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Abstract: Objective To explore the mode of action by which Pulsatilla chinensis saponins (PCS) (B3, BD, B7, B10, B11) reshape
the gut microbiota, thereby reciprocally modulating drug metabolism to exert anti-ulcerative colitis (UC) effects. Methods Thirty
male SD rats were randomly divided into five groups: the control group, the model group (dextran sulfate sodium, DSS), the PCS group
(DSS + PCS), the 14-day antibiotic treatment group (Ab14) (DSS + Ab14), and the Ab14-PCS group (DSS + Ab14 + PCS). Both the
Abl14 group and the Ab14-PCS group were freely provided with an antibiotic mixture solution (neomycin sulfate 100 mg-kg™!,
ampicillin 100 mg-kg™!, metronidazole 100 mg-kg™!, and vancomycin 50 mg-kg™!) for 14 d, while the other three groups were freely
given water for 14 d. Subsequently, the model group, the PCS group, the Ab14 group, and the Ab14-PCS group were freely provided
with a 4% DSS solution for 7 d. The PCS group and the Ab14-PCS group were simultaneously administered 300 mg-kg™' PCS solution
ig for 7 d, and the control group continued to freely drink water for 7 d. After the administration ended, the pharmacodynamics of PCS
was evaluated [disease activity index (DAI) score, hematoxylin-eosin (HE) staining to observe colonic pathological changes, and
determination of inflammatory factor levels in colonic tissue]. Gut microbial diversity and abundance were profiled by 16S rRNA
sequencing, PCS-derived metabolites were identified with UPLC-Q-TOF/MS, and a “gut microbiota-metabolic enzyme-PCS
metabolite” interaction network was constructed by integrating Spearman correlations with literature evidence. Results Compared
with the model group and the Ab14 group respectively, the body weight and DAI score of the PCS group and the Ab14-PCS group
were significantly decreased (P < 0.001). The results of HE staining showed that in the model group, shallow ulcers were formed in
the colonic mucosa, the structure of the mucosal layer disappeared, accompanied by inflammatory cell infiltration and aggregation of
lymphocytes at the base; In the Ab14 group, the pathological damage was further aggravated, and there were also significant reductions
in goblet cells and severe destruction of crypt structure; after PCS intervention, the above pathological damage in the PCS and Ab14-
PCS groups was significantly alleviated. Compared with the model group, the levels of tumor necrosis factor (TNF)-a and interleukin
(IL)-1p in the PCS group were significantly decreased (P < 0.01, 0.001); Compared with the Ab14 group, the level of IL-1f in the
Ab14-PCS group was significantly decreased (P < 0.05). Moreover, the therapeutic effect of the PCS group was more prominent in the
above indicators. Microbiota diversity was restored in both treatments, as evidenced by a decreased Firmicutes/Bacteroidota (F/B)
ratio, expansion of Ligilactobacillus, suppression of Pseudomonadota. In total, 76 PCS-derived metabolites were identified in vivo;
Compared with PCS, the Abl4-PCS group showed a pronounced reduction in products of hydrolysis, hydroxylation,
hydroxymethylation and hydrogenation. Spearman correlation revealed that the extent of these metabolic transformations positively
correlated with Ruminococcus, Roseburia and Segatella, whereas negative correlations were observed for Bacteroides, Enterobacter
and Blautia; Oxidized metabolites displayed only weak associations with microbial shifts. The interaction network further indicated
that NAD(P)H-dependent reductases, cytochrome P450 monooxygenases, serine hydroxymethyltransferase (SHMT) and (-
glucuronidase (GUSB) produced by Fusobacterium, Bacteroides and Roseburia predominantly catalyzed the most differentially
affected reactions—hydrogenation, hydroxylation, hydroxymethylation and hydrolysis, respectively. Conclusion PCS exerts anti-
ulcerative-colitis efficacy via the restoration of gut microbial diversity and the modulation of keystone taxa such as Bacteroides, while
the microbiota reciprocally facilitates the therapeutic effect by driving PCS hydrogenation, hydroxylation, hydroxymethylation and
hydrolysis.
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TH A BRI LR DA R 203 UC 38 PR3 B4 451890, 4R
1M, PCS A5 1 Wit b 5 =5 98 o] AR = 254K
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PR . NIRRT PCS it 5 5 B B AE R A
RUFBEM P UC FINLHR S
1 #
1.1 EENUEHE

CQ-250A-DST AUHE S PEIHHENL ( FigEREEEE
FOG2A2808) ) 5 Triple-TOF®5600+7 &1 43 3 Jii 1% A%
(3[H AB SCIEX A#]) ; LC-30AD 2 = R AH
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R3S 28 0.22 pm JEAEJERL, HBEREIMHT

2,52 faif%tft UPLC®BEHCis ffif4F: (100 mm X
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Fig. 1 Effects of PCS on DAI (A), body weight (B), histopathological damage (C, x100), and levels of inflammatory factors in
colonic tissue (D) of UC rats and UC rats treated with antibiotics ( X £s, n=6)
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Fig. 6 Genus-level profiling and differential significance analysis of gut microbiota
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#z1 BLEEFH Bs. BD. By Bion Buff 2 BARBEFEHATREMINLEERER
Table 1 Identification information of metabolites of pulsatilla saponin B3, BD, B7, Bio and B in two groups of rat fecal samples
w/min 5 T [M—H] S MS/MS (m/z) Ll 25
(X107
9.744 MO  C47H76017 911.501 0 BsBHAM A 765.442 8. 749.447 1. 603.390 6. 0 PCS. Abl4-PCS
585.380 1. 471.348 3
10.827 M1 C47H76016 895.504 6 BrEHAM A 750.448 6. 733.4516. 587.3953. —-1.0  PCS. AbI4-PCS
569.384 9. 455.353 3
11273 M2 C47H76016 895.505 5 BioRHiib &4 733.453 1, 587.395 3. 569.385 1. —-1.0  PCS. Abl4-PCS
4553530
10.652 M3 C41He6O12 749.448 1 BDEHAAL G 603.391 5. 471.348 4. 423.3290 —-0.1  PCS. AblI4-PCS
12.107 M4 C41HesO11 733.452 7 BuBHALEY) 587.395 4, 4553539 —-0.7  PCS. Abl4-PCS
11.682 M5  CaiHesO11 733.452 9 Bs—Glu 587.400 4. 4553549 -0.7  PCS. Abl4-PCS
11.509 M6 C41HesO12 749.447 4 B7—Rha 587.396 4. 4553599 —-0.1  PCS. Abl4-PCS
12.677 M7 C30Has04 471.346 1 B3—Glu—Rha—Ara 393.3145 -0.6 PCS. Abl4-PCS
12.705 M8 C30H4s04 471.347 7 BD—Glu—Rha—Ara 393.316 1 —-0.6  PCS. Abl4-PCS
10.478 M9 C3oH4503 455316 9 By—Glu—Rha—Ara 395.294 1 —-0.3  PCS. Abl4-PCS
10.512 M10  C3oHasO3 455,317 0 Bio—Glu—Rha—Ara 411.329 1. 395.297 9. 391.233 3 —-0.3  PCS. Abl4-PCS
10.734 M11  C3H4s03 455,316 7 B11—Glu—Rha—Ara 395.293 6. 355.266 4 —-0.3  PCS. Abl4-PCS
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F£1 (8
L - R
w/min w5 F [M—H] AN MS/MS (m/z) (X109 ZH 5|
11.062 M12  C3sHseOs 603.3901 Bs—Glu—Rha  471.353 5 -0.1 PCS. Abl4-PCS
10.070 M13  C41HesO13 765.443 1 BD+ #2544, 603.391 5. 585.374 3. 471.349 2, 0.1 PCS
4233229
9.545 M14  C47H7601s 927.496 7 B3+ #2544, 585385 1. 471.344 1 0.3 PCS
10.347 M15  C42HesO14 795.452 7 BD+ ¥ H 4L+ 749.447 7. 603.389 4. 585.378 8. -0.3 PCS
RAAL 471347 1. 423.3272
10.379 M16  C42HesO14 795.4537 BD+ ¥ H 34k + 749.449 5. 603.409 4. 585.377 7. -0.3 PCS. Abl4-PCS
A 525357 8. 471.350 8. 423.3290
10.655 M17  Ca2HesO14 795.453 4 BD+ W34k + 749.446 9. 603.389 8. 471.348 1, -0.3 PCS
A 423.326 9
9.728 M18 C47H76017 911.500 8 BD+ 2z F 34k + 749.451 6. 603.391 7. 585.382 1. 0 PCS. Abl4-PCS
MEPEERIL 4713491
10.171 M19  C47H76017 911.5009 BD+ 2= F 34k + 749.447 4. 603.391 4. 585.380 1. 0 PCS
WIEWERRRIL  471.3479. 423.3280
10.843 M20 C47H76016 895504 7 Bii+FE WAL+ 733.450 5. 587.396 6. 569.383 7. -1.0 PCS. Abl4-PCS
HIEPEREIRIL  455.3544
11.287 M21  CaH76016 895.506 3 Bii+ £ 3E{b+ 733.453 9. 715.442 1. 587.395 9. -1.0 PCS. Abl4-PCS
WA R 569.384 8. 455.353 3
12.096 M22  Ca2HesO13 779.4576 B+ 34k +  733.452 6. 587.394 5. 455.53 6 -1.0 PCS
FA R
11.682 M23  CaiHesO11 733.4529 BD-0O 587.400 4. 4553549 -0.7 PCS
10367 M24 Cs3HseO21  1057.5582 By+ R HIH L+  895.504 9. 749.450 3. 733.452 8. -0.4 PCS. Abl4-PCS
WIEIWRERRLL 7154459, 587.394 0. 569.385 8.
4553519
10.381 M25 Cs3HseO21  1057.558 7 By+ R HI AL+  895.5059. 749.449 0. 733.453 6. -0.4 PCS. Abl4-PCS
HaEPEESRRIL  587.396 1. 569.386 4. 455.3529
10375 M26  Cs3HseO21 1 057.558 2 Bio+ Z &AL+ 895.504 9. 733.452 8. 587.394 0. -0.4 PCS. Abl4-PCS
WA PRI 455.3519
10.846 M27 Cs3HgsO21  1057.5585 Bio+ & F3E4L+ 895.503 2. 733.452 8. 587.394 2, -0.4 PCS. Abl4-PCS
WAL 4553527
9.454 M28 Cs3HgsO22 10735525 Bz +AHAE{L+ 911.501 3. 749.453 9. 603.393 7. -0.8 PCS. Abl4-PCS
WERERIL  471.348 5. 423.3267
9.862 M29 CssHssO22 10735529 Bs+ L H AL+ 911.500 7. 749.448 6. 603.390 4. -0.8 PCS
WA R 471.347 8. 423.3266
9.716 M30  CagH7020 9575059 B3+ ¥4+ 911.4994. 7654424, 749.448 3. 0.7 PCS. Abl4-PCS
CEk=E Y04 603.390 1. 585.380 7+
471.347 3. 423.326 9
9.732 M31  CagH7020 9575055 B3+ ¥4+ 911.4994. 7654425, 749.447 7. 0.7 PCS. Abl4-PCS
CEk=E Y04 603.390 9. 585.379 2.
471.348 5, 4233273
9.765 M32  CasH73020 9575052 By+#3E4b+  911.501 7. 765.445 0. 749.449 1. 0.7 PCS. Abl4-PCS
CEE=E Y04 603.391 2. 585.379 3.
471.348 3. 423.327 4
10.829 M33  CasH7s01s 9415103 Bio+#34b+ 895503 7. 733.452 0. 587.392 4. -13 PCS

R

569.383 4, 455.3527
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w/min w5 F [M—H] AN MS/MS (m/z) (ffls) ZH 5|
10.844 M34  CasH7sO1s 9415114 Bio+¥3E4k+ 895505 6. 733.455 4. 587.394 6. -1.3 PCS
FH 4 Ak, 569.384 4. 4553531
10.813 M35 CasH7s01s 9415093 By +¥3EMk+ 895503 2. 749.448 0. 733.452 8. -1.3 PCS. Abl4-PCS
G874 587.394 6. 569.385 5. 455.3521
10.828 M36  C47HsoO1s 931.522 7 Bio+2H20 895.506 9. 733.454 2. 587.395 4. —4.8 PCS. Abl4-PCS
455.353 5
11.290 M37  C47HsoO1s 931.524 6 Bio+2H20 895.507 1. 733.448 3. 587.385 8. -2.8 PCS
569.400 3. 455.353 5
10.488 M38  C47HsoO1s 931.482 5 B7+2H>0 895.503 1. 749.446 6. 733.457 7. 2.8 PCS. Abl4-PCS
587.390 7. 455.351 8
10.844 M39  C47HsoO1s 9315235 B7+2H>0 895.510 2. 749.4379. 733.457 5. -3.9 PCS
587.396 9. 455.3532
9.716 M40 Ca7HsoO19  947.5232 B3+2H:0 911.501 7. 749.4487. 603.390 6. 12 PCS
585.3822. 471.3476
9.731 M41 Cs7HsoO10  947.522 4 B3+2H:0 911.501 6. 749.451 7. 603.393 2. 0.3 PCS. Abl4-PCS
585.382 0. 471.349 6. 413.326 8
10.367 M42  Cs3HooO2s  1093.584 9 M24+2H20 1057.556 6. 895.508 0. 749.448 2. 4.5 PCS
733.449 4. 587.3936. 569.380 2.
4553528
10.848 M43  Cs3HooO2s  1093.584 1 M27+2H20 1057.556 7. 895.514 0. 877.486 9. 3.7 PCS
733.455 7. 588.396 3.
569.388 0. 455.350 7
10.408 M44  C30Hs003 4573677 M9+2H 325.2550 2.2 PCS. Abl4-PCS
10.443 M45  C30Hs003 457.367 1 M10-+2H 409.307 5+ 391.300 7 -3.5 PCS. Abl4-PCS
14.658 M46  C290H4603 4413373 M9~11+ 393.319 6. 361.257 2. 310.996 3 —0.2 PCS
A
14.667 M47  C29H4603 4413370 M9~11+ 393.314 8. 359.261 5. 287.550 0 —0.2 PCS. Abl4-PCS
A,
10.805 M48  C29Hs602 4253419 M46+ it 389.2654. 381.2829. 343.260 6 -1.4 PCS
10.837 M49  C29Hs602 4253428 M4T+ i 389.270 5. 381.288 0. 345.286 9 0.7 PCS. Abl4-PCS
10.838 M50  Ca9Hi602 4273575 M48-+2H 391.290 1. 345.279 3 -1.5 PCS
8.769 M51  C30HasOs 4873426 M9~11+20  411.3422. 409.309 2. 382.956 0. -0.3 PCS. Abl4-PCS
342.969 5
11.237 M52 C30Hs006 505.353 2 M51+H>0 459.358 0. 427.324 0 -0.4 PCS
11.285 M53  C30Hs006 505.353 5 M51+H>0 459.3492. 4273196 —0.4 PCS
9.995 M54 C31H5207 535.2736 M52~53+ 505.226 4 —0.8 PCS
F A,
10.375 M55  C30Hs007 521.2940 M51+EFHA  491.244 3, 327.127 8 0.3 PCS
8.627 M56  C30Ha4O3 451.3219 M51—2H:0 405.262 8. 385.236 8. 272.069 6 0.3 PCS
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F1 8
w/min %5 HTR [M—H] AN MS/MS (m/z) (jf/e) ZH 5|
10.002 M57 CsoHe2O11 705.422 2 BD+% WL+ 1366.6930. 1203.6157. 895.490 5. 0.4 PCS
Jit 2k 733.478 5. 682.8330. 587.395 1.
528.2752. 455349 8. 447.7478
10.019 M58 CsoHe2O11 7054231 BD+:HI%4k+ 16356803, 1203.6090. 733.4493. 1.6 PCS
Jit 2k 682.8352. 601.310 7+
569.382 4. 528.270 6. 455.353 7
10.804 M59 CaoHas 391.335 1 M50—2H,0 345.280 4. 343.264 8 -4.9 PCS
10.82 M60 Ca9oHas 391.335 7 M50—2H,0 345.279 9. 327.269 4 -33  PCS
10.82 M61 CaoHao 389.323 2 M60—2H 343.264 4. 327.268 1. 311.2369 47  PCS. Abl4-PCS
10.821 M62 CaoHas 393.290 5 M60+2H 345.285 3 0  PCS. Abl4-PCS
10.357 M63 C3oHaO: 4353250 M61+ 234k 4 389.269 2. 345.288 8 -42  PCS
FRHIHEAL
10.823 M64 C3oHwuO: 4353265 M61+¥23E4k+  389.270 1. 343.265 1. 311.241 7. 0.8 PCS
PR AL 283.210 5
10.012 M65 C3oH4202 4333095 M63~64—2H  387.2523 -3.8 PCS
10.012 M66 C3oHasO2 4373414 M63~64-+2H  391.2842 -2.5  PCS
10.813 M67 Ca7HsoO20 963.514 4 Br+ W HEAL+ 917.495 3. 895.504 7. 749.437 2. -2.7  PCS
2H0 733.449 4. 669.396 4.
587.396 3. 537.356 2. 455.349 8
10.829 M68 Ca7HsoO20 963514 6 By+ WAL+ 895.506 8. 733.450 7. 669.407 5. -2.5  PCS
2H0 587.393 0. 569.383 6. 455.350 4
11.279 M69 Ca7HsoO20 963.521 1 Bio+ Xt HEAL+ 917.488 5. 895.504 4. 755.435 9, 42  PCS
2H>0 733.456 8. 669.397 2. 587.3950.
569.397 9. 455.3514
11.292 M70 Ca7Hs0020 963.514 8 Bio+ MWIEEHAL + 917.488 5. 755.435 9. 669.397 2. 2.3  PCS
2H>0 587.395 0. 537.348 2. 455.3514
10.83 M71 Ca7H77016S 976503 4 B7+HifiRfk 1057.561 4. 895.507 3. 750.456 0. 0 PCS
7334535, 587.397 4. 569.387 1.
455.353 3. 366.228 9
10.377 M72 CaiH70014 785.466 4 BD+2H>0 749.446 0 -3.7 PCS
10.020 M73 Ca2HegO1s 811.447 8 M13+-¥234b+ 765.444 1. 619.383 8. 604.394 6 -1.3  PCS
¥R AL,
10.484 M74 C31HsoOs 501.3224 M9~ 11+#% 4553162, 441.3228 0.1 PCS
T+ 52 H Ak
10.361 M75 CisHs20s 551.374 3 Bu—Glu—Rha— 733.452 7. 587.391 9. 528.277 3. 02 PCS
2H0 521.2615. 455.354 3, 447.2449.
366.223 2
10.313 M76 CasH74O16 881.4895 B+ A4k 749.446 8. 603.393 0. 471.349 5, -0.6 PCS

389.274 8
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Fig. 14 Comparative analysis of PCS metabolic reactions between conventional and antibiotic-treated UC rats (X £s, n=6)
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Fig. 16 PCS metabolic response-metabolic enzyme-gut microbiota relationship diagram
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