447.09219  3.49  285.040 25,284.032 78,257. 045 26 4 m3tfl's)
169. 086 04,143. 107 03,141. 867 23 :
54 12.39 CoHc0, [M-H]~ 187.09697 187.09649  2.57 ’ ’ =

125.096 11
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; 291.197 27,211. 133 79,183. 138 21, . )
55 17.81 CisHp 05  [M-H]™ 327.217 44 327.216 60  2.57 corchorifatty acid FI?"!
85.028 18
56 19.44  C,,H,O0, [M-H]~ 229.144 33 229.143 44  3.88 229.144 21,211.133 53,167. 143 25 |-~ ikl
(152)-9,12,13- =5 Jk-
57 20.90  C,Hy,0 M-H]~ 320.23325 329.23225 3.04 229.144 64,171.101 97 o
18H3,05 [ ] ]5_+/\%§M[29,
. X (4-ZFEWAEHE) 1L
58 23.91 CyuHy 0  [M+H]' 415.21146 41521152 -0.14  119.085 62 *J( o FE)
B
. 318.299 56,300.289 03,282.278 69, . .. .
59 24.87  CHyupNO; [M+H]* 318.300 17 318.30027 -0.31 60,045 15 )
60 24.97  CpH,O0; [M+H]* 277.179 66 277.179 82 -0.58 137.059 56 6-ZEM 3
61 2504  C,Hy,0,S [M-H]~ 26514801 265.14681 4.53 96.958 87 i
3,5- AT B4 R R
62  26.64  C;sHpO, [M+H]* 23516939 235.16926 0.55 235.168 98,179. 106 48,123. 044 03 ) -
L
249.222 40,185. 117 69,125. 096 12
63  26.67 CigHxO03  [M-H]™ 293.21152 293.21112 1.36 ’ ’ * 13-HoTrE !
57.033 36
261.220 31,243. 210 69,219. 056 95
4 27.1 C,5H;,0 *279.231 279. 231 -0. ’ ’ o a-HiiRn
6 0 t5Ha002 - [M+H] 9-23196 279.23186 ~0.39 5 153 85,187. 147 99,173.132 20 oAl
65 27.78  CgHgN,O  [M+H]* 123.05560 123.05529  2.52  123.055 40,96. 044 77,80. 050 09 R
66 27.87  CiHpO, [M+H]* 279.159 00 279.159 09 =-0.32  149.023 19,121.028 28 ARE R T g
67 28.07  CiHy0, [M+H]* 279.231 84 279.23186 —0.07 149.023 19,121.028 28,79.055 02 oW iifiR!"!
271.263 49,243. 142 27,211.734 10
, €, Hy,0 + 271, . -1L ; ’ T bR R g
68  28.34 7Hy0y  [M+H]" 27126282 27126316 -1.25 - " o 20.57. 069 88 FhiR R P i
69 29.14  CHypO, [M-H]™ 255.23279 255.23186 3.64 255.23271,213.23271 ik R 2]
70 29.50  CiHy0, [M-H]™ 283.264 19 283.263 16 3.64 283.263 73 TR 2
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