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Abstract: Objective To study the effects of the flavonoids from Glycyrrhizae Radix (FGR) on the function and expression of
P-glycoprotein (P-gp) in Caco-2 cells, and to further explore the detoxification mechanisms of FGR. Methods Flow cytometry was
used to study the effects of FGR on the uptake of Rhodamine 123, which showed the toxic efflux function of P-gp; Western blotting
method was used to detect the expression level of P-gp in Caco-2 cells. Results Compared with the control group, after treated with
the total flavonoids from Glycyrrhizae Radix (TFGR) at the different concentration (5, 10, 50, and 100 pg/mL) for 1 h, the uptake of
Rhodamine 123 in Caco-2 cells was decreased by 61.1%, 56.3%, 49.2%, and 45.4%; liquiritin, isoliquiritin, liquiritigenin,
isoliquiritigenin, liquiritin apioside, and isoliquiritin apioside with the same dose significantly decreased the fluorescence intensity of
Rhodamine 123 by 19.3%—37.9%. The expression levels of P-gp in Caco-2 cells were significantly increased (P < 0.01) after the
co-incubation of TFGR (10—400 pg/mL) for 72 h, and liquiritin, isoliquiritin, liquiritigenin, and liquiritin apioside (5—400 pmol/L)
had the similar functions, so did isoliquiritin and isoliquiritin apioside (10—400 pg/mL, P < 0.01). Conclusion FGR could
strengthen the function, up-regulate the expression of P-gp in Caco-2 cells, promote the efflux of toxic substances, and decrease the
absorption of toxic substances, which could be one of the new mechanisms for Glycyrrhizae Radix detoxification.
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P-#itE 1 (P-glycoprotein, P-gp) J&H MDRI
HE DR g A () IR e A% B = 1 R ( adenosine
triphosphate, ATP) REEAMEITK) 2 25N 254 MFE, 1
U EE I NARA LS W Bl L B B giE.
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CELFEBR 2002 LA M 25, dHARR
JUAEHR WETE, JUHR TSR0 P-gp 1)
Thie Mgk By —emm, B2 LS
R 2hb Ty, T B A g A 2 1 R
JEIZL 5, TR T AR . R iR
iR L R GE R 2, (B P LIS e 43
o Wi S RA U iR, Sl
o P RYVOIESEZFAER, R HEZWR
Hepifiz —U+1,

ASEI LASE W P-gp T RE ) 4ES7 K FiE 3
P-gp FIAMIIAZE A Ny PHER RN, 255 T Hw
M (total flavonoids from Glycyrrhizae Radix,
TFGR) KM EZ M Wt mHEE. HEER.,
R R R TR R R
Caco-2 4iffd P-gp DhREMIZRILM M, LUE—0#
W HERCATLAR 2 4R P AL o
1 ##

1.1 ## 5ik5)

HRLZGhE, ) E BT, SR nt R 2R R
PR N SR S P R BB Glyeyrrhiza ura-
lensis Fisch [FTRFIRE 28 . HEOEF . e, i
B BRSPS )
I FE 0 $0>98%), Sigma A#]; HE L,
H il

P-gp —#$i[mdr (¢c-19) sc-1517], 3 [H Santacruz
Aw]; i 1gG 41, 3 Jackson A 0.22 pm
THALUEIE, YL DOBRHEAT A | : DMEM Ri R 2k,
P S IR A PR KR AT BR ) s iR L (FBS),
Equitech-Biolnc 22 #]; PYHIIEZ 2 (TEMED),
RHILREMER (PMSF). Triss WMiBERG. T k¢
HALRW (SDS). MRk (APS). H&EMR.
Mt BREEN. L F AR . Hank’s P &5
R B2 LFENRME L6if% (HEPES) ¥R, —H

LA (DMSO). dEfriik. iz AL D)H]
123, [ Sigma A F].
1.2 4HAE

Caco-2 4l fifd, & Ming Hu #1504
1.3 488

7 A, 3% [E Becton-Dickinson FACS
caliber /A 7]; Western blotting HLIKAX « 2T IEAN,
£ [H Bio-Rad A H]; Western blotting il ff Z24c, %
Odyssey v 7; PVDF fi, 32 Millpore A 7]; &
WA EONL, EEBMR IR AR, NC K, E£H
Pall Corporation 2~ 7] ; f & INF£ 4%, Eppendorf /A 7] ;
T KA, M E RS R AR EAVER T
FRAE, R ARRFEREAGS A R A A IR,
g s ZRBORRIR, LI EIAT
TEHAX AR s BS203 AU E AL, H A Coic 247
METTLER AL204 + /3732 — R pH it HEREE)-
FER ZAXARA PR AT s CO, 41 M ks FR4 . MK3 Bl
FriX, ZE[E Thermo A7 .
2 HE
21 HELDHEIRAS &

BRUREERH 12 f558 90% LREGEH 2 K,
K 2h, $REATRD S he PERGEA 1 A5 E A AR
BTk, KIZH 1 5 RETR CBRAH 2 Ik, BER &
) s el )5 a7 BB 3 L 7 i = P o & 7
pH {E0 5, AR E R 1| mL/min, 2N 1/10,
FREFRIR N 0.15 g/mL, H AR S5t 2 5%
WEREA IR, 49 H RS SR A, AR I T
SH>90% (LAHRLH ).
22 IR GRIARAE &

RS FRBCH BRI 25 mg, NG & R,
B A 30 min, HREDER S S mL, FURBUTEIRK
J£ 5 5 mg/mL [FHEHR AR
23 FERMIAREIEE

FEERRPOF R H R HEAr, riE R
R R HRER. RHEREERNENER,
3 ) I R ) S 5 B B 20 0 1 mg/mL FRDRE HE s £
W A& RUCRE 3 IR 6 AN0) A il 25 v
100 puL E [W— 5 mL &, I R R 2 2 5,
% 20 pg/mL I FRERE H BT . H R, TR
FHE RHERT R, R R RESHER,
BI7S .
2.4 HpAIET

Caco-2 A ML 75 LA 2 X 10°/mL % & i Fh T 25
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em” AR IBREFM R, N 5 mL 7% 10%FBS. 1%
BB 1% FRFHEAEER . 0.1 UL H 5 R-5E%
ZAPLIATEA DMEM $55538 . 4iifE 37 “C. 5%
CO, WRFFA PR 95, MR, Frdtk s
80%~90% I FH 0.1% Bl A IFAEAR,  JEION Bk
KM Caco-2 4 F 555 .
2.5 MTT AR A4St

BEAET- 05 K11 Caco-2 41 L LA 2 X 10%/mL
(13 LM T 96 SLEEFRIL,  REFLAARA 200 pL.
1537 C 5% CO, %A1 FWEAH h 597 24 h, US4
LR TR, WA RO A H . SR, H
. o HEE TR PR R R
DMSO F5FRHMRe, A T S i i (1) 2% B B
1 000, 400, 200, 100, 50. 10. 5 pug/mL, HHFF,
AR, HER, RHER PR, 7
Bl S H B (0 A 2R B2 20 1,000, 400, 200,
100. 50. 10. 5 pmol/L, DMSO MHJZAERIA KT
0.2%. 25 25253 Tl NS ) Ot 255 1) H 2 5 2
N6 ANFERSr, WERAAONEEFRIE, Bt R
Anan ARG TR, e BIRS&AERER 720, LN
5g/L () MTT ¥ 20 uL, 37 ‘CH:iH 4 h J5 & BB IR,
AN AERFL W, in DMSO 150 uL, &% 10
min 45 R E R, DA ALARE, MR OO
M 490 nm ARRIOEE (4D, THEIMIAERER (52
B2V 38 A {E/ BIPEXT BRE P34 A {f) o EIAN AT
T3 = 90% 1) 2590 o i FEAE A AR 40 M i vk L
2.6 ¥ Caco-2 HfEMA T FHFA 123 WA HIF N

TR RN R AL 6 AN Ry S R
KT A B P 123 RS 1) 5% S i B s A5 19
BOARKIVER, DAHERR e AT IR s i 45 SR i)+, iF
ITLLURSESS . e A4l (1 mL PBS+1 mL 2
BK), B 123 40 (1 mL PBS+0.5 pmol/L
BPFIE 123 1 mL), 294 (1 mL 400
pg/mL H 5 RBEEET, 5% 6 AN E B %4> 400 pmol/L,
B AER IR 50 umol/L+1 mL 22851 /K), 5E
520 (1 mL 400 pg/mL H# S5 HT, 556 A F 2
53 400 pmol/L, E4ERIMHKEM 50 pmol/L+0.5
umol/L &' FHBH 123 %5 1 mL)o - 4LIEBIMAN 5
mL WU RS, FAXRAIRE, 9t
THEEOR K 466 nm RSB K 535 nm AL #-41
AMH. IS AH) A S A A2 72, W%
FHIH 123 2010 4 (BT ¢ K25 (SPSS13.0 il
) (n=3).

2.7 ERLAREAETN Caco-2 ZAAR P-gp SMHETHAE

b T3 B KA Caco-2 4 i FH JERIE I AL o
FH4 10%FBS ) DMEM 55 7 3 il 5 2 40 o 2
W, 4 CF 1500 r/min .0 5 min, 3 B, H
PBS 73 HA 1} 10%/mL (41083, B 0.5 mL $% 5
A 1.5 mL B EP &he 4301 EP & i H B
I 5. 104 50, 100, 200, 400 pg/mL, B} 64
FEKS 5. 100 50, 100, 200, 400 pmol/L, H4E
PR 50 pmol/L (FHMEXTHE) 51 PBS %5 0.5 mL
(KD, 37 C. 5% CO, 15 7% 60 min J5 B VK E& L
EH, 4 "CF 2500 r/min 0> 5 min, 5 [, 4 C
™ PBS ¥k 2 R, B0 L. BRI PBS
Ah, BEEIMNZ P 123 (LR IE A 500 umol/L),
37 C. 5% CO, £3% 60 min, EK L& 1-1EH, 4 C
'~ 2500 r/min &0 5 min, F 3, 4 CI¥) PBS
vE2 W, Ba0FE BiE. 0 PBS 500 uL BEIKIT, i
A AR . AEOR I 466 nm. AT
M 535 nm 45 Rk FITC @M E 10 000 44
JHL, Wtk 535 nm ALK ZPEI] 123 SOGRET 0T
3 BT T I 2 40 M R0 A0 i TR I s ) T4, I
KEE 3 K.
2.8 Western blotting ;£#&0 Caco-2 ZHAE P-gp &
ARRIE

BB K Caco-2 4l 4 o H &R F AN
[ (5. 102 50, 100, 200, 400 pg/mL)
H I 6 NFEWAARIHEE (5. 10, 504 100
200, 400 umol/L) #H, iz A (1 umol/L) FHYE
XA, XL (A MsE R0 . 4 il an il & 2
Wi FRILHE IR 72 h, AE 6 FLARAN I & ik 2] 80%~
90% 5 AN L, PBS ¥k 2 i, LI 200 uL
MR, FHARIRETECT AT AR VRN 40 1 72 23
FEA Ao 2400 o K BEFL N BV 3 ) e 8 &2 oy Ah—
K EP &R, 4 °C. 14 000 r/min 20> 5 min, H F
T 180 pL. KT fa s AR SR R R, 98 Clndt
5min f5 BFE. BUBEBHR, & THBoEr T 15
min, FHE, K BORNECLF G —PiH, 4 CTRRRIRGE
G EEH. —PUEL ARG Tris-HCl 2P EhH
7 (TBS) -ZEILALES 20 e fo et 3 Ik, RHIK
5~10 min. JEA CECHEF I =P Chrp Frid) 1,
R 1 he ZHUES NG, H PBS-E LA
20 3 TBS-K LALEE 20 VLM FHRYE 3 I, RHX
5~10 min, PVDF & E3in @5 (0.1 mL/em®),
FEWBCE 1 min, FHOREEBORG LG OS5 <
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DRI M b3 T et Ak P38 B P TEA T DA S 86 o
3.2 % Caco-2 4AREMA % AR 123 KX BIF T

B R IR (BT ) S 29 4L 2 ] 123
YN 0 AL () ZEAE RN 2 PR 123 0 AL %
JERRPEJE 3 25 e, SR H R S 6 AN
BLRS> RLE R R 2 PFEE 123 580634 o i K B
SEAEH. g5 RILEE 1.

o

= + B

N

400

SR
T

e St
SR
= FRPESH T
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C/(umol'L™")

1 HEREW A) REEEMS B) 3 Caco-2 AMFERMEM (x+s5,n=3)
Fig.1 Effects of TFGR (A) and its principal constituents (B) on survival rate of Caco-2 cells (x +s,n=3)

£1 BHELBEREREEERSX Caco-2 RN T FHER 123 752 E A2 0

Table 1 Effects of TFGR and its principal constituents on fluorescence intensity of Rhodamine 123 in Caco-2 cells

W C/ (umol-L™) FABE

SIS 2 Zyxt Al 1Y
R 400 pgrmL™ 36.8 3.5 33.3
HEAF 400 33.5 2.4 31.1
SR 400 37.5 45 33.0
HEHE 400 35.5 2.8 32.7
FHER 400 36.1 4.1 32.0
AL H B 400 34.5 3.1 31.4
bR e H 400 35.4 2.1 333
I EP/S 50 35.8 3.5 323
BPEE 123 %) E 0.5 32.6

3.3 % Caco-2 ZHAf P-gp SMHETHBERO S LK 3.

Ext AL, HESEE 5. 100 50, 100
pg/mL 7ER Caco-2 41 1 h J5, 0L 2 FHEH 123
(K58 R E 73 IS 61.1%- 56.3%- 49.2%. 45.4%
(P<<0.01), XWIHRAEEIX P-gp SMEDh e A
FHSEH . SR WE 2. HEREmF 6 AN FEEK
IYUREESN 54 54 104 50, 100 pmol/L I, {841 i
W EFHI 123 (2GRS 19.3%~37.9% (P<
0.01), RIEATX P-gp Theth LG FAEM . 458

3.4 % Caco-2 4HAfl P-gp EHFRIEHIF N

3.4.1 HERIEEN Caco-2 41/ P-gp R HKIEK
i SR A, HRDE S 10~400 pg/mL.
A A 1 pmol/L 7EH Caco-2 411 72 h, i Caco-2
4iiE P-gp SRAFRIZEF L (P<<0.01), FFEIR
SIRFEASCHE, AR B R B AR B R (400
ng/mL) FEHSTHHEE A (P<0.05). 45301
Kl 4.



¢ %% Chinese Traditional and Herbal Drugs

E44% F198 2013510 5 « 2707 ¢

3.42 HEAFX] Caco-2 48 P-gp & [RIAFE M
EixtmeiAn L, HEAF (5. 10, 50, 100, 200. 400

1000
800 -
600 +

400 | 4

o k% *H H
X 4EReR 5 10 50 100 200 400
HHRE T / (ngmL™)

YOCTRSE

200 -

SxiRaiLiE: TP<0.01, TR
P <0.01 vs control group, same as below
2 HELEEX Caco-2 iR P-gp SMETIEERIE M
(x+ts,n=3)
Fig. 2 Effect of TFGR on efflux function of P-gp
in Caco-2 cells (x+s,n=3)

umol/L) 4 H Caco-2 4l fifd 72 h, i Caco-2 4fi/fd P-gp
FEAXIEBEF LI (P<0.01), T RIIREAME,
TEEIRE (400 pmol/L) Y, YEHSRT IR A,

BEEEER. GRS,

3.43 S HEAX Caco-2 4l P-gp fRHKIEHE
e SXFIAAHE, RHEA (5. 100 50, 100,

200, 400 pmol/L) fEH Caco-2 41/id 72 h, 3 L
W P-gp HEAEE (P<<0.01), FFEBLIRFIFICNE,

FIWEE (400 umol/L) MAEH S THHZE A (P<
0.01). ZiFWLIE 5,

3.44 HHZEX Caco-2 4l P-gp & [13RIA 150
x4, HEZE (5. 104 50, 100, 200, 400
umol/L) fEH] Caco-2 4l 72 h J&, ¥l P-gp HHHH*K
EWE L (P<0.01), JFREIUREEFICHE, @ik
J& (400 pmol/L) I HIEHT 59 T I 2 A (P<<0.01)
iR LK S,

1000 B R
i N o B LY
800 B R

o ekokok kk Kk

DGR

(ERRY 2 A 1Sy QU 10

C/ (umol-L™)

3 HERERBPEEMRSXT Caco-2 A P-gp SMETIEERIFNE (X +s,n=3)
Fig. 3 Effect of principal constituents in TFGR on efflux function of P-gp in Caco-2 cells (x +s, n=3)

1000 [ 8 it
i A B R
800 T
= 600
=
= 400
®
200
o5 Bl S0 = . .
ST 4ERiiR S 10 50 100 200 400
C/ (umol-L ™"
Pgp | e sequn o @D S @D gy |50
..- 42X10°

X5 10 50 100 200 400 & A
F 85 3 35/ (ug'mL ™)

0 -
X AIFEA S 10 50 100 200 400
HHE S HE / (ugmL™)

]

wzk

P-gp/B-actin
f=]
N~

4 HEIZEE Caco-2 ZHEE P-gp EHFRIZAF N
(Xx+s,n=3)
Fig. 4 Effect of TFGR on expression of P-gp

in Caco-2 cells (x +s, n=3)

3.45 SHFEX Caco-2 41 P-gp 85 FIKIA M
XA, 7 HH 2 10~400 pmol/L /£ Caco-2
YL 72 h 5, 8 P-gp EEFREEE il (P<0.01),
IR EAL N, = EE (400 pmol/L) IR
e FHRME A (P<0.01). ZHILKE S,

3.4.6 JFEHEFEEHEET Caco-2 i P-gp B HRIA
Mg SR LG, R H R (54104 50,
100~ 200, 400 umol/L) YEH] Caco-2 4/l 72 h )7,
fifi P-gp R B E LI (P<<0.01), JFSEBLKFEAI
P, ERIE (400 pmol/L) WHHIVERISS T3 A
(P<<0.01), ZiILKE 5,

3.4.7  RERESH SN Caco-2 i P-gp 2K FHZRIAY)
s SRTRATHEL, TR R 10~400 pmol/L
YEH] Caco-2 4l 72 h Ji5, Al P-gp SRIRIA 2% i
(P<<0.05), JFEIMREEAHCNE, m=kIE (400 pmol/L)
IHVE SR T2 A (P<<0.01). Z5RILIA 5.
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& & 04
=] N ~
. 0.2
o LI i
XM FEEA S 10 50 100 200 400 A AHIEA 5 10 50 100 200 400
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ﬁ-aCtin :42X105 B-aCtin _ 42><105
MEE 5 10 50 100 200 400 HEEA M 5 10 50 100 200 400 FffiE A
FEREREH S/ (umol- L) PR H B / (umol-L™)
r o 12 -
0.8 ol .
£ 06 £ 08L
8 - g
& 04f & 06
& - Ioo4
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0 0

X HAIFEA S 10 50 100 200 400

JEREIE B/ (umol L")
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M SHEA S

S5 HEREIP 6 MEEMS T Caco-2 HH P-gp EEFEMHM (Xx+s5,n=3)
Fig. 5 Effect of six principal constituents of TFGR on expression of P-gp in Caco-2 cells (x + 5, n=3)
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ARSI LT H BSR4 Caco-2 41l
P-gp Dife SR A RIE M o I H R B S R
15 5l 2 AIC P-gp KA 2 P 123 740 i N 1R 52 i
B, RHEAVER TN (1 h) FHEp e #5% Caco-2
A0 P-gp HIAMHETHRE . Caco-2 4l 28 T 5w i 2k
AT 72 h, BB B Caco-2 41 P-gp S
PZRIE . HAR TSI R B R, A
e TR FHER. PSR R
HHELEXT P-gp MY REFNE RIS I REmAHAL, $2
ZNIX LA W] gt H R R A 52 P-gp AMREDD
REANHE R IB A U85

P-gp {E ANV 2 EE 48 B A ZUh #A F
B IRIE, AT DURA SN A S P 0] I LE 2 A
WERE. IR, B2 P-gp /N, KX
TEAT FED R HEM D, DTS R 28 5 2 3] 464
E, g SRR H R B NS SR
RAGTEIGIR EARIMER], HILAER A E R BLE AT
R ARSEE SRR, R R B Sy S
IREE A AT P-gp DhAE S AR, b
YILE N TE N IR, (R4 B N S A, X ET
e H s plie —.
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