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Abstract: In this study, ultra performance liquid chromatography-quadrupole-time of flight mass spectrometer-
MS* (UPLC-Q-TOF-MS") combined with UNIFI analysis platform was used to rapidly analyze and identify
the metabolites of hederagenins 3-O- a -L-rhamnosyl- (1—2) - [f-D-glucopyranosyl- (1—4)] - a -L-arabopyranoside
(Pulsatilla saponin D) and oleanolic acid 3-O-a-L-rhamnosyl-(1—2)-[-D-glucopyranosyl-(1—4)]-a-L-arabopyran-
oside (Pulsatilla saponin B,) and hederagenins 3-O-a-L-rhamnosyl-(1—2)-a-L-arabopyranoside (Pulsatilla saponin
BD) in plasma and colonic tissue of normal and ulcerative colitis (UC) rats. The database and analysis methods
were established based on the precise molecular weight of compounds, retention time, neutral loss and reported

data, and then the final data were obtained by comparing with the blank control group, combining with the devia-
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tion and the cracking rule of the compound. The results showed that the glucoses, hydroxylation and dehydroxyl-

ation, methylation and demethylation, dehydrogenation, decarboxylation and hydrolysis of saponin D, B, and BD

occurred in the plasma and colon tissues of normal and UC model rats. This study will clarify the metabolic trans-

formation of Pulsatilla saponins D, B,and BD in rats, determine the prototype components and their metabolites

that enter the body, and whether colon injury will affect their metabolism in vivo, so as to explore the possible anti-

colitis effective components in the prototype or metabolites of Pulsatilla saponins D, B, and BD. This experiment

was approved by Animal Ethics Committee of Jiangxi Science and Technology Normal University (approval

number: Y202227).
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Chemical structural formulas of Pulsatilla saponins D (A), Pulsatilla saponins B, (B) and Pulsatilla saponins BD (C)
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Figure 2 Analysis of colonic changes in rats. A: Colon length; B:

Colon image. n=6,X+s. P <0.001 vs control group
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Figure 3 The HE stained sections of colonic tissue of rats. A:
Control 200x; B: Model 200x; C: Control 400x; D: Model 400x

Table 1

2 EEMUCKRESALSEHFRIMEHRANE
HRRE=HEE

Ji iF UPLC-Q-TOF-MS" 5 43 ¥ %6 J§i i 7F 1IE &5 7
BN RELEH KRMUCHRE KRESALS S
PRI G TS HAE . R A UNIFL 23 b 84, a2 1)
SCHR BB HURE A T 4 Uk, 4 A kBT EE D,
B, 1 BD X [ iy, R AR Al 7 52 OR B I J) DA R Hp
TR, FIRS, 276 2% B G DR U, & % 58 1k
Fi 217 DB, A1 BD 7E 1E 5 F1 UC K BRI 3 A 45 17 2H 21
eh AR P, R U 2 AN I 5%107,

H3 2.3 AT K, A Sk 5 B IEH M UC AR KR
L 5 045 iy 28 23 r 3 2 A R 0 B SR 2 e
EVR(SEEAE 2 S IR R SN R T AR FAN
B3R K AR N o EH R 2 RN 4 ], AR T OE 0 IR
KB, AkS B DA UC KR M3 A AT & 48 it 46
7 B+ B 2+ 2 34k (D-C H,,0,-C H,,0,) it il 2=
B (D-CH,,0,) it ¥ 3 Ak (D-0)- it 7 2 Fli+ it 5 2 b+
JI 8T 47 A1 R -+t Y 40 A /5 3 6 e/t 8 A+ I FY
Ak (D-C,,H,,0,,-CH,) lit 7] %] B + i Bl 2% b+ F 4 ik
/% F AL/ R AL +R B4k (D-C H,,0,-C,H,0,) FJiE
] 27 W+ Tt SR 4R B+ B XU 4k (D-C H,,0,-C(H,,,0,);
F1 Sk 55 2 B, 7E UC KRR 2% mT DA 67 25 4+ Tt 3L
2 R A/ R 2 BRI = ¥ B 4K (B,-C H,,0,-0) JR &
(B,)« Bt R 2= HE (B.-C,H,,0,) it i % A + Bt B 2= b+
Bt (B,-CH,,0,-C.H,0,)~ [t % % b+ T 72/ 1 B 2= b+
Jit 3% 364k + i 32 (B,-C H,,0,-COO) - it i 4 Hli+ F 48 3k
/s F R AR A + R A B0 5 B2 B+ R A
(B,-C;H,0,) TEAAF1E; H L& 21 BD7E UC K L3
i) e A I B 2 B+ K A (BD-CH,,0,+H,0) i i 2%
B+ 8 36+ R 34K (BD-O-C,H,0,) it B ZE i+ it ] 437
17 B + i FF 3 (BD-C H,,0,-CH,,0,) it i Z=¥# (BD-
C,H,,0,)~ Wit B3 2= b+ B Bo7 iz | B+ B 2 (BD-C, H O~
COO). it B 2= B + e B +iz A1 B + Jii ¥2 %E 4k (BD-
C,,H,0,) it B 2= B + it X2 4k (BD-O-C H,,0,)- it
B, 2% -+ BT AT+ I PR A A/ 0 PR R A it e
b+t F 34k (BD-CH,,0,-C H,,0,)-

The DAI score. Normal feces = formed and normal hardness of feces; loose stools = soft, mushy feces that do not stick to the

anus; diarrhea = liquid feces sticking to the anus. Weight loss/% = (body weight at some point during the administration period — body

weight before modeling) / body weight before modeling x 100%; DAI = (weight loss score + fecal shape score + occult blood score) / 3

Weight loss / % Shape of feces Bloody stool DAI
0 Normal No 0
1-5 Between normal and loose stools Weak positive 1
6-10 Loose stools Positive 2
11-15 Between loose stools and diarrhea Visible to the naked eye but without adhesion 3
>15 Diarrhea Blood stool is visible to the naked eye 4
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Table 2 Metabolites of Pulsatilla saponins D, B, and BD in rat plasma

Observed m/z Mass error/10°  Observed RT/min Adducts Response
No. Component Formula
Control/model Control/model Control/model ~ Control/model  Control/model
1 D-CH,O, C,H.0, 751.4651/789.419 8 3.1/1.6 4.97/6.29 H/K 5127/5 600
2 D-C,H,O, C,H,0, 495.345 8 2.6 12.55 Na 27 845/0
3  D+O C,H, 0, 967.466 4/929.510 5 0.1/0.1 7.06/9.47 K/H 7 546/6 077
4 D-H, C,H,0, 949.458 5/949.456 7 2.9/1 8.15/7.34 K/K 8 151/4 901
5 D-CH, C,H,0, 899.500 6/921.482 9 0.8/1.2 8.47/12.96 H/Na 19 818/12 786
6 D-COO C,H, 0 891.510 3/869.526 4 3/0.8 5.67/8.59 Na/H 7709/5 978
7  D+H,0 C,H,O, 931.526 9/953.508 7 0.8/0.6 11.36/7.02 H/Na 5470/9 916
8 D-CH,O,-H, C,H,0, 7714327 4.9 2.63 Na 6537/0
9 D-CH, 0,+H,0 C,H.O, 823.424 5/785.469 0.5/1 6.8/9.57 K/H 17 274/3 950
10 D-CH,0,-COO C,H, O, 761.423 7 0 5.84 K 4777/0
11 D-CH,0,-CH, C,H,O0, 753.442 6/791.398 1 0.8/0.3 7.97/1.35 H/K 8 115/12 102
12 D-CH,0,-H, C,H,0, 765.443 5 2.1 9.38 H 4603/0
13 D-CH 0,+0 C,H.O, 805.435 6/821.409 6 1.4/1.4 13.01/2.84 Na/K 3955/7 780
14 D-C H,O0,+0 C,,H,,0; 527.313 9/489.358 7 1/2.7 7.99/12.54 K/H 119 749/11 581
15 D-C,H,0,,-CH, C,H,0, 459.348 1 2.6 12.62 H 9994/0
16 D-C,H,0,,+H,0 C,,H,,0; 491.373 6/491.374 9 0.9/3.6 13.73/13.69 H/H 8 455/7 244
17 D-CH,0,-COO C,H, O, 691.478 4/713.461 6 0.6/2.3 13.66/13.38 H/Na 14 856/8 616
18 D-CH, 0,-CHO, C,H,,0, 673.371 4/673.371 6 0.3/0.5 12.95/7.37 K/K 5035/7 621
19 D-CH,,O0,-CH, O, C,;H, 0, 621.400 1/643.382 7 0.6/1.6 5.18/7.33 H/Na 5230/26 669
20 D-CH0, C,HO,, 781.474 7/819.431 4 1.8/2.7 6.82/7.1 H/K 6542/10 044
21 D-CH,O, C,HO, 805.417 4 4.8 7.26 K 0/6 202
22 D-O C,H, 0, 897.521 0.5 11 H 0/5 795
23 D-C,H,0, -CH, C,,H,0, 465.334 3 0.9 7.27 Na 0/19 233
24 D-CH O-CHO, C,H,,0, 625.409 5 3.2 13.48 Na 0/7 175
25  D-CH,,0-CH,O, C,H, 0, 573.417 4 42 13.66 H 0/22 432
26 B,-CH, O, C,H,O, 757.450 1/773.424 4 0.4/1 9.8/7.26 Na/K 8 082/9 606
27 B0 C,H, O, 935.500 3/913.517 3/1.7 6.28/8.76 Na/H 7701/7 087
28 B,-O C,H, 0 881.5258/919.482 6 0.1/1.1 12.75/7.04 H, Na/K 8 191/8 136
29  B-H, C,H, 0, 917.487 3/917.488 7 0.5/2 11.29/12.82 Na/Na 10 177/11 273
30 B,+H, C,H,0, 937.494 4 2.4 8.48 K 6 836/0
31  B-COO C,H,0, 853.530 9 0.1 10.11 H 4 660/0
32 B-CH, C,H, 0, 883.507 5/905.490 9 2.8/4.4 5.67/6.25 H/Na 14 903/6 939
33 B,-0-COO C,H,0, 859.518 2/859.518 6 0.5/0.9 12.06/11.07 Na/Na 29 821/21 702
34  B,-O-H, C,.H, 0 879.512 8/901.492 1 3.2/0.2 9.67/13.94 H, Na/Na 14 434/14 080
35 B-0-O C,H, 0, 903.487/903.487 4 0.4/0.8 12.52/11.87 K/K 5036/9 603
36  B.-O-CH, C,H, 0 905.469 5/889.492 3 4/0.3 12.53/7.61 K/Na 4 609/10 860
37  B,-CH,0, C,,H,0, 479.328 6/479.328 9 0/0.7 10.52/11.66 K/K 79 947/63 283
38 B,-C,H,0,,-COO C,Hyg 397.384 1 2.9 6.67 H 13295/0
39 B,-CH, O-CH,O; C,H,0; 595.376 4/595.376 1 0.7/0.3 9.85/9.87 K/K 45 670/17 705
40 B,-CH O.-CHO, C,H,,0, 625.388 1 2.6 8.23 K 6273/0
41  B,-C,H,O -H, C,,H,0, 439.357 2/439.357 2 0.4/0.4 8.11/8.09 H/H 8 547/5 433
42 B,-0-CH,0O, C,H O, 787.439 4/749.485 1 0.1/2.3 11.73/10.16 K/H 4 655/4 557
43 B,-CH, O, C,H O, 741.455 9/757.430 2 1.5/1.9 8.31/10.02 Na/K 4671/4 924
44  B,-CH, O.H, C,H,O, 755.413 4/755.416 1 0.5/4.1 7.43/7.67 K/K 8 849/7 001
45  B-CH 0.-CH, C,H.0, 727.439 2/727.439 3 0/0.1 7.97/7.98 Na/Na 5718/6 528
46 B,-CH, O,-COO C,H, O, 713.439/697.465 5 0/0.7 9.77/12.49 K/Na 24 870/48 005
47  B,-CH, OO C,H,O, 725.461 3/703.478 2 2/0.3 10.07/11.11 Na/H, K 4199/25 664
48 B, C,H,0, 935.477 5 1 6.26 K 0/7 081
49 B-CH,O, C,HO, 751.462 8 0.2 8.81 H 0/5 955
50 B,-CH O,-CH,O, C,H,,0, 603.426 2 1.1 11.34 H 0/37 550
51  B,-CH,0,-COO C,H O, 691.478 5 0.7 12.83 H 0/106 854
52 B,-CH,0, C,HO, 787.460 7 0.6 10.65 Na 0/7 220
53 BD+H,0 C,H,O0, 769.475/769.473 9 2.2/0.7 13/7.55 H/H 23129/20 010
54  BD-CH, C,H,0, 737.447 8/759.429 3 1.1/0.5 13.94/7.44 H/Na 18 030/38 006
55 BD-COO C,H O, 707.473 0.2 13.95 H 60 807/0
56  BD-H, C,H,O, 771.430 3/771.430 6 1.8/2.1 7.46/7.46 Na/Na 42 644/52 165
57 BD-O C,HO, 773.427 2 4.5 7.27 K 13 721/0
58 BD+O C,H,O, 805.416 7/805.413 7 4/0.3 6.82/7.01 K/K 4911/13 094
59 BD+H C,HO, 775.460 4/753.479 1 0.1/1 11.3/11.5 Na/H 7 640/4 589
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Observed m/z Mass error/10°  Observed RT/min Adducts Response
No Component Formula
Control/model Control/model Control/model ~ Control/model  Control/model
60  BD-CH0, C,H,0, 619.420 8/657.378 4 0.6/3.1 9.12/11.38 H/K 3 774/6 753
61  BD-CH,,0, C,H,0, 589.411 8/627.367 2 3.2/2.4 5.86/8.2 H/K 4726/4 322
62 BD-CH,0,+O C,H,0, 643.382 2/643.384 0.9/3.7 5.88/6.12 Na/Na 4498/8 012
63 BD-CH,0,-CH, C,,H,,0, 613.372 1/613.371 3 1.6/0.3 5.19/5.19 Na/Na 30767/4 713
64  BD-CH,0,-COO C,H, 0, 599.371 1/599.371 1 0.4/0.3 10.34/13.93 K/K 6 800/7 022
65 BD-CH, O,+H,0 C,;H,,0, 645.399/623.415 5 2.6/0.1 8.49/9.3 Na/H 4009/23 320
66 BD-CH,0,H, C,H,,0, 603.390 5/603.389 1 2.3/0.1 13.93/6.11 H/H 14 460/6 641
67 BD-CH,0+H, C,H,0, 645.377 4/629.403 5 1.6/1.7 13.38/12.67 K/Na 5350/6 026
68 BD-C,H,O+0 C,H,0, 527.313 9/527.314 2 /1.7 7.99/8.01 K/K 119 749/114 250
69  BD-C,H,O,H, C,,H,0, 509.303/493.330 1 0.5/2.7 2.23/4.35 K/Na 4749/11 811
70 BD-C,,H O +H, C,,H,,0, 513.3347 1.2 5.68 K 14 884/0
71 BD-C H,0,+H,0 C,,H,,0, 491.373 2/513.355 7 0.1/1.2 13.91/8.82 H/Na, K 19 016/40 451
72 BD-CH,O,-H, C,H,,0, 625.350 3/625.350 6 0.5/0.9 6.8/12.45 K/K 7 052/11 814
73 BD-O-C,H,0, C,H,0, 603.426 7/641.381 7 1.9/0.5 12.05/6.67 H/K 5 738/48 593
74  BD-C,H,O,-H, C,H,0, 493.308 8/477.334 6 2.1/1.5 12.31/10.59 K/Na 6236/13 333
75 BD-C,H,0,+H,0 C,H,,0, 513.3343/513.334 6 0.3/0.9 5.68/12.52 K/K 14 766/15 947
76  BD-C,H,0,-COO C,H,0 435.359 8/435.360 5 0/1.6 12.72/12.72 Na/Na 22 698/20 982
77  BD-O-CH, C,,H, 0, 743.436 5/759.409 5 3.3/1.9 8.84/8.81 Na/K 4235/3 902
78  BD-CH,O,-CH, C,H,,0, 613.3505/613.352 5 0.7/3.9 6.3/6.28 K/K 19 740/26 364
79  BD-CH,0,-COO C,H, 0 583.376 1/545.420 3 0.2/0.4 12.08/7.91 K/H 10 939/15 530
80  BD-O-COO C,,H O, 691.478/691.478 7 0/1 11.81/6.47 H/H 47 763/23 912
81  BD-O-H, C,H,O,  771.4092/755.4358 1.6/2.3 6.82/11.35 K/Na 10 197/7 052
82  BD-CH,0,-CH,0, C,H,O, 459.347 3/459.347 6 0.9/1.5 8.44/7.85 H/H 8 885/35 279
83 BD-CH, O0,-CH, O, C,H,O, 465.313 3/427.358 5 0.7/3.5 10.31/11.46 K/H 4 613/13 946
84 BD-CH,O, C,;H,0, 643.360 7 0 13.96 K 0/5 699
85 BD-O-CH, O, C,;H, 0, 573.4156 1 13.65 H 0/26 037
86 BD-C H,0,-COO C,,H,0, 451.356 3 3.5 10.25 Na 0/9 137
87 BD-C,H,O, C,H,0, 495324 8 2.6 13.53 K 0/10 075
88 BD-CH,0,-CH,O. C,H,O, 481.309 3 2.9 13.72 K 0/7 269
Table 3 Metabolites of Pulsatilla saponins D, B, and BD in rat colonic tissues
No Component Formula Observed m/z Mass error/10°  Observed RT/min Adducts Response
Control/model Control/model Control/model ~ Control/model ~ Control/model
1 D-CH,O;, C,H,O,  789.4209/789.419 1 2.9/0.7 3.25/2.88 K/K 108 855/60 695
2 D-CHO, C,H,0, 805.415 3/805.414 4 2.2/1.1 2.24/2.84 K/K 20 094/18 387
3 D+O C,H, O, 929.510 5/951.492 9 0.1/0.6 8.75/5.89 H/Na 20419/13 748
4 D-O C,,H, 0 919.503 4/919.504 3 1/1.9 4.14/4.1 Na/Na 31452/56 391
5 D-CH, C,H,0, 921.483 5/899.5 1.9/0.1 2.89/4.5 Na/H 46 687/53 159
6 D-H, C.H,0,,  911.5013/911.5015 1.6/1.8 4.19/4.5 H/H 69 496/78 980
7 D+H, C,H,0, 953.489/937.514 5 2/1.5 3.34/4.8 K/Na 71476/8 257
8  D-COO C,H, O, 907.482 6/891.508 3 1.1/0.8 3.43/5.73 K/Na 83 532/10 603
9  D+H,0 C,H, O,  953.5088/931.526 4 0.8/0.3 3.7/4.4 Na/H 40 623/90 484
10 D-C,H,0, C,H,O0, 781.474 7/819.430 5 1.8/1.6 5.88/3.04 H/K 14 481/88 269
11 D-CH,0,+H,0 C,H.O,  807.4508/807.451 1 0.8/1.2 4.77/5.08 Na/Na 24 193/16 626
12 D-CH,,O0,+0 C,HO,, 805.437 4/805.436 6 3.72.7 3.08/4.13 Na/Na 93 835/22 083
13 D-CH,0,-CH, C,H,0,, 775.424 5/775.424 4 0.7/0.7 4.2/4.47 Na/Na 26 534/6 569
14 D-CH,,0,-CHO, C,H.O, 673371 3/635.415 6 0.1/0.4 3.47/11.77 K/H 20 694/15 191
15 D-O-C,H,O, C,H.0, 803.434 6 0.5 3.19 K 117 191/0
16 D-CH,O0.+H, C,H,O,  791.4359/753.480 2 2.1/2.4 4.91/8.63 K/H 99 027/16 041
17 D-CH,O.-H, C,H,0, 771.408 6/733.453 4 0.8/1.8 2.62/8 K/H 84 814/15 340
18  D-CH, O,-CH, C,H,O,, 759.411 6/759.409 1 4.7/1.4 3.33/3.13 K/K 48 269/51 502
19 D-CH,0,-COO CoH,O,  723.4683/745.450 8 0.7/1.3 9.02/6.18 H/Na 12 140/10 065
20 D-C,H,0 +O C,,H,O; 489.357 5/489.359 0/3.1 12.2/13.2 H/H 14 705/19 746
21 D-CH,,0,-H, C,H,O,  787.4241/765.4425 0.3/0.7 2.22/5.75 Na/H 50 214/8 164
22  D-CH,O0,-CHO, C.HO, 643.382 4/621.400 2 1.2/0.7 12.99/12.04 Na/H 6 709/30 223
23 D-C H,O, C,,H,0, 479.35/495.324 7 0.9/2.4 13.21/13.63 Na/K 14 363/24 162
24 D-C,H,0,,-H, C,H,0, 509.304 1/509.302 7 2.8/0 7.45/5.29 K/K 13 725/24 066
25  D-CH O,-H, C,H, O, 765.443 2/765.442 5 1.7/0.7 4.41/5.75 H/H 27 572/8 164
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Continued
Observed m/z Mass error/10°  Observed RT/min Adducts Response
No. Component Formula

Control/model Control/model Control/model Control/model ~ Control/model
26 D-C,H,0,,-CH, C,,H,0, 481.308 6/481.308 5 1.5/1.2 8.61/8.6 K/K 255231/346 737
27 D-CH,0,,-COO C,,H,0, 467.329/451.355 7 0.7/2.2 13.82/9.3 K/Na 77 424/15 414
28  D-O-COO C,H, 0, 891.49 3.7 5.28 K 0/14 816
29  D-C,,H,0,+H,0 C,H,,0, 513.3357 3.1 13.6 K 0/11 923
30 D-CH,O, -H, C,,H,0, 493.31 4.5 8.47 K 0/33 683
31 D-CH,0-CHO,  C,H.O, 603.426 5 1.7 13.61 H 0/40 288
32 D-C,H,0,+H, C,H,0, 513336 6 4.8 9.51 K 0/40 680
33 D-CH,O,+H, C,H.O0, 737.483 6 0.1 9.01 H 0/61 016
34 D-C,H,0,+H,0 C,,H,,0; 491.373 6 1 12.67 H 0/22 717
35 B0 C,H,0, 935.497 5/935.497 9 0/0.5 3.59/3.87 Na/Na 47 290/35 429
36 B,-O C,H, O, 881.525 9/903.507 9 0.2/0.3 12.27/5.61 H/Na 26 154/35 546
37 B,H, C,.H.0, 937.494 5 25 3 K 87 115/0
38 B,-O-H, C,.H, 0,  901.4928/901.493 5 1/1.7 4.12/4.16 Na/Na 25 466/26 944
39 B-H, C,H,O, 917.486 9/917.487 1 0/0.2 2.28/3.51 Na/Na 30 488/40 373
40 B,-CH, C,H, 0, 905.489 3/905.487 2.6/0.1 4.26/3.78 Na/Na 30 161/32 281
41  B,-0-0 C,H,0,, 903.487 6/903.487 3 1/0.7 4.39/4.16 K/K 36 566/66 013
42 B.,-O-CH, C,H,,0 889.492 7/889.492 7 0.8/0.8 4.74/3.74 Na/Na 23 904/18 060
43 B,-0-COO C,H,0,, 875.494 1/875.492 7 2.7/1.1 7.94/6.21 K/K 12 869/14 388
44  B,-O-H, C.H, 0,  901.4926/901.493 5 0.7/1.7 3.41/4.16 Na/Na 44 174/26 944
45  B-CHO, C,H.O0, 787.462 7/803.434 8 3.1/0.7 7.06/4.56 Na/K 129 860/12 834
46 B-CH, O, C,H.0, 789.419 5/751.464 1.2/1.7 2.29/6.43 K/H,Na  48339/12218
47  B,-CH,O; C,H,O, 773.423 9/735.470 9 0.3/4.3 4.38/6.34 K/H 20 400/11 425
48 B,-CH, O, C,H,O, 757.43/741.454 8 1.7/0 5.24/9.32 K/Na 11 166/10 315
49 B,-CH,0.-CH, C,H,0, 759.41/759.409 5 2.6/2 2.65/3.54 K/K 149 690/53 458
50 BCH,0,-0 C,H,0, 741.434 6/703.478 5 1/0.7 12.78/13.18 K/H 10 227/35 034
51 B,-CH,O.-H, C,H,O0, 717.458 7/755.413 3 2.1/0.3 12.55/4.59 H/K 85 853/24 495
52 B,-CH,O.-CH, C,H.0,, 743.413 2/727.439 7 0.1/0.7 4.09/6.3 K/Na, K 29 844/8 825
53 B,-CH,,0,-COO C,,H, O 697.465 4/713.440 3 0.5/1.9 11.62/7.3 Na/K 11 276/21 973
54 B,-CH,O ,-CH, C,,H,0, 481.309 2 2.7 8.62 K 211 998/0
55  B,-C,H,0,-H, C,H,0, 493308 5 1.5 10.07 K 40 743/0
56 B-CH,0.-CHO,  C,H.O, 625.389 1/625.388 8 4237 8.54/10.41 K/K 9 580/5 188
57 B,-CH,0,0 C,H,O0 463.3359 4.8 12.82 K 19 180/0
58 B,-C,,H,,0,,-COO C,H,, 435.339 5/435.339 2 1.7/1 13.34/13.92 K/K 11 944/56 962
59  B,-O-C,H,O, C,HO,, 771.466 8/787.439 9 1.8/0.8 11.92/6.19 Na/K 16 627/8 097
60 B,-C,H,0,-H, C,H,0, 439.357 2/477.313 8 0.5/2 8.09/13.85 H/K 23 403/12 761
61 B +H,0 C,H,0, 953.488 9 1.9 3.33 K 0/29 658
62 B-COO C,H,0,, 853.5317 1 5.17 H 0/43 530
63 B-CH,0.-CH,O, C.H,O, 5953772 2.1 7.57 K 0/7 876
64 B,-C H,O0, C,H,0, 479.328 9 0.6 11.25 K 0/12 040
65 B,-CH,0,-COO C,,H O, 691.481 2 4.6 9.95 H 0/12 941
66 B-C.H,0,-CH, C,H,0, 465313 4 0.9 9.33 K 0/1 165 099
67 BD+H, C,H,O,  791.4348/775.4612 0.6/1.1 4.2/1.35 K/Na 81342/7 376
68 BD-H, C,H,O, 771.431 5/787.403 6 3.2/0.9 3.45/6.18 Na/K 111 011/16 846
69 BD+O C,H,O, 789.441 3/789.44 2.3/0.5 5.12/3.82 Na/Na 15250/31 032
70  BD-O C,H,O, 773.426 5/773.424 3.7/0.4 4.12/4.99 K/K 40 625/11 624
71  BD-CH, C,H.,0,, 775.404/759.429 7 1.4/0.9 2.73/4.88 K/Na 67 749/8 444
72 BD+H,0 C,HO,  807.4305/807.4318 1.6/3.2 3.07/3.82 K/K 77 518/21 700
73 BD-O-H, C,H,O,  771.4086/733.4527 0.8/0.9 2.62/6.2 K/H 84 814/9 081
74 BD-COO C,,Hi Oy 745.429 1/707.473 4 0.4/0.7 4.65/13.39 K/H 20928/16 201
75 BD-O-CH, C,H.0, 759.408 9/721.452 4 1.2/0.4 2.65/12.26 K/H 79 974/8 825
76  BD-C,HO, C,H,,O, 641.402 5/619.420 7 0.1/0.3 4.95/6.19 Na/H 21 666/9 785
77  BD-CH, O, C,H,0, 627.387 8/627.386 8 1.6/0 6.47/6.46 Na, K/Na, K 35471/39 765
78  BD-CH, 0, C,H,0, 627.366 9/627.366 3 1.9/0.8 6.67/6.68 K/K 7 785/10 350
79  BD-0O-COO C,,H O, 713.460 3/729.437 0.4/4.3 13.15/6.59 Na/K 12 999/5 856
80 BD-CH,0,+O C,H,0, 659.357 7/659.356 4 3.2/12 2.16/3.1 K/K 81 869/13 495
81 BD-CH,0,+H, C,;H,,0, 607.423 1/607.421 6 4.3/1.8 10.95/11.66 H/H 31657/20 317
82 BD-CH,0,-H, C,;H,,0, 641.345 3/603.389 2 0.5/0.2 3.43/13.59 K/H 43 914/30 764
83 BD-CH,0,-CH, C,,H,,0, 591.389 4 0.3 13.55 H 30 370/0
84 BD-CH O.-H, C, H,O 625.350 5/625.350 1 0.7/0.1 3.95/6 K/K 40 402/27 042
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Observed m/z Mass error/10°  Observed RT/min Adducts Response
No. Component Formula
Control/model Control/model Control/model Control/model ~ Control/model
85 BD-CH0.-CH, C,H,,0, 613.352 8/613.350 5 43/0.6 4.79/12.46 K/K 24221/6 624
86 BD-C,H, O+0 C,H,0, 489.357 5/489.357 5 0/0.1 12.19/10.92 H/H 12 544/63 173
87 BD-C,H,0,-COO C,,H,0, 429.372 9/467.329 9 0.4/2.8 13.67/11.7 H/K 36 852/15 777
88 BD-C,H,0-CHO, C,H, 379.276 5/379.276 3 1/0.3 10.84/10.83 K/K 965 622/697 222
89 BD-O-CH, O, C,,H, 0, 5953973 0.7 11.83 Na 13 504/0
90 BD-C,H,0, C,,H,0, 495.323 6/495.323 5 0.3/0.1 13.83/13.83 K/K 23 305/19 103
91 BD-C,H,O,H, C,H,0, 493.307 9/455.352 1 0.1/0.3 7.84/8.21 K/H 17 576/221 511
92 BD-CH,0,-CH,0, C,H,O, 481.308/481.307 9 0.4/0.2 13.84/13.18 K/K 22 848/47 263
93  BD-O-C,H,0, C,H.0, 641.383 5/603.425 9 3.2/0.7 5.2/11.9 K/H 6 478/7 603
94 BD-C H O, C,H,0, 511.319 1/511.319 9 1.3/2.9 9.59/8.54 K/K 11 087/28 943
95 BD-C H,O0,+H,0 C,,H,,0, 513.335/513.334 4 1.7/0.6 6.68/7.44 K/K 30430/37 103
9% BD-CH O,-CH O, C,H,O, 481.329 8/481.329 7 2/1.7 13.67/13.65 Na/Na, H 40 215/49 892
97 BD-C,H,O,+H,0 C,,H,,0, 513.3556/513.355 8 1/1.3 8.41/8.49 Na/Na 8279/23 773
98  BD-C,H,O.+H, C,H,,0, 513334 2/513.334 1 0.2/0 12.91/12.97 K/K 23291/10 070
99 BD-C,H,0,+H,0 C,H,0, 645.398 1 8.2 Na 0/12 051
100 BD-C,H,0,+H,0 C,,H,,0, 607.423 4 4.8 10.95 H 0/16 444
101 BD-CH,0,-COO C,H,0, 583.3972 0.4 11.75 Na 0/10 612
102 BD-CH, 0,-COO C,,H,0, 567.402 2 0.3 7.28 Na 0/5175
103 BD-C, H,O,-H, C,H,0, 509.303 9 2.2 6.91 K 0/8 208
104 BD-CH,O,-CH O, C,H,O, 465.3132 0.5 3.59 K 0/23 398
105 BD-C,H,0,-CO0  C,H,O 435.361 2 3.3 12.69 Na 0/17 548
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Figure 4 Results of semi-quantitative analysis of the metabolites
of Pulsatilla saponins D (A), Pulsatilla saponins B, (B) and Pulsa-
tilla saponins BD (C) in rat plasma. The numbers are the same as
in Table 2
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Figure 5 Results of semi-quantitative analysis of the metabolites
of Pulsatilla saponins D (A), Pulsatilla saponins B, (B) and Pulsa-
tilla saponins BD (C) in rat colonic tissues. The numbers are the

same as in Table 3
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