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M AmESE B 7~ (ESI) 5 Masslynx 4. 1 JFii% T4
Wi (Waters 23#] ), Metabolynx 3 #7144 ( Wa-
ters A T]) 5 AliKAL (7 5 5 By A BHE R JE A IR
ACIDR
1.2 ikzy

Fif 8 % ( rerulic acid, FA, it %2 110773-
200611, HEEFME), WEFIR (gallic acid, GA,
fit5 110831-200302, it & il 2 ) 10y A7 o [ 24
AR ZE T, & (TEDIA Fisher componey
Inc, USA), afirfk (A , Haulih s
Brédi,
1.3 ¥
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Acquity™ UPLC BEH C, @4 (2. 1 mm x 100
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10 ~12 min, 60% A;18 ~20 min, 80% A;23 ~27
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min, 90% A ;28 ~30 min, 95% A;31 min,10% A);
FEIR 35 °C; Wi 0.4 mL - min ™', $FFEE 3 plL,
2.2 MS kil S5

ESL i, BEAEmE 3 kV, HEfLHEE 40 V, B+
PR EE 120 °C, By 7 <R EE 350 C, LM
50 L-h™', BEIAFIAMAE 600 L - h™', flffE fE &
6~40 V, ErhEm 1 V; MEFRTEINE R T (
Rutin ESI* m/z 303.505 0 [ M — Rutinose ] *, ESI"
m/z 300. 027 0 [ M - Glucose | ) I 8 E R B IR
Wo AT m/z 50 ~ 1 000, H4f >R 4 Ty 2RI AL
3N centroid 5 MS®, KHE 40 #7 hy i i & 0k i
(MDF) ,

2.3 CHIHARAT I

BOYIRARATE R L6, I 10 f5 5K, 323 1 h,
MIEPEE 3 U85 1 IR 1.5 h, J5 2 40511 h, /313
YU, Il R e 4 R g2 25 AH Y T 2.0 g A 2h,
Hoh 2 T BIBLER 0. 39 mg, P T2 0. 87 mg,
2.4 Xf BRI R A

KPR BE R Bl s i, OB
Vst 43 o B TR MR O 29.12,61.37 mg - L7
(4% It VA TR o
2.5 fRIHE SR &

HUSD KREL 6 H, BEHLIT A 45 25 2 i 2s (4,
UNRIAE T 12 h (A ROK), 2.7 g - kg™
(¥ 3 fFIm IR & 10 ¢/ N/d #e580) 1k HE, 43 0T
MIFPRAT X ISR FUA BRER K . B H 1 IR, ELE
253 d, R Z5)5 1 h IRIER M ANLEE 0 ~24 h
IR . £ UG 2525 R BRIM I 1 mL, fin 20 3
mL, #5.0> 10 min (13 000 r - min~") , B F3f5W T 37
CHRAMWK T, H 100 pL ZfEZ %, %0 10 min
(13000 r - min "), HC_F 75 RIS 2 28 T 25 1 I 3K
e, SR A R BRIRIE 1 mL, NS 1
mL, 250> 10 min (13 000 r - min "), B b 350k HiAS
B2 s FVRWERE o
3 4R
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(MDF) HARKNEEAE , 15 3] 24 5 27 AT 24 %) By 2R 1% 11
BB TR WA 2,
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3.2.1 JFAMEAWIRI%E 4 Metabolynx ™ 44k
M, KBRS AR ESI-MS B AELE m/z 193[ M —
H]~,179 [M-H -CH,] ", 165 [M - H - CH, -
CH,]~, 162 [M=H-CH, ~OH] ", 151[M - H -
CH,-CO] , 121 [M-H-CH, -CH, -CO0] " &5
B 2RI T B A AR R, R E LS M, Sl B ERRR
3.2.2 KRR HIMSERE 25 Metabolynx ™ #ff:
AR, KB 2GR AR ESI-MS I HAEAE m/z 211
[M—H] ,193 [M-H-H,0]", 183 [M-H -
CO]~,169 [M~H-CO-CH,]~, 165 [M - H -
CO-H,0]", 151 [M=H-CO-H,0-CH,]", i
DAHEMAE S 4 M, oy Bl BRI /K it BB 0) o
3.2.3 WAL YISE 4 Metabolynx™ #f4:4b
L, KRB 25 3R AR UL ESI-MS B HfE7E m/z 207
[M-H] ,163 [M -H-CO0]", 149 [ M -
H-COO-CH,] ", 119 [M - H - COO - CO -
O] ", T LHENIAL 5 My Ry BT BRIR FP AL )

KRB 245 PRI ESI-MS B AFETE m/z 197[ M ~
H] ., 169 [M - H - CO]-,125 [M - H -
C00-CO] ", 111 [M-H-COO-CO-CH, ],
97[M - H - COO - CO - CH, - CH, ]~ , #fEMfL 59
M, J R T AL ) .
3.2.4 FRRRZATYIMNYERE 2 Metabolynx ™ {4
AbER, KB 245 19K KR ESI-MS [ thAETE m/z2
273(M-H] ,229 [M-H-CO0] ", 193 [ M -
H-S0,] ", 179 [M-H-S0, -CH,] ", 163 [M -
H-S0,-CH,-0] ", 145 [M-H -S0, - CH, -
0 -H,0]  , HEMILE) M, BT SRR BRI 164

RELT 25 KW EST B h AR 7E m/z 277 [ M -
H]~,183 [M-H -SO0, —CH,]~,169 [M - H -
SO, -CH, - CH,] " ,125 [M - H - SO, - CH, -
CH, -COO] ™ b &9 M, i 5 W A Ak
Ay .
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Fig. 1 Total ion chromatograms in the negative mode of the rat urine and plasma samples

3.2.5 HABIERLEE ST YNEE 4 Metabol- [M-H-CH,0,- 0], 163[M -H -C,H,0, -0
ynx VERFARER, AR A 2K K PR ESI-MS EfE . —CH,] 7,133 [M - H - C,H 0, -0 = COO0 ] ™, ki
fE m/z369[M -H] ™ ,193[M - H - CH,O ] ~,177  fbBH) M, B8R i 4 BEIE IR 45 5 7 )
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1 Metabolite List % LI E R 0T GEMN 1 47 T ARACENHE R
Table 1

The possible biotransformations of phase I and phase 11

in metabolite list

Rt N Bk
S 5L ISP M
I okt 0
R - COOH -44.997 7
IKfift + H,0 18.010 6
FrHAL + 0 15.994 9
EHIE R AL -CH, +0 1.979 3
IR +2xH 2.0157
ES o SAE"S -CH,0 -30.010 6
P -0 -15.994 9
2244 -2x0 -31.990 6
234 -3x0 ~47.984 7
P i K -H,0 -18.010 6
FREAL S P AL + 0 +CH, 30.010 6
I HHEA +CH, 14.015 7
2 WAL +2 x CH, 28.030 3
B 3 AL 5 4 49 BEBE R 1F + CH, + CoHg O, 190. 045 1
ErEey
L5 DR TR 1k +CH, +30, 93.998 1
QWA AR + 2 x CH, +  204.0632
LEE CeHy O
L BRI TG 1L +2 xCH, +50; 107. 986 3
LAk + C,H,0 42.010 6
HAERLH + C,H;NO 57.021 5
AL + S0, 79.956 8
EPeERRLS & + C3H5NOS 103. 009 2
Hpik R + C,H;NO,S 107.004 1
TR 5 A HERE AR A - CO +CsHg Og 148.037 2
FIEH RS & + CyoHsN; 068 305. 068 2
WA R T4 S + CgHgOg 176.032 1
2 MR TS S +C, 2H60, 352.064 2

K21 ESI-MS B AF7E m/z 545[M -H] ™,
369 [M-H-C,H,0,] ,193[M - H - C,H,0, - C,
H,0,] , 177[M -H - C,H,0, - C,H,0, - O],
163 [M-H -C,H,0, - C;H,0, -0 -CH, ], 133
[M-H-C,H,0, —C,H,0, -0 - COO] ~ {5
Yy Mg Ay BT 25 I XU g W R 45 6 7 0
KB E 25 IR ESI-MS B 1F4E m/z 373 [ M -
H] ,359 [M-H-CH,] ", 197 [M - H - C, H,
0,1 ,18 [M-H-CH,O, —CH,] , 169[M - H
- C4H 0, -CH, -CH,] ~, 153 [M - H - C,H 0, -
CH, -CH, - O] ", #Ellfb &% M, R i £ g H 5L

M3
Mg Pl

1/ min

UL PR A B B A QI P 3% 5 PL. M 3R o B o 2 £ Qs 113 5
U2, PR B TRACS 183 s P2, 13 A B TR A
ik

K2 YIHARATZ RS TR K & T IR R AR 28 DMI
Ab PR 1 € 1 5]

Fig.2  The chromatograms of metabolites of ferulic acid and
gallic acid in rat plasma and urine sample after mass defect filte-

ring (MDF)

WA A REREIR S S 71
3.2.6 HEMEEETYHLE 2 Metabolynx ™4
PEALER, KERE 25 IR ESI-MS EIfF7E m/z 250[ M
~H]",193 [M =C,H,NO] ", 177 [ M = C,H,NO -
0], 163 [M-C,H,NO-0-CH,]", 133 [M-C,
H;NO -0 - COO ], 4=k &9 M, Ry BT8R H 24
MREEE T

Je LA 25 BRI ESI-MS R 246 m/z 226 [ M -
H]-,182 [M=H-C00]"~,166 [M - H - COO —
0]7,125 [M - H - COO - C,H;NO ]~ =L 51
M, IR H & RE G
3.2.7 ZBHERN IR SE 4 Metabolynx ' 4k
AL BR, KRB 25 PRI ESI-MS B fFAE m/z 235[ M
-H] ,221 [M-H-CH,] ", 204 [M-H-CH, -
OH] ", 188 [M-H-CH,-OH-0]", 179 [M-H
_CH, - C,H,0] ", AN m/z235 [M-H] i
WAL Mg Ry BT BRIR £ A6 7)o
3.2.8 WHIFRNEYIRISERE 4 Metabolynx " R
AEFR, KBS 25 R ESI-MS EIfEAE m/z 153[ M —
H] 137 [M=H-0]", 121 [M=H-0-0]",
109 [M -H -COO ]~ , i I#EMfb &9 My hi &+
BRI 25—~ O BRI =4
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KR Er 25128 K R W ESI-MS EAEAE m/z 137
[M-H] ,93 [M-H-C00] ", 65[M-H-C0O0
-CO| ™, HILHEIAL S M, I F IR 2 2 4>
O AR =) .

K2R ESI-MS E R AFAE m/z 121[ M -
H] ,107 [M-H-CH,] ", m/z93 [M-H -

CO]™,77 [M-H-CO-0]", ity

M, BT 3 A O BRI ™=,

3.3 BUBHRR R TR R AR YRR
HRAE DL AR S 25 2R, BT ' T

2 L2 A A AR L 2, 14 3,

F2 CHIHARATEGR BB A BT R AE R R AN B ) SR A

Table 2 The major metabolites of ferulic acid and gallic acid from Danggui-chishao drug pair in rat plasma and urine
No.  AHXF 53T B te R tg/min S o i SEOEBE TS KliR22/ mPa 7T KB
M1 194. 057 9 FA parent 3.03 193.041 1 -0.009 0 -9.0 CioHy0y 7d
M2 212.068 5 FA +H,0 2.89 211.065 7 18. 008 9 -4.0 CyoHy, Os SR, 112
M3 274.0147  FA +S0; 1.54 273.005 1 79.957 1 0.3 CioH,p0;8 PR, i3
M4 2510794  FA+C,H;NO 2.21 250. 073 2 57.023 1 1.6 €y, Hy3 NOs I
M5 208.073 6 FA + CH, 3.59 207.062 2 14.016 3 0.4 C; H, 0y R, I
M6 236. 068 5 FA +C,H,0 2.61 235.058 5 42.008 4 -2.2 C,H},04 JR
M7 370. 090 0 FA + C4HgOg 1.24 369.072 8 176. 036 9 4.8 CieHig0y SR, I3
M8 546.122 1 FA +2 x CgHg Oy 7.95 545.112 7 352.064 2 -1.6 CyHy 046 1
M9 154. 026 6 GA-0 2.10 153.017 5 —-15.996 2 -1.3 C,H¢O, JR
M10 138.031 7 GA-2x0 3.75 137.023 1 -31.990 6 -0.8 C,HgO4 )ik
M1l 122.036 8 GA-3x0 2.08 121.029 0 —-47.984 7 0.0 C,H¢O, JR
MI2  198.0528  GA+2xCH, 3.48 197.040 0 28.030 3 -1.0 CyH 005 I
M13 278.009 6 GA +2 xCH, +S0; 3.52 277.000 0 107.986 3 -1.8 CoH,,04S FR
M14 374.084 9 GA +2 x CH, + CgHgOq4 2.00 373.076 9 204. 063 2 -0.2 CisHigOy R
MI5  227.043 GA +C,H;NO 2.50 226.024 6 57.010 9 2.8 CyHgNOg R,
0
b COOH CHO
N peelus cooH COOH
HO M4 COOH
OOH OMe m/z251 é‘&o M7 Mi1
M\S ) HOHO OMe m/z370 M10 m/z122
OH H 0.50 OMe M13
Meo@?z 208 ) (U.P) O}(IU’;) z138 © 3 OMe - m /=278
M, j A h
©p) . / N ‘ «
COOH COOH COOH
OH Q/\V S «COOH b _f .
COOH
a HO il k /Q/v HO S Mo HO OH HO OMe
S 0,50 M3 2 z
Ho%zzlz OMe /2 154 Y OMe m/z274 OHm /2154 QR (81“%,“4 Hios

OMe . U,p)
WP / N

) / ﬁ

H COOH
0 N._COOH
~COOH . COOH oo
)OJ\ m COOH CO(?H Q/V /ioé/o OMe
& m/z236 0 Oéj/%/o HO OH M1s5 HOS OMe M14
OMe H HO oq  OMeMs OH /o m /2227 OH o m/z374
L) q{O OH ®) m/z 546 i

a KM b FELARET; e Z2AHEET; d £E3ANRET e B £2 RN, ¢ 2 WWHEMIFE S HA MR ; b 2 W ZEALIF

SEETMRNE; . OB . HEAMS G k& RIS G ;1

HHEWERERR

56 m 2 DHENERERRS A5 U IR P

3 R Bl b R rh BT AR AN 3 TR AR 4 H 5 AR A

Fig. 3 Chemical structures and proposed major metabolic pathways of ferulic acid and gallic acid metabolites identified in the drug-

containing plasma and urine samples
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Study on metabolites of ferulic acid and gallic acid compatible
with danggui and chishao in rat plasma and urine

DING Wen, QIAN Dawei“, DUAN Jin'ao, SHANG Erxin, TANG Yuping, QIAN Yefei, LUO Niancui
(Jiangsu Key Laboratory for traditonal Chinese medicina Formulae Research ,

Nanjing University of Traditional Chinese Medicine, Nanjing 210046, China)

[ Abstract] Objective; To study the major metabolites of ferulic acid and gallic acid compatible with Danggui Chishaoyao in rat
plasma and urine. Method : The metabolites of ferulic acid and gallic acid in rat plasma and urine were analyzed after oral administra-
tion of compatible Danggui Chishaoyao using UPLC-Q-TOF-MS. Result: On the basis of the mass information, it was inferred that in
vivo metabolites of ferulic acid were be in the form of methylation products, sulfate conjugation products and glucuronidation conjugation
products and so on; meanwhile, gallic acid was mainly transformed into eduction products and methylation products. Conclusion:
There are kinds of phase I and phase Il metabolites of ferulic acid and gallic acid in rat plasma and urine, which provide a basis for its

efficacious materials and action mechanism.

[ Key words| Compatible Danggui and Chishao; ferulic acid; gallic acid; metabolites; UPLC-Q-TOF-MS
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