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In vitro metabolism of liquiritigenin in liver microsomes of different species
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Abstract: Objective To compare in vitro metabolic differences of liquiritigenin, an aglycone of liquiritin, among liver microsomes of
different species, which would provide reference for further research and development of liquiritin. Methods Metabolic stability and
metabolic biotransformation were investigated after liquiritigenin was incubated with rat, mouse, human, dog, and monkey liver
microsomes. Metabolic stability was evaluated using a substrate depletion approach, and the results were reported as “% liquiritigenin
remaining”, which was then used to calculate the in vitro half-life (¢,,). Metabolic biotransformation was characterized by metabolite
profiling. Results In liver microsomal incubation systems of five species, the #;,, values of liquiritigenin for phase I were as follows:
rat <mouse < human < monkey < dog, whereas for phase II, the metabolic rates were all fast and the remaining of liquiritigenin were all
below 50% in 5 min except mouse. In addition, phase II metabolite profiling in monkey liver microsomes was identical to that of
human, but marked differences were found between other species and human. Conclusion The metabolic characteristics of
liquiritigenin in monkey liver microsomes is most similar to that of human, then followed by dog, and marked differences existed
between rat, mouse and human. Therefore, monkey or dog could be the animal model for further preclinical pharmacokinetic and
toxicological studies.
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R E R AR S, TAEN
PrOWLER ML 1 BT AT T R 9E . K2 B0k
WA FERIE KR S G, FEAE BRI R
RIS T ARG VE T AR A A B I PR 25 50
BRI A K A, O SekRaE O g,
H AL R i ek A AR 2 —, HEy 3
BLUH R R ML B AR - O T e H O
LIS EENMN EERER, ARG H
T AEAS [P 3040 SORLAA () 3 Ak 22 e AT 1F
TC, 2 RAUE S H A LRSS 24 J A6 M 20 R Z 2R b G
DA 2 R AR R, 30 W ok of 8 A9 B 1 N 3k
ATV REACH) IR AR B H By, it o H B
FH B R WA R AR g . ST,
ARSI H R AT RSN IR E, AR
ANER NSRBI BHORE A A PR AR I B o R 4
P LI, e G R 25 AN B BT LA S
55N AR 5T (1) 52 56 3 400 g 4 Ak v 5 ) 5
A, A H R ISP RIS R
1w
1.1 ZAm5il

HEH AT 20121211, FEDECY 98.23%)
HHEZE (LS 20120401, JFEaEH 100%)
M R iR e Bt it Mz (k'S 071100023,
TR N 99.2%, TR R T 2 BRAFD s
Fifh: Wistar KRIFRCRIA (k'S YBWE). ABTF
fRifR (fits KQB). Beagle RAFfckifk (b5
KWTG). HIEFFRAR (5 GHWAD. /NI
kiR (fikS STOMD, AR AR A 20
mg/mL, ¥ E AR A B A A s A A
JH LR IS A IR R 2k UL PR A 10,
NADP, #it'5 SLBF6292V). HiZifi-6-fieih (it
5 SLBC6322V). % Hli-6- Wi R 4l I A g (Hit'5
SLBC7565V). WR1T WM % B4 (UDPGA,
fit5 SLBC9398V), Sigma A#); ZAbLEE (its
20070918, FRFETOGERAL THIFET; iR Eh2%
PR S 121225, Bl IR I PR A
Ao ST CREETTIUE S T RARD;
PR — B OREET IR AR A PR A 7D
PR A4l ORI =) s HEE, BERR R
B J oy Mrali, KCAIBEEK
1.2 4=

WA RS (L% LC-20AD T4
DGU-20A3 Bl HL.CTO-20A B AT A4H . ST L-20A

A [ 5hIERE RS . CBM-20A R4, H A Shimadzu
N R RS (BL% API4000 Q-TRAP JRi%AX,
SI HLMi 55 25 AL YR AT Analysis 1.5.2 43 #r5ds ab#1
A4 T AEN, ZE[E Applied Biosystems 22 #]); 17R
G IEA R E.OHL (3EE Thermo Scientific 24
F]); TARGINTM VX-II B2 & i jiEdk sy (bt
BERRHE R AR ) XS105 B HL 1R (it
Metter Toledo 2~ 1) ); Turbo Vap LV BUFE iR 451X
(£ Caliper A7]); BM-40 Bi4li/Kifl# 24 (b
HHTEERRH R EARAFD; MEBERas (-
WA T WA BRAF])D; Eppendorf T3l LB IFE
#% (4[5 Eppendorf AH]); ZHWY-110X50 BU{HE K
B REGAX C RIS G A PR A D5 IMS-40
2 ARl GRS RHZEABRARD .
2 FHiE
2.1 LC-MS/MS %1%
211 e S Diamonsil® Cg Al AL
(150 mm X 4.6 mm, 5 pm); A K FEE-0.5
mmol/L FHER4% (52.5 1 47.5, & 02%TH2, 10%H
BE); AL 40 °C AR 0.6 mL/min; HEFEAFR
3 uL; 3BATI A 10 min(5~9.8 min Yk N R .

FOE 55 B9 AR, W55 HLE—3 000 V; i
% 500 °C; flffifiE 40 V; Wi% /S 344.74 kPa (50
psi); IN# 551.60 kPa (80 psi); #71"< 68.95 kPa
(10 psi); AL 55.16 kPa (8 psi); 9117 A A
W, FEEEACh 2 N IR (MRMD, HEZE miz
M 255.0~119.0; Ml m/z }y 271.0~151.0,
2.1.2 R4 Diamonsil® Cig itk (200
mmX4.6 mm, 5pum); FEilE 30 C; GRshAH A HEE
(A) #10.5 mmol/L HIRH (B, % 02%HR. 10%
B s BB FEBEMAEAE: 0.01~10 min, 80%~60% B;
10~15 min, 60%~50% B; 15~16 min, 50% B;
16~21 min, 50%~60% B; 21~34 min, 60%~90%
B: AR 0.5 mL/min, #EFER 20 pL.

ML 25 35 A, BS T mE5 HUE-3 000 V; i
£ 500 °C; MEERERE—10 V; W%/ 344.74 kPa (50
psi); IIFAV 413.69 kPa (60 psi); 477X 68.95 kPa
(10 psi); FlE# 55.16 kPa (8 psid; HE 1730k
W, O IEsR — A4 (EMS), 36k 12
T4 (EPD F1 MRM-IDA-EPI.
2.2 REIRFRBRE S

MgClL % BCH: FREX 0.476 g MgCL % T 50
mL EEKF, KRR 100 mmol/L, 4 CUKFH LR



©322- ¥

Chinese Traditional and Herbal Drugs 2% 48% 28 201741 8

17; NADP %L H]: FREX 9.65 mg NADP ¥ 1 650
uL K,HPO,-KH,PO, (pH 7.4, PBS) ZEpfifirh, #&
WA 20 mmol/L R, I IG5 25 B -6-
WRIR NIV H: FREL 36.69 mg Fi %4 Bl -6- T R ik
%1 650 pL PBS 22, WBESh 200 mmol/L,
I FHBLEC, AECER 100 uL % 1000 pL ¥R R,
LU 5 mmol/L s 1 25 B 6Bt R A1k M S Al v v
fill: 200 U %25 0% -6- W A i 28 i 2 mL PBS
P IR G v A%, BIFS 100 U/mL (139, —80 °C
I3 EERE L I I PBS #kE 5 4545 20 U/mL (¥
7; NADPH fAE4& R ACH]: 600 L NADP ¥, 600
L I HE-6-TE RNV, 650 uL A 25 B -6- T R A
AR, ARSI R .

2.3 BHRRLRNE B iRMERNE S S IR

231 ARG EME & B R R B J6AE 690 uL
PBS ZE M 100 uL MgCl, (Z&iRfE 1
mmol/L)+ 50 pL Aok & (2 1 mg/mL)
110 uL H A2 (BRI 1 umol/L), THIR IR /K%
(37 °C) HHUEM 5 min f5, JIA 150 uL NADPH
FAEARR A )R, AT B AT R 1.0 mL ()i 5%
ARG, WEARSEEEEITE 1%, SEERST. 7
T 0. 5. 104 154 20, 30, 45. 60, 90. 120 min
I, HUH 50 pL BT HOEBCTOK EIFE A TIA 1)
50 uL M % (2 pg/mL, 4 CLRA7, IWAHILEO 1)
Yoo, BEEDINAN T 2.5 mL SR £ 05E (4 °C
TRAE, IO, #ieds 2 min, ZIbRMN. 7F
A SIG IR, NARFRRE TR, DLARIESER T
FEPENZY . FRZOE R NGRS T 3 000 r/min 25
£ 10min (4 C); P EEM 2 mL, 40 CHEAKT,
100 uL 50% FHEL/K %Y, 12 000 t/min £ 5 min
(4 C), LiHWOHFE 3 uL, #ET LC-MS/MS 7347,
232 IHREERCEYE ZWE IR RS A 675 ul
PBS ZZ WA m A 100 uL MgCl, (&K E 1
mmol/L). 50 uL FFckifA (£ iR A 1 mg/mL)
M5 uL WHIRER (R FERE 25 pg/mL), BEJEAE
UK BT E 30 min. FEJSINA 10 uL H AL Z (29K
JE 1 pmol/L), fHIRIEZ/KA (37 C) hi g 5
min, A 150 uL NADPH Fi/E{KZF1 10 uL
UDPGA (ZKJE 5 mmol/L) Ja sl N, iR
AR 1.0 mL R RSE, AR B il
1%, RAFEARDHT. b N A AL S A2 T AH
ARUFE E P S AR ]

2.3.3 1 MMRMI= 0t I E IR R ELE 320

uL PBS ZZiiiri A 50 uL MgCl, (Z9K1E 10
mmol/L). 50 puL AR (8 BT i 2 mg/mL)
5 UL HH R (ZORE 50 umol/L), HIE YR 7Kt
(37 °C) " S min 5, I 75 uL NADPH
AR ZR A BN, AT R AR 0.5 mL [R5 5
48, HRAARUYBEEHIE 1%. 25 A5 75 il
PBS ZZ 0% NADPH ff A1k R g sl e wigh, H
BTATERAE « RUFEAR T - AEIHIR IR 7K (37 °C)
U 60 min I, HUHY 300 pL & UK BT I 5k
B, BERUIMATRZ UK I EE 1200 uL (4 CLRAT,
I BB, W HEYR 2 min, 1LV . 7EHEANSE
B FE, NARRRRE IR, DR UE S S AR AR
M2, FERZIERBEFET 12 000 r/min B0
10 min (4 C), HCEJHWH 1200 pL, 40 CHAW
+-, 100 pL 50% AR /K 245, 12 000 r/min B0
S5min (4 ‘C), L3HHEFE 3 uL, H#E47 LC-MS 2347,
234 IARRET=PrtT H A=A AR
U= BT I VAL 11 AR AR e M A
FHIAL, ANFLZ AAE TR TR B 4 2 mg/mL,
JEMHEE 2R EE R 50 umol/L, BT I & 4
AR, B E R AARN 0.5 mL. Z40KR
I RS N JE i A B R T AR = AR ] o

24 RGBS S

241 BRIV S AR RE  HRORL A
0 B I H 2 R R A AT I R AR I R R B A
Analyst 1.5.2 ZCBRERAFUHAS RIS R . T IREF
VBB AE 2, R R AR BRI DY 5 N
W, XFETE /N 1000 (SRR 3 40 8807
X RT 1000 %58 Ok B 28 28500 hr 40+

2.4.2  FRIRDASE H 5 LRI BRI
B H BRI 0 h IREEVEA 100%, HiAx I 1] 55 19 4%
JEMIREE S 0 h WP AH LA 1) H R 22 (1 F 42 IRk
B H 43t o . GraphPad Prism 5.0 3K A4 (1 26 4[]
VA 7 35 T B 25 I ) 550 PR 380 4% JE A Ak 82 4 B 1)
SR ECS A N I E BRI AR (), AR
11,=0.693/k SRAFH B Z ARSI [P ok AR AR
BRI ()0

2.4.3 RN RSNk AT B AR
B R QTRAP i+ A, it EMS. EPI.
MRM-IDA-EPI 28R, o6 2% AR S AN
NADPH J3 8l SN (IFE S AT EL 34T, 44
W, WIS PR SN AR P ISR IE .
EAESC AN B2, (HAIIA NADPH JE 3 Y
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AU =PI RS R (1D W E W
FERMERTAE B fG AR, JEAT 9 B EMS $14,
TG m/z 50~1 000, (2) M2 JEE0RE LI
BT RE T FIIFEES FETER, 45
AR AT s T 2 T RR A~ P 45 44
Tou, S T Re AU B T S A A
AT Lo, e A R R =) m/zo (3)
FIH QTRAP [1fi B oG (IDA) #AFDhRE, Tl
WIEE 1R AL F 2P A3 31 () I A7 v] Re AR
P miz, X MRM-IDA-EPI J5i%, @il IDA &
gr B AN AIWT, I8 R A B 145 R I A A I
(2 000 cps), FG: ANV LM E I, il
& EPL 494, sUE AT EPL 94, RIS NI IE
BEES 11 MS/MS 1. (4) 5B T AR 1T AR
W NI, 4 GiEs T B S B S H A
TR I RMARFIE LU, A I S5 A A THE R .
3 &

31 KigiFaEM

300 1AM HARTEAEREL DL R AR
WA AT T A S, BIRISYIIREE E 5
Ee-0 IS TR R 2k LI 10 ZE R A JE ZNEUIT
TR, I BRI L — G B B)) g 2 R N R) B
%125 0~120 min, 5K BUHORIAA T, R0 bR
=R I MBS 0~60 min, £
GraphPad Prism 5.0 #AF 26k M1 77245 2k, v
5ot SRWE 1.

302 AR HREA R, DR Ry AHfE
SRR AT 11 AT IS, R 43 -

A IR e LR 2. AgE RnT g, HE A
120 ce- A
100+ —s— R

° KR
2
2 5 #
il
60 == R
&
§ 40
= 20
0 : , .
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t/min
1 HEREA. A, KR, BRI REHEIFARIE
A T HRRENERREZ (n=2)
Fig. 1 Elimination curves of phase I metabolism of
liquiritigenin in human, dog, rat, monkey, and mouse liver

microsomes (n = 2)

F1 HEREA. K. XRBR. HBFINRFE#E AR
LABRIEEY 42 (n=2)

Table 1 Elimination half-lives of phase I metabolism of
liquiritigenin in liver microsomes of five different species

including human, dog, rat, monkey, and mouse (n = 2)

JH ARk N . .
'MS;EP %‘é HT“EJ EX}/ min RZ -k 15 /2/ min
A 0~120 0.986 0.0109 63.6
AN 0~120 0.996 0.007 6 91.3
N 0~60 0.981 0.0555 12.5
47 0~120 0.998 0.009 9 69.9
N 0~120 0.994 0.023 6 29.4
120 YN
100 +}t
S "-, PN
T: 80 —
% 60 i E—Y
§ A
B 40
3_“(:
=920
09 20 40 60 80

t/min

B2 HEZREA. R XR. BI/DRAEMEBFRRLAR
A I ARIHHERR I ZE (n=2)
Fig. 2

liquiritigenin in human, dog, rat, monkey, and mouse liver

Elimination curves of phase II metabolism of

microsomes (n = 2)

i FFORL AR AR AR PR, R LT 440
FEIINH 522 5 7 RVEURE I (1) 386 R e R B T
2 50%, 5 min 7 CATIIARIH L ZR . RS
FAAHIYLE S min J5 R 50%LL 1o Sl H O AE T
TORAARHT 1. 11 AR R T 4, H = e
AT AR F 2L ARG 32, HACHRE R R
32 RiftFE=Iah

USRI OO A OR RA 2 AR E
AP, RSN TFAORE A o 3 A = T U 2 K
AR AR = I A 42 s, BRAR R ML
M2-1. M2-2 1 M7 54N B4R, b M1 o5 H
T2, M8, MO-1 Fl M9-2 ) A kSN & = A= i A
PN RENAE S 2R AN e/ I S S T L S
ok PRAR U SR E S 7 (i B LK 3, T REmIAR
PR ISR WL 4,
3.2 1 MRS HRERAEKRE. R AL AN
U AMORLAR T 8 S 60 min Ji, A& T Acks 44 b on]
R 73 7 25150 WA mlz 253+ 275, 271,
A BEAR = 0 4 1% BT A DGR B LR 26
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Ml miz 255 M2-1 miz 431 M7 miz 253
M2-2
T T T T T T T T T T T T T T T L R ————r
22 24 26 28 30 16 18 20 22 24 28 30 32 34 36 38
t/min t/min t/min
M8
- M9-2
“‘/A{h‘/‘m/z 275 M9 l\ miz 271
L A .
AL S S B R R S R Tt T T TrT
2 4 6 8 10 12 18 20 22 24 26
t/min t/min

B3 HEREARMERHEAFERFEEERRERF~YMRRETRIEE

Fig. 3 Extracted ion chromatograms for liquiritigenin and its metabolites in liver microsomes from different species
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Fig. 4 Proposed metabolic pathway for liquiritigenin in liver microsomes from different species

F2 HEXRES MHERMA LENEHRRIE=IHNEIERILER

Table 2 Information of phase I metabolites of liquiritigenin in liver microsomes from five different species

WY nmin M—H] FEHBT (i) Rt —
M1 255 255 255,135, 119, 91 — + o+ + + +
M7 322 253 223,209, 135, 117 A + o+ + - -
M8 6.50 275 257,239, 195,177,159, 129  ¥IAk+E4b + + + + +
M9-1 20.9 271 229,177, 165, 151, 119 =1k + + + + +
M9-2 21.7 271 229,177, 165, 151, 119 =1k + + + + +

T OTTRENE]; =7 REIE, T

“+” detected; “— undetected, same as below

Ml: {E m/z 255 RIFEHCE Fii ek d, 54
Tl a8 FHFARIORE A 38 T 1) 1 A (i bde, R B I ()
h 25.5 min, 4 M1, TR B TR m/z 135,
119, M1 5 H B Z0 2T L 20, RIS
WOREAIN E] . HES T B R R R B T S R
FAHME, Pefie M1 o H R

M7: 1F m/z 253 BRI T ek, ANAE
A~ RAK BUHORE A rha kil 2 1 > i, R
B4 32.2 min, FERER B TR m/z 2234 209,
135, 117, AHFZHE C 3 C-2 Ml C-3 AL B AT
BRI 4, H5RR ig 457 H 5 A 5 AR AR
W40 M7 A5 MR R B B TR R B 7, DRItk m]
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WA [ — A .

MS8: {E m/z 275 BIHREGE FREE R, S
AN AoR A4 A AT I B 1 AN, R
1A 24 6.5 min, 44 M8, EEBH & T Hh miz
257. 239, 195, 177. 159, 129, H: m/z 257,
239 MUESY T BT miz 275 4y I 2= 14> 10 2 4y
TG TE K, BT AR R C 3 O-C2
M1 C3-C4 Gt [R] I R A W 2247 A2 1) A S BEA0AT B
VR AEVERE T B T miz 151 J¢ 119, 1 m/z 177
HHE R 2 BN Ak CHEE KA iRk
A B AR =4, DR A A 0 P R A TR 25 5
HUATBEAE C 3R C-2 8] C-3 fir. i T HLA 1 il
WER BT miz 195, 159 F1 129 ASGEF]H MU &
JO R R RV EAT AT, AR SCRRIRGE™, e
ForTRe R Ay 7 B S R AL A R N, i
Wt — DI A

M9: 15 m/z 271 B EE i ek v, 5 AN
i PHARORE R 3 T RS 2] 2 /S Ei g, fR B IR) 2
B4 20.9. 21.7 min, 354 h M9-1 Fil M9-2.
m/z 271 WHR R T2 16, Ribnlae ke
TR, RT3 B R S AR, Y

K omiz 229, 165, 151 Al 119, HitAlka] GeFetb 2
IS S AR o 32 B R 81 iz 151 Lo
BB IR B T m/z 135 216, 1T m/z 135 4 C
IR A R AE R 2515 T B IR 25
T miz 119 KR, RSN AT BER
AEAE A FR, H MO-1 F1 M9-2 [FFRFARAT ST 6
322 MR HERRAAKRE. R A AN
BT MOk AR R B 60 min Ji , 2%l BT AORE A4 ]
REARW = 2> T2 10 h miz 275, 431, TlRE
AR ) (% A OG5 B LR 3.

M2-1 F M2-2: #F m/z 431 (FI4RBUE (o
B, TR B 2 AMakig, LR E IR 2504 19.0.
20.3 min, EERE T m/iz 369, 296. 255, 135.
119, 5 KEAAENARE % M2-1 F1 M2-2 4171
TR B BT IRURIRE 17, A H BRI R AR TR 45 &
Y, T MIREZ A T A A .

M8: {E m/z 275 HIHEH itk &, 54
ol Jeg JHF RO A ) TR I 907 75 v b 3 g2 2 1 A
ok, fREI TR 6.5 min, frdh M8, T HEf
BT M miz 257, 239, 195, 177. 159, 129, 5
LAHARH I =4 M8 AH ]

®3 HERES MFERRIR B E R RS IR &SR ER

Table 3 Information of phase II metabolites of liquiritigenin incubated with liver icrosomes of five different species

G4 min [M—H] BITET (i) R
Ml 255 255 — — - - - - -
M2-1 19.0 431 369, 296, 255, 135, 119 MR IR 45 + o+ + + +
M2-2 20.3 431 369, 296, 255, 135, 119 MR IR 45 -+ + - -
M8 6.5 275 257,239, 195, 177, 159, 129 FRMA+EL + o+ + + +

4 it A& TUAH N IR I B Bl GE IR N o IE SR DL

BRI AR B, Rl R A LA RSN
ok AA R AR RS e P AR L A TS U, X st 5h
Y5 NHATAS R D & 0] (AR 22 S5 LR IIE I, R 3)
Vs g RAMER NEIRILA 52 7%, o2
NAR A O] BE AR R AR S A ME I B AR AR
SEVERRA A A R R BERIRR R, A2 2502
PERR I R O, B BRI o0
A AN G R, DRI R AT R, i T R
IR FT 53 LA 110 FAE R AR (R R R A i P,
AR A 3R 2 e I pokn A b i & 7 2
(AR PRI, RSN R R =t

T AHIHARORL A48 & K R 75 22\ NADPH
iR, 1 0 AH & K RIE T I UDPGA, [

UGT &N T 40 B SR L, 1T 7E 2 OoRES 733
(RIBCRLARAT — 3070 Je/INEEV, A MR A PR
ekt . 1T UDPGA TRk NIRRT A R
RAIEVER], HARH UDPGA [MHZ AL = ATP I
TCIERYEAEN, R 2 “Was” 8 “ kR
M AEIR S BN, AR, BEIE T FLAO TN R
1 AT R s A Y U, % CYP B
WETE R, JERE B T AR SE A AR
B U131 DR A S 36 SR ] TN T 25 2 R PO B IR
RN, Af UDPGA NRIE NG AT SO R FEEH] -

TEREA SRS R, T B A 40 e
LR JLsR: (1) NARKRRE TFBG  BREA G R N 2
W ENSEAIE JFR N,  FF B SAE N R IEAT HL
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it DR AN 7 R N A AR ! . (2
i AR TR HLAGR RS TR, 3l H
BEARHILE 2% AR, JF HAESEAS 5206 BT A A i 7
fREF—SUT (3) 2k RN, AT 1A

WRURUK FBE ok O, SXAERENS KU, DITER

RLAR FH R TR
75 AR AR B AR R b, H B 38 A K A

/N B ROREAAR g RACH, AE AR BT SOk AA AR

UHARLEAENS, 1, 739000 63.6 1 69.9 min; H 3R

FEIX 5 ANl e FHIORL A4 5 2 TAHAREE RS £ IR A K

B </ B < A<M <<Ks 1 TUAH I BORE (48 5 14 2R

, HRERAE 5 NP0 T RIORL A o AR 7 b

BR/NELAN, P7E 5 min R FE 50%LL B Sigh,

BRAE NI ORLAAR HEAT LA 7 A2 iR AR ™~ 0%

AR RCRLARA ], FERh e S N AR ik

AW WA FRGEREY], HE A ok

PR RSUE PR 03 48 5 AL, LA

Jo& 6] WA AE T 22 5
AW RE T, YRR I AR 25 327 AT T 5

A4S, kP 2 B s, Mo 1 R

NWERZRENY), 55 1 FOGARMG A SR . ARSI

WFFTEE KRR, H S AR RSN SOk (A ) AR

SR T N, Rk, RIEBRmG A RS HK R

Abs R i R 244 CRNRE BRI ST (AR Y 5

Yo X85 R IR IR AT 2580 2 3 LUK B N
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