- 1148 - 2424 244)  Acta Pharmaceutica Sinica 2018, 53 (7): 1148 -1155

BIKGARETIEFTRARME .. BB+, KRi&M
HEEFRBESYHNEE

FHEFEL E B gikmY, kEES ExHY TEE Y
kIR EMES H KRS BaeK 2

(MEPEARE L ILAEFFIEBEART A E SR E, 2. TLHE P2 R Ak #2  [H
BTG, 30 AR IEFAL S 7 AR 2 E R T A TR A D, LR B 210023;
4 TLHRGZN B AR AR, LA &l 222001)

THE: B FAEE T S RE K R A A AR = o SR i 1 OB €3 — 2 1 1 I R o s T
B 777 (UHPLC-LTQ-Orbitrap-MS) X Kk B 2 ik v i #4848 T f5 g . AR FREAN IS EAT 04, B ol
GHIEIE (MDF) HARMAT HEFH . HEFER. WA D81 SRBAH Yo e, #0H X R #
W FEHEMA. WK, EHEHE. K. 38, PRERE S ME OH 2 BRRES 5% 14 MU, 2R
SPHRRBK S FFIR. SRR E RS 555 9 MR, Wb DTk, ZHREE. RELHZ
A 6 MR, GRBRIR . K. W, ZBb. ERREEE R BRSE A A H kS 5% 12 MR
PR N SRV A T SRR N R, 1 A LT AR T R R AR AR

KERIE: B TEMR, BB, PR, WAL DT, SRR, R

hE %S RI17 HKFRIRED: A Y E S 0513-4870 (2018) 07-1148-08

| dentification of metabolites of Reduning injection in rat plasma, bile,
urine and feces after intravenous administration

WANG Chun-xue', WANG Ling?, QIAN Da-wei*’, ZHANG Huang-qin’, HUANG Wen-zhe",
WANG Tuan-jie’, ZHU Zhen-hua?, SU Shu-lan®, GUO Sheng®, DUAN Jin-a0”

(1. Jiangsu Key Laboratory for High Technology Research of TCM Formulae, 2. Jiangsu Collabor ative Innovation Center of
Chinese Medicinal Resources Industrialization, 3. National and Local Collaborative Engineering Center of Chinese Medicinal
Resources Industrialization and Formulae Innovative Medicine, Nanjing University of Chinese Medicine, Nanjing 210023, China;
4, Kanion Pharmaceutical Co., Ltd., Lianyungang 222001, China)

Abstract: This study was designed to determine the metabolites of Renduining injection in rats. The
ultra-high performance liquid chromatography-LTQ Orbitrap mass spectrometric (UHPLC-LTQ-Orbitrap-MS)
and mass defect filter techniques were applied to analyze the metabolites of Reduning injection in rat plasma,
bile, urine and feces. As aresult, we determined 14 metabolites of geniposide, including oxidation, dehydration,
hydroxymethylene loss, hydrolysis, ring-opened, cysteine conjugation and glucuronidation conjugation of aglycone;
9 metabolites of geniposidic acid, consisting of dehydration, ring-opened, double-bond reduction and cysteine
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conjugation; 6 metabolites of secoxylogain including hydrolysis, hydroxymethylene loss, hydroxylation and
ethylation; 12 metabolites of chlorogenic acid, containing decarboxylation, hydrolysis, methylation, acetylation,

cysteinylglycine conjugation and glutathione conjugation.

Reduning in vivo.

It provided information for the therapeutic effect of

K ey words: Reduning injection; geniposide; geniposidic acid; secoxylogain; chlorogenic acid; metabolite
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Tablel Metabolitesof geniposide in rats after Reduning injection.  GlucA: Glucuronic acid; Cys: Cysteine
No. W lon Formula mz Error MS/MS fragment ion Identification/ Source
min form Theoretical Experimental  /PPM reaction
AO 1314 [M+Na® Ci7/HxONa 4111261 4111248 —-3.2 249.072 8 [M+H—CgH100s]" Geniposide, parent Plasma, bile,
231.062 1 [M+Na—CgH1005—H,0] " urine
Al 9.03 [M+Na* CyH»OuNa 4251054 425.1075 49 249.072 8 [M+H-CgHgOq]* Glucuronidation of Plasma, bile,
231.0625 [M+Na—C5H305—H20]+ AO urine
199.021 7 [GlucA—H,O+Na]*
A2 1397 [M+Na* Ci7Hx4OuNa 4271211 4271207 -0.9 233.078 9 [M+Na—CgHgOs—H-0]" Ring-opened of A1 Plasma
A3-1 1371 [M+H]" CieHasOs 3451544 3451537  —20 169.121 8 [M+H-CsHgOg]" Cleavageand dihy-  Bile, feces
151.111 3 [M+H—-C¢HgOs—H0]* droxylation of A2
A3-2 1401 [M+H]" CieHasOs 3451544 3451536  —23 169.1218[M+H-CeHgOq]* Cleavageand dihy-  Bile, feces
151.111 3 [M+H—-C¢HgOs—H0]* droxylation of A2
A4-1 9,57 [M ‘|‘H]+ CoH30NO;3S 492,153 4 492,152 0 -2.8 330.1004 [M+H _C6H1005]+ Cys Conj ugetl on of Plasma, bile,
312.090 0 [M+H—-CgH100s—H,0] " A0 urine
A4-2 1335 [M+H]" CxHxNOuS 4921534 492,152 3 —2.2  330.100 4 [M+H—CgH100s]" Cys conjugation of Plasma, bile,
312.0900 [M+H —C5H1005—H20]+ AO urine
A5 1350 [M+Na® CpHxONa 3811156 3811144  -31 219.0650 [M+Na-CeH1005" Hydroxymethylene  Plasma, bile
201.052 1 [M+Na—C5H1005—H20]+ loss of AO
A6 1050 [M+H]" CpHis0s 227.0914 227.0909 —22  213.076 2[M+H-CH,]* Genipin Plasma,
209.080 5 [M+H-H,0]" urine
191.070 3 [M+H-2H,0]"
A7 9.13 [M+H]" CyoH130s 213.0758 2130751 -3.3 195.0653[M+H-H,0]" Hydrolysis of A6 Plasma,
185.080 8 [M+H—-CO]" urine, feces
151.075 2 [M+H-H,0-CO,]*
A8 1395 [M+H]" CpHi30s 2250758 2250752 —2.7 207.0651[M+H-H,0]" Oxidation of A6 Plasma, bile,
195.059 4 [M+H—OCH,]* feces
151.075 5 [M+H-OCH,—CO,]*
A9-1 1235 [M+H]* CuHiOs 209.0808  209.0804  -19 191.0705[M+H-H,O]" Dehydration of A6 Plasma, bile,
177.054 3 [M+H—CH>—H,0]* urine, feces
A92 1309 [M+H]* CuHiOs 209.0808  209.0802 —29 181.0858[M+H-CO]" Dehydration of A6 Plasma, bile,
177.054 5 [M+H-CH,—H,0]" urine, feces
A10 1194 [M+H]" CioHi30s 197.0808  197.0802  —30 179.0703[M+H-H.O]" Hydroxymethylene  Plasma, bile
169.085 8 [M+H—-COJ" lossof A6
151.075 3 [M+H-CO-H,0]"
A1l 211 [M+H]" CioHisOs 2150014 2150907 33 197.0808[M+H-H.O]" Ring-opened of A7 Plasma,
169.085 9 [M+H—-H,0-COJ* urine
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Table 2 Metabolites of geniposidic acid in rats after Reduning injection.

A7,A5,A3-1,A3-2, Allinthetable 1

The metabolite B5, B6, B7-1, B7-2 and B8 are same with

tr lon mz Error

Identification/

No. /min form Formula Theoretical Experimental /opm MS/MS fragment ion reaction Source
BO 938 [M+Na® CpHnpOppNa 3971105 397.1090 —38 235.0526 [M+Na—CeH100s]" Geniposidic acid,  Plasma,
217.047 1 [M+Na—C5H1005—H20]+ parmt b“e, urine
Bl 1053 [M+H]" CiHxsNOuS 4781378 4781361 -36 316.076 4 [M+H—-CeH1Os]" Cysconjugation  Plasma,
298.074 4 [M+H—CgH1005—H,0]* of BO urine
280.063 5 [M+H—CgH1005-2H,0]*
B2 1548 [M+H]" CigHxOn 421.1704 421.168 8 -38  375.1256 [M+H-CoHs~H.0]" Hydroxylationand Plasma
213.0757 [M+H—C5H1005—C2H4—H20]+ ethyl ation of BO
B3 1036 [M+H]" CieHx:010 3771442 3771440 -05 331.1385[M+H-CO;" Double-bond Plasma,
215.091 4 [M+H—CgH100s]" reduction of BO bile, urine,
197.080 8 [M+H—CgH1005—H20]* feces
B4 1384 [M+H]" CieHxO; 3311751 3311741 -30 313.1526 [M+H-HO]* Ring-openedand  Plasma
169.122 3 [M+H—CgH1¢0s]" cleavage of BO
Table3 Metabolites of secoxylogain in rats after Reduning injection
No. th lon Formula mz Exror MS/MS fragment ion Identlfl(?atlon/ Source
[min form Theoretical Experimental  /PPM reaction
co 1398 [M+H]' CyHxOn 4051391 4051386  —1.2 391.119 2 [M+H-CHg]* Secoxylogain, Plasma,
373.121 6 [M+H—-CH—H,0]" parent bile, urine
243.085 4 [M+H—CgH100s]
C1 10.34 [M+H]* CpHis0s 243.086 3 243.085 5 -3.3 225.076 7 [M+H-H,0]" Glucoside removal Plasma,
207.065 2 [M+H—2H,0]* of CO urine
Cc2 12.26 [M+H]* CypoH130s 229.0707 229.069 9 -35 211.060 1 [M+H-H,0]* Hydrolysis of C1 Plasma,
201.074 8 [M+H-CO]* bile
C3-1 1151 [M+H]" CyHzO:, 4511810  451.1823 2.9 243.086 0 [M+H—-CgH100s—H,0-CO]"  Hydroxylation and Bile
225.112 3 [M+H-CgH1005—2H,0-CO]"  ethylation of CO
C3-2 1411 [M+H]* CyoH301, 451.1810 451.181 3 0.7 243.086 0 [M+H-CsH100s—H,0-CO]*  Hydroxylation and Bile
225.112 3 [M+H—-CgH1005—2H,0-CO]"  ethylation of CO
Cc4 12.18 [M+H]* CieH2011 391.1235 391.124 2 1.8 373.112 6 [M+H-H,O]" Hydrolysis of CO Plasma,
bile, urine
C5 1250 [M+H]® CieH2010 375.128 6 375.1275 -29 357.113 8 [M+H-H,0]" Hydroxymethylene Plasma,
347.133 1 [M+H-COJ" loss of CO bile, urine

195.065 2 [M+H—CgH1005-H,0]*
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Table4 Metabolites of chlorogenic acid in rats after Reduning injection. Cys-Gly: Cysteinylglycine; GSH: Glutathione
No. W lon Formula m'z Error MS/MS fragment ion ldentification/ ) e
/min  form Theoretical Experimental /PPm reaction
DO 12.28 [M+H]" CisH1909 355.1024  355.101 6 —2.3  181.049 2 [M+H—C7H100s]" Chlorogenic acid Plasma,
163.038 4 [M+H—C7H1005—H20]+ urine
149.022 8 [M+H—-C7H1005~CHy~H,0]*
D1-1 1254 [M+H]" Ci7Hxn0g 369.1180 369.1169 3.0 351.107 0[M+H-H,O]" Methylation of DO Plasma,
195.065 1 [M"’H—C7H1005]+ urine,
177.054 2 [M+H-C7H1005—H20]" feces
D1-2 14.00 [M+H]" Ci7Hxn0g 369.1180 369.1170 —2.7 351.107 0[M+H-H,O]" Methylation of DO Plasma,
305.095 8 [M+H—-CO-2H,0]* urine,
177.054 2 [M+H-C;7H1005—H20]" feces
D1-3 14.33 [M+H]" Ci7H209 369.1180 369.1168 3.3 351.107 0[M+H-H.O]" Methylation of DO Plasma,
195.065 1 [M"’H—C7H1005]+ urine,
177.054 2 [M+H-C7H1005—H20]" feces
D2 1312 [M+H]" CyoH1;104 195.0645 1950639  -3.1 163.039 0 [M+H—-CHy—H,0]" Hydrolysis and Plasma,
153.054 6 [M+H—CH,—CO]" methylation of DO urine,
feces
D3 3.34 [M+H]" CgH1104 183.0652 183.0648 -2.2 165.054 6 [M+H-H,0]" Hydrolysis and Plasma,
137.059 2 [M+H-H,0-CO]* double-bond bile
reduction of DO
D4 853 [M+H]" CisH107 3111125 3111120 -1.6 183.0650[M+H—-CsHgOs]" Decarboxylation Plasma,
165.054 4 [M+H—CgHgO3—H,0]" of DO urine
D5 1250 [M+H]" CigH21010 397.1129 397.1119 -2.5 379.102 4 [M+H-H,0]* Acetylation of DO Plasma
353.086 7 [M+H—-HCOCH3]*
D6-1 830 [M+H]" CpHuN,0,S 547.1592 5471575  —3.1 369.118 0 [M+H-Cys-Gly]* Methylation and Bile
351.106 9 [M+H—Cys-Gly—H,0]" Cys-Gly conjugation
179.047 9 [M+H—C17H2009]+ of DO
D6-2 943 [M+H]" CpHuN,0,S 547.1592 5471577  —2.7 369.118 0 [M+H-Cys-Gly]* Methylation and Bile
177.054 6 [M+H—Cys-Gly—C;H100s—H,0]" Cys-Gly conjugation
of DO
D7-1 936 [M+H]" CxHzsN3O1sS 676.201 8 676.200 3 —-2.2  369.117 8 [M+H—-GSH]* Methylation and Bile
308.091 0 [M+H—Cy7H200q]* GSH conjugation
233.059 1 [M+H—C17H2009—C2H5N02]+ of DO
D7-2 1047 [M+H]" CxHzsN3O1sS  676.201 8 676.200 4 -2.1 369.117 8 [M+H-GSH]* Methylation and Bile
308.091 0 [M+H—Cy7H200q]* GSH conjugation
233.059 1 [M+H—C17H2009—C2H5N02]+ of DO

D8 10.85 [M+H]" CpoHN3O10S 502.1490  502.147 8 —24

308.091 1 [M+H—CyoH1004]*
233.058 5 [M+H—CyoH1004~CoHsNO,]*  of D2
195.064 0 [M+H—-GSH]*

GSH conjugation Bile
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Figure2 The possible metabolic pathways of geniposide (a); geniposidic acid (b); secoxylogain (c); chlorogenic acid (d) in rats
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