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Effects of microemulsion on transport and mechanism of puerarin in MDCK-MDR1 cells

YANG Bing, ZHANG Zi-wei, ZHAO Bo, WU Ya-li, TAN Li, LI Peng-yue, DU Shou-ying
School of Chinese Materia Medica, Beijing University of Chinese Medicine, Beijing 100029, China

Abstract: Objective To explore the effect of microemulsion on the transport and mechanism of puerarin in blood brain barrier (BBB)
cell model MDCK-MDRI1. Methods MTT assay was used to evaluate the cytotoxicity of puerarin microemulsion and solution, and
determine the appropriate concentration of administration. The bilateral transport characteristics of puerarin solution-microemulsion
was investigated in MDCK-MDRI1 monolayer. Immunohistochemical staining was used to study the expression of tight junction
proteins, and the changes in cell membrane fluidity was studied by fluorescence bleaching recovery, and the changes of membrane
potential was measured by anion probe combined with flow cytometry. The mechanism of the effect of microemulsion on puerarin
transport was clarified. Results The MDCK-MDR1 showed no significant toxicity when the mass concentration of puerarin solution
ranged from 50 to 300 pg/mL and the microemulsion dilution was over 500 times. The Papp value in absorption direction of puerarin
solution on MDCK-MDR 1 monolayer was 1.04 x 107% cm/s, and the Papp value of excretion direction was 1.05 x 107 cm/s. The Papp
value of puerarin in microemulsion was significantly increased compared with that in solution (P < 0.05). Microemulsification could
reduce the expression of Claudin-1, Occludin, ZO-1, and F-actin in MDCK-MDRI, promote cell membrane flow, and decrease cell
membrane potential. Conclusion Microemulsion can promote the bilateral transport of puerarin in the BBB cell model
MDCK-MDRI1. The mechanism is closely connected with the opening of tight junctions, increasing the cell membrane fluidity, making
the cell depolarizing and reducing membrane potential, and increasing the permeation of paracellular.

Key words: puerarin; microemulsion; MDCK-MDRI1; Papp; tight junctions; cell membrane fluidity; cell membrane potential
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55 ab31721, #i[EH Abcam AF]); %Pl Claudin-1
Pk (T8 374900, 3 [F Invitrogen Corporation 23 7] );
RPL 2O-1 Pk ($85 61-7300, E[H Invitrogen
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2 Bk
2.1 BEREWELFIE

FRAE S8 = AR AL, Wit LA Ty
N 10 g, IPM 0.519 g 1,2-PH ¥ 2.923 g .EL35 2.923
g+7K 3.635 g; %A T7 LUK 1,2-18 % EL35,
IPM, 25 ClEESHE, RSEMERN A M, FHRZE
HKAER B A, K B AN A M, S84
A2 2 S 2L, TRl B AR R 700 mg, HERE
AL pH N 5.31, K42 17.86 nm, Zeta HLA7 A—4.90
mV, FLERRE 3 NHRE R
2.2 ApEEESE

MDCK-MDR1 #if{i& T 37 ‘C. 5% CO,. MR
FERIZEAE FREFR, BERONEHE DMEM (5 10%)i64-
M. 100 U/mL FHEEM 100 pg/mL 5552 . 4
MEEEAERK S, FRRSHE TR, UL 90%mt A1,
FH 0.25%f5 (£ 0.02% EDTA) W1k, #2113 148,
2.3 MTT £3§
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FLanp Rz R, FL 100 pL, 4R FRHUBRA
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0.5 mL, hnT AP, fENEMuh. TS5 His
J& 30, 60, 90. 120. 150. 180 min I, MIEUs
rRELEE (AP ] 200 pL. BL il 600 uL), FF4h7eAH
[FRFA 37 Co2 %IE /i HBSS i, Ffdb
B4 (10 000 r/min X 10 min) JE B Fi&, LL HPLC
RN E R R F R, f SRR RBE E-n)
A HIZE . THERIBIE REL (Papp) MR (R

Papp=(dQ/dt)/AC

Re= Papp(BL—AP) Papp(AP—BL)
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% HBSS Mk 2l B =5 500 £ HBSS Fikk2H
(EARE 140 pgmL), 0l4525 3 h, HEAW, T
TINVKER 4%Z2 FHEE 1.0 mL, 4 CZ%4F FEE 30
min, FEFEMAHIAN 100 pl 113 M5 TR, =6
B H1 60 min; FEE PR, #H—$Hi (bl Claudin-1
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Fig. 1 Effects of puerarin solution and microemulsion on survival rate of MDCK-MDRI cells (X *s, n =5)

fH N 1.05X 1076 cm/s, RN 1.01, /N2, HRE
RRBLEARA TN, NatE, SiRE
A2 P-gp JEW . X EEE AR ZVAWR, B AR R LU
(AP—BL, BL—AP) #18 Py, [HIEFE N (P<
0.05), ZHRENFE 1, RMIAXSERE LG EEW
TR R, X W] BB S AL I e A R
3.3 HFEHFMRAEIREE MDCK-MDRI $55EH14
3.3.1 AN MDCK-MDRI1 %5 %45 5 A 1 H
BRI EHTTG 4 MEFEREORIEMLT
YA ZER L RENE, METAMASHBEERE
WA G, M S EERATIF, 4 FhEs SR
HHREANFEREERD, WE 2.

XTREZH Claudin-1 25 1 230K 70 A5 T 40 o J&
WM SE; Occludin 25 A R4k s, AT
Mz L ZO-1 EEATEATEERE, FERIHMIT R,
BB E AR A, F-actin £IRR04 T 400
JAIH, ScriEmr. BREERAERG 4 FhiE%E
B oA POeRES S IRA T EE Z 5.
THMA S SR EMAMEA)E Claudin-1 FEHR
Gk, iR, SUIRMME; Occludin 25 %65
A DXIR IR, S5 R ZO-1 B A SR oA
PRICHREPEK; F-actin A E R ETE KK 142,
RABEHE, DOCIMEERE. LA EgE BRI AT LA

T EREEEREEANRE, MG nEEE
MDCK-MDR1 41 5% B sh i iz

3.3.2 AN MDCK-MDRI1 28 i 537 51 e i
P AR, EAR 52O E FG LA 3.
B RE SR =R R UILEH MDCK-MDRI
J& R 45K 2,

FHEC T HBSS AHHRZH, B ZA R (140 pg/mL)
£l MDCK-MDRI 4iiffl, R ERFEESR, BIREE
AR T a0 B IR 2 3 SO A PR B B o S AL
FiJ5, MDCK-MDRI 45 T A5 R B m
FHHRAL (P<<0.05), WIAXTRRZL 2 fi%F, Lt
Jo T LASRE s Al M R s, 3 R 8 25 1 4 e v
FEE . EREER ARG, AR
S A G BR B UL 4. 5 xR L,
MDCK-MDRI1 4ifi 2 SR =R ER G, ZOuiE
B gEss, EERTEEER . RS HMILIEH
J, PR E R MK E R B, SR
[ R T R E R, PERIE AR
1 PR R 20 1 18 e S L P O R A G
3.3.3  fHFELXT MDCK-MDRI1 4 i Jist e 57 () 5 1
PR ACERE R ic AR 5 i U AR A 45 5
ST MDCK-MDR1 20 g i B AL . 457
W 3.

#x1 BIRFBRKEMILAE MDCK-MDRI {AfEEEHEAEZSE (X £s,n=3)

Table 1 Transport parameters of puerarin solution and microemulsion in normal MDCK-MDR1 cell monolayer (X *s,n=3)

Papp/(X 1070 cm-s ™)

% p/(ug-mL™") Re
AP—BL BL—AP

ERRIEW 138.20 1.040£0.138 1.05040.052 1.01

ER R 136.70 1.200£0.026* 1.21040.032* 1.01

S5EMERRMALLLE: P<0.05

“P < 0.05 vs puerarin solution group
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Fig. 2 Effects of puerarin solution and microemulsion on expression of tight junction proteins (Claudin-1, Occludin, ZO-1,
and F-actin) in MDCK-MDR1 cell monolayers
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Fig. 3 MDCK-MDRI1 cells fluorescence bleaching recovery
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*2 BRZFARKMFIER MDCK-MDRI1 AR5k
ER (X ts5,n=3)
Table 2 Fluorescence recovery rate of MDCK-MDRI1 cells

treated by puerarin solution and microemulsion (X %5, n =3)

2 p/(ng'mL™) RI%
o HE — 32.78+2.37
BRI 140 36.89+2.61
T EME — 59.55+1.59"
BEARE ML 140 61.45+2.41"

EXIIRALEEH: "P<<0.05

P < 0.05 vs control group
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Fig. 4 Fluorescence recovery of MDCK-MDRI cells treated by puerarin solution and microemulsion

* 3 BMREBDERMII MDCK-MDRI AT AIAY
2 (X £s,n=3)

Table 3 Effects of puerarin solution and microemulsion on
MDCK-MDR1 membrane potential (X *s, n =3)

A5 plngmL™) AT ORISR )
pagicy — 6263.7+198.1
IR 140 2177.0£138.0°
T EME — 4750.0+538.3"
BRI 140 4315.0+196.8"

X BA R "P<0.05; SERFERALLE: *P<0.05

P < 0.05 vs control group; P < 0.05 vs puerarin solution group

FRAMARA 5B, AL AR A B SR R T 5 i 1S
MR . 0T, AL T R A Y AR
S i B 2 (A FH AT R 0 B AR 2R S A 12
SRR O R IR 55 B 1 A Bk,
K. BT MRS TYRMES L, S
T HFRIA W OR A EUR E BOEE R AR, S
YIRS B 1), FFLER S, MDCK-MDR1
w3 P40 B R B A5 B8R - Claudins! 13I8 R i,
Y IAIBR I A, WA R Occludin!™ SR> A, 56
FEEVR, A ER 2 BT I D) e AN T RE T B B
MEE T ZO- 125 M, "SRR AT I 410
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