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Abstract: The fragmentation pathways of 4 types and 25 species bile acids in Bile Ari-
saema were investigated using ultra performance liquid chromatography-quadrupole-time
of flight mass spectrometer (UHPLC-Q-TOF MS/MS) by electrospray ionization at
positive and negative ion mode. The protonated [ M+ H]" or deprotonated [ M—H |~
were observed by ESI-MS, from which the molecular weights were deduced. The MS/
MS data of [M+ H]" or [M—H ] ions provided fragmentation information of the
compounds. The main and typical fragmentation pathways of different bile acids were
neutral losses of H,O and CO, units in the substituent on the mother nucleus. In parti-
cular, the functional groups in the C17 position of steroid mother nucleus were broken
and provided characteristic fragmentation information. Meanwhile, the cleavages of A
and C ring were also observed at the positive ion mode of the free bile acids. The
common fragment ions of m/z 175, 161 and 147 were characteristic ions. The ions of
neutral loss were also observed at the negative ion mode of the free bile acids, genera-
ting ions of [M—H—CO, ], [M—H—H,CO, ]~ and [ M—H—H,0—H,CO, ]~.
Taurine type bile acid could be broken and provided taurine group fragment ion m/z
126. 022 6 at the positive ion mode. Glycine type of bile acid could also be broken and
provided glycine group fragment ion m/z 158. 081 8 at the positive ion mode. Taurine
type bile acid could be broken and provided high abundance of [ SO, ]~ fragment ion m/=
79.956 8, [NH,—CH,—CH,—S0, ]~ fragment ion m/z 124. 007 3 and [CH,=CH,—
SO, ]~ fragment ion m/z 106. 980 3 at the negative ion mode. Glycine type of bile acid
could also be broken and provided high abundance of [ NH,—CH,—COQO]  fragment
ion m/z 74.042 6 at the negative ion mode. In addition, the characteristic ion of m/z
402. 301 3 with ketone group would be formed by the cleavage of single ketone group
bile acid at the negative ion mode. It was difficult to form stable ions for bile acid esters
at the negative ion mode. It could be broken and provided [ NH,—CH,—COOCH, ]
fragment ion m/z 90. 055 7. The fragmentation behavior of bile acids was reasonable and
could provide the basis for the structures elucidation and identification in the Bile Ari-
saema, It will provide the basis for rapid analysis and identification of samples which
contain bile acids.

Key words: ultra performance liquid chromatography-quadrupole-time of flight mass
spectrometer (UHPLC-Q-TOF MS/MS); Bile Arisaema; bile acids; fragmentation
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No. Compound R R R R K
1 THCA OH OH OH H NH(CH3),SO;
2 THDCA OH H OH H NH(CH3),S0;
3 TCA OH H OH OH NH(CH3), S04
4 GHCA OH OH OH H NHCH;COOH
5 GCA OH H OH OH NHCH,COOH
6 6-O-GHDCA OH CO H H NHCH,COOH
7 GHDCA OH OH H H NHCH;COOH
8 7-O-GCDCA OH H CO H NHCH,;COOH
9 TCDCA OH H OH H NH(CH3) ;S04
10 HCA OH OH OH H OH
11 CA OH H OH OH OH
12 GCDCA OH H OH H NHCH, COOH
13 HDCA OH OH H H OH
14 DCA OH H H OH OH
15 CDCA OH H OH H OH
16 GHCAM OH OH OH H NHCH;COOCH;
17 GHDCAM OH OH H H NHCH;COOCH;
18 6-O-GHDCAM OH CO H H NHCH;COOCH;
19 7-O-GCDCAM OH H CO H NHCH,COOCH;
20 GUDCAM OH H OH H NHCH;COOCH;
21 GCDCAM OH H OH H NHCH;COOCH;
22 HCAM OH OH OH H OCH3
23 HDCAM OH OH H H OCH;3
24 CDCAM OH H OH H OCH;3
25 6-O-GHDCAE OH CcO H H NHCH,COOCH,;CH;

B1 25 #xRampy s

Fig. 1
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Fig. 4 Proposed fragmentation pathway of hyocholic acid at positive ion mode
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Fig. 5 Proposed fragmentation pathway of hyocholic acid at negative ion mode
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Fig. 10 Proposed fragmentation pathway of 7-O-glycochenodeoxycholic acid at negative ion mode
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Fig. 12 Proposed fragmentation pathway of glycochenodeoxycholic acid methyl ester in positive ion mode
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Attached table 1
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Mass spectrometry data of five free bile acids in positive and negative ion modes

Mg T i W& 4y T TR (MSH)
[ s W (e ] 53 F w2
Predicted Measured MK BT 5% 22 figg 1 S T A/C HZURTE 8 T
Ton mode Compounds Formula Error/ppm
mass(m/z) mass(m/z) Lose H,O fragments Side chain eliminated fragments A/C ring cleaved fragment
EET CA Coy Hyo O5 409. 2954 409. 2954[M+H]" 0.0 [409]:373.2743, 319. 2434,309. 2588,253. 1956 207.1590,159. 0815,147. 0814
355.2637*
HCA Cas Hyo Os 409. 2954 409. 2954 M+H]" 0.0 [4097:391. 2848, 319. 2434,309. 2588,253. 1956 175.1123,159. 0820,147. 0814
373.2743,355. 2637
CDCA Cyu Hyp Oy 393. 3005 393.3009[M-+H]*  +1.0  [393*]:357. 2790 311.2744,253. 1956 199. 14789, 161. 0961
HDCA Caa Hyo Oy 393. 3005 393. 3009[ M+H]" +1.0 [3931:357.2790" 321.2854,311. 2744 175.1124,161. 0969
DCA Caos Hyo Oy 393. 3005 393. 3009[M+H]" +1.0 [393]:357. 2790 347.2951* ,321.2595,253. 1956 161.0966,147. 0814
i CA Coi HyoOs 407. 2797 407. 2800 M—H] +1.2 [4077:389. 3138, 369.2433,345. 2800,343. 2635, 289. 2166~ ,287.2011,
371.2588,353. 2483 341.2481,325. 2537, 271.2367,253. 1960
323.2379,309. 2588
HCA Coy HyoO5 407. 2797 407. 2800 M—H] +1.2 [4077:389.3138, 345.2800,343. 2635,341. 2481, 289.2166* ,287. 2011,
371.2588,353. 2483 327.2693,323.2379,309. 2588 271.2367,253. 1960
CDCA Cas Hyo Oy 391. 2848 391.2853[M—H]~ +1.3 [391* 1:373.2744, 343.2635,327.2693,325. 2533, 273.2219,271. 2367,
355. 2637 299. 2366 255. 2115
HDCA Cas Hyo Oy 391. 2848 391.2853[M—H ]~ +1.3 [391~1:373.2744, 343.2635,329,2839, 287.2011,273. 2219,
355. 2637 325.2533,299. 2366 255. 2115
DCA Caos Hyo Oy 391. 2848 391. 2853[M—H]~ +1.3 [391*1:373.2744" , 343.2635,329. 2839, 299. 2366,273. 2219,

355. 2637

325.2533,299. 2366

255. 2115

e x IR eI



Attached table 2
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Mass spectrometry data of ten conjugated bile acids in positive and negative ion modes

TR A (MS?)

4 F i U3 43 F &t
[EER SN &Y 3T w2 it K &5 ¥ W5 /55 20 2L 6% 1 188 R e YRIEN E U
Predicted mass Measured mass
Ton mode Compounds Formula Error/ppm Lose H,O Side chain/steroide-ring Taurine/Glycine
(m/2) (m/2)
fragments cleavage fragments fragments
EFETF TCA 26 Hyis NO7 S 516. 2995 516. 2998 M+H]" +0.6 [516* ]:480.2788, 355.2641,337.2861,319. 2429 126. 0226
462. 2684 %
THCA Cos Hyis NO7 S 516. 2995 516. 2998 M+H]" +0.6 [516]:480.2788, 355.2641,337.2861,319. 2429 126. 0226
462. 2684
TCDCA Ca6 His NOg S 500. 3219 500. 3046 M+H]" +0.6 [498* 1:482. 2942, 357.2802,339. 2690, 280.0646,126. 0026
464. 2837* 321.2588,175. 1129
THDCA Cos His NOg S 500. 3219 500. 3046[ M+H]" +0.6 [500* 1:482. 2942, 357.2802,339. 2690, 280.0646,126. 0026
464. 2837 321.2588,161. 0968
GCA Ca6 His NOs 466. 3169 466.3170[M+H]" +2.4 [500]:448.3069, 355.2641,337. 2861, 158. 0818
430.2964,412. 2858 319.2429,173. 0966
GHCA Ca His NOg 466. 3169 466. 3170 M+H]" +2.4 [466]:448.3069, 355.2641,337. 2861, 158. 0818
430.2964,412. 2858* 319.2429,173. 0966
GCDCA Cas His NOs 450. 3219 450. 3221[M+H]* +0.4 [4507:430. 2964 432.3117,414.3009,339. 2697, 158. 0818
321.2588,243.1758,201. 1285,
161. 0974
GHDCA Cas His NOs 450. 3219 450. 3221[M+H]" +0.4 [4507:430. 2964 432.3117,414. 3009,339. 2697, 158. 0818
321.2588,243.1758,201. 1285,
161. 0974
6—0O—GHDCA CyHy; 1 NOs 448. 3063 448. 3066 M+H]" +0.7 [4467:430. 2964, 355.2648,337. 2537, 158. 0818
412. 2857~ 319.2433,199. 1949
7—0—GCDCA CyHy1 NOs 448. 3063 446. 3066 M+H]" +0.7 [4467:430. 2964, 355.2648,337. 2537, 158. 0818
412. 2857 " 319.2433,199. 1949
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TR (MS?)

4 F i U3 43 F &t
[EER SN &Y T w2 Jid K 85 ¥ W5 /55 20 2L B 1 188 R E YRIEN rE U
Predicted mass Measured mass
Ton mode Compounds Formula Error/ppm Lose H,O Side chain/steroide-ring Taurine/Glycine
(m/2) (m/2)
fragments cleavage fragments fragments
M7 TCA Cas His NO7 S 514. 2838 514.3152[M—H]~ +2.6 [514* ]:496.2734, 448.3066,430. 2963,412. 2855, 79.9568,106. 9803,
478. 2626 402.3017,400. 2856,382. 2746, 124.0073
371. 2586
THCA Cag 514. 2838 514.3152[M—H]~ +2.6 [514]:496.2734, 448.3066,430. 2963,412. 2855, 79.9568,106. 9803,
478. 2626 402.3017,382. 2746,371. 2586 124. 0073
TCDCA  CosHisNOgS — 498. 2889 198.2891[M—H]~  —+0.6  [498* ]:480. 2788, 432.3118.414. 3010,386. 3061, 79.9568,106. 9803,
462. 2680 373.2748,368. 259,355. 2640 124.0073
THDCA Cy6 His NOg S 498. 2889 498. 2891 M—H ]~ +0.6 [498* 1:480. 2788, 432.3118,414.3010,386. 3061, 79.968,106. 9803,
462. 2680 373.2748,368.259,355. 2640 124.0073
GCA 464. 3012 464.3014[M—H]~ +0.9 [4647]:446. 2906 418.2961,402. 3017,371. 2586, 74.0246"
369.2430,354.2612,323. 2377
GHCA Cas Hys NOg 464.3012 464.3014[M—H] +0.9 [464* ]:446.2906 418.2961,402. 3017,400. 2847, 74.0246
371.2586,369. 2430,354. 2612,
323. 2377
GCDCA Cas His NOs 448. 3063 448. 3068 M—H ] +1.1 [4487:430. 2962 404.3168,402. 3017,386. 3061, 74.0246 "
368. 2958
GHDCA Cz His NOs 448. 3063 448. 3068 M—H ]~ +1.1 [4487:430.2962 404. 3168,386. 3061,368. 2958 74.0246 "
6—O—GHDCA Cy Hy 1 NOs 446. 2906 446. 2913[M—H]~ +1.6 [4467:428. 2803 402.3011,384.2905,368. 2954, 74.0246
325.2536,299. 2371
7—0—GCDCA C; 446. 2906 446.2913[M—H]~ +1.6 [4467]:428. 2803 402.3011,384.2905,368. 2954, 74.0246 "
325.2536,311. 2368
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Attached table 3 Mass spectrometry data of ten ester of bile acids in positive ion mode

HRS TiE & 7y T R A (MS?)
L& 71 w2
Predicted mass Measured mass MK B F i) 5% 24 fig v | 1 A/C AR B+
Compounds Formula Error/ppm
(m/=2) (m/z) Lose H;O fragments Side chain eliminated fragments A/C ring cleaved fragment
CDCAM Cos Hys3 Oy 407. 3166 407.3166[ M+H]" 0.0 [4077]:389.3063 357.2800* ,339.2699,321. 2588 243.1756,215.1439,161. 0972
HCAM s Hiz Os 423.3110 423.3110[M+H]" 0.0 [4237:387.2893, 355.2640,339.2699,319. 2427 275.2019,195.1180,161. 0972
369. 2790
HDCAM Cos Hys Oy 407. 3166 407.3166[ M+H]" 0.0 [4077:389. 3063 357.2800* ,339.2699,321. 2588 275.2019,215.1439,161. 0972
6—O—GHDCAE Cys Hyi7 NOs 476. 3376 476.3376[ M+H]" 0.0 [476]:458.3274 355.2639,319. 2429,104. 0714~ 189.1275,175.1121,161. 0972
6—O—GHDCAM Ca7 His NOs 462. 3219 462. 3224 M-+H]" +0.4 [462]:444.3115 373.2737,355.2643% ,90. 0557 189.1275,175.1121,161. 0972
7—0—GCDCAM Cy7 Hys NOs 462. 3219 462.3221[M-+H]" +0.4 [462]:444. 3115 373.2737,355.2642* ,90. 0557 189.1275,175.1121,161. 0972
GHCAM Ca7 Hys NOg 480. 3325 480. 3328 M+H]" +0.1 [4807:462. 3216, 355.2644,337.2535,90. 0557 161. 0972
444, 3117
GCDCAM Ca7 His NOs 464. 3376 486.3195[M~+Na] ™, +0.4 [464]:446.3275* , 357.2797,339.2699,90. 0557 189.1275,175.1121,161. 0972
464.3375[M+H]" —0.2 428.3170
GHDCAM Cy7 Hys NOs 446. 3376 486.3195[M+Na] ™", +0.4 [464].446.3275" , 357.2797,339.2699,90. 0557 189.1275,175.1121,161. 0972
1464. 3375[ M-+ H]" —0.2  428.3170
GUDCAM Ca7 His NOs 464. 3376 464. 3375 M-+H]" —0.2 [464].446. 3275, 357.2797, 339.2699, 321. 2582, 189.1275,175.1121,161. 0972
428.3170* 257.1971,90. 0557

T ox RN





