Zj27 244 Acta Pharmaceutica Sinica 2010, 45 (6): 761-766 © 761 *

ERABIRY TR E . K ZEE KR K& ERE PRI S H

WER L RAH T, Bek ', FaW’ pAEX

(1. R EHLKRS, A ME 210046; 2. [ RWNTISEAEGERAT, J7& T 510016)

FEE: oW BAGORERY P AT AR ZETE R BRI R S A b (R AR S e, A SCEA e SD oK RIESE
B BARRY 3 K, T8 3 REHE, WE 0~24 h I 0~4, 4~8 Al 8~24 h 1R, 1HH
UPLC-Q-TOF/MS 1 #%55 Metabolynx ™ #F 2 #. 45 HBoR, 78K B 20 SR A7 ARl R 1 3L 6 MR~
il 2 S I 4 AR =, 6 S 25 300 P AR e B A S AL 3 AR A i 3 A 2 MR

XHBEIE: BN MR R AR 4, UPLC-MS

FE 4 ZES: R969.1 ERARIRAD: A

X E4HS: 0513-4870 (2010) 06-0761-06

UPLC-Q-TOF/MS analysis of naringin and naringenin and its metabolites
in rat urine and feces after intragastric administration of alcohol extract
of Exocarpium Citri Grandis
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Abstract: To analyze naringin, naringenin and its metabolites in rat urine and feces after intragastric

administration of alcohol extract of Exocarpium Citri Grandis, healthy SD rats were fed with alcohol extract
of Exocarpium Citri Grandis for 3 days. On the last day, 0—24 h feces and 0—4 h, 4—8 h, 824 h urine were
collected and analyzed by UPLC-Q-TOF/MS. The post-acquisition data were processed using Metabolynx™™.

The result is that naringin and its 6 metabolites, naringenin and its 4 metabolites were detected in the urine of rat.

Meanwhile, naringin and its 3 metabolites, naringenin and its 2 metabolites were detected in the feces of rat.
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Figure 1 Total ion chromatograms in the positive mode of the samples.
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A: Blank urine sample; B: 0—4 h drug-containing urine sample; C:

4—8 h drug-containing urine sample; D: 824 h drug-containing urine sample; E: Blank fecal sample; F: 0—24 h drug-containing fecal sample
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Table1 Reviewed metabolite summary for naringin and naringenin by Metabolynx software

No. Mass Metabolite Formula Mass difference AM, fr/min Source

M1 580.179 2 A: parent Cy7H3,014 -0.001 4 -1.4 11.0 Urine-1, 2, 3, Feces
M2 272.068 5 B: parent C5H 205 —0.0052 5.1 15.3 Urine-1, 2, 3, Feces
M3 756.211 3 A+C¢HsO¢ C33H40029 176.023 4 -4.5 3.6 Urine-1, 2, 3, Feces
M4 756.211 3 A+C¢HgO4 C33H40020 176.036 2 4.1 8.1 Urine-1,2,3

M5 624.132 6 B+2CH3sO¢ Cy7H23017 352.055 5 -8.6 4.4 Urine-1,2,3

M6 448.100 6 B+CHsOg Cy1H014 176.031 6 -0.5 10.3 Urine-1, 2, 3, Feces
M7 676.130 9 A+O+S03 C,7H3,045S 95.946 5 =52 2.0 Urine-2

M8 660.136 0 A+SO; Cy7H3,044S 79.957 3 0.5 6.4 Urine-3, Feces

M9 352.0253 B+S0; CisH 2058 79.953 4 =35 13.5 Urine-2, 3

MI10 596.174 1 A+O Cy7H3,0;5 16.004 5 9.6 7.9 Urine-3

Mil 772.206 2 A+0O+C¢HsO¢ C33H4002 192.036 9 9.9 4.4 Urine-3

Mi2 528.057 4 B+S0;3+CsHsO6 C1H200148 255.980 2 -8.8 5.5 Urine-1,2,3

M13 622.189 8 A+CH;CO Cy9H34015 42.001 8 -8.8 13.7 Feces

M14 274.084 1 B+2H Ci5sH 1405 2.0120 -3.6 15.8 Feces

A: Naringin; B: Naringenin; Urine-1: 0—4 h drug-containing urine sample; Urine-2: 4-8 h drug-containing urine sample; Urine-3: §—24 h

drug-containing urine sample; Feces: 0—24 h drug-containing fecal sample



© 764 - ZjZ %4 Acta Pharmaceutica Sinica 2010, 45 (6): 761-766

[M—0-SO;] » 271 [M—O—SO;—Rutinose]”, Al
FRACERIRE5 B W) o Wl R R AR A8 A BN i 4 AR Uk
3, 4R R R S S RS A AE A R B
IRII-OH b, B B8 F U6 m/z 230 S A Bz 1550 i 2 2%
FWE TR AL RDA 24 =251, BT CAHENI A K2 17 A BR
) 5-OH 454 T7-S0s.

224 TEREEFYINET KW 8~24 h &R
FIFATRE T P AEAE miz 659 [M—H] L&) M8 (1 =
6.4 min), WALEWH m/z 579 [M—SO;] . 459, 351
[M— Rutinose] . 271 [M—SOs;—Rutinose] [ 22
BT, R Rl R T A P R PR R A o Al
1 5-OH 5 4'-OH 545 & iR, 7ok hA7E7E m/z
199 ¥ Jr U, A RV T M8 1¥] RDA 241, thith
SXHTIN A R 4'-OH 5 A TR IR - AL I 57, iR
HEI M8 4 naringin-4'-O-sulfate ..

K 4~8 h Fll 8~24 h & 25 IR i P AEAE miz
351 [M—H] L&Y MO (1 = 13.5 min), HALE I
FEBHE TIEH m/z 271 [M-SO;—Rutinose] « 177
151, Afh Bz BRI Al 2 7-OH.5-OH 5 4'-OH
S EEATRIR, A m/z 199 W F i, R F g R Ik T
M9 [¥] RDA #if, Hitp ANV EhlfZ % 4-OH 454
T 2 7= A2 TR R 25 -, BCHfEll M9l naringenin-4'-O-
sulfate.

225 BUFMINETE K 8~24 h % 2 )R i
HHAEAE m/z 595 [M—H] LS4 M10 (tr = 7.9 min),
AL PR BT IR m/z 579 [M—-O] « 459,
271 [M—O—Rutinose] , AAEZ R =, RHE M7
HRHETR, RHECHE 3" AL pedl, Bl 31, 4
TR

226 RUERERBRESTYHMEE KW 8~24h
TR SR AR m/z 771 [M-H] W& 4L &4
M1l (& = 4.4 min), HALE DML & T IEA
m/z 595 [M=Glc]+ 271 [M—O—-Glc—Rutinose]”, i
Be R A IR IR AL S5 S, S AR N I I HE A AR
T TR IS S A A I N AR R T R 4 B N T A T
RUH . Al i 7 R AR A RO S B A 31, 4- 5%
FLIEW . HTPERE IR A ST RESS A A BREL B FR (T
-OH b, T B FU m/z 311 J& Ml 2 17 % £ 7 RDA %!
fiE = A0, BT LAHEDU RN 2 B IR 455 T BT,
H2, B 3002 4'pr 456 R Al MS SR i «
227 WMEBUBEEERBRESTYNEE SN
PRWUEE S P AEAE miz 527 [M-H] A& M12 (tr =
5.5 min), MALEWIN B B T8 m/z 447 [M—

SO5]+ 351 [M—Glc] . 271 [M=Glc—SOs]", Ml %
AR = Al B 22 R I IR IR A S . s G
W IEAE BN A A b TR T TR AL I O R A # I A [
AL R =R . SCERIORIE, 5 NI A RS,
TEN PRI R IT Bl s 25 R A A0 A B 25 7 0 1t 1
g5 6% . M 211 7-OH. 4'-OH. 5-OH #f
A 4G R TR R IR T o 502 A FA BT 7-OH.
5-OH 4545 Fbl e I AN 12, 00 0% v 8 1 I m/z 406
MR, #5702 A IR GBI RR, B 3 1Y) 4-OH
GEOTRER N L m/z 326, 199 [RIfE U6, 5 0E A FR
LEATRIR, B AL 4'-OH 454 F00 1 15 N LB m/z
230,295 [ U, T A5 BT vh R IR m/z 406 326
199, 230, 295 W frug, KUITEKA RDA R 2 i
8 2 il ot T W I PR AN 1
228 ZEIUWEEFYNETE KBRS ZIMEFREN
HAEAE m/z 621 [M—H] 4L &) M13 (tg = 13.7 min),
AP R BTV m/z 579 [M—Ac] -~ 459,
271 [M—Ac—Rutinose] , A1 LWtk 45540, il
B 11 5-OH 5 4'-OH % 5y 4 & LK, W 704 m/z 501
KUET M13 (1) RDA M, btk o b BV A2 A R
5-OH 456 SWHE =L e 851, MOt M13 24
naringin-5-O-acetylate.

ST AN I 2 7T Tk 5k i s T 11 AR JEAT 1,
DL 2 RS A AE R A, SR I REAT LA SN
229 #WIEFEFEYMHETE KRS AFEME P miz
273 [M—H] L&Y M14 (tr = 15.8 min), ILILEY)
() 5 R A B UEAT m/z 273 271, 151, 119, Jykl
B F A A AR A o
23 MEHE. mEERREMENS T ENKRFIERE

HRAE DL AR P 4 e R 45 S, HEDU R R 17 L Al e
FAUY A 5 R RS 2.

it

A SCAf ] T UPLC-Q-TOF/MS B HE R, fig A IS
BEMED FETFRARBESGRRE NS R
MS"® Bdii R4 5 3K, IS H LU % K jE it (MDF)
LA AR T AT Metabolynx™ Sk Ab B 4
. MDF J&—PEdsab B vk, Bhed LC-MS X
A5 B ¥ 155 43 1 2 088 R0 T e e 1) ] BE AR 4 (1)
J R B R i A A FE R HE W AR
Metabolynx™ {1 42 3l 1 & 24 B 5 55 25 (1 RE 5 Bt
BEAT 407, 2B B A 4R 8 1 7 4 S0 i Bl ) e A
M B A S % A 4 25 o b B RS I 25 ) AR ), A



PINEIFEEE: BAGLLMEEED) FRIBCTE Al e 3K BN S (KA S it - 765 -

m/z 351

OH O

HO o)

HO  OH OH
g:} M

m/z3501
OAc O

e S
HO o g
o OH OH,
e H OH
3 Mi3
: H .

m/z326 or

OGIcUA o

8
HO O

m/z326

S ELLEEL,
Q
Q

1
1
1
i
SO3+GIcUA!
1
1
1
1
1
1

(® i O

Figure 2 Chemical structures of naringin, naringenin metabolites identified in the drug-containing urine and fecal samples and
their proposed major metabolic pathways. GlcUA = glucuronyl unit; Ac=acetyl group. a: Glucuronidation; b: Sulfation; c: Acetylation;
d: Hydroxylation; e: Hydroxylation + glucuronidation; f: Hydroxylation + sulfation; g: Loss of rutinose; h: Reducion; i: Sulfation +

glucuronidation; k: 2xglucuronidation
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