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Investigation and predictive analysis on Q-marker of Ziziphi Spinosae Semen
based on human intestinal microbiota transformation
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Abstract: Objective The aim of this work was to investigate the quality markers (Q-markers) of Ziziphi Spinosae Semen (ZSS) based
on biotransformation by human intestinal microbiota. Methods In this study, in vitro biotransformation of ZSS aqueous extract by
normal human intestinal microbiota was analyzed using UPLC-Q-Orbitrap-MS. Furthermore, the time course of the biotransformation
was studied to probe into the biotransformation mechanism of compounds in ZSS by human intestinal flora. The change rules of
flavonoids, saponins and alkaloids in the incubation solution at different time points were plotted based on the percentage of peak area
of compounds. Results A total of 31 original ingredients and four metabolites were characterized in transformed ZSS aqueous extract
by human intestinal microbiota. No obvious degradation was observed for benzylisoquinoline alkaloids within 24 h. As far as flavones
concerned, a wide range of metabolic reactions as well as significant reaction were shown. Meanwhile, these flavonoids were
completely degraded during 24 h. In addition, both jujuboside A and jujuboside B were metabolized to their saponins by deglycosylation
reactions. Thus, coclaurine, zizyphusine, kaempferol-3-O-rutinoside, spinosin, vicenin II, jujuboside A, and jujuboside B were referred as
prospective Q-markers. Conclusion The results indicated that the chemical compounds in ZSS were obviously affected by
transformation. Intestinal transformation studies play an important role for the elucidation of therapeutic material basis of ZSS and it
should be taken into account during the process of the investigation of Q-marker.
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# 1 UPLC-Q-Orbitrap-MS R EERF(KIZIMI R EMERFZCIPUERS
Table 1 Identification of chemical constituents in a Ziziphi Spinosae Semen (ZSS) extract and metabolites in fermented ZSS by
UPLC-Q-Orbitrap-MS

4% mimin LA WEA OBERT  ome (ﬁi) FHHT
Al 854 KEFHHH (magnocurarine) CioHuNOs*  [M]* 314.1745 -1.719 269.117 0, 237.091 0, 209.095 6,
175.075 0, 151.075 0, 107.049 4
A2 972 54" (coclaurine) Ci7HisNOs  [M+H]"  286.1438 0315 269.117 3,254.093 8,237.091 0, 209.096
1,175.075 5, 143.049 3, 107.049 6
FI 1012 4E%7" (viceninID CyH301s  [M—H]”  593.1518 2973 503.120 4, 473.109 9, 383.077 9,
353.067 8, 325.072 5, 297.077 0
A3 1035 FAZEHE (zizyphusine) C2oHuNOs*  [M]* 3421694 —1.709 297.111 6, 282.088 1, 265.085 3,
219.080 1, 166.077 1,91.978 8, 58.066 0
F2 1238 6"-[4""-(O-FE]-FEHB KR CaoHisOn  [M—H]” 9192526 2563 757.200 1, 607.163 7, 427.103 8,
(6""-[4""-(O-glu)]-vanilloyl-spinosin) 307.060 7, 292.038 2, 209.045 0
F3 1289 6"-[4"'-(O-FEHH]-HEEXFBY CaHuOn [M—H]” 8892429 2915 727.189 2, 427.103 6, 307.061 5,
iR (6"-[4"-(0-glu)]-p- 292.0372
hydroxybenzoyl-spinosin)
F4 1293 RAHIE 2"-O-B-H & CyH301is  [M+H]"  595.1644 —2212 433.1121,415.1014,397.091 0,367.081 1,
(isovitexin-2"-O-B-glucoside ) 337.069 9,313.070 1,283.059 5
F5  13.52 %17 B (camelliaside B) CaoHs019  [M—H]” 7251942 2.641 674.530 1, 285.038 6, 284.032 8,
255.029 9, 227.034 9
A4 13.85 WIBEE (caaverine) CHNO:  [M+H]Y  268.1328 —1.474 251.106 3, 236.082 4, 219.080 2,
191.085 3
F6 1395 % (isospinosin) CsHnO1s  [M—H]”  607.1673  2.657 487.124 1, 427.103 6, 325.071 3,
307.061 6, 292.038 2, 281.046 2
F7 1410 #HE" (vitexin) CaHu010  [M+H]"  433.1117 2778 415100 5, 397.091 1, 367.079 1,
337.069 2, 313.069 7, 283.058 7
F8 1415 Hiif&" (spinosin) CsHnO1s  [M—H]”  607.1680  3.761 427.102 8, 325.070 8, 307.060 9,
297.040 2, 292.038 0
F9 1443 FHHIE" (sovitexin) CaHu010  [M+H]"  433.1124  -2.018 415.101 6, 397.091 9, 367.081 4,
337.070 4, 313.070 5, 283.059 9
FI0 15.01 HZjHE" (swertisin) CoHnO1  [M—H] 4451144 2243 325.073 4,297.040 6, 282.053 8
FIl  15.68 RHAEE (isoswertisin) (M1) CoH2010  [M—H]” 4451141 2.666 325.072 0, 314.043 9, 297.040 5,
282.053 1,269.047 3
F12 1602 6"-FHEEHEHE (6"-vanilloyl-  CieHis01s  [M—H]"  757.1996 2918 427.104 0, 325.070 0, 307.061 4,
spinosin) 292.037 8,209.044 6
F13  16.16 W&B-3-0-=F " CyH301is  [M—H]"  593.1519 2251 285.0402,255.029 7,227.034 4
(kaempferol-3-O-rutinoside)
F14 1637 6"-WF2RHoK F 0 v & C3sHOr  [M—H]”  727.1902  4.640 427.103 0, 325.072 9, 307.060 9,
(6'"-p-hydroxybenzoyl-spinosin) 292.0377,239.055 4
FI5 16.66 SHMER-2"-0-(6-FIFLEL)-MAMEH  CaHsO1s  [M—H]™  769.1993 2469 3593.151 0, 413.088 0, 293.045 6,
[isovitexin-2"-O-(6-feruloyl)-glucoside)] 235.061 4
Fl6 1739 6"-ZRAEMEEIER (6'- CsHs2010  [M—H]™ 8713037  2.140 607.170 4, 427.103 8, 325.070 1,
dihydrophaseoyl-spinosin) 307.060 9, 292.037
F17 1741 6" % FEEMZER (6"”-sinapoyl-  CasHuO1  [M—H]™ 8132262 2485 427.103 4, 307.060 8, 297.039 6,
spinosin) 292.037 8,265.071 9
F18 1770 6"-X&EMELIER (6"-p- CyH;s017  [M—H]™ 7532045 2661 607.162 8, 427.103 5, 325.070 7,

coumaroyl-spinosin)

307.060 6,292.038 4, 265.071 0
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M5 tr/min wED =S, EEET m/z (X10°) BHET

F19 17.90 6"-BiZRREHT R ik &" CasHaO1s  [M—H] 7832152 2.082 607.166 7, 427.102 8, 325.071 9,

(6'"'-feruloyl-spinosin) 292.037 9, 235.060 7

F20 24.65 % (naringenin) (M2) CisHOs  [M—H]J 2710611 4.021 151.002 4, 119.048 7, 107.012 3,
93.032 8

F21 2492 A3E" (apigenin) (M3) CisHi00s  [M—H] 269.0457 1270 225.0548,151.0022, 117.033 0

F22 2508 IZH" (kaempferol) (M4) CisHi00s  [M—H] 285.0405 4.194 —

SI 2523 ME{EH A” (jujuboside A) CssHosO2 [M+COOH]™ 1251.598 1 —1.836 1 205.593 9, 1073.551 0, 911.499 1,
749.447 0, 603.386 3

S2 2532 MAA{EH Ar (jujuboside A CssHosO26 [M+COOH]™ 1251.6029 1975 —

S3 2550 MRA{EF B (jujuboside B) Cs:Hs4021  [M+COOH]™ 1089.5460 —1.464 1 043.540 5, 911.499 3, 749.447 1,
603.387 8, 161.043 7, 101.022 4

S4 2559 ME{EH B (jujuboside Bi) Cs2Hgs021  [M+COOH]™ 1089.5505 2.685 —

S5 2576 LA 2H B (acetyljujuboside B) Cs4HssO22 [M-+COOH]™ 1131.5571 0928 —

S6  26.81 FEYMAKEE" (ceanothic acid) C30HaOs  [M—H] 4853275 2.800 423.3268,240.938 8,91.980 0

S7 2737 FZLTFE (alphitolic acid) C30HasOs  [M—H] 4713479 2341 —

S8 27.65 KFEMAM (epiceanothic acid) C30H460s [M—H] 4853275 2.800 440.9304,423.3274

S9  28.65 HHEEEL" (betulinic acid) C3Hs03  [M—H] 4553533 2983 —

Hxtim o fil, A4 F-Ei S-2 i MR

“Confirmed with reference compounds, A-alkaloids F-flavones S-saponins M-metabolites
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Fig. 1 Percentage of peak area of compounds in fermented ZSS extract by human intestinal microflora at different time

points (n =2)
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Fig. 2 MS/MS spectra of jujuboside A (A) and spinosin (B)

in ZSS in negtive mode
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WP (M1, M2, M3. M4).
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L 2% B -3-O- 2 F 5 0 R L 253 1y 3 3o 5 ) FE O Bl
TS E, WE L. EREFEN, AW FS e
A m/z 725 IM—H] 7 FES T, FH0I724 m/z 285
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WA 1-C fioR, 1451 B Al 1 20 7oAk A sl
AW -3-0- A HEL, 1110 23 -3-0- 2= B W T 4k 4k
P b 2 F i AR L 25y (M4). #£ 24 h Y, IS
B L ZWy-3-0-Z F T 2 MEH e L. £4h
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TEPERSY o AR AN SRR 7 Ao RS, By
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Fig. 3 Proposed metabolic pathway of compounds in fermented ZSS extract by human intestinal microflora
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