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Abstract: The root of Aster tataricus L. f. (RA) has been widely used in the clinic for moistening lung, dispelling
phlegm and relieving cough because of its significant therapeutic effects on respiratory diseases. In this study, a
systematic data acquisition and mining strategy was established aimed at solving the complexity of the traditional
Chinese medicine using ultra high performance liquid chromatography coupled with quadruple time of flight mass
spectrometry (UHPLC-Q-TOF-MS). A total of 132 chemical constituents, including 43 terpenes, 31 flavonoids, 22
organic acids, 18 peptides, 9 coumarins, 3 steroids, 3 anthraquinones and 3 aldehydes were identified or tentatively
characterized, among which 59 components were confirmed by comparison with the standard references. Mean-
while, the accurate mass measurements of the identified components were all with +5 ppm error. Therefore, this
work provided not only reliable data supports for the comprehensive analysis of the chemical constituents in RA,
but also provided an efficient data acquisition and mining strategy to profile the chemical constituents for other
traditional Chinese medicine complex system.
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Figure 1 Representative base peak chromatograms of Aster tataricus samples both in positive ion mode (a) and negative ion mode (b). '*' in
the figure are compounds which confirmed by reference standards; the numbers hereby are consistent with those in Table 1. A: Aldehydes; AQ:

Anthraquinones; C: Coumarin; DP: Diterpenes; F: Flavonoids; MP: Monoterpenes; O: Organic acids; P: Peptides; S: Steroids; T: Triterpenens
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Table 1

Compounds identified in Aster tataricus by UHPLC-Q-TOF-MS/MS. Key product ions are shown in bold. *Compared with stan-

dard substance; A% 68-Hydroxy-7,8-dehydroxy-bacchorticuneatin; B*: 16,17-Dihydroxy(-)-kuarnan-19-oic acid; C*: 2,3,24-Trihydroxyole-

an-12-en-28-oic acid; D?: 3-O-(D-arabinopyranosyl-(1—6)--D-glucopyranosyl)-2, 3, 16-trihydroxyolean-12-en-28-oic acid; E®: Shion-22
(30)-en-3,21-dione; F": a-Spinasteryl-3-O-f-D-glucoside

[M+H]'/[M-H]"

Type t,/min Formula Calculated ~ Experimental Error Fragment ions Identification
mass mass (ppm)
Peptides P1 4.13  C,H,,CIN,Oq 566.2012  566.199 9 [+] 23 548.189 5,318.085 5, Astin L'

232.096 9, 106.065 1

P2 452  C,HNJO, 5182609  518.259 8 [+] -2.1 490.264 9, 286.139 8, Asterinin FU'®)
171.112 7, 106.065 1

P3 535  C,H,,CIN;O, 550.2063  550.205 8 [+] -0.9 532.1927,302.089 9, Astin H'™
215.058 0, 106.065 0

P4 5.58  C,;HN,O 502.266 0  502.264 9 [+] 2.3 474.2679,270.143 7, Astin GI"!
183.111 7, 106.065 0

P5 6.11 C,;H;,CIN,O, 550.206 3  550.205 4 [+] -1.7 522.209 8,447.142 2, Astin EM")
300.074 1, 106.065 0

P6 6.21 C,;H,,CIN,O, 552.2220  552.2197 [+] -4.1 524.2257,449.159 2, Astin 11"
320.100 7, 106.065 0

P7 6.88  C,;H,,CIN,O4 536.2270  536.226 3 [+] -1.4 508.231 4,451.174 3, Astin FI'Y)
304.106 0, 106.065 4

P8 7.21 C,H,,CIN,O, 5342114 5432110 [+] -0.8 506.215 2, 449.157 9, Astin DI'”)
106.065 1

P9 727  C,;H; ;N Oy 5322402  532.2392 [+] -1.8 514.226 7, 338.169 9, Asterinin A"
235.105 8, 106.065 3

P10 733 C,;H,;,CL,N,Oq 602.1779  602.176 3 [+] -3.0 584.165 1, 336.057 1, Astin K!'")
232.097 3, 106.064 4

P11 7.58  C,(HN,Oq 546.2558  546.254 0 [+] 3.4 528.2447,350.170 7, Asterinin C?
235.107 8, 106.065 0

P12 7.84  C,H;;CLLN,O, 586.183 0  586.181 4 [+] 2.6 558.183 6, 336.049 7, Astin A
106.065 2, 58.065 0

P13 787  C,H,,CL,N,O, 586.1830  586.1829 [+] -0.1 558.183 1, 130.049 1, Astin B!
106.065 5, 60.044 2

P14 8.19  C,H;;NO, 516.2453  516.243 9 [+] -2.7 498.232 9, 338.170 0, Astin Ji21
235.106 6, 106.065 3

P15 825  C,Hy;N,Oq4 546.2558  546.254 6 [+] 2.3 528.245 8,352.186 4, Asterinin B2
235.107 6, 106.065 0

Plo* 846  C,H;;CLN,O, 570.188 1  570.187 3 [+] -1.4 485.133 3, 338.066 5, Astin C
251.034 1, 106.064 9

P17 8.53  C,H;;CLN,O, 600.198 6 600.198 2 [+] -0.7 582.1935,501.132 8, Astin PI'7
336.051 5, 106.065 2

P18 11.07  C,,H;CL,N,O, 612.1986  612.197 2 [+] 23 548.202 3,467.124 2, Astin O!'")
380.077 5, 106.065 3

Organic acids Ol 0.61 C,HO, 117.0193  117.019 3 [-] 0.1 99.008 8, 71.031 8 Succinic acid

02 0.75  CH,,0, 145.050 6 145.050 7 [-] 0.4 127.039 4, 109.037 7, 2,2-Dimethylsuccinic acid
71.0315

O3* 0.81 CH,O, 127.0390  127.039 0 [+] 0.2 109.028 8, 81.034 6, Pyrogallic acid
53.041 4

O4* 1.30  C,HO, 155.0339  155.033 7 [+] -1.0 93.032 7, 65.040 1 Protocatechuate

05 2.04 CHO, 139.0390  139.038 7 [+] 2.2 121.027 8,95.049 1, 4-Hydroxybenzoic acid
77.038 9, 65.040 2

06* 257  C,H;0, 353.0878  353.087 5[] -1.0 191.055 6, 93.035 8 Chlorogenic acid

07 270  CHO, 169.0495  169.049 1 [+] -2.8 151.038 2, 125.058 6, Vanillic acid
65.040 4

o8* 280  C,HO, 181.0495 181.049 1 [+] 23 163.038 7, 135.034 4, Caffeic acid
117.033 4, 89.038 7

09 285  C,H,;0, 353.0878  353.0872[-] -1.7 191.055 6, 173.045 0, Cryptochlorogenic acid#?

93.0359
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[M+H]"/[M-H]
Type t,/min Formula Calculated  Experimental Error Fragment ions Identification
mass mass (ppm)
010 3.87 C,H,0, 515.1195  515.118 5[] -1.9 353.086 6, 335.076 4, 3,4-Dicaffeoylquinic acid®
191.055 6, 179.034 6
Ol1* 4.71 C,H,,0, 195.0652  195.064 8 [+] 2.0 177.054 4, 145.028 0, Ferulic acid
117.032 9, 89.038 4
O12* 509  C,HO, 123.044 1 123.043 6 [+] -3.4 105.032 9, 77.039 8 Benzoic acid
013 523  C,H,0, 353.0878  353.087 5[] -1.0 191.055 6, 179.035 0, 1,5-caffeoylquinic acid®!
135.044 9
014* 533  C,H,0, 195.0652  195.065 0 [+] -0.7 177.053 8, 149.058 7, Isoferulic acid
117.032 5, 89.038 4
015 595  C,H,0, 515.1195  515.1189 [] -1.2 353.086 9, 335.077 2, 4,5-Dicaffeoylquinic acid®’!
191.056 2, 179.034 7
ol6* 627 C,H,0, 515.1195  515.118 6 [] -1.9 353.086 0, 335.076 0, cynarin
191.055 6, 179.033 4
o17* 633  C,H,0, 195.0652  195.065 4 [+] 1.0 163.039 4, 145.028 4, Methyl caffeate
117.033 5, 89.039 7
0o18 6.99 C,H,0, 5151195  515.1183 [] 23 353.086 5,335.076 1, 3,5-Dicaffeoylquinic acid™®!
191.055 6, 161.023 4
019* 9.05  C,H,0, 167.0703  167.070 0 [+] -1.5 149.059 0, 121.064 2, Paeonol
91.054 5,77.039 4
020 2197  C,H,O, 4333312 433329 8 [+] 3.4 181.049 7, 163.039 1 Octadecyl caffeate
021 2284  C,H,LO, 339.3269  339.326 3 [] -1.6 321.315 5,293.066 5 n-Docosanoic acid
022 2429  C,H,0, 489.3938  489.391 8 [+] 4.2 181.049 2, 163.039 2 Docosyl caffeate
Flavonoids F1* 3.63  C,H,04 321.0605  321.060 8 [+] 0.5 303.049 8, 275.054 6, Dihydromyricetin
247.059 7,153.017 4
F2* 473  C,H,0,, 563.1406  563.1402[-] -0.8 545.130 8, 473.107 4, Schaftoside
443.096 9, 353.065 0
F3* 479  C,H,0,, 563.1406  563.140 0[] -1.0 503.118 6,473.108 4, Isoschaftoside
443.097 4, 383.076 0
F4 5.19  C,H,0, 417.1180  417.118 1 [+] 0.1 271.060 3, 243.065 7, Apigenin-5-rhamnoside
197.059 9, 153.018 2
F5* 525  C,H,0, 463.0882  463.088 9 [] 1.2 317.029 6, 151.023 0 Myrictrin
Fo* 538  C,H,0, 465.1028  465.102 2 [+] -0.9 303.050 3, 287.055 8, Hyperoside
121.028 0
F7* 547  C,,H, O 609.146 0 609.146 0 [] -0.1 463.189 8,301.038 9 Rutin
F8* 5.61 C,H,,0,, 465.1028  465.102 1 [+] -1.3 303.050 4, 287.054 5, Isoquercitrin
121.028 9
F9* 5.64 C,H,0, 449.107 8  449.108 6 [+] 1.7 287.0559,153.017 5 Luteolin-7-galacturonide
F10* 575  C,H,0, 4331129  433.1125[+] -0.9 271.059 2,215.068 8 Genistin
Fl1 6.08  C,H,,0 625.176 3 625.176 4 [+] 0.1 317.066 1, 285.043 4, Isorhamnetin-3-0O-
153.017 6 neohespeidoside
Fl12% 642 C,H,0, 449.107 8 449.106 9 [+] 2.0 303.050 4, 287.055 0, Quercitrin
121.028 4
F13* 6.56 C,H,0, 449.107 8 449.107 2 [+] -1.5 287.054 5, 153.017 2 Kaempferol-7-O-4-D-
glucopyranoside
Fl14 6.62 C,H),0, 4783934 4783919 [+] -3.6 317.065 6, 285.043 4, Isorhamnetin-3-O-glucoside
153.017 6
F15%* 6.68  CH,0O 319.0448  319.044 9 [+] 0.2 301.034 1, 273.038 7, Myricetin
245.043 6,153.017 4
Fle* 6.95  C,H,, 0 611.1970  611.196 2 [+] -1.5 303.086 7, 263.055 3, Hesperidin
177.055 2
F17* 7.66  CH,,0, 257.0808  257.080 9 [+] 0.2 239.069 4,211.074 7, Liquiritigenin
147.044 2, 137.023 3
F18* 772 C,H;0, 447.0922  447.091 2 [+] -2.2 271.059 6, 253.049 5, Baicalin
123.007 4
F19* 797  C,H,,0,4 287.0550 287.054 9 [+] -0.6 269.043 8, 185.059 0, Luteolin

153.0179
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Continued
[M+H]"/[M-H]
Type te/min Formula Calculated  Experimental Error Fragment ions Identification
mass mass (ppm)
F20%* 8.15  CH,0, 303.0499  303.050 0 [+] 0.2 285.038 6,257.045 7, Quercetin
229.049 4, 153.018 0
F21 846  C,H, O 595.1658  595.168 6 [+] 49 287.054 7,153.017 3 Biorobin*
F22* 8.86  C,H,,0; 273.0758  273.0755[+] -0.9 153.018 0, 147.043 6, Naringenin
119.049 0
F23* 8.95  C,H,,0; 271.060 1  271.059 9 [+] -0.9 253.050 1,215.070 4, Genistein
153.018 2, 91.055 0
F24* 9.01 C,sH,,0; 271.060 1  271.060 0 [+] -0.4 253.050 3, 243.065 7, Apigenin
197.059 9, 153.018 2
F25%* 9.16  C,H,04 287.0550  287.0552[+] 0.8 269.043 4,153.017 3, Kaempferol
121.027 8
F26* 9.37  C,H,,04 301.070 7 301.070 9 [+] 0.9 286.047 9, 258.053 0, Diosmetin
229.050 2
F27* 945  C,H,0, 317.0656  317.065 8 [+] 0.8 299.060 7, 289.067 8, Isorhamnetin
229.049 4, 153.018 2
F28* 9.61 C,sH,,055 271.0601  271.060 0 [+] -0.4 253.049 7, 169.012 8, Baicalein
123.007 4
F29%* 1095  C,H,,04 285.0758  285.076 0 [+] 0.8 252.042 6, 179.049 6 Wogonin
F30* 1120  C,H,,0, 285.0758  285.076 0 [+] 0.8 270.053 0, 242.057 6, Acacetin
153.018 0
F31* 1133 C,H,,0; 285.0758  285.0757 [+] -0.1 270.050 8, 242.056 0, Genkwanin
167.033 0, 124.015 1
Monoterpenes ~ MP1 823 C,H,0, 449.238 1 449.237 2 [+] -2.1 317.1957,133.049 8 Shionoside A
MP2 8.34  C,H;0, 463.253 8  463.252 8 [+] 2.2 317.196 3, 147.065 4 Shionoside B
Diterpenes DP1 7.05  C,H,Of 357.1333  357.1330[+] -0.8 339.122 4,207.064 4, A
189.053 5, 137.059 2
DP2 9.76  C,,H O 8254278 825.4310([-] 3.9 779.4303 Smithoside B2
DP3 10.07  C,H;,04 367.2126  367.2114[] 3.2 329.2356,206.019 8, Lingulatusin/*
171.102 1, 146.967 1
DP4 12.91 C,,H;,0, 337.2373  337.2374[+] 0.1 319.2309 BOER7I
DP5 21.29  C,H,O; 4353116 435309 6 [] -4.7 367.3237,321.316 1 Glycoside 1%
Triterpenens TP1 9.28  C,H,0; 489.3575  489.356 5 [+] -1.9 471.345 5, 453.336 6, Ce
201.164 4, 187.148 7
TP2 935  C,HO, 783.4525  783.450 5 [+] 2.6 489.357 3, 453.336 3, D4l
407.331 3,259.081 5
TP3 943  Ci,H,,0,, 1455.6649 14556637 [-] -0.8 1323.6187,673.228 8 Astersaponin A%
TP4 9.61 Ci,H, 40054 1323.6227 1323.621 8] -0.6 541.178 8,337.117 0 Astersaponin EB%
TP5 1032 C,H,,0y 1307.627 8 1307.627 7 [-] -0.1 1175.5889,541.1790  Astersaponin F*%
TP6 10.41 C4;H,,0,5 11755855 1175.584 8 [-] -0.6 953.530 8, 765.447 1, Asterlingulatoside D
633.412 4,471.358 3
TP7 1046  C,H,0,, 1043.5423 1043.542 5[] -0.7 997.541 0, 765.456 8, Asterlingulatoside C
633.4153,471.336 2
TP8 10.53  CyHg0,, 1089.548 7 1089.548 2 [-] -0.5 953.514 5, 807.456 6, Bellidiastroside C2
765.445 4, 633.403 3
TP9 10.71 C4HgO,, 1073.553 8 1073.553 7 [-] -0.1 937.522 6, 617.405 5 Bellidiastroside B15")
TP10 10.85  C,HOs 811.448 6 811.4477[-] -1.0 765.448 7 Asterbatanoside B
TP11 10.94  C,Hy 0,5 1161.5698 1161.569 3 [-] -0.5 673.226 3, 601.197 8, Asterbatanoside Fi*!)
487.341 1, 281.085 2
TP12 11.01 C4HgO,, 1073.553 8 1073.5539 [-] 0.1 937.522 6, 749.455 1 Bellidiastrodise B3*!
TP13 11.37  C4H,0,, 12055597 1205.5592 [-] -0.4 131.034 3 Ageratoside B2P*Y
TP14 1247  C,LH4Os 811.448 6  811.448 1 [] -0.6 765.448 5 Asterbatanoside CB!
TP15 13.58  C,H,0O, 911.501 0 911.4999 [] -1.2 865.458 2 Asterlingulatoside B
TP16 13.89  C,H,O, 765.443 1  765.4412[-] 2.4 719.440 8 Asterlingulatoside A
TP17*  14.06  C,H,O, 4713480 471.348 2 [] 0.5 327.5254,242.8354 23-Hydroxybetulinic acid?®!)
TP18 1632 C,H,0, 4713480 471.348 1 [] 0.3 407.3332 Echinocystic acid
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Continued
[M+H]"/[M-H]
Type t,/min Formula Calculated  Experimental Error Fragment ions Identification
mass mass (ppm)

TP19 16.59  C,H,,0, 403.3207  403.319 6 [+] -2.7 385.3100, 367.298 8, Astershionone AP
203.179 4, 121.100 8

TP20*  17.01 C;,H, 04 455353 1 4553549 (-] 4.0 409.381 9, 302.969 8, Betulinic acid
258.499 2, 81.122 8

TP21 17.07  C,,H,,0, 399.3258  399.324 5 [+] 3.2 381.316 3,363.303 2, Astershionone F*%
217.1950,191.177 4

TP22 17.41 C,,H,,0, 417.3363  417.335 1 [+] -2.9 399.324 8, 381.315 5, Astershionone CP
217.1951,191.178 6

TP23*  17.57  C,H,0, 4573676 457.367 3 [+] -0.7 439.3553,411.362 1, Oleanic acid
217.1929,191.1779

TP24 1777 C,H,,0, 443.388 4 443.387 1 [+] -2.8 425.377 2,407.365 3, Friedelan-3-ol
217.1951,191.178 0

TP25 18.28  C,H,,0, 443.388 4  443.386 8 [+] -3.5 425.376 4,407.365 9, Astertarone BE7)
217.1949,191.178 9

TP26* 1894  C,H,,0 429.409 1 429.409 2 [+] 0.2 411.3123,338.347 1, epi-Friedellanol®"
191.178 9

TP27 19.20  C,H,O, 4273571  427.356 [+] 2.6 409.346 9,391.334 1, Astershionone BB
287.2009,191.178 8

TP28 19.39  C,H,,0 427.3934 4273920 [+] -3.3 409.381 7,217.195 0, beta-AmyrinP!
191.179 4

TP29 19.79  C,H,0, 441.3727 441.3723 [+] -1.0 423.362 2,405.348 5, EeBU
191.178 7

TP30 20.01 C,,H,s0 4253778 425376 8 [+] 2.4 407.366 0,217.194 6, Taraxeronel**34
191.179 1

TP31 2022 C,H,,0, 443.3884  443.387 1 [+] 2.9 425.380 1,407.367 7, Astatarone G
217.194 8,191.179 0

TP32* 2096  C,H,0, 443.388 4  443.387 4 [+] 2.2 425379 7,413.379 7, Betulin
217.1949,191.179 4

TP33 21.81 C;H;,0 427.3934  427.3919 [+] -3.6 409.383 3,341.321 2, Taraxasterol*®!
191.179 1

TP34 23.74  C,H,,0 427.3934 4273929 [+] 2.4 409.3799,217.195 1, Astertarone AP
191.178 2

TP35* 2387  C,H,,0 427.3934 427393 1 [+] -0.9 409.386 1,331.298 3, Friedelin
217.194 4,191.179 4

TP36* 2472  C,H,0 4273934 427393 2 [+] -0.6 409.382 8,217.194 3, Shionone
191.178 9

Coumarin Cl* 2.00 C,H,0O, 341.0867 341.087 0 [+] 0.9 179.034 2, 151.038 4, Esculin

105.034 6

C2* 268  CHOO, 179.0339  179.033 9 [+] -0.1 151.038 7, 133.028 6, Esculetin
123.044 1, 105.034 0

C3* 3.71 C,,HO4 209.044 4 209.044 5 [+] 0.3 181.048 8, 163.038 7, Fraxetin
149.023 2, 121.028 4

C4* 423  C,H0O, 193.0495  193.049 4 [+] -0.3 178.026 1, 150.031 0, Isoscopoletin
133.028 2, 122.036 1

C5* 439  CH(O, 163.0390 163.038 7 [+] -1.9 119.049 4, 107.049 2, 7-Hydroxyeoumarin
91.054 6,77.039 5

C6* 460 C,HO, 193.0495  193.049 4 [+] -0.3 178.026 3, 137.059 9, Scopoletin
133.028 6, 122.036 6

C7* 843  C,HO;, 187.0390  187.038 8 [+] -0.8 143.049 5, 131.049 1, Psoralen
115.054 6, 77.040 0

C8* 893  C,HO, 217.0495 217.049 7 [+] 0.8 202.026 0, 185.024 0, Xanthotoxin
174.031 2, 118.041 8

C9* 9.68  C,H{O, 217.0495 217.049 5 [+] 0.1 202.026 4, 174.030 7, Bergapten
146.035 3, 118.040 6

Anthraquinones AQI* 10.79  CHOq 341.0867 347.087 0[] 0.9 239.034 3,211.039 3, Rhein

183.044 3
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[M+H]"/[M-H]

Type te/min Formula Calculated  Experimental Error Fragment ions Identification
mass mass (ppm)
AQ2 1120  C,H,,0, 255.0663  255.066 1 [-] -0.9 227.072 2,211.076 4, Emodin anthrone
183.079 7, 107.014 8
AQ3* 12.63  CH,,0; 269.0455  269.0457[-] 0.7 241.050 0, 225.055 1, Emodin
197.060 4, 181.065 8
Steroids S1 7.76  C,HOq 5754306 575.431 1 [+] 2.3 413.377 1,395.363 0, FiBU
255.208 1, 189.015 7
S2* 18.81 C,H,0 4133778 413376 2 [+] -39 395.368 7,255.208 4, a-Spinasterol
189.016 7, 109.065 3
S3 2425  C,H,O 4133778 413376 5 [+] -3.1 395.363 9, 109.064 6 Stigmasterol®*!
Aldehydes Al 146  CHO; 127.0390  127.038 8 [+] -1.9 109.027 6, 53.040 5 5-Hydroxymethyl-2-
furaldehyde
A2* 1.93  C,HO, 139.0390  139.038 8 [+] -0.9 111.044 6,93.034 1, Benzaldehyde
65.040 4
A3* 273 C,HO, 123.044 1  123.043 9 [+] -1.3 95.049 3,77.039 5, p-Hydroxybenzaldehyde

67.0557,65.040 1

(010)~4,5- W i Bt 25 7 8 (O15) A1 3,5- mjnff gk 2
TR (O18)] M %58 J LRI, hAb, 1b &4 020 1
022 #F E.H m/z 181 Fl m/z 163 (R LR Fy B 1, X Fh
TR B8 1 28 E 00l 1R RN b0k R I R s B, £ B
PCDL manager ${#5 £ 4] 25 #i '€ 020 A1 022 535l 4+
J\ o S vl R R R IR
3 HEEXULEY

FEAR SCH SL AT 31 b B I 28 R A3 B % BT R
RAE, KRB F=WE T N m/z 153.018 3. J# It 5 %f
it (4 OR B I 8], 00 v 8 115 S EAT LU, JERfl T
H 27 4k E . FIH B Te @ R AEARSE 7= 4
iR 223 7 R A2 AL 22/, 454 Metabolite 1D
B, R A 4 RS SR IR = M EAT TR0, 13— 2P
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B (F4). 7 AR -3-0- W 8 2 (F11). 57 B4 3 -3-
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