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In vivo metabolic profile of total flavonoids in Ziziphi Spinosae Semen mediated
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Abstract: Objective To compare the differences of in vivo metabolic transformation reaction of total flavonoids in Suanzaoren
(Ziziphi Spinosae Semen, ZSSF) in normal and antibiotic-treated rats and pharmacokinetic characteristic changes of spinosin in plasma
of both groups. Methods Rats were treated with antibiotics by intragastric administration, normal and antibiotic-treated rats were ig
ZSSF (120 mg/kg), then feces and plasma from different time periods were collected. UHPLC-Q-TOF-MS/MS was used to analyze
the prototype components and metabolites in feces, and baicalin was used as internal standard to establish a UPLC-MS/MS method for
the determination of spinosin in rat plasma, which was applied to the comparative study of pharmacokinetics between normal and
antibiotic-treated rats. Results A total of 24 compounds were identified from both normal and antibiotic-treated rats, including nine
prototype components (vitzenin II, spinosin, vitexin, isovitexin, swertisin, isoswertisin, kaempferol-3-O-rutinoside, 6"'-p-couma
acylspinosin, 6"'-feruloyl spinosin) and 15 metabolites. In normal rats, four metabolic reactions such as hydrogenation and
glycosylation were mainly occurred, and six metabolic reactions such as demethoxylation and dehydroxylation were occurred after
antibiotic intervention. Compared with normal group, plasma concentration of spinosin in antibiotic-treated group was significantly
decreased (P < 0.05), while peak time and half-life were significantly prolonged (P < 0.05). Conclusion Antibiotic intervention can

lead to metabolic disorder of ZSSF in rats and affect the pharmacokinetic behavior of spinosin.
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17%B; 8~10min, 17%B; 10~11 min, 17%~18%
B; 11~12min, 18%~20%B; 12~17 min, 20%~
23%B; 17~22 min, 23%~33% B; 22~25 min,

33%~100% B. AFiEN 0.3 mL/min; FEiEA
40 C; #FFEEA 2 L.
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2.1.5 16S rRNA W7 KR EFH S ER
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W (A - (B, BEEESEME: 0~8min, 5%~
17%B; 8~10min, 17%B; 10~11 min, 17%~18%
B; 11~12min, 18%~20%B; 12~14 min, 20%~
33% B; 14~17 min, 33%~100% B. {AFHiEA
0.3 mL/min; F:E A 40 C; HEFEE N2 ul.

222 JRIESM AB Triple Quad 4500 1§ A H
%5 55 U8 (ESD; HA#BACH MRM 1 & 134
JEmHFELE (IS) A—4500V; FALIRE N 550 C;
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psic BT R A2 S AR RS I ST R RE AL T 2
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*1 FREENESHHNRIESHER

Table 1 Mass spectrometry parameters of spinosin and baicalin

5% fr/min W BT (mlz) B A (mlz) EIEHRIE/NV filf 1 L /e V
Wi in & 11.31 607.0 427.0 -160 —45
ST 12.74 445.0 269.3 —-90 -36

223  fERBAIHI S DO IEE, RERRE,
o FR R Gy ) o) R T B R 1,02 mg/mL ATEE A
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pL (28 2R A R R 2R FE A 0.814 16.29,
24.43., 57.01. 65.15. 81.44 ng/mL FIBINEWIREA
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JRIERE L L SEERESS 4 CHUE 24 h Fasett K =il
THCE 4 h FasE k. LLRSD A1 RE SKIEAGFEfL AR €
£, LLOQ FEfH ) RSD. RE AEHIT 20%, 1.
B B FE S L I RSDWRE AN 15%.
22.8 FMSHEKZEFHE SD KR 10 K, &
RPERFE 7d J5, BENL NIERH (n=5) FHiAzR
H (n=5), PrERMARNRLAILEI/K. T RIS,
HAT R PAERAR “2.1.37 Wi R ks
RN, A2 ds AR A IE 0 IR ig SRR
AEFRERK . AZHRTAE T 120, EHYUK, 2 KRS
ig BRAM A EER (120 mg/kg). 200452500 4
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3500 r/min 250> 10 min, B3, EI4RME.
229 ZiEERdRAIE KA DAS 3.2.8 Hdab B
B (R EZGHEE SRR R LR RS, UAE
R (Giiis) T8 SRk IR T
(Cinax)~ IEVEIFTE] (T~ EEEW] (1) 250 -
i) 28 R TR (AUCo-0)~ T8 B ] (MRTo-)+
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Fig. 1 Number of OTUs of feces in rats from normal group

and antibiotic-treated group
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AT 1B IR JE Shigella R T 22485 v
KW & Adlercreutzia « PEHg B 11 R B 3 2 B &
Akkermansia 55 13 Fibr &2 R W& (LDA>3,
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351.086 3. 327.0867 11297.076 0. m/z177.0543 i o

- BT BT 2 25 T B R A R 1 T e v ® jmin 0oz
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A-total flavonoids of Ziziphi Spinosae Semen B-normal group C-

C-8 Mho fEIERTHAT, P ZR AR antibiotic-treated group _ carmmon compounds are highlighted in red
Ji-CsHio0s. -CO FI-H0, J=AERFULRREY m/z 337 4 BEARTRARSER S RO REETRE
313, 283, 4ERT M ALLFEENEHZI C-6 1 C-8 Fig. 4 Base peak chromatograms of total flavonoids of
KUMESS, m/z337. 325, 295 JyHAFAERE 21, Ziziphi Spinosae Semen and feces samples of rats

# 2 #TF UHPLC-Q-TOF-MS/MS HIIEBHEFE FE KRR BB =4
Table 2 Prototype and metabolites of rats in normal group and antibiotic-treated group based on UHPLC-Q-TOF-MS/MS

- . . mE = X FEEMA (=3

i win MEHT o 0 WHEF AR L% TER ( ﬁ)ﬁgﬂ

968 3951653 0.7 577.1535,359.143 6,457.112 0, 379.070 1, 337.070 1, 325.070 4,CxHaO1s ZEF T 11 7.03X1074£8.98X 107 1.05X 1075 £1.25X 107+
313.0709,295.059 5

Ml 1063 7412215 =29 609.1770,489.137 1,447.124 9, 429.116 3, 351.085 6, 327.085 7,CxsHuO19 i S i E A A fEHE L END 6.93X 1074+4.07X10™
297.074 1 HEEE

M2 1121 625.1725 =07 607.171 5, 505.131 5, 463.121 4, 445.110 0, 397.0903, 367.080 5,CasHxO16 M EZBIEM=Y  ND 9.94X 10744+697X 10
343.0783,313.070 4

M3 1192 463.1226 -2.0 445.1120,409.090 6, 367.068 8, 343.080 4, 313.070 4 CoHnOn SHEZEREU™ ND 293X 10744 1.87X107*

M4 1341 449.1444 03 431.1328,413.122 6,395.111 8, 365.101 7, 353.101 9, 329.101 6,CoHasOr0 HZEREMH  9.29X 1052 1.14X 104 ND
299.090 7,275,054 2, 245.043 7,233,043 5, 209.043 8

M5 1344 7712337 07 651.1898,609.176 3, 591.167 7, 489.139 8, 447.126 2, 429.116 2,CxeHarOm i HiE X B &I MERN  ND 110X 10752491 X 10
351.084 9,327.085 8, 297.075 1, 285.073 7, 145.050 9 4

21368 609.1823 1.4 489.139 1,447.1277,429.118 2, 351.086 3, 327.086 7, 297.076 0,CasHyO1s 7 257X 1074E3.11X 1074 3.67X 1077 £4.97X 107
285.0757

3P O1370 4331122 -16 415.1022,397.090 5,337.0709,313.070 4, 283.059 CoHaOn HHE 221X 10752262 X 1075 4.04 X 10754£7.03% 107

M6 1383 579.1696 -22 433.1121,415.0987,337.070 1,313.069 3, 301.139 9 CoH0O1s 45T T ERELHIND 1.79X104£4.97X 107

41400 4331136 15 397.090 5,367.083 5,337.071 4, 313.069 7, 283.058 6 CaiHaOro 4 E 349X 1051455X10742.09% 10704804 X 105

5 1463 4471291 11 429.1182,411.107 4, 351.086 3, 327.086 7, 297.076 0 CoHnOn B%HZE 451X 1078524 X 107690X 1076 £2.90X 107+

M7 1465 4291181 02 411.098°5,393.093 9, 375.264 3, 351.083 8, 327.104 8, 323.162 1,CoHaoOs  SZFEEMK=H 318X 1075£3.74X 102 5.15X 1075 £2.23X 1073
297.074 8,285.078 8

M8 1495 463.1232 0.7 445.1116,397.0909, 367.080 3, 343.080 0, 313.070 8 CoHnOn SHHAEN- Y ND 5.98X 10744 148X 1073
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M9 1588 449.1085 04 287.0549,145.050 1 CouHoO1 1L 2BV E S ERAL =9 ND 178X 1075+£4.70X 107

71589 5951667 1.5 449.106 6,287.054 2 CyHOis IZF-3-0-£FFF ND 9.32X107542.99X 107

MI0 16.17 7712132 0.1 6511638, 609.1779, 447.153 7, 429.117 7, 351.085 2, 327.085 2,CyiHssO1s 6B 5L Bk 5 f 1 % £ND 976X 1075+5.81X 107
297.075 8, 163.038 6 )
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MI1 1855 447.1293 09 411.2847,343.0915,327.0817,297.068 9, 285.074 7, 207.024 4 CoHuOro FE46 ZHEBHA= 1.67X 107446.11X 107 ND
MI2 1899 8032385 1.0 683.2111,429.1182,351.0855,327.085 6, 195.064 6 CssHeO19 6Bl BB A7 5 1 %K 1.00X 107 £8.77X 105 ND
B
MI3 1890 4331328 -2.0 415.1389,397.125 3, 337.118 5,327.112 5, 311.106 0, 301.107 2,CoHn0p LZHELRERY 114X 1074E3.73X 107 ND
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MI52237 4151389 03 397.3148,355.1152, 327.088 7, 323.082 4, 279.209 9, 263.066 4, CrHnOs 42 EEHEMN W ND 193X 1074£6.60X 1072
235.1160

IR L e s ND veRiEEl; SiEEAlE: "P<0.05 "P<0.01

2 determined by comparison with standard, ND is not detected; “P < 0.05 **P <0.01 vs normal group
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Fig. 5 Elucidations for metabolic pathways of total flavonoids of Ziziphi Spinosae Semen in feces of antibiotic-treated rats
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Fig. 6 Extracted ion current (EIC) chromatograms of 11 metabolites in feces from antibiotic-treated rats
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Fig. 7 Representative MRM chromatograms of spinosin and baicalin
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Table 3 Intra-batch and inter-batches accuracy of spinosin

TN — A 0 =5) S LI )
(gmL) PR rspme dmin REMe PRI RSDMG R RE%
(ng'mL™) (ng'mL™)
0.41 0.39 8.09 —4.50 0.38 9.41 —6.42
0.81 0.90 13.30 10.96 0.93 10.31 14.81
57.01 58.46 7.22 2.54 58.79 7.19 3.12
65.15 69.65 6.04 6.91 67.86 5.50 4.16
® 4 HRERNERMNARREE
Table 4 Matrix effects and extraction recovery of spinosin

R/ (ng'mL™") LR AU Y% RN RSD/% FEEWCR/ Y% P EE RSD/%

0.41 96.80+16.41 16.96 89.291+6.06 6.78

0.81 90.1514.07 4.52 78.08£3.69 4.72

57.01 107.97£4.82 5.20 91.6915.24 5.71

65.15 104.63+7.73 8.08 73.82+3.34 4.52
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Table 5 Stability of spinosin under different storage conditions
JREWE/ 80 CRE G —80 ‘CHRFF 20d FiE 4 h BEFE S TXE 24 h i HE 4 h
(ngmL™")  RSD/% RE/% RSD/% RE/% RSD/% RE/% RSD/% RE/% RSD/% RE/%
0.41 14.91 1.71 12.89 14.64 10.38 2.19 10.11 -10.69 13.91 2.61
0.81 4.15 5.12 5.49 6.01 6.74 3.13 2.96 4.04 10.19 —-8.03
57.01 1.21 —6.45 4.77 -1.38 4.28 —3.58 0.97 1.12 4.24 7.87
65.15 347 12.99 8.16 1.12 7.74 12.04 4.73 3.82 6.58 —-1.05

RSD 5 RE #J/NT 20%, 3R W7 5 i = A A
FEAR TR RS AT & A IFEAR 73 BT B3R
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Fig. 8 Curves of spinosin after ig total flavonoids of Ziziphi

Spinosae Semen in normal and antibiotic-treated rats
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Table 6 Pharmacokinetic parameters of spinosin

2% L IEHA ERA

Cuax  ng'mL™! 40.73110.62 25.2746.89"
Tax h 145+1.43 5.0042.88"

i h 2.78+1.03 8.73+7.87
AUCo- ngh™''mL™! 167.53+57.99 142.64+46.40
AUCo-» ngh™'mL™! 192.29+70.13 168.80154.85
MRTo-+ h 3.824041 520122
MRTo-» h 5.1541.03 6.75+1.80
CL/F  Lh'lkg! 12972879430 750.13 191 003.77464 276.76

HIEFHLILE: "P<0.05
“P < 0.05 vs normal group
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