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Abstract: Objective To in depth analyze the chemical profile of Marsdenia tenacissima using HPLC-IT-TOF-MS. Methods The
pulverized materials were exacted with methanol in an ultrasonication manner and then separated on a Waters Acquity UPLC HSS T3
column (100 mm x 2.1 mm, 1.8 um, Milford, MA, USA) that was eluted in gradient with 0.1% formic acid-acetonitrile. The data was
collected using automatically triggered tandem mass spectrometric mode in positive/negative ionization polarities. The mass
fragmentation patterns of polyoxypregnane derivatives were proposed using some authentic compounds. Results Six chlorogenic
acid derivatives and 15 polyoxypregnane derivatives were definitely assigned by referring to reference components, whereas the other
signals, including 100 polyoxypregnane derivatives, four flavonoids, and two chlorogenic acid derivatives were tentatively annotated
via matching the acquired information with those achieved information and the proposed mass fragmentation rules. Conclusion The
research efficiently and accurately analyzed the chemical profile of M. tenacissima using HPLC-IT-TOF-MS, which will provide
meaningful information for the quality evaluation and the therapeutic mechanism investigation of M. tenacissima as well as its
preparation Xiao-Ai-Ping.
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Table1 Chromatography, mass spectral information, and structural assignment for primary chemical constituents in M. fenacissima

5 f/min MS' (mfz) AFROBRE (X109 MS? (mfz) e SEH
1 5188 3530879 [M—H] Cy6H1504 0.28 191,179, 135 HRER 9-10
2 6588 353.0869 [M—H] C16Hi500 -2.55 191,173, 161, 135 SEA 9-10
37218 353.0880[M—H] CyeHis04 057 273,191, 179 ZER 9-10
4 7255 5931540 [M—H] CyHy045 47 575,473, 383, 353, 311 R 11
5 8268  367.1035[M—HJ CiHyOy 436 351, 191 3-0-FEkmE % TR 9-10
6 9.038  609.147 8 [M—H] CyHy016 279 343,301,271, 255, 240 HT 11
79622  463.0917[M—H] CyHy0n 7.56 301, 179, 164 SUkT 11
8 10403 515.121 2[M—H] CysHy01) 3.1 353,335,299, 255,227 REFERB 9-10
9 10988 5151207 [M—H] CosHy01 233 353,299 FERBA 9-10
10 11208 847.4324 [M—HJ CyHgOs  —1.06 829, 811, 793, 685, 667 Ag=3,R;=R,=H,R;=Neo’

11 11628 5151186 [M—H] CutOp  -175 353,335,299, 255 R A R

12 11943 515118 1 [M—H] CuHuOp 272 353,299 FRRR C 9-10
13 12.643 1009.483 9 [M—H]" ColOy 218 847,829, 811, 685, 667 Ag=3,R;=R,=H,Ry=8,

14 13.098 847.4325[M—HJ CyHgOis  —0.94 829,793, 685, 667, 649 Ag=3,R;=R,=H, Ry=Neo’

15 13378 3632175[M—H] CyHy,05 -0.54 345,327, 315, 276, 259 WX TR 14
16 13763 3632171 [M—H] CyHy05 -1.65 327,311,276, 181 WREET 15
17 14778 T3I3835M+HCOO]  CyHi0  -3.28 685, 161 3-0-6-deoxy-3-O-methyl--D-allopyranosyl-(1-4)- 16

B-D-oleandro pyranosyltenacigenin C 5k #{k

18 14778 3832416 [M+H] CyH3404 =313 365,347, 329, 311, 203 WRBEHTA 15
19 15.523 10514940 [M—H]" CoHgOy 257 1009,991, 871,845,685  Ag=3,R/Ry=Ac/H,Ry=8,"

20 15933 TIIS4MFHCOO]  CiHyO3 479 685, 667 3-0-6-deoxy-3-O-methyl--D-allopyranosyl-(1-4)- 16

B-D-oleandro pyranosyltenacigenin C 571k

21 16248 889.4426 [M—H]” CaHyOy  —146 829, 811,793, 667 Ag=3,R/Ry=Ac/H, Ry =Neo"

2 17687 3010354 [M—H] CsH100; 0 265,239, 206, 179, 151 Wi & 11

23 18002 7273889 [M—H] CyHyO 289 685,667, 649, 415, 329 Ag=3,Ry/Ry = Ac/H, Ry = Pac’

24 18492 991471 5[M—H] CoHi0p 403 829, 811, 667, 649, 631 tenacigenoside H B ik 17

25 19017 1007472 1 [M—H] CyHy0s3 159 989,975,957,931,845,813  Ag=3,R,=R,=H,R;=$,’

26 19227 8294217 [M—HJ CoHiOr  -121 811,801,783, 667,649,631 tenacissimoside H B4 {4 18

2720098 8454174 [M—H]” CaHOis 024 813,769, 607,447,363,327  Ag=6,R,;=R,=H, Ry=Neo’

28 21530 7153877[MFHCOO]  CyHs0p,  —4.61 669, 613,305 Ag=5,R,=R,=H,Ry=Pac’

29 21573 10334825 [M—H] CoHyOy 348 991,973,945, 621 Ag=152, R/Ry=Ac/H, Ry =S,

30 21888 973.4619 [M—H]- CieHnO 318 927,827, 811 Ag=6,Ry/R, =Tig/H, Ry =Neo’

31 22298 1093.507 6 [M—H] CsiHgOs5 0.37 1033, 973, 955, 829, 811 Ag=3,R=R,=Ac,Ry=8,’

32 22308 1091.525 1 [M—H] CoHgOy 275 991,973, 829, 685 Ag=3,R /R, =TigH,Ry=$,’

33 22378 8874244 M—H| CaHgOp 428 827,809, 429 Ag=6,R/Ry=Ac/H, R;=$,'

34 22693 9514562 [M—H]” CsHnOy 347 829 Ag=3,R/R,=Bz/H, Ry =Neo*

35 22938 10334847 [M—H] CoHyOy 155 991,973, 871, 811, 784 Ag=152, R/Ry=Ac/H, Ry =S,

36 23498 9314523 [M—H] CiHnOy 225 913,871,853, 811, 651 Ag=3,R;=R;=Ac, Ry=Neo’

37 24093 8714342 [M—H]” CyiHgO1s 103 829, 811, 667 Ag=2,R/R,=Ac/H, Ry =Neo* 19

38 24168 729366 8 [MH+HCO0] CyHsO;;  -5.07 683,651, 491,473, 363 Ag=6,R;=R,=H, Ry ="Pac’

39 24.548 1113.508 5 [M—H] CyHpOy 341 991,847,771 Ag=3,R/R,=Bz/H,R;=$,

40 24618 7133755 [M—H] CysHsO1 0.14 667, 508, 42, 363, 225 marsdenoside I 20

41 24793 1093.543 1 [M—H]" CsHg0y 046 991,955, 829, 793, 685 Ag=3,Ry/R,=mBu/H, Ry =8’

4225065 9714831 [M—HJ" CisHyOn 268 911,871, 811,258 Ag=3,Ry/R, =Ac/Tig, Ry = Neo’

4325273 9514579 [M—HJ CsHnOy  —1.68 935,829, 775 Ag=3,R/R,=Bz/H, Ry =Neo*
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gx1
55 f/min MS' (m/z) AFRBE (X109 MS? (m/z) ] SEIH
44 25500 7133728 [M+HCOO]  CyHyOp -3.64 667,507, 363,259, 119 WREHF 14
45 25897  931.486 6 [M—H] CyHOn -451 829, 811,793, 613 Ag=3, Ry/R, =mBu/H, Ry = Neo"
46 26247 9714847 [M—HJ CysH0n -1.03 911, 811,793, 775, 613 Ag=3,R/R, = Ac/Tig, Ry = Neo®
47 26527 10615133 [M—H] CsHpOp -3.86 973,945, 829, 669 Ag=152,Ry/R,=iBuH,Ry=$,
48 26877  963.460 1 [M—H] CyoHnOy 0.62 829, 811, 667, 639 Ag=152, Ry/R, = HPA/H, R; = Neo"
49 27017 8134242 [M+HCOO]  CyHeOu -443 767,667, 614, 489, 427 tenacigenoside C 12
50 27.682 1073.5149 [M—H] CoHyOp =233 973,945, 829, 811, 667 Ag=152,Ry/R,=TigH,R;=S,"
51 28102 10754952 [M—H] Cs1HgoOny -139 1033,1015,991, 973, 955 =182, R =R, =Ac, Ry =8,
52 28380 9454684 [M+HCOO]  CusHrpOpg -1.80 811,447 Ag=152, Ry/R,=iBuH, Ry =Neo
53 28695  9574714[M+HCOO]  CyHrnOs 1.36 911,871, 811 tenacigenoside I H{k
54 28835 9294346 [M—HJ CysHOn -452 869, 827, 733, 459, 209 Ag=6,R;=R;=Ac, Ry=Neo’
5529010 7333765 [M—HJ CyHss01 -0.68 673,653, 476, 329 tenacissimoside J 18
56 29217 1133.5355 M—H] Cs4Hgs0ss -2.65 1033,973, 811, 667, 649 Ag=3,R/R,=Ac/Tig, Ry =8,
57 29287  9574657[M+HCO0]  CyHyOp -4.60 911, 857,797 tenacigenoside 16
58 29357 9754768 [MHHCOO]  CyHrOy -3.90 827,795, 767,765, 751 Ag=6,R/R, =mBu/H, Ry = Neo"
59 29528 9134420 [M—HJ CysHyOp -2.08 871, 853, 835, 793 tenacigenoside K 16
60 29595 10954997 M—H] Cs4HoOn -1.92 973,945,927, 811, 667 =182, R/R,=Bz/H, Ry =,
61 29750 1239.5982 [M—H] CsgHogOns -2.66 1179,1119 Ag=4,R,=R,=Ac,Ry=8¢
62 30083 933449 6 [M—H] CysHOy 0.75 811,783 Ag=152, Ry/Ry=Bz/H, Ry = Neo*
63 30175  769.438 2[M—H] CyHgsO14 0.39 667,447 tenacigenoside D 12
64 30373 1167.5179 M—H] CsHy0ns -428 1033,1015,973, 811, 667 Ag=182, Ry/R,=HPA/Ac, Ry =S’
65 30487 11355488 [M—H] Cs4Hgs0ys -4.76 1033,973, 829, 811, 667 Ag=3,Ry/R,=Ac/mBu, Ry =,
66 30643 9134767 [M—HJ CyeH01s -3.83 811,407 Ag=152, Ry/R,=mBu/H, R = Neo"
67 31.008 9934697 [M—H]J CsoH0x -0.40 933,871, 811,775, 631 Ag=3,R/R, =Bz/Ac, Ry =Neo®
68 31110 1115.5230 [M—H]" Cs4HgyOyy 448 1055,1015, 955, 811, 649 WREFN 12
69 31133 9734997 [M—HJ CysHis0n 175 871,811,775, 757, 613 Ag=3,RyR, = Ac/mBu, R; = Neo’
70 31412 1103.524 3 M—H] Cs3HgiO =335 1043,955 811, 775,667,631 Ag=18{2,R/R,=iBuAc,Ry=S,’
71 31552 1009.494 9 [M—H] CsHygOy =337 991,927,909, 891,827,809 Ag=6,R, =R, =Tig, Ry=Neo’
72 31587 10115149 [M—H] Cs1HgoOn =208 911,811,793, 757, 613 marstenacisside A4 21
7331592 969.468 8 [M—H] CysH0n -134 869, 837,793,777, 735 marstenacisside A3 21
7432003 9874796 [M+HCOO]  CyHyOp -1.01 941,882, 853,237 Ag=182,R,/R,=Ac/iBu, Ry =Neo’
75 32143 10334968 [M—H] Cs3His0y 445 911,811,775, 613 Ag=3,R/R,=Bz/Tig, Ry =Neo’
76 32243 1259.602 6 [M—H] CHysO -2.38 1137 WKL )
77 32248 10755289 [M—H] CyHgiOp =391 973,955, 811, 667 Ag=152,Ry/R,=mBuwH, Ry =S,
78 32423 9534793 [M—H] CysH74049 430 911, 893, 853, 812, 795 tenacissoside A E{ marstenacisside A2 19,21
79 32557 11175398 [M—H] Cs4Hg0,4 =340 1057, 1015, 955, 853, 811 tenacigenoside G 17
80 32.692 1137.5087 M—H] CsgHinOyy -3.16 1077, 1015, 955,853, 811 tenacissimoside D 18
81 32980 1097.553 5 M—H] CssHgeOn -027 975, 869, 595, 421, 349, 116 WREH K 2
82 33.180 9554914 [M—HJ CysHO1 0.63 853,793, 691, 633 marsdenoside H 23
83 33247 4472742 [M+H] CaeHis04 0.2 347,329,311, 293 128 -EEE BB A 23
84 33347 10214619 [M+HCOO]  CsHOp -3.03 975,915, 853, 793 marsdenoside K B3y 1% 20
85 33490 1173.569 0 [M—H] Cs7Hy0ns -0.68 1073, 973,955, 937, 811 Ag=3,R,=R,=Tig, Ry;=S,’
86 33.583  489.2857 [M+H] CysHigOr 2.04 429,411,389, 311,293 1o-EL G- 120- Z BHAkE X B 70 B 2%
87 33.632 11955520 M—H] CsoHggOns -1.84 109,973, 955, 937, 781 Ag=3,R/R,=Tig/Bz, Ry =8,’
88 33.830 1227.6127[M—H] Cg1Hog055 -3.34 1 105,799 marstenacisside E 25
89 33933 9534752 [M—HJ CysH010 0 893, 853, 811,793, 775 BB A 8 marstenacisside A2 1921
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5 fy/min MS! () ATRBE (X107 MS’ (miz) & SE
90 34.003 819.411 1 [M+Na] CyHeOrs 317 759,671,481, 361 12B-0-acetyl-3-0-(6-deoxy-3-0-methyl-p-D-allopyranosyl- 26
(1—4)-D-oleandronyl)-11a-O-isobutyryltenacigenin B
91 34038 843.416 8 [M—H]" CisHuOis  —047 801,709, 691, 667, 649 marsdenoside J 20
92 34453 1199.529 4 [M—H] CoHgOy 108 1077,955,915,775 Ag=182,R,=R,=Bz,R;=8;
93 34490 8354469[M+Na]”  CuHgOis 227 775,733,673, 338, 302 Ag=3,Ry/R,=Ac/mBu, Ry = Pac’
94 34.5251039.507 8 [MFHCOO] CsHyO1p -394 893,793 BRHEHE B 19
95 34697 7754273 [M+Na]"  CuHuOp; 438 673 marsdenoside D 3
96 34.837 10214612 [M+HCOO] CsHpO; 372 975,916 marsdenoside K 25 {54 20
97 34942 511.270 3 [M+H]" CyHi0; 254 451,433,415,329,311 1o REE-12p- L BB E R T B 24
98 35.047 831.409 5 [M+Na]’ CpHeO;s —5.05 771,731, 671,493, 361 126-0-acetyl-3-0-(6-deoxy-3-0-methyl-B-D-allopyranosyl- 26
(1-4)-D-oleandronyl)-110-O-tigloyltenacigenin B
99 35.117 1013.530 7 [M—H]” CsiHpOy  -197 911, 811,775,613 Ag=3, Ry/R, = mBu/Tig, Ry = Neo®
100 35.133 1035518 3 [M—H]" CaHgOy 126 913,811,775,613 Ag=3,Ry/R, = Bz/mBu, R; = Neo"
101 35247 1 143,554 2 [M—H]” CsHgsOn  —446 1055, 1 043,955,893, 811 Ag=182, R/R,=Tig/iBu, Ry =S’
102 35.432 1155556 7 [M—H]” CsHgOn  -225  1055,955,893, 811, 667 tenacigenoside E 2
103 35.747 1165.541 4 [M—H] CyHgOy  —1.89 1077, 1 043,955,915, 795 Ag=182,R//R,=Bz/iBu, Ry =,
104 35.852 1177.540 5 [M—H]” CyHgeOn  —263  1077,1055,955,893, 811,667 marstenacisside B7 21
105 35852 833430 1 [M+Na]”  CuHiOis 084 773,671,495,361,311 Ag=6,R/R,=mBu/Ac, Ry = Pac*
106 36132 1027509 5 [M+HCOO] CsHy010 234 981,894 Ag=2,Ry/R, = Bu/Tig, Ry = Neo’ 12
107 36.167 8154167 [M+Na]”  CpHeOn  -258 755,655 WXBEH G 12
108 36.237 1157.573 1 [M—H]” CsHyOy 155 1035,955,893, 811, 649 marstenacisside BS -k 21
109 36303 529.316 8 [M+H]" CyHuO; 151 429,411,329,311 1o, 12p-— B E R E X T B 24,27
110 36437 1039.508 8 [M+HCOO] C5HyOpp 298 893,793 tenacigenoside I 16
111 36,573 1179.554 0 [M—H]” CyoHgsOn  —449  1077,955,915,795, 667,363 tenacigenoside F 17
112 36.608 10494953 [M+HCOO] CyH;0p 095 1003,915 Ag=2,Ry/R, = iBu/Bz, Ry = Neo" 12
113 36713 551.298 5 [M+H]" CyHpO; =327 451,433,415,329, 311 1a-EL 5B 18- RS S A 7 B 24
114 36.713 1061494 § [MFHCOO] CgHyOi  —141  1015,915,893, 855, 753 BRHEE C 19
115 37.053 10834764 [M+HCOO] CssHy0p0 =388 1037,915,236 Ag=2,R;=R,=Bz,R;=Neo’ 12
116 37.087 8374464 [M+Na]”  CyuHuOn 382 777,715,655,359 BB 12
117 37.155 8174359 [M+Na]”  CpHgO4 171 757 XA H 12
118 37.288 1041524 2 [M+HCOO] C5HgOp  -326 895,893, 795,793 BREED 28
119 37.4251063.511 1 [M+HCOO]” CgHi0pp 075 1017,915,793, 754, 619 BRBEH E 2
120 38.118 1031483 1 [M—H]” CsHyOn  -252 949,931, 841,787,769 marstenacisside A3 21
121 38258 529.320 1 [M+H]' CyHuO; 707 511,429, 411,393,329 10, 12-~ EE R RE X T B
122 38328 5513003 [M+H]" CyHp0; 0 523,329,311 - - 12p- L G Bk e B
123 38433 8554460 [M+Na]”  CyuHeOu  —479 755,655,552 marsdenoside B’ 23
124 39.168 531.3329 [M+H]" CyHiO; 245 429,411,393,329,311 No-2-FHE T B - 12p- D TR XY T B 24
125 39.378 5533177 [M+H]" CyHuO; 307 451,433,329,267 1a-2-F3 T BEAE- 18- RSB R 0 B 24
126 40.113 8574597 [M+Na]”  CuHyOn  -7.11 757,655,333 marsdenoside A’ 23
127 42925 8794467 [M+Na]  CyHuOn 387 757,655,339 marsdenoside C* 23

XA TR Ag MRS, HABAES SR 4 8

"confirmed by reference substance; “Ag means aglycone, other abbreviations are consistant with fig. 4
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Fig. 4 Structures of polyoxypregnane glycosides

Scifinder. Pubmed. CrossFire Beilstein #{4/E % -
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