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Study on Transmembrane Transport Mechanism of Novel Oral Nanomicelles*
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ABSTRACT OBJECTIVE: To investigate the transport mechanism of polyethylene glycol-distearoyl phosphatidyle-
thanolamine (PEG-DSPE) micelles in monolayer epithelial cells. METHODS; Coumarin 6 loaded PEG-DSPE micelles
were prepared by the thin film hydration method, and the fluorescence analysis method for the determination of coumarin
6 content was established. The uptake and adsorption of coumarin 6 micelles by Madin Darby canine kindey (MDCK)
cells was investigated, and the effects of temperature and different endocytosis inhibitors on the transmembrane transport
of coumarin 6 micelles in MDCK cells were analyzed. RESULTS; Coumarin 6 loaded PEG-DSPE micelles could be
quickly adsorbed and taken up by cells, the adsorption and uptake reached a dynamic equilibrium. The transmembrane
transport of micelles on monolayer cells was affected by temperature, and the transmembrane transport was significantly
inhibited at 4 °C. Methyl-B-cyclodextrin, hyperosmolar sucrose, chlorpromazine and nystatin all had significant
inhibitory effects on the endocytosis of micelles, and the inhibitory rate of methyl-B-cyclodextrin was nearly 88%.
Amiloride had no effect on the endocytosis of micelles. CONCLUSIONS; The transmembrane transport of micelles on
MDCK monolayer cells is an active and energy-dependent process, and the mechanism of transmembrane transport is
multifactorial , including fossil-mediated endocytosis and clathrin-mediated endocytosis.
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2,12 10 000 r/min B0 10 min, Brds RN T D ZE 6, 5K
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(L FRA TR LR o/ KAl 2 I A & EE 6 i) x
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K 502 nm , Jfe ARk 2R . B ST FRE L, B4 AR S
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2.5 MDCK gzt C6-PD F 5k B EX
2.5.1 BCA P Al & (M & 4« ] BCA 3 il &
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BCA AR5 N ) e B2 (4 2R AR MEVA WOR 75, 37 “CKIR A
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B, 1 200 SR e R i ) B VR
2.5.2  WORI R B X C6-PD #EAT & M4BT S IE
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SIATIEIN E 5 EARIE Y PEG-DSPE ¢ o (1) 2 17 W B S hee R i
M5,

H MDCK Zifa L 1x10°/ml 1535 F 12 fLAR b fr4npeic
A5, H PBS PRIRAIAE 2~ 3 YK, B FFLAR O AHI £ 47 C6-
PD, 7k 37 C&F FiB#E 10.30.60.90 & 120 min, §E & A
SEFUR , — 4L VKA 19 PBS S VEAIM B 3 ¥R, 1 IR 3 min,
DARSIE 78 43 Pk 25 40 i 3 17 AT W B 14 B B, =2 I A T i/
EDTA 5 MDCK 41 714 b WA T B 20 20 RL A, e 40 i 5
O FF PBS YRR ANM B 3 YK, Uk 25 B 17 (04 B4 L i e
PSR, £/ A 1 000 r/min 5.0 40 B 5 min ZREUAN IR TT
T, B2 LWEW, A RIPA A MW T 4 °C 554 4@ 40
Jit2 30 min DUBSHM P BE A o M HSF A T v B 45 o A o 3 B
R % MDCK 2 a8 A (4 Jie SR 3

Jy— 2 W 22 MDCK 41 Jfd 5 J22 3 T 1) Je o, AS 1A T T Ak 4t
MRS, BB RIPA S0 40 I LABS B PN IS o o SR X
T 7 v BT A5 21 4 Je o Pk 2 S MIDCK 41 i %o e o g 45 B LA
A0 B2 2 T S AR IR X C6-PD (ke B 2 A1
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Tab 1 Effect and concentration of drug inhibitor used
in the endocytosis experiment

A A WK

AN IR E A A SRR 30 pmol/L
- B-FRIS /NS EAD FRRA R 10 mmol/LL
B R IR E A SRR 0.4 mol/L
ENp ST A E AR IE] 50 pmol/T.
HEFE AN A A SR MR 10 ymol/L,

2.6.2 IR BN AN MR A2 00 R ) < AIG IR 2 30 ] e R AR
R, NFER CO-PD ) 40 M £ U 75y B A2 RO 109 3o e, 0%
MDCK 205 AW, — 417 37 C &M TR 1 h, 55 —417E
4 CHMTFIE 1 h, &R BFIRE T~ MDCK 40 %} Co-
PD BB Y225 .
2.7 FITEFE

FRE SRR/ ER 3 K, 45 RF RN Y b5 i 25
(xxs) A S5 R@ 1T « KIS o SR 2 7 227081 (ANOVA) |
P<0.05 JEFH G4
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W, EEZE 6 IHE S ie<5%, WK 2, Wi, fEH Al 40>
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Fig 1 Particle size distribution of C6-PD

%2 C6-PD fy={E (x+s)
Tab 2 Characterization of C6-PD(xxs)

Kt/ nm Zeta Hfii/mV KO 6%/ %
21.7£1.17 =-2.17£0. 13 92.4x1.43
6 -
£ 9]
)
puny 4 4
p
3 4
B
B 2
=
B& 14
0

i ] /h

B2 pH7.4 %% T C6-PD HRERIHIZE (n=3)
Fig 2 Leakage of C6-PD under pH 7. 4 condition (n=3)
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3.2.1 HMNETER 6 & ik Ml H kB E By vk DL
UE 6 MRS (ng/ml) AR (), LR EER 6 1584
AR (y) , LAIA R /N Z 3R i R A7 [0 )9, 45 3 45 2 iy
RN y=0.136 4 x—-0.029 9,R*=0.999 6, ML E K 1~
1000 ng/ml, DLEE I (ng/ml) R AL R () , AROGRE
PAEAR (y) , LU/ N 3 47 |13, A5 B bRk th 2 5 72y
y=0.000 4 x+0. 102 1,R*=0.999 0, & M3E Fl Ky 8 ~320 pe/ml,
AT FH T 5 200 4 i 2 AT BT o

3.2.2 ORI BHSEXT Co-PD 17 47 : 24 C6-PD
JINAZ) MDCK HUZ 400 15, 7T DA7E oL L 38 45 0 e T W0
LR o ST ZI AR, 7E 120 s ISP P 148 6,58 G 08 3 LT
IREVR, WLIE 3, SR PR 202 MDCK 40 5 Brfs 21 1)
DGR E AL, WL 4. 1B 4 AL, #E 0~ 120 min 5 FE N,
FH 20 B2 40 O ) 3 O %) 58 T P 7 T R A i 8 0
W] Bsf [ 45 MDCK 20 B IS AR A N it o 22 HH 40 L % 1 7 52
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Xf C6-PD 1 7E W B 2807 o [6] st 7] LA $, 42 i A C6-PD
10 min I, A5 Ak (4 J TR SR AT 400 M 2 AT, Bt 09 7 I D )
A, FR 732 10 BRI A7 AL, 75 90 min T 120 min i, 3%
TET W 9 P4 S8 SR 5 PR A 14 JE S T 0 2 -, 306 T A
2 B 0 7 I 8] ) S R T TR B A

ﬂ e

A.10 s;B.60 s;C. 120 s
A.10 s;B.60 s;C. 120 s
B3 BAHEXBERMEWE MDCK 4%t
C6-PD BYIREEX (#7 R =25 pm)
Fig 3 Uptake of C6-PD by MDCK cells by laser
confocal microscopy (Bar=25 pm)
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Fig 4 Quantitative analysis of C6-PD uptake by MDCK
monolayer cells(rn=3)
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20 Y BRI AR X RS Bl BB T T #7 Be i P A AR IS 2L, B
BRI AR S A S B A A AR T /NS A 5 1 A AR
DA Ke/INES RS S AR OB AR AR . sk 1 A ]
PR HE A T 1 P A A A 7R (S0P A S ) L
JRLARAE P 550 B ) ) /0N i3 4 1 /- B A AV A o
HCH E-B-PRMRS AN B2 R 3R ) o 37 °C'F MDCK ZH i /e A [A]
NAFIHIFIVE 1 h X Co-PD RYSEIILI 5. S i %L
PE7R % CO-PD 4RI P37 11 P d A7 285 A 400 51 2 HY - B -3
HIHS (AR 88. 1%, P<0.01) , HRE 8 BEHE (A% 44. 1%,
P<0.01) (il 55 i 3 (F#A% 27. 9%, P<0.01) F1 58 % (A%
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Fig 5 Uptake of C6-PDs by MDCK cells in the presence of
different inhibitors at 37 °C for 1 h (n=3)
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Fig 6 Confocal images of MDCK cells treated with or
without MBCD at 37 °C for 1 h (Bar=25 pm)
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Fig 7 Uptake of C6-PD by MDCK cells at different

temperatures (n=3)
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