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Abstract: Objective The in vitro co-incubation method was employed to investigate the metabolic transformation regularity of Semen

Cuscutae-Fructus Lycii (SC-FL) mediated by gut microbiota in premature ovarian insufficiency (POI) rats. Methods SC-FL and its
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thirteen monomer components were co-incubated with gut microbial communities from POI rats in vitro, followed by UPLC-Q-TOF-
MS for qualitative analysis. Results A total of 85 compounds were characterized from the SC-FL co-incubated samples, including 61
prototypical components (e.g., rutin), 13 metabolites (e.g., methyl hyperoside), and 11 kinds of components that exist in the prototype
at the same time and can be metabolized by other components, (e.g., isorhamnetin). Hyperoside was characterized by five metabolites,
rutin by seven, quercitrin by six, astragalin by seven, isoquercitrin by five, quercetin by seven, isorhamnetin by four, kaempferol by
five, apigenin by four, chlorogenic acid by nine, ferulic acid by three, scopoline by four, and scopoletin lactone by three. Conclusion
The metabolic transformation reactions mediated by the intestinal microbiota in POI rats mainly include Phase I metabolic reactions
such as hydrolysis, reduction-hydrogenation, and hydroxylation reactions, and Phase II metabolic reactions such as methylation
reactions. Reverse traceability analysis of the metabolic conditions of each component revealed that isorhamnetin, quercetin,
kaempferol and apigenin were mutually metabolically transformed in the intestinal flora of POI rats These findings provide important
evidence for elucidating the pharmacodynamic material basis and mechanisms of SC-FL in POI, and lay a foundation for subsequent
research on optimizing SC-FL efficacy through gut microbiota modulation.

Key words: Semen Cuscutae-Fructus Lycii herb pair; premature ovarian insufficiency; UPLC-Q-TOF-MS; gut microbiota; metabolic

pathways; isorhamnetin; quercetin; kaempferol; apigenin
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Table 1 Chemical compositions characterization
. o EpfE Sl BE BHET
e HTHEA temin ) my (X0 ) AFR 4 1]
1 [MEHF 055 1180868  118.0873 423 590712 CsHuNO A P
2 [MHH 055 1180868 1180873 423  118.0873 CsHuNOy Ham P
3 [M—H 068 1790556 1790553  -168 f CsH10 D-F-7URE/D- & fID-H #5 1 P
4 [M—H 074 3370771 3370786 445 277.0589 CuHis0n LA P
5 [M-H 079 1910192 1910197 262 173.0093,128.0332, 111,008 2 CsHgOr i 1 P
6 [M-H 089 1510395 1510398 199 107.0211 CsHeOs SRERLR M
7 [M-H 214 5151401 5151378 446  353.0862,191.0529,179.0335 CaoHzs0n4 EE T i P
8 [M—H 232 5151401 5151378  -446 3530862 191.0529,179.0335 CoHsOu Nl P
9 [MHH] 237 1270375 1270376 079 1090284 CsHeOs £ P
10 [M-H 263 3530873 3530870  -0.85 1910529 CasHi0s YR ORI P
11 [M-H 264 5151190 5151178  -233  353.0862, 191.0529 CasHzOn2 34-Z IR 2 R P
12 [MHH" 292 6933500 6933558 837  455.2434,384.166 1, 2931832 CaHsN:Os  tris(dihydrocaffeoyl) spermine P
13 [M-H] 302 1810501 1810492  -497 107.0211 CoHi004 ik % i M
14 [M-H 303 1810501 181.0507 331 107.0211 CeH1004 4RRE-3FEIR R M
15 [MHHF 308 6913554 6913607 767  455.2434,384.1661 CuHaN:Ou  Glu-kukoamine P
16 [M—H 314 5151401 5151378 446 3530862, 1910529 CoHa2e014 EE ST it P
17 [MHHF 332 7963504  796.3577 9.17  634.2095,384.1661 CoHsaNaOss — No-MIERE-Na-— SMMERE- K He-— P
o
18 [M—H 333 7963504 7963562 728  634.3038,472.2430 CaHesNsO1s  Iycibarbarspermiding M P
19 [M—H] 347 3530869 3530870  -0.85  191.0554,179.0319,135.046 4 CisH1509 FRRR P. M
20 [MHHF 349 7933661 798.3658 038  636.3120,474.2612 CaHssNsOis  NoNs-his-dhc-spermiding-di-hexose P
20 [MHHT 350 3551029 3551012 -479  193.0487,163.0410,133.0278 CisH1509 REET P
22 [MHHF 371 6363132 6363120  -1.89  474.2612,384.166 1, 2221156 CaHsNaOn NN ZH WIHEBE TR RE OB/ P
lycibarbarspermidine J
23 [M—HI 371 1910556 1910544  -628  173.0435, 111,006 4 CiH1z06 EE M
24 [M—H] 377 3530869 3530870  -0.85  191.0554,179.0319,135.046 4 CisH1509 SRR P. M
% [MEH 379 7963504 7963477 339  634.2995,472.2490,382.1505 CaHeaNgO1s MRS (SRS TR - P
o
% [M—H 38 1790344 1790329  -838  163.0384,135.0430,119.0519 CoHe0s MR P. M
21 [M-H] 388 6322819 6322774 -7.12 4702337 CaHesN:Ou  Iycibarbarspermiding B P
28 [MHH 391 6342076 6342996 315 472.2490,222.1156 CaHiaNOu N Z SRR N BT ARG OB P
29 [M-H 397 1810501 1810499  -1.10  163.0384,137.0430 CoH1004 SR M
30 [M-H] 402 6322819 632.2874 870 470.2337,334.1813 Ca1HasN3O11 lycibarbarspermidine B isomer P
31 [M—H] 412 4871452 487.1406 944  325.0892 163038 4 CaHs01 W& F-2-0p-D-H K f-o-D-E % P
HH
32 [M-H 416 3530869 3530870 085 191.0554,179.0319,135.046 4 CisH160s FaE R P. M
33 [MHH] 425 4742604 4742612 169 2221156 CoHaNaOs  NoNoo- - SUIMMERE T KE P
% [MHH 451 4722448 4722490 889 220.0980,163.0397 CosHaaNaOs  No-MIHERE-No- —SMMERE T R P
35 [M—H] 499  337.0023  337.0929 178 1910529 CasHis0s HFUMETR P
3% [M-H 502 1630395 1630384 675 119.0488 CeHg03 4R EWER P
37 [M—H 509 1630395 1630384  -675 119.0488 CeHeOs SRENRR P
38 [MHH 514 4702291  470.2316 532 2200980, 163.039 7 CasHaiN3Os N1, N~ Z DI T 6 P
39 [M—H 532 2830606 2830607 035 239.0831,195.0033 CisHi20s melanettin P
40 [M-H 538 3671029 3671001  -7.63 193.0496,1630384 CiHx00s PIARE S TR P
4 [M-H 568 1650552 1650567  9.00 1210683 CoHi00s FHAHERFR M
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F1(8)
. o ERE T BE BRET
G5 BT ta/min ) My (X0 ) AR o 1]
4 [M-H 568 1470446 147.0455 612 1350448 CaHs02 W M
43 [MHHF 573 1930487  193.0509 9.04 1630410, 133.0278 CuHsOs  REENE P, M
4 [MHH]" 589 1630395 1630397 123  135.0453,119.0481 CHi0s  3BEFTZ P
45 [MFH]T 593 1950657 1950665 4.0 180.0427,1510720,136.047 6 CoHuwOs  FTEERG P, M
46 [M-H 609 1950657 1950653  -2.05 1510388, 136.0521 CoHiQ:  ~SMHR M
47 [M-H 613 3671029 3671001  -7.63  191.0529,134.006 4 CoHuOs  HELFR M
48 [M-H] 659 5951299 5051295 148 471.1335,300.0307 CosHsOrs  MhHHE-3-0-4-D-F-9LHE-p-D- P P
49 [M-H" 686 600.1456 6091465  -0.67  463.0884,300.0370 CaHaOs 1 P
5 [M—H] 700 4630877 4630870  -151 3010374 2710222, 2550287 CaHuOrz &4k P
51 [M—H] 706 4630877 4630870  -151 301.0374,271.0222, 2550287 CaHuOrz  RHHH P, M
5 [MHHl 740 1470446 1470457 748 1190480 CH:0:  FTE P
5 [M-HI 770 4470927 447.0015  -2.68 285.0351,227.0349 CaHaOn  RRFH P
5 [M—H] 788 6231612 6231630 289  463.0884,301.0370 CaHaOs  HEST M
55  [M-H 790 621612 623.1621 144 3150522,300.030 7 CaHaOrs  FRAH-3-0-ZA M P
5% [MHHl 795 3170661 3170638 725  303.0259,257.0298 CoHOr  HE#HE P
57 [M—=HI 803 4771033 4771008 524 3150522 2710237 CoHuOn 5 W%H-3-0-MH 3B P
5 [M—H] 803 4771033 4771008 524  300.0259,255.0298 CoHzOn  FAESHAMH M
5  [M—HI 805 4771033 4771008  -524 3150455271029 CoHuOr  RRAF-3-0-F 4 P
60 [M—HI 807 4470927 447.0015  -2.68 285.0351,227.0349 CaHaOn  EZYeH P
61 [M—H 811 4470927 4470015  -268 300.0307,271.0281, 255029 8 CaHaOn  HlE P
62 [M—H] 836 1870970 1870971 053 1250959 CHiQs TR P
63 [MHH]* 904 2010869 2910877 275 2131272 CoHuls  FIEE P
64 [M—H] 997 2600926 2690929 111 2251031,156.0842 CisHaN203  6-(6-cyano-1H-indol-3-y1)-6-oxohexanoic acid P
65 [M—H] 1009 4991240 4991195  -9.02  269.0938,173.0438 CosHaOr  4-MIPERR-5-% G TR P
66 [M—H 1012 2530501 2530514 514 2251034 1510066 CoHuO:  FERERENTY M
67 [M—H 1040 2690926  269.0929 111 1560842 CisHuNOs  H& T P
68 [M—H 1086 3010348 3010329  -631 1510042 CsHuOr  HEE P. M
69 [M—H] 1136 6812031 6812028 044 6231373,323.0771 CaH0rr  3-demethoxy-O-c-hydroxyl piperitol-0- P
diglucoside
70 [M—H] 1161 2710606 2710624 664 2251034 1510045 CoHu0s  “EF%E M
71 [M-H] 1163 6631925 6631968 648 3600977 CaHsOs ~ HEZTHA P
72 [M—H] 1166 7133506 7133509 042 2850443 CxHeeOr  cuscutic acid A3 P
73 [M—H] 1210 2690450 2690457 260 2251034 151.0045 CoHuOs  frE&" PoM
W [M-H] 1232 37271 3272203 978 2291431,211.1316 CiHaOs  =HE+ MR P
75 [M—HI 1245 2850399  285.0403 140 225.1034,151.0045 CsHiOs & P M
7% [M—H] 1268 3150505 3150512 222 3000309, 271027 9,227.0345 CuHuOr  RREZ P. M
7 M-HI 1313 3202328 3292300 -850 229.1431,211.1316 CuHuOs  =FRB \BRIGR P
78 [M—H] 1341 8434226 8434248 261 697.3661,243.1985, 163,060 7 CyHesOn  cuscutic acid C P
79 [M—H] 1348 6973647 6973661 201  2431974,163.0617 CxHegOss  cuscutic acid A2 P
80 [M—H]" 2346 2952273 2952267  -2.03 277.2188,255.2320 CisH0s  hydroxyoctadece dienoic acid P
81 [M—H] 2879 2772168 2772158  -361  233.2231,123.0097 CHa0: TR P
8 [M—H] 2083 2792324 2792336 430 2530996 CuHn0: T P
8 [M—H 3079 2552324 2552305  -7.44 1650545, 137.0235 CuHnO2  H5HAR P
8 [M—H] 3089 2812481 2812502 747 2552322 CiHa0; IR P
8 [M—H]" 3195 2832637 2832617  -7.06 281.2481,255.320 CiHaO: TR P

PRI SR IRAIE; P OMRZL Ry, M ORI

#Verified by reference standards; P-prototype components; M-metabolites.
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Fig.2 Sample base peak chromatograms of normal group (containing gut microbiota, A) and control group (gut microbiota

inactivated, B)
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Fig. 3 MS? diagram of hyperoside and speculated cleavage rule
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HIEPEIE S R AE RDA SR . il 55t e
XTEG, ZALE VIR BB TR . TSR S S
R —8, Wb EY 51 5% N A
&) 54 (tr=7.88min) , Lk 7B 7% m/z
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B 5 & A4 RDA 24410 . 38 55T IR s L,
AL SR BRI IA] . R R S R T —
L WA 61 K A
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WA 75 il 250
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315.051 2 [M—H] ", #EBH 708 CisH1207, H
T4 H BSF miz 300.030 9 [M—H—CH;—H] 5243 755 F
FER A CHs ATH A1), B BT miz 271.027 9.
m/z227.034 5 /24> T & 1255 1 4> CH; f§ 42 RDA
Zr e, R SRS T, 1z SR R
W) SR S R R R, IS
76 HF AR

FETORAE R MR T, R AE KR
SN A s 5 s D R AR R AN R N A
FM R, R AR KR SN AR O 2R kR
A B BEAL S N AE R 3 G 2 Bk, R AE KR R N A
FSCAEH R 2R 5 S T B R e A K AR S A S
s FRER ARSI i 2=, M R R AR
HHEAb S AR BT SRR3R s iR R R AR KA I I A ik
W2y, 1LZSmy R A RSN SN A B B 25 1L 23
RATKIGIRN AT R, TR KRR A
Bl R R KRR N AR BT SRR Z R R
P, RAERIFEINER N AR SRR RRE
PRI R AL KA S AE ORI IR AR, R AEIK
R SONE R AL Y, 4-F2 35 -3- AR R 2R, 4-5
F-3-HUEEHIR AR A KRS A | 3-FR R TR
FTRATKARIR N R 2 e R AR R A IR AT A= i
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Fig. 4 Metabolic pathway of flavonoids in SC-FL in intestinal flora of POI rats
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Fig. 5 MS? diagram of chlorogenic acid and speculated cleavage rule
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Fig. 6 Metabolic pathway of phenolic acids in SC-FL in intestinal flora of POI rats
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