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A-B From apical to basolateral side
ABC ATP-binding cassette

AP Apical side

ATP Adenosine triphosphate

ATPase Adenosine triphosphatase

AUC Area under the curve

B12H Bis-(12)-hupyridone

B-A From basolateral to apical side
BA Bioavailability

BBMV Brush border membrane vesicle
BCRP Breast cancer resistance protein
BL Basolateral side

BL-9EX Polyoxyethylene 9-lauryl ether
Brij30 Polyoxyethylene lauryl ether
Brij35 Polyoxyethyleneglycol dodecyl ether
Brij58 Polyoxyethylene 20-cetyl ether
Brij72 Polyoxyethylene 2-stearyl ether
Brij78 Polyoxyethylene 20-stearyl ether
Brij92 Polyoxyethylene 2-oleyl ether
Brij97 Polyoxyethylene 10-oleyl ether
Brij98 Polyoxyethylene 20-oleyl ether
Brijs Polyoxyethylene alkyl ethers
BSA Bovine serum albumin

Co The initial concentration

Caco-2 Human colon adenocarcinoma-2
CF 5(6)-carboxyfluorescein

Cmax The peak concentration

CMC Critical micelle concentration
CyA CyclosporinA

CYP Cytochrome P450

DMEM Dulbecco’s modified Eagle’s medium
DMSO Dimethyl sulfoxide

DNS-CL Dansyl chloride

DPH 1,6-diphenyl-1,3,5-hexatriene
EDTA Ethylenediaminetetraacetic acid

EGTA Ethylenebis (oxyethylenenitrilo) tetraacetic acid



ER/EfR Efflux ratio

EhR Absorption enhancement ratio

FBS Fetal bovine serum

Flux The slope of linear portion of cumulative transport amount to time at the steady state
HBS Hank’s balanced salt

HBSS Hank’s balanced salt solution

HEPES 2-[4-(2-hydroxyethyl)-1-piperazinyl] ethanesulfonic acid
HLB Hydrophile lipophile balance

HPLC High performance liquid chromatography

LV Intravenous

KRBB Krebs-ringer bicarbonate buffer

LDH Lactate dehydrogenase

MDR Mulidrug resistance

MRP Multidrug resistance protein

M-S From mucosal to serosal side

Papp Apparent permeability coefficients

PBS Phosphate buffered saline

PEGs Polyethylene glycols

P-gp P-glycoprotein

Rho.110 Rhodamine110

Rho.123 Rhodamine123

S-M From serosal to mucosal side

SDS Sodium dodecyl sulfate

T half time

TEER Transepithelial electrical resistance

Tma-DPH 1-(4-trimethylammoniumphenyl)-6-phenyl-1,3,5-hexatriene-p-toluenesulfonate
Tmax The time to reach the peak concentration

TPGS a-Tocopheryl polyethylene glycol 1000 succinate

Tris Tris (hydroxymethyl) aminomethane

uv Ultraviolet
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AR, MEE LRAIRICIE PAEY XU (P-gp) 72 EDOHRETL N T 0 AR —Z — 3 FHLL T
B0, —HARRNIZERY IAENT P-gp OIE L 72 53 % ATP ARIFHICHIR N~ 5 2 &
PN TN D, ZDTI2®, P-gp DEE & 2 DHYNE, FMOIGEEYEREmWIC S0 B T8
(B4 7> & OWIAPEDME NS DD R B 4L, P-gp 233 DOTEALAE WA % $ifil5~ 2 B ZE 72 R D—>
ThDZEPHLNTRS>TND, LIeRoT, P—gp DR L 702 5 M) O L E R 2 S
5712, P-gp modulators 72 EOPFHIC . HIEBEIZHBLL T D P-gp OIEREA IR T St
HZENEETHD,

BifE ¥ TIT P-gp modulators & U TERA R BFIIRIMI A NTEH Y, REHRH DI
Cremophor EL, polyethylene glycols (PEGs), Labrasol 72 &35 STV D23, Ao o%e 4 foéiz
FIRI 2RI LT, P-gp DHREATHE L. FEMOMLE BRI EZ S8 2 FIENER 280 T
AT

—MRIT, AREMEA DS TRORINREA T, RIFHZPEEEZ BT 2 b ONRZ N, Ahio%
EMEDEWERFAI OB N EE L > TWD, —J7, RIAF=F LT FLo—T /b
Brijs) 1FFEA A MFEIEHATH Y | BEIZHALARmEEAI L U TR S 30T 5 855N
Th D, 1D G Brijs D—HIZIX P-gp OEEREZHIHI T HIEH A 40T\ 5 23, Brijs OFfFA
DIFENZ L D P-gp OFEREIIHIEH DZZRIZ DWW TIRGET L72fllTIZ & A E720,

Z 2 CTAMIFETITAFE Brijs (2825 P-gp DR & 72 2 D O EWINE DB K O D
P-gp FHEHEDORIAIZ OV THRFTE(T - 72,

%1 F  Invitro K2 5 EHE Brijs JFH RO P-gp #ERE ORI

AREETIX, in vitro diffusion chamber {2&0\ in vitro Caco-2 iRtz 4 T, 488 Brijs 12
£ % P-gp DIE L 72 5 FM OB BIENEZ G L7z, £7°. invitro diffusion chamber {2350
T, P-gp DHE L 725%7‘/1/7%%“(6%5 rhodamine123 DWW 7 A DOFiEtEIL, 3T Brijs ©
PEAIC LD 13222 f5IC B L7=Dizxt L, thodamine123 OHEH T mI0@EENEIE 3/5-1/2 IZIXF =
N5HZ ENFRHBILZ, F7=. rhodaminel23 DRI IFH D Papp 139X T D Brijs DPfFHIZ L D =
v hE— AN 2 D2k L, G RO Papp 13T 5 Z RO b, FT-,
ABFFE T = Brijs @ 9 5. polyoxyethylene 9-lauryl ether (BL-9EX) K T® polyoxyethylene 10-oleyl
ether (Brij97) 7° efflux ratio (ER) %4 1/4 £ THD S, HRIMEOHEIAEAM D HER SN2 & L0,
P-gp BHEZDNR D e b TR Z EDVRIB ST, £ D728, Brij97 XU BL-9EX % W T, o P-gp

DIE & 72 53T 5 quinidine M N prednisolone D52 & IE T Z 1 S U DRSO
TR L7z, ZORER, 0.05% Brij97 %7213 BL-OEX OffHIZ XL Y . quinidine % O} prednisolone
) DOV 5 6] D5 DMK L, prednisolone DHEH T RIOFEEIEN D5 Z & 35380 5
iz,

—7J5, Caco-2 FHIRIZIE P-gp HELL TWD I ED, P-gp OMEREA T T 5 ET VAR
ELTHEAINTWD, £ 2 TAMZETIL Caco-2 Mz FH T, rhodaminel23 DiFia iz &IE




J45HE Brijs DB DUV TIRGT L7z, £ ORER, &% Brijs PFHFFIZISWT thodaminel23 DY
WD Papp MHEEANL,  HEHIFMO Papp 2ME T L., ER 2ME R L. invitro diffusion chamber
EERIUHERE RN, U bEDZ Lo &FE Brijs (3 P-gp ORE L 7 2 O LE RS
WHEZUETE DT LRI T,

% 2 B Invivo IEIZEIT H4HE Brijs JEHEFD P-gp #EEE DR

BT T, KFE Brijs (X, P-gp DEE & 72 23 O LRGSR 2 R 28G5 T 5
ZENHALMNE ST, LN LZRDYS, Brijs 23 thodaminel23 O/IMNBWINM: % S TE D050
IZOWTIEIARTH D, £ TARETIL, P-gp DIE & 72 53 OIELE WU K IF T 45FE Brijs
DFZBNTDOUNT, insitu closed loop V5% IV TRFIZ2FHI 24T > 72 /INEIZ I8N THFE Brijs &
OFRE G- L72F%.  rhodaminel23 OIE{LEWINIEIZFSIT D AUC LT Cmax (£, =22 hr—/LZkt
NPEBICHERT 5 Z E 0D HiTn, 72, rhodaminel23 DAHM TH % rhodaminel10 DIH{LE
WIS Brijs Z0FH#ES LCTH, 2> ha— IR EAEEDL LN EAGED L
77 BT, ZAUH Brijs O C, BLOEX KT Brij97 (2 L 2WIEEER A R & 7p o722 &
5. Brij97 & TBL-9EX % HV T, prednisolone O/NEGWIME G LTz, Z D5, prednisolone
DI 0.05% Brij97 £ 7213 BL-9EX OFFHIC L 0 BERT 5 Z Lz biviz, £7-.
Brijs 2MHILEREEIEEME 2 BT D AR RN H 5 Z M n, THILEREEREREZIT-72, 20D
fEA, & Brijs OUFHRFCI1T 5 LDH {EMEEIX, =2 b a—/L & _FERZEITGERD D)
o7z, L7223 > T Brijs OOFIE LB RIRIEFMEICER T 5 & O TIERWZ LAVRER ST,
PLbEDZ &, AFE Brijs 052XV P-gp ORE TH 25 IO LE W% LT
LT ERBOLNT,

% 3 ¥ P-gp PHEHE O]

Brijs OWINRERAE | I TAIIMIRREE 2/t L7 3 o FZim it EA- O FREENE 2 b b, £ 2T,
in vitro diffusion chamber £(Z3V T, P-gp OHE TIiE72 > 5(6)-carboxyfluorescein (CF) % M T,
CF O R & &1 X3 45FE Brijs DFEEAFHM L7 & Z A, CF @ Papp (3%FE Brijs Z0FH L
Thary hr— L LiZEAELEDLLRNWZ ERRBD LT, £, Caco2 AfLFEIEFERIZIH
THHE Brijs Z0FH L TH, BHEPUE (TEER) OIK TR Hen o7, L3> T, Brijs D
WA A RS 2 LT3 odia it EFITFH G- L Qa2 LR Sz, Ik
(2. Brijs (215 P-gp OEREIMHIMEZ MR L2 & 2 A, NEEIENEL, NS OV o> &
XY EOWEIED Brijs OOFHIZ LY, AEITEKRT D Z RO LN, £7-. Brijs OHFH
IRFIZH5 1T B P-gp ATPase DIEMEAEIX, =2 h e — /L EHERBEEITIK T L TWA Z LRSI,
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T

PLEDFER LV | &FE Brijs |4 P-gp OIE Th DI OTELEWINNE % B8 T & HE 75
W Cdo B Z & D3R8 BTz, & 7=, 458 Brijs IIHEFTEIE % OF P-gp ATPase DIEME A 2L X4,
P-gp OFSEEZINHIT 5 Z LB RB ST, T HOHAIE, BAMIMIZ LY P-gp DIEEETH
LI OWCE W2 ST 5 B CF AR R =T 5 b o L b b,
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BT, OB, A ORBOEMIAFICE L TR DIV SN BRI TH D, Lol
IR B, 2L O, B RORIEMREL, G, EIZTENORmWREB O, B A
B2 LT H IR AR S LN T EREIHILTNS D A RRFIe L ) . N AT T
EYT 1 (BA) AR B SEORTORT, ILEIEE L TOAHRIE b7 2 k— s
—Cin% PHES LT (P-gp). SAUTHPERLE 5 2 /37 BT (MRP), SLERTiME 5 > /7 T (BCRP)
72 SV, H MRS~ T X 5 2 L5 S0 BA &L SELREEARERO D THS
ZEBBIBANTASTNS P (Fig 1), E, ZOPRE |72 AK—F—DFT, Pagp 1D
FEHENLTWA R T U AR—H—D—DThHDB 7,

P-gp VEFEMSHINL, NFHE, V(LR LHCRUR, B, 7R SICRBLL TR Y, ATP (R{FH R T >
AR—H—DA——T 7 IV —|ZJBT DK 170KD OFFafhs 7 > <7 BT 5, P-gp 1ET %

N —RIFHEOFEH) | T o AR —

Drug Drug Drug H—=THY, "NTVARLZ LI —
- - - W — 2R RES IR E R L.

ATP DAERRZFE T 5 Z LR T
x589 ZoZEnb, Pg T
ATP MK FRIZ L B =R V¥ —
ZHWT, BRI D @\ Y 2
fasb~PEH 2 Z Lmcx b, Z
D=, P-gp OIEH L7253
& % digoxin, vinca alkaloids .
et B-adrenergic agonists 7¢ & DFMIE,
M ORRENERENZ DD D 5
FLORIEDMEN B OB RS,
Fig. 1 Efflux of drugs by intestinal transporters KWy BA 2T 2 N5 T
WHZ EmD P Pgp MEMON

(LB INAE 24T 2 BB AR O —>TH 5 Z E N LN > TN D,

T, P-gp OREREZIIHIT 52 LITLD ., EYORO BA ZHRI L0 < 72
INTEY ., Hix 7y P-gp BLEAINAH SN TS, BilZ2IZ, cyclosporin A, valspodar (PSC833) }%
O LY335979 72 £ P-gp BHEAIN P-gp OIE L YO LERIMEASETEH 2 L
P ST MO L LD, WRIEEVER 23T/ P-gp BEAEANT. [RINFCREEME 2%
HEAHONRLNZ ERALNTNE D, 72bb, (kD P-gp EANILLTF DOV S0DK
RIRHHZ EDHBNTND,

55— P-gp BHFEH| (verapamil, cyclosporinA, #EX L 7 =V BINHINVET 2V
FEHIEE &) 13 P-gp OHERED A& FFRAICIHEH T, BCRP & (N MRP1 OF$EEH [HET 2 ),
F 72, verapamil |OlEEEME, cyclosporin A (FFEIHEWEHZ AT 2 & & bICB @R K DEE
REWER AT O —J5 HE R P-gp PHEA] (dexverapamil, dexniguldipine, PSC833.

Epithelial cell



biricodar (VX-710)72 &) 1% CYP3A4 OFEREZ T2 Z & IZ X - T, CYP3A4 (2K DHMDOR
B ESN, BENELDL ZERMLN TS, £, P-gp OREREZHET 5 LIRIKFIC, fill
DT AR =T EEREE L R, Bk, BE 7 ET 5 ABC 7 AR
— 4 =77 IV BT HHRY VXY EOBSRE LI 5 Z LA STV D Y,

INHLDOZ LML, @y Pgp Rtz f L, FEIEM 2R 722 WA RNE R O D m
P-gp modulators DBAFEILE O THE/RFE TH D,

ITAE, P-gp modulators & U CHkA 72BN in vitro e O in vivo FEEBRIEIZISUWNT, P-gp
DHE &R DT OWIM A VM S, P-gp OREREZHFETE D Z LREFESNTWD, Thb
BRI OF & L TlX, polyethylene glycols (PEGs). FEA A M5 miEIER], MEHERE. A5l
7o & 92 b T D, H51Z, Cremophor EL, Tween80, Labrasol 72 & OHRIAIFRIIMIL, P-gp
DEEREZ FFEANITILE L. P-gp DIEE &2 53D LE I EZ SET 5 Z EAHE ST
VY 5 9,19-27)o

—J7. INHREGSIOF T, R A F LT ILF T —7 )b (Brijs) 1T, BN
A T MEREEEAITTH D | BECHALAR Al S L CUASFIH SN TO /B T %,
PERD G Brijs (FARIEOREBUKMEZ D S/ D Z L2 X0 | — 5ROV K ORI MEAME Y
FEHOHEWRREZYHETE D ZERRESNTND Y, LaLaenb, Pg &0 THEY
BT AR— 5 —DOWEREIZ KT T Brijs OIS 2 DMFFRITD 72V ONRBR TH D, LI
DOWFFETIL, polyoxyethylene lauryl ether (Brij30) K& TN polyoxyethyleneglycol dodecyl ether (Brij35)
I% human colon adenocarcinoma-2 (Caco-2) HHAEIZISIT 2 Y DOFMMEE BN S 2 22 L osi
B3 NTe, £7-. polyoxyethylene 20-stearyl ether (Brij78) U} polyoxyethylene 10-oleyl ether (Brij97)
/% mulidrug resistance (MDR) #HARICIS1T AN P-gp ATPase DEZIKFIEH T L0 b,
Brij78 J}O® Brij97 13 P-gp B¥REAMIGIT2EMEH T2 Z L AHE SN TND ¥ 51T,
Brijs OFHEICITR S D% PEG $H0> 6 72 D2 MASEEE, KON L /VEHD~ B 72 D BOKMER & 57
ATNDZEDNHLTEY 79 Brijs OFFHDENZ L D P-gp OFSEEMBIER ISR A4
U5 AN B R biLd, AWFFETIL, Brijs OfbLFAEIE, 3 F =, & hydrophilic-lipophilic
balance (HLB) D¥&727% | 7 FEFAD Brijs 23R L7= (Table 1), ZOH T, Brij58 2 bEvy HLB
EZA L TW\W5, £72, Brij72 73 Brij78 SR U AT 7 ULz —F L OfEZH L TEY | Brij92.
Brij97 &K Brij98 WA LA NN —T L OiEZ HATND, S HIZ, BL9EX [ P-gp DOFHFE
FREZ A 3% Brij35s ERILT7 U VL= —T7 L OiEEH LT\ 5D,

T 2T ABIFECIE Brijs ORI N K 2 P-gp OREBEMIBIIEN O 2R K e 0 P-gp Db
RERIHIRS I SO TR 21T o 72,

F9. P-gp OIE L7 BETNVIHEY)TH D rhodaminel23 (Rho.123) Z IR L, in vitro diffusion
chamber £, in vitro Caco-2 AR SEER KON in situ closed loop 1%IZ3FV T, Rho.123 OIE(LE
B OVH LB I Z BAFE T KRR Brijs OFBIZOWTHRFT L7z, LocL7Zedi s, SRIE)7
P-gp DFE L72% Rho.123 28 P-gp &40 L7clids 721 Tid7Ze <. HIRERREE 2/ L Cliat S
LAMREMED 8 D = L5 O T LEY L LT Rho.123 ORHAHWIZEEIT P-gp DMSREZIE L
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Table 1 Structures, composition and HLB values of various types of polyoxyethylene alkyl ethers

(Brijs) surfactants

Trade Structures M HLB n m
name

Brij58 C16H33(OCH,CH,),,0OH 1124 15.7 20 16
Brij72 C,sH37(OCH,CH,),OH 359 8.0 2 18
Brij78 CsHss(OCH,CH,),,0OH 1151 153 20 18
Brij92 C,sHss(OCH,CH,),OH 357 7.5 2 18
Brij97 CisH3s(OCH,CH,),(0H 709 12.4 10 18
Brij98 C1sH3s(OCH,CH,),,0OH 1150 15 20 18
BL-9EX C1,H,3(OCH,CH,)sOH 583 14.5 9 12

M: molecular weight of Brij molecules; HLB: hydrophilic-lipophilic balance of Brij molecules;
n: number of hydrophilic repeating units; m: number of hydrophobic repeating units.
(*J. Pharm. Sci., 105, 1526-1534 (2016); Table 1)

—7J5. prednisolone [ZEMERIHTY ¥~ F K ONEBEMKRIGR DIGRIIREAGTH P-gp DIE
LB TIH 5 T, 7~ quinidine 137 T A 1A HFIREIRIETH Y | P-gp DIEE R P-gp D
PREAI & 72 23 Th 5, AL T, 7D Brijs O C, P-gp PAFZIRA B Brij
RN T, invitro KT invivo MiSEERSRIZEIT % prednisolone & TN quinidine DYH{LEWIXME
DYEZKIES Brijs DB AR LI,

I, Brijs OWIRERAEIZIL tight junction BH M7 & ORI &/t L 7= EY ot E
HORBEMENSH D Z NG, in vitro diffusion chamber {EIZ8W T, P-gp OFEE TIEZ2W
5(6)-carboxyfluorescein (CF) % HV T, CF OVHILEFEIEMEIZ LT THFE Brijs OEZFH L7z,
F7-. £ Brijs fFE FIZEBITH Caco-2 MAOBEHGUE (TEER) O LA L=, S 5IC,
Brijs 2MHLERBEEME A BL T DR H 5 Z b, HILERERSER LIT -7,

—Jh. BEETIZHONTWD P-gp FHEANZ LD P-gp DHREAILES L FERA =X
AT P-gp B L P-gp FWHED B AL U~ OREGITHAHEIIIIERAHIEN 35 Pz LT
b5 Linb, ZNLOMERITEWEIZAARIEEZ R > T D, 2o, RV ERETE 2
A3 % P-gp modulalors ZBA¥T 2 Z LNEETH D, LIRIOMTEL VD | FEA A M ETEIEA]



(ZX % P-gp OIHEEIL, BURIRY P-gp FHEFHI & 18V P-gp ATPase JEMEDIX T, Ml ATP &
ORCY ., FIRBRENE DI LKL Y P-gp ORBLDIEK T2 LICL Y, P-gp OHEREZ RS2 244D
ZENHESINLTCWD, £, Tang HIEAHE Brijs (2K VAN ATP &0 LT 5 Z LIZoOW
THELTWD Y, LovLiadin, %< DA A MR mEEIER AR EE 2 2 k325 2 &
DI HALTW DS, & Brijs OFE FICB T DMIABREMEDOIRIXIZ E A LR B0, &
D LG, HIKENGD P-gp ATPase JiEME & ONIAMENMEIZ K IETHFE Brijs O28% 5 L1z,

PLED XD ZAZETIE, 3 2D P-gp DIE & 72 53 MW) % FVT invitro KON invivo W55k
RICHVT HEHE Brijs OPHARED P-gp MEEEZ RN L7o, F72. invitro FBRICIST 5 MINRTHRE
B AT LTS D F5aNE - H- O FTREMEIZ DUV TR L, in situ closed loop 15IZ38VNT, & Brijs
(2 & D T A R 0 2 3 L 7, BRefRIS ., AR EN I 2 OY P-gp ATPase 1 MEIZ M IE 3 & Fl
Brijs O LT,

LT, BNl % 3 BZhiz imdd 5,



NI
H—F Invitro BT BDEFE Brijs OHERRED P-gp HERED M
% 1 #i  Invitro diffusion chamber JEIZI} 5%F&E Brijs OPFFARED P-gp HEED T
1-1-1 f#E

Brijs (%, EAZIEA A o MRETEERTH 0 . BREIZHAARC b & L TASF ST
WDEFI TS 50 TERDE RO Brijs IZ1% P-gp OBEBEZINHIT DAEHZHE ST
273, Brijs OFFADENI LD P-gp OFEREIHINER] & WIRHEN R DFEFIZ OV TIE, SRHEHY
(2R L 72 BT A B 7au,

T TARHEITIE, £, Pgp OIEEERDLETNAHYE LT, Rho.123 (Fig. 2A) ZER L,
Rho.123 D LAEREEENEIC KIET4HE Brijs DRSOV in viro diffusion chamber %%
AW CGR Ml 21T 572, LA L7235, Rho.123 (FHIFENRRES 2/ L CRMOEE % LA
D OB BT, HBEERE 2 L= oiFalE % R S5 mf6etE OnmE Shi- 2 Lo
B, D P-gp DEE & 72 DY DO ELEBZBEMEIZOW T OGS EETH D,

DI, 7 D Brijs OHT, P-gp OHEZNEN FH HIRV Brijs 3R L, fiho> P-gp D
EEERDEYTHY | 58 72HIIENR % AT % prednisolone (Fig. 2B) M UOHIANEIRETH 5
quinidine (Fig. 2C) OIELERMBOEEIEZ MG L, BB D P-gp OIEREIC KIE T Brijs @
IOV CEHE L7,



(A)Rho.123

C:,H,.N,0,
MW: 324.42

Fig. 2 Chemical structures of model drugs.
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1-1-2 EBRFIE

(R3]

Rho.123, prednisolone & U} quinidine [ ZFDEGHIEE T3 (KB £V . Brijs (XA 2
T VAL LY | 2-[4-(2-hydroxyethyl)-1-piperazinylJethanesulfonic acid (HEPES) kK= AHE AL,
ZHFZEET (FEAR) LV, ZNEHEEA LTz, T ORI W I T THl Okt %2
Wz,

(=88]
Wistar SZHEMEZ » N (8 1, 240 ~270 g) IXIF/KFERIEE St (UHR) A OIEA LTz, 32
BRENM) T~ CRECSER R FEIImMEER B SO A RT A - THEM LT,

[Krebs-Ringer bicarbonate buffer (KRBB) D]
118.1 mM NaCl, 4.7 mM KCI, 1.2 mM KH,PO,. 2.5 mM CaCl, &' 1.2 mM MgCl, ZHEHEUKIZIAE
fit L7z, & 512, 25 mM NaHCO; Y 11.5mM D-glucose Z¥&f# LT 95 % 0,/ 5 % CO, I-RAH A
T 10 ATV 7 LT, pHT4 ([THREE LT,

[HEPES buffer M%)
25 mM HEPES, 140 mM NaCl, 54 mM KCl }%T' 5mM D-glucose % FEHEUKIZIAf#E L T 95% O,
/5% CO, IRAT AT 10 37V 27 LT, pH7.4 ([ZiHE LT,

[ 5HRDFFHL]

In vitro diffusion chamber £(Z X 2 VH L& RElFZ R FEER I W /- F G9#1%, Rho.123 X KRBB
T 10 M 725 K5I L, prednisolone & OV quinidine |& HEPES buffer TZiLZ41 0.2
mM, 0.1mM & 725 X 9ICHHR L7z, £7=. P-gp modulators T& H45HE Brijs DT TN TN
0.01 %, 0.025%, 0.05%, 0.1% &72% X 52 KRBB (pH 7.4) %7213 HEPES buffer (pH 7.4) (2
g L7,

(LB R EER]

LB REHEIEFZH L, in vitro diffusion chamber 5% W TITo72, 16 ~ 18 H#Faﬁ%@ﬁ L7z
Wistar RHEMEZ ~ b (FKEE 250 g) ZfH L, EE pentobarbital sodium (32 mg/kg) Rl T, [&H
EBICENEE L7t BETFIN 21T - 7o MBI EENEYIZ. 10mL & pH74 O phosphate
buffered saline (PBS) T 2 [FIJEdbRE L PEAHZERAED AL Z LIZX D IFEND PBS Zfrk
Uiz, Peith. TR OBULZIT 5 Z &k Bt &, FRFE 2R Lz, fEH
L7& 2ok L7z KRBB £7-1% HEPES buffer [Z20F, ML ONEGZYI0 Y | % H
Ht%. 5% % diffusion chamber (ZH535 L=, £ D%, HEHHT A ZET 5554 TliE donor AT
Brl] % receiver fAliZ P-gp DIE & 72 D3M AR L, WINTT A1 Z FESd 5354 CTld donor

Z Brij O P-gp DIE L7253 LUT= (Fig. 3), F£7-. Brij & P-gp OIE L7253
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I% donor fHl& receiver #5712, 7 mL KRBB (pH 7.4) %7213 HEPES buffer (pH 7.4) TIfi# L7=
5 AN AT,

Serosal side to mucosal side (S--M)

Bris E— Rho.123

)
Donor Receiver side
Rho.123 \ g
I 95% O2
| / 5% CO2
o 1 = o

Mucosal side to serosal side (M--S)

Fig. 3 In vitro diffusion chamber study for the transport of drugs

WIZ, ZIHEGHEEZ 95% 0,/ 5% COIRAHTATNANT YT L, Pgp ODIE LI D3E %
TN U728 & BORHAI & 0 BRI ) 7 (150 pb) 24TV, o7 ) U I HBELICERED
KRBB #72(% HEPES buffer Z01% 72, ZF#IERKE T, HBoONTH 70055 100 lb 2 E
®L., Z0%, P-gp OEE L7 53O RREGE & BRI (Papp) ZHH L7z,

[#rdetf]

1. Rho.123 Oo3Hr&eft:

ffifAf%Es  :  Multi-Detection Microplate Reader (POWERSCAN® HT, USA)
MR Ex.485mm

Em.528 nm

2. Prednisolone D43HTEAE

5 M= : Shimadzu CBM-20A Prominence Communications Bus Module

IR : Cosmosil 5Cig-AR-1I (4.6 x 150 mm, particle size 5 um)

BaEhtH : Acetonitrile : 10 mM potassium phosphate monobasic (KH,PO,4, pH 5.0) = 30:70
i : 1.0mL/min

g : UV detector (Shimadzu LC-10)

12



Fo © 242 nm
H T LFERE - 35°C

3. Quinidine DAHTEAE

RS : Shimadzu CBM-20A Prominence Communications Bus Module
VIATAV 1 Cosmosil 5Cig-AR-1T (4.6 x 150 mm, particle size 5 um)
At : Acetonitrile : 0.4% triethylamine (pH 3.0) = 15:85
i :  1.0mL/min
ek : Shimadzu Fluorescence Detecor
MR : Ex.485nm

Em.528 nm

BT LFEEE - 35°C

[7— 5 f#AT]
FYOFEIEL, T O REEE &R S BT D Papp Z2KA[1] 12 L7223 - T,
FHT 2 Z LI R0 AHii L7z,

Flux
> = AreaCo 60 [1]

Z ZC. Papp (cm/sec) (FBEMED HNTF D/RXT A—XTH Y | flux (pmol/min) |LEFIREETD
B3 2 B BE R OBy O & 23 L, area | diffusion chamber DHIfE (1.78 cm®)
TH Y., Co(pmol/mL) ITHMDOHRE %I,

F7-. AWFFETIL. P-gp OFEREIT efflux ratio (ER) (235 VTREM L 7= 3999, ER 1%, %k [2] T
R LTz,

PappS — M

ER= 22—
P,ppM — S

[2]

Z DT, PappS-M FHENED & REEAAI A~ DY) DT iRt 275 L, PappM-S IR & HE5
~DIEY) DFR I T,

S BT, BEEMREIL ZEIEE (Post-hoc test), Student-Newman-Keuls 7512 D170, p<0.05
UTEHREZAZDY Ll Lz,
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1-1-3 ERFER
1-1-3-1  Rhodaminel23 DI LEREBEEIRMEIZKIET cyclosporin A DFEE

Fig. 4 TlX. f8FEM72 P-gp OFE TH D Rho.123 O LEREEFEIEIEIZ XIET cyclosporin A
(CyA) OFBIZOWTHERTLTZb D TH D,

600
={3~Rho.123 S-M

so0 | —S-Rho.123+20uM CyA S-M
—O—Rho.123 M-S
—8—Rho.123 + 20uM CyA M-S

=)
£
&
=
=
=)
E 400
=
D
3
£ 300
S
2
2 200
k|
g
s 100
Q
0 'l ']
0 20 40 60 80 100 120
Time (min)

Fig. 4 Effects of 20 pM CyA on the transport of Rho.123 (10 pM) across the rat small intestine by an

in vitro diffusion chamber method. Results are expressed as the mean + S.E. of at least 3 experiments.

F 9\ Rho.123 HUM TOHLERMOE M A 77l L 72 & Z A Rho.123 OHEH 5 R D@L,
WU 5 (6 DFBRPEIZ LB IR L= Z & D, 7 v O/NBIZEIT S Rho 123 Okl
WZHEH G Ch D Z ENRD L, IS, A7 P-gp OFREAIE L THOHALTND CyA
ZOFH L7234 Rho.123 OHEH TR OFEEMESIIH] S v, I O mIAEIEHE K25 2 & 23
BAGNE o T,

L7eDo T, REBRRICEY, MEEICIHIT D P-gp OBEREAZREER < FHIICX 5 Z & 2R
SN,

1-1-3-2 %&F& Brijs 7£7E FIZ31T 5 rhodaminel23 DiH{LE TR
Fig. 5 %, in vitro diffusion chamber %2335 % P-gp modulators & L CHFE 0.025 % Brijs % #
G- L7z Rho.123 OWILT51A) & PEHTT 10O BRE M R 2 G L2 b O TH D,

ZDFER, T_TD Brijs OHFHIZL Y Rho.123 OWILITHOFEENS EH- L, T BL-9EX
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OFFRIC L D EBEINL., ZDHkIE 1.96 51272o7-, —J7. HEHIFHTIXd_ToD Brijs DOf
FHIZ XV Rho.123 O3 #iH] &4, HFCH Brij97 OOFHICE VR 12 ([T 255 & 72 -
7

F 72, Table 2 1%, in vitro diffusion chamber {EIZF1F 2 &FEREED Brijs & Rho.123 fFHRFD
Rho.123 @ Papp £ L Ot D TH D, AHITIEL 7 HED Brijs OIREIZFEL 001 %,
0.025 %, 0.05% ORI LTz,

ZDORER WINFT D Rho.123 OiFiE LT T? Brijs OUFHIZL Y 222 Fa—/ /W2y
M7=, FCH, BLOEX OFFFFHZET Rho 123 OFEMN R HHE KT Z ENR 6T,
—J7, HEH AN R L ClE, 97T Brijs OPFAIZL Y Rho.123 OFiEttEs =2 hr—L L0
L Lz, B C% Brij97 & BL-9EX ODG‘%H%E@%%YB@ L. ZOHIT 2 5272272, FTz,
Table 2 TiL ER 739 XT? Brijs OHFHIC a2 ha— W LB T H 2 &
NEBT-, HVE Brijs @ 9 BT, BL-9EX &U Brij97 OfFHIHZISIT S ER fEIL, A
72 P-gp [HEAITH D CyA IZB1F5 ER [HEIZIEFAETH 7= &5, Brij97 &' BLYEX
DBV P-gp BHEZNRDA T2 Z &A% &b%m‘:o

L7223 T, Brijs WHLEIZHILL TS P-gp #8325 Z & L0 FEYOHELEWIIEE
WETDHAREMEN D D 2 VR SN, WIC, 2 7 O Brijs DT, Brij97 &t
BL-9EX 7% P-gp FHEZNR D HIRVNZ &6 oD P-gp OIE L2 5F M) TH S prednisolone
K OY quinidine OVE(LEFEIEMEIZ ZIET Brij97 &Y BL-OEX ORI SWTRET L7z,
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300 ¢ A) Absorption (M-S)

250

200

150

100

50

Cumulative permeated amount (pmol)

Time (min)
700 r B) Secretion (S-M)
600 |
500 |
400 |
300 |
200 Ff

100 F

Cumulative permeated amount (pmol)

0 i 'l 'l
0 20 40 60 80 100 120

Time (min)

Fig. 5 Time course of absorptive (M to S) and secretory (S to M) transport of Rho.123 and effects of
0.025% Brijs on the transport of Rho.123 across the rat jejunal membrane.

Keys: A) M—S (0) Rho.123; (@) Brij58 (0.025%); (<) Brij72 (0.025%); (m) Brij78 (0.025%); (0) Brij92
(0.025%); (A) Brij97 (0.025%); (A) Brij98 (0.025%); () BL-9EX (0.025%); B) S—M (o) Rho.123; (®)
Brij58 (0.025%); (<) Brij72 (0.025%); (m) Brij78 (0.025%); (o) Brij92 (0.025%); (A) Brij97 (0.025%);
(A) Brij98 (0.025%); (e) BL-9EX (0.025%). Results are expressed as the mean + S.E. of at least 3
experiments. (*J. Pharm. Sci., 105, 1526-1534 (2016); Fig. 1)
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Table 2 Apparent permeability coefficients (Papp) of rhodaminel23 in the presence of various types

of Brijs by an in vitro diffusion chamber method

Papp (x10°cmm/s) ER
M-S S-M
Control 0.48+0.08 3.30+0.01 6.88
Brij58 0.01% 0.60+0.02 1.860.06* 3.05
(W) 0.025% 0.86+0.11% 2.24+0.09 2.60
0.05% 0.73+0.01 1.93+0.31* 2.64
Brij72 0.01% 0.75+0.18 1.92+0.14% 2.56
(W) 0.025% 0.72+0.50 1.96+0.19% 2.73
0.05% 0.97+0.01* 2.03+0.01 2.09
Brij78 0.01% 0.81+0.19* 2.13+0.08 2.62
(W) 0.025% 0.61+0.01 1.800.18* 2.95
0.05% 0.630.02 1.91+0.33* 3.03
Brijo2 0.01% 0.83+0.14* 1.83+0.09* 2.20
(VIV) 0.025% 0.82+0.17* 1.85+0.26* 2.26
0.05% 0.88 +0.07* 1.81:£0.28* 2.06
Brij97 0.01% 0.82+0.06* 1.83+0.19% 222
(VIV) 0.025% 1.04£0.06** 1.75+0.23** 1.70
0.05% 0.85+0.32%* 1.71£0.23%* 2.02
Brijo8 0.01% 0.75+0.02 2.08+0.21 2.76
(W) 0.025% 0.85+0.01* 1.92:0.15% 226
0.05% 0.73+0.09 1.89+0.08* 2.58
BL-9EX  0.01% 0.93+0.32* 1.98+0.24 2.14
(VIv) 0.025% 1.02:£0.09** 1.90+0.19% 1.85
0.05% 1.05£0.09** 1.78+0.11%* 1.69
CyA 20 uM 1.08+0.11%* 1.73+£0.29%* 1.60

Effects of Brijs on apparent permeability of Rho.123 across rat intestinal membranes determined by an in
vitro diffusion chamber method were examined. The samples were collected at 15, 30, 45, 60, 75, 90, 120
min. The concentrations of Rho.123 were measured by fluorescence spectrophotometer. Data are expressed
as the mean = S.E. of at least 3 experiments. (**) P <0.01, (*) P <0.05, N.S.: no significant difference,
compared with the control. (*/. Pharm. Sci., 105, 1526-1534 (2016); Table 2)
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1-1-3-3 £f& Brijs #7E FIZ31F 5 prednisolone & TN quinidine DIE{LEREEGEIEME

Fig. 6 &\ Fig. 7 1%, ZIE4V in vitro diffusion chamber {5235V T, P-gp OFVE & 72 % 3
T 5 prednisolone K& TN quinidine DYWL TT A & BEH 7 1O BFE B R EIZZIET 0.05 % (viv)
Brij97 K" BL-9EX DI HSOWTHEF LIZbDTH 5,

INBHDOZ T 7 XY prednisolone M OV quinidine Hi M EF D W IV 7 1) 0O 52 FE 7 18 BT
prednisolone }2 T} quinidine OFEH G MO RFEZBEICH S, OO THHEWZ XN, £

DOFEFIT Rho.123 B 5KF D AFEZ I S OREF & Hﬁ%@fﬁﬁﬁ ZRLlz, ZOZEnDL, b
2FEEHD P-gp OHE L7253 W)E Rho.123 & [FRERIZ, EITHEH T AICENLE STV D 2 &R
D HT,

£72. 0.05 % (v/v) Brij97 XU BL-9EX Z{fHFFIZ351F 5 prednisolone M TN quinidine WY
Fi1a D BFE R E L prednisolone M (N quinidine HAME H-RRIZ I3 1T 2 WU 510 D SR el 2 b
LT, AR ERT DR E o7, FRZ, BL-9EX OGFHAIIIZISIT 2 quinidine DOWLIN 7%
DOREHZHEN 3 G L7z, —J5. prednisolone K& TX quinidine OHEHI T 7D R FEFEE
(% 0.05 % (v/v) Brij97 &' BL-9EX OO L VIKT L7z,

Table 3 1%, FFIREED Brij97 MO BL-9EX OOFHRFZISIT D prednisolone N quinidine
Papp # £ L O-HDTH 5, Brij97 KON BLOEX DOIEFEEIZLFE U 0.025 %, 0.05 %. 0.1 % D
FEIZ L=,

F7. HBE 7 P-gp FHEAITHD CyA OFFHFFICISIT D prednisolone M2} quinidine DY
T Papp 1X2y b a—/ U EEE U CTHER L7722kt L, HEHJ7 10O Papp 2MEF L7z,
ZOREFIE, LAETOTEE R T TH S O Z Eonh, AFRIZEWTHAREBRRN P-gp OHEHE
WERFHITE D B2 bb, 72, 3 DORED Brij97 & BL-9EX OfHZ DT, WX
J51810 prednisolone K TN quinidine ¢ Papp X =22 b o —/UZLE~_BEFIZHEIN L 7=, —5. BEH
FFIEZBY U CiE, Brij97 &Y BL-9EX OFHIZ LY prednisolone @ Papp (&£, = ha—/ LT
EAH B L7223, quinidine DHEHJ71610 Papp 12 0.1 % (v/v) BL-OEX Z{EH 3 2B 7,
HREIBRERN ROz, &5IZ, Table3 TiE prednisolone &N quinidine HA% 5123517 % ER
ENZIEI 213, 3.92 IZ72->72A%,  Brij97 &' BL-OEX OfFHIZ LY, BEFICEDT5 2
EMR BN, TTH, 0.05% (v/v) BL-9EX K& " Brij97 OffFRFIZF31F 5 prednisolone @ ER
i, CyA IZ81325 ER HEIZERI U THD Z &M D, Brij97 &Y BLOEX 2 #RIH)7e P-gp
PHEFA & [FERO TRV P-gp FHE fﬁ%%ﬁﬁ‘éT PEDSRVE ST,

L7235 7T, Brijs 2% P-gp [HEAI & [FERIZ, P-gp OMREZINHITHZ L XD, P-gp OIEL
25 HM O LE RN 2 SET D AR A A3 5 2 L VR S 7z,
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30 ¢ a) Absorption (M-S)

=O—Prednisolone
[ —8-0.05% (v/v) Brij97
—&—0.05% (v/v) BL-9EX

25

Cumulative permeated amount (nmol)

0 20 40 60 80 100 120

Time (min)

35 B) Secretion (S-M)

30 =O—Prednisolone
—B-0.05% (v/v) Brij97
—&—0.05% (v/v) BL-9EX

Cumulative permeated amount (nmol)

0 20 40 60 80 100 120
Time (min)

Fig. 6 Time course of absorptive transport (M-S) (A) and secretory transport (S-M) (B) of

prednisolone across the rat jejunal membrane in the absence or presence of 0.05% Brij97 and
BL-9EX

Keys: (0) Prednisolone control; (m) 0.05% Brij97; (A) 0.05% BL-9EX. Results are expressed as the mean +
S.E. of at least three experiments. (*J. Pharm .Sci., 105, 3668-3679 (2016); Fig. 2)
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10 ¢ A) Absorption (M-S)

=O—Quinidine
—8-0.05% (v/v) Brij97
—&—0.05% (v/v) BL-9EX

=]
T

Cumulative permeated amount (nmol)

0 20 40 60 80 100 120
Time (min)
20 r B) Secretion (S-M)
=O—Quinidine

—8-0.05% (v/v) Brij97
[ —&—0.05% (v/v) BL-9EX

Cumulative permeated amount (nmol)

0 20 40 60 80 100 120

Time (min)

Fig. 7 Time course of absorptive transport (M-S) (A) and secretory transport (S-M) (B) of quinidine
across the rat jejunal membrane in the absence or presence of 0.05% Brij97 and BL-9EX

Keys: (0) Quinidine control; (m) 0.05% Brij97; (A) 0.05% BL-9EX. Results are expressed as the mean =
S.E. of at least three experiments. (*J. Pharm. Sci., 105, 3668-3679 (2016); Fig. 1)
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Table 3 Effects of Brij97 and BL-9EX on the permeability of quinidine and prednisolone across rat

intestinal membranes

Papp (x 10" co/sec)

Drug Excipient ER
M-S S-M

Quinidine Control 5.25+0.38 20.6+1.70 3.92
(0.1 mM) BL-9EX 0.025% 11.9+ 0.90%* 16.1+0.72 1.94
(V/v) 0.05% 12.7+0.65%* 15.8+0.42 1.49

0.1% 142+ 0.82%* 14.6+ 0.46* 0.92

Brij 97 0.025% 10.9+0.74* 20.8+0.40 1.91

(V/v) 0.05% 11.0+0.88* 17.6+0.99 1.59

0.1% 159+ 1.82%* 15.4+1.43 0.97

Cyclosporin A 20 uM 17.0£ 1.12%** 14.2+ 0.55* 0.84

Prednisolone Control 7.17+0.28 153+ 1.78 2.13
(0.2 mM) BL-9EX 0.025% 129+ 0.61%* 13.2+0.72 1.02
(V/v) 0.05% 15.4+0.55%* 11.8+£0.90* 0.76

0.1% 12.6+ 0.69%* 10.8+0.61* 0.86

Brij 97 0.025% 9.49+0.50 11.8+1.08 1.25

(V/v) 0.05% 9.99+ 0.44* 8.75+ 1.27** 0.88

0.1% 10.1£0.39% 10.4+0.29%* 1.03

Cyclosporin A 20 uM 10.5£0.72* 7.54+ 0.38** 0.72

Effects of Brij97 (polyoxyethylene 10 oleyl ether) and BL-9EX (polyoxyethylene 9-lauryl ether) on
apparent permeability of quinidine and prednisolone across rat intestinal membranes were determined by an
in vitro diffusion chamber method. The samples were collected at 15, 30, 45, 60, 75, 90, 120 min. The
concentrations of quinidine and prednisolone were measured by HPLC. Data are expressed as the mean +
S.E. of at least 3 experiments. (**) P < 0.01, (*) P <0.05, N.S.: no significant difference, compared with the
control. (*J. Pharm. Sci., 105, 3668-3679 (2016); Table 1)
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%5 2 #i  Invitro Caco-2 HINEEBRERIZIST 54 Brijs SEHRED P-gp HREDFHE
1-2-1 45

H—HiClX. in vitro diffusion chamber ¥EIZEBVNT, &FH Brijs X P-gp DIE L 72 53HM) DI
{LEREIESEIANE 2 0 U WIURHEZN R A 5 5 aTREMEDS @V 2 L 3B DALz, LI B,
BEFRD P-gp OEEEEDOHIZLIX. MAMES MDR a7z & ofifaz v T, BASIwIZ X 5
P-gp DI & 72 2 Y ORI OV TG L7263 20, il 21X, MDR1-MDCK #ifig
% T, P-gp DFLEFIOPHHIZ L D bestatin OB L 7= 2 ERRESHTND 2,
Z D=, MlEIEERIZIB T, P-gp modulators HFFFD P-gp OREREA G+ 25 Z & & BHE
Th b,

—J7. b MEREBIGHIE TH S Caco-2 ML, WU _ERHIIRS T AR /Y & L CHEIE
ZVEY | invitro T/NGOREECHRER THHLIT 5 Z L3 TE 5D T, FEED B\ VIR 3 0%
MRS FTRETd 0 | Ml L~ U281 5 L 0 372 - O & B9~ 2 D12 LT
HEEZHLND PP, E72. Caco-2 ML, tight junction KT ATER L. b M/ NG ERHIAD
C ARG, HREA AT 5 2 &0 b, £ < ORI TRIFEEPSZ 3817 2 FMRINGHIE DA
7y — & LTURS AR ENTWSET AN TH 5 47,

Caco-2 MIfEIZIE P-gp 2VFEBLL TWDH Z L, £kx7e P-gp OREREA RS 2 &7 /LAEKIE
ELTHEAINTODIEA A S 41TV 5, Zhang 51X, Caco-2 FlfaiZ3u T, adriamycin @
MR N BREES HZ08 OffHIc kv kL2 E ® 2R LTWb, £7-. Peceol® K
Gelucire®44/14 OUFAIZ L V| Caco-2 HIfIZISIT S Rho.123 OHEHIGNAE R Lz Z &
DEIN TS Y, 51, Yu HiE Caco-2 FAIZIT, Bis-(12)-hupyridone (B12H) Ml
RS Brij3s OPFIC L W BEEIC ER LI L2 LN LTS P, Zd & 9HIZ Caco-2
% FO TR OS2 HIE S5 2 2ok v . AR Brijs DEHRO P-gp HEREZ ZEHIT 5
ZEMTEDLEZZ DD,

% ZCARHITIL, invitro Caco-2 #Alfaldzia 526k 2} T, Rho.123 &} quinidine @ Caco-2 #l
RS | 2 M E 98 HE Brijs DI HOW TG LT,

22



1-2-2 EBRFIE

[RZE]

Dulbecco’s Modified Eagle Medium (DMEM), 10 mM MEM non-essential amino acids solution, fetal
bovine serum (FBS) (X Life Technologies Corporation (Carlsbad , CA ., USA) X ¥ |
antibiotic-antimycotic mixed stock solution (10000 U/ml penicillin, 10 mg/ml streptomycin, 25 mg/ml
amphotericin B, 0.85 % SHi/KEH). 0.25% trypsin / 1 mM EDTA solution 3Rk tHREIAL
WFEET (FEA) &V . Hanks’ Balanced Salts (HBS) & Sigma-Aldrich £ Y ZiVEFUEA LTz, 558
77 A =a|X Corning Inc. (Corning, NY, USA) K TX Thermo Fisher Scientific Inc. (Waltham, MA,
USA) X ¥ | Polycarbonate Membrane Transwell® Inserts (12 well, 12 mm in diameter, 0.4 um pore size.
sterile) (% Corning Inc. (Corning, NY., USA) LV ENZLIUEA LT=, EDOMOFAIEIZ OV TIEAT]
EDOFBMEHIHE U7, 7ods, AWFIEICEBWTHM L7z FBS 139~T 56 °C, 30 4r[# DI
LA 21T o7,

€= )|
Caco-2 MEfIFR A AR ORPR) L VIEA LT,

[HEiussE]

Caco-2 #fiid% 10 % FBS, 1 % antibiotic-antimycotic mixed solution, 100 pM MEM non-essential
amino acids solution %74 DMEM EiHta VN, 37°C. 5% CO, fFEF. 57 7 Aaf T L,
WITBB X% 7 BEICIT-72, Subconfluent |2 L7~ Caco-2 % 0.05 % trypsin / 0.02 %
EDTA % W CHIBER. 1X10° cells /0.5 mL/well T 12 well Transwell® (238 L 7=, K7HAcHaL 2

H 24TV, passage number “49~52 @ Caco-2 %, #&Fi#% 37°C. 5% CO, 1#{E FC., 18~21
ARG L7 b o2 FERICA L7, 7ol AWFFRICH: Caco-2 MG HERRIT, HEHRE A
(transepithelial electrical resistance ; TEER) 2% 500 Q-cm® Pl & 722 o726 DDA % FBRIZ V-,

[Hanks’ balanced Salts Solution (HBSS) MDFff#!]
10 mM HEPES, 5.5 mM D-glucose 33X T 9.7 g/ LHBS ZB#li/KIZIEME LT, pH 7.4 (ZFREEL .
IMHCI {2XY pH6.0 [ZFHFE LT,

[# Bk DFREL]

In vitro Caco-2 il 1 BRI I 2 {HLE RERZ 8 E BRI W o B 5-i1E . Rho.123 KT}
quinidine ™5 HBSS T 10 yM & 72 A X DI L7, F7=. &FE Brijs OIREILZNEN
0.0025 %, 0.01% &725 X 512 HBSS (pH7.4 F7-1% pH 6.0) ([ZIAfiE L7-,

[1n vitro Caco-2 FHfEZIEEER]

Caco-2 #ifuHfE4A HBSS (pH 7.4) T 1 [AIJEH#%, apical Il 0.5 mL @ HBSS (pH 6.0),
basolateral filiZ 1.5mL ¢ HBSS (pH 7.4) Z/NZ, 37 °C fHIREFE T 30 /37 LA v Fa—
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3 1%, apical flllF 7213 basolateral % %&-FE Brijs & Rho.123 F72(% quinidine =& A L7-
HBSS K CEfL L ER A 15D T2,

ZAUD OFEHEIL 10 pM Rho.123 F721% quinidine Z 7% L, &Ff Brijs 13T LD M2 7
L6t apical NI LT,

D%k, EERBAMG D 2 BE £721E 6 FEE E TRIFFIUIZ receptor {HIA3 basolateral Al A
120 uL., apical DS 80 pL T OEREL L7214, &0 HBSS % receptor HIIZINZ 7=,

Caco-2 MR FERICBNT, Bonit 7 vmHH 70 ub Z2ERNETHZ LIk,
apical {125 basolateral I ~DOWLIN 7 A} ~DFi M (PappA-B). basolateral {fi]l7>% apical ffl~D
BEH G R ~DF1E ! (PappB-A) % Ke7,

[Sotrdetf]

1. Rho.123 DOoyHr&ett

fEFRE%:  © Multi-Detection Microplate Reader (POWERSCAN® HT, USA)
MR Ex.485mm

Em.528 nm

2. Quinidine D4HTEAE

fE IS : Shimadzu CBM-20A Prominence Communications Bus Module
IRV 1 Cosmosil 5Cig-AR-1T (4.6 x 150 mm, particle size 5 um)
aEntH : Acetonitrile : 0.4% triethylamine (pH 3.0) = 15:85
i : 1.0mL/min
tankers : Shimadzu Fluorescence Detecor
TR R : Ex.485nm

Em.528 nm

BT LFEREE - 35°C

[ — % #E4T]
P-gp OFE L 72 DFEYOFEIE, RFEEYEE - RN S LT oKX [3] 1280, &
F OFEARER Papp ZHEHT D Z LI KV FHME L7,

b Flux 3]
P " Area- Cy - 60

Z ZC. Flux (nmol/min) [XEHFIREEIZISIT D HIFROMEE 2K L, Area (em’) XA OFE
F (1.12cm?), Co 1L apical OB OYIEE (nmol/mL) % F 7,

F7-. AWFFETIL, P-gp OREREIL efflux ratio (EfR) (ZFRW TRl L7-, EfR %, %X [4] TH
HL7=,
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PppB — A

EfR =
P,ppA — B

[4]

ZOFHUTINT, PappB-A (3 basolateral |72 apical fl~D ¥ DFitEE % 7~ L, PappA-B
IZ apical H12>% basolateral Hl~D3EY) DFTELRE A~

HEAMTIL, ZEHE (Post-hoc test), Dunnett 52X VTV, p<0.05 LTE2HEZEDD &
T L 7=,
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1-2-3  EBRER

1-2-3-1 Rhodaminel23 @ Caco-2 M EREEMIZKIETERE Brijs DRE

Caco-2 AHFEIZISVNTHFE 0.0025 % Brij Z0FH L72FfD Rho.123 @ Papp % Table 4 (T~ L7z,

Table 4 Apparent permeability coefficients (Papp) of Rho.123 in the presence of various types of Brijs
(0.0025%) by an in vitro Caco-2 cell permeability experiment

Papp (x10cnm/s) EfR
Groups
A-B B-A

Control 1.61+£0.25 13.26+0.23 8.23
CyA (10 uM) 3.81+£0.34* 438+ 0.19%* 1.15
Brij58 3.45+0.38* 10.22+0.11 2.96
Brij72 2.10+0.41 9.26+0.16* 2.99
Brij78 3.21+£0.33* 8.24+0.19%* 2.67
Brij92 3.35£0.21%* 8.64+0.33* 2.58
Brij97 3.54+0.29* 8.14+0.34** 2.29
Brij98 2.88+0.26 9.55+£0.12 3.32
BL-9EX 3.52+0.33* 7.69+0.15%* 2.18

Effects of Brijs on apparent permeability coefficients (Papp) for apical to basolateral and basolateral to
apical transfer of Rho.123 across Caco-2 cell monolayer were examined. The samples were collected at 30,
60, 120, 240, 360 min. The concentrations of Rho.123 were measured by fluorescence spectrophotometer.
Data are expressed the mean + S.E. of at least three experiments. (**) P <0.01, (*) P <0.05, compared with
the control. (*J. Pharm. Sci., 105, 1526-1534 (2016); Table 4)

Z DOfESR, Rho.123 BB SRHZ T AHEH T MO Papp 13WUIT MO Papp (2~ < | EfR
il 823 & 72V | in vitro diffusion chamber JEIZIIT DRGSR L FEROFER 72 oz, ZDZ &M
5. Caco-2 MMEIZIS51F 5 Rho.123 ORINEIEM: S in vitro diffusion chamber 1% & [RIREIZHEH
AL CTh D Z L NFEFES LT,

F 72, Rho.123 OWINHFAID Papp 1X9XTPD 0.0025 % Brijs OffHIZEL Y, =2 ha—iZ
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LB L CL 178 -2.29 fFITHER L7, 1 CTH . BL-OEX DOOFHERIIIT 2 WU 5 A Papp A3 P-gp
FRERITH D 10 M CyA OUFFHRECEIT S Papp EIRIER LU THD Z ERBH LN, —F,
HeHHJ71010> Rho.123 OFEMEIL 0.0025 % Brijs OHFHICE Y, 22 b o — UIZHA~FEISHED L
7

X 5|2, Table4 TiL Brijs OOFHBRZIIT S ER 2322 ha— /WI~AFIIK T 52 &

MERH BITZ, FTH, 0.0025 % (v/v) Brij97 &Y BL-9EX Z ] L7-Kf, ER ENZIEH 2.29,
21812720, CyA OOFARFIZEIT D ER fHE K VILVMEIC/2 D Z E BB LR o7,

L7235 T, invitro Caco-2 A sERR 235 1T DAERIZ,  in vitro diffusion chamber {EIZ351F

% fE g & [AlEE, Brijs 2% P-gp OHE &focé%#@@fﬁﬂﬂ@ﬂ%@_ PEZ BN S 2 ArREM: A2 72 LTy
%o L L72235, Rho.123 I SHIARPNARRES 2 U7z BRI 232 DA 7e 53, Mt
KA LTo@mBttoRE b IEET D 2 ENHIE STV 5 %9, Caco-2 MR, tight junction <°F%
MEZEKT D2 EHHMOLNTND Z &G, Pgp OIE L 72 HthoEY % VT, Caco-2
JZF1F % Brijs FHRFD P-gp OMEEAZFHMIIT 5 Z ENEETH 5,

WIZ, 7 FEFHO Brijs OH1C, Brij97 &' BL-9EX 2% P-gp BHEZNE RN LD, P-gp O
HE L7253 TH D quinidine %8R L. quinidine O IH(LE FEEMEIZ XX T Brij97 LY
BLY9EX OB OWTHRETT o2& & LT,

1-2-3-2  Quinidine ™ Caco-2 HIfREEEEFZRMEICRIZTERE Brijs DFE

Fig. 8 J2 O Table 5 (%, Caco-2 #lifadz AT, P-gp DIE L7253 Y)TH D quinidine D%

W KIET 0.01 % (v/v) Brij97 &Y BL-OEX DI OWTHFT L7ZfERE2/RL TS, Zh
HXFE T, quinidine & B THG- L7=854 . quinidine DOPEH 5 [0 O F5 @1 XUV 5 6] O 75

IZHERBAZEIZ R < L quinidine @ EfR fEIT 16.8 &£705 Z LML E 7272, ZOFERIT Anand
5OMZE Y L —HLTWBHZ &M, quinidine @ Caco-2 HIAEZEEM:IT in vitro diffusion
chamber £ & [FIERIZ, EIZHEH G EALTH D Z L2580 HivTe,

F 7. Fig. 8A & O® Fig. 8B L 1, 0.01 % (v/v) Brij97 }% " BL-9EX OOFHDWT TN T,
WY F7 A1 D quinidine 0D SAFE Tt &1 ToeHHRAE & bl U CHEIN L 72 oxf LT, HEH AR quinidine
D RFE G B FPEE 2 LTz,

I BT, Table 5 IZFERZTRT L D12, 0.01% (v/v) Brij97 O BLOEX OffHERZEIT S
PappA-B |3 quinidine B 5123517 5 PappA-B IZHE_T, AREIZEMN L7z, —JF. quinidine
@ PappB-A 1% Brij97 & BL-9EX DOfFHIZ L Y | in vitro diffusion chamber {EIZ351F D #5EH & H
720 KB LT,

&IZ, 0.01 % (v/v) Brij97 & BL-9EX OOFHKFFICISIT S ER fEIZ= 2 hr—/L O 1/2,
FTROHLENEILTI0, 695 ITIKTT 5 Z LB H LI,

L7235 T, Brijs (% Caco-2 MIfEIZAFET S P-gp OREREZTHETHZ L KV, P-gp OFE
& 72 DI O LA M A UGE T D RTREMED RIE STz,
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250 A) Absorptive Direction (A-B)

=0~ Quinidine
- 0.01% (v/v) Brij97
= 0.01% (v/v) BL-9EX

200

150

100

50

Cumulative permeated amount (pmol)

0 30 60 920 120
Time (min)

B) Secretory Direction (B-A)
2000 ¢

=0~ Quinidine
- 0.01% (v/v) Brij97

0.01% (v/v) BL-9EX
1500 - % (VIV)

1000

500

Cumulative permeated amount (pmol)

0 L L 'l ]
0 30 60 90 120
Time (min)

Fig. 8 Time course of quinidine transport across Caco-2 cell monolayers in the absorptive directions
(A-B) (A) and secretory directions (B-A) (B) of in the absence or presence of 0.01% Brij97 and
BL-9EX

Keys: (0) Quinidine control; (m) 0.01% Brij97 (polyoxyethylene 10-oleyl ether); (A) 0.01% BL-9EX
(polyoxyethylene 9-lauryl ether). Results are expressed as the mean + S.E. of at least three experiments. (*.
Pharm. Sci., 105, 3668-3679 (2016); Fig. 3)

28



Table 5 Effects of Brij97 and BL-9EX on the permeability of quinidine across Caco-2 cell
monolayers

Papp (x10%cm/s)
Drug Excipient EfR
A--B B--A
Quinidine Control 1.57+0.19 26.6+0.83 16.8
(10 M) Brij97 0.01% (v/v) 227+ 0.65* 17.9+1.92% 7.90
BL-9EX  0.01% (v/v) 2.14+0.35*% 14.8+ 1.65%* 6.92

Effects of Brij97 (polyoxyethylene 10 oleyl ether) and BL-9EX (polyoxyethylene 9-lauryl ether)
on apparent permeability coefficients (Papp) of quinidine across Caco-2 cell monolayer were
examined. The samples were collected at 15, 30, 60, 90, 120 min and the concentrations of
quinidine were measured by HPLC. Results are expressed the mean + S.E. of at least three

experiments. (**) P < 0.01, (*) P < 0.05, compared with the control. (*J. Pharm. Sci., 105, 3668-3679
(2016); Table 2)
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B 3H BZ

AETIX, in vitro FEFRITIBWNT P-gp OIE & 72 53 WY O LE KBS B M R IE 3 25FE
Brijs DR A MEt L &7,

F. AWFFETEIR LT P-gp OIETHAET /LEY L LT Rho.123 1%, LARTOMFEL Y,
I LRF < IR < BRSO T P-gp DORERENSIHIN T X 2 KA+ - T D IRty
TH Y N, BERIBEEEICREBLL TS Pgp ZRMSHICERE T 2 22N DWW TR
TELHIEHTHD Y,

Fig. 4 X Y. in vitro diffusion chamber {235V T, Rho.123 DOHEH 710D SR &I TR T )
DOFBENERTEL 22722 035, Rho.123 OFLEIZHB T DRI EICHEH FRENL TH
LEEZOND, o, Y7 P-gp ORHEME L THMHATND CyAQO M) ZHWND &
Rho.123 OHEH TR OFE & IIH] S 45 DIZxt L, WU M OFE el 3E KT iR 2R L,
S I, LIETOWZE L 0 | R 72 P-gp ORAEHAIE LT CyA (20 uM) I L TF verapamil (0.3mM)
OG- L7254, Rho.123 (238 T ER (PappS-M/PappM-S) (FBEFIAK T35 Z &3 54
TG 820 L7=235 T, invitro diffusion chamber (20, P-gp OEAE L P-gp modulators
ERZRER CFHMECTE 5 2 L MRS,

RN OZ L OFEDIL P-gp DX D RIEBEITFEL TWDHEHRL R T o AR—F —I2 LY
Hf A~ SN D 72, IRV EEWRIMEZ R 2 E ML D 2, 1kt P-gp DR
ERTHD CyA KO verapamil, 5 A P-gp OFHEHR|ITH S PSC833 72 L P-gp PHEAIL
P-gp DHREZHNHIT 2 = LIC L VIO BA ZBINITE 5 9 23, 2 & FEH K/ 3K
EEAETLZEnn, EERRWERZ5ISEITIENMESN TS %, ZoZ thb,
BV P-gp FERMEZA L. FEUWEMZ R0, AMER RO = P-gp FREAIOBIX
TDLOTHERFETH D,

—J5. Brijs 1X, BNTIEA A MERETEERITH Y . BEICHALAI AR EAT & L TR FIH
SITWDRFNI TH Y | —EBOHWI T O LEWIEZ SGETE 5 Z LG S
TS 339, 2 2 CABIZE T, Brijs @ P-gp BREHIHIMERICOW TS LT,

Fig. 5, Table2 (/R L7 X 912, & Brijs M7 E L7236, WM O Rho.123 OFiEtEix
L, BEH G OFEEILE 5 Z ENR R b, £72, £8E Brijs OOFHIZEIT S Rho.123
@ ER (PappS-M/PappM-S) & CyA (20 uM) OUFFHFFE[EI L L 91T, RHBHZHEE KT T 5 2
EDERO BV, F72. Shen B in vitro diffusion chamber EIZ3 T PEGs Z#fHT5 2 & &
D . Rho.123 OELEREESEEBIES NN L= 2 £ A S22 L2, Lin 5% chamber 751230
T. Rho.123 OFEBEEEENEDS labrasol DFFFIC LY FHTAHAZ L 2R LTS ), ZhnbD
&5, P-gp modulators & L COBIFITMNPIZL in vitro diffusion chamber JEIZIWT, HILEIC
FET % P-gp OMEEAFHICTX 5 Z LB B,

ARFEBRICB W T EE SO 5 6B, 22l M OG22 B IR U7 R A, THIBE I3RS P-gp
DIEBLETL HNT P-gp OIERRICEMI AN R 6D Z L2k D, T2 5 Paine HiX P-gp D%
BDNHLAE OB L » THRAR D Z L 284S L2 P, LIRTOMZE T, Lin, Shono SO+ _F&H5.
725 RIOMEAIFEC LA 0L 0 | FIBICEHVT Rho.123 @ ER MR KRTH D 2 & 5B
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NI LTWD, —J7,. Yumoto H1E Rho.123 D@k 18 & OZEZIGIZ A, [FIIFIZBWT
BB CTHD Z 2R LTS Y, b OFECIIEEH S NI 7e Rho.123 Dk
DIRRICEIZ ST 720 AR Iz L el 2 - T, in vitro diffusion chamber {£%17 5
7

Table 2 OffFTE D BLOEX (23 T P-gp OFSREMIHIEANICIRERAFIEN L S Nz DIZxf L,
ftho> Brijs TITIREERFMZ R O -T2, ZOFKROZENZOWTIEIAHTH 528, BFA
BIVREE (CMC) OFENZOFRKDO—>Th D EEZ DD, ZHOFmIEER ., FRIIEA 4
HEFURTEMEANE CMC LA T OIREET P-gp OIFINREZET D, ZORRIE, A A Mt
IEMEANL CMC LUFORE T, £/ ~— O TH(E L T, Mz i@ LS < 725, —J7. CMC
UL EDORE DY FEA A MR EIEERI AR C I 2Rk L T, MlaliiAi@mimnd 5 2 &
WEELWNZIT T, Pgp OIEE L7255 E I B ANICEE L, MO BEZRL T L
D, WINZEMEIT 25 Z ERROHNTND, 2O b, @MRED Brijs Z0FH3 58,
Rho.123 233 B/ IAEID Z & XY, Rho.123 Okl &IE T Brijs OB I L7-2
D, RERFES RO ol b0 L Ebivs, 72, BLI9EX @ CMC ZIE L7 R
(T —ZIIR LTV 7W) TiL, BL9EX 28 0.1% ZHz 5, S BAZEMRLIEZ Enb,
0.01-0.05 % BL-9EX Z {4 2L Rho.123 732 /WA EN T, IBERFEE 2R LIZH 0
EFEZBID,

AMFFETIX, 7 FEEED Brijs (28T, Brij97 &Y BLOEX A3 b8V P-gp OIS EE A
THIEMNBROOBNT-, ZOMFEOFERT Brijs OFFEIZ LY HLB MAHEe5 Z ED . Brijs @
IRV 72 1T NEIAE DS SR D72 BT BEE L TN B ATREME S 8 % Y, Brij97 &1 BL-9EX ¢ HLB
IXTNEI 124, 145 THY | BWREDBBRIFTHH Z &0, BENE ZeduX, 20RA X 05k
{IpolzbBEZ b5, F7-, Table 1 KT Table 2 Tik, 47 &A% 300-700 OAFE Brijs 13,
P-gp OINHIRhEA FRY ME]R) 23 7L 541, Brijs @ CMC M OWEEDZERN | /MBIZHFET D P-gp
OHREZ PRET HERIC B LI B2 b5,

L L7 s, )7 P-gp OB TH D Rho.123 1 P-gp &I LI-HEHERED I 70 59,
HIBRIRREE 20 LBt 2 A3 5 REtE b H 5 2 &5 Y, Rho.123 2V DARTIE,
Brijs O LD P-gp DEHE & 72 5 F M DHGE KB RMEIZ OV TORE R+ TH D
EEZBND, TDD, bRV P-gp OIHIRIRZAT S Brij97 AU BL-9EX % T,
in vitro diffusion chamber JEIZFWT, KR THWHITWD P-gp DIEE LRI TH S
prednisolone M 0" quinidine DYH{LAE KEEE M 2 FiEt LT-,

Table 3 ¥, prednisolone /% UF quinidine HM$ G-RFZI1T 5 ER 1ZENE41 213, 3.92 TH
V. Rho.123 BB HRFIZEIT S ER L[RERTHSH Z & 7225, prednisolone M TR quinidine % FHV
5 Z &KLY Rho.123 L I[EEEIZ, in vitro diffusion chamber {%(238VNT P-gp DIEREZFHICTX 5
Z EDER S T,

F7-.Fig. 6, Fig. 7 & TN Table 3 ORI T, Brij97 &' BLYEX OffHIRFIZI51F % prednisolone
KON quinidine O/MEHFSEEEEMEIIHIIN L, ER 13K T2 Z &3O o= &b, Brij97 &
O BL9EX [3{HLEIAFAET D P-gp OFSREZ NS 5 Z EP/RIB STz, F7-, LT L
Y. PEGs (% in vitro diffusion chamber {£(Z3\V T, prednisolone }2UF quinidine @ ER fEAME T
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THZEONHY ., Brijs IXPEGs E[ARIZ, P-gp ORE L7025 ET AEY T TR T, il
@P-gp DFE & 72 2 3 DO LE R 2 U T | P-gp OREZPIET 2R E2H T2 &

SR LT,

S BT, ABFIETIE in vitro Caco-2 AfaSEER BT > 72, In vitro diffusion chamber {5 &),
Caco-2 MAEIZITMEN 2 <, REDOARIEL L CTB Y, FEROBEAZTEKT 5 Z &b, FHiafk
BOREENEG THLREDORNH D Z &5 invitro Caco-2 FIFESEERIZISWNT P-gp OHE L
72 23R ONEFHRME T KIZ T4 Brijs O EE KRG LT,

Table 4 DOEFIT, Rho.123 HAMPL KD EfR (PappB-A/PappA-B) I 823 TH V. in vitro
diffusion chamber 7523517 % ER fEE[FEETH 5 Z L5 invitro Caco-2 HIfEIEERIT P-gp D%

M CE LR TH D Z LRSIz, £ Brijs PFHKFIZIVT Rho.123 @ PappA-B 73
t%ﬂub PappB-A 238 L, EfR 2ME T L7z, E£72, AWz Brijs @ 9 5T, Brij97 & BL-9EX
OOFFFRCEIT D ER BNEVIERNZ EE, 253D P-gp modulators % VT, quinidine
gzt 2 5AM L 7=, Fig. 8, Table 5 X V. quinidine OWUITIHDOFEEM:IE Brij97 K& Y BL-9EX
OPFRIC X FEICER L, e F 1 OBEMEOIKL TS bz, £7-. Brij97 &' BL-9EX
DOPFHEFZEIT S quinidine @ EfR =2 b —/URHZHA £ 12 (28 LT,

5T, Lo BT Caco-2 MAIZFNT Brij30 2% P-gp OHEREAFHET 2 Z & KV, epirubicin
ORI RREESEIN LY Z 82 WA LTS, [FERIZ Caco-2 FRIZIV T Brij3s OFFFIC
X% BI2H offifa@@attnagic ER+5 2 bl sh g ), £/, Brij97 (% P-gp i3
FFEHLL T % MDR HfZ3WV T, PH-PTX Ot BfEEA Ak SES P 2 L avEh S,
Collnot 5% Caco-2 MfHIZISVNT PEG $HORE S DFEWI LY | Rho.123 DOFiEft o 8K &
SERDZEEFTHLTND I,

PILEDZ Lt £FE Brijs 3 in vitro diffusion chamber ¥ & [ U K 912, in vitro Caco-2 HifiE
FHRIZIBN T, /IMBIAEET D P-gp OIEREZINHIT D2 & L0 | P-gp DIE L 72 53 DOIHAL
HRMESZ N E A UG5 2 ATREIE DS IR STz,
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B4 NG

AREECTIX, in vitro diffusion chamber {EIZFN T Brijs OUFHIZE U Rho.123 OWLIL ]
DOV EERIEEEMEITIE R U, e 5RO ETED 325 Z LoV &z, £7-, AV iz Brijs
D9 B, P-gp FEZENIR Y BLOEX &N Brij97 #ZNENHEHT 5 Z £12X Y | prednisolone
DYII5 18 DVEALAE REBGEEPE TR U B S R OB e B35 Z LaVR &N, S BHIT,
in vitro Caco-2 FMILFEIEERR BT H A Brijs 75, Rho.123 &Y quinidine OWIIT[H]DTH
(LB RBEEEME AR S 2 L 3B bz,

LLEDZ &35, Brijs MHEEITHEBLL T\ D P-gp OEREZHIHIT 52 & L0 FEHOHEE
RN E 2 UGE 2 ATREME D SRR S Tz,
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FB_E Invivo BIZBIT D4 Brijs fEARED P-gp HEEEDFHM
% 1 8 Insitu closed loop JEIZIIT 5 P-gp DI & 72 5 B DI LEWRIME DR ET
2-1-1 fES

F—E T, in vitro FEFRIZBWT, & Brijs |3 P-gp OFE & 72 53 OIE L E RS
WA TR CUET D 2 ERH SN E o7, L L7 B, Brijs 2% Rho.123 /NI %
BEETE L ENICOWVWTIFARITH S, £z, 1ER HRIEERIR P-gp modulators D FH]
RFIZ K D M DO LA IAE D BB Z SN TCIE  in situ closed loop % W CRHEid2 % 2
EMNE L, P-gp 1N EOWLEICRILT 2 Z LB TV 5, & Z CAEITIE, Rho.123
DI LE I R FET45FE Brijs DEEIZOUVNT in situ closed loop %% FV N CRFEAYZ G
ZITo7,

—77. Mmu3%WD%5% HLEE AT 2 AT 7 —BIZ L O R# S TELD
Rho.110 MIEFIZZ AFET D Z LN BT D, L72h3> T, Rho.123 DOIHLE R 5% D
m¢%giﬁﬁ%f%éRMMOA@E@Liof%k%<Eﬁéﬂék%KEhémo%_
T, AHITI Rho.123 Z{HLENICES- L72% D Rho.110 D fFEHR I KIF T KFE Brijs D
BN ZOWTHFH 21T > 7,

F72. Rho.123 [ THHGEITH Y | MIANRREE 20 Uc ERHiaE OFiE o A7 53, Hifd
MR 2 LBt HE L FEET S O 2 nlmEShi-2 e n, BIRSHS TS
prednisolone AR L, JHV /2 Brijs OH T, i b WIUEER RN @V Brijs 2120, in situ closed
loop EIZH T, prednisolone DYHLAEWRIIENZ &IET Brijs DB & fiat L7z,
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2-1-2  EB G

[FR¥]
Rhodamine 110 (Rho.110) [ZFDEHIZE TRt (ORBR) K VA L7z, ZOfoiEgEIizon
TIEATEDERIEHIHE U T,

(€ 55017)|
Wistar SREEMEZ ~ b (8 HHH, 220260 g) I1IRIE & [FERIC, KIS OER) 2»
SEEA LT,

[# 5k DFREL]

In situ closed loop 1EIZ X D THLERINGERRIZH W 50KIE, P-gp OB LR 5FEMTH S
Rho.123 &% O} prednisolone % 5mg/kg &72% X 5121, P-gp modulators & L TAFE Brijs &%
TR 0.05% DOEETHW-, HERIZHOWTIE, /MBICBWTIE 3mL/rat &L, pH74 O
PBS Z AW TR L7z, SHEKKIT pH74 £725 X 912, NaOH & L <% HCl % Ciis
L7z,

CEIA-TINELS |

T L& WU SEBR X, in situ closed loop % FHWTITo 72, 16~ 18 Fifilifafs L7z Wistar SREENE
Z v b (230~260g) M L. BEFEN pentobarbital sodium (32 mg/ kg) WRER T, [EIE H AL
E LTt BEFREAIT 7o, /M—7 1%, + 2B B =2 — VA AL TRE% L, B
HORBERNT - DITIE LR Lz, 7o, BIEEAEHE Y 5 2ecm OEIGEAICEH B
—a—LZAL, fitkT22 L TNL—T L Lz, /NEOIEENEYIL. 10mL @ pH 7.4
@ PBS T 2 FWEAFREL., PR etV AL Z LIZXVIEND PBS ZirELZ, H6
MEOFFIRE Y blank HORIMZATo721%, F L Brijs ZiRA L7oHIE 2/ M/ — 7RI
HL, £ =a2—L &7 U TRDIZ, £O%, 4 R E TRFFIVICEHFR? S 03 mL §o8%
MAATV, 7272512 12000 rp.m., 5 ZrfiE 08T 2 2 & TR 100 pL % Hvy, Rho.123,
Rho.110 &% TN prednisolone LI DIMAE YRS 2 & & L7z, MAEEEHI TR £ T 30 C TR
£,

[(EHDEE]

Rho.123, Rho.110 ®OjiE®EIL, HMIZ X V#5372 100 pL DOH > 7 /v% 500 pL OFFfRT T /L TR
Z Ryt el (15,000 tpom., Smin) L7z, ZOtk, EiEE 500 uL X L, 3BRE IR
L. 60 °C J§ETFT 45 min ="K —ar Lz, &bIC, 7k 100 uL BEMH
acetonitrile : 1% triethylamine (pH=3) =28 : 72 THHAM# L. HPLC H 96 /X7 L— MIAAL, H50k-
WIFH-HPLC (2L 0 IE L7z,

Prednisolone DE&ITH > 7L 100 uL % 1000 uL D7 & ~= R UL TERZ X7 1%, 1wy
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B (15000 p.m. Smin) 95 Z &2 LV ITo7, S Hi7c BiF%E 1000 uL FUX L, 3ERE IR L,
60 °C JHJEF T N\RL—var L, b, o7 /MIBEIFE acetonitrile : 10mM KH,PO,
(pH=5)=30:70 THEM L. HPLC f 96 /X7 L — MZ AL, UV-#ifH-HPLC (& X v & L7z,

[53troRft]

1.Rho.123 TR Rho.110 @ HPLC DTS,

il I B
A7 L
BEHH
i
R
R

N7 DA EE

Shimadzu CBM-20A Prominence Communications Bus Module

1 Cosmosil 5Cig-AR-1I (4.6 x 150 mm, particle size 5 um)
. Acetonitrile : 1% triethylamine (pH = 3, phosphoric acid ) =28 : 72

1.0 mL/min

Shimadzu Fluorescence Detecor

: Ex.485nm

Em.528 nm

: 40°C

2. Prednisolone D535

il I B
A7 L
BEntH
i
R
R

N7 DR

[7— % fi#47]

Shimadzu CBM-20A Prominence Communications Bus Module
Cosmosil 5Cig-AR-1T (4.6 x 150 mm, particle size 5 pum)
Acetonitrile : 10 mM  KH,PO,(pH 5.0) = 30:70

1.0 mL/min

UV detector (Shimadzu LC-10)

242 nm

35°C

NI MIETREHERE N D 7 VIREAFRIENTIE T 5 Moment MEATIZ &1 | ik
Y- E AR DI OENREFHINT A —F —Th D AUC ZHM L7z, 7o, WIEELIT
TOKX[5] MHEFE LT,

AUCgyj

EhR = ———
AUccontrol

[5]

HEZEMIEIL, ZELE (Post-hoc test), Student-Newman-Keuls 7525 V1TV, p<0.05 LA T %
BEZEHD LHWr LT,
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2-1-3  EBER

2-1-3-1  Insitu closed loop ¥EIZ331J % rhodaminel23 DIH{LERIUEDRRFT

In situ closed loop 1£IZ3 T P-gp modulator & L C#&FE Brijs Z0FH$E L2 P-gp DAk
B LRBET NI THS Rho.123 OIIEHFHIET 07 7 A V% Fig. 9 IR LI, £, 155
N IMSEREED S | IRWENRE )/ RT A — 2 — %R L, Table6 IZF &7z,

ZORER, Fig. 9 1T XL 912, Rho.123 & &FE Brijs Z#0fH& G L7255 D Rho.123 OiiE
FIREIL, WO Brij 2088 L7EEAICBW T, 3 ha— U HABEE ISR T 5 2 L3
e X7z, F£7-, Table6 LV, &Ff Brijs OOV T, 22 hr—/L L &FE Brijs DOfF
FETFIZBIT S AUC DLW HH L7z EhR 1, 1.85 - 2.54 fFIZHIRK L, Rho.123 DOIE{LERIN
DHEBICHETE DL ZERROLNZ, D Brijs DT, BL-9EX KO Brij97 12 & 5
TREEMER N IR E 2o 722 L, AWz Brijs @9 5, BL-9EX MO Brij97 @ P-gp #HI1EA
DB EDURIR SNz,

0 Rho.123 =O—Cont. —&—Brijs8 0.05%
—0—Brij72 0.05% —-Brij78 0.05%
E 60 | —O0-Brij92 0.05%  —A—Brij97 0.05%
o
- —4—Brij98 0.05% —0—-BL-9EX 0.05%
g
g
= 40
3
=
S 30
]
8
s 020
A
10
0 L L L J
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Time (min)

Fig. 9 Effects of 0.05% Brijs on plasma concentration-time profiles of Rho.123 (5 mg/kg) in rat small
intestine by an in situ closed loop study.

Keys: (0) Cont.; (4) Brij58 (0.05%); (<) Brij72 (0.05%); (m) Brij78 (0.05%); (0) Brij92 (0.05%); (A)
Brij97 (0.05%); (A) Brij98 (0.05%); (#) BL-9EX (0.05%). Results are expressed as the mean + S.E. of at
least 3 experiments. (*J. Pharm. Sci., 105, 1526-1534 (2016); Fig. 3A)
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Table 6 Pharmacokinetic parameters of Rho.123 after its administration into intestine with or without

various types of Brijs (0.05%) in situ closed loop method

Groups Cmax Tmax AUC240min EhR
(ng/ml) (min) (ng * ml" * min)

Control 21.21+1.79 60.0 + 10.0 3581 + 364 -

Brij58 49.97 + 3.13%* 60.0 + 10.0N% 8050 = 460** 224
Brij72 39.35+2.67* 60.0 + 10.0™* 6737 + 427* 1.87
Brij78 42.07 £ 1.32%* 60.0 + 10.0N% 7598 + 481 %* 2.11
Brij92 4541 +3.25% 50.0+ 10.0™* 7753 £ 397 2.15
Brij97 51.93 +£ 521 70.0 + 10.0NS 8787 £ 393** 2.44
Brijo8 38.09 + 4.99* 80.0 = 10.0™* 6653 + 369* 1.85
BL-9EX 55.06 + 7.44%* 70.0 = 10.0™* 9193 + 481%* 2.54

The pharmacokinetic parameters of Rho.123 after its administration into intestine were examined by an in
situ closed-loop method. Rho.123 was enterally administered to rats at the dose of 5 mg/kg and the blood
samples were collected at 15, 30, 60, 90, 120, 180, 240 min after administration. The concentrations of
Rho.123 were measured by HPLC. Data are expressed as the mean = S.E. of at least 3 rats. (**) P <0.01, (*)
P < 0.05, N.S., no significant difference, compared with the control. (#J. Pharm. Sci., 105, 1526-1534
(2016); Table 5)
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2-1-3-2  Insitu closed loop ¥EIZ331) % rhodaminel10 DE(LERIEDORRET

In situ closed loop {EIZH\T Rho.123 K OFE Brijs & fH#E 5 LB, @M TH 5
Rho.110 DIAEFHEE 717 7 A L% Fig. 10 \Z- Lz, £72, So - » S5 L
T 3RENRE )R T A —H —% Table7 IZF &7,

ZOFER, Fig. 10 OFEFST, Rho. 110 OMSEFIREIX, £FE Brijs Z0FHLTH, = br—
SR THBREN R LN o7, F72, Table7 XV, 4 Brijs OFFHFRHZBWT, 22
k2 — L & £Fd Brijs OfF/E FIZH1T 5D Cmax KN AUC &, 1ZEAEEDLRNWZ E0GEH 5
Niz, ZDOZ L5, %48 Brijs I Rho.110 DI %22 S8 720-7- 2 & 735, Rho.123
DB LN LR STz,

Rho.110 -O—Cont. ——DBrij58 0.05%

100 ¢ —0—Brij72 0.05%  —Brij78 0.05%

9 F —0-Brij92 0.05%  —&—Brij97 0.05%
80 | ——Brij98 0.05%  —@=BL-9EX 0.05%

Plasma concentration (ng/ml)

0 i i 'l 'l ]
0 50 100 150 200 250

Time (min)

Fig. 10 Effects of 0.05% Brijs on plasma concentration-time profiles of Rho.110 after administration
of Rho.123 to rat small intestine by an in situ closed loop study.

Keys: (o) Control; () Brij58 (0.05%); (<) Brij72 (0.05%); (m) Brij78 (0.05%); () Brij92 (0.05%); (A)
Brij97 (0.05%); (a) Brij98 (0.05%); (e) BL-9EX (0.05%). Results are expressed as the mean + S.E. of at
least 3 experiments. (*J. Pharm .Sci., 105, 1526-1534 (2016); Fig. 3B)
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Table 7 Pharmacokinetic parameters of Rho.110 after administration of Rho.123 (5mg/kg) into intestine

with or without various types of Brijs by an in situ closed loop method

Groups Cmax Tmax AUC 240min
(ng/ml) (min) (ng *+ ml" + min)
Control 76.81 +3.05 60.0 = 10.0 14249 + 280
Brij58 76.65 + 3475 60.0 + 10.0™* 12647 + 3025
Brij72 72.51 + 420 60.0 + 10.0™% 12284 + 4095
Brij78 78.62 + 7.45M5 60.0 + 10.0™% 11779 + 580™%
Brij92 70.35 + 4.54™5 50.0 + 10.0™% 11489 + 533M%
Brij97 66.10 + 5.48"5 70.0 + 10.0™* 11843 + 683"
Brijo8 69.40 + 4.48"5 50.0 + 10.0™% 12175 + 40215
BL-9EX 70.29 + 5.52% 80.0 £ 10.0 ™% 12344 + 5125

The pharmacokinetic parameters of of Rho.110 after administration of Rho.123 (5mg/kg) into intestine
were examined by an in situ closed-loop method. Rho.123 was enterally administered to rats at the dose of
5 mg/kg and the blood samples were collected at 15, 30, 60, 90, 120, 180, 240 min after administration. The
concentrations of Rho.110 were measured by HPLC. Data are expressed as the mean + S.E. of at least 3 rats.
N.S., no significant difference, compared with the control.

(*J. Pharm. Sci., 105, 1526-1534 (2016); Table 6)

2-1-3-3  Insitu closed loop YEIZ331F % prednisolone DYE{LEWRIEDIRES

Fig 11 %O Table 8 1% in sifu closed loop 235V \T 0.05 % (v/v) Brij97 U8 BL-OEX fEf

\ZBIT D P-gp DHE TH S prednisolone DIEALEWIMEE T L2 D TH D,

ZORER, Fig. 11 XV, prednisolone DIMAEFFLELIX, 0.05 % (v/v) Brij97 F7-1% BL-9EX
DEIZ LY, 2 hr— ARG REICHENT 5 2 RO bz, £z, bR
FEMNG | FEYENRESF)/NT A — K —% Table 8 IZF L7, 0.05 % (v/v) Brij97 &% BL-9EX @
PEFAIRFICRIT D Cmax (=2 hr—/L L HlR LT, 224 3.38, 3.85 fFIHI A L, EhR 1% 24
LRI ERT 2 Z L5 bz,

£7o. AREITIX, insitu closed loop VEIZ31F % Brij97 &Y BLYOEX ZfHKFIZ X % quinidine
OB RIS R L2 (57— 2R L T2V, 0.05% (v/v) Brij97 &Y BL-9EX DIF(E FIZ
BITD EhR 1L, 2 hr—/L el ENER 248, 2.50 [FICHER LI Z &R STz,

L72235C, Brijs I% P-gp ODFEE L72HETNHY)TH S Rho.123 OIHLEWIED I 70 5
TR TICH SN TN D P-gp OIEE &R D FEWMOHCERINMELSET 5 2 LD b,
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Fig. 11 Effects of 0.05% (v/v) Brij97 and BL-9EX on plasma concentration-time profiles of
prednisolone (5 mg/kg) in rat small intestine in an in situ closed-loop study.

Keys: (0) Prednisolone control; (m) 0.05% Brij97; (A) 0.05% BL-9EX. Results are expressed as the mean =
S.E. of at least 3 experiments. (*J. Pharm. Sci., 105, 3668-3679 (2016); Fig. 4)

Table 8 Effects of Brij97 and BL-9EX on the pharmacokinetic parameters of prednisolone after its

administration into intestine by an in situ closed-loop method

Groups Cmax Tmax AUC240min EhR
(ng/ml) (min) (ng * ml-1 * min)
Prednisolone 68.7+9.67 15.0+£5.0 8580 + 649 --
Brij97 0.05% (v/v)  232.1£18.6%* 30.0+10.0"% 20800 + 691** 242
BL-9EX 0.05% (v/v)  264.5+124%% 150+50™% 21700 + 730** 2.53

Effects of Brij97 and BL-9EX on the intestinal absorption of prednisolone were examined by an in situ
closed-loop method. Prednisolone was administered at a dose of 5 mg/kg to the rat intestinal loop and the
blood samples were collected at 15, 30, 60, 90, 120, 180, 240 min after administration. The concentrations
of prednisolone were measured by HPLC. Results are expressed as the mean + S.E. of at least 3 rats.

(**) P < 0.01, N.S., no significant difference, compared with the control. (*J. Pharm. Sci., 105, 3668-3679
(2016); Table 3)
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5 2 i AATE Brijs OOFHEFOTHLEHIEIEE O RE

2-2-1 #EE

AREH—HITIX, insituclosed loop 5% HWT, &FE Brijs Z0fHEGT5Z L1280, P-gp
DOIE L 72 DI OELERIEZUETE D Z BRI, Lo L6, Brijs OFFH
FEGAT L0 /MR IERE RN AL S 4L, FEM ORI Rl Ot s EIN % AlRetE 5 LB 2
biIvd, Fiz, F—ETIL, invitro FEHRIZBWT, & Brijs OUFHRHZISIT 54HE P-gp @
FE & 70 5 Y O LE REOEEME 2 BN 2 2 & 3R LAV 728, in situ closed loop JED
7259, invitro diffusion chamber 1EIZ3NT 4, Brijs (& X D/ EM A2 T2 2 & 234
EThbd,

—J7, FLEEMKSERESE (lactate dehydrogenase, LDH) (34 & D 130-140 KDa DO/l C
&5, LDH 1%, 1T & A2 OO EICATET 25, IO EEIC L0 (L8 BRI
N R XD & AIREICAET D LDH 2ELE B EPIEERE L . LDH EHESEINT %
ZEDPMBNTWD, o, Z U7 E I R ORERA Y Th 2705, NI O
IZE D ERRIESEE S NS & ORI Th DX X ENEREST S Z LN BTV 5,
LLHTOMFFEL Y | in situ closed loop & TN in vitro diffusion chamber JE(Z3UNT, # > /37 B D
HEZRIET D Z Ik 0 BARIDIZ L DIHWERIRPEE 2RI T& 2 Z &t ST
VY %) 8,9)0

% ZC, ARHITIX insitu closed loop £ T in vitro diffusion chamber 15235 NC, LDH {&H14 &
OF 7o EZRIE L, &FE Brijs JFHRFOIELERIEESMEICOW TR ZAT > 72,
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2-2-2 EBHE

(R3]
CBB G-25. bovine serum albumin (BSA), LDH CII — assay [ ZF05GHE T3kS4E ORFR) L0 .
Triton®” X-100 13757 A 7 27 &t i) LV BEA LT, ZOMoiEIc oW CIIRiED
TR EHZHE U T,

(€ 55017)|
Wistar SREEMEZ ~ b (8 HHH, 220260 g) I1IRIE & [FERIC, KIS OER) 2»
SEEA LT,

[KRBB D3]
ATERCYE U CRmL L 7=,

[ 5ROFR]
B e O L 72,

bR E i 28R ]

TEAL & KSR =V E ORIMIE in vitro diffusion chamber 75K N in situ closed loop {EIZIUVNT
LDH {&EMAE L Z > ™7 OB 2 /RS L TIT > 72,

In vitro diffusion chamber 2% FH\NTORSIEIEEME ORISR ClE, BESE72F v Mo/
ZHit L, 206252910 D | g 4 #IEE%  diffusion chamber (2375 L7z, % D1%. donor
il 7 mL KRBB (pH 7.4) CI&fi# L7- Brijs O GHAZ WL, receiver fliZ 7mL KRBB (pH 7.4)
P EMAic, € LT, 95%0,/5%CO IRGHAT/T V7L, 2 B, donor fIIL Y ¥
LT YT (500 4Ly AT oT. BB T L, BOAEE (15,000 tpm. 5min) L. 0
FiEEHAWT, BB X VIRE L7 LDH EMEEE Z o R B EZRIE LT,

In situ closed loop 1EIZI1T HIHLEREEREEMEIL, THLEWINGEER 4 Frft]) & T1%. /N
—7'W% pH 74 ® PBS ZMWVCHLEZ VS L, IMEEBIER A BT 2 Z &2 X 0L
2o fFONTERERIT, 4°C, 200G 12T 7 ffliEComBEL, 2o g2 VT, HLE X Vi
tH L7z LDH {EMEE L % 2 X7 O &EHRE LT,

[(EHDEE]

LDH JEMEAEIE, LT OFEIZ XV HE Lz, 77206, Rif% 10 il B2V | 990 uL PBS (pH 7.4)
ZEANL . 100 FEAREEIRZ T Uz, HiVyT. 50 pL A2 AV T, LDH CI —assay %%
MLUT, =R, AT T, 45 L SE%, v~ 7 a7 L— | —4%— (Multi-Detection
Microplate Reader, POWERSCAN® HT, USA) % AV T 590 nm DI CTRNEEARIEST D =
WX VEI LR,

TR L= v R EOERT, LFOFIEIZL D To7z, 725, EiE% 100 uL HY | 900
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uL PBS (pH 7.4) ZIRINL . 10 F5ABREEIK 2 FH5 L7z, iV T, 20 uL AfRiaR 2 V| Bradford
TEIZRB W TR (CBB G-25 10% (W/v)) 200 uL Z¥RAI1L T, EIE T 30 i & w7214, 595 nm
DR TS EZRET D Z LIC KV EH LT,

(57— fighT]

LDH #EMAE 1% SigmaPlot® 10.0 (Systat Software, Inc.. San Jose. CA. USA) @ Sigmoidal
regression (Z LV B L7, AEZEMREIL. ZEE (Post-hoc test), Student-Newman-Keuls {%(Z
EDITV, p<0.05 LLTEAEEDHD LK LT,
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2-2-3 EBRER

2-2-3-1 #£&F& Brijs OB/ NEREIEREEM: DI

P-gp modulators & U C&FE Brijs Z 05 L72BRIC L A/ NBRMBEIEEM: %2 Fig. 12 X Fig.
13 \Z7R L7z, Fig. 12 TIX, invitro diffusion chamber {£% T, Fig. 13 TiX, in situ closed loop
B2 MW THAE Brijs OB RS2 L7,

%@F% Fig. 12A K OF Fig. 13A XV | invitro & invivo WEBRIZEBWT, &Ff Brijs OOf
HRFIZEF 5D LDH {EMEIL, = hr—/L L E_ERERZEITERO b v -7, —7F ., positive
control cE LT3 %(V/V) Triton X-100 @ LDH {HMHEIZZ OO TEWMEZ L, 2> hr—/LZk
NERICHR L72DIZxt L, 4 Brijs f7#7E F0O LDH JHPEEILE DTN Z & 38 573
-7,

%72, Fig. 12B & O* Fig. 13B ORFET, invitro & invivo MEBRIZIHBWNT, Brijs OfH%
BH LIEGEORM S "V EOREIL, 2y ha— U TIFEAEED LT, £72. 3% (V)
Triton X-100 DFHKFCIIT 52 L X7 BEOEIZHAFGEITRWEZ R~ 2 L BB b,

ZDZ LMD, Brijs XA EMEDEWEIFNRIM CTH D Z ERH BN E Mo T,
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Fig. 12 Membrane toxicity of various Brijs in the rat small intestine by an in vitro diffusion chamber
method.

(A) The membrane damage was determined by measuring the activities of LDH. (B) The membrane
damage was determined by measuring the amount of protein from the small intestinal membranes. Each
result represents the mean = S.E. of 3-4 experiments. (**) P < 0.01, N.S., no significant difference,
compared with the control. (*J. Pharm. Sci., 105, 1526-1534 (2016); Fig. 4)

46



30 r

A) LDH s
Z 25}
=)
£ 2}
2
°
«
= 15 f
a
= N.S.
T \
L T ! pue ey
5 1 \\§ :::;::: PILII,
NEN KR AR R=)
Cont. Brij58 Brij72 Brij78 Brij92 Brij97 Brij98 BL-9EX Triton
X-100
3%
~ 2 r B) Protein * %
E
=]
E
= 1.5
[-P]
4
5]
3
= 1
§ N.S.
: l ‘
=
& 05 F T
e $
=W
0 » »
Cont. Brij58 Brij72 Brij78 Brij92 Brij97 Brij98 BL-9EX Triton
X-100
3%

Fig. 13 Membrane toxicity of various Brijs in the rat small intestine by an in situ closed loop study.
The concentration of Brij was 0.05%. (A) The membrane damage was determined by measuring the
activities of LDH. (B) The membrane damage was determined by measuring the amount of protein from
the small intestinal membranes. Each result represents the mean + S.E. of 3-4 experiments. (**) P < 0.01,
N.S., no significant difference, compared with the control. (*J. Pharm .Sci., 105, 1526-1534 (2016); Fig. 5)
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53 H BH

AL, £ insitu FEERRIZBWT P-gp DIEE L2 DETNVEYTH D Rho.123 DML
B BAF KR Brijs OREBZHFTT 5L & HIZ, 25 Brijs &' Rho.123 ZiHLEIC
OF# 5 L72BS. Rho.123 O TH D Rho.110 O AL A FHl L C &7z,

Fig. 9 KU\ Table 6 OfFt T, 4Ff Brijs (% Rho.123 (28175 AUC KON Cmax ZHENS®
HZENED BN, F£7=. Lin BT in situ closed loop 1EIZIWCTHIAY) P-gp PHEAIE LT
verapamil (0.3 mM) ZOFHE L7254, Rho.123 O/NBRINHNEEINT 2 Z & 2 @E LY, &
5z, LARTOAFZEL U . P-gp modulators & L C Labrasol 2T} PEGs 7% Rho.123 O/NGWHED
UETELZ LY PR SN, 22 25, Brijs (IUORBIRIY & FERIZ, in situ closed
loop HEIZEBWT P-gp OHEREATLET D Z LIk v, P-gp DIE TH D IM O LEWILIEZ
NS5 Z EAVRR SN2, FV = Brijs OHT, 0.05% (v/v) Brij97 } " BL-9EX % Rho.123
@ EhR ZZ1E40 244, 2.54 fHERK S22 L5, Brij97 &Y BL-9EX @ P-gp #ifillhE)s
e HIRNZ EAVURIE S HL7- (Table 6),

—7J7. Rho.123 Z#:5 L%, R#EMTH D Rho.110 OIMBEHHE K OSKYEhRE A1)/ 8T X —
H—|3FHE Brijs Z0FHLTH, AERENAON ) oTz, TOZ &b, Brijs Z0FH L7128
4 Rho.123 ORHNTITENGRD 5307, Brijs 1% Rho.123 OHLE ISR DI B A J
T2 EAURB S L, L L7Ze2i D, Rho 123 NEDEEAETH Y | BRISH L T 53Tk
2D T, BERETHOONTWD P-gp DEE THD prednisolone TN quinidine > ZER L,
SRV P-gp OISR ZH 25 Brij97 &Y BLYEX ZHW T, [AIU &L 92 in situ closed loop £
IZFU T, prednisolone & TN quinidine DIHILEWIIESIET L7z, £ ORER, 0.05 % (v/v) Brij97
KO BL-9EX OffHKFZ X U | prednisolone % TX quinidine @ EhR & 2.4 - 2.5 {52895
(Table 8) = & 258D BT,

PILEORER LV | &FE Brijs 20 ET 51250, P-gp DEE Th 2 HMOIWE LAAWINEE
WFETDH 2 ENERO B, 72, Brijs @ HLB, 73 &, CMC K OMWESENZIENR D8,
in vivo FEERRIZEIT DRERIL in vio EERRICBIT MR EFEKTHY , @Y R0 =
(300-700) <> HLB (12-15) %4 LC, PEG $H%&F> > Brijs OOFHICL D . /INBIZAAET D
P-gp OREATHETEZ 2 Z LD LIz,

L L7723 B, —M%IZ, Brijs 1L U &3 2 FmlE A4 s T BB 3 5972 &
THLE R Z P L, R EMEZ EET D2 2 0 mbnTnd, Lizin> T, Pgp DI
T HHWZEFE Brijs 0BG L7284 P-gp OFSREINHIER Tid7n < CHIEREEMEIC X Y |
TS HEY) OV LA RSBSOS KT D ATREME b D, T D7, &FE Brijs & 0fH
Be 5 U236 O/ BRI EVE 2 Rl 5 2 ERNEECTH D, 1ERN D, AW IR TE
FIORMEEENE L, AT~ — 0 —& U CTIHBE R Dl L7e % /327 <> LDH D&%
HIET 22 LI LV FHliS T 5 O, LDH (el E NIl ET 2 FLIBITUKEREE TH Y |
F2H T BT AERIEORE RS Tdh D, LT3 -> T T B TICAEET 5 LDH & &
H R IR E ORI L 7 B,

% ZCARETIL, in situ closed loop {E721F CTld72 < in vitro diffusion chamber 1512 H 35T,
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FHE Brijs Z0FAES LZBRICImH L7z LDH {&MHEE & 2 v R0 BOREERIET 52 212X 0
AFE Brijs O/NBRBEEEMZFHME LTz, 2O/, inviro & invivo TEBSRIZIWNT, Aff
Brijs OfFFHFFD LDH JEMEE & # X7 ORI, R NGERENRO b ho Tz
(Fig. 12, Fig. 13) , —J7. positive control T3 2% Triton X-100 (3%, v/v) & Hik L7=354A . %FE Brijs
fFAETFIZEIT S LDH EMHE E Z v 7 B O EITEZ DD TR Z E R LT 57 (Fig 12,
Fig. 13) . ZHUHDFER IV | Brijs OFFHIZL Y P-gp DI TH DI OWLINIT 8 D5 D
O, M EERIEREEME R T2 L O TIHRN D E2VRR S, RWEED Brijs 1348070
OEEMEOENFIRII T 5 Z LG b,

LNL7273 5 Brijs 73 E D X 9 7okt CIHLE LRGBS 5 P-gp OFEREZ I L.
P-gp DIE L 70 2 Y O LEWRIEZ K SEDLNICHOVWTRATSH 5, BEETICHMLN
TNDNL DD P-gp HEREDBHE D A B = X L%, P-gp @ ATPase DA RIEZITIERE
HINCPREST D 2 & 2 P-gp DFEBAF T L LX 2 L— a5 28 9 flalsEfisEittoZric
LD Pgp DAL T g A—a L EELESE Y SHEMICEER A Z T 2L O ERAT
IZ P-gp DR LAF REA RAAL NIRAIRIRVAT A L 2EMidT 5 Z & O Bt shT
W5, ZD7=%, Brijs (2L P-gp OILEMEZFELRFITT D ENEETHD, T TH=
BCIE, & Brijs Z0PHEG LI2HED P-gp OILEFEHMEIC OV a3 5,
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B4 Hi /ME

AFETIL, in situ closed loop (23T, Rho.123 DOIELERIMIFZEAFE Brijs OOFHICE D
BB\ UL=0% L, ZORE TH 5 Rho.110 OIELEWILIEIL Brijs 20FH L THITE A
EB Lotz Z ERBO LTz, £io, D P-gp DIE L7253 T D prednisolone D
HLE RIS, VW2 Brijs O Chie mWOIRIEEIR 2 AT 5 BL-9EX &Y Brij97 Off
ML VBB LT, 5T, invitro KOV invivo MSEERRIZIBUWNT, /INGREIED & lFEE L
72 LDH JEMEE L OV o x 7 Rt ElL, 8 Brijs 20fH&G L Cbay hr— L & ThH
EARZEITR LN SRS,

LLEDZ & 925 Brijs 1d P-gp E & 70 5 3 OV LE W2 UG5 T & DA/ 50002 MEN
EWLEITRIN) T D Z & 3388 BT,
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W= AR Brijs \2X D P-gp PHEME DA
818 Invitro YETHIT BEME Brijs ORIUTHERHE DI
3-1-1_#E

N OE T, invitro KT invivo EFRRIZEWT, £FE Brijs 1% P-gp ODHETH
% Rho.123 72 EOIEY O LE WM Z BGE L, WIS R 2 A3 2 lRetED @V 2 & 2338
D HiTe, —RIZEY ORIRLBEE B 1T, AR E 72 ISR O Z ol K E b
(Fig. 14), HRPNREEIIAGTENED i O Y CREEhinE S & 0 s S0 Y OB TH Y |
WREER 72 E SRR E A B L S, ZOWMEMEAZEZ D 2 &I K0 R EEY) O WRIAEAS
UEETE 5, —J, MR bRk g K OWN R R 8 (235 1T 5 KV 0D iy )02 Bl
15 CHE SN DI OB Th v | Bz 2 MiaE L o555 & & LT tight junction (Z
flfEEns Z & X0 CERYOBBESEKT S Z ENMBNTNDS Y giEE TR LEZL I,
AFE Brijs OOFFHIC XV ISR 20 L CREERT 2659 TH D Rho.123 OIHLER
WHEITSGE SN2 b DD, Brijs OWIRHERAE 2 iR~ 2 72 D123 & HICFERICRET 2 320

boHLEZBND,
Apical side
. i Tight junction ]

v v Basal side
Transcellular Paracellular
route route

Fig. 14 Scheme of transport routes of drugs across the epithelial cellls

5(6)-carboxyfluorescein (CF) [T MIfREREEE 2/ L CIRE SN D ET LV THY . £z

P-gp OIE TN EAMBN TS >, F72, Caco-2 AL, tight junction KT % ¥

R L. b b/ ERGHINE & FRROME IS, BEREZ A2 2 &5, Caco-2 MifE & IV TR
ZRRREICHES 2 Z 12X Y | Brijs ORIREEEZ T2 Z &N TE L EEZ BN,
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2 ZCARHICIL, Brijs OUMRIEA ) =X I tight junction (B F1LSHE S RIS &4 L
7= 3 OB IAEA B G- L T B E DI HOWTEMITT 5729, in vitro diffusion chamber
TEIZEBUW T, CF OXSIEFEIEME A FF-M L. in vitro Caco-2 Ffd % FHCTIEHEHUE (TEER) (ZK&IE T
A Brijs DRENOWTHRE LT,

0O

HO 0
C H O

0 201277
O O MW: 376.32
HO 0 OH

Fig. 15 The chemical structure of 5(6)-carboxyfluorescein (CF)
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3-12  EBHE

(R3]
CF X Eastman Kodak Company (Rochester, NY, USA) kv, fit5 L ClAEZ7-,

(E55007)|
Wistar SREEMEZ ~ b (8 M, 220260 g) IERIE & [FERIC, KIS OER) 2»
HEEA LT,

[KRBB &} HBSS DFFHl]
B HET G L 7,

[# 5k DOFREL]
In vitro diffusion chamber 75T X B {H{LE RS IZERIZ AW 7- B 5K IX, CF Z 10uM & 725
L ORI L 7=, F7-. &FE Brijs DI 0.05% &7 XK 512 KRBB (pH7.4) I[ZiEfR LT-,

(LB TR EER]

B EREEEESEER X, 5 —FICHE L T, invitro diffusion chamber {£% W TiT o7z, i3z
B T, BFoni=V 7 rm9h 100 i E~A 7 17 L— kU —&— (Multi-Detection
Microplate Reader, POWERSCAN® HT, USA) % AV T Ex.485nm, Em. 528 nm OIFFZ THO
FRE A HIE LTz, £Dtk., CF OREFEHE LS Papp 2HH LT,

[TEER (D]

Caco-2 Ml IA KRR Z1T > 7= [FFRFIZ, Caco-2 FHAUHENRD TEER fEMOZ1{kiE Millicell®-ERS
meter (Millipore Corporation, Billerica, MA, USA) Z M\ T 6 K] CRIFFENZHIE L7z, 7235,
FBRBAAEIF O TEER f£% 100 (% of initial value) & L C3EBR+ ¢ TEER fHAHH L7,

[7— & f#AT]
Papp KON ER (35— HEC CEMAL L7,
I BT, HEEMRTEIL ZHEIEE (Post-hoc test), Student-Newman-Keuls 7512 D170, p<0.05
UTEHREAEDY Lz,
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3-1-3 EBRER

3-1-3-1  5(6) - carboxyfluorescein DYH{LERBEEEMEIC KITTHE Brijs OFE

IKEMESEY) T 2% CF 13 MR 2 L COHbE BRGiifu 2@ L, P-gp OIEE
2N ERIHN TS *) Fig. 16 KON Table 9 Tl in vitro diffusion chamber (23T,
CF O bERIEEIEMEIZ LIETHFE Brijs ORI OV TG LT,

ZDOFER, Fig. 16 XV CF ORI mIE L OPEH T Mo 2 fEEim &L 0.05 % (v/v) BL-9EX
ZFHLTH, 2 hr— L b G ERENRD bR o7, £72. Table9 LY CF @ Papp
IT&M Brijs Z0fHLCbar ba— L EIFEAEEDLLRNWI ERRO LN, LER- T,
Brijs (Zd& YD Rho.123 72 & P-gp OFE Th 23 ORI T 17 OFmMENE R T DK & LT
Brijs OWIEEh R IR G837 HILEIZ LT D P-gp OMEREZINHIT 2 ATREMEAS M2 &8
RSN,

700
—0—CF S-M

600 F —A—BL-9EX 0.05% (v/v) S-M
—O—-CF M-S

500 F —@-BL-9EX 0.05% (v/v) M-S

3
=
&
=
=
=}
§ 400
=
2
]
g 300
5
2
g 200
5
=
g 100
=
@)
0 'l 'l ']
0 20 40 60 80 100 120
Time (min)

Fig. 16 Time course of absorptive transport (M-S) and secretory transport (S-M) (B) of 5 (6) -
carboxyfluorescein (CF) across the rat jejunal membrane in the absence or presence of 0.05% (v/v)

BL-9EX Results are expressed as the mean + S.E. of at least three experiments.
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Table 9 Apparent permeability coefficients (Papp) of CF in the presence of various types of Brijs (0.05%)

by an in vitro diffusion chamber method

Papp (x10cnm/s)
Groups ER
M-S S-M
Control 549+0.43 6.55+0.23 1.19
Brij58 5.95+0.11N% 6.73+£0.11N% 1.13
Brij72 596+021N 6.48 +0.16™ 1.08
Brij78 5.57+0.09N 6.76 + 0.19™% 121
Brij92 5.93+0.07™% 6.69 +0.33 N5 1.12
Brij97 5.87+021N 6.42 +0.345 1.09
Brij98 5.46+0.13N% 6.54+0.10™% 1.17
BL-9EX 5.57+0.24"N% 6.59 +0.15™% 1.18

Effects of Brijs on apparent permeability of CF across rat intestinal membranes were determined by an in
vitro diffusion chamber method. The samples were collected at 15, 30, 45, 60, 75, 90, 120 min. The
concentrations of CF were measured by fluorescence spectrophotometer. Data are expressed as the mean +
S.E. of at least 3 experiments. N.S.: no significant difference, compared with the control. (*J. Pharm. Sci.,
105, 1526-1534 (2016); Table 3)
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3-1-3-2  Caco-2 FIMEZIRERRICIS 2 EHEFUEIC KIET KR Brijs DR

Fig. 17 1% 0.0025 % Brijs #0FH L7zF® TEER (A-B) Z#HliL7=% ?» T 5, Tight junction
ZEAO9 5L, TEER WNMEFT D2 ENMLNTND, ZDFER, 0.0025 % Brijs OHFFHRHZE
(7% TEER [Ty e — LRECHER L C, 1ZEA BN R ONehoTe, Lieh-> T, £
Brijs OWRUIEHERAE I Z IR MFREE D tight junction DBH A 23EH5- L T2\ & 226 Brijs (X
HILE I ZRILT D P-gp HEREZHIHIT 2 Z LIk 0, YO LE RIS M %2 5T 5 aTRENE
DRI X472,

175 ¢
150
T
= 125
>
=
g 100
S
(=]
$ 75 F
= 50 —O—Control  ——Brij58
=) —0—Brij72 —- Brij78
2 | - Brij92 —&—Brij97
—A—Brij98 —@-BL-9EX
0 'l 'l 'l 'l ']
0 60 120 180 240 300 360

Time (min)

Fig. 17 Effect of Brij (0.0025%) on TEER in an in vitro Caco-2 cell permeability experiment.

The dose of rhodamine 123 was 10 uM. Keys: (©) Control; (#) Brij58 (0.0025%); (<) Brij72 (0.0025%);
(m) Brij78 (0.0025%); (o) Brij92 (0.0025%); (A) Brij97 (0.0025%); (A) Brij98 (0.0025%); (e) BL-9EX
(0.0025%). Results are expressed as the mean + S.E. of at least 3 experiments. (“J. Pharm. Sci., 105,
1526-1534 (2016); Fig. 2)
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%2 i &% Brijs (2K 5 P-gp FLEMEDMEH

Il

3-2-1 #EE

AFERTHITIL, Brijs OWRIEMEREEIZIT MRRERREE 2 L3 odEatE EFITH5 LT
WRWZ EDVURIE I NI, F7o. T T Brijs OOFHIZ L W EYOWMLERIEDEE L,
R EVE ISR T 5 O TIE RN Z EGRO Bz, 2D LD, Brijs (£ P-gp OIEETH
5 I O LA A e T & HHERSIE. P-gp OREREZ BRI 2 WREMENSE W & E 2D
AU, Brijs (2& 5 P-gp OILERELMIT 2 Z LDNEETH D,

P-gp X ATP BEEDO—FEETH Y, 0 FEIY 170KDa TH Y | ifES ABC K7 AR—
4 — (ATP-binding cassette transporter) A—/~N—7 7 I U —|ZJFT 5, P-gp (L1280 DT I /[
AT H-ARETHERINTEY, 2 FOKYIELEES SN ENLIL, 6 DOEEH
(transmembrane, TM) RAA > & 1 DD X7 LAF NfE& (nucleotide-binding, NB) KA A &4
7% (Fig. 18), F7o. TM RAA UHPEEITGRBME O G INDZ & NB RAA T ATP &
ABENAZ L. TS ODENIEIARY RTF R
DAEFBIZ L > THB S D Z ERNmbitTnD

69)

PERD verapamil O X 572 P-gp PHEAID P-gp FH
EREAE L LT, Pgp OIE L MM AHIIC
2 DI TR H BLET DR P O P-gp DX >
RUERBEMET T 58 @ BMmbh g, il
DL T, P-gp modulators & L "C Pluronic, Tween,
Labrasol 7¢ & DIEA A S EIEMEAR A P-gp OFH
L FHREETDHZENREN TN, Fe kD
7 Pegp BRI L R | BICEEREEOZEL 7O, Pogp
D ATPase IHHEDLE D 2 W THINA ATP L~UL 0K
TP INZ X 5T, P-gp OEREICREET 2 b Hu
HEnTuns,

Fiz, BUEE TITRWHENTWD P-gp HEREZ AT HREEERD O B, 1ZEALETR
TOIEA A MR ETEHERIDERENE 2 250 GEINE72)) SE5 2 &hn, BB OZ1 L
ILEE 7 P-gp OFHEHEO—DOTHL Z ERRDOLINTWD, £z, P-gp OIEEITEITBKME
WETHY ., TOIRE--/KIEAREL (lipid/water partition coefficient) 23D T, FlfENDOKFEA
SAFNEOREENIZHT 2 2 EWRS Th D, — BMIOBRENEN 2 35 & Mol
HOEIZ L IFE-KOBERE AR T S5 Z L, MREEANICE A EiLD P-gp DIVE %
P X S A IHTE A Z ERRD BTV S (Fig. 19), LIRETOAZETIE, Rege HIE
Tween 80 K O Cremophor EL (%, ABRRBEOUEEN: 2 HIIN & 5723, vitamin E TPGS |3 Eh %
BKFSEDZEHREL TS P, £7-. Pluronic P85 IFEFHEMNEDHINC LY P-gp DT
F A= arEEEESEDL LMD, P-gp M ATP LFEATHRENAZE FEIED Z EARD LN

Fig. 18 The crystal structure of P-gp
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TWD Y, LILED Z &b AEITIL, Brijs @ P-gp BHE A B = X A FEHREMEZELIC X D P-gp
DILEREEZEA L2 AT LT3 OFm M R A BE G- L T D 22BN DV \Téﬂ?fﬂﬂ?‘é 7o, NeiE)
PEIZIET Brijs OFZIZOWTHRE LT, 7o, BOREIEZ(LOFHICIT, —MRAIZ S ERG
FEHED RO OGILTI Y | AECIIIRENR, IREINBOIR S o 37 55y ;%\3@&"7‘:7 a—7
L LT DPH (Fig 20A). tma-DPH (Fig. 20B), DNS-CL (Fig. 20C) TF~LL LT~ o MNEOD
brush border membrane vesicles (BBMV) Z | #OGRGEEIZ &I T Brijs OFZIZ DWW THREF %

cmmﬂom ﬁ ﬁ. oPH ]ﬁwﬁﬂ]
YTy

Phosphollpld Membrane Protein

NH,

Fig. 19 Evaluation of membrane fluidity of lipid membrane.

[ ] | :
— (A)DPH . (B)tma-DPH | : (C) DSN-CL
e — | L
\]{ H;C..‘_N,CH;
T o~ -
e
S0,CI
C g, MW: 232.32 Ca1HNIMW: 417.33 CoH,,CINO, MW: 269.75

Fig. 20 Chemical structures of fluorescent probes.

X E 12, P-gp HEIX. ATP fEEDO—FETH DT, ZD X HIT ATP BEEDOTEMEZLES 2
LR, HEE Pgp PEHESEEICR AL 5.2 5 Z LB o TV D, TERDIFIEN
< oz»@#lw’ A MR EIE AN P-gp ORE LR YO AR SED L LB
ATPase OIEMEGINHISHE D Z @SN CnD #7070, 22 ¢, ABFZETIE ATP A% ADP K&
WY URRIZSOST HBED P-gp HEKD Y U RETERETHZ L1280, P-gp HKD ATP iEMEEH
MUz, F72, REBRFETIIANL YNV UL, ABC b7V AR—%—0 ATPase {4 [
EF D20, ATV URFIIREED ATPase TEPEND | AL 3GV U IRINREED ATPase
EEAZZZLSIWT Pgp IZHIKT 5D ATPase %l L7z (Fig. 21) Z & XV, Brijs PFHFRZIST
% P-gp ATPase DIGMEDR 8% 5 L7z,

Fio. BoELO E T, AR CTHW W Brijs T, Brij97 &Y BL-9EX M3 Hi#
VY P-gp BHEZNRZ AT 5 Z EAWER ST, AEITIxZ i b ORARINY % VT, Brij97
K OY BL-9EX (2 & B @hit & (Y P-gp ATPase ODIEMED BRI SOW TR Lz,
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Ca™ AJPase :  Total ATPase activity

| EGTA | i (-) Orthovanadate

!___,_Ixo,,,b,i,, . ,\,'- T | i

- H™ ATPase
Non-P-gp ATPase activity
(+) Orthovanadate >
ot P-gp ATPase activi ]
ATP ADP + ‘Pi [ = cd

-----

Fig. 21 The measurement of P-gp ATPase activity.
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322 EBHE

[FRE]

[N-(6-aminohexyl)-5-chloro-1-naphthalenesulfoneamide  hydrochloride]  (W-71-(4-trimethylammo-
niumphenyl)-6-phenyl-1,3,5-hexatriene-p-toluenesulfonate (tma-DPH) , 2-amino-2-hydroxymethyl-1,3-
propanediol 999 (Tris) [TFYEHIEE TS (KB, BHA) X V. Dulbecco’ s Modified Eagle
Medium (DMEM), ethylene glycol bis ( 3 -aminoethylether)-N,N,N,N-tetraacetic acid (EGTA), dansyl
chloride (DNS-Cl) X+ 4 T4 7 A7 k&4 (#h. BHA) X 0. 1,6-diphenyl-1,3,5-hexatriene
(DPH) % Sigma-Aldrich Chemical Corporation (St. Louis, MO, USA) XV ZNEiUEA LTz, 7=,
Human MDR1 (ABCB1) Membranes /% (® ABC transporter ATPase kit % GenoMembrane Inc., (45
JIl, BAR) KA L7, MoiEEN i U L=,

[5ErEh]
Wistar SREEMET » N (8 B, 240~260 g) IXRIEE & [RERIC, TE/KEBRMEESH Tl 2 BREA
L7,

[#& 5% DFEE]
Brij97 U8 BL-9EX % ZHZH1. 0.01-0.1 % (v/v) DFEEE % 7=,

[Z > F/NE BBMV D]

Brush border membrane vesicles (BBMV) % Prabhu & D FIEICHEL, Mg JREEIC L 0 Gl
L7z ™, 16 ~ 18 Bl L7- Wistar SREEMET ~ &4 L, IEIEN pentobarbital sodium (32
mg/kg) WRRE T, /IMEEVENEY 2ok LT ABESUK CHad4, e 7o, £0%, /N
ZEH U OKS LI AEBREEOK Clelfth, AT A4 N7 2% W TNNBHIEZ #IEH0 | o7
#hl% % homogenizing buffer (12 mM Tris, 5 mM EGTA, 300 mM mannitol, pH 7.4 by 1 M HEPES) T
10g/100mL & 72% X 5 1ZFH%&%%. Polytron tissue grinder % FV T 90s(30s X 3 [A]) dRETF
A A LTz, ERROREIZIZ 1 M MgCl, stock solution ZHSH L., HAKHREED 10 mM MgCl, 725
FOIZ L7, ZOREIKZ 1 min ¥ L72H & 4°C T 15 min HEEE L7222 BRRIRICSOL S E T2,
D% MR A5 043 BE (3000 g, 10 min 4 °C) L, PR & BREpe, 3% 2 FREEIR 040 (32000
g, 30min, 4°C) L7z, Li5%FRE&, brush border membrane % & Teik##)% homogenizing buffer
T 27 G OFEZHWTHIEE L7z, ¥ X2 JREIT bicinchoninic acid (BCA) Protein Assay Kit
(Thermo Fisher Scientific Inc., Waltham, MA, USA) ZHWCTER L, K&K Z /3T REEN 0.1
mg/mL &72% X 512, i HEPES-Tris buffer 2 MW T L7-, BBMV ¥ 7 /L3t
BFEC 80 CTLRIF LT

[HEERIEAREIE]
HORCEE X, BhEM &8N 2 KeDIRYE 7 « v % — (polarizer) % %75 L 7= fluorescence
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spectrophotometer F-2000 (FREtEANINA T2 /vy —X 0 B, BA) ZHWTHIE L7,
HEPES-Tris buffer % W Cii#l L 7= BBMV (0.1 mg protein/mL) [T FEH 7 0 —7 % H\ T
~yUb L7z, 7 kid. DPH (1 uM). DNS-CI (5 uM) % HW7ZBEI2iE 30 min, 37 °C. F7-
tma-DPH (0.5 uM) % FAWZERIZIE 3 min, 37 °C TENZENA U FaX— 352 L2k 0iTo
72o D%, 7L L7z BBMV (T Brij97 £721% BL-9EX % EHUEA L, 2 KD polarizer
% 90 ORI T 4 FEOSOMRE A 37 °C THIE L7, 723, DPH, tma-DPH [Z-D\
TiZ Ex. 360 nm. Em. 430 nm, DNS-CL (25 TlZ Ex. 380 nm, Em. 430 nm O E(ZTENE
FUHIE LTz, RO E BE AR IIRE CTh 2902 5P v (fluorescence anisotropy) (LA F D
[6] lIZX W HEH L=,

Ioo — G- 1
y= v [6—1]
oo+ G2 1yp
_Ihv
G=— [6 — 2]
Ihn

Z Z°C, Ivv, Ivh, Thv, Thh 3872 DRAEEZFF - T bl e, S0t ToREMELR L, INF
D v, h IHMREDAEERT, T2 6, h 1TKFE (horizontal) | v ILFEE (vertical) J7AIDRILE
ZRT, BIRFED OB, FRIZEPNT SO0, hEROFRIEOAEZR L, HIZEINTCH DI
HHMOAE T, FlZIE. Ivh &1L, BhERID polarizer 23TEE J5[A]RED K (0] DR SERE >

DO/RTHFERE 2T, 728, G 1L grating correction factor T V) | HEEEAH O EETH D,

FEPED E WS OB DI Da0tE. —MRITREIEHEEZ RO LM b Tn D, dORICE
{%{ik . OISO E B S OEHLEENC L VTS 2 E AR L, SOtE D0

. EOEEWEEF] o T D BVE OEEIWELZ D HETH D, SOED R < YL L TuhiuL
Aﬁ?‘j‘n&q:ﬁfoﬁfajt@fﬁj'nﬁk ISR 2D, ZORIEHEDEE N E R T DITEF] 23T A— 5—
EOCE My & L TRO i, AR TRy Z2BREiE0fRiE & L THW, & Laota 723
WML BT T 7 EE) L COGUT Y 1S <20 (THUWMRIERHECTH D), 2Dy OIEEHIE
52 LT KV HEES - OREREBI OS2 Ml 5 Z LA TE 5, 2O & 5 ISHlafEsEhE

DZAITHOCRCAEE TRIE T | 2O E ORHAEENZ L 0 FRICHES DT 5 & BRsE s
FAR U, £ DR, MRS 2T LIS iR % Z 06N T 5, ABFFE T
DPH [FNEE ORI, tma-DPH [FNFE DOIMAERS3IZ, DNS-Cl 13 H > 7 F3 04
L rao—7LLTmbRTRY P b0 —T7TT b LT v MNMED
BBMV % HWCHE&1T 272,

[P-gp ATPase {EHEDHIE]
P-gp ATPase %14 DI EIXLLATOMIZE & 0 F-AE L 7= P79, SE12, 20 pg human MDRI
membranes %79 10 pL reaction buffer (50 mM MOPS-Tris, 5 mM sodium azide, 2 mM dithiothreitol, 1
mM ouabain, 0.1 mM EGTA and 50 mM KC1.) % 96 7CEH 7' L— MIEML, £ D% 20 uL 0.15%
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Brijs £721% 150 uM verapamil (PBS F72(% 0.ImM quinidine |[ZFHBLL72) 235Nz 7=, F/=, [Fl—
DORISEAIZ 10 pL 3mM sodium orthovanadate % AR AR L T, 3 7 LA o F a2
—Ya v L, 0%, 20 uL 12mM MgATP ZI1X CRIFHISN S 72, £ DRE, Brijs KO
verapamil DL 0.05 %, 50 uM (272 ~7z, 30 7 LA v FaX—T g L% T, i
fEIERE LT, 10% @ SDS M 30 uL %1z, 15 mM zinc acetate, 10 % ascorbic acid % 1:4 (Z
7272 £ O IZHHEE U7-1A1RIZ 35 mM ammonium molybdate VAR 200 uL %45 % O > 7 TNz 7=,
INBFNT4A 30min, 37°C TRIGSHE, FHED VIREEZ 630nm DR T~ 707 L —
hY— =TI ZIE LTz, ATPase TEIMEMEIZLLT O [7] 22 6EHRT 5 K D aHii L7,

P — gp ATPase activity = Total ATPase activity (without orthovanadate) —

non — P — gp ATPase activity (with orthovanadate) [7]

Orthovanadate %X, ABC b v AR—H—0D ATPase {HIEZFLE 5728, orthovanadate RS
AR BE @D ATPase {&1E7> 5 . orthovanadate ¥RNIKHE D ATPase {5 % 7 L 5l W72 1&1E
(orthovanadate-sensitive ATPase activity) 7% MDR1 (ZHI%9"% ATPase 1G4 & 725,

[7— & f#tT]

gt K& OY P-gp ATPase JHPEDMHTIXAMZHINCHE U CHEA L7,

S BT, BEEMRTEIL ZEIEE (Post-hoc test), Student-Newman-Keuls 752X D170, p<0.05
UTEHREAEDY Ll Lz,
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3-2-3 EBRER

3-2-3-1 FROFREMWEIZ KT T EFE Brijs DEE

Fig. 22 |5t 7'm—>7& LC DPH, tma-DPH, DNS-CL ZMH\\ T, 7 v ~MNEO BBMV (Z
B D, SFERED Brij97 & O BL-9EX % (fHRFORGRENIEZ it L7z b D Th 5, 7235, DPH
XN —EE OBUKYE 2 7 OFEEEZRE T 2907 e —7C¢H Y . tma-DPH (ISMAIE
B E OB IR OFENE 2R 2t 7 r—7 T v 7, DNS-CL [ D4 2 R0
DEMEZ M 29 7 0 —7Th D 7, F7-. Fig 22 OIS BEEE 100% & L7-ES
DOE N IFTVELE (fluorescence anisotropy ratio) Z7~ L CH Y, ZOENED LI2GE, BEEEiEN
BRT D END ZEARBEIND PP, ZOFER, 0.01 -0.1 % Brij97 & BL9EX Z#EML7-
Be. Zhh 3 o0Est T a— T OmtRFHIE, 2 ha— L L _FRIZED TS Z &N
R 7, R, Brij97 &Y BLO9EX ZOFHIFICEIT S DPH OEtR MR, ot
Ta—7 OEE R U TR N5 2 LR B, — 7, positive control & LT 200 uM
cholesterol @ DPH. tma-DPH J (® DNS-CL Ot tEMtii& bd TEVWEZ/RL, 222~
—JUNZHAREREITHE K L7ZOWCxt L, &8 Brijs {F/E FOZNHOENT a—713& Hd TR
ZEMHALNNT T, LLEORER LY | Brijs IZIEEINAE L OWEH D & L X7 B O 2 5
RS, FRIIFENTOBGREINEZ B IS T Z LI2 LY, P-gp HREATHET 5 AlRet:
DRI X472,

A) DPH
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Fig. 22 Effects of different concentrations of Brij97 and BL-9EX on BBMYV intestinal membrane
fluidity. (A) Fluorescence anisotropy of the intestinal membrane labeled with DPH as a probe. (B)
Fluorescence anisotropy of the intestinal membrane labeled with Tma-DPH as a probe. (C) Fluorescence
anisotropy of the intestinal membrane labeled with DNS-CL as a probe. Each result represents the mean +
S.E. of 4 experiments. (**) P < 0.01, (*) P < 0.05, compared with the control. (*J. Pharm. Sci., 105,
3668-3679 (2016); Fig. 6)
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3-2-3-2  P-gp ATPase JEMEICKIETHFE Brijs DE

P-gp I& ATP K772 8T LV AR—=F—Th Y, ATPase IEMETH HILD =R/ F—ZHiH) /)
& U THEATT O 726, ATPase TEPEDS P-gp DENEIGTEHIC R A T Z ERMESN TV D
BN Fig. 23 134 FE Brijs OURIIFHCISIT D P-gp ATPase {EMEE MG LI-b DO TH D, 77
Fig. 23A £ V. ATPase {&VMEAEIZ 0.05% (v/v) Brij97 } % BL-OEX OfFFHIZ XL D, PBS Dxtffft
IZHAREEIET T2 ER RN, P-gp DHE K P-gp OFLEARITH 2 verapamil 1
ATPase TEMEENBEFEIZ EAT 5 Z L0580 BV, £72, Brijs 2% P-gp OFE & 72 53K H35|
X 2§ ATPase 1iH1EMHE C%ﬁ@é’@é?ﬁ E R 57, Fig. 23B 1% P-gp DIETH D
quinidine M OMFE Brijs OIFE FIZEBIT D ATPase P& Fat L7z, £ OfER. 0.05% (v/v) Brij97
Y BL-9EX OfHRHIET D ATPase I&VEIT, AEICHED TS Z LvRrahiz, UEnZ &
5. Brijs X ATPase EMHEABEEICIK TS ED 2 EI2 XY, P-gp HEREZBHET 5 wlREMED /I
S,
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B) P-gp ATPase Activity
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Fig. 23 Effects of 0.05% Brij97 and BL-9EX on P-gp ATPase activity in human MDR1 membranes.
(A) 0.05% Brij97 (polyoxyethylene 10 oleyl ether) and BL-9EX (polyoxyethylene 9-lauryl ether) were
dissolved in PBS. (B) 0.05% Brij97 (polyoxyethylene 10 oleyl ether) and BL-9EX (polyoxyethylene
9-lauryl ether) were dissolved in 0.1mM qunidine. Each result represents the mean + S.E. of 4 experiments.
(**) P<0.01, (*) P < 0.05, compared with the control. (*.Pharm .Sci., 105, 3668-3679 (2016); Fig. 7)
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ARETIIATEE TEIXERRY | in vio FEBRIZIBWT CF OTHLEREEE & Y TEER, 72
b ONTHEFREN: & Y P-gp ATPase (ZMIE 4R Brijs DB ZMFIT 52 & L0, Brijs ORI
TRAERERE 72 HONT P-gp OIHEMMELMIAT 222 HRNE LT,

— I, MRS X RN OFEtE T v . MRS T N 00 i
TR TH D Z LB (Fig 14), 16K F TOWIEHER THITLREIRES & 2 OIS HITEPNRRES 2/

LCEYOFERE LHSEDZ ENROLNTND, 2D DD, Brijs OWIEHERRE 1T
P-gp OFEREZPIHIT 2 Z L7210 Tid7a < MRRRERRES 2 Lo 3 0B 2 HE K3 5 AlgEM:
WhdEBEZOND, FHEROE _FETIE, FEMEEY TH 2 Rho.123 O LE NI A
BT D 2 LR S To . ARETIIAR RS 2 LT KA B OY P-gp DIVE Tidie
WM TH D CF OIHIBAE RN 2 fET LTz,

In vitro diffusion chamber {%(ZFNT, #58 Brijs 2MFE(E L7288, CF OWIT 1A M OEH T
MO AR E R I IA B2 HLT, ER 21k L7220 o7 (Fig. 16, Table 9) Z & 7225 Brijs
L CF O LERMBEEEEMEIC TR L 722 EDVRENTe, F T2, insitu closed loop 1EIZEVNT,
0.05 % (v/v) BL-O9EX OffIZHIT %S AUCqo40mn 1E 6536 £514ng * min/mL THY, = ha—
JURE (CF 5436 414 ng - min/ mL) (2 AERENRONR) -T2 &5, Brijs £ CF @
THILERIMEIC BB LW Z AR b,

F 77, IR 2 U 7= OBt ElL tight junction (2 X THIE S 40T\ 5, LLRTOHIZE
K0 FURIEMANT tight junction ZBH A SEEYOFZEMEE LA S5 2 ENRESNL TN D,
#i z21%, EDTA (3% L— MERIC X 0 fFERIBRO tight junction #7325 Ca®t &2V, MR
KA INT 5 2 LI X Y OBENEE BA S 503, FRHCHFEREMES @2 LT
% ™, REVEAYESED sodium glycocholate (NaGC) (FAMIEAN Ca™" JEEERENCRES- L, KIEE TIX
tight junction Z B0 SO FENMEE FH S 2 ENREINTHDER P, mBETIIZO
WAfEAEVE NI FEE M & BRSSOV OV Tuv b, N-dodecyl-B-D-maltopyranoside (LM) (FH1$H7 /L=
Ny B TA RO—DT, KEMENRE S IEA A TR REIEHEER 2/ L TR, 20k
IVAREREREIZ & tight junction DBIOIAESE-LTWDE SN TWD ) AKBFZE T, HRRREEE
\ZHFET D tight junction DB MIZ &I TKFE Brijs ORI OWTHRETT 5729, in vitro Caco-2
AR FEBRI 235V VT Brijs OAFE F OREHHUEZMIE L7z, Fig. 19 ORRFT, W HOFED
Brijs OOFHRHZIRNT S, BRPUEDIK T33O HienoTz,

DLEDZ & XV in vitro FEERRIZIWT tight junction OBA MIZLE D AR 2/ L7z CF
OB Y TEER [ Brijs OFFHEHZBWTH, 1ZEAEEDLRNWI LEAVRBRINZZ &
735, Brijs 2% Rho.123 72 &80 P-gp OIE TH 23O LEFEIRMEZ o U2 HIRNE, tight

junction BHIEMZ2 & ORI 2/ L= 3 OidiEtE EA Cld7e < P-gp OFEREZIIHIT 5
Z LR RT A AERESRIB S s, £ T, RETIL P-gp OMREZ THE T 2 M A2 it L7z,

e FE TOD P-gp modulators & U TIEA A2 FRETEERIE P-gp OMREATHE T 5 A =X A
D— DB 2 N F 72 &85 2 L h . ARBFZE TR ENIM: DO 2 I KIF 345 FE
Brijs DSV TEHME L7,
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Fig. 22A, 22B KU 22C (ZnLic ko, iﬁ'ﬁ7°u~7°é: LT DPH, tma-DPH } (' DNS-CL
OFEEIFPERIE 0.01-0.1 % Brij97 &Y BLOEX OFFHIZ LY, WHREHCHE LT, Wb
HEIZHDT 5 Z ERRLBNT-, #RZ, Brij97 &' BL-9EX ODGJFFHE# B+ 5 DPH O ieH
I E DO TR 22272 2 LB, Brijs 1INEIRE —HE OBUKME 2 7 OEtt 2 2k s
L2 ENROLNT, £, LETOWIEL Y | fhOIEA A MR EIEMER TH S Tween,
Cremophor EL. Pluronic 85 (X DPH & T tma-DPH OB MK TS5 Z Enb, BT
LIS D 2 EBHER SN2 7Y, D OFER NG, Brijs IXBEIEE NS, IEEIMT L
W2 L R B DOFREMEE IR T 5 Z & L0, P-gp OFREZFHET 5 rIREMEN R STz,

—J7. LRIOBIZEN G WL DDDIEA A A ETEERT P-gp OIE & 2 53O %
S5 L L BT, ATPase DIEMEHIIHIT 5 2 & 23t STV 5, Batrakova O I FARIRED
Pluronic P85 (0.001 %, w/V) %‘Z%’iﬁlﬁ‘é LT R AKHIEPICAEAE S D ATPase 1KLY P-gp
DHE L 727 verapamil |2 XV FHE I ATPase {H1EIL, =22 b o — LBHZ R THEILED
'ﬁ‘é EEHIEL WD ) F72 Tang ST Brij78 & Brij97 OFFEE FIZIW T verapamil (2

DG ST ATPase IHPEIT, *HBREICIEE: L CHEICIHI S D Z L2 LY, £
ZC, ARZETIE human MDR1 membrane {23V T, 0.05 % (v/v) Brij97 &' BL-9EX OffHERHZ
BT D P-gp ATPase iiEPEZFHME L7=, Fig. 23A KON Fig. 23B OGRS, HIENICIFET S
ATPase {HMEKL TN P-gp OFE L 725 quinidine (25 VD HE I 7- ATPase IEPEIZ. 0.05 % (v/v)
Brij97 %Ot BL9EX OOFHIC LV ao b e — /Ll L C L B IR T L7=1Tst LT positive
control & LT verapamil f77E FIZ331F D P-gp ATPase IEMEIXE OO TEW I 3R BTz,

Fio. Z < OFEIEHEHAIKL Y ATPase B & O BAFAIL, —MANZIEREME DK B3
5T EMFRO LI, FETEEANE AT P-gp ORE TITARW 2D, P-gp FEH & P-gp Dl
BEMLICHRES TE RN LD, MOMIIEIZISIT 5 P-gp DX /37 Btk L BEN 8L b
2 57, MO FEEEEREIZL > TTr AT U v 7 (allosteric modulation) %43 52>, £z
TE R Y v —ONREEEZ AT 52 LIk P-gp WHE P-gp OFAEIIHTDEEZS
7=, Tween, Pluronic P85, labrasol K" Cremophor EL Off A G2V KL DRESTEEN M-S
B2 & & HIT, ATP ORERIEMENE T T2 2 L2 DT/ o 72 P4 = Lo | R
P& ATP OEEETEME ORI 2 BAREICHERR LT D, LI -> T, ATP OREEIEMEIT P-gp @
WREZ R IG DL HERBERO—D>ThHDH I LEBRBDO L=, Brijs ITMRNIZHFET D
P-gp ATPase IEPEZMNITHZ & XLV, P-gp OEEREAPHET 2 AlREMEDVR LTz,

I 51T, P-gp TR F—RENED b T U AR—Z—TH D Z Lb, Ml ATP O L~L
73 P-gp OEREZHIEIT 2 HERERX THDH Z LB H HAL TS, Pluronic P85, Brij78 &}
Brij97 (LM ATP DL~V AFEIR T SE5 2 ERRBOLN TS 3 E72, Tang bl
Brij78 K& Brij97 OO 52T 5 P-gp OIBLED, XTHRBRZLEG L TFE A EZL L
WZ EEHBINT LTS P 23, Peceol KUY Gelucired4/14 DIF(E FIZIIT HHMIEND P-gp D
FHEENOT DRI ME SN, U bz & X0, A A MEREEMERE LT Brijs A3
AN ATP D LV TN P-gp OFBLEZIK T 2G0T ONTIES LR DN LETH
%&b,

Flo. ZEOIEA A MR EIEMANL DB /> — BUYERy) #EH W iE DKM
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—EAEE Sy — BUMSE 4 ) WRE A TERLT 5, Batrakova H & TN Rege HIIR U ¥ 7 mbe L
2% A7 5 Pluronic, RY AFT=F L HKAEHT 25 Tween & Cremophor EL 72 EDIEA
PSR ETE A A B O 2 b F 72T D ATP LUV FIZ LV | P-gp OFEREZHfI4-
LI 2 LAVRBENIZZ D R AR T a L UK OWR Y AR v F L ST Pgp
DOILESRICEE 2B A2 5.2 5 L b b, Brijs (3R ) A% oF L a2 B4 25D T, Brijs
(I EN M L O P-gp ATPase 1&MEaZE L&, P-gp OMSREATHET 22 LI2L D, P-gp DOIH
ERDFOWCEPINZYETE H 2 LIRS LT,
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B4 Hi /ME

In vitro FERIZINT, Brijs OWIREERR 21 IR 2 T L7z od it LT w5
LTWRWZ EAVRIR STz, £7o, P-gp OMERELEMMZMGT L2 & 24, 448 Brijs (3INFE
PSS, NRENE K OS2 o ™ 7 B OWEINEZ R SED 2 &5, Brijs (IGTENIMN: 2 24k
S D WREMES IR STz, S BT, Brijs 13, P-gp ATPase iR T S5 Z L8 b7,

LLED Z L6 Brijs (24D P-gp DIE L7 55 OWINMEUEOME L, AR 2T
L 72 5 D@ MR Ao L RIS E ME TI37R <. P-gp OREREZ NI 5 2 L ITH:AS<
bDOLEER BN,
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" T

AWFZETIL, invitro KO invivo WFEBRIZIBNT, P-gp DEEE TH 2 Rho.123, prednisolone

J Y quinidine % VT, 2L 6 3 OTE(LE REEEZE M X OVH LB I R 9K FR Brijs

-

1.

g

’é’%“i

1.

DFEIR B ONIAM Brijs (2825 P-gp DILEBEHZOWTHFRI L. LU Offim 21572,

NG

In vitro diffusion chamber ¥EIZ3VNCTHFE Brijs OOFFHRFIZISIT D P-gp OREREZ MeT L 7=k
B &FE Brijs OPFH# 5125V, Rho.123, quinidine & Y prednisolone WUV 516 DAL
EREBOEEPED R L= olzxt L, FEHFmo@EatEasb L, 2t Pgp OFEE L7025
> ER MBAZIIKF L7722 &5, Brijs IXEHLEITHEEL TWD P-gp DOFEHEE 2 i
TOHERZAET 2 Z ERREI T,

In vitro Caco-2 FHIEEEIEIZBI T DIRETORER. Rho.123 &Y quinidine OWI T TA O LE
FEEOFEE ML, AR Brijs OFFHICEL VISR L2 &5, Brijs 13EN7- P-gp HiIkIZhE:
EHTDHIENTRR I,

TETI:
In situ closed loop 75123315 % Rho.123 K& T prednisolone D{HLEWRIXIMEIZAFE Brijs OffH
XV ABITHINLIZOX L, Rho.123 OEHH)TH S Rho.110 OFELERIEIL Brijs %

ﬁ?ﬁﬁ LTHIFEA LB LD o722 &0 B Brijs 1% P-gp FE & 72 2 5O LB WIN %
UGET 2B CTh 5 Z L PR STz,

In vitro OV in vivo FEBRIZEBW TR Brijs 0BG L7256 /IR Ok L
72 LDH {EVEE & # X7 B EIL, 22 ha—/L & e THERZENTRD Lo
722 &M, Brijs 1XZ2MEOE P-gp modulator Th 2 Z & DVRIBI T,

NG

In vitro diffusion chamber {EIZFBWT, P-gp OIE TiI72v CF OIMBEHZIEMEILAFE Brijs
AL CHar br— L EZE A EEDLRNT ERED LI, it Caco-2 ARz
FERIZIB T, &FE Brijs Z20FH L T%H. TEER OIKFIEERD b2 T-, LizhR- T,
Brijs DOWMEAERAE | SRR MRS 2/ L 72 S O@wtE E L% 5 L TR 2 & 9vRg
I,

Brijs (2X % P-gp OREREIIHIBEEIZ DWW TG LT & 2 A, BOMRICAHEIEIZIW T, Brijs
OOFIZ LY . BREBENES, IREBEINTEE ONER O & X7 OB A EIZE KT 5 2
EDRD BT, £7o, Brijs OUFHKFICEIT D P-gp ATPase DOIEMEAEIX, = ha—L Ltk
NPFAFIE T LTS Z EdVvRENT-,
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P EOFER X0, £5 Brijs 1Z P-gp OIE TH DM O LB RN % T & D75
R T 5 L& 2 BT, £72. & Brijs I3BEGREIM: KL Y P-gp ATPase DIEM:&Z5{L S4,
P-gp OFREZNHIT 2 Z L AVRIB ST,

ZNHOEEE, BARIMIZ LY P-gp OIETH LIMOELERIUEE UET 5 ETH
A7 IR H AR 2 b o & b s,
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We examined the effects of polyoxyethylene alkyl ethers (Brijs) on the intestinal transport and ab-
sorption of rhodamine 123, a P-glycoprotein (P-gp) substrate, by in vitro and in vivo studies. Brijs
increased the absorptive transport of rhodamine 123 and decreased its secretory transport in the in vitro
diffusion chamber method. However, Brijs did not change the transport of 5(6)-carboxyfluorescein, a
non-P-gp substrate, indicating that the effect of Brijs on the transport of drugs was P-gp substrate-
specific. The effects of Brijs on rhodamine 123 transport across Caco-2 cell monolayers were also
examined. Secretory transport of rhodamine 123 was enhanced and its absorptive transport was
significantly reduced in the presence of Brijs. Furthermore, in the in vivo studies, Brijs also enhanced the
intestinal absorption of rhodamine 123 in rats. The intestinal membrane damage produced by Brijs was
also evaluated by measuring the activity of lactate dehydrogenase and the release of protein. We found
almost no intestinal damage in the presence of various Brijs. These findings suggest that Brijs might
inhibit the function of intestinal P-gp, thereby increasing the intestinal transport and absorption of P-gp
substrates without serious intestinal membrane damage.

© 2016 American Pharmacists Association®. Published by Elsevier Inc. All rights reserved.

Introduction

Oral administration is one of the most popular drug delivery
routes because it is convenient and painless for both doctors and
patients. However, this route of administration faces various chal-
lenges due to certain features in the body, like the protective barrier
in humans, or certain characteristics of the drugs themselves, like
their low solubility, low permeability, and high metabolism."?
Several studies have demonstrated that the active efflux of drugs
by transporters is one of the most important factors to be consid-
ered to optimize oral bioavailability and to decrease variability at
the absorption site.>"

The drug efflux transporters that exist on epithelial cells in
humans include P-glycoprotein (P-gp), which is a plasma mem-
brane glycoprotein of about 170 kDa and belongs to the superfamily
of adenosine triphosphate (ATP)—binding cassette transporters.

* Correspondence to: Akira Yamamoto (Telephone: +81-75-595-4662; Fax: +81-
75-595-4674).
E-mail address: yamamoto@mb.kyoto-phu.ac.jp (A. Yamamoto).

http://dx.doi.org/10.1016/j.xphs.2016.01.020

P-gp is expressed in various normal tissues, including the intestinal
brush border membranes, brain, liver, kidney, testis, and adrenal
glands, and is also extensively expressed in tumor cells. It can
actively pump a wide range of drugs such as digoxin, vinca alka-
loids, and B-adrenergic agonists out of cells and thus reduce the oral
bioavailability of these drugs.®’ Therefore, the intestinal P-gp, an
ATP-dependent multidrug efflux pump, can affect the absorption,
distribution, and elimination of its substrates.®" In order to over-
come this problem, it has been demonstrated that some P-gp in-
hibitors could enhance the oral bioavailability of the drugs by
inhibiting the function of P-gp in the intestinal membrane.'%!!
Nevertheless, it is well known that these P-gp inhibitors them-
selves, such as verapamil and cyclosporin A (CyA), have relatively
high pharmacologic activities, which make them a poor choice.'*"'*
Therefore, it is more important to find out other P-gp inhibitors,
which have lower pharmacological activities.

It has been reported that a number of excipients, including
nonionic surfactants and polyethylene glycols (PEGs), can inhibit the
function of P-gp in the intestine, thereby increasing the intestinal
absorption of P-gp substrates.'%!>!® Among these excipients, poly-
oxyethylene alkyl ethers (Brijs), which belong to the category of

0022-3549/© 2016 American Pharmacists Association®. Published by Elsevier Inc. All rights reserved.
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nonionic surfactants, are widely used in pharmaceutical formulations
as solubilizers and emulsifiers to improve the dissolution and ab-
sorption of poorly soluble drugs. However, few studies have examined
the effects of Brijs on the function of efflux transporters including P-
gp. Among the previous studies, one study indicated that Brij30
significantly increased the intestinal absorption of epirubicin in rats'”
and similarly another study showed that Brij35 effectively enhanced
the transport of bis(12)-hupyridone (B12H) in Caco-2 cells.”® Tang
et al."” focused on the effects of Brijs for overcoming P-gp-mediated
multidrug resistance and demonstrated that Brij78 and Brij97
decreased intracellular ATP levels and inhibited verapamil-induced
ATPase activity of P-gp in multidrug-resistant cells. Furthermore,
the structures of all Brijs molecules contain a polar head group con-
sisting of PEG chains with different length and a hydrophobic tail
consisting of an alkyl chain; some exhibit the ability to inhibit the
function of P-gp while others do not affect the function of P-gp.!”"1°
Based on these findings, we hypothesized that Brij molecules
with different structures, composition, and hydrophilic-lipophilic
balance (HLB) (Table 1) might inhibit the function of P-gp in the
intestine, like other excipients. The reason for the selection of these
Brijs in this study is to see the relationship between the P-gp
inhibitory function of Brijs and their physicochemical characteristics
with different chemical structures, HLB values, molecular weight,
and so on. Brij58 has the highest HLB value of these compounds used
in this study. We have also chosen Brij72 and Brij78, which have the
structure of stearyl ether. On the other hand, Brij92, Brij97, and
Brij98 with the structure of oleyl ether were selected. Moreover, BL-
9EX with the structure of lauryl ether, as well as Brij35, was also
selected. In this study, therefore, the effects of different Brijs on the
intestinal transport of a P-gp substrate, rhodamine 123, were
examined using an in vitro diffusion chamber system and Caco-2 cell
monolayers. We also examined the effects of Brijs on the intestinal
absorption of rhodamine 123, by an in situ closed loop method.

Materials and Methods
Chemicals and Drugs

Rhodamine 123 (MW 380.8), lactate dehydrogenase (LDH)-
Cytotoxic Test kit, and bovine serum albumin (BSA) were purchased
from Wako Pure Chemical Industries, Ltd. (Osaka, Japan). Brijs were
obtained from Nikko Chemicals Company Ltd. (Osaka, Japan). 5(6)-
carboxyfluorescein (CF) were purchased from Eastman Kodak
Company (Rochester, NY). For cell culture, Dulbecco’'s modified Ea-
gle's medium (DMEM), fetal bovine serum (FBS), and MEM nones-
sential amino acid solution were purchased from Life Technologies
Corporation (Carlsbad, CA). Trypsin-ethylenediaminetetraacetic
acid, 2-[4-(2-hydroxyethyl)-1-piperazinylJethanesulfonic acid, and
antibiotic-antimycotic mixed stock solution (10,000 U/mL penicillin,
10 mg/mL streptomycin, 25 mg/mL amphotericin B, and 0.85% sa-
line) were prepared by Dojindo Laboratories (Kumamoto, Japan).
Hank's balanced salt (HBS) and CyA were obtained from Sigma-
Aldrich Chemical Company Ltd. (St. Louis, MO). All other reagents
were of analytical grade.

Table 1

Structures, Composition, and HLB Values of Various Types of Brij Surfactants
Trade name Structures M HLB n m
Brij58 C16H33(0OCH,CH>)200H 1124 15.7 20 16
Brij72 Cy8H37(0OCH,CH;),0H 359 8.0 2 18
Brij78 C18H35(0CH2CH2)200H 1151 153 20 18
Brij92 C15H35(0CH>CH,),0H 357 7.5 2 18
Brijo7 C15H35(0OCH>CH>)100H 709 12.4 10 18
Brijo8 C18H35(0CH,CH2)200H 1150 15 20 18
BL-9EX C12H,3(0CH,CH;)90H 583 14.5 9 12

Preparation of Drug Solution

Rhodamine 123 and CF were dissolved in Krebs-Ringer bicar-
bonate buffer solution (KRBB) at pH 7.4 to yield a final concentra-
tion of 10 uM. Varying concentrations of Brijs (0.0025%-0.5%) were
added to the drug solution as excipients.

Cell Culture

Caco-2 cells (passage 49-52) (Dainippon Sumitomo Pharma
Company, Ltd.) were grown in DMEM supplemented with 10% FBS,
1% antibiotic-antimycotic mixed stock solution, and 100 pM MEM
nonessential amino acid solution in a humidified atmosphere of
95% air and 5% CO; at 37°C. For transport experiments, 1 x 10° cells
were seeded on polycarbonate inserts (Transwells, 12 mm in
diameter, 0.4 pm pores, area; Corning, Corning, NY) and cultured
for 21 days prior to experiments. The medium was changed every 2
days. The integrity of the cell monolayers was evaluated by
measuring the transepithelial electrical resistance (TEER) value at
37°C with a Millicell-ERS voltohmmeter (Millipore). Only those
Caco-2 monolayers with a TEER value above 500 Q-cm? were
employed in transport experiments.

Transport of Rhodamine 123 Across the Intestinal Membrane by an
In Vitro Diffusion Chamber System

The transport of P-gp substrate across the rat intestinal mem-
brane was studied with the diffusion chamber (Corning Costar
Corporation).'>?? Male Wistar rats, weighing 230-260 g, were fasted
overnight and anesthetized with Somnopentyl® (Kyoritsu Seiyaku
Corporation, Tokyo, Japan) (sodium pentobarbital 32 mg/kg body
weight i.p.). The studies examined in this article have been carried
out in accordance with the guidelines of the Animal Ethics Com-
mittee at Kyoto Pharmaceutical University. The intestine was
exposed through a midline abdominal incision, removed, and
washed in ice-cold PBS. Intestinal segments, excluding Peyer's
patches, were isolated and defined as described below. Segments
were cut open and the muscle layer was stripped and immersed in
ice-cold KRBB solution. The intestinal sheets were then mounted on
the pins of the cell and the half-cells were clamped together. Drug
solution (7 mL) was added to the donor site, whereas the same
volume of drug-free buffer was added to the opposite site. The
temperature of intestinal membranes was maintained at 37°C with a
water bath, and both fluids were circulated by gas lift with 95% 0,/5%
CO,. During the transport studies, 0.15 mL aliquots were taken from
the receptor chamber at predetermined time intervals up to 120 min.
The receptor chamber samples were replaced with an equal volume
of buffer solution. The amount of drugs was assayed by fluorescence
spectrophotometer. The apparent permeability coefficients (P,pp) of
drugs were calculated using the following equation:

Papp = Flux/(Area x 60 x Cp)

where P,pp is the apparent parameter of permeability (cm/s), flux is
the slope of linear portion of cumulative transport amount to time
at steady state (pmol/min), area is the diffusion area (1.78 cm?), and
Co is the initial concentration of drug (pmol/mL).

Efflux ratio (ER) was used to evaluate the function of P-gp.?' The
calculation was performed using the following equation:

ER = Pappsm/Pappms

where Pappsm is the average of the permeability coefficients from
serosal to mucosal side and Pyppms is the average of the perme-
ability coefficients from mucosal to serosal side.
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The viability of the intestinal membrane during the test period
was monitored by measuring the transport of trypan blue dye and
electrophysiological parameters. There was no transport of the dye
and no remarkable change in the electrophysiological parameters,
confirming that the viability of the intestinal membrane was
maintained during the transport experiments. The TEER values of
rat jejunal membranes are about 50 Q-cm? and these intestinal
membranes were employed in the experiments.

Measurement of TEER and the Transport of Rhodamine 123 Through
Caco-2 Monolayers

The transport of P-gp substrate across the rat Caco-2 monolayers
was performed as described previously.?? Briefly, Caco-2 cell
monolayers were rinsed twice with warm HBS solution (HBSS) and
then equilibrated with HBSS buffer at 37°C for 10 min. In the
bidirectional transport study, rhodamine 123 (10 uM) in HBSS
buffer was loaded on to the apical (AP) (0.5 mL of transport buffer)
or basolateral (BL) (1.5 mL of transport buffer) side, that is, donor
side. Brijs were present in the donor chamber with rhodamine 123
(10 uM) and the receiver chamber at the same concentrations as
stated above. Aliquots of 80-uL samples were taken from the
receiver side at different time points (30, 60, 120, 240, and 360 min)
during the experiment. An equal volume of fresh buffer was added
back to the receiver chamber after each sampling. The amount of
drugs was assayed by fluorescence spectrophotometer. The Py, of
rhodamine 123 in the Caco-2 cell model was calculated as per the
following equation:

P _ Flux Xi
PP ™ Area-Cy ~ 60

where Pgpp is the apparent parameter of permeability (cm/s), flux is
the rate of rhodamine 123 appearance in the receiver side (nmol/min),
area is the membrane surface area (1.12 cm?), and Cj is the initial
concentration of rhodamine 123 (nmol/mL).

The efflux ratio (EfR) was expressed as the ratio of Papp value
from BL-to-AP to that from AP-to-BL using the following equation:

EfR = PaPP(B - A)

Papp(A — B)

where Papp(B—A) and Papp(A — B) represent the average of the
permeability coefficients from secretory and absorption directions,
respectively.

The TEER of cultured cells on Transwell® inserts was monitored
before and after each permeation experiment with a Millicell-ERS
Epithelial Voltohmmeter (Millipore). Before the experiment, the
Caco-2 monolayer was washed with HBSS twice and incubated
with transport media for 10 min at 37°C before the TEER mea-
surement. Physiologically and morphologically well-developed,
confluent Caco-2 monolayers with TEER values typically above
500 Q-cm? were employed in the experiments.

Intestinal Absorption of Rhodamine 123 by an In Situ Closed Loop
Method

Intestinal absorption of rhodamine 123 was examined by an in
situ closed loop method.”>** Male Wistar rats, 250-300 g, were
anesthetized with Somnopentyl® (Kyoritsu Seiyaku Corporation)
(sodium pentobarbital 32 mg/kg body weight i.p.). Animals were
fasted for approximately 16 h before the experiments but water was
freely available. The intestine was exposed through the midline
abdominal incision. After ligating the bile duct, a segment of ileum
(about 20 cm long) was isolated and washed with PBS, then tied off

at both ends to form a closed loop. The jugular vein was separated to
collect the blood samples. Rhodamine 123 was dissolved in PBS at
pH 7.4 to yield a final dose of 5 mg/kg. Brijs were added to the dosing
solutions. The drug solution was warmed to 37°C and 3 mL of drug
solution was injected into the jejunum loop. Blood samples
(approximately 0.3 mL) were collected at predetermined time in-
tervals up to 240 min, centrifuged at 12,000 rpm for 5 min and stored
at —40°C until analysis. Then, rhodamine 123 and its metabolite
rhodamine 110 were analyzed by high performance liquid chro-
matography (HPLC). The peak concentration (Cpax) and the time to
reach the peak concentration (Tyax) were determined directly from
the plasma concentration-time curves. The area under the curve
(AUC) was calculated by the trapezoidal method from zero to the
final sampling time (240 min). The absorption enhancement ratio
(EhR) of drugs with or without Brijs was calculated as follows:

AUGCg;

EhR = ——
AUCcontrol

Assessment of Intestinal Membrane Damage

To evaluate small intestinal membrane damage, the release of
protein and the activity of LDH were measured by an in vitro
diffusion chamber system and an in situ closed loop method. In
the in vitro diffusion chamber system study, 0.01%-0.1% Brij so-
lution (7 mL) or 3% (vol/vol) Triton X-100 (as a positive control)
was added to the mucosal side, whereas the same volume of KRBB
buffer was added to the serosal side. Two hours later, 0.5 mL ali-
quots were taken from the mucosal side. In addition, in an in situ
closed loop method, rats were left for 4 h after administration and
at the end of the experiment, the perfusate in the intestine was
washed with PBS for the determination of the released amount of
protein and the activity of LDH. The amount of protein released
from the intestinal membranes was measured with BSA as a
standard using Bradford Protein Assay Kit (Wako Pure Chemical
Industries, Ltd.). The activity of LDH was determined using the
LDH CII Assay Kit (Wako Pure Chemical Industries, Ltd.).

Determination (Assay) of Drugs

The fluorescence intensity of rhodamine 123 and CF in the
in vitro method was determined with a fluorescence spectropho-
tometer (Multi-Detection Microplate Reader, POWERSCAN® HT
USA) at an excitation wavelength of 485 nm and an emission
wavelength of 528 nm, respectively. When rhodamine 123 in
plasma was analyzed in the in situ closed loop method, it was
found to be metabolized to rhodamine 110 by esterase in the
plasma. Therefore, rhodamine 123 and rhodamine 110 were
separately measured by HPLC (Shimadzu CBM-20A System)
method, using Cosmosil reverse phase column (150 x 4.6 mm,
particle size 5 pm) with a fluorescence spectrophotometer (Shi-
madzu RF-10A) at an excitation wavelength of 485 nm and an
emission wavelength of 546 nm, respectively. The mobile phase
was acetonitrile: 1% triethylamine (pH 3.0) = 28:72. The flow rate
was 1.0 mL/min, and run at a rate of 1.0 mL/min. Ethyl acetate (0.5
mL) was added to 0.1 mL of the plasma samples and mixed for 20 s
and centrifuged at 15,000 rpm for 5 min. The organic layer (5 mL)
was transferred to a clean test tube and evaporated in a centrifugal
evaporator at 40°C, the residue was then dissolved in a solution
(acetonitrile : 1% triethylamine = 28:72), and the solution (80 puL)
was injected into the HPLC system. The standard curve showed a
good linearity over a concentration range of 5-500 ng/mL for
rhodamine 123 and 10-200 ng/mL for rhodamine 110, respectively.
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Figure 1. Time course of absorptive (M to S) and secretory (S to M) transport of rhodamine 123 and effects of 0.025% Brijs on the transport of rhodamine 123 across the rat jejunal
membrane. Keys: (a) M to S: (O) Control, (4 ) Brij58 (0.025%), (<) Brij72 (0.025%), (M) Brij78 (0.025%), (1) Brij92 (0.025%), ( A ) Brij97 (0.025%), (/\) Brij98 (0.025%), and (@) BL-
9EX (0.025%); (b) S to M: (O) Control, ( 4 ) Brij58 (0.025%), (<) Brij72 (0.025%), (M) Brij78 (0.025%), (1) Brij92 (0.025%), ( A ) Brij97 (0.025%), (/\) Brij98 (0.025%), and ( ® ) BL-9EX

(0.025%). Results are expressed as the mean + standard error of at least 3 experiments.

Statistical Analysis

Each value was expressed as the mean + standard error and
statistical analysis was performed by the analysis of variance with a
one-way layout for comparisons with p < 0.05 as the minimum
levels of significance.

Results

Effect of Brijs on the Transport of Rhodamine 123 Across the
Intestinal Membranes by the In Vitro Diffusion Chamber System

Figure 1 shows the time course of absorptive (mucosal to
serosal) and secretory (serosal to mucosal) transport of rhodamine
123 across the stripped jejunal epithelium in the presence or
absence of various Brijs (0.025%). As shown in the figure, in the
absence of Brijs, rhodamine 123 was much more permeable in the
secretory direction than in the absorptive direction, and
the secretory transport (Pappsm) of rhodamine 123 was 6-fold
greater than its absorptive transport (Pappms), indicating that the
net movement of rhodamine 123 across the rat jejunum was
preferentially in the secretory direction. When 0.025% Brij was
added to the mucosal side, the secretory transport of rhodamine
123 was significantly reduced, whereas the absorption transport
was slightly enhanced.

In the previous studies, we found that the absorptive transport
of rhodamine 123 was increased and its secretory transport was
decreased in the presence of 0.3 mM verapamil and 20 uM CyA, the
typical P-gp substrates, using the in vitro transport model.'%!>
Therefore, we confirmed that the effect of some additives on the
function of P-gp can be evaluated using this transport system.

Table 2 shows the effects of various Brijs with different con-
centrations on the transport of rhodamine 123 across the stripped
jejunal epithelium. First, we examined the effects of CyA (20 uM) on
the transport of rhodamine 123. The absorptive and secretory
transport of rhodamine 123 were significantly enhanced and
reduced in the presence of CyA (20 pM) as compared to the control
group, respectively. Therefore, we confirmed that the diffusion
chamber system and Caco-2 cell experiment could be useful to
evaluate the effects of Brijs on the function of P-gp in the intestine.

The absorptive transport of rhodamine 123 was enhanced more
than 2-fold in the presence of Brij97 (0.025%, vol/vol) and BL-9EX
(0.025%, vol/vol), and other Brijs resulted in less than 2-fold in-
crease compared with the control group. On the other hand, the
secretory transport of rhodamine 123 was significantly reduced in
the presence of these Brijs.

Table 2 also indicates the ER of rhodamine 123 in the presence of
various Brijs. The ER was remarkably reduced in the presence of
Brijs and about 4-fold in the case of BL-9EX (0.025%, vol/vol) and
Brij97 (0.025%, vol/vol) as compared with control. Overall, various
Brijs at their low concentrations could reduce the ER of rhodamine

Table 2
Apparent Permeability Coefficients of Rhodamine 123 in the Presence of Various
Types of Brijs by an In Vitro Diffusion Chamber Method

Group Concentrations Papp (x107% cm/s) ER
M-S S-M
Control 0.48 + 0.08 3.30 £ 0.01 6.88
Brij58 (wt/vol) 0.01% 0.60 + 0.02 1.86 + 0.06* 3.05
0.025% 0.86 +0.11* 2.24 + 0.09 2.60
0.05% 0.73 £ 0.01 1.93 + 031" 2.64
Brij72 (wt/vol) 0.01% 0.75 + 0.18 1.92 + 0.14* 2.56
0.025% 0.72 + 0.50 1.96 + 0.19* 2.73
0.05% 0.97 + 0.01* 2.03 +0.01 2.09
Brij78 (wt/vol) 0.01% 0.81 + 0.19* 2.13 +£0.08 2.62
0.025% 0.61 +0.01 1.80 + 0.18* 2.95
0.05% 0.63 + 0.02 1.91 + 0.33* 3.03
Brij92 (vol/vol) 0.01% 0.83 + 0.14* 1.83 + 0.09* 2.20
0.025% 0.82 +0.17* 1.85 + 0.26* 2.26
0.05% 0.88 + 0.07* 1.81 + 0.28* 2.06
Brij97 (vol/vol) 0.01% 0.82 + 0.06* 1.83 + 0.19* 2.22
0.025% 1.04 + 0.06** 1.75 + 0.23** 1.70
0.05% 0.85 + 0.32* 1.71 + 0.23* 2.02
Brij98 (wt/vol) 0.01% 0.75 + 0.02 2.08 + 0.21 2.76
0.025% 0.85 + 0.01* 1.92 + 0.15* 2.26
0.05% 0.73 + 0.09 1.89 + 0.08* 2.58
BL-9EX (vol/vol) 0.01% 0.93 + 0.32* 1.98 + 0.24 2.14
0.025% 1.02 + 0.09** 1.90 + 0.19* 1.85
0.05% 1.05 + 0.09** 1.78 £ 0.11** 1.69
CyA 20 uM 1.08 + 0.11** 1.73 + 0.29** 1.60

Data are expressed as the mean + standard error of at least 3 experiments.
**p < 0.01, *p < 0.05, compared with the control.
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Table 3
Apparent Permeability Coefficients of CF in the Presence of Various Types of Brijs
(0.05%) by an In Vitro Diffusion Chamber Method

Group Papp (x1076 cm/s) EfR
M-S S-M

Control 549 + 043 6.55 + 0.23 1.19
Brij58 5.95 + 0.11N 6.73 + 0.11NS 1.13
Brij72 5.96 + 021N 6.48 + 0.16NS 1.08
Brij78 5.57 + 0.09N5 6.76 + 0.19N5 1.21
Brijo2 5.93 + 0.07N5 6.69 + 033N 1.12
Brijo7 5.87 + 021N 6.42 + 034N 1.09
Brijos 5.46 + 0.13N5 6.54 + 0.10NS 1.17
BL-9EX 5.57 + 0.24N5 6.59 + 0.15N5 1.18

The results are expressed as the mean =+ standard error of at least 3 experiments.
N.S., no significant difference, compared with the control.

123, and among these Brijs, BL-9EX and Brij97 were the most
effective excipients for reducing the EfR of rhodamine 123, which
might be due to the inhibition of P-gp function in the intestine.

Effects of Brijs on the Transport of CF Across the Intestinal
Membranes by the In Vitro Diffusion Chamber System

Table 3 shows the effects of various 0.05% Brijs on the transport
of CF across the stripped jejunal epithelium. CF, which is trans-
ported by a passive diffusion via a paracellular pathway;, is used as a
model of non-P-gp substrate and can confirm whether the effects of
Brijs on the intestinal transport of drugs were specific for the
substrates of P-gp. As shown in Table 3, we found almost no sig-
nificant differences in the absorptive and secretory transport of CF
with or without 0.05% Brijs in jejunal membranes. In addition, the
EfR of CF was not changed by the addition of Brijs. Taken together,
these findings suggest that Brijs did not change the transport of
non-P-gp substrates including CF and they can specifically affect the
intestinal transport of rhodamine 123, a substrate of P-gp.

Effects of Brijs on TEER and the Transport of Rhodamine 123 in
Caco-2 Cell Monolayers

Table 4 shows the transport of rhodamine 123 in Caco-2 cell
monolayers. The transport of rhodamine 123 from the BL to the AP
side was higher than transport in the AP to the BL side. In addition,
the EfR was 8.23, indicating that the transport of rhodamine 123 in
Caco-2 cell monolayers was preferentially in the secretory
direction.

Table 4 also shows the effects of various Brijs (0.0025%) on
the transport of rhodamine 123 in Caco-2 cell monolayers.
The Papp(A —B) values were 1.78- to 2.29-fold enhanced in the

Table 4
Apparent Permeability Coefficients of Rhodamine 123 in the Presence of Various
Types of Brijs (0.0025%) by an In Vitro Caco-2 Cell Permeability Experiment

Group Papp (x107% cm/s) EfR
A-B B-A

Control 1.61 £ 0.25 13.26 + 0.23 8.23
CyA (10 uM) 3.81+0.34* 438+ 0.19* 115
Brij58 3.45 +0.38* 10.22 + 0.11 2.96
Brij72 2.10 + 041 9.26 + 0.16* 2.99
Brij78 3.21 + 0.33* 8.24 + 0.19** 2.67
Brij92 3.35 + 0.21* 8.64 + 0.33* 2.58
Brij97 3.54 + 0.29* 8.14 + 0.34** 2.29
Brijo8 2.88 + 0.26 9.55 +0.12 332
BL-9EX 3.52 + 0.33* 7.69 + 0.15** 2.18

Data are expressed as the mean + standard error of at least 3 experiments.
**p < 0.01, *p < 0.05, compared with the control.

presence of these Brijs, and the Papp(B — A) values were signifi-
cantly reduced. In addition, the EfR of rhodamine 123 was
remarkably reduced in the presence of Brijs, especially 3.59- and
3.77-fold decreased in the case of Brij97 and BL-9EX, respectively,
as compared with the EfR of control. And the EfR values BL-9EX
and Brij97 were almost similar to the value of CyA (10 pM).
Therefore, these findings suggested that Brijs might reduce the
function of P-gp in the Caco-2 cell membranes as well as the intact
rat intestines.

In this study, we also used Caco-2 cell monolayers to examine
the possibility of involvement of tight junctions in the absorption.
As shown in Figure 2, the TEER values were not significantly
changed by the Brijs. Therefore, these findings suggest that
Brijs might not loosen the tight junctions of the intestinal
membranes and hence the transport of drugs via a paracellular
pathway.

Effects of Brijs on the Intestinal Absorption of Rhodamine 123 by the
In Situ Loop Method

We next examined the effects of Brijs on the intestinal absorp-
tion of rhodamine 123 by an in situ loop method to find whether
Brijs might also affect the intestinal absorption of rhodamine 123 in
in vivo studies as well as in vitro studies. Figure 3a and Table 5 show
plasma concentration-time profiles and pharmacokinetic parame-
ters of rhodamine 123 in the presence or absence of 0.05% Brijs. As
shown in Figure 3a, Brijs increased the plasma concentrations of
rhodamine 123 remarkably. We observed a significant increase in
the AUCp.240 min Values in the presence of Brijs, and the maximal
absorption enhancing effect was seen in the presence of BL-9EX
(0.05%, vol/vol) with AUCp240 min 2.54 times more than the
AUCq_240 min Of the control, as shown in Table 5.

We also evaluated the effects of BL-9EX on intestinal absorption
of CF, a non-P-gp substrate and a paracellular compound (data not
shown). The AUCg-240 min Value of CF in the presence of BL-9EX
(0.05%, vol/vol) was 6536 + 514 ng-min/mL, which was not
significantly different from the AUC value (5436 + 414 ng-min/mL)
of CF in the control. Therefore, the intestinal absorption of CF with
BL-9EX was not significantly changed as compared with CF alone as
the control and BL-9EX at this low concentration might not loosen
the tight junction of the intestinal epithelium and might not in-
crease the intestinal absorption of rhodamine123 via a paracellular
pathway.
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Figure 2. Effect of Brij (0.0025%) on TEER in an in vitro Caco-2 cell permeability
experiment. The dose of rhodamine 123 was 10 pM. Keys: (O) Control, (4 ) Brij58
(0.0025%), (<) Brij72 (0.0025%), (M) Brij78 (0.0025%), (1) Brij92 (0.0025%), (A )
Brij97 (0.0025%), (A\) Brij98 (0.0025%), and (@) BL-9EX (0.0025%). Results are
expressed as the mean + standard error of at least 3 experiments.
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Figure 3. (a) Effects of 0.05% Brijs on plasma concentration-time profiles of rhodamine 123 (5 mg/kg) in rat small intestine by an in situ closed loop study. Keys: (O) Control, (@)
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intestine by an in situ closed loop study. Keys: (O) Control, ( 4 ) Brij58 (0.05%), (< ) Brij72 (0.05%), (M) Brij78 (0.05%), (1) Brij92 (0.05%), ( A ) Brij97 (0.05%), (/) Brij98 (0.05%), and
(@) BL-9EX (0.05%). Results are expressed as the mean + standard error of at least 3 experiments.

On the other hand, we also examined the plasma concentration
of rhodamine 110, a metabolite of rhodamine 123, after intestinal
administration of rhodamine 123 in rats. As shown in Figure 3b and
Table 6, the plasma concentration of rhodamine 110 was not
significantly changed by the addition of Brijs, and the pharmaco-
kinetic parameters of rhodamine 110 were also not remarkably
changed as compared with the control.

Effects of Brijs on the Small Intestinal Membrane Damage
Determined by Measuring the Release of LDH and Protein

Finally, we evaluated the small intestinal membrane damage in
the presence of Brijs. The amount of activity of LDH and the amount
of protein released from the small intestinal membranes were
measured by an in vitro diffusion chamber system and an in situ
closed loop method.

As shown in Figures 4a, 4b, 5a, and 5b, the amount of activity
of LDH and the protein released from the intestinal membranes
were not significantly increased when compared with the control
in both in vitro and in vivo studies, while 3% (vol/vol) Triton
X-100, a positive control, significantly increased the release of
these 2 markers from the intestinal membranes. These findings
suggest that Brijs might not cause serious membrane damages
and the enhanced intestinal absorption of rhodamine 123 was not
due to the intestinal membrane damage caused by Brijs.

Table 5
Pharmacokinetic Parameters of Rhodamine 123 After Its Administration Into In-
testine With or Without Various Types of Brijs (0.05%) In Situ Closed Loop Method

Parameters Cmax (ng/mL) Tmax (min) AUC(-240 min EhR
(ng-mL/min)

Control 2121+ 1.79 60.0 + 10.0 3581 + 364 -

Brij58 49.97 + 3.13* 60.0 + 10.0NS 8050 + 460** 224
Brij72 39.35 + 2.67* 60.0 + 10.0N% 6737 + 427* 1.87
Brij78 42.07 + 1.32** 60.0 + 10.0N% 7598 + 481** 211
Brijo2 4541 + 3.25* 50.0 + 10.0NS 7753 + 397** 215
Brijo7 51.93 + 5.21** 70.0 + 10.0NS 8787 + 393** 2.44
Brijos 38.09 + 4.99* 80.0 + 10.0N% 6653 + 369* 1.85
BL-9EX 55.06 + 7.44** 70.0 + 10.0N% 9193 + 481" 2.54

The dose of rhodamine 123 was 5 mg/kg. The results are expressed as the mean +
standard error of at least 3 rats.

N.S., no significant difference, compared with the control.

**p < 0.01, *p < 0.05.

Discussion

Previous studies have showed that various nonionic surfactants
and PEGs inhibited the secretory directed transport of rhodamine
123. In this study, we demonstrated that Brijs improved the intes-
tinal transport and absorption of rhodamine 123, which might be
due to the inhibition of P-gp function in the intestine, in spite of no
direct evidence to support this speculation. We used rhodamine
123, which is a well-known P-gp substrate, because this compound
is easily assayed and is widely used for evaluating the function of
P-gp in the field of cancer chemotherapy as well as
biopharmaceutics.”®

As shown in Figure 1, in the absence of Brijs, the secretory
transport (S to M) of rhodamine 123 across the intestinal mem-
branes was much greater than its absorptive transport (M to S),
indicating that the intestinal transport of rhodamine 123 was
preferentially in the secretory direction. The secretion of rhoda-
mine 123 was reduced and its absorption was enhanced at the same
time in the presence of Brijs. In addition, Table 2 also illustrates that
the absorptive transport was clearly increased, while the secretory
transport was decreased by Brijs as compared with the control. In
addition, the Pappsm/Pappms ratio was significantly decreased in
the presence of Brijs. Our previous studies confirmed that the
Pappsm/Pappms ratio of rhodamine 123 was decreased by the most
extensively characterized P-gp inhibitors, such as verapamil and
CyA. Moreover, our previous studies indicated that PEGs and their

Table 6

Pharmacokinetic Parameters of Rhodamine 110 After Administration of Rhodamine
123 (5 mg/kg) Into Intestine With or Without Various Types of Brijs by an In Situ
Closed Loop Method

Parameters Cmax (ng/mL) Tinax (mMin) AUC0-240 min
(ng-mL/min)
Control 76.81 + 3.05 60.0 + 10.0 14,249 + 280
Brij58 76.65 + 3.47NS 60.0 + 10.0N 12,647 + 302N
Brij72 72.51 + 420N 60.0 + 10.0N 12,284 + 409N
Brij78 78.62 + 7.45N5 60.0 + 10.0N 11,779 + 580N
Brijo2 70.35 + 4.54N 50.0 + 10.0N5 11,489 + 533N
Brijo7 66.10 + 5.48N5 70.0 + 10.0NS 11,843 + 683N
Brijos 69.40 + 4.48NS- 50.0 + 10.0N5 12,175 + 402N
BL-9EX 70.29 + 5.52N% 80.0 + 10.0 V5 12,344 + 51285

The results are expressed as the mean =+ standard error of at least 3 experiments.

N.S., no significant difference, compared with the control.
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Figure 4. Membrane toxicity of various Brijs in the rat small intestine by an in vitro diffusion chamber method. (a) The membrane damage was determined by measuring the
activities of LDH. (b) The membrane damage was determined by measuring the amount of protein from the small intestinal membranes. Each result represents the mean + standard
error of 3-4 experiments. **p < 0.01, N.S., no significant difference, compared with the control.

derivatives could reduce the EfR of rhodamine 123 and other P-gp
substrates, such as prednisolone in the small intestine.'*?® There-
fore, we could confirm to evaluate the effect of pharmaceutical
excipients and P-gp inhibitors on the function of P-gp in the in-
testine using this in vitro diffusion chamber system. In addition,
these findings suggested that Brijs might inhibit the function of
P-gp, thereby reducing the EfR of rhodamine 123 in the intestine,
although we do not have direct evidence to support this specula-
tion at present.

In this study, among various types of Brijs, Brij 97 and BL-9EX
were the most effective to reduce the EfR of rhodamine 123 in
the intestine compared with other types of Brijs. The reason for the
enhanced effect of Brij97 and BL-9EX is not fully understood.
Because the physicochemical properties of these Brijs were
different with each other, probably some physicochemical proper-
ties such as solubility, molecular weight, HLB value, critical micelle
concentration (CMC), and so on of Brijs might inhibit the function of
P-gp in the intestine, thereby affecting the transport and absorption
of rhodamine 123.

We used jejunal intestine for estimating the transport of
rhodamine 123 in this study. Previously, some studies reported that
the expression level of P-gp in the intestine was dependent on the
region of the intestine and P-gp expression increased from the
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proximal to distal regions of the small intestine. Moreover, our
previous studies also indicated a regional difference in the trans-
port of rhodamine 123, and it was found to be the highest in the
ileum.?! Furthermore, Yumoto et al.”” reported that the transport of
rhodamine 123 was remarkably observed in the upper and lower
ileum rather than duodenum and jejunum. However, in these
previous papers, the secretory preferential transport of rhodamine
123 was still clearly observed in the jejunum and therefore jejunum
was used for the transport studies in this article.

We observed a concentration-dependent effect of BL-9EX on the
intestinal transport of rhodamine 123 (Table 2). Generally, surfac-
tants can form a micelle above CMC and rhodamine 123 might be
incorporated into the micelles. In this case, it was considered that
the effect of surfactants on the transport of rhodamine 123 was not
concentration-dependent, because rhodamine 123 was incorpo-
rated into micelles of surfactants at higher concentrations and the
effects of surfactants on the transport of rhodamine 123 were
saturated. However, in this study, overall, Brijs decreased the ER of
rhodamine 123 in a concentration-dependent manner. Therefore,
the contribution of micelle of BL-9EX for the transport of rhoda-
mine 123 can be ignored in this study. Indeed, our preliminary
studies indicated that BL-9EX above 0.1% (vol/vol) could form a
micelle and this surfactant interacted and entrapped rhodamine
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Figure 5. Membrane toxicity of various Brijs in the rat small intestine by an in situ closed loop study. The concentration of Brij was 0.05%. (a) The membrane damage was
determined by measuring the activities of LDH. (b) The membrane damage was determined by measuring the amount of protein from the small intestinal membranes. Each result
represents the mean + standard error of 3-4 experiments. “*p < 0.01, N.S., no significant difference, compared with the control.
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123 above a concentration of 0.1% (vol/vol), which was higher than
that (0.01%-0.05%, vol/vol) used in this transport studies and there
was almost no interaction of rhodamine 123 with the micelles of
BL-9EX below the concentration of 0.1% (vol/vol).

As shown in Table 3, we found almost no significant effect of
Brijs on the transport of CF, a model drug for non-P-gp substrate,
which is transported by passive diffusion in both absorptive and
secretory directions. In addition, Brijs did not change the EfR of CF
in the small intestine. Consequently, the effects of these Brijs on the
intestinal transport of drugs were specific for rhnodamine 123, a P-
gp substrate. Moreover, CF, a water soluble compound, is known to
be generally transported via a paracellular pathway. Therefore,
these Brijs might not affect the structure of tight junctions, thereby
affecting the transport of drugs via a paracellular pathway.

From the previous publications, it is known that drug trans-
porters are expressed in Caco-2. Among these transporters, MRP-2
and P-gp are localized in the AP side thus catalyzing the efflux
compounds to the intestinal luminal side,”® while other MRPs are
located on the BL side thus catalyzing the influx of compounds to
the serosal side.?® Therefore, the effects of Brijs on the intestinal
absorption of drugs were examined by the Caco-2 cell monolayers
in this study. As shown in Table 4, the secretory transport (B to A) of
rhodamine 123 across the Caco-2 monolayers was decreased and
the absorptive transport (A to B) of rhodamine 123 was increased in
the presence of Brijs. In addition, Table 4 also illustrates that the
Papp(B — A)/Papp(A — B) ratio was significantly reduced in the
presence of Brijs when compared with the control. Moreover, other
studies confirmed that Brij35, which also belongs to the family of
Brijs, could facilitate the absorptive transport of B12H in Caco-2
cells by modulating P-gp-mediated drug efflux.’® Collnot et al.>°
revealed that the permeation of rhodamine 123 through mono-
layers of Caco-2 cells was strongly influenced by the length of PEG
chains. Therefore, these findings suggested that Brijs could be
applied as an effective enhancer to improve intestinal transport of
rhodamine 123 by inhibiting the function of P-gp. On the other
hand, we studied the effects of Brijs on TEER in Caco-2 cell mono-
layers. It is known that TEER usually decreased when the tight
junctions between the adjacent cells are opened. As shown in
Figure 2, the values of TEER were not significantly decreased by
Brijs. Thus, Brijs might not change the structure of tight junctions of
the intestinal membranes, thereby increasing the intestinal trans-
port of drugs via a paracellular pathway. Probably, because Brijs did
not affect the transport of drugs via a paracellular pathway, it is
possible that Brijs might affect the intestinal absorption of drugs by
inhibiting the function of P-gp.

We next studied the significance and role of P-gp in the intes-
tinal absorption of P-gp substrates, using the in situ closed loop
method. Our previous studies demonstrated that Labrasol could
increase the intestinal absorption of rhodamine 123, although this
absorption-enhancing effect was less than the effect of verapamil.?!
In addition, other studies indicated that PEG 20000 could not only
enhance the intestinal absorption of rhodamine 123 but also in-
crease the absorption of quinidine, another P-gp substrate.?® In this
study, we compared the intestinal absorption after the adminis-
tration of rhodamine 123 and coadministration of Brijs using the
in situ closed loop method. We found that the AUCp.249 min Of
rhodamine 123 with 0.05% Brijs was greater than that of rhodamine
123 alone (Table 5), which suggests that Brijs, like Labrasol and PEG
20000, might enhance the absorption of rhodamine 123 from the
small intestine and inhibit the function of the intestinal P-gp, like
other excipients. On the other hand, it is of great importance to
investigate the pharmacokinetic parameters of rhodamine 110,
which is metabolized by esterases after the oral administration of
rhodamine 123. As shown in Figure 3b and Table 6, no significant
difference in the plasma concentration of rhodamine 110 and its

pharmacokinetic parameters was seen after the oral administration
of rhodamine 123 with or without Brijs, indicating that Brijs might
not affect the metabolic process of rhodamine 123 in the intestine.

In this study, one possible reason for the increased absorptive
transport by Brijs in the small intestine could be the intestinal
epithelium membrane damage caused by Brijs, thereby increasing
the transport and absorption of P-gp substrates via a transcellular
pathway. Thus, it is important to evaluate the intestinal membrane
toxicity with or without Brijs by measuring the activity of LDH and
the release of protein. LDH is a cytosolic enzyme and its presence in
the luminal fluid is generally regarded as the evidence for cell
membrane damage. Protein is also an index of membrane damage,
because protein is one of a major component of biological mem-
branes and is released if the biomembrane was damaged.>!*?
However, as shown in Figures 4a, 4b, 5a, and 5b, Brijs did not
enhance the activities of LDH or the amount of protein released from
the rat intestinal membranes as evidenced by the in vitro and in vivo
studies, suggesting that Brijs did not cause any membrane damage
to the intestinal epithelium. Therefore, they are considered to be a
safe excipient for drugs administered via the gastrointestinal tract.

The mechanisms by which Brijs could inhibit the function of P-
gp in the intestine were not fully studied in this article. However,
several inhibitory mechanisms of P-gp function have been pro-
posed for these agents, including competitive or noncompetitive
inhibition of P-gp ATPase,*> alteration of the conformation by
changing cell membrane fluidity,>* downregulation of P-gp
expression,”” steric hindrance due to substrate binding,*® and co-
valent modification of essential cysteines in the nucleotide-binding
domains of P-gp.®” Our preliminary studies demonstrated that
Cremophor EL, which belongs to the category of nonionic surfac-
tants, could inhibit the function of P-gp by the alteration of mem-
brane fluidity in the intestine. Moreover, our pilot studies also
suggested that PEGs might inhibit P-gp ATPase activity and reduce
the P-gp function, thereby improving the intestinal absorption of
P-gp substrates. Furthermore, Brij78 and Brij97 decreased intra-
cellular ATPase activity of P-gp in multidrug-resistant cells.'’
Therefore, it may be plausible that Brijs that contain the PEG
chains might reduce the function of P-gp in the intestine by such
mechanisms, although we do not have any direct evidence to
support these mechanisms at present.

Conclusion

This study demonstrated that Brijs, which have the suitable HLB
values and the structure of a linear PEG chain as their hydrophilic
region, were effective to inhibit the P-gp-mediated efflux system,
thereby improving the intestinal absorption of drugs in the rat in-
testine. Moreover, in vitro and in vivo studies showed that Brijs
might be useful excipients for increasing the intestinal transport
and absorption of P-gp substrates by reducing the function of the
intestinal P-gp and not by intestinal membrane damage. Therefore,
Brijs might be used for synthesizing or screening new P-gp
inhibitors.
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ABSTRACT

The purpose of this study was to investigate the effects of polyoxyethylene 10-oleyl ether and polyoxy-
ethylene 9-lauryl ether, 2 polyoxyethylene alkyl ethers, on the transport and absorption of 2 P-glyco-
protein (P-gp) substrates, quinidine and prednisolone, across the intestinal membrane and to elucidate
the inhibitory mechanisms of intestinal P-gp by these polyoxyethylene alkyl ethers. For in vitro studies, we
used a diffusion chamber method and the Caco-2 cell model. An in situ closed-loop method was used for
in vivo study. The 2 polyoxyethylene alkyl ethers, nonionic surfactants, increased the intestinal absorptive
transport of quinidine and prednisolone in the diffusion chamber studies, and absorptive permeability
was enhanced in the in vitro Caco-2 cell study. Furthermore, these surfactants enhanced the rat intestinal
absorption of prednisolone, and we observed no intestinal membrane damage in the presence of these
surfactants. Furthermore, these surfactants increased membrane fluidity in intestinal brush border
membranes and inhibited P-gp ATPase activity. For in vitro and in vivo studies, these surfactants enhanced
the intestinal absorption of quinidine and prednisolone, 2 P-gp substrates. The alteration in intestinal
membrane fluidity and the inhibition of P-gp ATPase activity by these 2 polyoxyethylene alkyl ethers may

be confirmed as mechanisms of P-gp inhibition.
© 2016 American Pharmacists Association®. Published by Elsevier Inc. All rights reserved.

Introduction

One major reason for failure of cancer therapy is multidrug
resistance (MDR). MDR is inherent in some types of tumors,
whereas it is usually acquired in others. MDR decreases the intra-
cellular concentration of anticancer drugs."”> The overexpression of
membrane transporter proteins, including P-glycoprotein (P-gp)
and the multidrug resistance proteins which belong to the ATP-
binding cassette transporter family, is confirmed as one of the
mechanisms of MDR.?

P-gp, which is an ATP-dependent membrane glycoprotein of 170
kDa, is expressed not only in MDR tumor cells, such as adenocar-
cinoma cells and leukemia cells,*> but also in various normal tis-
sues, including brain, the intestinal brush border membranes, liver,
kidney, testes, and adrenal glands.®’ In the intestine, P-gp regulates

Current address for Sakane: Department of Pharmaceutical Technology, Kobe
Pharmaceutical University.
* Correspondence to: Akira Yamamoto (Telephone: (+81)75-595-4661; Fax: (+81)
75-595-4761).
E-mail address: yamamoto@mb.kyoto-phu.ac.jp (A. Yamamoto).

http://dx.doi.org/10.1016/j.xphs.2016.09.002

the intestinal absorption of drugs and other xenobiotics, thus
affecting the oral bioavailability of drugs.? In order to overcome the
activity of the P-gp efflux transporter and improve the bioavail-
ability of anticancer drugs or P-gp substrates, many pharmacolog-
ical modulators have been found to inhibit the function of P-gp
efflux transport.” However, P-gp modulators such as verapamil and
cyclosporin A have marked pharmacological activities. Moreover,
these modulators not only inhibit the activity of P-gp but also
reduce the function of breast cancer resistance protein and multi-
drug resistance protein 1.'%!" The competitive or noncompetitive
blocking of the binding of a substrate to the P-gp drug-binding
domain was confirmed as the primary mechanisms of inhibition
of P-gp by these inhibitors.'” Therefore, P-gp modulators which
have lower pharmacological activities are important to discover.
Other pharmaceutical excipients, including fatty acids and bile
salts such as Labrasol and sodium deoxycholate, could inhibit the
function of P-gp, thereby enhancing the absorption of drugs such as
P-gp substrates, in in vitro and in vivo studies.”®> In recent years,
many studies have focused on the effects of the nonionic surfac-
tants such as Pluronic 85, Tween 80, and polyethylene glycols
(PEGS) on intracellular accumulation and intestinal absorption of
P-gp substrates,'*"'® which have been determined in the everted
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gut sacs of rat jejunum and ileum and the human colon adeno-
carcinoma (Caco-2) cell line.

Polyoxyethylene alkyl ethers, which belong to the category of
nonionic surfactants, are widely used as emulsifying, solubilizing,
and wetting agents in topical and cosmetic formulations to
improve the dissolution and absorption of poorly soluble drugs.'”'®
Yu et al.'” demonstrated that polyoxyethylene glycol dodecyl ether
effectively enhanced the absorptive direction of bis-(12)-hupyr-
idone (B12H) in Caco-2 cells, and Lo'” found that polyoxyethylene
lauryl ether significantly increased the intestinal absorption of
epirubicin in rats. Another study indicated that both doxorubicin
and paclitaxel-loaded lipid-based nanoparticles containing poly-
oxyethylene 20-stearyl ether were able to overcome P-gp-medi-
ated drug resistance.’’ However, these studies did not examine the
effects of various polyoxyethylene alkyl ethers on the intestinal
transport and absorption of P-gp substrates in both in vitro and
in vivo studies. In our previous reports, polyoxyethylene alkyl
ethers increased the intestinal transport and absorption of
rhodamine 123 in both in vitro and in vivo studies.’’ In that study,
polyoxyethylene 10-oleyl ether (Brij97) and polyoxyethylene
9-lauryl ether (BL-9EX) with the structure of the oleyl ether and
lauryl ether had greater effects on the absorption of rhodamine
123 than other polyoxyethylene alkyl ethers without these struc-
tures in the intestine. However, it has been reported that rhoda-
mine 123, a typical P-gp substrate, might be primarily transported
by the paracellular pathway rather than P-gp-mediated efflux
absorptive transport.”? Therefore, effects of polyoxyethylene alkyl
ethers and other P-gp modulators on the intestinal absorptive
transport of rhodamine 123 could not be observed clearly. On the
other hand, quinidine, a class IA antiarrhythmic drug, is a well-
known P-gp substrate as well as a P-gp inhibitor,”> and prednis-
olone, which is effective for the treatment of rheumatoid arthritis
and ulcerative colitis, is used as a P-gp substrate.”* In the present
study, therefore, we evaluated the effects of polyoxyethylene
10-oleyl ether and polyoxyethylene 9-lauryl ether on the intestinal
absorption of quinidine and prednisolone via in vitro and in vivo
studies.

On the other hand, little is known about the P-gp inhibitory
mechanisms of nonionic surfactants including polyoxyethylene
alkyl ethers. Unlike the competitive inhibition exhibited by
traditional inhibitors, the inhibitory actions of nonionic surfac-
tants on P-gp function may be attributed to downregulation of P-
gp expression, inhibition of P-gp ATPase, depletion of intracellular
ATP, or alteration in membrane fluidity.?>">° Recently, Tang et al.'®
demonstrated that polyoxyethylene 20-stearyl ether and poly-
oxyethylene 10-oleyl ether reduced verapamil-induced P-gp
ATPase activity and intracellular ATP levels in resistant human
lung cancer cells. However, this study did not evaluate the effects
of polyoxyethylene alkyl ethers on membrane fluidity, although
many nonionic surfactants that inhibit P-gp are known to affect
membrane fluidity. Thus, it is important to evaluate the effects of
polyoxyethylene alkyl ethers on membrane fluidity if they affect
the function of P-gp.

In the present study, the effects of polyoxyethylene 10-oleyl
ether and polyoxyethylene 9-lauryl ether on the intestinal ab-
sorption of 2 P-gp substrates, quinidine and prednisolone, were
investigated in in vitro and in vivo studies. In addition, to determine
whether these 2 polyoxyethylene alkyl ethers could enhance in-
testinal absorptive permeability of P-gp substrates via intestinal
membrane damage, intestinal membrane damage was examined
by surveying the release of protein and the activity of lactate de-
hydrogenase (LDH). Finally, we evaluated the inhibitory mecha-
nisms of these 2 polyoxyethylene alkyl ethers on the P-gp efflux
transport function by measuring P-gp ATPase activity and mem-
brane fluidity.

Materials and Methods
Materials

Quinidine, prednisolone, bovine serum albumin (BSA), and
LDH-Cytotoxic Test Wako were purchased from Wako Pure
Chemical Industries, Ltd. (Osaka, Japan). Polyoxyethylene 10-oleyl
ether and polyoxyethylene 9-lauryl ether were obtained from
Nikko Chemicals Company Ltd. (Osaka, Japan). For cell culture,
MEM nonessential amino acid solution, fetal bovine serum, and
Dulbecco’s modified Eagle’s medium were purchased from Life
Technologies Corporation (Carlsbad, CA). Trypsin-EDTA, 2-[4-
(2-hydroxyethyl)-1-piperazinyl] ethanesulfonic acid (HEPES), and
antibiotic-antimycotic mixed stock solution (10,000 U/mL peni-
cillin, 10 mg/mL streptomycin, 25 mg/mL amphotericin B, 0.85%
saline) were prepared by Dojindo Laboratories (Kumamoto,
Japan). 5(6)-Carboxyfluorescein (CF) was purchased from East-
man Kodak Company (Rochester, NY). 1,6-Diphenyl-1,3,5-
hexatriene (DPH), cyclosporin A, and Hank’s balanced salt were
obtained from Sigma-Aldrich Chemical Company (St. Louis, MO).
Dansyl chloride (DNS-CL) and 1-(4-trimethylammoniumphenyl)-
6-phenyl-1,3,5-hexatriene-p-toluenesulfonate (Tma-DPH) were
supplied by Santa Cruz Biotechnology Inc. (Dallas, TX). Human
MDR1 membranes and ATPase assay reagent kit were supplied by
GenoMembrane Inc. (Kanagawa, Japan). All other reagents were
of analytical grade.

Preparation of Drug Solutions

Quinidine, prednisolone, and CF were dissolved in HEPES buffer
(pH 7.4) containing 25 mM HEPES, 5.4 mM KCl, 140 mM Nacl, and
5 mM glucose. Excipients, including 0.01%-0.05% (v/v) polyoxy-
ethylene 10-oleyl ether and polyoxyethylene 9-lauryl ether and
20 puM cyclosporin A, were added to the drug solution. In a diffusion
chamber experiment, 0.1 mM quinidine, 0.2 mM prednisolone, and
10 pM CF were used, whereas in the Caco-2 cell experiment, 10 uM
quinidine was used. In the in vivo absorption study, 5 mg/kg of
prednisolone or quinidine was used, respectively. The concentra-
tions of 2 polyoxyethylene alkyl ethers and these drugs were
selected in line with the previous studies.?’

Cell Culture

Caco-2 cells with passage 48-54 (Dainippon Sumitomo Pharma
Company, Ltd.) were grown in 1% antibiotic-antimycotic mixed
stock solution, 100 uM MEM nonessential amino acid solution, and
Dulbecco’s modified Eagle’s medium supplemented with 10% fetal
bovine serum. The cells were seeded in density 1 x 10> on poly-
carbonate inserts (Transwells, 12 mm in diameter, 0.4-um pores;
Corning Inc., New York, NY) and cultured in a humidified atmo-
sphere of 95% air and 5% CO, at 37°C. Every 2 days, the growth
medium was changed. The transepithelial electrical resistance
(TEER) was measured at 37°C with a Millicell®-ERS Epithelial Volt-
Ohm Meter (Millipore, Billerica, MA) to evaluate the integrity of the
cell monolayers. After 21 days, the TEER values of Caco-2 mono-
layers were above 500 Q-cm? that were employed in transport
experiments.

Transport of Drugs Across the Intestinal Membrane by an In Vitro
Diffusion Chamber System

Transport of drugs across the intestinal membrane was exam-
ined by a diffusion chamber system (Corning Coster Corpora-
tion).'®?! Male Wistar rats (230-260 g) were anesthetized with
Somnopentyl® (sodium pentobarbital, 32 mg/kg body weight
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intraperitoneally; Kyoritsu Seiyaku Corporation, Tokyo, Japan) after
fasting overnight. The studies were carried out in accordance with
the guidelines of the Animal Ethics Committee at Kyoto Pharma-
ceutical University. The intestine was exposed through a midline
abdominal incision, removed, and washed in PBS. Intestinal seg-
ments, excluding Peyer’s patches, were isolated and immersed in
ice-cold Tris-HEPES buffer solution. Segments were then cut open,
the muscle layer was stripped, intestinal sheets were mounted on
the pins of the cell, and the half-cells were clamped together. Drug
solution (7 mL) was added to the donor side, and the same volume
of drug-free buffer was added to the opposite side. The temperature
of the intestinal membrane was maintained at 37°C with a water
bath, and solutions from both sides of the cells were circulated
by gas lift (95% 0,/5% CO;). During the transport studies, 0.15-mL
aliquots were taken from the receptor chamber at predetermined
times up to 120 min and replaced with an equal volume of buffer
solution. The amount of drugs was assayed by high-performance
liquid chromatography (HPLC). Apparent permeability coefficients
(Papp) of drugs were calculated using Equation 1:

Flux

Papp = Area-Cy-60 &

Papp is the apparent parameter of permeability (cm/s), flux is the
slope of the linear portion of cumulative transport amount to time
at the steady state (pmol/min), area is the area of the diffusion
chamber for transport (1.78 cm?), and Cy is the initial concentration
of drug (pmol/mL).

Efflux ratio (ER) was used to evaluate the function of P-gp
this study. The calculation was performed using Equation 2:

30,31 in

_ Papps —m

ER = Pappm — s

(2)
Papps — mis the average of the permeability coefficient from the

serosal to the mucosal side and Pppm — s is the average of the

permeability coefficient from the mucosal to the serosal side.

Transport of Quinidine in the Presence of 2 Polyoxyethylene Alkyl
Ethers by Caco-2 Cell Monolayers

The transport study of quinidine by Caco-2 cells was carried
out as described previously.?> Briefly, Caco-2 cells grown in
12-well plates were rinsed twice with warm Hank’s balanced salt
solution (HBSS) and then equilibrated with HBSS buffer at 37°C for
30 min. In the bidirectional transport study, quinidine (10 uM) in
HBSS buffer without polyoxyethylene alkyl ethers, which was
used as the control for permeability transport, was loaded on the
apical (AP) side (0.5 mL of transport buffer) or basolateral (BL) side
(1.5 mL of transport buffer), that is, the donor side. To evaluate the
effects of 2 polyoxyethylene alkyl ethers on membrane transport,
0.01% polyoxyethylene alkyl ether was present on the AP side with
quinidine (10 uM) and the BL side at the same concentrations as
stated previously. Aliquots of 80-pL or 120-puL samples were taken
from the AP or BL side, respectively, at different time points (15,
30, 60, 90, and 120 min) during the experiment. An equal volume
of fresh buffer was replaced in the receiver chamber after each
sampling. The concentrations of drugs were assayed by HPLC. The
Papp of quinidine in the Caco-2 cell model was calculated using
Equation 3:

Flux
Papp = Area-Cq-60 (3)

Papp is the apparent parameter of permeability (cm/s), flux is the
rate of quinidine appearance in the receiver side (nmol/min), area is

the membrane surface area (1.12 cm?), and Co is the initial con-
centration of quinidine (nmol/mL).

The efflux ratio (EfR) was expressed as the Pypp value of BL-to-AP
transport to that of AP-to-BL transport using Equation 4:

PappB - A

EfR = PappA — B

(4)
PappB — A and PappA — B are the average of the permeability
coefficients for secretory and absorptive transport, respectively.

Intestinal Absorption of Prednisolone and Quinidine by an In Situ
Closed-Loop Model

Intestinal absorption of prednisolone and quinidine was exam-
ined by an in situ closed-loop method.>? Male Wistar rats weighing
240-280 g were anesthetized with Somnopentyl® (sodium pento-
barbital, 32 mg/kg body weight intraperitoneally). Animals were
fasted for approximately 16-18 h before the experiments but were
allowed water. The intestine was exposed through midline
abdominal incision. After ligating the bile duct, a segment of ileum
(about 20 cm long) was isolated and washed with PBS and then tied
off at both ends to form a closed loop. The jugular vein was sepa-
rated to collect the blood samples. Prednisolone or quinidine was
dissolved in PBS at pH 7.4 to yield a final dose of 5 mg/kg. Poly-
oxyethylene alkyl ether was added to the dosing solutions. The
drug solution was warmed to 37°C, and 3 mL was injected into the
jejunum loop. Blood samples (approximately 0.3 mL) were
collected at predetermined time intervals up to 240 min, centri-
fuged at 12,000 rpm for 5 min, and stored at —40°C until analysis.
Then, prednisolone and quinidine were analyzed by HPLC. The peak
concentration (Cpax) and the time to reach the peak concentration
(Tmax) were determined directly from the plasma concentration-
time curves. The area under the curve (AUC) was calculated by
the trapezoidal method from O to the final sampling time (240 min).
The absorption enhancement ratio (EhR) of drugs with or without
polyoxyethylene alkyl ether was calculated using Equation 5:

EhR = AUcpolyoxyethylene alkyl ether ( 5)
AUCcontrol

Assessment of Intestinal Membrane Damage

The release of protein and the activity of LDH in small intestinal
membranes were used to evaluate small intestinal membrane
damage in the presence of surfactants using an in situ closed-loop
method. Two polyoxyethylene alkyl ethers (0.05% v/v) or Triton
X-100 (3% v/v) were administered into the intestinal loop. Rats
were left for 4 h after administration, and at the end of the
experiment, the luminal solution was washed with PBS for the
determination of the amount of protein released and the activity of
LDH. The concentrations of protein released from the intestinal
membranes were measured with BSA as a standard using the
Bradford Protein Assay Kit (Wako Pure Chemical Industries, Ltd.).
The activities of LDH were determined using the LDH CII Assay Kit
(Wako Pure Chemical Industries, Ltd.).

Assessment of the Effect of 2 Polyoxyethylene Alkyl Ethers on
Intestinal Membrane Fluidity

Preparation of the Rat Intestinal Brush Border Membrane Vesicles
Brush border membrane vesicles (BBMVs) were prepared by
the divalent cation precipitation method using MgCl, in the pres-
ence of ethylenebis (oxyethylenenitrilo) tetraacetic acid (EGTA),
as described previously.>® In brief, male Wistar rats weighing
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240-280 g were fasted for approximately 16-18 h. An in situ small
intestinal loop was prepared in each rat, and the small intestine was
excised and washed with cold PBS. The small intestine was divided
into segments, and the mucosa was scraped with a slide glass and
homogenized in 10 volumes of buffer (5 mM EGTA, 12 mM Tris,
300 mM mannitol; pH 7.4 by 1 M HEPES) with a tissue homoge-
nizer. A stock solution of 1 M MgCl, was added to the homogenate
to give a final concentration of 10 mM MgCl,. The mixture was
gently stirred for 1 min and allowed to stand at 4°C for 15 min.
Then, the suspension was centrifuged at 3000 g for 15 min. The
pellets were discarded, and the supernatant was centrifuged again
at 32,000 g for 30 min. The pellets containing BBMV were resus-
pended by 27-gauge needle in the homogenizing buffer. The pro-
tein concentrations were determined by Bradford Protein Assay Kit
using BSA as a standard, and the final concentration was adjusted to
1 mg/mL in each tube. The samples were frozen by liquid N, and
kept at —80°C until use.

Measurement of Membrane Fluidity by Fluorescence Polarization
Fluorescence polarization techniques were used to evaluate
the effects of 2 polyoxyethylene alkyl ethers on small intestinal
membrane fluidity using the fluorescence probes DPH,>* Tma-
DPH,>> and DNS-CL.>® BBMV suspensions (protein concentration,
100 pg/mL) were incubated with 1 pM DPH or 5 pM DNS-CL for
30 min or with 0.5 uM Tma-DPH for 5 min in Tris-HEPES buffer
(25 mM HEPES, 5 mM glucose, 140 mM NaCl, 5.4 mM KCl, 1.8 mM
CaCl,, 0.8 mM MgSOy4; pH 7.4 with 1 M Tris). Polyoxyethylene alkyl
ether or 200 pM cholesterol as a positive control was added. Then,
the fluorescence intensities and steady-state polarization were
determined using a Hitachi F2000 spectrophotometer (Hitachi,
Yokohama, Japan) equipped with a polarizer set. The fluorescence
polarization (y) was calculated according to Equation 6:

I -G L

T+ G20 (6)

Y

where I and I, represent the fluorescent intensities of the parallel
and perpendicular polarized excitation, respectively. G is the
equipment parameter. The excitation and emission wavelengths
were 360 nm and 430 nm, respectively, for DPH and Tma-DPH and
380 nm and 480 nm, respectively, for DNS-CL.

Assay of P-gp ATPase Activity

The effects of 2 polyoxyethylene alkyl ethers on P-gp ATPase
activity were evaluated according to previous reports.>’>? In brief,
60 pL of reaction mixture containing 20 pg of human MDR1 mem-
branes and 20 pL of reaction buffer, with or without 2 polyoxy-
ethylene alkyl ethers which were dissolved in PBS or 0.1 mM
quinidine, was added to the buffer solution containing 4 mM MgATP,
50 mM Tris-MOPS, 0.1 mM EGTA, 50 mM KCl, 2 mM dithiothreitol,
5 mM sodium azide, and 1 mM ouabain. Then, an identical reaction
mixture with or without 500 pM sodium orthovanadate was assayed
in parallel for the incubation at 37°C for 30 min. Orthovanadate
inhibits P-gp by trapping MgADP in the nucleotide-binding site.
Thus, ATPase activity measured in the presence of orthovanadate
represents non-P-gp ATPase activity and can be subtracted from
the activity measured in the various samples to yield P-gp ATPase
activity. The reaction was stopped by addition of 30 uL of 10%
sodium dodecyl sulfate. An aliquot (200 pL) of 35 mM ammonium
molybdate in a mixture of 15 mM zinc acetate and 10% ascorbic acid
(1:4 v/v) was added to each sample and incubated for an additional
20 min at 37°C. The liberated inorganic phosphate was determined
by its absorbance at 630 nm according to a phosphate standard
curve.>

Drug Assays

Quinidine and prednisolone were separately measured by HPLC
(Shimadzu CBM-20A System) method, using a Cosmosil reverse-
phase column (150 x 4.6 mm, particle size 5 pm) with a Shi-
madzu RF-10A or LC-10 detector.

For the in vitro diffusion chamber and Caco-2 cell experiments,
the mobile phase for quinidine was acetonitrile:0.4% triethylamine
(pH 3.0) = 15:85. The samples were run at a flow rate of 1.0 mL/min
at 35°C. The concentrations of quinidine were determined using a
fluorescence detector (Shimadzu RF-10A) with an excitation
wavelength of 485 nm and an emission wavelength of 528 nm. The
mobile phase of prednisolone was acetonitrile:10 mM potassium
phosphate monobasic (KH;PO4, pH 5.0) = 30:70. The samples were
run at a flow rate of 1.0 mL/min at 40°C. The concentrations of
prednisolone were determined using a UV detector (Shimadzu
LC-10) at 242 nm wavelength.

Then, in the in situ closed-loop method, the plasma concentra-
tions of prednisolone and quinidine were determined as follows.
Briefly, 1 mL acetonitrile was added to 0.1 mL of the plasma samples
and vortexed for 40 s. Then, it was centrifuged at 15,000 rpm for
5 min. The supernatant (1 mL) of prednisolone was transferred to a
clean test tube and evaporated in a centrifugal evaporator for
45 min at 60°C, and the supernatant (1 mL) of quinidine was
transferred to a clean test tube and evaporated in a centrifugal
evaporator for 120 min at room temperature. The residue of
prednisolone was then dissolved in a solution (acetonitrile:10 mM
KH,PO4 = 30:70), and the residue of quinidine was dissolved in a
solution (acetonitrile:1.0% triethylamine [pH 3.0] = 15:85). Then,
the solution (50 pL) was injected into the HPLC system. The stan-
dard curve showed a good linearity over a concentration range of
25-500 ng/mL for prednisolone and quinidine, respectively.

Statistics

All data were expressed as the mean + standard error unless
noted otherwise. The statistical analysis was performed by the
analysis of variance with a 1-way layout for comparisons, with p <
0.05 as the minimum level of significance.

Results

Effects of Polyoxyethylene 10-Oleyl Ether and Polyoxyethylene
9-Lauryl Ether on the Transport of P-gp Substrates Across Intestinal
Membranes by an In Vitro Diffusion Chamber System

Effects of polyoxyethylene 10-oleyl ether and polyoxyethylene
9-lauryl ether on small intestinal absorption of quinidine and
prednisolone, 2 P-gp substrates, were evaluated by an in vitro
chamber system. Figures 1 and 2 illustrated the time course of
mucosal-to-serosal (absorptive) and serosal-to-mucosal (secretory)
transport of quinidine and prednisolone across the rat jejunal
membranes in the presence or absence of polyoxyethylene 10-oleyl
ether and polyoxyethylene 9-lauryl ether (0.05% v/v). In control
studies without 2 polyoxyethylene alkyl ethers, the secretory
transport of either quinidine or prednisolone was much more
permeable than the absorptive direction of P-gp substrates, indi-
cating that quinidine and prednisolone were preferentially trans-
ported in the secretory direction. The absorptive transport of the
2 P-gp substrates was markedly increased by the addition of pol-
yoxyethylene 10-oleyl ether and polyoxyethylene 9-lauryl ether,
especially in the case of quinidine, for which the absorptive
transport was more than 3-fold enhanced in the presence of pol-
yoxyethylene 9-lauryl ether compared with the control (Fig. 1a).
In contrast, the secretory transport of quinidine and prednisolone
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Figure 1. Time course of absorptive transport (M-S) (a) and secretory transport (S-M) (b) of quinidine across the rat jejunal membrane in the absence or presence of 0.05% Brij97
(polyoxyethylene 10-oleyl ether) and BL-9EX (polyoxyethylene 9-lauryl ether). Keys: (O) quinidine control; () 0.05% Brij97 (polyoxyethylene 10-oleyl ether); ( A ) 0.05% BL-9EX
(polyoxyethylene 9-lauryl ether). Results are expressed as the mean + standard error of at least 3 experiments.

decreased in the presence of 2 polyoxyethylene alkyl ethers
(Figs. 1b and 2b).

Table 1 shows the effects of 3 concentrations of these 2 pol-
yoxyethylene alkyl ethers on the permeability of quinidine and
prednisolone across the rat jejunal membranes. As shown in this
table, we firstly used cyclosporin A, a typical P-gp inhibitor, as a
positive control to confirm whether this system was suitable to
evaluate the effects of adjuvants on the intestinal transport of
P-gp substrates. The absorptive transport (P;ppm — s) of quinidine
and prednisolone was significantly enhanced in the presence of
20 pM cyclosporin A, whereas the secretory transport (Papps — m)
of these P-gp substrates was reduced. These results suggested
that the effects of pharmaceutical excipients on the function of
P-gp could be examined by the in vitro diffusion chamber system.
The Pappm — s values of quinidine and prednisolone significantly
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increased in the presence of polyoxyethylene 10-oleyl ether and
polyoxyethylene 9-lauryl ether. On the other hand, only 0.1% (v/v)
polyoxyethylene 9-lauryl ether significantly reduced Paipps —m
values of quinidine, whereas Papps — m of prednisolone decreased
at 2 different concentrations of polyoxyethylene 10-oleyl ether
and polyoxyethylene 9-lauryl ether compared to the control
group.

Table 1 also shows the ER of the 2 P-gp substrates in the pres-
ence or absence of 2 polyoxyethylene alkyl ethers. In the control
studies, the ERs of quinidine and prednisolone were 3.92 and 2.13,
respectively. In the presence of 2 polyoxyethylene alkyl ethers, the
ERs of the 2 P-gp substrates decreased to less than two-thirds of the
control values.

Next, in order to confirm whether the effects of 2 polyoxy-
ethylene alkyl ethers on the intestinal transport of drugs was
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Figure 2. Time course of absorptive transport (M-S) (a) and secretory transport (S-M) (b) of prednisolone across the rat jejunal membrane in the absence or presence of 0.05% Brij97
(polyoxyethylene 10-oleyl ether) and BL-9EX (polyoxyethylene 9-lauryl ether). Keys: (O ) prednisolone control; (M) 0.05% Brij97 (polyoxyethylene 10-oleyl ether); ( A ) 0.05% BL-9EX
(polyoxyethylene 9-lauryl ether). Results are expressed as the mean + standard error of at least 3 experiments.
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Table 1
Effects of Brij97 (Polyoxyethylene 10-Oleyl Ether) and BL-9EX (Polyoxyethylene 9-Lauryl Ether) on the Permeability of Quinidine and Prednisolone Across Rat Intestinal
Membranes®
Drug Excipient Papp x 10 Cm/s” ER
M-S S-M
Quinidine (0.1 mM) Control 525 +0.38 206 +1.7 3.92
BL-9EX (v/v) 0.025% 11.9 + 0.9 16.1 + 0.7 1.94
0.05% 12.7 £ 0.7** 158 + 04 1.49
0.1% 14.2 + 0.8 14.6 + 0.5* 0.92
Brijo7 (vjv) 0.025% 10.9 + 0.7* 208 + 0.4 1.91
0.05% 11.0 + 0.9* 176 + 1.0 1.59
0.1% 15.9 + 1.8** 154 + 14 0.97
Cyclosporin A 20 uM 17.0 + 1.1** 14.2 + 0.6* 0.84
Prednisolone (0.2 mM) Control 7.17 £ 0.28 153 + 1.8 213
BL-9EX (v/v) 0.025% 12.9 + 0.6™* 13.2 £ 0.7 1.02
0.05% 154 + 0.6™* 11.8 + 0.9* 0.76
0.1% 12.6 £ 0.7 10.8 + 0.6* 0.86
Brij97 (v/v) 0.025% 9.49 + 0.50 11.8 + 1.1 1.25
0.05% 9.99 + 0.44* 8.75 + 1.27** 0.88
0.1% 10.1 + 04* 104 + 0.3* 1.03
Cyclosporin A 20 uM 10.5 + 0.72* 7.54 + 0.38** 0.72
CF Control 5.93 + 0.61 6.45 + 0.83 1.08
BL-9EX 0.1% (v/v) 5.57 + 0.24N5 5.95 + 0.55N5 1.06
Brij97 0.1% (v/v) 533 + 0.37NS 5.78 + 0.73N 1.08

**p < 0.01; *p < 0.05, compared with the control.
N.S., no significant difference.

@ Effects of Brij97 (polyoxyethylene 10-oleyl ether) and BL-9EX (polyoxyethylene 9-lauryl ether) on apparent permeability of quinidine and prednisolone across rat in-
testinal membranes were determined by an in vitro diffusion chamber method. The samples were collected at 15, 30, 45, 60, 75, 90, and 120 min. The concentrations of

quinidine and prednisolone were measured by HPLC.
b Results are expressed as the mean + standard error of at least 3 experiments.

specific for the substrates of P-gp, we examined the effects of
2 polyoxyethylene alkyl ethers on the intestinal transport of CF, a
non-P-gp substrate that was used as a negative control and a
model of the paracellular marker compound. As shown in Table 1,
the absorptive and secretory transport of CF was not significantly
enhanced or reduced by the presence of 2 polyoxyethylene alkyl
ethers in jejunal membranes. Moreover, the ER of CF was similar
with and without the addition of 2 polyoxyethylene alkyl ethers.
Therefore, these results suggest that the effects of 2 polyoxy-
ethylene alkyl ethers on the intestinal transport of drugs were
specific to P-gp substrates. Overall, these findings indicate that
these specific surfactants can decrease in ERs of P-gp substrates in
the rat intestine, due to the inhibition of P-gp activity in this
study.

Effects of Polyoxyethylene 10-Oleyl Ether and Polyoxyethylene
9-Lauryl Ether on the Permeability of Quinidine in Caco-2 Cell
Monolayers

Figure 3 and Table 2 show the effects of polyoxyethylene
10-oleyl ether and polyoxyethylene 9-lauryl ether on the trans-
port of quinidine in Caco-2 cell monolayers. Figures 3a and 3b
show that for quinidine alone, the basolateral-to-apical (B-A)
transport was higher than the apical-to-basolateral (A-B) trans-
port, with an ER of 16.79 (Table 2). These results indicate that the
transport of quinidine across Caco-2 cell monolayers had a similar
tendency as in the in vitro diffusion chamber system, in which
quinidine was preferentially transported in the secretory
direction.

Figures 3a and 3b also show that polyoxyethylene 10-oleyl ether
and polyoxyethylene 9-lauryl ether at 0.01% (v/v) decreased the B-A
transport of quinidine compared with the control group, whereas
they increased the A-B transport of quinidine. In addition, the Papp
values calculated for this transport study are shown in Table 2.
When these 2 polyoxyethylene alkyl ethers were applied to both
sides of Caco-2 cell monolayers, the Papp(A — B) values of quinidine

significantly increased and the Papp(B —A) values remarkably
decreased. The EfR of quinidine decreased to 7.90 and 6.95 in the
presence of polyoxyethylene 10-oleyl ether and polyoxyethylene
9-lauryl ether, respectively, compared with the EfR of the control
group. Thus, these findings suggest that the 2 polyoxyethylene alkyl
ethers might reduce the function of P-gp in Caco-2 cell membranes
as well as the rat small intestinal membrane.

Effects of 2 Polyoxyethylene Alkyl Ethers on the Intestinal Absorption
of Prednisolone by an In Situ Closed-Loop Study

In order to evaluate whether polyoxyethylene alkyl ethers could
also enhance the in vivo intestinal absorption of P-gp substrates in
rats, we examined the effects of polyoxyethylene 10-oleyl ether
and polyoxyethylene 9-lauryl ether on the intestinal absorption
of prednisolone by an in situ closed-loop method. As shown in
Figure 4, the plasma concentrations of prednisolone were mark-
edly increased by the addition of 0.05% (v/v) polyoxyethylene
10-oleyl ether and polyoxyethylene 9-lauryl ether. The relevant
pharmacokinetic parameters of prednisolone in the presence or
absence of these 2 polyoxyethylene alkyl ethers are indicated in
Table 3. The Cpax of prednisolone with polyoxyethylene 10-oleyl
ether and polyoxyethylene 9-lauryl ether was 3.38- and 3.85-fold
higher, respectively, than that of the control group. Moreover, the
AUCp-240 min increased by 2.42- and 2.53-fold in the presence of
these 2 polyoxyethylene alkyl ethers, respectively, compared with
that of the control group. We also evaluated the effects of poly-
oxyethylene 10-oleyl ether and polyoxyethylene 9-lauryl ether
on intestinal absorption of quinidine (data not shown). The
AUCp-240min Values of quinidine in the presence of polyoxyethylene
10-oleyl ether and polyoxyethylene 9-lauryl ether (0.05%, v/v) were
50,600 + 874 ng-min/mL and 50,100 + 774 ng-min/mL, respec-
tively, which were much higher than the AUC value of quinidine in
the control (20,200 + 344 ng-min/mL). Therefore, the improve-
ment of small intestinal absorption of P-gp substrates, in the
presence of these 2 polyoxyethylene alkyl ethers in in vivo and
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Figure 3. Time course of quinidine transport across Caco-2 cell monolayers in the absorptive directions (A-B) (a) and secretory directions (B-A) (b) in the absence or presence
of 0.01% Brij97 (polyoxyethylene 10-oleyl ether) and BL-9EX (polyoxyethylene 9-lauryl ether). Keys: (O) quinidine control; (M) 0.01% Brij97 (polyoxyethylene 10-oleyl ether);
(A\) 0.01% BL-9EX (polyoxyethylene 9-lauryl ether). Results are expressed as the mean =+ standard error of at least 3 experiments.

in vitro studies, may be attributed to the inhibition of the function
of P-gp efflux transport.

Membrane Damage by 2 Polyoxyethylene Alkyl Ethers in the Rat
Small Intestine

Assays for LDH and the release of protein were performed to
evaluate membrane damage by polyoxyethylene alkyl ethers in
the small intestine by an in situ closed-loop experiment. We used
0.05% (v/v) polyoxyethylene 10-oleyl ether and polyoxyethylene
9-lauryl ether for membrane damage studies because this con-
centration was used for the in vitro and in vivo intestinal absorp-
tion studies as described previously. As shown in Figures 5a and
5b, the activity of LDH and the amount of protein released were
not significantly different compared with the control. In contrast,
these biological parameters significantly increased in the presence
of 3% (v/v) Triton X-100, a positive control, compared with the
control and 2 polyoxyethylene alkyl ether groups. These findings
indicate that polyoxyethylene 10-oleyl ether and polyoxyethylene
9-lauryl ether might not cause intestinal membrane damage,
implying that the enhancement of intestinal absorption of P-gp
substrates was probably due to the reduction of the P-gp function

Table 2
Effects of Brij97 (Polyoxyethylene 10-Oleyl Ether) and BL-9EX (Polyoxyethylene
9-Lauryl Ether) on the Permeability of Quinidine Across Caco-2 Cell Monolayers®

Drug Excipient Papp( x 10~%cm/s)" EfR
A-B B-A

Quinidine (10 uM) Control 1.57 £ 0.19 26.6 +0.83 16.8

Brijo7 0.01% (v/v) 2.27 +0.65* 179+ 1.92* 7.90

BL-9EX 0.01% (v/[v) 2.14+0.35* 14.8+1.65" 6.92

**p < 0.01; *p < 0.05, compared with the control.

2 Effects of Brij97 (polyoxyethylene 10-oleyl ether) and BL-9EX (polyoxyethylene
9-lauryl ether) on apparent permeability coefficients (P,pp) of quinidine across Caco-
2 cell monolayer were examined. The samples were collected at 15, 30, 60, 90, and
120 min, and the concentrations of quinidine were measured by HPLC.

b Results are expressed the mean + standard error of at least 3 experiments.

by polyoxyethylene 10-oleyl ether and polyoxyethylene 9-lauryl
ether.

Effects of 2 Polyoxyethylene Alkyl Ethers on Intestinal Membrane
Fluidity

To elucidate the mechanisms of P-gp inhibition by 2 polyoxy-
ethylene alkyl ethers, intestinal membrane fluidity was measured
by fluorescence polarization. P-gp is sensitive to the lipid envi-
ronment and might be involved in lipid trafficking and meta-
bolism.>® In this study, we used the fluorescent probes DPH,
Tma-DPH, and DNS-CL, which label specific parts of membrane
bilayers, to evaluate the effects of polyoxyethylene 10-oleyl ether
and polyoxyethylene 9-lauryl ether on the intestinal membrane

300
-O- Prednisolone

- 0.05% (v/v) Brij97
250 } —&— 0.05% (v/v) BL-9EX

Plasma concentration (ng/ml)

ol L L L s L ;
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Figure 4. Effects of 0.05% of 2 polyoxyethylene alkyl ethers on plasma concentration-
time profiles of prednisolone (5 mg/kg) in rat small intestine by an in situ closed-loop
study. Keys: (O) prednisolone control; () 0.05% Brij97 (polyoxyethylene 10-oleyl
ether); ( A) 0.05% BL-9EX (polyoxyethylene 9-lauryl ether). Results are expressed as
the mean + standard error of at least 3 experiments.
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Table 3

3675

Effects of Brij97 (Polyoxyethylene 10-Oleyl Ether) and BL-9EX (Polyoxyethylene 9-Lauryl Ether) on the Pharmacokinetic Parameters of Prednisolone After Its Administration

Into Intestine by an In Situ Closed-Loop Method*

Group Cnax (ng/mL)" Timax (min)® AUCq_240min (ng-mL'-min)® EhR
Prednisolone 68.7 + 9.67 15.0 £ 5.0 8580 + 649 -

Brij97 0.05% (v/v) 232.1 + 18.6** 30.0 + 10.0N5 20,800 + 691** 2.42
BL-9EX 0.05% (v/v) 264.5 + 12.4** 15.0 = 5.0NS 21,700 + 730** 2.53

**p < 0.01; *p < 0.05, compared with the control.
N.S., no significant difference.

@ Effects of Brij97 (polyoxyethylene 10-oleyl ether) and BL-9EX (polyoxyethylene 9-lauryl ether) on the intestinal absorption of prednisolone were examined by an in situ
closed-loop method. Prednisolone was administered at a dose of 5 mg/kg to the rat intestinal loop and the blood samples were collected at 15, 30, 60, 90, 120, 180, and 240 min

after administration. The concentrations of prednisolone were measured by HPLC.
b Results are expressed as the mean + standard error of at least 3 rats.

fluidity of BBMVs. DPH is a fluorescent probe to measure the
fluidity of the hydrophobic core of the inner lipid bilayer, Tma-
DPH probes the fluidity of the polar head group region of the
outer lipid bilayer,*° and DNS-CL was used as a fluorescent probe
to access the protein in the membrane.?' As shown in Figures 6a,
6b, and 6¢, we firstly used cholesterol, which is a well-known
membrane rigidizer, as a positive control to confirm whether
this system was suitable for evaluating the membrane fluidity of
BBMVs. The fluorescence polarization of DPH, Tma-DPH, and
DNS-CL was markedly increased by 200 uM cholesterol, reflecting
a decrease in membrane fluidity. These results indicate that the
effects of pharmaceutical excipients on intestinal membrane
fluidity of BBMVs could be evaluated by this system. We also
observed that the polarization of these 3 fluorescence probes was
significantly decreased by the addition of different concentrations
(0.01-0.1%, v/v) of these 2 polyoxyethylene alkyl ethers, compared
with that of control group. The polarization of DPH was especially
reduced in the presence of these polyoxyethylene alkyl ethers.
These findings suggest that polyoxyethylene 10-oleyl ether and
polyoxyethylene 9-lauryl ether might increase the membrane
fluidity of lipid bilayers and the protein portion of the membrane,
especially the fluidity of the hydrophobic core of the inner lipid
bilayers.

Effects of 2 Polyoxyethylene Alkyl Ethers on P-gp ATPase Activity

The other mechanism of P-gp inhibition by polyoxyethylene
10-oleyl ether and polyoxyethylene 9-lauryl ether examined in this
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study was reduction of P-gp ATPase activity. It is well known that
P-gp transport is ATP dependent, so the reduction of P-gp ATPase
activity might inhibit P-gp function. We used human MDRI1
membranes in an inorganic phosphate assay to evaluate the effects
of these 2 polyoxyethylene alkyl ethers on P-gp ATPase activity. As
shown in Figure 7a, the activity of P-gp ATPase decreased in the
presence of 0.05% (v/v) polyoxyethylene 10-oleyl ether and poly-
oxyethylene 9-lauryl ether, compared with the control groups
(PBS). On the other hand, the P-gp ATPase activity increased in the
presence of 50 uM verapamil, a positive control, compared with the
control group and 2 polyoxyethylene alkyl ethers groups. Further-
more, in order to determine the effects of polyoxyethylene 10-oleyl
ether and polyoxyethylene 9-lauryl ether in the presence of P-gp
substrate on the P-gp ATPase activity, we also evaluated the effects
of these 2 polyoxyethylene alkyl ethers with quinidine, a P-gp
substrate, on the P-gp ATPase activity. As shown in Figure 7b, we
observed polyoxyethylene 10-oleyl ether and polyoxyethylene
9-lauryl ether significantly reduced P-gp ATPase activity as well as
in Figure 7a, indicating that these surfactants could also reduce the
P-gp ATPase activity in the presence of P-gp substrate. These results
indicate that polyoxyethylene 10-oleyl ether and polyoxyethylene
9-lauryl ether were able to reduce the activity of P-gp ATPase,
thereby inhibiting the function of P-gp.

Discussion

In the present study, we evaluated the effects of polyoxy-
ethylene 10-oleyl ether and polyoxyethylene 9-lauryl ether on the
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Figure 5. Membrane toxicity of 0.05% Brij97 (polyoxyethylene 10-oleyl ether) and BL-9EX (polyoxyethylene 9-lauryl ether) in the rat small intestine by an in situ closed-loop study.
(a) The membrane damage was determined by measuring LDH assay. (b) The membrane damage was determined by measuring the amount of protein released from the small
intestinal membranes. Each result represents the mean + standard error of 3-4 experiments. **p < 0.01; N.S., no significant difference compared with the control.
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Figure 6. Effects of different concentrations of Brij97 (polyoxyethylene 10-oleyl ether) and BL-9EX (polyoxyethylene 9-lauryl ether) on BBMV intestinal membrane fluidity.
(a) Fluorescence anisotropy of the intestinal membrane labeled with DPH as a probe. (b) Fluorescence anisotropy of the intestinal membrane labeled with Tma-DPH as a probe.
(c) Fluorescence anisotropy of the intestinal membrane labeled with DNS-CL as a probe. Each result represents the mean + standard error of 4 experiments. **p < 0.01; *p < 0.05,

compared with the control.

intestinal absorption of quinidine and prednisolone via in vitro and
in vivo studies. We found that these surfactants increased the
absorptive transport of quinidine and prednisolone and decreased
their secretory transport by an in vitro diffusion chamber system. As

shown in Table 1, the efflux ratios of quinidine and prednisolone in
the control studies are 3.92 and 2.13, which are almost similar to
the efflux ratio of rhodamine 123 estimated in the previous
studies.?! Therefore, these findings suggested that quinidine and
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Figure 7. Effects of 0.05% Brij97 (polyoxyethylene 10-oleyl ether) and BL-9EX (polyoxyethylene 9-lauryl ether) on P-gp ATPase activity in human MDR1 membranes. (a) 0.05% Brij97
(polyoxyethylene 10-oleyl ether) and BL-9EX (polyoxyethylene 9-lauryl ether) were dissolved in PBS. (b) 0.05% Brij97 (polyoxyethylene 10-oleyl ether) and BL-9EX (polyoxyethylene
9-lauryl ether) were dissolved in 0.1 mM quinidine. Each result represents the mean + standard error of 4 experiments. **p < 0.01 compared with the control.
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prednisolone, which are also P-gp substrates, might be transported
via a P-gp-mediated transport system as well as rhodamine123 in
the diffusion chamber experiment. Furthermore, we found that
polyoxyethylene 10-oleyl ether and polyoxyethylene 9-lauryl ether
could decrease the efflux ratio of quinidine and prednisolone, as
shown in Table 1. In our previous report, we already confirmed that
polyoxyethylene 10-oleyl ether and polyoxyethylene 9-lauryl ether
could decrease the efflux ratio of rhodamine123 in the diffusion
chamber studies.’! Therefore, these findings suggested that these
2 polyoxyethylene alkyl ethers might inhibit the function of P-gp in
the intestine, thereby reducing the efflux ratios of quinidine and
prednisolone as well as rhodamine 123.

Moreover, in our previous studies, PEGs could reduce the efflux
ratios of quinidine and prednisolone in the intestine.>> Namely, Shen
et al. reported that the efflux ratio of quinidine in the control was
2.50 but was significantly reduced to 1.14 in the presence of 0.1% PEG
20,000. Similar results were also observed in the efflux ratio of
prednisolone (control; 1.90, with 0.1% PEG 20,000: 1.17). Based on
these findings, these 2 polyoxyethylene alkyl ethers have similar
inhibitory actions of P-gp function in the intestine as well as PEGs.

Furthermore, through the Caco-2 cell monolayer experiment, in
the presence of polyoxyethylene 10-oleyl ether and polyoxy-
ethylene 9-lauryl ether, B-A transport of quinidine decreased,
whereas A-B transport increased, and the EfR values of quinidine
were reduced from 16.79 to 7.90 and 6.92, respectively (Fig. 3 and
Table 2). In previous reports, polyoxyethylene glycol dodecyl ether
facilitated the absorptive transport of B12H in Caco-2 cells by
modulating P-gp-mediated drug efflux,'” and polyoxyethylene
lauryl ether increased the intracellular accumulation and trans-
epithelial flux of epirubicin in Caco-2 cells via the inhibition
of intestinal P-gp.'” In addition, polyoxyethylene 10-oleyl ether
enhanced the accumulation of *H-PTX in P-gp-overexpressed MDR
cells.”® Therefore, polyoxyethylene 10-oleyl ether and polyoxy-
ethylene 9-lauryl ether, which has a similar structure to polyoxy-
ethylene glycol dodecyl ether and polyoxyethylene lauryl ether,
might enhance the intracellular concentration of P-gp substrates in
Caco-2 cells via inhibition of the P-gp transport function.

We also investigated the effects of 2 polyoxyethylene alkyl
ethers on the intestinal absorption of P-gp substrates in in vivo
studies and in vitro studies, to confirm that they could have the
contribution for the clinical use. It was reported previously that the
average absolute bioavailability of quinidine and prednisolone was
about 72% and 70% in humans, respectively.*>** However, in the
presence of polyoxyethylene 10-oleyl ether and polyoxyethylene
9-lauryl ether, the Cpax and AUCg.240 min Of prednisolone (Fig. 4
and Table 3) and quinidine (data not shown) were significantly
increased. Moreover, in the previous studies, polyoxyethylene
10-oleyl ether and polyoxyethylene 9-lauryl ether could enhance
the intestinal absorption of rhodamine 123.2' Therefore, these
findings suggest that polyoxyethylene 10-oleyl ether and poly-
oxyethylene 9-lauryl ether might enhance the intestinal absorption
of P-gp substrates in in vivo study and in in vitro study.

Moreover, in the previous studies, we found that polyoxy-
ethylene 9-lauryl ether (hydrophile lipophilic balance [HLB] 14.5),
polyoxyethylene glycol dodecyl ether (HLB 16), and polyoxy-
ethylene 10-oleyl ether (HLB 12.4) could increase the intestinal
transport of rhodamine 123 and might significantly inhibit the
function of P-gp in the intestine.'>?! Moreover, our previous
studies also showed that the molecular weights of polyoxy-
ethylene alkyl ethers might be one of the important factors
affecting the intestinal absorption of rhodamine 123. Thus, we
considered the relationship between the molecular weights of
polyoxyethylene alkyl ethers and their inhibitory effects on the
function of P-gp, suggesting that the molecular weights between
300 and 700 might affect the function of P-gp.?' Therefore,

polyoxyethylene alkyl ethers, which have the HLB values between
12 and 16 and the molecular weights between 300 and 700, might
be suitable to inhibit the function of P-gp in the intestine. On the
other hand, it was previously reported that polyoxyethylene alkyl
ethers with a linear PEG chain as their hydrophilic region could
inhibit the function of P-gp.'®'” Based on these findings, we
concluded that polyoxyethylene alkyl ethers, which have the
suitable HLB values, the molecular weights and the structure of a
linear PEG chain as their hydrophilic region, might inhibit the
function of P-gp in the intestine.

One possible mechanism for the absorption-enhancing effects
of these 2 polyoxyethylene alkyl ethers is that these surfactants
might increase the intestinal transport of P-gp substrates via a
paracellular pathway. In order to confirm this possibility, we used
CF, a well-known non-P-gp substrate and a paracellular marker
compound in this study. As shown in Table 1, the Papp and ER
values of CF were not changed in the presence of 2 polyoxy-
ethylene alkyl ethers, suggesting that polyoxyethylene 10-oleyl
ether and polyoxyethylene 9-lauryl ether might not affect the
intestinal transport of CF. Additionally, in our previous studies,
polyoxyethylene 10-oleyl ether and polyoxyethylene 9-lauryl
ether did not reduce TEER, as an index of opening the tight
junction of the intestinal epithelium.?’ Moreover, the intestinal
absorption of CF with BL-9EX was not significantly changed by in
situ intestinal absorption studies.?! These results suggest that
polyoxyethylene 10-oleyl ether and polyoxyethylene 9-lauryl
ether at this concentration might not loosen the tight junction
of the intestinal epithelium and might not increase the intestinal
absorption of quinidine and prednisolone via a paracellular
pathway. Therefore, these 2 polyoxyethylene alkyl ethers might
inhibit the function of P-gp in the intestine, thereby increasing
the intestinal transport of P-gp substrates.

Alternatively, it is possible that 2 polyoxyethylene alkyl ethers
may cause the intestinal membrane damage and enhance intes-
tinal absorption of P-gp substrates. However, polyoxyethylene
10-oleyl ether and polyoxyethylene 9-lauryl ether had no effect on
the activities of LDH and the amount of protein compared to the
control group, although these toxicological markers increased in
the presence of 3% (v/v) Triton X-100, a positive control (Fig. 5).
These results indicate that the enhancement of intestinal absorp-
tion of P-gp substrates by polyoxyethylene 10-oleyl ether and
polyoxyethylene 9-lauryl ether might not be caused by intestinal
membrane damage. Thus, polyoxyethylene 10-oleyl ether and
polyoxyethylene 9-lauryl ether at a low concentration could be
considered to be safe P-gp modulators to increase the intestinal
absorption of P-gp substrates.

Furthermore, the mechanisms of P-gp inhibition by these 2
polyoxyethylene alkyl ethers were also investigated in this study.
Most nonionic surfactants that inhibit P-gp change membrane
fluidity.>>?® In previous studies, Tween 80, Cremophor EL,
vitamin E a-Tocopheryl polyethylene glycol 1000 succinate, and
Pluronic P85 were found to affect membrane fluidity.>®*° How-
ever, few studies have examined the effect of polyoxyethylene
alkyl ethers on membrane fluidity in the intestine. Additionally, it
is well known that P-gp is an ATP-dependent transporter and that
the amount of intracellular ATP and ATPase activity can affect the
function of P-gp. Batrakova et al.>’ suggested that Pluronic P85
reduces intracellular ATP, and Tang et al.'® determined that pol-
yoxyethylene 10-oleyl ether and polyoxyethylene 20-stearyl ether
could induce a significant decrease in ATP in drug-resistant cells
and inhibit verapamil-induced ATPase activity. Therefore, the ef-
fects of 2 polyoxyethylene alkyl ethers on membrane fluidity and
P-gp ATPase activity were examined in this present study.

As shown in Figures 6a, 6b, and 6¢, we observed that in the
presence of different concentrations of 2 polyoxyethylene alkyl
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ethers, the fluorescence polarization of DPH, Tma-DPH, and DNS-
CL was markedly reduced compared with that of the control
groups. These results suggest that polyoxyethylene 10-oleyl ether
and polyoxyethylene 9-lauryl ether might increase the membrane
fluidity of lipid bilayers and the protein portion of the membrane,
especially the fluidity of the hydrophobic core of the inner lipid
bilayers, because the maximal reducing effect was observed in the
fluorescence polarization of DPH, a probe of the inner lipid
bilayers.

However, we did not observe concentration-dependent reduc-
tion of intestinal membrane fluidity with 2 polyoxyethylene alkyl
ethers. The reason for this observation may be related to critical
micelle concentration, because surfactants can form micelles that
interact with and entrap drugs. Indeed, our preliminary studies
suggest that polyoxyethylene 9-lauryl ether and polyoxyethylene
10-oleyl ether at concentrations above 0.1% can form micelles, and
the probes might be incorporated into micelles, affecting fluores-
cence anisotropy. Moreover, the effects of polyoxyethylene 9-lauryl
ether and polyoxyethylene 10-oleyl ether on P-gp ATPase activity
are also important which could affect the concentration-dependent
membrane fluidity. Therefore, P-gp ATPase activity was examined
in the present study.

As shown in Figures 7a and 7b, polyoxyethylene 10-oleyl ether
and polyoxyethylene 9-lauryl ether markedly reduced P-gp ATPase
activity in human MDR1 membranes, with or without quinidine.
These findings suggest that 2 polyoxyethylene alkyl ethers can
reduce the activity of P-gp ATPase in the intestinal membranes
irrespective of the existence of P-gp substrate. Regev et al.”’ found
that the inhibition of P-gp ATPase activity was associated with
enhancement of membrane fluidization. Li et al.** indicated the
alteration in P-gp ATPase activity has been related to the nature of
the membrane fluidity change which resulted in a conformation
change and an allosteric modulation of the P-gp or steric blocking
of substrate binding. This was further confirmed by the present
findings that polyoxyethylene 10-oleyl ether and polyoxyethylene
9-lauryl ether had effects on both membrane fluidity (Fig. 6) and
P-gp ATPase activity (Fig. 7). Thus, we suggest that these 2 poly-
oxyethylene alkyl ethers might increase intestinal membrane
fluidity and decrease P-gp ATPase activity, which could regulate the
intestinal transport of P-gp substrates.

Conclusions

Through in vitro and in vivo studies, we have demonstrated that
polyoxyethylene 10-oleyl ether and polyoxyethylene 9-lauryl ether
can affect the function of the P-gp efflux transporter, resulting in
enhanced intestinal absorption of P-gp substrates. Moreover, the
mechanisms of P-gp inhibition by polyoxyethylene 10-oleyl ether
and polyoxyethylene 9-lauryl ether might be due to the alteration
in intestinal membrane fluidity and the inhibition of P-gp ATPase
activity.
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