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Abstract: Objective The total aglycone liquiritigenin represents the primary exposure of liquiritin in vivo in rats. The objective of
this study was to investigate the characteristics of exposure and transport mechanism of liquiritin in vivo in rats and in vitro. The
results could provide the evidence of liquiritin for its further development as a new drug. Methods The concentration of total
aglycone liquiritigenin at different timing points in rat plasma and tissue distribution samples was determined by LC-MS/MS method
after an oral administration of liquiritin in rats. The pharmacokinetic parameters were calculated by WinNonlin software using

Rosenbluth method of non-compartment model. The exposure of total aglycone liquiritigenin and free liquiritigenin in rat tissues was

U#SHHER: 2020-08-28
ESWA : FEE R ITRIBIE (2018YFC1708203); H I P& 5 RE 2 B i s 90 A 2 MERHH B BT AR 55 9% % 15 4 B2 1) (2018PT35031);
W EEXEHEE AL (20192D004); RET HARRIEEESFERETH (20JCQNJIC00320)
1?%‘%’? iKEA, B, BT, BT RNZE)% . E-mail: zhangaijie1 986@163.com
WBiEEE: HikET, B, WL, PR ANZEh%. E-mail: dongsql314@126.com
MR, &, BFFR, WS, W5 RN . E-mail: fanhr99@163.com



* 2054 ¢ $ER 20214F48 B52% H 7 Chinese Traditional and Herbal Drugs 2021 April Vol. 52 No. 7

investigated. And the transport mechanism of liquiritin and liquiritigenin was clarified using the MDCK-MDRL cells in vitro. Results
Liquiritin did not undergo linear pharmacokinetic characteristic after a single oral dose in rats. The phase Il conjugation metabolites
of liquiritigenin were the major exposure in plasma and most rat tissues. However, free liquiritigenin was primarily distributed in the
tissue of rat liver, uterus, ovary, stomach and intestine. The exposure of total aglycone liquiritigenin in rat tissues did not show any
accumulation trends. And the sequence of exposure was: intestine>plasma> liver >kidney > lung>stomach>uterus>ovary >fat>
heart>spleen>muscle>testicle. The transport results indicated that both liquiritin and liquiritigenin were not the substrate of P-gp.
And the transcellular transport of liquiritigenin from apical to basolateral membrane was higher than that of liquiritin in
MDCK-MDR1 cells. Conclusion Liquiritin did not show linear pharmacokinetic characteristic after a single oral dose in rats. The
characteristics of exposure of liquiritigenin in rat tissues indicated that the extent of distribution and type of liquiritigenin were
different among tissues. The exposure of total aglycone liquiritigenin in rat tissues did not show any accumulation trends. The
transcellular transport of liquiritin and liquiritigenin was mediated by passive diffusion.

Key words: liquiritin, liquiritigenin, exposure characteristic, absorption kinetics, tissue distribution, transcellular transport mechanism
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Fig. 1 Fig. 1

liquiritigenin concentration-time curve in rats plasma after

given three doses of liquiritin by gavage (n = 6)

Comparison of average total aglycone

werlhes |g
—-—iv

127 5 H FEFR A (ng-mL )

E2 KB ig5iviAT 30 mokg BHEHEFHMmE S HE
FIRE-HEHZEEL B (EXTEALER, n=6)

Fig. 2 Comparison of mean total aglycone liquiritigenin
concentration-time curve after gavage and intravenous
administration of 30 mg/kg of liquiritin in rats plasma
(semi-logarithmic coordinates, n = 6)
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R1 KEBERIig. v ERHEZRAHNESHLLLER (n=6)
Table 1 Comparison of pharmacokinetic parameters of total aglycone liquiritigenin after single gavage and single

intravenous injection in rats (n = 6)

i B s 9 v

30 mg-kg? 60 mg-kg™ 120 mg-kg™ 30 mg-kg™
Csmin ng-mL? / / / 39433+8 202
Crmax ng-mL! 287011166 3060+721 4585+2263 /
Tmax h 2.08+1.11 3.83+2.64 9.67+3.14 /
AUCo-30n h-ng-mL ! 24 482+12 764 30173+14 220 58 021+27 611 30391+12 800
AUCo-~ h-ng-mL™? 24 632+12 765 31107+15199 59 174+28 517 30 750+13 068
MRT h 6.53+1.32 7.31+£1.90 9.80+1.33 4.31£2.01
V4 L-kg? 11.6+13.4 244+210 12.2+4.16 8.25+4.81
CL L-h kg™ 1.520£0.720 2.270£0.903 2.490+1.160 1.160+0.534
tue h 4.65+5.47 6.77+3.62 3.69+1.20 4.98+1.55

x2 AR HEHRREAAPSHERMBEBEEHERSHLLE (n=6)

Table 2 Comparison of total aglycone liquiritigenin and free liquiritigenin distribution in each tissue after gavage of liquiritin

in rats (n = 6)
PLFHER G R/(A4 ng-gt, 13 ng-mL™)
eVl 2h 6h 17h
MHER HEHER MHRR B HER MHER TR H R

i 0 0 0 0 0 0
iG] 59.20+8.88 12.80+20.30 125.00+33.70  61.90+-29.00 4950+6050 0
Jii 326.0+132.0  153.0+77.8 1046.0+482.0  595.0+-255.0 43.7+29.1 22.8+28.4
Jildili} 120.0+72.9 35.9+53.0 427.0+200.0 204.04+127.0 0 0
i 90.3+21.1 79.94+22.4 226.0+123.0 206.0+112.0 215+17.0 9.49+14.7
£V 42.3+10.6 11.5+19.9 116.0+29.6 28.5+30.1 0 0

B 260.0+1180  227.0+118.0 457.0+81.8 454.0+72.4 0 30.9+28.1
IR 143.0+47.3 94.2+36.8 386.0+100.0 334.0+89.7 129.0+87.9 147.0+125.0
5 933+678 553+287 1598 +710 7324398 237+142 775+116
o 103.0+34.0 11.3+17.6 230.0+61.3 98.3+56.7 88.2+44.1 63.3+44.8
JHF 1181+792 1135+775 28234761 2618+738 94.7+76.6 54.5+60.7
g 754 +254 742+187 577+440 466 +427 204+214 174+180
17} 1378+1315 7114291 699242551 589042228 4544257 261+128
it 1446 +572 0 290341058 28.8+18.4 142.0+70.5 0
n=3

A AR AL R IR AR, KRR 2B
HERR WS G B 75 I,
fF. B AA T BN S T RS ES A
A ST 7N SRS SS R I =) £ P /v N
WAL P RN E RV RS
BHHERSIEH R ig42ija 6 h 453
AT OHALAPEHE RS ERFE TR 1
fi, B 25)E 17 h B H R 5l H =R & B,

B HE RSB THES, KL HRERE
DAL PRI A AR H R (3D B
B HERWEBES THEE 2 hjakmmsh, H
RUHLIIME 6 hIKB|MATIEAE, 2 JBEE N 8] ) 18
KRR T . KR ig 4525 17 h, B1Z) 342
HEWE, Ko HSAFERNARHERESED
B 28 M AR IEAB ) 1/10~1/20, REAARL AN E
GV ER
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322 HEEMHALANMERL % “2357 WiF
TRt RS H AR P S RS HE R
7 AR AUCoa7 n A H R R U H R
% (AUCHAUCT) 453 LK 3.

#3 KRgHFHEHRSHELAMMRPRHERNGES
HEZAM AUCo17n EEER

Table 3  Comparison of AUCoi17n of total aglycone
liquiritigenin and free liquiritigenin in tissues and plasma
after gavage of liquiritin in rats

AUCo-17h
HAMSE (A ng-h-g?, 13 ng-h-mL™Y) AUCEHAUCT
BHER O WEHER

i 0 0 /
MK 1358 464 0.342
Jiti 8895 5065 0.569
Jig 17 3504 1621 0.463
i 2042 1794 0.878
£ 974 214 0.219
TE" 4081 3972 0.973
gL 3964 3551 0.896
5} 15 622 7297 0.467
i 2470 1086 0.440
JiF 24 641 22774 0.924
H 7336 6308 0.860
17 58 376 47 399 0.812
iR 4 25 709 998 0.038 8

AUCE il B H B 2 AUCo.17n; AUCT AEH B Z AUCo.17ns
n=3

AUCk is the value of AUCq.171 for free liquiritigenin; AUCr is the
value of AUCy.171 for total aglycone liquiritigenin; "n =3

FR A & 2 H B A S H R %
g AUCoa7n S5 RTTHN, B HE XD MIEE >
M >>E > > 8 > 75 >0 §E > g > 0>
>IN > 2 B H R ML > H>
B> B >l > 75 > O > > G >0 > i >
MR >4, B HERER. H. B B, i
FER S s FEMEYEAETESS B O S, T E TR A A
X T HEE AR A T R L RO B R LA
OB TR ERHMIERFEENHER
PIARRERE ML, R A A B H R
323 HHERMALEE/MAKIKEL & EH
R i s R R T  E  RI S [A] AR
1P 3509 B LU AB 3% 4

Jilti o ) e B 25 4 M 3 LU A TR] AR AL JE A

x4 HAAHRPEHERTHSESEMNERHFMmIR
RELLE (n=6)

Table 4 Ratio of average total aglycone liquiritigenin
content in tissue samples to average plasma concentration at
same time point (n = 6)

ARE B H MR

LEEAVIR

2h 6h 17 h
i 0 0 0
LA 0.041 0.043 0.348
Jiti 0.225 0.360 0.308
L0 0.083 0.147 0
Ji 0.062 0.078 0.151
SR 0.029 0.040 0
FE" 0.180 0.158 0
UL 0.099 0.133 0.908
5 0.645 0.551 1.670
i 0.071 0.079 0.621
lits 0.816 0.972 0.667
= 0.521 0.199 1.440
17 0.950 2.410 3.190
il 1.000 1.000 1.000

n=3

PeRF—2: NI B ORE. F. 0. BABRA
H B A S 1 2R LU BE B (A R G, g5 R R
B, BREWFIFSL, s H B R R AR AR
AR I BRI R A — 3

33 BIRFREHHIR

3.3.1 MDCK-MDR1 4 a2 (1) 56 F  MDCK-
mock 41 H.Z  TEER {356 6 KIAF(2454+13)
Q-cm2>150 Q-cm?, MDCK-MDR1 4 fitl 5. 2 )
TEER fHZ|% 6 KiAF| (2424+10) Q-cm?>150
Q-cm?, B MDCK-mock Al MDCK-MDR1 4] .
EEE M S B R, AL ER,

332 HHFMHFZEE MDCK-MDRL 41X
¥ ia2 MDCK-MDR1 4 sy, HE3F 5 umol/L
875, HEZE 10 pmol/L 5%, 13BN FEIZE Pagp
A RefH, W#* 5.

AWFFEHH A E MDCK-MDR1 41 B 74 45
NTT ) Papp 179 2X 1076 cm/s, it B H HEHF 5
HIBRE IS H K Papp 2108 17.0X10°6 cm/s,
UL H RS IEee ) R . HEHMHREERE
MDCK-MDR1 4Hffi i sp Re<<2, #ern HEFAIH
HRFEUM S BUE B R, AAEE P-BE
WA MRS AN SIS IS L]
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#5 HEHEMHEZRAE MDCK-MDR1 4AIERIK] Papp (&
# Re

Table 5 Papp value and efflux rate Re of liquiritin and
liquiritigenin in MDCK-MDR1 cell model

Papp (X 105cm-s )

i) Re
AP—BL BL—AP
EESSS 1.98+0.58 1.32+0.47 0.67
HEiE 17.0+1.63 10.44-0.95 0.61
4 Ve

AR HIF SR A8 SRR T8 ) 3 R S A A R R
ARURE s 081, o P G K R AR P H R R
FANF B H R R R R R T WA AT, FAaE R
T H BEFLE M P E B O H R 1
AHEE G =4, TR AR S0 SR H B-R81 767 4 B 1 T /K A
B 17 3 A p A H R R B A AR
WAL A HH (1 2 58 R AE DT [R) 32 R AE H R 7 A
Wish#&Z1ik. 54h, KA MDCK-MDR1 4ffffs
BUGF 70 H B AN H BB S S I 1 e ) A
B 775 R0 W 2R SO A T AR

ARSI A B AR KRR AR P IR IR O 2R
B AR, X 5 B — D ] AL, AR
PEAELR B U, 48 SRR R 267 R
FFE I, 29 EEL S /)24 AR ) 32 2R
R R N B3 8 R Gk BIMRT, g fikisik.
KEALA WAL BNE BERIOEMEL, 75
AT H R IG R AT B E R, KRZsh %5
H AUCo.tv Crmax BEFFI I T8 0, (H 38 ey LL 71
B/NFFIELG, 1A P AT REAALE SRR LRI,
BRI 0 ) B 75 3t — B iR, X Rl sl 4b 771
RN R FR 4 T A 22 4 3 791 B v Bl R
VRS, HhAN,  ASSEIG KB R h H BE f 2- i)
MR AFEXE ISR, #— SR T HEH (60
mg/kg) FRIK ig L 2SRRI T HEME B, 45 R BUH
HhEHTER 0~48 h REHEEMS BN (32.1+
10.7) %, #n ig AEh)E BH RN A IEA
B, T REAE 2 i 4 H IO 1) A

FERL AR, AT ALY, Ol i
BHBE RS/ 6 h 117 h ZHIAK, TiHABHLA
17 h B I H R IR L 6 h R 3B B, )
O NFEH L H RS, WA EHE - HiX
—E RS FBWTHER, —REKZME
M, ZRARESIEOIEASAKER. s

KA )G 24 h AEREATFHEATIE, 45RKRWIK
AL CHNAZIH R, HhE RO
JEH A PRI AR H R ER, HEBRMAZ R R R,
XS R H BER AR 24 h RIATRHER 70 B,
AFIEOEARNER . Bk, OEHZEHEI
A ZUH BRI — LR AT Re A 25 ME A,
X i B AZ o SRR O LA 2R Gl RS R 4R
HEHAE OO NIER IS | SEH 25347 T KB
gt B Lk, OERHER (HER) KEHILL
WUBR A RJRES B 2 —, (B AEME— R IE L
TER I RBEIN 3R, B alisth 25 LE O IEH 2K 43 A
Bk E IO RGUERRARIK, HE 4
BRZ HAE FINLIE 75 54T 2E— 22 BB i
R, i HEMOR K AR A E R
LR, GiFRNERIER, 3R R N ShAS st AR A
N— RIS IE ISR G ROR . FisRvIE i
S A R R DR s OR s
18, BIAAEAE P-gp AN I B B SIS IR 1S AL
il Rk, ANFHREHET P-gp MZY-Z5YHE HAE
A, T HAS 2 N 722 i B A A T B AR HERR X —
KR KR E0 THURR U SNEEY 5, H
ARG IE, A R 52 s
B EE A B P A Y e, ROk
TR L K FLIE B s 0 IR 9 HOE  SE E—b
HIBT ST . 29VIRIES IR s A B AR RE, 245
s IR I AU B Z 525l 70, HEE
SELBNEAT N, RIS A TR BRI A R
FEEOIMDR, R R 25V s I IS /e . ML
LSS 250k A Bl 0 22 R AR IR, 363 25
KAV K
FBAR TAVEHFRARELEA R TR
SEHK
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