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Theinhibitory effects of nobiletin on P-glycoprotein and
the study of molecular mechanism

BAI Jie, ZHAO Sheng-yu, FAN Xiao-ging, JANG Jian-wei, WANG Rui, ZOU Xiao-wen,
HU Jin-ping’, LI Yan'

(Beijing Key Laboratory of Non-Clinical Drug Metabolism and PK/PD Sudy, Institute of Materia Medica,
Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing 100050, China)

Abstract: Nobiletin is a kind of polymethoxyflavonoid with many pharmacological effects, such as anti-
inflammatory and antioxidation activities. This study was carried out to investigate the inhibitory effects of
nobiletin on P-glycoprotein (P-gp) in vitro and in vivo. The molecular mechanism for structure-inhibition
relationships of nobiletin with P-gp was investigated. Nobiletin exhibited significant inhibition (ICs=2.21
umol-L™") on P-gp in MDR1-MDCK II cells. In the cell toxicity test, the paraquat-treated cell viability was
decreased with nobiletin by inhibiting P-gp activity. In the rats PK study, the AUC ., of digoxin was increased
2.02 folds while the C Of digoxin was increased 3.29 folds, when nobiletin was used in the pretreatment of SD
rats. Molecular docking analysis elucidated that the formation of Pi-Pi bonds with Phe974 was the key factor
for P-gp inhibition. The research findings provide important guideline for prediction of potential interaction
between nobiletin and P-gp.

K ey words: nobiletin; P-glycoprotein; inhibition; molecular mechanism
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AIRETE, AT AR 250 AT SR 22 Ak o BRI 2R
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MMAIEFE  MDRI-MDCK II 4 i Jy A S 56 = H
AT, B3R T DMEM mifil Rt (5 10% 5
A0fiE . 100 g-L T M 100 gL T EEE K), 37°C
5% CO, W fH$5 7%, 4 A& Kot BOWEAT AR %
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Table 1 Inhibition effects of nobiletin on P-gp in MDR1-
MDCK II

compnd O e emas et e
Digoxin 5 024+0.05 20.61+0.27 -
Atenolol 5 0.43+0.25 0.32+0.07 -
Propranolol 10 289+ 152 31.2+4.13 -
Psc833 50 1.11+0.09 247 +0.12 93.29
Nobiletin 0.2 0.22+0.04 18.35+0.18 11.07
0.35+0.08 12.87+0.17 38.54
0.73+0.08 7.82+1.12 65.19
10 1.19+ 0.22 6.12 + 0.55 75.78
15 1.38+0.20 519+ 0.25 81.29
20 158+ 0.23 4.96 + 0.56 83.44
50 3.93+0.98 337+035  97.87
120
—&— Paraquat

-® - Paraquat+Nobiletin

Cell viability (% control)
2

0 2[‘.'10 4(;0 b;.J[J SEJU ][JlUO

Paraquat / pmol-L*!
Figure 1 Paraguat concentration-response (cell viability) curves in
the absence (paraquat) or in the presence of 10 pmol-L ™" nobiletin
(paraquat + nobiletin). n=3, X+s. *P<0.05 P <001 vs
paraquat group
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—&— Control
@ Nobiletin
—&— Verapamil

Cone. of digoxin / ng-mL-’

Time /h
Figure 2 Plasma concentration-time curves in semilog scale of
digoxin in control and herbal inhibitor-pretreated male SD rats.
n=3, X*s

H i 22 ) AUCo Fl Cr 5 25 X BRELAR LE, 43 1) 184
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T e < bR RO
4 JIIBFERES P-gp B9 FXHiE
)R R = ANGERLIAK S P-gp X2 )5 (14
[ R 5 R s 2 AR, H45 A I R R A
B R EAERIFEEZESR, iE¥Es Tyr303,
Ala981 1 Tyr110 JE ik 3 &4, 5 Phed74 JE ik 1/

w24
~ ILE g
C wo7p &Y
VAL PHE
A:978 :?{P
39850406  |nang A6l
¥ 5.89 SER
666 o 554 £725
0
H Q o +
MET A:332
A:982 SER
A975
7.03 bt
ALA |
A:981 H
- = . 3.45 SER
PHE A:729
e R A:953 &
AS8 oy A:971
A7l
ILE LEU
PHE A:336 o LEU
A:339 4:64 a:972

Table 2 Pharmacokinetic parameters of digoxin in control and

nobiletin-pretreated male SD rats. n=5, x+s. P<0.05 “"P<
0.01 vs control
Paremeter Control Verapamil Nobiletin

AUCo(/h-ngmL™ 39.67+832 8555+13.25" 80.13+15.49"
AUCo. /h'ngmL™ 4091+7.75 86.37+13" 81.27 + 16.12"
Tuz /h 206+073 1.61=0.23 1.86+0.26
Tmex /h 1.27+123 065+034 0.45+0.11
Cinax /ng-mL~* 985+32 3392+813" 3238:587"
Vd/F /L kg™ 19.6+ 1041 6.89+ 1.56° 8.44+ 1.59°
CL/F/L-h-kg™ 6.33+148 294+038" 3.16+ 056"

Pi-Sigma . BH % #0054k b dn oKk 5 Phe974 Al
Phe728 Tk 2 A~ Pi-Pi $. JIIFRE RS54 KA
B, BT 5 Phe974 FEHL 2 A Pi-Pi B2 4k, &5
Phe332 JE /% 2 4™ Pi-Pi 4. S EAH L, 4ERimaK
NG R TSI . K45 AR, P-gp 1
Phed74 5 /Ny T4 & W0 T iR i I Pi-Pi 5 T e 2
AREE I E BN R, Wm . MR R. g
K5 P-gp 57t gs R 3 fos.

Fig2S 56

31 : ; PHE
£ 4 q s , A%67
QA % e g
N A / N
\ e ) \
s N A / ,'h""'-‘/ \o—-/ \ I'-\_
‘_f_r,(\.\ -"/' —\\‘D""l : G/ WY
'99 ——s40 S5 4355
GLU
457 s 552 A:106
561 a00  MET
PHE LEU :";‘; A4
PHE Py A:718 a2 G
@ A:339 .
SER e A:78
ILE Wr VAL
At A:732
PHE
PHE,  A953 TYR
ik e, A949
@ W &
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LEU A.74
A971 s21, o 550
SER a
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o
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SER
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Figure 3 The three-dimensional diagrams (A) showed the binding conformation of digoxin (yellow), verapamil (blue) and nobiletin
(red). Molecular docking (CDOCKER) of digoxin (B), verapamil (C) and nobiletin (D) to P-gp.  The residue colors represent the types
of interactions as follows:. green (Van der Waals); purple (Pi interaction); green arrows (hydrogen bond)
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ST REREY, BA REE Tl ARG,
FEBRIE AKRM PR 3G o4, BAT 223
SR (1 E7) e I R 31111 = T e Y 1| KRS BT
B, SpaEsk, BEDRE SRR IE, HEK
WEYH T 2SS R T4 R E T
ZORVE, BTS2 A F I B G ORI, X K
KIEIN T 25900 AR FH B mT Re .

P-gp fE N AR EZEMIMERERIZER, TS 5241)
W B s RV P [ B+ T Al 24 R e ARk
SIHIEE S, 45 P-gp IRYIZiY& F A74E DDI
MIATREME . DA ST IRIE B R A i & 2 ik 5K
L 25y RO R 225 mT T P-gp #EE, IREAFEAE
FILT 8 = AE Caco-2 4 b 4R HU . #4y £ F 48 3
AR A AE Caco-2 41 A A AT B AR Ath AR R 1 Ak
HEE AU, S — 25 AR AR R A LR, ¥
i 284k A%t P-gp BRI A AT 52 m 34 FH 25901
WS s ANHEIE Y 25 A3 ) S RHE, R MR R T S
FE oL T 2 2 P-gp A5 14 il 88 4 R I 22 24t 25
Ma 2157 R ILZE A2780/T Al ABAY/T 4ifiur, )il
Wi Bz 25 s I H0 ] P-gp FTE MR M AT 2 2 e
B Zfh3ES M RUR ;. Wang 25O 7t R 01| BE
B # IR AT 4o e N H 7 EBA
FIAEF, WA R S0 1 R % # .

AW T S E MDR1-MDCK I 41 g /b 2% 5 Hi )1
W i 252 P-gp FIAMHIF (1ICs N 2.21 pmol LY, 48
Ji M AH L R0 RE A B W K SEVE A )T B2 3= % P-gp 114%
(A= ) 55 SN, I 9 4 SR 3R B )1 R R 2 AT 3 o i
il 0 200 B, K R A P L R S I 2 B
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