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Chemical constituents of Selaginellae Herba based on UPLC-QTOF-MS/MS
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Abstract ; Ulira-performance liquid chromatography coupled with quadrupole time-of-flight mass spectrometry ( UPLC-QTOF-
MS/MS) was employed to rapidly analyze and identify the chemical constituents of Selaginellae Herba. An Agilent Poroshell
120 SB-Aq (2.7 pm,2.1 mm x 100 mm) chromatographic column was used with acetonitrile-0. 1% formic acid aqueous so-
lution as the mobile phase in gradient elution, at a flow rate of 0.4 mL/min and an injection volume of 3 pL. The electrospray
ion source was selected to scan analyze in both positive and negative ion modes. The main chromatographic peaks of the ob-
tained constituents were identified through retention time,accurate relative molecular mass, and secondary mass spectrometry
fragmentation. A total of 54 compounds were identified in Selaginellae Herba,including 15 biflavonoids and flavonoids,12 se-
laginellins , ten phenolic acids,five benzenepropanoids,two steroids, two terpenoids,two amino acids and peptides, two esters,
and four other categories. The UPLC-QTOF-MS/MS method established in this study can rapidly,accurately ,and comprehen-
sively analyze and identify the chemical constituents in Selaginellae Herba, providing a scientific basis for its quality control
and pharmacological substance basis research.
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Table 1 Chemical constituents in Selaginellae Herba by UPLC-QTOF-MS/MS in positive mode
e PRIRH SENE
s =
55 ty ey Mj)i¥i1t ) %T@:ﬂ Theoretical Measured 2% Error MS/MS ¢ F &1
No. (min) Compound orecuiar on value value (x 10° ) MS/MS fragmention(m/z)
formula mode
(m/z) (m/z)
1 1.06 3-Deoxyguanosine CioH;3NsOy [M+H]+ 268.104 6 268.104 1 1.36 136.061 9 .73.028 8
2 1.12 Isoleucyl-alanine CoHigN,O3 [M+H]* 203.139 6 203.139 2 0.93 130.050 7 .84.044 4
3 1.83 215 K FF Rhodioloside CiyHyO; [M+Na]* 323.1107 323.1110 0.93 32(7) ?(9)2 i 215.0091,
4 1.99 AH:fZ Cinnamic acid CoHgO, [M+NH, ] *166.086 8 166.085 8 0.15 103.055 0.,77.038 8
5 2.42 Sinensiol A CyoH3Og [M +NH, ] *526.244 1 526.2412 4.81 364.1862,235.143 3,
147.042 7
6 3.3 A-Methoxy cimnamic acid methyl o 'y o v+ 193,086 5 193.0860 258 103:0096.133.064.2,
ester 77.039 4
SfE K A R p-Hydroxy- 119.049 2 91.054 2 ,
C;HgO al*
7 5.05 benzyl alcohol 7HgO, [M+Na]*t 147.0422 147.044 0 1.20 56.941 8
8 5.0 T#M Syringic acid CoHipOs [M+H]* 199.060 6 199.0596  4.82 ;‘7‘0622623 +110.036 1,
9 7.17 Ap'gem_“é; 8-di-Cp-Doglico- ¢ 0 [M+H]* 595.1663 595.1676  1.73  457.1125
pyranoside
10 7.76  ( +)-Pinoresinol * CypHpOg [M+H]* 359.1495 359.1492  0.83 341.136:8,309. 112 8,
278.091 9
. 193.085 7.163.075 8,
11 7.87 V&I IEEE Lariciresinol * CypHyuOs [M+H]* 361.1651 361.164 2 2.49 279101 9
12 7.91 Moellenoside C * CyH3601p [M+H]* 563.2104 563.209 6 -1.42 401.157 4 .233.080 1
g =S 2 p-Ethoxy- . . .
i3 1003 ERIERME pEhY Gy o0 fyn 167,008 167,005 2.9 15040 4,122,037,
benzoic acid 151.038 2
423.129 5 .379.174 4
amariscin A * CysHyy N, 0 al* . .
14 10.69  Tamariscin A 2sHy N7Og [ M + Na] * 548.223 4 548.223 4 0 278.151 7 141.113 0
15 10.97  Diferuloylspermidine CypyHisN3Og [M+H] * 498.260 4 498.260 2 0.7 322.2127.234. 112 8.,

177.054 2
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2:5% 2( Continued Tab. 1)

e PHIBMEH SN
A
5 g EY IV[J)i?ilt ) %T@tﬂ Theoretical Measured ~#%2% Error MS/MS 1 F 8+
No. (min) Compound orecuiar on value value (x 10 ) MS/MS fragmention(m/z)
formula mode
(m/z) (m/z)
3,5,7-Trimethoxyflavone4'-0 -
16 12.61 . CyyHpOyp [M+H]* 491.1553 491.1553 0 339.102 8.,123.1150
B -D -glucopyranoside
283.097 5.,203.073 3
. . CoHoo O . N N
17 13.21  Sinensiol F 20H»0; [M+H]* 375.144 4 375.144 5 1.95 167.070 3 .121.064 8
3,5, 7-Trimethoxyflavone-4'-0-
[ 5"""-0-p-coumaroyl-B-D-apio- . . 351.082 6.504.786 2 .
18 13.63 furanoyl-( 1" —>27")-B-D-glu- CisHyOr [M+Na]* 791.2163 791.2144  -2.40 463.124 8
copyranoside ] *
3 -Tri - - . .
19 15.26 , 5,7 ”Trlmethuxy—4 hydroxy CisHigOp [M+H]* 329.1024 329.102 1 0.91 263.073 2.,296.067 8,
flavonoe * 131.050 5
20 15.89  Selaginellin U-1 CyyHyOs [M+H]* 531.1808 531.179 1 -1.03 367.1322.273. 091 5,
121.027 3
21 16.94  Selariscinin E Cy0HypOpp [M+H]* 541.1135 541.1123 2.03 161.058 4 421.055 3
FEAEAZ X2 . 521.680 1.,403.042 1
. n CyHisO0 * . . 3. h t
2 17.42 Amentoflavone * otisO0 [M+H]* 539.0978 539.0959 3.52 377.061 4 347.057 0
419.128 1,121.028 3,
23 17.99  Selaginellin * CyHyOs [M+H]* 513.1702 513.168 8  -3.10 297.091 7 378.124 1,
199.075 2
24 18.06  Selaginellin V * CysHyOg [M+H]* 543.1808 543.1810  0.36 151.039.0.419.128 0,
449.137 5
25 18.06  Isoselagintamarlin A Cy;3HpOs [M+H]*Y 499.1545 499.153 9 0.05 405.112 9.199.076 1
26 20.59  Selaginellin E * CyHyOg [M+H]* 557.196 4 557.196 4 0 483.161 0,525.169 2
27 21.02  Selaginellin A * CuMpO, [M+H]* 483.1596 483.1500 -1.24  -o0-1180.271.0770,
199.075 3
28 21.22  Selariscinin I* CiHyOg [M+H]* 555.1808 555.1807  -0.18 Tgf'ég; ?‘401' 182,
- 149.024 4 325.084
29 21.49  Selariscinin J * C35HpOg [M+H]* 541.1651 541.163 3 3.32 9.0 3250846,
429.112 9
30 21.78  Selaginellin M * CisHyOs [M+H]* 527.1858 527.1852  0.94 135.044 3.,347.052 7,
431.657 8
SR . . 403.130 3,309.088 8,
31 22.15  Selaginellin U C3yMp 0y [M+H]* 497.1753 497.1728 5.00 199.074 0
32 23.29  @-W KPR a-Linolenic acid CigH3pO0y [M +NH, ] *296.259 0 296.257 5 -5.00 515::5(.);;748 121.100°6,
33 23.43  Dibutyl phthalate CigHpOfp [M+H]* 279.159 6 279.158 4 2.24 ;3962(2)267 810702,
3a, 78, 12a, 24-Tetrahydroxy-
34 24.04  24-methyl-58-cholestan-26-oic CogHygOg [M +NH, ] *498.379 5 498.379 7 2.10 394.306 0,236.149 0
acid
35 25.02  Diselaginellin A * CesHisO9 [M+H]* 1007.32201 007.3155 6.45 ;I;S i;‘; 2‘431' 1228,
36 25.47  4'-0-Methylamentoflavone C31HyOpp [M+H]* 553.1135 553.114 3 1.80 521.078 2,347.052 5,
284.064 1
17 B -Hydroxy-7a-methylandro- . 255.210 8.161.132 1,
. Cy;H3, O + 359, . .
37 26.36 st-4-en-3-one propionate 5403 [M+H] 39.258 6 359.258 5 0.27 67.054 3
38 2782 fKEERE Hexadecanamide CloHuNO [M+H]* 256.2640 256.2643  1.17  >1:0692.69.0705,

102.

090 8.,172.168 6

TE: JE X B 0 S A A

Note: * Compounds identified by comparison with reference.
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Table 2 Chemical constituents in Selaginellae Herba by UPLC-QTOF-MS/MS in negative mode

OB SONME

JPE Iy Nyl A %Tﬁéﬁ Theoretical Measured 1%2% Error MS/MS %} %51
No.  (min) Compound Formula nge value value (x10%) MS/MS fragmention(m/z)

(m/z) (m/z)

1 1.25 28 Maltose CipHyp Oy [ M+ HCOO]387.113 9 387.1149 2,58 341.1101.89.023 9

2 1.34  S-Hydroxyferulate CioHioOs [M + HCO0]7255.050 5 255.051 1  1.56  58.006 1.72.993 1,165.055 3

3 2.03  Phenylpropionic acid CoH,00, [M-H]" 149.0603 149.060 3 0 121.028 4

4 2.44  p-Hydroxyphenylacetaldehyde CsHgO,  [M-H]- 135.0454 135.0446  -5.90  108.020 7.63.149 3

5 3.95  WHERA Caffeic acid CoHgO,  [M-H]™ 179.0344 179.0361  0.94  135.046 1,107.051 1.79.056 3
6  4.41  ZJEA Chlorogenic acid” CiHis0y  [M-H]- 353.0873 353.0879  1.69  191.056 1.,149.059 0

7 6.48 /T Rutin® CyHyO  [M-H]- 609.1456 609.1478  3.61  489.105 5.409.238 0.345.531 3
8 7.27 i‘::l’:;z"eml 3-sophoroside-T-th- oy 0, [MH]T 755.2035 755.2042  0.92  593.150 8 .269.045 7 431.098 7
9 11.81 Apigenin-7-0-8-D-glucoside*  CyHypOp  [M-H]- 431.0978 431.0997  4.40  268.0375.245.188 6

10 13.19  #7% Quercetin* CisHpO;  [M-H] 301.0348 301.0359  3.65  151.003 9.121.029 3,178.999 9
11 14.84 5352 Apigenin* CisHipOs  [M-H]™ 269.0450 269.0454  1.48  128.143 6.180.254 3 213.026 6
12 14.99  Anemarchalconyn * CisHpOs  [M-H]® 237.0552 237.0558  2.53  209.061 8.167.889 9 131.442 3
13 17.43 *Aﬁmjfjiﬁfff CyH;s0,  [M-H]- 5370822 537.0837  2.79  417.061 7,375.051 8 331.061 4
14 21.88  R#IRUEEA Hinokiflavone * CypHisO  [M-H]- 537.0822 537.0832  1.86  375.049 1.417.060 7.284.034 2
15 24.48 P32 Bilobetin CyHypOp  [M-H]" 551.0978 551.0985  1.27  465.096 5.283.022 8.196.536 2

38,16 B -12-Oleanene-3, 16,
23 ,28-tetrol
17 28.10  FFEIIRMER Oleanolic acid CyHiO;  [M-H]~ 455.3525 455.3536 2.41 377.208 8.345.960 1.261.878 0

16 26.38 C3Hs004 [M + HCOO]"519.368 9 519.369 3 0.77 415.322 7 371.330 3

TE S8 X B 0 S E AL A

Note: * Compounds identified by comparison with reference.
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Fig. 1 The base peak chromatogram of Selaginellae Herba in positive and negative ion mode
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Fig. 2 Structures of identification of chemical constituents in Selaginellae Herba by UPLC-QTOF-MS/MS in positive mode
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Fig. 3 Structures of identification of chemical constituents in Selaginellae Herba by UPLC-QTOF-MS/MS in negative mode
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Fig. 4 The cleavage pathways of amentoflavone and hinokiflavone
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Fig. 5 The cleavage pathway of selaginellins
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