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ALN
AUC
BA
BBMVs
BCS
BP

C10
Caco-2
CD

CF

Crnax
CMC
DAPI
DMEM
DNS-CI
DPH
DTT
EDTA
EGTA
ER
FAK
FBS

FD
GOD
HBS
HCO-60
HEPES
HPLC
LDH
mHBSS
NEAA

area above the curve

adherence junction

alendronate

area under the curve

bioavailability

brush border membrane vesicles
biopharmaceutics classification system
bisphosphonate

capric acid

colon adenocarcinoma-2

circular dichroism
5(6)-carboxyfluorescein

peak concentrations

critical micelle concentration
4,6-diamidine-2-phenylindole dihydrochloride
Dulbecco’s modified eagle’s medium
dansyl chloride
1,6-diphenyl-1,3,5-hexatriene
dithiothreitol
ethylenediamine-N,N,N',N'-tetraacetic acid
ethylenebis (oxyethylenenitrilo) tetraacetic acid
absorption enhancement ratios

focal adhesion kinase

fetal bovine serum

fluorescein isothiocyanate-dextran
glucose oxidase

Hank’s balanced salt

hydrogenated castor oil-60
2-[4-(2-hydroxyethyl)-1-piperazinyl] ethanesulfonic acid
high performance liquid chromatography
lactate dehydrogenase

modified Hank’s balanced salt solution

non-essential amino acid solution



NOC7 1-hydroxy-2-oxo-3-(N-methyl-3-aminopropyl)-3-methyl-1-triazene

PA pharmacological availability

Papp apparent permeability coefficient

PBS phosphate buffered saline

PEG polyethylene glycol

PKC protein kinase C

PVDF polyvinylidene difluoride

S.E. standard error of mean

SDS sodium dodecyl sulfate

SNAC sodium N-[8-(2-hydroxybenzoyl) amino]caprylate
TBS tris-buffered saline

TBS-T Tris-buffered saline-Tween 20

TCA trichloroacetic acid

TEER transepithelial electrical resistance

TFA trifluoroacetic acid

TJ tight junction

tma-DPH 1-(4-trimethyl-ammoniumphenyl)-6-phenyl-1,3,5-hexatriene r-toluenesulfonate
Tmax time to reach the peak concentrations

Tris tris (hydroxymethyl) aminomethane

Z0 zonula occludens
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EHEGOROKE T, WAL DR &, FEERICERKRSNEECTH DL Z &, HILE
D20 DRIGHHEN LG 72 EMORE I bR THD Z &, ERAIL Y bEAEEOEY O
R FREZ Z & D A4 HOHEYIERICE W TR BILH SN TV DGR Th 5 12, BifE,
H A CHEAM A BN STV D RIS, PHEE, 3E, SMHEE (BE, A, ASE 9
MNEEZR &) KON, EHAZEANC S LN 1 7 4 TRELLZMEO S B, WREICHHE
SNDEHMITK 60% (K 9 TanH) ¥ L2 LD 3, —FH RAKGDOREE LT,
1) HEENO BRSO DI L > T, EHORINESLRIGHENEASND Z &
2) ML EZ# T 2HANH D Z L, 3) WASRERD R VEESE, T RXTOAFITHATE
DTN & 4) WIERIZBEAZENH D Z & 5) HLENIZIEM D i S 0T 0B
BETHDZ L. 6) AMFAFIHZR (bioavailability; BA) DIXRWEMNIFIEST D Z ERZET B
% HALRE b Rz AR 13 M0 i fE) B2 5§ 3% (e.g. adherence junction; AJ) % &G A (tight
junction; TJ) ICRFE SN DY THEBENAAET D 2 L2640 3 2% 0 AN LT D BRITIE,
6) OERIC LV BT REE L 72 D358 IEFITZ U,

—J7, invitro 72 5N insilico OFHERIZEH W CIIITED E I BRI OFRRIZ LV |
HAY OFEREEAN R LT, mWAEBNEMEZ A3 2 BRI C & & @ iE > B8 THRR
HZEWAREL 2D oo H D T8, T LEmWERENEAZ AT OIWE L LT, SHE. ik,
NRXTF R« ZURTEEPREFT N0, ZRHIEIEROES 7L e L el LT, #ukiY
Ve, Do fhe, BEEHRYE, @R ERDMNNRH D, KRS, XTF R - Z o7 PEERKMT
SRR AEBEEEZ AT 2 b 00, KRS 7 Th 5 72 DIZBEE M I AR < BEES
iR %2 F DT DERNTOLREELE LRV, F2, B LERIUL T > AR—
=BT 5 —E#OBIMIH DL OO, EITIEMRE & BEEEIC L > THES S, L-
Mo T, EOREOEMIESCIELE RN A2 AT HUE, HoR2RO0BIRERRAEND D), &
TTFFRGIH L B OND O+ BT 20BN H 5, £ 2T, EEMEEYDOUTR
PR BEMEIC L > TbEWE 4 DO 2 F A2 ¥ 7 % biopharmaceutics classification
system (BCS) 3% 7%, [EIEMBHFEMSGICIUD AL 9 &2 A1 H D (Fig. 1), FEEE, EHK
i DEMIE A & 72 D b DI, Class 1| 238 S5 BREfRIE(LE W £ 721 Class 1l 125357
SN D EEFEEMALEY &2 D5 EE, WFEDIKV BCS Class Il (23 S5 1bEaW)
DY, HLEN TOBFRRENSRINOEE L 705, b WITxd 5 BAIREEE & L
TIE, YOI EAL., T/ Rk, BRI BAROFI] & v o 7o BEHIEIE 2350 5 70TV D 23,
INHDT 7T —=FIZONTIEZ Ot L & bIZ, HiEmPLIh->ob5, Ll
N6, IREREOFHEMEICHEDOH 5 BCSClass Il (20 SN AILEMOLEIX. KO EE
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Bz T2 2 ENIEFICEETH D,
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Fig. 1 The biopharmaceutics classification system (BCS) as defined by the Food and Drug
Administration (FDA).
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T&E T2, TR E LT 1) WIRHERR & o 7R 7 45 Rl S5 B E I 722 & RIFIE N R 1217
2) W) OLFHEE OER 1820, 3) M OHIAER 22 EDRET S TR Y | B AAl ORI
I I Z I ZDle D, ZbHiEwmOHF T, 1) WIRERE O EIELINAI ORI A,
FINCIRAET 2T CHRBHF[TELLWOIREBEART S, T7Rhbb, KEITHANRES T
HY | MBENVEMITEATED LW ORELG, REAEZEE LIENmC =2 X MaElck
WCUIROAERT 70 —FThbHEBEZHND5 B8, BIEE TIZ, ¥ L— M2, B %8,
FmEiETER 2, RO *° F0WUEERIOF AEIZOWTHESIN TS DD, H%)
PED ORI L CREFEEZBET 22 620, Lend> T, WRIEER
D EMLENE ampicillin <> ceftizoxime O/NEHAFIOTMNY & LT H 5 5RO 7
7Y Vg (CL10)%, 72 5 NS semaglutide OOF% L BLFNZHRIN & AL T 5 SR I FR 5 AR
sodium N-[8-(2-hydroxybenzoyl) amino]caprylate (SNAC)®%2 @ 2 flIICE > T\ 5, LIzh -
T, ARMEDREWIZT TR < LMD @ WETHIR IR ER] O BAFE 72 & DN F Al 23 FE & 12 &
HEThoHE&EZDLND,

AWFFETIT CL0 BEMLEN TS Z LIZHER L, F&IL C10 Db Il L1k
BWTEINER L EMEDBLE N D BEAULICORN D AN H D L EXxT-, Thbb, & 1
FIZBW TR, REWNRRTF FEEELTH S insulin 27 L3 & LCER L, insulin
DOV LE W ZIET 3 FEHOEMEE & 6 FEOBMEET A7 L ORIMEENFIZ OV T
MEf Lo £7o. RIS RG-S BRSO bR fE & O BRI RE 12 31T 2 W
WAL, ABEEME D E O EEY)SCRE B I LV fik S D Y OFE R TdH 5 transcellular
route &, JKVEMED B IEY) O Bk Tl S5 Y OFEEMEE Tod 5 paracellular route
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LB OTFGICHERT L & L bic, BEERLEEMELE W72 insulin OMPEICKTT 25
Bz BAFORINAITH D CLl0 &l L7eh Hiet L7z,

S HIZH 2 BT, Friz 2 8iAIRE S LT Labrasol® OBFHEHRACE H L7z, Labrasol® (%,
Z DOIEIEIT polyglycolysed Co—Cis glycerides & & TeRFITRIMP) T 0 | HEKD b IEFRAH B &
L T microemulsion ZEDMLFIZFIHA SN TWD, 5 1 BTHRF LA 7V VBEP LEmIX
H—bEWToh % —77, Labrasol® (Zi7Hf glyceride %% B iRAHAITH D, & HITHEHE,
Labrasol® OfEA & U C—E O EERINMESKM 5T 2 IEE RINPESGEER b s ST
HTEMDH, HEHEED TWARMNAIO—>THDH, LU s, Labrasol® (ZFEEL L 7= Hd
F OWMAREN R OME 1T D72 < EOWIEERIEICEE L CIIRIEARAR SR L, 22
T, Labrasol® #H—7MbAEWE L CERT LI LIXHREETH 203, £ DRSO P EHAR
Wil AT vEegteZ b, OB 7Y VBELILEMEBZAH 2L HTE D, i 2 &
TIIER & 22BN K ONBOKPERRAL 2 6 D BA 2 @I L. 24 & OFEERIESED) (54 2 Wk
IR ERh R bl L7z, 7726, 5 2 & 1 #iTlX, insulin, 5(6)-carboxyfluorescein (CF),
fluorescein isothiocyanate-dextran (FD), M Y bisphosphonate (BP) ™ —->Td % alendronate
sodium (sodium 4-amino-1-hydroxybutylidene-1,1-bisphosphonate trihydrate: ALN) % #E £ 5
VR & UCGRIR L, BB ICE1T 5 Labrasol® KON @ B LA D WA %2 5t 2 FEAm 3~
HEEbHIT, B 2 BH 2 fiCIEEORIMEEREICOWTHRE Lz, BLT, SO 7aiER
Z 2 BEiIZblzVimikd 5,
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B 1E 7Y UBROZOELUEEMICE S insulin DHLERIE DL EF
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WA, BAR TR TS OBV LHIR OESITEN, 2 ORTF R« X o7 HEERK
MBERISHEN TS B IR GERMIIEN CHREINDZ2ON I TH D0 ¥, IR
TReT 7o AEZETDHERAOBKGERANEEND O, LLRA5, insulin IZRE S
HRTF R o XXy PEEESOREIIRE D EGIZITE LTy, Thebh b EK
PV IV L E PICAFIET D & 2 X0 53l 70 E OFfix OFFFRIZ L > THMS T 0 &R
HILEWRIEDENRR & 725 TV0D, THOEYOEETIZEENDH T F MiEAITE, B
i35 Cd 5 chymotrypsin <° trypsin 72 £ proteases |2k > TSN 5720, ZHHDE
FATHEE D DRI SN ARNCEEE N OHERT 2 Z Mo Tnsd, £z, — i
1357 75 500~600 FRENHLEICBWTHaRRIAE LD EIRTH D EEX BT
L3, insulin D4y F-EITK 6000 & RKE W ENSIHLE ERIEH OILEGEE N EL 72D
ZEHIEWIRIMED—KTH 2 %,

— 07, LLRID & RE NG ERRE I X WU 38 DO I % e 9~ DU (WIUEER]) & L&
HaInTx7, BRICER TERE SN TWHRIEERTH D CL10 X° SNAC & EDHIFLT
IF72\0, LarL7edi b, CL0 (ZHEL L 72 b &N DWW TR EE D R A s L 7=l 72
<. IR ERAE © AHZ2 8032, 70 C10 Db EMEE I LiALEWiX, B%
PR BMEDBE N D FEAICORNR D RN S D EE X DILD, £ I TARETIE, Cl10
OALFAEIE IR L7z 3 FEONENE & 6 FEOIEMEE— AT VAR L, <7 F FMEE
AL TH D insulin OHLEWINMEIZ HIET B0 7Y ERERAL A Y ORI
DOWTHHIT 2 & & BT, MRICK T D REMEZFHOT 2 2 & T, B ORZ R IINH %
AT Z & & BRI e RF 21T 2 72,
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1. #=E
Silicon tube (SR-1554; internal diameter, 3 mm; outer diameter, 5 mm) X Tigers Polymer Co.

(Osaka) L VEEA LT,

2. EEREW
Wistar R ~ b (8 B, 220-260 g) 1% SLC, Inc. (Shizuoka) LV EEAL7-, @k
BRIL T X CRACEER R ML EE RO A K74 N LT -> THEME L7z,

Recombinant human insulin, glucose C2 test, lactate dehydrogenase (LDH) cytotoxicity test kit %
Wako Pure Chemical Industries, Ltd. (Osaka) & VA L7z, A5Mifg= A7 /L (Propylene glycol
dicaprate (PDD), propylene glycol caprylate (Sefsol-218). diethyl sebacate (DES-SP). propylene glycol
dicaprylate (Sefsol-228). diisopropyl adipate (DID). diisopropyl sebacate (DIS)). hydrogenated castor
0il-60 (HCO-60) % Nikko Chemical Co., Ltd. (Osaka) & W AFL 7=, fENil2 (sodium caprylate
(C8). sodium caprate (C10), sodium laurate (C12)) (% Tokyo Chemical Industry (Tokyo) & ¥ A
L7z, Triton X-100 /% Nacalai Tesque, Inc. (Kyoto) = W lEA L7z, 735, AHEIZTHEH L7=%05
Wilg = A 7 VOl FHEEIL Fig. 2 1T/,

/V\/\/\/'ko/\ro\(g(\/wv /\/\/\/U\OWOH

Propylene glycol dicaprate (PDD) Propylene glycol caprylate (Sefsol-218)

|O (0]
(0] (6]

Diethyl sebacate (DES-SP) Propylene glycol dicaprylate (Sefsol-228)

0 0
/L I Y /L WWO
0 0
oY I
Diisopropyl adipate (DID) Diisopropyl sebacate (DIS)

Fig. 2 The chemical structures of various fatty acid esters.
(J. Pharm. Sci., 109, 1483-1492 (2020); Fig. 1)
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1. BEHIROFRE

Insulin @ stock solution I 0.01 MHCI % AT L7z, Insitu closed loop ¥£iZ & % 1HAk
BN TR W= % 521X, phosphate buffered saline (PBS, pH 7) Z W T L7=, 2 %
IREED PBS ICIEEAHBIA & LT HCO-60 ZiHAKIREED 1.0 % (wiv) &7 X HiThnzx, %
TR 72 & NZIENIR = AT V% 5.0% (VIvorw/v) DIEE L 722 X ORI UIE LR35
e S W7z, pH Zii#4% . insulinsolution Z/MEIZEI L TIiE 6.41U/mL(801U/kg). KIGHIZES
LTI 192 1U/mL (80 IUKkg) L7250 X5l HIEEE T miliQ TARAT v 745
& THRAKHIIZ PBS 28 1 fHRE L 70D L OFRM LT,

72¥, AW TIXEEINH OWEME A B+ 2 BHHYT HCO-60 A L=, LIai, M4Afsess
TIE— A2 AT LA Td D5 HCO-60 (FEEWIN ST 6r U TR HERN SR & J8fE° B
BHREGZHE L2 AR L TWND *, Elo, FHEDOTHMHFHIFWT in situ closed loop
EIZE 03 (CF, ALN, insulin) OVHLE RT3 5 HCO-60 B D N5 % FFfl L . HCO-
60 DI TITHY DO LE WU Z AL SN T & 2R L TV 5D, ABFFEIZE W TIE HCO-
60 DWUNAEHENE ] CVR MR BN E % 52 IRV T D 72012, control FEE BT X TO&KE
#RI1Z HCO-60 ZIRIMUAER L7,

2. THALE I IR

AL B WU SEBRIL, in situ closed loop V5% W TIT- 72 10, 12 HERIHaR L7= Wistar SR/
7w MZ pentobarbital (32 mg/kg) 72 5 ONT lidocaine (0.01 mg/kg) ZAERENE G555 Z & C
R 2 Jitn U IR AR RO B E B IS EE Lz, 7 > NOERIRE —EICHERF 5729, 37°C
DIR/KTHEER Z=RG L, EBRIZIMET > 7O FTiT-o72, EEIEFRUIBIC L 0 /NG % 5 H
S, HERG EEBIT silicontube AR L, B OFEEZ RN T 2 72 0OICIHE & ITREER L,
BH5EES 2em ORIBGENL 2B Lz, /NEONEY % Vs 572, 30mLPBS (pH7.4) %
Do D EEAL, WEHHITZERIT I VIEEEND PBS ZFrE Lic, £0%, [BIIGFOUIBHES
AZIT silicontube ZFEA L, %75 Z & T/ loop & L7z, RIBWRINERRIZBEL TIX, B
15 FESOFERGERNAL 72 & NTALFIIZ silicontube Zffi A L. FIERIC KM loop ZAERK LT, &5
PN UDEHFAIRE Y blank HOBMAZIT > 7%, ik Z /M loop WIZ 3mL F72IL KM loop
WIZ ImL 5L, Sh=a—L%27 U v 7 TRHD, TO%, MR 7 V&R (15,
30, 60, 90, 120, 180, 240 43) (ZSHFFARL W BREX L 72, ¥ > T3l 215 % 7212,
BEHIZ 10,0006, 5 i OSEEZITO. 2R OMmEEY > 7 Lo glucose % HIE L
7

3. THALAE R MR AT

AL RS E M LDH 1E M 2 F5 i & U CRlMl L7 416, SRR £ 7213 3%
(viv) @ Triton X-100 ZVH{bE loop WIZHH- L. 4 K. /MMEBIZBI L TIX loop IZ 30
mL, KIBICEAL CTIX 15 mL @ PBS (pH 7.4) #{EAT 5 Z & T, IBENEERZBIN LT,



RONTERERIT, 4°C, 200G (2T 7 pEEOHEEZITV., £O B2 HWT, HEE &
M%Hj L7z LDH {&MEZ#IE L7z, LDH J&MEfE 1%, LDH-Cytotoxicity Test kit % i\ C i
W7k, v 27 v L— kU —%— (Multi Detection Microplate Reader, POWERSCAN® HT,
DS Pharma Biomedical Co., Ltd., Osaka) % f\V T 490 nm DR TR EAZRIE TS Z L2k
nEH L=,

4, wATEDO R

KIHZF1T 5, Sefsol-218 DAEMENEH O Rl 251 L 7=, BIALEREE Tl 1.0 % (v/v) Sefsol-
218 % KM loop MIZHEH- L. 60 73 ATALER 24T > 7=, AijALEEf.. PBS(pH7.4) =W\ TK
% loop WEBEF L. EHIZ, WIEEAZE £/ insulin AR EZH G Lz, £0%, MK
P71 (0.15mL) %%Zéﬂ#é’a (15, 30, 60, 90, 120, 180, 240 %3) (T L7, V> 7Lt
MES %45 2 72912, 10,000 G, 5 sy LaBEE ATV, Y 7 v didd glucose JEFE %
HE L7,

5. T — 2 iRkt

Insulin OVEALE BRI, Z OMBERE T/EM L 0 3 L7z 1380, Fifiz X 0 #5372
glucose #E/% % . glucose oxidase (GOD) J&(Z5-5& | glucose C2 Test Kit Z VW CillliE L7z, 5
uL OMAES > 7 ic, R L723EREE 750l 22 TRA LK, ~( 771 —hiZ
100 uL "> AN, Dk~ A 7 a7 L — KU —4%— (Multi Detection Microplate Reader,
POWERSCAN® HT, DS Pharma Biomedical Co., Ltd., Osaka) % A>T 505 nm O E I T
FEARIE L, MmgEF glucose JREZFHH L7, Insulin $&GREOIIZHRDOIFEE L LT, area
above the curve (AAC)'® Z 72, AAC 1%, WIREEZ 100 & L7zkREo a2k 2 #R IR
&0 MEEEAY 100 Z FEl> 72l R COR TIRZ BREREE LTRIHLZETH L, £z,
insulin @ pharmacological availability (PA%) |Z AAC OE LY L FTORITESWTEH L7,

pagy = 2ACer  Dosewv. 04
0= AACI_V. DOSCG.I.

T 2TV AACar IHIHEE loop ~O insulin £ 54D AAC fE, AACLy, IZF#IRP~ insulin
BeH% D AAC Ex2 3T, £7=. Dosery. 1% insulin DFARN~DOFE- & (1TU/kg). Dosegi. I&
insulin DAL loop ~DFLHE (801Ukg) ZZtNENHELTWD,

6. WAt FHILEE
TRTOT—ZIE, FHE £ BEUERZE SE) ICCTER L, BAEEREIL. ZELK
(Tukey—Kramer test) (2L D 1To72,
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1. TInsulin O/NEWIPEIZ BT T 7Y R E AW D 52

/NBIWZET D insulin DI Z in situ closed loop ¥EIZ KV 5l L7z, /MR GFFHZBT
LEFCE WA O LIcBRo i fEd glucose JREEZ = 7 7 A /L% Fig.3 (27”9, Insulin % /)
MBI G Uz Bs, MmbERE TEMIZIZ L A LSBT, B b BB X7 v &
insulin ERICIRIN L7285 A 128V T, control A & ik U CHE R IIMBHMEDOZWIZ R b/
Mole, LTehRo T, /MBS LIcGEIL, ARG CHERALZZWTolE% S insulink O
WIEZ DTN R EEDDORICEED Z 3RS, £/2, BozMmiE+d glucose
7a 7 7 ANDD insulin DISJZEHRT A—F EHH L, Table 1 [ZF &7, I TV
VIBRFRIUE A WAFAE FIZEIT D insulin O/NGWINE L control i & ik L CHERZN A
SNz b b ONCEBEFEDOEINA] (C10) & 3 L 2R R 2 R~ Bl = 2 7 L
RN ERBO LN, LLRRL, SHEEMBT AT VERWZEED AAC fEHIX. K
Sefsol-218 & DID # HW\235A1C control BEE B L TR L, 2 H/LEMIL insulin (2
ML THDFEEDOWIMEENRAFTDH Z EWRBR SN, ZOMENS, RICKBICE T
% Sefsol-218 & DID OWIIRENROMFI 21T Z LT LT,
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Fig. 3 The effects of various fatty acids on plasma concentrations of glucose after small intestinal
administration of insulin (80 IU/kg) using an in situ closed loop. Keys: (O) Control; () C8 (5% w/v);
(1) C10 (5% w/v); (A) C12 (5% w/v); (gray W) PDD (5% v/v); (@) Sefsol-218 (5% v/v); (A) Sefsol-
228 (5% v/v); (®) DES-SP (5% v/v); () DID (5% v/v); (gray A) DIS (5% v/v). Glucose
concentrations were expressed as percentage values of initial concentration at time zero. The results are
expressed as the mean = S.E. of 3-4 rats.

(J. Pharm. Sci., 109, 1483-1492 (2020); Figure s1)



Table 1 Effects of various fatty acids on the small intestinal absorption of insulin

Fatty acids Conc. AAC (%-min) PA %
Control - 130+ 130 0.02 +0.02
C8 5% (W/V) 1640 + 780 0.25 + 0.12
C10 5% (wiv) 870 + 490 0.13+£0.075
C12 5% (w/v) 2210 + 2200 0.34+£0.34
PDD 5% (vIv) 76 £ 76 0.01+0.01
Sefsol-218 5% (v/Vv) 1680 + 1110 0.26 +0.17
Sefsol-228 5% (v/Vv) 440 + 250 0.07+0.04
DES-SP 5% (vIv) 920 + 920 0.14+0.14
DID 5% (v/Vv) 2410 £ 2410 0.37+0.37
DIS 5% (vIv) 1080 + 670 0.17+0.10

Pharmacological availability % = AAC 1./ AAC 1v. X Dose 1v. / Dose 1. x 100
The results are expressed as the mean + S.E. of 3-4 rats.
(J. Pharm. Sci., 109, 1483-1492 (2020); Table s1)

2. N7V UBEEEUEA ) O WA HERD F D VAL AT Ry S

INBHZ B WD TR HERD B3 G880 H 7= Sefsol-218 & DID (Z2W T, KGIZEIT 5N
TEEN FEOR 21TV, INEDORER & T Fig. 4, Table2 [Z/RL7=, 72, ZOWINEHE
iR % | BEFOWIMEERITH D C10 &R LTz, /NMBIZE S Lo 5E & 13RHRAYIZ, insulin
TR 2 RIGWC B E- L72B%, C10 £721% Sefsol-218 DOHFHIZ L » THLiEd glucose 7 1L IHE
IR F L7z, L723-> T, Cl10 KON Sefsol-218 1E insulin O K5 & OWLINM: & BHE 12 HE K
SHDHZENRBINT,

I 5T, C10 & Sefsol-218 D KMFIZ IS 1T 2 WAL R D FEARAFEIZ DWW TRRET L7,
ZORER. WTHOWIEEANZE L TH, 5% OWMEEL D b 1% OERINEDOITH, AAC
72HNT PA DT D2 ENBI BN oTe, LTE> T, Cl0 72 HTNT Sefsol-218 D
AR ER) I TIR AT TH D Z ERHL N R o7z, —F5. 1% OEECEM L-5HEaIcE
WTH control BEE L THEZR AAC OERRBD LN, ZORENL, C10 bW
IZ Sefsol-218 1%, 1% DIEEIZHB VTS insulin O KRIGWLIIZ 6 U CTHEIL 72 IR 0 R &
HBTHZ L oG 2 DOLEHORINEENRITFAETH D Z LB RB I,
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Fig. 4 The effects of C10, Sefsol-218, and DID on absorption of insulin from rat small intestines (A),

or large intestines (B) using an in situ closed loop. Insulin absorption following an 80 IU/kg dose was

estimated by measuring plasma glucose levels in the plasma. The results are expressed as the mean +
S.E. (n = 3-4). Keys: (O) Control; (A) C10 (1% w/v); (1) C10 (5% w/v); (®) Sefsol-218 (1% v/v);
(@) Sefsol-218 (5% v/v); (B) DID (5% v/v). (J. Pharm. Sci., 109, 1483-1492 (2020); Fig. 2)

Table 2 Effects of various fatty acids on the small and large intestinal absorption of insulin

Fatty . . . .
) Conc. Small intestine Large intestine
acids
AAC AAC
. PA (%) : PA (%)
(%-min) (%-min)
Control - 130 £ 130 0.02 £0.02 1040 + 600 0.16 £0.09
C10 1% (w/iv) - - 9340 + 1360** 1.43+0.21
5% (w/v) 870 + 490 0.13+0.075 15350 + 130** 2.35+0.02
Sefsol-218 1% (viv) - - 7280 + 430** 1.12 £0.07
5% (v/v)  1680+1110 0.26+0.17 13130 + 720** 2.01+0.11
DID 5% (v/v)  2410+2410 0.37+0.37 3000 £ 1960 0.46 £0.30

Absorption of insulin (80 [U/kg) was estimated by measuring glucose levels in the plasma. The results

are expressed as the mean = S.E. (n = 3-4).

AAC, area above the curve; PA, pharmacological availability compared with i.v.
(**) p <0.01, compared with the control. (J. Pharm. Sci., 109, 1483-1492 (2020); Table 1)

10



3. W7V R LG W) DA b RN R

BEAF DOWMAREANT, SO IREERD R & FIRF R R EEZ A L0258 62 < . 5
PABEIZ BT hH . HLEREEESR 2T D rREMER S S L EX DD, £2 T, HLER
INFEBRAE T HICENE R L7 LDH ISMEEZRIEST 2 2 Lok v SEENRR O
B = A 7 WA X 2 AL FEIRERE M 2 5 L 72 (Fig. 5).

ZOFER, MBI BNTIE, WThoEME I L7eHEEIci8 W T8 LDH TGP
control #f & il U CHE R KITE O Lz o 7, F72 positive control BEE LT L7
3% (v/v) Triton X-100 # 5L L i L= & 2 A, W oOWIMEERIOFRAEICB WL A E 2
HRBFHO b,

EBIT, RGBT D Sefsol-218 KT C10 DRLEREENE & FAEIC N L=, Z DfE%E,
1% Sefsol-218 FEAKFD LDH JEMEEIL control BE & Hb~NHE AR 7EITFEO BN - 1208,
5% Sefsol-218 IZBWTITAEICHW R Lz, —JF. 1%, 5% C10 P> LDH & MAEIE
control #f & bl U CHERMRNE D Hiviz, L7235 T, Sefsol-218 (ZREAFDIRHERITH
% C10 &R insulin (2 DWIRERNIIR Z R L, 7>2 Cl10 &bl L T E
WIEHEER TH D Z L AVRE NIz, LI > T, LIBEOERTIX, 1% O Sefsol-218 % kit
PRWRIEER] & LTI L, SR RET 21T o7,
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Fig.5 Lactate dehydrogenase (LDH) activity as a measure of (A) rat small intestine membrane damage
in the presence of various fatty acids (5% w/v and v/v), (B) rat large intestine membrane damage in the
presence of C10 and Sefsol-218 at concentrations of 1% and 5% (w/v and v/v). The results are expressed
as the mean + S.E. of 3-4 rats. (**) p<0.01, (*) p<0.05, compared with the control, (1) p<0.01, ()
p<0.05, compared with the positive control group. (J. Pharm. Sci., 109, 1483-1492 (2020); Fig. 3)

4. Sefsol-218 (2 2 2 WIAREHEESRN R D Al

ATEICIB T, JBRGERZ: & ONTHEIBR = XA T L DT, 1% Sefsol-218 1T HZhINDZE 473
IR ERITH D Z ENH SN E 2 o7=, LU 5. kA T R A 22 D SUE R o
ERNZRIWER 25 & 32 L& SN D720, WIIEEIER O it & 22 ek 2 35
HEBERBERO—D LD, 2T Sefsol-218 ffHIZ L2 insulin OIS EZD F D Atk
ZRE LT,

KIGIZEIT D 1% Sefsol-218 HFHEEZ 5N 1% Sefsol-218 RALEREDMAEH glucose &
fE7v 7 7 A V% Fig. 6 \Z/xLT2, S5IT, insulin DOISZEH T A —H2 ZE H L Table 3
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ICE L DT, FORER, 1% Sefsol-218 & insulin D[FIFFEGREICIWTIL, B2 MR T
TERM A BT, SHHRAIIZ, 1% Sefsol-218 RIALEREIZIS T 2 MET glucose JEEEDIK FIdbd
T THY ., control FEL LI L THERETRO N7, L7z T, Sefsol-218 %
KRIGEDBERS Z & T Sefsol-218 DWRINAEHEN AN BE (T L7z Z &5 Sefsol-218 D
AR AEZN RN T AT T D Z & DR S iz,

150 -
S ~
3
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= =
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g 07
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Fig. 6 Effect of pretreatment with 1% (v/v) Sefsol-218 on absorption of insulin from the large intestine
using an in situ closed loop. The results are expressed as the mean = S.E. (n = 3). Keys: (O) Control;

(@) Sefsol-218 (1% v/v); (M) with Sefsol-218 (1% v/v) pretreatment. (J. Pharm. Sci., 109, 1483-1492
(2020); Figure s2)

Table 3 Effect of pretreatment with 1% Sefsol-218 on insulin absorption following administration to
the rat large intestine using an in situ closed loop

AAC (%-min) PA %
Control 1040 + 600 0.16 £ 0.09
Sefsol-218 (1%, v/v) 7280 + 430** 1.12 £ 0.07**
Pretreatment Sefsol-218 (1%, v/v) for 60 min 1690 £+ 720 0.26 +0.11

Results are expressed as the mean + S.E. of 3 experiments.
(**) p<0.01, compared with the control group. (J. Pharm. Sci., 109, 1483-1492 (2020); Table s2.)
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(%]

AREA T, insituclosedloop 1£% VT insulin DIEALEWRIIEIZ KAE TSGR 72 HOY
(ZHENIER = 2T NV DF 2T 5 & & b2, (LB Z O U 72 BR O REREEREE M ORI
RO WMEEFHET 52 & T, X0 EINOLEMEDOE insulin OF 5IIEDHEE %
&z 07, AETIE insulin DAL WLINNEZ Z O MR YRR 2> 5 3140 L7225 B o> fkEH i
ol ARx RANNER OB LT D, Thbb, —fKIZ, 7y MCA ML 2AE 525 &
MAHED EH3 2 2 EME BTV D, In situ closed loop 15 TIZEMICREEEZ TG H DD,
—ERFEE, 7> NORMPMBEINIGERH D, ZOHE, 7y MIAMLAZKT,
MBHE R &2 EFJT 52 ENTHESND, FRT/MERINERRTIL, insulin 231F & A EWIL
INRNWZ LD 5, insulin DO MFERE FIERMNBIZ ST, SO R b L 2ARBED B A3 M5 E
ALK S N7, MAEF glucose JREEDREFIC LA L7 B2 B b,

JERGEA = AT /L D—>Td 5 Sefsol-218 1& insulin DIMALEWILIE A Uz L, B KBS
BWTIE, C10 72BN Sefsol-218 DOPFAIZ &L - T insulin OWILHERHREICH KT H 2 &
WA GME TR oT72, Sefsol-218 DOWIREERN R DONENEE = 27 )L L g L TEno7le Z
EDD | HERIOKBEAGET D2 LN, WIHRENR A EH T 2 E RO —DI2 5 LB
LTCW5, £z, A A HREIEMERITH 5 lauryl maltoside & [RIERIZ KA IZ 350 TRIE
ENRARET HZ EPMEINTWED 100 2 obAEWIT X2 WRIEER SR, /MG X
D HKRIBICBWCHEHE CTh - -3l FHIC OV T, ZRICMB I TWh2u, MR E K
5 & OFFRER 72 AER & LT 1) ERGMBAORAL, 2) KiiRIEDIEA, 3) TI OFEE, 4) ¥k
FEEDOTEE, 5) BNMEEORER ENETOND, T D DERNAEWICHEMEICIER L.
insulin DVHLE N TOLEME, FW & RINF O R[TENE, WIEHER| O A MEEIZ B 5 v]
RRMENEZ 2 biILD, Fio, WIMRER OWIRESSIL, FEREPKEORELZITHZ LN
W STV 5, Kishimoto HiE, —MLEFRMLEILKD —>TH 2 1-hydroxy-2-oxo-3-(N-
methyl-3-aminopropyl)-3-methyl-1-triazene (NOC7) & WU HEZh 23, ¥R EAI TH 5
dithiothreitol (DTT) DORIALFRIC L VIR FT 252 L ZMELTWD Y, F72 Aoki HIE, FEREHE
KJE DR ENZEI LT, MEHRIERAID—>TdH % hyaluronidase DALERIZ KV insulin D R5E W
WA SIS Z L Z2HE L7z 3% 245 mucous/glycocalyx JEIZ 51T 4 BERIG M DS
insulin OWIPEIZ 3T D LE N 222 T 5 /IR b L EX b,

F 7o, EILUSINA 2 A E RIRAI DM & U CTERRMER T 28, MLEREICRT 5
FEEBETOIMEND D, GliEEETH D LDH OIEMEIL, — A ifakEE ORI &
LTHIHESNTEY, RETHWEMEEZ b NTHEEE = A 7 VI35 Ao LDH
EMEZ NS RN ERRD BT, —FH, KIBIZEBWTIE, 1% & 5% @ Clo, KT 5%
® Sefsol-218 7% LDH {EMEZHIK S5 Z LN BT/ o7, Sefsol-218 1% 1% DIRFEIC
FBWTH insulin (ZXFT D WIBEDNRZ R L, EOREIT C10 LRIETH-TZ &, T,
[F¥EEED C10 1% LDH JEMEZ2 A EICH R S22 L5, Sefsol-218 1, BEICEMAL SR
TW5 Cl10 & L7=gE, BEMEOEICBWTENRTWD Z LRIz, & BICAKH
TIX, Sefsol-218 N2/ WMINEERITH D = L ZEFIT HIHEHRO 2L LT, KIBIZBITD
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Sefsol-218 DOWUAREZN RN R 72 b O Tlid /e AffilTh o Z L 2L LTz, Lz
Do T, AREINCEBW T L7z Sefsol-218 1%, insulin DOWIN Z i T & L2 EMED @ WHTH
WINARER & 72 0 155 Z E AR I Tz,
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5 2 Hi  Sefsol-218 DIRIEHERIEEREIZRE T 25T

(=1

il

B 1 EH 1 HilCBW T, Sefsol-218 1IN F FHEEHKGTH S insulin DK H DYLIL
MEIFICSE L, £, BEFOWIEERITH S C10 &bl LT, fhlpEE 2 20 L
WIRIEERITH L Z EBRPA LN ol L L6, BN K ONEEE = A7 Iz &
2 HW ORI KT DARERE I I IR TEA 72 80320,

Insulin OFFEE LT, X7F REEEKLTH L7290, HILERBEAN O chymotrypsin X°
trypsin % 0 2 87 S fiERESE OVERNC Lo THOfE S D ATREMEDNE 2 B D, £72 insulin (3,
figha e LTRAL 6 BMELE L THFEL TS Z ERMBNTND ¥ LMLERs,
AERNT 2 BESCHBRICZR S Z L TRANTOSFENED L, IBE D OWINSMEE S
TWAAREMER B D, AEITIiL, 25 insulin OMPEIZFE B L. insulin OELENIZEIT S
ZEMZR B NCE AT KIZT Sefsol-218 DA FHAM L 72,

F7o. MREBEHENAORE ZRBET 5 & & LITIER W ER B AT > TR Y. £l
B3 2 OB OFECRHNEMEZFE T 2 AR T A—=2 b 2 b, —KIZE YD
THALE 2> B OWINGEFRIZ, W% E O ERGHINN Z %9 % transcellular route &, JH{LE
LREHERE D TT 2> A5 MR e 2 i 9 5 paracellular route (2 KBS L5, AREiCTi,
Sefsol-218 DWUNEHEREREIZ transcellular route & J1 L 72 3 EEE KIEH 233 5- L T\ 5
PEDPEFHET 5720, IFE ~HEORTEIMEIC KT T Sefsol-218 DB DOV THET L7z,
ks AWML TITANEENZ 31T D NRE R &2 A FHOL 7' n — 7 T F ~UL{k L7 brush border
membrane vesicles (BBMVs) # M\, SR EEZRIEST D Z & T, BEREME D2 b2 38 L
72

AL ERGHIRI X EIC R B R OWINTZ T T <, BCIBNAE 72 EHUR DR A 2 W By
K OMEFRNCHIE S 27200 D30 7 & U THRET 5, e b BHER AN THREL LT, T ITX
S TSIV DMER Y T3 b 460 Biges 2 BAGHIIE TI 128 » TREEICR G L.
RKEBER, ALY KyOFBEMEEZGIET 2 Z & TRYORAZBHNTWNDS 9, 2 ZC, Sefsol-
218 OWUEHEREREIZ T OBAN Z £ 9 paracellular route % J1 U 7= 389518 M KA 23 %F
HLTWDNEMIOWTHEHEET 5 728, Colon adenocarcinoma-2 (Caco-2) #fEiZH1 5
insulin D fEZ ML K OBEHRHUE I AT AP OB OV TR L7, £72, T MR Z >~
NR7EomEE T BOIZIZIEOMERH D Z EnHEINTWVWAD Z Evs 41 Western blot £
2 NZHREGREZHNT, 2o 2 o N7 BHIZRIETHRIUEEAR OB Z M LTz, 7
BARMICHBN TS, Sefsol-218 Drtlgxtg L LT, BRICEMLSL TS Cl0 ZHNWT, Z
L HALE Y ORI ERERE I DUV TR L7z,
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1 & A

Transwell® Inserts (membrane diameter: 12 mm, growth surface area: 1.12 cm?, pore size: 0.4 mm)
I% Corning Inc. (MA.,USA) X VA L7-, 8-well Lab-Tek Chamber Slide System (% Nalge Nunc
International (Naperville, IL, USA) L VA L7=,

2. FEBrRENM
AT D FEERFEHZHE U7z,

3. WK

Dansyl chloride (DNS-CI), sodium dodecyl sulfate (SDS) (£ Wako Pure Chemical Industries, Ltd.
(Osaka) X v i A L 7=, Hank’s balanced salt (HBS). 1,6-diphenyl-1,3,5-hexatriene (DPH) |
Sigma-Aldrich Chemical Corporation (St. Louis, MO, USA) X v i A L 7=, 1-(4-Trimethyl-
ammoniumphenyl)-6-phenyl-1,3,5-hexatriene r-toluenesulfonate (tma-DPH) X Santa Cruz
Biotechnology, Inc. (Dallas, TX) & ¥ A L7z, Ethylenebis (oxyethylenenitrilo) tetraacetic acid
(EGTA). trypsin - ethylenediamine-N,N,N',N'-tetraacetic acid (EDTA). 2-[4-(2-hydroxyethyl)-1-
piperazinyl] ethane sulfonic acid (HEPES) (% Dojindo Laboratories (Kumamoto) £ Y A L7,
High glucose Dulbecco’s modified Eagle’s medium (DMEM), MEM non-essential amino acid solution
(MEM-NEAA). antibiotic-antimycotic mixed stock solution (10,000 IU/mL penicillin, 10 mg/mL
streptomycin, and 25 ug/mL amphotericin B) (% Nacalai Tesque, Inc. (Kyoto) X » AF L7z, Fetal
bovine serum (FBS) % Equitech-Bio, Inc. (Kerrville, TX, USA) X WA L7=, 72k, AHFZEIC
BWTHM L7z FBS 139~T 56°C T 30 47l FHEMLAAEE L 72 b D& HVv 7z, cOmplete™
(EDTA-free protease inhibitor cocktail tablets), 4,6-diamidine-2-phenylindole dihydrochloride (DAPI)
I% Roche Diagnostics GmbH (Germany) X Y liA L7z, Z DO OFIEIZ- DV TILHTHT O FEHRAL
BHZHE T 7=,

4. ek

Colon adenocarcinoma-2 (Caco-2) #Mfi@iE Dainippon Sumitomo Pharma Co., Ltd. (Osaka) J ¥
5% 1F 7=, Caco-2 AL 10%FBS. 1% MEM-NEAA. 1% antibiotic-antimycotic mixed stock
solution %4 DMEM H5lli& A, 37°C, 5% COy {FE T, H58 7 7 A apNThea L. Mk
BLE 5 HBEIZIT>72, Subconfluent (Zi# L7 Caco-2 #lfd% Trypsin-EDTA % FHV T
BEf% . 2x10° cells/mL (1x10° cells/insert) C 12 well Transwell® (Z#EFE L 7=, BrHizc#x 2 HfE
[ZATV, #EFfTZ, 37°C, 5% CO, BREE FCH:E L. IRRHUA (transepithelial electrical resistance ;
TEER) % Millicell® ERS-2 Volt-Ohm Meter (Millipore Corporation, MA) THlE L7z, 21-23 H
[l OEE# % . TEER 2% 500 Q-om?® PA L& Zp 572 b DD H & FERRITHE M LTz,
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(B T7iE]

1. 7 v MEEERMERE Y R— FO/FER

— WA ST Wistar REEMET » b A ZHIE S HLE MR Z /G L7, ki L7z PBS
T’ AT A N7 2% A TNER b NS RIBHEZ FH D | D7 FEEIC PBS %
2-3mL Mz 7, D%, Polytron homogenizer (Kinematica, GmbH, Switzerland) % I\ TAE
TUFA XL, B A R OO (8,000G, 5 . 4°C) LI BIEESIE L, # v %
BRI T Bradford & FIWTER L, X /87 BEN 10mg/mL L7225 X 912 PBS MW
T L, MIRER THAER, EHT 25 FE T -80°C ITTHhiF LT

2. Insulin OFAFEFAM

THLE RS £ 2 % — b 240 uL 12, insulin &K (0.02mM) % 360uL flx 37°C TA v
¥ 2X— |} L7z, Insulin ¥&HRIC C10 F 721 Sefsol-218 (0.5%, w/v or v/v) 72 b ONZ AR
FITH D HCO-60 (0.1%, w/v) ZINT 52 LT, MEFIZEIT 5 insulin OZEEVEIZKITT
I OALE Y DREZ M LT, 240 53 F TREFICY 7 U v 7 Z1T0 H &R D acetonitrile
MR 5HZ L TRIGEAFLESE, BEHIZ 2 BREO7EE (9,000G, 5 43/, 4°C) L7z, Insulin
DF%A7 1% high performance liquid chromatography (HPLC) (2 CHIE L7=, 723, insulin AKX
. MLEREARE SR — FORDVIZ PBS LIBAL. FRRICA v Fax—FL7mbD%
control #E& L7,

3. M _@mPER~7 L (CD A7 hL) OHIE
CD A7 hVTH A5G (J-1500-450STG, JASCO Co., Tokyo) % HVNCTHIE L7z,
Insulin %z PBS HUZHAKIBEA 0.02mM & 725 X 9L, C10 F£721% Sefsol-218 1A &
BN 0.5% (Wivorviv) L7 LI LTz, ZNENOEIKEIL 1em U5 OAHF 2
v RT3 B A v 2 L Lz, 300nm 2>5 250nm O, ERHE 50
nm/min, 25°C {ZT CD A7 MLAHEL, U TFORITTHFHEHREZHEL L,

[0], = 0,/(C x 1) x 100

ZZT, 0T A OFERICEITS CD AXY M VOREE, C 1T insulin JEE (mol/L), 11X
HHEEZ R LTS,

4. Brush border membrane vesicles (BBMVs) Offlit - ¥l

BBMVs (T EOEEICHE U L7z 2%, —BiiiR L7z Wistar SREEMET » & (230~240
g) ZFEA L. MEIEN pentobarbital sodium (32 mg/kg). lidocaine (0.01 mg/kg) FRIEE . /IMGE
NEWZ PBS TUuk, Bt S/, MGz mt UIsNMRZ 0 frs . mA PBS 122
Lo ZD%, AT7A FHZ 22 MOTMNGHIEZ FE Y . BBMVs & 2 filih F A4 ThR
EIZT MgCl, & EGTA ZfEH LR L7z 2%, 37726 D7 kil % homogenizing buffer
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(300 mM mannitol, 5mM EGTA, 12 mM Tris (pH 7.4 by 1 M HEPES) containing a protease inhibitor
cocktail) T 10 g/100 mL & 725 X 9 IZF%4% . Polytron homogenizer (Kinematica, GmbH,
Switzerland) Z HWTK ETHREDF A XA LT, ERROBEILIZ 1 M MgCls stock solution %
WML, BAEIREN 10mMMgCl, &725 X927z, g 4°C T 15 EHEAE LN S
BIRICG STz, Ok, BB Z =008 (3,000 G, 15 73, 4°C) L, LB ZFRE
%, RiEZ I BIZEO7EE (32,000 G, 40 53, 4°C) L7z, EiE&BRZES. brush border
membranes % & LeIL ) % homogenizing buffer THARE L, ¥ >/ 7 R % Bradford L%
AWTER Lz, 8 L7 BBMVs [TIRIAZE R THAER, HARE T -80 °C THRAF L7,
728, KIGH D colon apical membrane vesicles (22T [RIEED HiETHRE L 7-,

5. dOGRIEARNIE

BBMVs Zfif L, 27 G Otz AW THEHE S 72, BBMVs (200 ng/mL) (3 HEPES-Tris
buffer (25 mM HEPES, 5.4 mM KCl, 1.8 mM CaCl,, 0.8 mM MgSQO4, 140 mM NacCl, 5 mM glucose.
adjusted to pH 7.4 with 1 M Tris) #{ZC 1 mM DPH, 0.5 mM tma-DPH, F72/% 5 mM DNS-CI
UL, 37°C #ESEME T TEAZER 30, 3, 30 REICSEDLZ LTI~k LT, £
Dk, 7L L7 BBMVs ([ZEEED C10, Sefsol-218 F 721 200 uM cholesterol (positive
control) ZZNZIEA L7, 7238, DPH, tma-DPH, DNS-Cl ORKIEEIZZNZEH 1, 0.5,
5uM & U7e, dOufmeEid, B & 2ol 2 ARyt > « /v % — (polarizer) %% L
7= fluorescence spectrophotometer F-2700 (Hitachi Co., Ltd., Tokyo) % v T 42°C THIE L7z,
7233, DPH, tma-DPH JIZERFIZIZ Ex. 360 nm/Em. 430 nm, DNS-CI (22 Tid Ex. 380 nm/Em.
430nm OPEIZ TENLHHIE LTz, 2 KD polarizer & 90 JEFOEER ST 4 FFEOH
FeEREE ZHE L, #EEFYE 1 (fluorescence anisotropy) % LA FOFUZ K 0 B H L7z %,

IVV -G X Ivh

r=
lywtG X 2 X Iy
G = hv
Ihn

ZIZTC. Iwe L Inee In IZERRDFRCEZ R oL, S TORREZER L, IRFOD
v, h MR MEEFRT, T70bbB, v (ZTEHE (vertical), h XK (horizontal) J5 W\ DRt
R, HRIRTFDH L, LICEINIZLON, EAOFEXOAEZRL, #BIZEINTD
DX, HHMMOAEZ T, 2F D, Fl2IX, L &1, BHEMAID polarizer 23 FEE 7 [A]RFDK
SEFH R ORISRy D8 R A 329, 723, G L grating correction factor T V) | &
EAH DOMIEMETH 5,

Fo. RITHEOEWRE T OWE NG RT HHE6IE, Rl ER>Z ERmbid,
FOCRCIRH L &3, 2 ORI E B & ORHSEEC L V42 2 & 2F A L,
SOCVE DA L. F OEEMME A R HEEOMWE D HETH D, st ERRARL L
TWAIUE, AFDOE & AT a0 DRI < 72 D, T ORIEHEDEG W Z KT OITEF]
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IRNT A=A NHNERTEE LTROOND, b LENSFPMLEET 7 v o E#) LT
WIUTHOLR TGN E L 20 (THUBMREHETH L) . ZOHEGRTGTEZRIET D Z &1
LV N OREGESOESWEFHMET 5 Z N TE D (Fig. 7). Z O & 5 ISHIlR B mEhE
DOEAITFOCRCAETEE CTHE T . SO E OEENZ L 0 RICHEDN D3 5 & IRREIE )
R L, EOREE, transcellular route %77 L7 3EMEBIEN KT 25 Z ERNHM BTN D,

Emission of same
polarized light

Static molecule

TR

t
Polarized light

Fluorescent molecule /
Different polarization
‘@ from that of incident light

Rotating molecule

Fig. 7 Schematic illustration of fluorescence depolarization method.

6. Caco-2 HHfuiZE i FHR

12 well Transwell® (Z#5FE L 7= Caco-2 HMild Hf@BED R 2 P X HL Y | apical f1IZ 0.5mL @
modified HBS solution (mHBSS, containing 10 mM HEPES) (pH 6.5) % . basolateral ff]iZ 1.5 mL
® mHBSS (pH 7.4) Z/Z., 37 °C fHIEFEH T 60 w7 LA o FaX—F&2fTol, £D
#%. apical {AiC pH 6.5 [ZFHFE L 7= insulin (0.04 mM) & T¥ C10 % 72(% Sefsol-218 (0.05%,
0.1%; wiv, v/iv) ZiRE S H 7 mHBSS K Z WAL, basolateral {2 1.5 mL @ mHBSS (pH
7.4) BNz EERAE PG L=, T Dk, EERBALAE 6 FrRi & TR (30, 60, 120, 240, 360 47)
|2 basolateral | &Z Y 150 uL F2>H% 7V 7 Z24TV, FED insulin-free mHBSS (pH 7.4)
% basolateral IZHINT 5 & & H1Z, TEER ZRRFFAIICHIE LTz, i, SEBRBALARFD TEER
% 100 (% of initial value) & L CHEERH ® TEER [EEZHH L=, £ 7 VICEED
acetonitrile Z NNz FRZ /37 #3053 BE (10,000G, 5 43[#. 4°C) L. insulin 2% % HPLC
Z W TTHRIE L7z,

Insulin DFEMEIL, BEHEYFIE E-FFE RO LT oORIT LY | BT OFBRE
(apparent permeability coefficient; Payy) Z &5 Z LIZ XV FHE L 7=,

P _ Flux
PP T A X Cy X 60

20



T 2T Payp VBT OFEAREK (cm/sec) Flux IZEHIREE (120, 240, 360 47) (28T 5 dh
BROME X (nmol/min) 3 L, A [ZFEEEAE (1.12 ecm?), Co I apical 1&']0)7%%0)%)]/;;%f
(nmol/mL) %7,

7. Western blot %

Wistar SZHEMEZ ~ b % control, treatment, pre-treatment AED 3 FEIZ/yiT. AifEiD HiEIZUE

UL /MG B NS KRBT closedloop % Jifi L 7=, Treatment Tl C10 (1%, w/v) FE721% Sefsol-
218 (1%, v/v) % loop WITHL- L. 4 W IZLEIE STz, Zeds, w8 HIRFREIELATHET O H LS
WU SEBR D FERERFRIICHE T, 4 FRFREICEXE L7o, Pre-treatment FfClX iR G 0 5 4 KEfH
%ITHHE loop W% PBS ZHW TG L, WD I HIT 4 FEERICT v M2 LHIESH
7co E£72. 1% (W/N)HCO-60 Z5de PBS ##5 L7277 v M4 control & L7z, 7> FOH{k
B xHtite. BBMVs Offith - R 21TV B F T RED 3mgmL L7825 K5 IZHHE
L7z,

2 7V % 2 x SDS sample buffer, DTT L{E& L. Zh% SDS-PAGE OH 27k Liz,
L= 7% 95°C T 5 HyMInEMILEE Y | 8-12 % polyacrylamide slab gels PN~¥sI0 L .
BRUKENZ1T>72, DBELTz gel B % /37 % polyvinylidene difluoride (PVDF) [EEIZ#iA5:
L7z, PVDF a7 v v %> 73y 77— (5% (w/v) skim milk in Tris-buffered saline-Tween 20
(TBS-T)) ZHWT=EIRT 1 Bfffl7 r v ¥ 7 L, TBS-T THF L7, T D%, Can Get Signal
Solution 1 (Toyobo Co., Ltd., Osaka) TR L 7= — K $FL{K (mouse anti-claudin-4, anti- zonula
occluden-1 (ZO-1), anti-occludin; Thermo Fisher Scientific, Inc., USA) & G SH72, £ > F o
— h&,TBS-T T 5 ¥4 3 Al v i L Can Get Signal Solution 2 (Toyobo Co., Ltd., Osaka)
THATR L7z ZIRPUAIEHE (rabbit anti-mouse IgG HRP-linked antibody, Invitrogen, Carlsbad, CA,
USA) "'"C PVDF JEA =R T 1.5 KefEl#RE L7z, TBS-T TOWHE ALFHNT AT L TH
% Chemi-Lumi One Ultra Western blotting kit (Nacalai Tesque, Inc., Kyoto) Z HWTH A L L, {1k
P4t % luminescence imaging system (Fujifilm Luminescent Image Analyzer LAS4000 System,
Tokyo) % HWNTHHI L, /N> RE&EFE% Image J Software Program (NIH) CE& L7z, £/, %\
T Z 2 _X7EDOE 7 BIVEEL B-actin D &7 B /LIREE THIIE L. control #F & FLlk L7-4;
DFARFIREE 2 B LTz,

8. fufEYLtalk

T 5 /R0 B OMmEYAAIE Seth © OWEIZHE T 72 47, 8-well Lab-Tek Chamber Slide System
IZ Caco-2 fifdZz 1x10°cells/em? THEAL L, 21 HREEE#E L7=, Caco-2 #id% mHBSS T 1
i 37 °C CTA »F 2X— h&F7o72% . C10 E721% Sefsol-218 (0.1%, w/v or v/v) Z&ie
mHBSS (pH 6.5) ZWI L7z, 2 Bifil A % 2 _X— k L72% ., mHBSS THE L, 10% FHEFE
BN~V T 10 43 4°C THEE LT, D%, 72 vy X 73y 77— (3% skim milk,
0.1% Tween 20, 10 mM Tris-HCl, 150 mM NaCl) T 1 EffflA > F a2 _X—FhL, 7V F 7
Ny 7 7 —TH 5?)3 L7z —IRFLA (mouse anti-claudin-4, anti-ZO-1, anti-occludin; Invitrogen, 1:250)
ZHWT 4°C IZTBiA Fa~—hL7, 3BH, TBS-T T 2 BEREFLIEHE, T vFr
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Ty 7 7 —THR L7z ZkHUA (Alexa Fluor 594 goat anti-mouse IgG, 1:500) % FV T, 37°C
T 1 WA v F 2 _X— N &{To72, TBS-T T 2 [A¥E#E L, 2.0 ug/mLDAPI Z¥IN%., 37°C
T 20 53 FaX—h L7, TBS-T T L7k, BEAB5IEA] (Fluoro-KEEPER Antifade
Reagent, Non-Hardening Type; Nacalai Tesque, Inc., Kyoto) Z AN L, HHE S L —F —BAMEL
(A1R+; Nikon Co., Tokyo) (2 CHtEZ#%2 L=, W1 Nikon NIS Elements AR 4.20.00 software
(Nikon Co., Tokyo) % HWTERTAF L7z,

9. Insulin O EE
ZEMRER S NCHBBER L VIR LY 7O insulin JEEIZLL T @ HPLC £
Rz CEREITo T2,

HPLC system : Shimadzu LC-20 HPLC system (Shimadzu, Kyoto)
Column : COSMOSIL 5 C18-AR300 (4.6 x 150 mm Nacalai Tesque Inc., Kyoto)
Mobile phase : 0.1% trifluoroacetic acid (TFA) in water (mobile phase A) and 0.1% TFA

in acetonitrile (mobile phase B). The gradient program was as follows:
mobile phase B increased from 25% to 40% over 15 min, then was held at

25% for 5 min

Flow rate : 1.0 mL/min
Detection : Ultraviolet detection at 210 nm
Column temperature ~ : 40 °C

10. HEFRHFHIALEL
TRTOTFT—FIL, FHMELAEARERE (SE) IS TERR LT, FEEREIL., ZHEEK
(Tukey—Kramer test) (2L V1TV, p<0.05 LLEAZFHEZEDHV EHE LT,
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O R]

1. Insulin DZEMIZIIFET Sefsol-218 KN C10 DFE

7 v N OB ERIFAR T Y % — MAWKIZ, insulin & PBS F7213%1LE% (C10, Sefsol-218)
E iR ziEE L, SR insulin DR FEZHIE L7z, Insulin OFRfFREZ({L % Fig. 8
29, 7235, control FEIXVELEREIEARE U 2 — M &M A3, PBS T insulin Z &AM <,
insulin OFRAFEE(LZRE LIz, EORER, PMEHRETF— MO insulin [TEBRBHLE 120
DEITIE 10% LLFICE TR F L, Cl10 F721% Sefsol-218 Z M A 7-HAICB W TH RIS
insulin RSN, £7o, KIBHMERE 2= 2 HAWEEATHLHEBILIE/RE 22D,
Sefsol-218 } Y C10 DIFAE FIZEBWTH insulin EEROBEERE TFNAONZ, Lo
T, insulin [/ EG72 B NS KRIGRIE R 2 R — MR THESNITHM S L, Cl0 72 5 N
Sefsol-218 (X insulin ZZELT DIEM A A L7222 & AR S L7z,

A. Small intestine B. Large intestine
=< 150 -
5 150 1
=
£ 3
2E 1008 100 €
= 5
ay =
E
2E 50 - 50 -
=
D
3
°\° 0 L] L] 0 L] T
= 0 60 120 180 240 0 60 120 180 240
Time (min) Time (min)

Fig. 8 Effects of C10 and Sefsol-218 on degradation of insulin in (A) small and (B) large intestine
homogenates at 37 °C. Each point represents the mean + S.E. (n = 3). Keys: (L) Control (insulin: 0.02
mM); () with PBS; (<) with Sefsol-218 (0.5% v/v); (O) with C10 (0.5% w/v)

(J. Pharm. Sci., 109, 1483-1492 (2020); Figure s3)
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2. Insulin OEAVEIZKIET Sefsol-218 KON C10 D%

Insulin (%, %, AERNTHHZTLELTEAL, 6 BIAE LTHEELTWDLZ ERH
HITND ¥, LNLBRRL, EERNT 2 &ESCHERIZRD Z & TRNT DS F'EIHD
L. BEN S OWRILIMEE S D ATREMER H D LB 2 bivd, RIFFETIX, CD A7 hL%
HET5Z L2k, insulin OEBMITIIET Sefsol-218 KT C10 DEEIZ SOV TR %
T 72(Fig.9), Z Z°C. insulin OZAEMEOFERE L LT 270 nm 18 T4 FFEMERHW G
T, ZOEEDOH THEMROMEN 0 IZITWIE L, insulin OSHGHERFTE>TNH I &
R LT D,

ZOFER. C10 Z0FH L7236, 270nm fHEIZ351F 2 insulin 714 M 3O A O e KEH
RTFL0 IZIEDWNWTWND Z &R &7z, —J7, Sefsol-218 A L7356 Do FAE 1T,
PEAH L TWWRWEE L IR L CREREITRD b Lo Tz, LI -> T, insulin ODEEMEIC
Sefsol-218 [T K& 7R % RIFE X720 —J5, C10 X insulin OEAMZIIHIT 5 2 & 2VRIB X

P =
iz,

2000

0 4

-2000

-4000

-6000

Molar Ellipticity
(deg-cm?/d mol)

-8000

‘\ Control

-10000 T T T T ]
250 260 270 280 290 300

Wavelength (nm)
Fig. 9 Effects of C10 and Sefsol-218 on the circular dichroic spectra of 0.02 mM insulin.
(J. Pharm. Sci., 109, 1483-1492 (2020); Figure s4)
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3. LB R DB RENEIC I Sefsol-218 KUY C10 O 524

C10 KON Sefsol-218 DWUVAEERERE T transcellular route AR5 T DG EMatd 5 7=

DI, BERBEIWEIC RIE T 2 AL B DR A5 L 7=, DPH 1ZA5E O R4 12, tma-DPH
IFHEE OAMARER 4312, DNS-Cl (FEX R 7 E ST a7 m—7 L LTHLNTE
D 80 KR TIEINL DT r—T TT LT v MNED BBMVs & HW TG %
1T - 7= (Fig. 10), BBMVs (Z C10, % 721% Sefsol-218 % ¥ L 7= B o> 4t ¢ B 05 P L
(fluorescence anisotropy ratio) % Fig. 11 [Z/R" 7, r’f‘%’fiﬂﬂ IZ control #EZ 100 % & L7=FEDu
FEFM AR LTEY ., ZOENRED LIZGE, BIREESE KT EE2RLTWD,
Fig. 1A ® 27 715, C10 72 5 NS Sefsol-218 I control #f L kbl LC, DPH D67
PR A SEE IS S8 72, £72. C10 & Sefsol-218 (2 & B a0 BT~ B8 TR FE IR AT
HCToHho7z, C10 IZEIL TIL, 0.5% C10 % DPH (2 H L7-%& ZFk& ., DPH, tma-DPH,
DNS-Cl R TOHCETT ML 2 A BT, DORERAICHD S D Z R ahiz, —77,
Sefsol-218 (ZBA L TlX, Fig. 11B 77 7/ b, 5% Tl L725AOAAEIZ tma-DPH O
RGN T I 2 ERE T2, DNS-Cl % AW T L7235 A 12 >0 T RIERIC
5% Sefsol-218 (I EIZE MG EZR T 72, 0.5% & 1% ORETIIAR+5 Ta?pz)_
EMRENT (Fig. 110), LA E X V| Sefsol-218 X EICHEE —EENEROIRE O Ehik % Bk
IH5Z LIk, transcellularroute 24T L T insulin OFEMEEZ KI5 2 ERIB I
77

\DNSCI]
Cholesterol

I
hhiesey

PhOSph0|lpld Membrane Protein

Fig. 10 Evaluation of membrane fluidity of lipid membranes.
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Fig. 11 Effects of C10 and Sefsol-218 on the fluorescence intensity of DPH, tma-DPH, and DNS-CL
The final concentrations of DPH, tma-DPH, and DNS-CI in samples were 1 uM, 0.5 uM, and 5 pM,
respectively. The results are expressed as the mean £ S.E. (n = 3). (**) p < 0.01, (*) p <0.05, n.s. not
significantly different, compared with the control. (J. Pharm. Sci., 109, 1483-1492 (2020); Fig. 4)
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4. Caco-2 et 7e & QNS IHEHUEIZ & IZ T Sefsol-218 KUY C10 D%

C10 M UN Sefsol-218 DU HERENE IZ paracellular route 23EF5- L TV D 0G0 & RS
57128, Caco-2 #fEZ = invitro (231575 TEER KON insulin OFEEMEICH 5 20D
LB DB OV THFT L7z, Fig. 12A 7 F 7 X0 0.05% 725N 0.1% Sefsol-218 1%
TEER Offi% . control Ff & Fli L TR 40% I ST, 7pd, TEER IZXf¥ % Sefsol-218
DOIEMITIRERAFRITH Y | FFIZ 120 57 LAED TEER HIZIHWTE DR LIV, £z,
C10 (Z2WTHFERIC, TEER OfE 2 JREKAFRICHAD STz, & 5IZ, insulin @ Caco-2 il
fie JE Z i eI C10 72 5 TNT Sefsol-218 DAFAE FICEWTHIRT 5 Z LRS- (Fig
12B, C), Control #£® insulin @ Py, fEIL 0.4 £ 0.1 x 107 (cm/s) THH7ZDIZXF L, 0.05%
72 BTNT 0.1% C10 1 insulin @ Pay % 2.2+0.7x 107 (co/s) 72 5 TNT 8.0 = 1.9 x 107 (cm/s)
IR S T2, S HIT, 0.05% & 0.1% Sefsol-218 D1 HIZ L - T insulin @ Py 13 1.2 £
0.3 x 107 (cm/s) 72 HTNZ 1.6+ 0.3 x 107 (cm/s) (CHiK L=, LLEOFER LD . CI10 72 b TNT
Sefsol-218 DOWLINfEHEREREIZ X, TJ BHOIZ X 5 paracellular route %41 L 7= insulin O35
HARIERDEE S LTV AIREIEDS RIR STz,
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Fig. 12 Effects of C10 and Sefsol-218 on the transepithelial electrical resistance (TEER) and
permeation of insulin through Caco-2 cell monolayers. (A) TEER values (TEER % of initial value) with
C10 or Sefsol-218. Cumulative permeated amount of insulin in the presence of (B) C10 or (C) Sefsol-
218. Keys: (O) Control; (A) C10 (0.05% w/v); (1) C10 (0.1% w/v); (A) Sefsol-218 (0.05% v/v); (H)
Sefsol-218 (0.1% v/v)

(J. Pharm. Sci., 109, 1483-1492 (2020); Fig. 5)
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5. TJ BHHEE X L /X7 EIZKIET Sefsol-218 LT C10 D24

Fig. 12 O ER T CI10 72 5 TNT Sefsol-218 O WL EMME X T BAOIC X D
paracellularroute 2T LT3 KAE S — 5B 5 L TV 2 TR RIR S 47z, £ 2

S HIEEICRBNT T M%ﬁk LTW5 claudin LU IE T C10 72 HTNT Sefsol-218

%;giﬂ%n‘?ﬁﬁ L7z, Fig. 13 1Z13/0M5 & KIBIZE1T 5 claudin-4 % Western blot 7% Tl
i LTcRE R A4 7”7, Fig. 13A T/T#oto 2. NBIZBWTIE, Cl10 OIFERFIC claudin-4 723
control B & G U TR R L7z, L2 L7RA3 5, Sefsol-218 D512 X 5T claudin-4 D&
O DR ZITRBO bive o T, LIzdio T /MBIZEBWTIEL, C10 1 claudin-4 DO %4y
LT EEMfaD TI ZBH 35 DICk L, Sefsol-218 X T OMEITIZE A EHEL W
EWTRIBE ST, — . RIBIZBEWTI/NNGEOSHE EIXER D C10 & Sefsol-218 OFLHIZ
& 5T claudin-4 O FEDY control Ff & i L CHEIWCHADT 52 LB L0 E R o7 (Fig
13B), & 512, Sefsol-218 DRIALEREIZIBVTIE claudin-4 D&Y control A & [RIFRE £ Cla]
BWITHZERBOOLNT, LEdd-> T, Cl10 LT Sefsol-218 1% claudin-4 L ~/L %/ S
52 L TRIBO LMD T 203252 &, £72. ZOEMIEHNTH D 2 L ASVRE
SNz,

FLLOFERIE Caco-2 MKW T HBIZE STz, Cl10 E72iF Sefsol-218 i L 72ER oD
Caco-2 #fElZ31F 5 claudin-4, occludin, ZO-1 D& Yutamiff% Fig. 14 |27~ L7z, Control
#E T claudin-4, occludin, ZO-1 [FHIBDORIFRIZHAE L Tz, —F5, C10 £72id Sefsol-218
Zo 2 WEfE A L 7o CITMafRIck i 2 2 s T Z U "7 EOREEDNMET LTV 5D
ZENRRED B,

‘(\2«‘\\ B.L . . “‘\e“‘
A. Small intestine S o ® «“@\ ’L\‘b\ . Large intestine e \1‘\% g(\’-"«‘)o\ﬂ\%\
X O\ S ¢ <0 \ Q o 8
> o® o° e Y &*
Claudin-4 Claudin-4 — e m—
(20 kDa) a_us —— (20 kDa) *
B-actin eSamtc e —a B-actin | ————
(45 kDa) - (45 kDa)
150 4 150 -
» = @ =
57 100 g ~ 100
=3 <3
T E Y €
g e | S
s @ =
5% 5 2% 50
o o
0 0
Control Sefsol-218 Pre treatment Control Sefsol-218 Pre treatment
(Sefsol-218) (Sefsol-218)

Fig. 13 Western blot images of claudin-4. The expression levels of claudin-4 in rat (A) small and (B)
large intestines were quantitatively calculated following treatment with C10 (1% w/v) or Sefsol-218
(1% v/v) for 4 h. After pretreatment with Sefsol-218 (1% v/v) for 4 h, proteins were extracted. The
results are expressed as the mean = S.E. (n = 3). (*) p <0.05, when compared with the control. (J. Pharm.
Sci., 109, 1483-1492 (2020); Fig. 6)
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Claudin-4 Occludin ZO 1
+

Claudin-4 DAPI Occludin D API D API

0.1% (w/v)
C10
exposure

Fig. 14 Localization of tight junction constituent proteins in Caco-2 cells were visualized using

Control

0.1% (v/v)
Sefsol-218
exposure

confocal laser scanning microscopy following incubation with C10 (0.1% w/v) and Sefsol-218 (0.1%

v/v) for 120 min. (scale bars: 25 um) (J. Pharm. Sci., 109, 1483-1492 (2020); Fig. 7)

30



(%]

AREETIX, EREATECEN T RIEER] & LT Sefsol-218 Z#IN L, Z DWRILEHEREHE
Z, WEROWIREERITH D CI0 LB LN SRt L7, Fig. 8 LY. Cl0 25 NT
Sefsol-218 DWW I E/NMGEL KGR E Y F— MZ LD insulin 73 fFEZHEH LRho722 &
225, Cl10 & Sefsol-218 DWRINIEEMMEIZIL, THLEWNIZI T 2 insulin (Zx13 2L E(LAE
MIEBEE LWz &R Enic, —J. 6 1 FH 1 filcksnT, Cl0 & Sefsol-218 @
insulin (2659 2 WIEHERN RITIE, HILETNZERHDHZ L EZHENIL TS, Zhbd
TR G HLE AT K D & R0 E o RBEFRIEMEOAENIEFICHETH L L EZ BN
%, TPH, AMBEEY HKRIBOSA, insulin DK E5-4 % W LEESE OTE M) Ll
FIERN 2 & A8 5820 NG & R IC 38 1T 2 IR E R R D 2 B 2 A T SR O — DI 72 5 ATREME
N5,

F 72 insulin BVHALFEEEAN T EEEZITHERE LTHET 256, ANTos &
23 L, insulin ORI AEERT 2 AREMERH D, £ 2T CD A7 MUVZFIA LT, C10
725 TNT Sefsol-218 7% insulin DEGZ WA SEL0E 0 ZMET L. Fig. 9 TiX. insulin @
2B CI0 OYHINT L > THEET 5 — 4, Sefsol-218 1L insulin OREVEITITE A EFHELE
FIF SN2 L &R LTz, Insulin OSEMEITIERD pH, ML T4 IWRTPOA 4 F
BIZR-oTE®BT LI ML TERY 35 MIFREICBNTH, IBEVfEIZ XS insulin @
7 U VERRIZ X o T insulin OXERWOTHZ L EHRE LTS B, F, insulin AU =
~—OERIZBE G357 XV BEKIC OV THEHE SN TS 00 T, [EHEE%E O EHK
WINFIN ZIET insulin OB EPE~OEIZIIARRA AL 2V, FH X, Sefsol-218 (T AT
MEEMTH S —J5, Cl10 1X carboxyl A FFDZ &2 5 ., carboxyl DA DES A insulin
DEEITHELE G 2D RENRH V. IRINAI B RORIEIT insulin O&EHKREEEZEE TS
—ODERIRDH EEELTWDS, LML, insulin DEAMITHT 5 Sefsol-218 & C10 D
TER Z 52 R ERT 572 121E, NMR (2 KX 2 HEE O, S DICFEMRRF N LETH S
EEZBND,

I LIz, KBFZETHUW = Sefsol-218 72 5 TNT C10 DORUVAEEREAE T transcellular route %
I L 72389 D Fa M KAEH O FF 5238 2 I35 DN D W TSR ARTE L 2 WV TRE & 1T
ST, ZORER, C10 72 HTNT Sefsol-218 DYEMIZ L U | control FEIZXT 2w E G MEE I
WL, IRERORENMENE KT 22 2R L, IRERICKT 2B OREE LT,
sodium caprylate <> sodium caprate 23D FENNE Z 5 O DO 2 5D 5 Z & Bl S
TNDHZ LMD Y KR TIEIN L OREIEB LRI GO, £, 87 e—
7'& LT DPH %fH L7234, tma-DPH X°> DNS-Cl ZfEf L7254 L0 &, Sefsol-218 @
TIMZHIET D H IR IO DK E M oTz, 7705, Sefsol-218 [XPNERIEE — HJE D BE
KT OFEMEEZZLSE D Z ERRO LN, ZNHDORERND, C10 & Sefsol-218 @
WU ERRS 121X, — i TiEd 2 b o0, JEEROFREMERKIZ X 5 transcellular route %41
L 7= - Widsifa O KA B 5975 Z & AR S iz,

X 5T, Caco-2 M@z HWT, invitro &7 /WVIZEIT D insulin FHEMEIZ KIET C10 KO
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Sefsol-218 DA FIAM L7z, b MEMEHKAII CTH 5D Caco-2 ML, TI LM TEZ T
U, & NG R & RO, iEE AT 52D, < ORI CTHISEEM
2B T DEYRINGHOA A7z — & LT FHASNTWDET VI TH D, Caco-2
HEREI . RIS bRz R 72T 2 AR R oy & U CHBREZAE Y | invitro T/NBOREECHEE L T
BT 52 ENTEDLHD, MEDRWIIENZREY OFBIEFHMAFETH Y, Miar L
BT D L0 FEMZR S Y OF MR ARG T 5 DIZEH L TWnWbH EEZX HD 9, 7ed. Caco-
2 HMAE S 2R D EERENL, RO BE R & el U CRIMEERNC X 2 it o8 s =
FRT N2 6102 KREHZ B W IR D C10 72 5 NS Sefsol-218 (0.05, 0.1%) % FfH
L7z, ZDFER, C10 K" Sefsol-218 1% Caco-2 #liafE > TEER ZEAEITILT S5 Ltz
insulin @ Py HZHERKIE D Z ENHLNE R -T2, —#%IZ, TEER OffiT T OFRE S O
RELLCabLRTEY ., WIEHEANZ XD TEER O, TI O D ZxRd, Lo
T, C10 KXU* Sefsol-218 DWINAEMERHEIT I, THALE R LRI H1T 5 T OB A3 %
B3 2 AHEMNRE 2 b,

Fio. T IFBEET 2 B2 REICBE T2 Y THREDO —>TH Y | THLE ERICE
W BRI TESES OMEBRIZRIE L TWD, T 2T 5% /37 H L LT, Z0-1 X
occludin, claudin 72 ENHIHAL TV DA, T claudin 1E tight junction strand FZRKIZ 420D
4 FREEEAE CTHY 927 FEOY 7 X A 7 HFE L ERFFRIZRBLL T b 0405,
ZAARED claudin 7 7 IV —DHAAICHSE O KEHTIX claudin4 (ZFH L, 7> MELE
LRI claudin-4 # >N EHEIZKIET C10 KUY Sefsol-218 DEEEZFHN LTz, D
FEE. MBIV TIL, Sefsol-218 & claudin-4 DOEICIFE A EHELZ L5220 —J7, Cl10 D
BHIZ XY claudin-4 =% control Ff& bk U CHEE IR T L7=, £72, KIGIZHBWTIE C10
KR Sefsol-218 DWW h . claudin4d Z A EIE FIEDLZENRHLENI -T2, ZHHD
FEFRN D, C10 /MG E KIBW TSN TS TI ZB 03 25 AlReMED & 2 DITxt L, Sefsol-
218 IZKRIGD TI HAFRMICKED H Z LN RBR I T, EomEY Il L% Caco-2 Mifln I
D TI] #2370 E (ZO-1, occludin, claudin-4) ORI LB, C10 LY Sefsol-218 DEH]
%R L7z, Del Vecchio 5iE, C10 25 claudin-5 /claudin-5 AR A {EH 72 & NS BEAEBAL
WHED actin OEAZMDIELHZ LT, —FFUIC T 2 ZE2@E LTS 97, £
Krug 5% C10 2% tricellulin % FIAICERET 5 2 & C, —HifuBfl iz 361 2 3 D%
PEAHEINS L Z 2R LT 8 20 OWMEIIAMIE THONIHER AL, C10 12X
5 TIFAAAI=A L% HHHATELLEEZLND,

ZIC, BBRRWZ 21T, C10 13/ & RO G T T ZBAR T 5 AlRetEd & 512 6 2
5T, Cl0 IERIBICBWTOA, insulin 2% L CEAE 2RI EESREZ R L (B 1=
Ho1 D, ZNHOFIEIE. HEENIZEIT D insulin DZEMEDOEENZ L > TItBH T 5 &
EEL T D, Fig.8 (T X 912, C10 1% insulin DO WHLE R IZI31F D 43R 2 Bl L 72
W ERB LN o, ZOBREITIEZ. MEE RBHEOFRED X — MIEGENDHZ 8
JEENERLERD LICHBL L2 AKKD invive BEEEIT/NE E RIGTRZR D, Thebb,
INIBZ BN T LBESE DOIEME DS B S 726D, Cl0 IC K> THR SN D TI B OER &
D b, insulin DYFREE DS AKE L 22D | insulin OWIAME T3 A GEMERH 5, —J7,
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BN GRS OTEMEDS ELHGHUER W RIBIZ BV T, insulin O3 EDNEIET 5720, £ D
iz C10 23MEF L paracellularroute %/ L7= insulin OWIMNHE KT D EEZ HLD, £,
Sefsol-218 (2L 5 claudin-4 DK FITZKIFIZIRBWTDORLFED H L7z, Sefsol-218 23/ MG TRhE
W< RIBTRRDENTZEZRO—2F, /WML RIBIZRIT 2BFEROBENTH S LB
LTW2, 3205, /NETZRIBITHESNTERERSZ AHELTEY, C10 [TEEREICH L TZ
ETHDL AT MEEW TH S Sefsol-218 1XEEFRIT L 2 53Rt 21T 9 W54 Sefsol-
218 1IN TR 2 < KRG TIIRW R Z R LTEfERIZ O 5 E%Z biLh, £lo. MHh
DB T Sefsol-218 DOHALED D DO C10 LV L7256, Sefsol-218 23, L V%
RIRRIEER & 72 0 15D FREMED B D, LorL, Sefsol-218 7§>jiﬂﬁ BNWTDH claudin-4
ICBE RIT L BROFEMITH S E 2o TRy, b DOBRZERIZEFET 5720
(213, Sefsol-218 TN C10 23EESRISKT L TLRIENG MOV TRETT 2%, & bIchisi 2
DTV RERNHDH EBZ BID,
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% 2 E Labrasol® &K% O BIERAC L 5 HERIUHEIEY O ELE R
IS E 72 b QN IR ISR ERE S D fEAT

% 1 i Labrasol® KOV OBEEEIHNC X 2 A REERIN IR O IHLE T D B
(#=1

R Tl KIBIZ31T 5 insulin OWIIZHF LT C10 72 5 TNT Sefsol-218 ASWRUNAEHERN SR
EHRBLTDHI AR L, LM LR L ., EMOHE BRI A 2R R S SET 272012,
LB OFCIRWERIEREE A T 2 /MBI B TRV MEERN R 2 7~ T IR IR ER N F Ly,
BUE E ClITliE SN TV DRIIEERI DO Z < DEICKIBIZENTEOHRE BT L L%
BEZDE MHITBWTHERRIBEER OB N EE TH L LE2BND, £ITAK
FCIIH 7= 72 AR L LT, Labrasol® KON OBS#EBIFICEH Lz,

Labrasol® 1%, & DO#&i&IZ polyglycolysed Cs—Ci4 glycerides % & TeBIFIRMMTH Y | 16k
D B EEABAI & L C microemulsion 5 DALFIZFIH &4 TV %, Labrasol® (% mono, di,
triglycerides, 72 5 OMZ polyethylene glycol (PEG) D<€/, ¥, HRIIBE= AT /L, X5 free
PEG-8 @ iRAGHAIL LTHBENTWD O, bbb, Oy O—EICENik~= AT
NEaEhZ NG MIETHER LD 7Y VBEEbEM A SO EEZX D LN TE D,
F 72, self-microemulsion system OF|HD—D(%, BA| L R ZIRE LIRS BIET 57217
T, Y L HALA D HHERL S D microemulsion Z TR TE 5 THD, Lionio T, #Ek
I ZEY) O LAE WU X3 % Labrasol® OWMEHERNR I L TH, IWHFEEEBEE - T
VW5, Bl % 1E. Labrasol® (% gentamicin & insulin OVH/LE O OWIN Z =T D Z & BNiRsE
SN TWD M2 F 72, Labrasol® 137 v NEGD G DK 158 heparin ORI A ET 5 2
& . 10% (v/v) Labrasol® 7% CF 725 ONZ FD4 OELE R G- OAEMSEIR AR %2 1 LS w
LT EDBWBMNERSTND *, IHIZ, RINIFIOER 2+ 2 &L LT, PEG =X
TR glyceride 7217 T2 <, C8 TN C10 HHEE Rk & 705 Z & ™, Labrasol® O Y=
TV —T VG D3RS IR R E N R 2R3 Z & bR & 7e P, E7- Labrasol® 1%, AN
PElaRE B L LicT v Re 7 o2 B RBAEA] enzalutamide (Xtandi®, 7 27 7 Z83E) o
D GG OEAR LA & L CESE, KE, BU, KOHARIZTER I TND ™,

Z D & 91T, Labrasol® OFHMEIZOWTIIIERITHEm STV D, L2 L72» 5| Labrasol®
(ZHARL L 72 R ORI EZD RAIZ DN THIE & A EHiiE STy, 72, Labrasol® O
X EFEO enzalutamide @ L 5 72 BCSclass 1l B3 OBRMEIEDOUGRICEMR I NS —F, Bl
KPEEY OB FZ BRI T 2 8B L, BRENRERICEE D, £ THEHIL,
Labrasol® (28 L 7= & OWIAEERD T DWW T, AfEICERRT 20BN b D L& 2 7,
ARE T, insulin, CF, FD, MU ALN Z¥RINMEET VER L LTHEHA L, 2 bFEmo
THEALE WA IZ K 1E 3 Labrasol® 72 5 NI Z OB HIA| §1 7 f%H (Labrasol®, Capryol 90,
Capryol PGMC, Lauroglycol 90, Lauroglycol FCC, LabrafilM 2125 CS, & T Maisine35-1) ®OW
IAREZN FAZ DWW THRET L 7=, 7235, Labrasol® 725 NZE OREHEHANIE ) = A7 100 =
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AT VK, R glyceride FA FRARAITH D Z LD ARITZ 6 O FHEIE 2 Bl
b BE LTRTZEIEREETH D, L LR L, ZALRFNC O WTI Y BARICT S
&, E, HMEEMHEREEOBEZMBIT S 2 & 2 BT, Labrasol® 72 6 NI % 0 BEE Y
O EXOBEIS % Fig. 15 127 L7z,

o[

{Polyethylene glycol)

Hydrophobic group

‘Hydrophilic
group

OH

= Caprylicacid (C8) - Oleicacid (C18:1)
{Propylene glycol )

= Capricacid (C10) - Linoleic acid (C18:2)

= Lauricacid (C12) - Linolenic acid (C18:3)
= Myristicacid (C14) - Arachidic acid (C20)

= Palmiticacid (C16) - Eicosenoic acid (C20:1)
= Stearic acid (C18)

Fig. 15 Schematic illustration of Labrasol® and its related formulations.
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L R, EREY
AT 00 S RH e LT,

2. I

Labrasol®, Capryol 90, Capryol PGMC. Lauroglycol 90, Lauroglycol FCC, Labrafil M 2125CS
72 5 TNT Maisine 35-1 % Gattefossé (Saint Priest, France) £ W AFL7=, 7. K DT/
FHAKIZ DU TIE Table 4 (Z7Rk L7z, ALN (X Tokyo Chemical Industry (Tokyo) & Y i§A L7-,
CF. FDs(E#4y 7-8 4,000 (FD4). % 10,000 (FD10). #J 40,000 (FD40). #J 70,000 (FD70))
IZ Sigma-Aldrich Corporation (St. Louis, MO, USA) X 0 A L7z, ZOoREEILa1E D EEk
MEHZHE L 72,

Table 4 Compositions of Labrasol® and its related formulations

Product
Chemical Definition Hydrophobic Group
Name
Caprylocaproyl
Labrasol® macrogol-8 glycerides  caproic acid (<2.0%), caprylic acid (50-80%), capric acid
abraso
Caprylocaproyl (20.0-50.0%), lauric acid (<3.0%), myristic acid (<1.0%)
polyoxyl-8 glycerides
c 160 Propylene glycol caprylic acid (=90%), capric acid (<3.0%), lauric acid
apryo
Py monocaprylate (type ii)  (<3.0%), myristic acid (<3.0%), palmitic acid (<1.0%)
Capryol Propylene glycol caprylic acid (=99%), capric acid (<3.0%), lauric acid
PGMC monocaprylate (typei)  (<3.0%)
Lauroglycol Propylene glycol caprylic acid (<0.5%), capric acid (<2.0%), lauric acid
90 monolaurate (type ii) (>95.0%), myristic acid (<3.0%), palmitic acid (<1.0%)
Lauroglycol Propylene glycol caprylic acid (<0.5%), capric acid (<2.0%), lauric acid
FCC monolaurate (type 1) (>95.0%), myristic acid (<3.0%), palmitic acid (<1.0%)
Linoleoyl macrogol-6 o o .
. palmitic acid (4.0-20.0%), stearic acid (<6.0%), oleic acid
Labrafil M glycerides ) - _ o
) (20.0-35.0%), linoleic acid (50.0-65.0%), linolenic acid
2125 CS Linoleoyl polyoxyl-6

glycerides

(£2.0%), arachidic acid (<1.0%), eicosenoic acid (<1.0%)

Maisine 35-1

Glycerol monolinoleate

Glyceryl monolinoleate

palmitic acid (4.0-20.0%), stearic acid (<6.0%), oleic acid
(10.0-35.0%), linoleic acid (=50.0%), linolenic acid

(£2.0%), arachidic acid (<1.0%), eicosenoic acid (<1.0%)

(Pharmaceutics, 12, 462 (2020); Table 1.)
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(B T7iE]

1. BEROF

In situ closed loop VEIT K 2 /MBI EERIZ W 5-#KkIL, PBS ZHWTHHE L7z, PBS
(CYEMRARENA] & LT HCO-60 % FEIREEN 1.0% (wiv) & 725 X 9121, Labrasol® 72 & X
(ZZ OB Z 10 % (viv) ORE LD KO UM UINNE L7222 bisfk S W7z, pH Z %
. insulin % 6.4 1U/mL (dose of 80 IU/kg). CF % 0.04 mg/mL (dose of 0.5 mg/kg). FDs % 0.64
mg/mL (dose of 8 mg/kg). ALN % 0.83 mg/mL (dose of 10 mg/kg) & 725 L 5 ENENTIML
7o 7285, REGWINFEERIZES L CIX insulin % 19.2 IU/mL (dose of 80 IU/kg), CF % 0.12 mg/mL
(dose of 0.5 mg/kg). ALN % 2.49 mg/mL (dose of 10 mg/kg) & 725 K 5 FNEdmL ., [FEk
(el CR Bt

2. THARE RN FEER

AT DO EBRITIEICHE T | HLE loop Z1ERL LTz, &3 EBE L, MgV > 7L % R
(15. 30, 60, 90. 120, 180, 240 %)) IZSHFRIRE 0 BRER L7z, W o 7 /3o 2 15 % 7=
DIZ, EHIT 10,000 G, 5 HELOHEEZITV., 206 OIEY 7L d O K- K EE 2 1)

ELT.

3. T REIRERRE M D FEAT

LB R =M X LDH (&R OV R B B2 FE i U CRMl L7z, A RERIY
A E 721 3% (viv) @ Triton X-100 Z{H{LE loop WIZHE L. 4 FEfE#&/ME loop HIC
30mLPBS (pH 7.4) Z{EAT5HZ & T, BENEERZEIL L-, 15607 EERIX, 4°C,
200G (2T 7 i@ Lot a4Tv. £ O EEEZ W T, L LV iRH L7z LDH 1572 5
WK 7 EIRFEZRIE LT-, LDH JEMEEIIRTEO FIEICE LR Lz, —F., BBENIC
T L7 &2 o "7 B, 3oz B2 W T Bradford JEICK W EH L7, Z O, 12
UM & L C bovine serum albumin % v 7=,

4. ALHMEOFEHM

INGZH T B R EER DR HEVEF O Rk 2 5l L 7=, AIALEERETIX 10 % (v/v) Capryol
90 Z /M loop WIZHEE- L. 60 ZrIRITALER 21T - 7=, RiALEET% ., PBS (pH7.4) % H\ T loop
WA L, EHI2, WIMEHER]Z S £ 720 insulin WK ZE &S L=, TO%, g7 v
(0.15mL) Z#RKFAIIZ (15, 30, 60, 90, 120, 180, 240 43) FREX L7z, W > 7 LiXimsEsy
213572012, 10,000G, 5 oEEOHEEZTV. 2 b oMY T o glucose IRE %
HE LT,

5 HEMOEE

MmA4EH CF, FDs @ JREIL, ~A 7 v~ L— kU —4— (Multi Detection Microplate Reader,
POWERSCAN® HT, DS Pharma Biomedical Co., Ltd., Osaka) % H\>T, Ex.485nm. Em. 535 nm
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DWW RN THAREZRET D52 LRV EH L,

ALN OERIL, Wong HOME 7V, LFOFIETIT->72, H > 7/ 1200l % 500
uL O THIR L, 75 uL @ 5 M trichloroacetic acid (TCA) TR v /37 % 150057 B
(13000rpm, 5 73fE]) L7z, LiE 7 4% — (0.45uL) CUE# L=, AL L7 LiE 600 uL
IZ2uL @ 2.5MCaCl, XN 4ul @ NaHPOs Z iM%, 70 ul @ 6.25MNaOH (2 XY pH
12 [T 5 2 L T S, ImOOEERITV., SO NTCIED 2 500 uL Ok T
Peifth, TLEIZ 10pL @ INHCI ZiRINL., B¥EME%, 100 ul @ 0.5M NaOH ORI
TV HOSLERS Tz, S 612, EBOTBEZITV. 5N 72iLEY 2 500 uL OBEHIK THEA
%, TEEMIC 130 ul @ 0.05M NayEDTA (pH 10) #¥shI L., RS2, Z OEEmIc. 30
uL @ 3 mg/mL fluorescamine / acetonitrile, 100 pL @ dichloromethane Z ¥ L., .07 BfEIC
0oz EED S S, 30 uL % injection volume & L CTLL T DSRIFICHE, H -1 FH-
HPLC 2 XV HE LT,

HPLC system : Shimadzu LC-20AT HPLC system (Shimadzu, Kyoto)
Column : COSMOSIL 5C13-PAQ (4.6x150 mm Nacalai Tesque Inc., Kyoto)
Mobile phase : 1 mM Na,EDTA-methanol (pH 6.5) / acetonitrile = 98 /2
Flow rate : 1.0 mL/min
Detection : Fluorescence detector (Ex.395 nm, Em.480 nm)
Column temperature  : 40 °C
6. 7 — iRk

Insulin OIHALERIMEILATEE & AR L 72,

FEYOMIEE— 27 P (Cow) ROMIFEE— 27 REITET 2 F TORRH (Tia) 13, MLEEP
Y- AR HUE LT, Fo, B o REHER 225 | areaunder the curve (AUC)
Z % L. absorption enhancement ratios (ER) #LL FORUZ L W HH L7,

Absorption enhancement ratio (ER) = AUcwith enhancer/AUCcontrol without enhancer

7. WERHFRLER
TRTCOTF—Z %, FHME £ EAEHZE (SE) ICTRR L, AEEMRTIX, ZELK
(Tukey—Kramer test) (2L D1T-72,
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O R]

1. Insulin O/NERILMEIZ M2 IF T Labrasol® } OV 0 BE i #LH| 0 52288

Insulin D /NGWIMEIZ 2 1E T Labrasol® K O O B fA| D 2B TR & & [FIARIZ in situ
closed loop %12 X W §¥fi L 7= (Fig. 16, Table5), Insulin B G-HEICIBWCIE, Il glucose
BEOIK TN G720 > 7=dIZxf L, Labrasol®, Capryol 90, Lauroglycol 90 fifHRFIZI50
. control #f& i L CAE R MAERE TIERAR SN, Insulin O AAC 72 5 TNE PA% D
fE1X. Labrasol®, Capryol 90, Lauroglycol 90 2L D ZHEHHK 9 1%, 13 {5, 9 fFIC LS L.
KFIZ Capryol 90 7% insulin O/NGRIMEIZKT LTl b mWAIMEZ RT Z E NN E 72>
7o,

250
S~ 200
S 2
g §
&= 150
-
&b 2
g% 100
g 8
Ev
50
0 L} L} L] L]

0 60 120 180 240
Time (min)

Fig. 16 The effects of Labrasol® and its related formulations on plasma concentrations of glucose after
small intestinal administration of insulin (80 IU/kg) using an in situ closed loop. Glucose concentrations
are expressed as a percentage of the initial concentration at time zero. Each value represents the mean +
S.E. of three to four rats. Keys: (O) Control (Insulin: 80 IU/kg); () Labrasol® (10% v/v); (@) Capryol
90 (10% v/v); (<) Capryol PGMC (10% v/v); () Lauroglycol 90 (10% v/v); (A) Lauroglycol FCC
(10% v/v); (@) Labrafil M 2125 CS (10% v/v); (A) Maisine 35-1 (10% v/v).

(Pharmaceutics, 12, 462 (2020); Fig. 1)
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Table 5

Effects of various formulations on the small intestinal absorption of insulin

Formulation Conc. AACo_4n PAY Enhancement
(% viv) (%-min) Ratio
Control - 636 + 636 0.10+0.10 -
+ Labrasol® 10 5700 + 130 ** 0.87 £0.02 ** 9.0
+ Capryol 90 10 8050 + 703 ** 1.23 £0.11 ** 12.7
15 9870 + 2740 ** 1.51 £0.42 ** 15.5
+ Capryol PGMC 10 2750 + 1100 0.42+0.17 4.3
+ Lauroglycol 90 10 5700 + 1350 ** 0.87+0.21 ** 9.0
+Lauroglycol FCC 10 844 + 286 0.13+0.04 1.3
+ Labrafil M 2125 CS 10 10+ 10 0.002 +0.002 0.02
+ Maisine 35-1 10 1110+ 1100 0.17+0.17 1.7

The plasma glucose levels were measured after intestinal administration of insulin and various
formulations and intestinal absorption of insulin (80 [U/kg) was evaluated in these formulations. Each
value represents the mean + S.E. (n=3-4). AAC means area above the curve and PA shows
pharmacological availability of insulin, compared with intravenous administration. (**) p < 0.01,
compared with the control.

(Pharmaceutics, 12, 462 (2020); Table 2)
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2. CF 725N ALN O/NGWIRPEIZ ] 1FF Labrasol® J OV D B BA| D 5258

AT CIEA T F RYEEIE I T 2 WIURE R R STz, & 2 TWIC, HEORR S
ETFTNVEMRKME LT CF 25 TNE ALN 23R L, 205 KW O /NGRILE I KIE 3
Labrasol® 7¢ & ONZZ OB HERA| DO BIZ OW TR L 7=, CF oMM RE w7 v A L%
Flg 17A 12, £72 ALN OMfSEFRE 707 7 (/L% Fig. 17B ([T~ d, S 6T, fFo7z1

Elﬂ(;;%r“z‘)% BEREFXT A — X ZH M L, Table 6 I2F & iz,

Control #£ T % CF 0.5 mgkg BMOFEGHETIIT D CF @ Crax % ZSiSng/mL AUC
1%4.0 +£ 0.6 pgrmin/mL & I MK o7z, —T7. Labrasol® KU OB EH OO HIZ
CF DO{E{LEWINMEIZHER L7z, ¥FIZ. Labrasol®, Capryol 90, Capryol PGMC @77“? kb\
T CF @ AUC (% control #f&HE L THEIZH KL, ZOHFTH Capryol 90 fFHKFZI W
TORINFIPEAEE S control D AUC 76 HHE U7 WIUIEEELE (ER) 13X 23.6 5 & e b VMl
s Lz, &HIZ, ALN O/NED OWINMEIZEI L TH Labrasol® & U O BEA LA D f
FICE VBRI D2 EBHLMNER ST, £72 ALN ZAWHAICB VT, Capryol 90 23
O EWIRIEE R A2~ Le, WIEER 2 0FH L7222 > 72 control #£T&H 5 ALN 10
mg/kg FEHREZRITD AUC 1T 34.1 £ 28.5 pgrmin/mL & FEF K> 72DIZ%F L, Capryol
90 PFAHEETIE 335.1£399 ug'min/mL & 720 | ER (3K 98 Tholo, L7zh->T, 7 D
Labrasol® BHHLAID 9 5 Capryol 90 75 CF & ALN O LEWIUEZ K bR SED Z &
N LMNE o T,

41



A. CF
1000 -

)

>

=)
L

400

Plasma CF concentration

200
0 8=
0 60 120 180 240
Time (min)
B. ALN

5000
=
S
g
£ 4000
g
S E 3900
Z S0
g 2
<
g 2000
k
-9

1000

0
0 60 120 180 240
Time(min)

Fig. 17 Effects of Labrasol® and its related formulations on the plasma concentrations of (A) CF and
(B) ALN after small intestinal administration using an iz situ closed loop method. Results are expressed
as mean + S.E. of 3-4 rats. Keys: (O) Control (0.5 mg/kg for CF, 10 mg/kg for ALN); ([J) Labrasol®
(10% v/v); (@) Capryol 90 (10% v/v); (<) Capryol PGMC (10% v/v); () Lauroglycol 90 (10% v/v);
(A) Lauroglycol FCC (10% v/v); (4) Labrafil M 2125 CS (10% v/v); (A) Maisine 35-1 (10% v/v).
(Pharm. Res., 37, 248 (2020); Fig. 1)
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Table 6 Effects of Labrasol® and its related formulations on the small intestinal absorption of drugs in

rats

Chnax Tmax AUCo-240 min Enhancement

(ng/mL) (min) (pg-min/mL) Ratio
CF
Control 25+5 195 £45 40+0.6 -
+ Labrasol® 244 + 49 45+ 8 36.7+6.0 * 9.3
+ Capryol 90 639 + 183 30+0 93.4 £20.6 ** 17 23.6
+ Capryol PGMC 218 + 62 143 + 36 345+104 * 8.7
+ Lauroglycol 90 149+ 19 158 £42 28.5+£3.8 7.2
+ Lauroglycol FCC 83+16 240+0 10.6 +£2.2 2.7
+ Labrafil M 2125 CS 24+4 240+0 46=+0.9 1.2
+ Maisine 35-1 55+11 190 £ 41 74+09 1.9
ALN
Control 220 + 150 180 + 55 34.1£28.5 ft -
+ Labrasol® 4390 £ 630 15+£0 2343 £ 4.1 ** 6.9
+ Capryol 90 3530+ 1050 15+0 335.1 £39.9 ** 9.8
+ Capryol PGMC 1640 £ 160 30+£10 1774+13.2 % 52
+ Lauroglycol 90 1060 + 260 30+10 130.5+46.5 3.8
+ Lauroglycol FCC 400 £ 20 100 + 40 54.6 £10.2 7 1.6
+ Labrafil M 2125 CS 840 + 300 30+30 96.8£27.4 % 2.8
+ Maisine 35-1 230+ 70 200 £ 30 37.1£18.7 ¥t 1.1

The results are expressed as mean = S.E. (n = 3-4).

AUC, area under the curve; (**) p <0.01, (*) p < 0.05, compared with the control. (1) p <0.01, (1) p
< 0.05, compared with the Labrasol® group.

(Pharm. Res., 37, 248 (2020); Table 1)
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3. Labrasol® K& UM D B EUFA] oD /NG AL M O R Al

ZHIVE TORMEN G, Labrasol® BHE R L4 FEEEW U MESEY) DVE L E I M2 e 5 F
F7WIEERITH D Z LRIz, Lo Lans, BEFOWIEERIL, &UWIRIE
HERNIR & [FIRFICREREME 2 A LTV 5567532 < | Labrasol® BIERIF ¢ 222N R E S
5o & Z T HLE I ERRIE TRIZIGE loop WD LDH {EMEE ONRHE LIz v X0 &%
HEST S LXKV, Labrasol® BEEBLHIC K 5 /NGB EM: 2 -0 L 7= (Fig. 18), & D
B WI o Labrasol® BEEMHKIZ G L7255 128 W TH LDH I&MEE, # /N7 &I,
control #f & b U CHERIRIZED bivien~7-, —J7. positive control #fE L THW =
Triton X-100 fFfARFD LDH {EPEERC X o X7 &iE, AEREAR Oz, Loz &
5. Labrasol® BIERIFN I LRI EL R WIEER] T 5 Z & DRI S 372,

Flo. AWHFETHWZ 7 FEEOD Labrasol® FHEEAID 5 HLARNE L LZEVED/NT ATk
VT Capryol 90 23 HEN T WRIUEERTH D Z LRI N, L7 -> T, LIFEOMSE
TlE Capryol 90 % FNTZ OFRMEZ FEIIZRRET L 72,

A. LDH activity B. Protein amount
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Ygr S Ff & q}% ; » Q,‘PQ > S & & &N
&*o‘&&@‘k’ é&e‘?o§®°+
FV S S SFTSLS S
v & YOS &
Y% %5 i «

Fig. 18 Effects of 10% (v/v) Labrasol® and its related formulations on the (A) lactate dehydrogenase
(LDH) activity and (B) amount of protein released from rat small intestinal mucosa by an in sifu closed-
loop study. Each value represents the mean + S.E. of at least three experiments. (**) p < 0.01, compared

with the control group. (1) p < 0.01, compared with the positive control group.
(Pharmaceutics, 12, 462 (2020); Fig. 2)
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4. Capryol 90 OWIEERN I D 55 F B A7

Capryol 90 DOWRIRHEN R D 75 1 EIHKAFT 2 0B 0 i 272, o FEOHE
72% FDs(FD4, FD10, FD40, FD70) % i\ T, FDs OIE{LEWRUUIEIZ ZIET Capryol 90 @
BRI OW TGS L7z, Capryol 90 f71E F M OFEAFA(E FITH17 %5 FD4, FD10, FD40, FD70
DIMAERIRE T 27 7 A V% Fig. 19 IR L, GO mAEHRREN G E T L2 3pEhies
/X5 X —% % Table 7 \ZE & 7=, FD4 D/NEHH DWIE 10% (v/v) Capryol 90 (2 XY
B ICHRT D ENHALMNE o7, &5IZ, FDI0, FD40, FD70 OWULEIZBI L TH .,
Capryol 90 OFHFHIZ L VW HEIZHER L7z, —J7. Table7 (27”77 FD4, FD10, FD40, FD70 %
ETFNAEY E LTHWESEAED BR IZENEI 5.1, 3.2, 2.1, 1.5 &, CF #HWEHE LY
HIREA R LTz, 37205 Capryol 90 D EEWIN MY Z 5t 5 R HERN 1T, W D5y
FTEOWRIZHEVVE T T 2HANH 5 Z LN E o7,
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Fig. 19 Effects of Capryol 90 on the absorption of (A) FD4, (B) FD10, (C) FD40 and (D) FD70 from
rat small intestine by an in situ closed loop method. The results are expressed as mean + S.E. of 3-4 rats.
Keys: (O) Control (8 mg/kg); (@) Capryol 90 (10% v/v).

(Pharm. Res., 37, 248 (2020); Fig. 2)
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Table 7 Summary of the pharmacokinetic parameters of FD4, FD10, FD40 and FD70 after their co-

administration with Capryol 90 into rat small intestines by an in situ closed-loop method

Cmax Tmax AUCO—>240 min Enhancement
(ng/mL) (min) (pg'min/mL) Ratio
FD4 Control 417 £107 200 + 40 72.7 £ 18.5 -
Capryol 90 1844 + 257 90 £ 46 369.0 £20.9 ** 5.1
FDI10 Control 621 £ 145 225+ 15 106.3+£21.4 -
Capryol 90 1795 +438 98 £ 50 343.5 £90.8 ** 3.2
FD40 Control 348 £ 45 188 £ 53 59.7+7.3 -
Capryol 90 689 + 81 240+ 0 125.3 £ 13.3 ** 2.1
FD70 Control 437 + 35 240+ 0 81.2+2.7 -
Capryol 90 663+ 119 95+ 73 121.3+£13.1 * 1.5

The results are expressed as the mean + S.E. (n = 3-4).
(**)p <0.01, (*) p <0.05, compared with the control.
(Pharm. Res., 37, 248 (2020); Table 2)
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5. Capryol 90 DWINAEHENFE OEAL R M

ZZE T, /MBIZEIT D Capryol 90 OWIMEHERNRICHOW TG L7z, % Z TRIZ,
Capryol 90 DWINEERFNIHLE EALZDFRD BV D NPT HOWTRHMET 27295, K
2B W TS ARRICHET 21TV, /MBI T DR & g L7z,

Insulin ZE7/VHEY L UTHER L72Sa 0. KIBIZET S Capryol 90 DORULEERDRIC
DT Fig. 20 (2779, Capryol 90 23F1E L 72> control BEIZISUVNTIX, /NG G-I & Lhiik
% EEINEWIIBERE TIERAABE SN 0D, RIBREGEOHEAICBWTHIFE A S
i glucose LA LA L HILRAN > T2, —J5, insulin {Z Capryol 90 Z{fH L RIGIZH& G- L
A, BEE MR TIERABIE S N7z, Insulin KAGEG-HFD AAC 1% 1370+250 % min
(PA% = 0.21 £0.04) 75 Capryol 90 OHFFHIZ LY 11,490 + 2150 % min (PA% = 1.76 £ 0.33; p
=0.0009) ({2 EH L7z, L7 ->T, Capryol 90 1%, /N & KIFIZISWT insulink DY
K HWIUEEN R Z~T Z e b E o7,

Fo. RS FEES (CF. ALN) ORBGRINVEIZ XIE T Capryol 90 DFZEEIZ-SU T, Fig.
21, Table8 IZ/~7, £ DfER, Capryol 90 X KIFIZIHWTH CF 72 HTNT ALN ORI %
HARSEDZENRHLNE R ST, KIBIZBW T, Capryol 90 % W 72354. CF ORI
control FRIZELANTBHEITHRT 5 2 L3RR S 4u, ER 134 17.6 f% (p = 0.0016) (ZHKT
L2 ERBOENT, DNBITBITD ER 8 23.6 (G ThHhoT=Z &b, NEERGBTHETD
ZIIHHLIND B DD, Capryol 90 ORIMEEN KON ZITHOT N THL Z LR E R
S72, ALN OWINPEIZEE L T, /MMEEREGZ2 b KGR 5 ENENDTE ., Capryol 90 12
X0, ZOWUEE 9.8 % (p=0.0002) 725 TNT 7.0 {5 (p=0.0044) (21 L, /IMEE KRG
IZB W CREEOAZMEE R LT,
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Fig. 20 Regional differences in the effect of Capryol 90 on the intestinal absorption of insulin using
an in situ closed loop. Insulin absorption following an 80 IU/kg dose was estimated by measuring plasma
glucose levels. Each value represents the mean + S.E. (n = 3). Keys: (O) Control (Small intestine); (@)
with 10% (v/v) Capryol 90 (Small intestine); ([]) Control (Large intestine); () with 10% (v/v) Capryol
90 (Large intestine). (Pharmaceutics, 12, 462 (2020); Fig. 4)
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Fig. 21 Effects of Capryol 90 on the absorption of (A) CF and (B) ALN after large intestinal
administration using an in situ closed loop method. The results are expressed as mean + S.E. (n = 3-4
rats). Keys: (1) Control (0.5 mg/kg for CF, 10 mg/kg for ALN); () with 10% (v/v) Capryol 90.
(Pharm. Res., 37, 248 (2020); Fig. 3)

Table 8 Effect of Capryol 90 on the small and large intestinal absorption of drugs in rats

Cmax Trnax AUCo-240 min Enhancement
(ng/mL) (min) (ng-min/mL) Ratio
CF
Small intestine Control 25 £ 5 195 +45 4.0=x0.6 -
Capryol 90 639 + 183 30+0 93.4+20.6 ** 23.6
Large intestine Control 24+04 120 £ 40 42+03 -
Capryol 90 767 + 20 20+ 5 74.0 £9.2 ** 17.6
ALN
Small intestine Control 220+ 150 180 = 55 34.1£28.5 -
Capryol 90  3530+£1050 15 + 0 335.1 £39.9 ** 9.8
Large intestine Control 390 £200 90 + 30 554+29.7 -
Capryol 90 4310 + 520 15+0 386.1 £ 65.9 ** 7.0

The results are expressed as the mean + S.E. (n = 3-4).
(**) p <0.01, compared to the control.
(Pharm. Res., 37, 248 (2020); Table 3)
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6. Capryol 90 DWKIUAEERNF D Al i

Capryol 90 @ insulin (X3 2 WA HE N 23 AL NS & a3 2 728, Capryol 90
(2T 1 FR/IME A BTALE L 721212, Capryol 90 Z & £ 72V insulin &% 5 L7z, Insulin
TR G-1% DORFRY 72 MAET glucose HREEHERS 4 Fig. 22 (Z/” ¥, Insulin & Capryol 90 %
FRFICEE Lia, B R s TER A AL o7z, —J7, Capryol 90 ORTALEREIZ ISV
TIE, BE 30 % £ Tidb T 0IcmbEEsME T Lz b oo, 0% ibEEIX L5 L. control
FELIFEEALRFEDODT 0 7 7 A VAR LTc, RIALEREO insulin @ AAC fEIT 2520 +
1300 % min T& Y . control #f& DHICHEREIN A LN >T2Z L7 5, Capryol 90
EWHLENORET D2 LT, TORIRENRNBHFEIIRT T2 Z BN ERoT,
F7eb 5, Capryol 90 OWIEHERN RIT W TH Y | /NFHITKE L TR AT 2D EE 7o b
T A LW ATREMED R S Tz,
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Fig. 22  Effect of pretreatment with 10% (v/v) Capryol 90 on the absorption of insulin from the small
intestine using an in situ closed loop. Each value represents the mean + S.E. (n = 3). Keys: (O) Control;
(@) Capryol 90 (10% v/v); () pretreatment with Capryol 90 (10% v/v).

(Pharmaceutics, 12, 462 (2020); Fig. 3)
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7. Insulin {Z%}3° % Capryol 90 OWIEHERN R KIFT pH DFEE

— RN, XY S fREESE DOIEMESC insulin O AMEL, HILEN F IR O pH O
WREZITHZ L0, insulin OELERIMEX, 25 pH I LD BT 2% AraetEns
BEZbIDH, T, insulin {HLEWRIMEIZHTT 2D Capryol 90 OWIEHERNFIZ LI T pH

DB T 5720, K pH I THILE BRI FER 2 Fhi L 7=,

Fig.23 @7 77 XV Capryol 90 ffH insulin KD pH % 3.0 (48 b3H, 7 M
5 U754, BE s TERNEE SN, 1K pH IR (pH3.0) £ 500 MpFEEOIK T
IZHPEER (pH 7.0) B HREL D KL, pH ZIKF S5 Z & T AAC 1% 8050 +
703 %-min (PA% = 1.23 £0.11) 75 14,700 + 917 % min (PA% =225+ 0.14) ~H K425 Z &L n
HoNERoT, L7zh-> T, Capryol 90 OWINEHEZNFIL pH % 7.0 756 3.0 IZ2{b &
HZETHEICHRTLZ ENREBINT,
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Fig. 23 Effect of insulin solution pH on the intestinal absorption of insulin with Capryol 90. Each
value represents the mean + S.E. of three experiments. Keys: (O) Control; (@) Capryol 90 (10% v/v;
pH 7.0); (A) Capryol 90 (10% v/v; pH 3.0).

(Pharmaceutics, 12, 462 (2020); Fig. 5)
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(%]

AEETIE, insulin, CF, FD 72 5TNZ ALN O LEWRINIEIZ x5 Labrasol® & DR
HALH OB ED TN OV TRFT LTz, 22T AETET LVE Y L L TRIRL ALN 1T
FROBA L STV D —, REZRERINMEEIRMS E L TaLTWS 87 ALN X, &
HAREEE OBFEL NS O KEEE T2 G 0OHEE XK OIHEEG O ) 27 2K T S
LT ENAOND HOD 8 ROEEZOHEERIITZE D EWKIEEED 72 DIZHIIR S 41
% 828 X512 ALN (X, THI, MERE. RAE, EETELE OISR CEEREGORIER %5
TEZTAREMER H D2 #85 ALN R 30 I3 M<CaW A BET 5 2 LIRS
% 88 L7125 T, ALN OWMILERIMELZ SET S 2 LT, ROBAIFICEENS ALN
DEREED S8, HEEREOBRBIC SRR EEZXDLND, ZO LT, ALN OHE{LE
W BN OBITIE, = A ORI T <, HLEREOIHSLT K7 7 v AD[H
riZE#BCTE S B BNS,

AAC LY AUC fEIZES S AEDIERFIL, X7 F FEEIKML O insulin, (K55 7 FE 3
fm® CF, ALN THELL TWe, LR o> T, Zhb OWIEERIL, 2 FEOIEMIC
LT, HEERINSGEERZRBET 2 Z L8 s b, 612, 5 1| ECTRH LAY
U UEREEPEAIIEICKIBICB W T ORZE OAIMERER S NIZOICK L, KE TR L
7= Labrasol® BHEBLHAIZ/NBICE N THRIEED R A RT Z ERH LN R-T2, D
2 FFROWINAINIIML O CAEBRMNGFIET S, T/ 5, Labrasol® B#EMIANZIXE /) =
AT NV T AT )UK, propylene glycol 72 & NZIFHEREIIIE N B A SivD, = AT ILRD I
TIEAREEME RS B T2 D | FERFRKIE D X 9 72/ MR DRI 1V Z O il S 45 23,
AR OERY (Riidn) kv, BAIHEROSESHHE Sz TREMERH D L BELR LTV
Do LU G, /MEERBOBRIEER R OB DN T, 22O THhbigm STV
HH00, REFERAHE SN TR, X0 ERICRIAT S 72020, RIEER] F A 24
ik LBV A BT 5%, SEMRBREINREIIRD LEZBND,

S 5T, AW TIXH V- Labrasol® BH i SLAI T IUEENE A IZ R X ZRAED RO b i
7o TOREMARERII AR TH B2, WIUEER OMERITIEEE OGS, T DREHDE X
KT 2 2 ERMEESN TS, Thebb, HEIENRRIIM OS8R ORI & ik LT,
15 BRI & 5 TI OBSREAIIHI T HEANRENZ ERHLNER-TND ¥, Z0
R, BERGRIFZEN EME ST D GIPET® e bItm L T g 8%, X5z,
Capryol 90 & Capryol PGMC DAL A ZRIINFI D ERIT B L TV DHICHEALLT. Thb
BFOWNPUREEA ORE SITFERR AN, ZOBHROERE LT, #AlToOE /) =
AT RO PEE LTS EBZ LT 5, Capryol90 HIZEHENDHE S AT IILDLL
FIX, Capryol PGMC & IIKRIEIZHERZe D, Thbb, £/ = A7 VOEIEIEV Capryol 90
(94%) 1Z. T/ = AT LOEEHME Capryol PGMC (64%) £ 0 & W IR HERh SR 2 7”4
ZEPHIOMNTIR 0T, Lo T, hhofdH & e U<, IR kOE ) =27 L
DEHENENT L0, WY ORI kT2 Capryol 90 DWRUL{EHEEIC EE AR ENIC /R 5
EEZBND,

51



F 72, Labrasol® ORI E/APRE (CMC) 1X 0.01% LLFTHAZ EnfEIN TS Z
ED N RWFZETHER L7 58 H T Labrasol® 1ZI /A EFAK L., T4 Capryol 90 IZ
BOWTHRETHS Z ENTFHISN S, Capryol 90 OWRILIEHERN RN ERFH TH 72 2
& (Table5). {KHREED Capryol 90 DOWRIEEN RN T DTN TH o722 & (notshown) &
B E % 5 & Labrasol® B BLA OWIEHEZNFIZIE I BV OB G35 AlREMERE 2 5
N, LLRBL, FROBEILE ~DOFRGH, BHENIZEWD TIRERP IS 2720,
Labrasol® BHHEHRA D RFTEEIIIRZ KT L, CMC LFIZRs Z EnTvillasinsd, 77420
B, LBV ORRBWIIREZN R OFBUMIHA TH DD ENITOWVWTUIARHATH S, Ll
R G, HWEEEROHFERE S WIUREN R EEL T HRFICRVGLLBZLE LTV,

W ARHER) & B R IS 3~ 2 A, THIEE ISR 2 20 S U o 7 Pl K OSH o 0
ZEE LT 2 088D D, AEIZB W T HATE & FERIC, LDH OIEME A FEME~— I —
D—2L L THEMA L, ZOMEE, WL Labrasol® BIE S /MG LDH JEE % 8K
SHBRNWZERHONI T, Flo. FUNRTHITARBEOR S THY . —RISHIEE
BETDEEMR T R ENRBEND Z EnmbDG, TD), AEIZEB\WTIX LDH
IZINZ T, WEERND Z X7 B ORHYEZ I E R E OFEE & U TRl L7z, ZDfE
B NG BRI S O F X OfiX, Labrasol® K O O BIEBIAFI O 512 K - TE
L2 EMBOBNT, Lizn> T, AEICEBWTHEM L7z ER S RMANT MR
KLU TIEEAEBENRNZ EDRRBEINT, b AIMEEZEMICET A7 Y —=
7 DFEFR G| Labrasol® kO OBERIFIOHF T, Capryol 90 H3RFICHEAL 7o WIEHERA] T
b5 LGOI,

Capryol 90 1%, K4y FE72 & I E T EO KA O WAL E R IUE 2 A B 2 m L &8
b DD, ZOWIREERIX, 7 VM OL T EOBERITEKE L T L7z (Fig. 19).
L7235 T, Capryol 90 1& FHIRLD TI 2 &H HRERASE 5 Z & T, EYOWIN % B35
T HAREMED B D, —F . Capryol 90 1T ¥H)53F 84K 7 7D FD70 O/NBEWRIEE 1.5 %
FEE L B SEhhotoZ &b Z ORFOMISERREE O ORI, JURSITR
REIND @ FEELOMEERNEZKET DIEIA S THLZERTRHIEND, S0
Z AL, A 72 & By ORI LR ] S 415 FTREMEN S U | Capryol 90 (X insulin 72 &
Ho B E COEKMICT2WMEER & LTER WD EEXDLND, £, BHT&E
DI TIH 2D FDs O Tmax 1L, KO TEIHEYTHS CF X° ALN O Tpax & HlE U CIEIET
HZENHLMNE ST, ZHUE CF X ALN ([ZBW T, 2 YD M) 5 DL,
i PSR R R R HER R S 7272 b TH D LB LTS, CF X° ALN X, &0 1D
FDs & s L C. A5 OEISHENRNZ ERMENTWND, Lo T, AFEROE
FERER (4 FER) Tl AR FEOIEMIT OV TIIRIN & W EEFE, FDs 12OV TIEEICR
I IEFR AN L R FEHERS ISR SN2 2 &35  FDS D T DMARTHICIERE LTZ &5 25
o,

F 7=, Capryol 90 | L - TiHlE S5 =3 OTHLEVWIREMERIZIX, HBEEALIC X
LPERZITRO N o, £ < OWMUREANL, /MG XY bR T X 0 WIMEENEH
EHTDHI ENHMBLILE—T 192 polyamidoamine dendrimer 72 & 2/ NI IS TR IR
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R A BT D INA B FET 5 15 RHRIYIC, NOCT 132 TOHELEEIKT FD4 OWIL %
BFREICWETHZ L P, 512 NO f#i54K1% insulin & calcitonin DWWV % VHALE 2K Tl
HETLZERRESNTND B, ZOLITkkA X A T OWNURERINFIET 203, AE
THEONTAERIT. NO 5RO T — & LRIERIZ, Capryol 90 7239~ TOIEALE 8 HEALIC
BOTHRIUEEN R ERBLTHZ &R LT, Leh-> T, IBIAWFEORF ~OmH & v
D HENZIBVTIX, Capryol 90 @ X 5 IZVHLE OEALIZB 0 & T1EH T 2 WIMEERNIZ, A%
BRI E VG EEZBND,

WIZ, FEI 72 Capryol 90 OMEE & LT, insulin OEILEWIMEIZ®T 5 Capryol 90 D
W UARELE A, ARG T & kbl U TR pH SRfF F CHEZEIZHE R L72, Insulin OfE 1355
FEIr~DIEHZZRET 5L, ZOBGIIEBZE . Capryol 90 28 X 0 #EEERIIZIEH T % Al e
MR DEEZXOND, ThbL, BERKE THLBEEZNTHROFEIZIBWTIL, Capryol
90 DEWVIRIEEN RSN D, E—KIC, ¥ 23T SREER OIEPES insulin O£
BPEX. pH RO BELZIT L ENMONTND Z &0 n 25 ZHUHEK DS Capryol 90
? insulin (292 WUNEHED I EE 5 2 D AlRetEn b 5 L B2 L, IRENIC TR
BRI OV TR LT,
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% 2 i Capryol 90 DWRIRAREERIBEIE DFFEHT

(=1

il

AHTIE, BiECRHE L7 Capryol90 % W T, & OWINEHEREME 2 it L7z, F7-aii
123U T, Capryol 90 ORI HEN RS pH OB EZZITDH Z ENRBINTZZ &b,
insulin OFERMEEITHKTT 2D Capryol 90 DFEETZ T T/ < | pH ZIIZ K D EEMHE~DEEIT
DOWTHRHME L7z, BRROMY | insulin O LEWRIEDSEN—R L LT, LB ICHFET
DB R GRIEFRIZE D insulin BRI NRT VI ERFBINTWDN, & 37 55
BERICIZE DRI 0T W R pH 2MFEET D, £ 2 TARHEITIL, Capryol 90 F£7-13% pH
NG NT R DB E 2 A, insulin D3 fF 2 ] L CRIEERN R 278 LT % AlHE
PEIZ DWW TR EAT 272, T80 5 /AMERIEARE YR — MICET % insulink DORRRFHIZR 5y
fi# 2 E L, Capryol 90 72 5HTNZ pH (2K % insulin OZZEVE~D L% TN L 7=,

—J5, AREIE TI 2KV MIRNAADEREE 2N LTz b DI > TV D25, Ml 12 F
U TH D1 TiE7e< . actin X° myosin 72 ED TJ T H & 37 3HE - iR Z 4R Y
BT Z L THREBIICHRBIIES T 560 EBX 6N TS, EORRICEHEL 725 DN, I -
AR DY A &7 D BB S 7T T D, TI O HIZES T SMam s 7 ricon
TIIRA R DOPHOENTWDN, ZENH YT T ADOHERDO—DL LTV T LA T
(Ca?) PHERRKRFTHDLEELNTND, WBEOHFHIBWTSH, EDTA 2R EDF L— h
A2 Ca? EFL— T2 L THAOMBNT 7T A5, BT TI 2300
THIERREINTND %, T Capryol 90 OWIEEREREIZIS IS 2 transcellular 72 5
ONT paracellular route Z T L7238 O Zia MG EH O FF 52O T AT & R IZ 3O
JCfRIHE, Westernblot, Stz HWTRHMIS 2 & & BT, Ca?t 1Tk 2 BFMEZ HIE S
52 T TI BB ZFIETSHFICONTHRE LT,
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(B FH
1 #E. EREY
RITFE D FBAEHIHE LT,

no

Calcium chloride I% Nacalai Tesque, Inc. (Kyoto) X WHEA L7z, & DOMEIEIZOWTIX, Al
Hi D FEBRMBHIHE Uz,

3. MfakEEE
AT 00 S RH e LT,

[528r51k]
1. Insulin D77 &AM

THALE R AR — 240 pL 12, insulin %R (0.02mM) % 360 uL Mz 37°C TA
¥ 2 _X— h L7z, Insulin ¥&KIZ Capryol 90 (0.5% v/v) 72 b ONZIEMEABIAICTdH 5 HCO-60
(0.1%, w/v) ZWINT 5 Z & T, FEEHIZISIT S insulin DL EPECKIZ T Capryol 90 D
ZRHI L7, 240 43 F CTREFICH 7 7 &4TV, FED acetonitrile /25 Z & T
JEAAEIE S, EHHIZ 2 [BEO5EE (9,000G, 5 47, 4°C) L7z, Insulin DFAF&EIT HPLC
([ THIE L7z, 723, insulin ¥k % . THALEREEER £ Rr— FORDVIZ PBS LiIRA L. A
BRICA F 2_X— K~ L7eb D% control fif& L7,

2. CD A7 hLORIE

CD A7 b UM sy aGEE (J-1500-450STG, JASCO Co., Tokyo) % FWCHlIE L7,
Insulin % pH 7% 3.0 £721% 7.0 @ PBS FUTHRAMAIRED 0.02 mM & 7225 X HWML.
Capryol 90 ¥R ZIEFEDN 0.5% (v/v) & 72D XM LTz, ZNENOERIT 1lem UG O
FAFEF 2y FNT, 3 BIO#EHEA X v 2 L7, 300 nm 2>5 250 nm OWEILE,
ARME 50nm/min | 25°C (12T CD A7 MZHRIE L, AiEORXE HWTo M %%
BH L7,

3. HOGIRICHRINTE

BBMVs (200 ug/mL) % RiiFEDFEERIFIEIZHEL T~k LTz, Dk, 7~k L7z BBMVs
IZKIREED Capryol 90 F 7213 200 uM cholesterol (positive control) % EiLEILRA LTz, 4 Fll
M OEEHRE 2 HIE L, R 5ME r (fluorescence anisotropy) % Rij & 0D S5k 5 112 % U B H
L7,

4. Caco-2 #MfimiZsimF2hR

12 well Transwell® |Z#5FE L 72 Caco-2 Al HLEM OB HL A4 Pk BV | apical Ml 0.5mL @
mHBSS (pH 6.5) % . basolateral fliZ 1.5 mL ¢ mHBSS (pH 7.4) #M%. 37 °C [H{EME T
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60 D7 LA FaX—sE{ToTc, D%, apical lIZ pH 6.5 |ZFH%E L7 insulin (0.04
mM) F 7213 CF (10 uM) &% Capryol 90 (0.05%, 0.1%, 0.25%; viv) %4 7~ mHBSS ¥
WAL, basolateral {12 1.5mL @ mHBSS (pH 7.4) Z Nz FEBZBAGE L7T-, TD%k, FE
BrRBALE 6 WF[H E TRERFRY (30, 60, 120, 240, 360 57) IZ basolateral I LV 7V 7%
1TV, 2550 blank- mHBSS (pH 7.4) % basolateral {HIZ#sINF% &2, TEER % #REFAYIC
HE L7, % Sample 1 CF 72 5 NT insulin JREAZHIE L, KW D Py & HIFEDFEER
FFEICHECHEE LT,

5. Western blot £

Wistar 217 ~ b % control, treatment, pre-treatment AED 3 BEIZAr ). /NMBIZ in situ
closedloop #Jii L7z, Treatment #fTid Capryol 90 (10%, v/v) % loop WIZ# G- L., 4 FEfilt%
(ZHHEFE ZH T2, Pre-treatment #f Tl IG5 4 K& ICIBE loop W% PBS &
TUHF L, Tadn b S HIC 4 BFRRICT v b2 LRESET, £72, 1% (w/iv)HCO-60 25
¢ PBS %5 L7777 v h% control & L7=, 7 hMNIFGICE TS TI X 7 H
(claudin-4, ZO-1. occludin) EIIRTE O FEERFIEIZHE CHIE LT,

6. SalEYtalk

21 HWHES# L7z Caco-2 Mifdz mHBSS T 1 EEfli] 37 °C TA > F=2X— h&fTo 7214,
Capryol 90 (0.25% v/v) %&¢e mHBSS (pH 6.5) ZiRIML7-, 2 FEfA % 2X— |k L7-t4.
mHBSS Ty L, IO R GIEICHELT T B ¥ X7 & (claudin-4, ZO-1, occludin) @
JREEEEER L,

7. T BEEAMEOFHE
T ZHIET H2H AL O RESNTNDEIN, ZOHFTHLEER OO —> L L THila
I Ca®t T b D, £ T, Ca* (Zx3 % Labrasol® 7g & NI Z D BB D B A
Z Ml L7z, 50 mM HEPES buffer (2, 8] (5% v/v) 72 BTN HCO-60 (1% w/v) % #N
L. NaOH ZHWTERKR® pH % 6.5 ([ZFH L7z, Calcium chloride ¥k % Ff&IRE A SmM
ERDEOWML, BRTECIEA LK., RS Ca® ([Ca¥'lge) & Ca’" T (Compact
Ca?" Meter B-751, Horiba, Kyoto) (2 CE® L7z, Ca* FEEHE ([Ca?'loind) (%) 1X. WAUHES T
BH L7,
[Ca®*ree

x 100
[Caz+]total

[Ca** Tpina(%) = 100 —

Z I T, [Ca¥low [FHNFIZE £7/20) control 12175 Ca®t WEETT,
8. MR FAVALEE

TRTOF —FE, FHELAFAERRZE (SE) IS TRR L, AEEREIL, £ R
(Tukey—Kramer test) (2L ViT-7,
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1. Insulin OXAEMEIZKIET Capryol 90 72 5 NZIEHEH pH DOFEE

Insulin O=EMEIZXTT % Capryol 90 D% CD A7 V&AW TCHHI L 7=, Fig. 24
D777 X0, pH3.0 OIFE TIX 270nm D5 FFEMEOA DR KIEN, pHT.0 & g
LTl Snd Z ENB BN E 757, —J7, Capryol 90 % ishN L7=85E 1238 T, insulin
DHDYe & i LT, o FREHROMEICBAE 22BN R 62> 7=, L72h3-> T, insulin
DEEVEIL Capryol 90 (2K > TUHIZE A EREL ST n—F 1K pH FHICT5Z & TE
DOEREERIH S D Z &R s vz,

2000 -

Capryol 90 Control
(pH 3.0) (pH 3.0)

-2000 -
-4000 -
-6000 -
-8000 -

Molar Ellipticity
(deg* cm?/dmol)

-10000 Capryol 90 Conirol
H7.0
12000 { ®H7O (pH 7.0)
'14000 L] L} L] T 1
250 260 270 280 290 300

Wavelength (nm)

Fig. 24 Effects of Capryol 90 and pH on circular dichroic spectra of 0.02 mM insulin. (Pharmaceutics,
12, 462 (2020); Fig. 6)

2. Insulin OZEMEIZKIET Capryol 90 K TN pH DF%EE

Insulin % & /BRI T2 % — b Z2IRA L, &RRFAY72 insulin FRGFEZHET D Z & T,
insulin OZEMNZ LT T Capryol 90 72 5 NE pH OEEZ N L 7=, &5 OREEE 72
insulin #%/F & Z{LIZDV T Fig. 25 IZ/RT,

pH 23 7.0 O¥HET TIX, Capryol 90 ZIRM L72A123VTH, Capryol90 Z AL TV
7RWNEE L [RIFREE OEEE T insulin 28/ NMBERET X — M XV ofR S iz, xHHRAYIZ, Capryol
90 & &Tr pH3.0 OWRIEH TIX 50% LA L0 insulin WNFEBRBALE 120 D% LEFETHZ &N
WO LA, 72F, insulin RO L, Capryol 90 DIEFTE T & F(E FENEIITE
T, PHEEITIE 61.9+8.8 725N 64.8+11.0 0 CTH Y | BEMERIERT TIX 41.1+£53 725
T 1502+19.1 53 THHo7z, T I T, Capryol90 % & £72v> pH3.0 #H TiX insulin 234
BT ST-Z )25, Capryol 90 BADMK pH §FICEWT, insulin O EMZ R LS
w5 NI,
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Fig. 25 Effects of Capryol 90 and pH on the degradation of insulin in small intestine homogenates at
37 °C. Each value represents the mean + S.E. (n = 3). Keys: ([]) Control (Insulin: 0.02 mM); (O) with
PBS (pH 7.0); (@) with Capryol 90 (0.5%; pH 7.0); (/) with PBS (pH 3.0); (A) with Capryol 90
(0.5%; pH 3.0). (Pharmaceutics, 12, 462 (2020); Fig. 7)

3. BBMVs DR EIEIC X IET Capryol 90 5%

/NG BRI O AR B EN MR IC M IE T RIREE D Capryol 90 DFZEE% | w0t e LA IL % H
WCRHMI L. Z DR %A Fig. 26 IR LT,

Capryol 90 IIIREMENEOHIET 0 —7 T2 DPH O E G M 2 R ERFHICIK T
SELZEVHBMNERoT, o IBEBSNT 21857 5 tma-DPH a0t 7w —>7 & LT
AW HEIZB W TH, Capryol 90 12 X A G OA B K T3 8l%E &=, DNS-CI
B L TIE, EAIRED 5% OEEOHFEEREBINREONRN>Tcb DD, T m—7
AL L 72 e BT DMK I 358 DTz, 2D OFERD D | Capryol 90 1R IEANES,
SR, R OMWES Lo B OFREWEEZ R S5 Z LT, MIENRKEE N LY oBEiR A
BRSED Z ENTRRENT,
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Fig.26 Effects of Capryol 90 on the fluorescence anisotropy of (A) DPH, (B) tma-DPH, and (C) DNS-
Cl. Results are expressed as mean £+ S.E. (n=3-4). (**) p<0.01, (*) p <0.05, compared with the control.
(Pharm. Res., 37, 248 (2020); Fig. 4)

4. CF 725 NT insulin @ Caco-2 MfEZEMEIZ KIE T Capryol 90 DF%E

FIREED Capryol 90 I D Caco-2 M HBBORERFAY 72 TEER fl72 & NZFEY (CF,
insulin) O RAFEZ W E% Fig. 27 127,

Fig. 27A ORI R BEIREUED 777 726 T X T O IR EIZIB W T, Capryol 90 1%
Caco-2 #MfafE > TEER %K F &SH7-, 0.05% & 0.1% @ Capryol 90 #sHif% 240 43 % Tl
TEER D HIHMEDHK 60% FREE TR T L, ZO®BEHEMBERIZSH 7=, £72, 0.25% Capryol 90
2B LTl 0.05%. 0.1% @ Capryol 90 ¥#MEEL © & TEER OIE FHENA K& o722 &
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5. Capryol 90 [FIRFEEMKAFAIIC Caco-2 Mif> TEER #IKFIEHZ B LMNERoT,
S BT, Capryol90 (% CF @ Caco-2 #AlfHLE T3 5t 2K = (Fig. 27B). Z#uic
FEVN CF @ Papp fEIE 2.15£0.27 x 107 (cm/sec) 225, 0.05%. 0.1%. 0.25% Capryol 90 Df}f
HIZE D ENZEi 425+0.8x107 (cm/sec), 5.12+0.66 x 107 (cm/sec), 9.00+0.41 x 107 (cm/sec)
~HIR L7z, E£72, Capryol 90 (MK 13721 T, XTF FEEHEKML TH S insulin O
B SR & (Fig. 270), insulin @ Py, X 0.24+0.1 x 107 (cm/s) 725, 0.05%. 0.1%.
0.25% Capryol 90 PFHIZEZ U ZNZ4L 0.68+£0.3 x 107 (cm/s), 1.45+0.6 x 1077 (cm/s), 5.67 +
0.6 x 107 (cm/s) ~EHIR L7, ZNHOFERN D, Capryol 90 (XIHLE Mg TI %
RO L. EYoFEarEZERK S5 faEEN RmE S 7,

A. TEER
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Fig. 27 Effect of Capryol 90 with different concentrations on TEER and permeation of CF and insulin
through Caco-2 cell monolayers. (A) TEER values (TEER % of initial value) with Capryol 90. (B)
Cumulative permeated amount of CF in the presence of Capryol 90. (C) Cumulative permeated amount
of insulin in the presence of Capryol 90. Results are expressed as mean + S.E. (n = 3-4). Keys: (O)
Control; (A) Capryol 90 (0.05% v/v); () Capryol 90 (0.1% v/v); (@) Capryol 90 (0.25% v/v).
(Pharm. Res., 37, 248 (2020); Fig. 5, Pharmaceutics, 12, 462 (2020); Fig. 8)
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5. % TJ P& /X7 EIZKIET Capryol 90 D%k

TI Z T B LV OELE T DA RE — 38 THRE S MBI L %, TI Z v %y
BN T OFEMECEERHEH 2 R-TZ /ML TWE Y, £i2, TI B ¥ L7 B0
HIRAREIBR 2> & OVEIATIE, TI B X o X7 B O RC= v RYA b —3 R K DMl ~D
WL DFH 35 Z EBHMEINTND B, FIEOMRFHIIBWT, Capryol 90 12X 5 TJ B
AYERDN R SN2, T 2T 5 % /X7 EIZ%ET % Capryol 90 DFEC SOV THR
#f L7z, Claudin-4, occludin, 725 NI ZO-1 (#8FENZ T) BHEX X7 ETHY, TI @
N T HRER KL UGN QAR AR 2 N LI Ok 2 HETT 5 Z L mbn T b,

Fig.28A ® 277 7 XV | claudin-4 L ~Li% Capryol 90 D52 L W HEIZHD L, (b22%
B U772 MBI control B & Lbi LTHI 24% L7272, & HIZ, Capryol 90 AifLEEIZ IS
WX, claudin-4 UL control & [RIFRFEICE CRIET A Z ERH LM E R -T2, £,
occludin & ZO-1 IZOWT b FEROFERVPBIE SNz, Fig. 28B, C (Z/-7 & 51T, Capryol
90 DIFAE T TlX. occludin DT control DFY 72% (24> L (not significant), ZO-1 (2RI L
T control FEDK 60% IZIK T35 Z &EFRDH BT (*p<0.05), = HIT, Capryol 90 DHi
WBFEBROFER I . 2o X RV EORENIZEINTZZ L6, Capryol 90 1T/MEIZ
FBUWT claudin-4, occludin, 72 HNZ ZO-1 OEZEXTFIELZ LIZEV, B EKRD TI %
N35Z&, £/o. TOEMIAIWHNTHS Z EBREBINT,

TJ BH# 2 87 B O RIEMEIC R % Capryol 90 ORIE% X SICHRET 572010, G
JeHeta A L, Capryol 90 ¥SHN 120 53#£12331F %5 Caco-2 M o> TI & 2 /X7 B & #8153
L7z, Fig.29 (2”7 KL 912, Capryol 90 FERAMAIFL TIZ, claudin-4, occludin, 72 &N ZO-
1 V&, BRI - Tl L CRTE L Tz, xHIRAYIZ, Capryol 90 1F1E T Cidk, Hifaks
SUZHT D claudin-4, occludin, 72 5 TNE ZO-1 BHROENBNWHIHE 2T TIXHTH Y | PEIC
BUIDREEMET LTS Z EREESNT, INHOFERI Y Capryol 90 1%, Flfaf
BT D TI BES 7 ORI L TREE KET 2 RIS,
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Fig.28 Western blot images of tight junction-associated proteins. The expression levels of (A) claudin-
4, (B) occludin, and (C) ZO-1 in rat small intestines were quantitatively evaluated following treatment
with Capryol 90 (10% v/v) for 4 h. After pretreatment with Capryol 90 (10% v/v) for 4 h, proteins were
extracted. Results are expressed as mean + S.E. (n = 3-4). (**) p < 0.01, (*) p < 0.05, compared to the
control. (Pharm. Res., 37, 248 (2020); Fig. 6)
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Claudin 4 Occludin ZO 1
Claudin-4 Occludin
DAPI DAPI DAPI

o . . . - . .

Fig. 29 Effects of Capryol 90 on the localization of tight junction-associated proteins, using an

Capryol 90
exposure

immunofluorescence staining method. Localization of tight junction constituent proteins in Caco-2 cells
were visualized using confocal laser scanning microscopy following incubation with Capryol 90 (0.25%
v/v) for 120 min. (scale bars: 25 um) (Pharm. Res., 37, 248 (2020); Fig. 7)

6. FHHFND Ca¥ A A T 2B & WIRE R & OB

Ca?t A A E. TI O AZHETLEERRKFO—D>THL I ENMBNTND, TD
72, W LRI O T ATV T, WIEEAIZY Ca?t A A 2t T2 2 & T T @
HEREIC B 2 KT T rIEEME N B 2 b, £ 2T Fig. 30 TiX, Ca’" IZxf9 % Labrasol® &
OV OB RGR| D BURIME 2 3 L7z, 7B Al Ca?t ITxd D456 1E, FEREE Ca>' IRE
ZUETHZ ETHRM L, Fig.30A X V. Labrasol®, Capryol 90, & U® Capryol PGMC I3,
Ca? |2k L CEWBIAIMEZ 7R L, Lauroglycol 90 &% T® Lauroglycol FCC (O T THDH H D
D, BWEHT Ca?" IZHEAT D Z L@ bilz, —J7, Labrafil M2125 CS & Maisine 35-1
IR LTIk Ca® IR EAERB Lo ToZ &0 h, Ca¥ 1Tk d8FMEIZ DV T, &
RN ZRPDFET D 2 R bnEoTz, £72, Fig.30B-D O/ 7 76, CF, ALN K&
O insulin (ZxF 9 2 WIEEZ RO K EZ & (ER) & &RAID Ca?* 1Zxtd 2 BAME & O
FRVVIEDOMBADTE O Tz,
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Fig. 30 Binding of Labrasol® and its related formulations to Ca** ions. The affinity of Labrasol® and
its related formulations to Ca*" was determined by measuring the unbound Ca®* concentrations in the
solution. (A) Binding ratio of each formulations to Ca*". Correlation between binding ratio and ER of
(B) CF, (C) ALN and (D) insulin. The results are expressed as mean = S.E. of three samples. Binding
ratio (%) = 100 — (Junbound Ca*" concentration of each sample] / [total Ca** concentration]) x 100.
Keys: ([J) Labrasol®; (@) Capryol 90; (<) Capryol PGMC; (l) Lauroglycol 90; (A) Lauroglycol
FCC; (#) Labrafil M 2125 CS; (A) Maisine 35-1. (Pharm. Res., 37, 248 (2020); Fig. 8)
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(%]

RSB D IEALE WU %35 Capryol 90 DO W IEERRE 2 DUV TRMI 72wt &
1To7=, £7. insulin OEAVMEIZXT 5 Capryol 90 72 5TNT pH D% | insulin D EK
gz KT 5 L 5PN D CD AXZ hMZ|ET S Z LTl L7z, 2 2T, insulin 3%
B9 5D LT SIS antiparallel beta structure |3, FEFEMEEZRT 2 EDRMBN TS,
270 nm T2 IFHEAD CD A7 hV@OWUIL, insulin @ antiparallel beta structure ¢ 91
T% B23-28 fHID phenylalanine %X 8 tyrosine #5354 39, L72723-> T, insulin OEEEK
MREES S Z LT, 270nm ORORKAEFHEE L, T8 insulin XAVEOFEFEICRL L5
Z HILTUN D P10 KRENZEB T DA ORE R, Capryol 90 OEINC X % .270nm T insulin
DTFEMBOEEFIEMTHL Z &, MEWIZ, RO pH % 7.0 5 3.0 IZFiF 5 &
insulin DA DL FAEMFRNPEF IR T 5 2 LRSS hiz, Ledi> T, Capryol90 HIKIX
insulin OEREGHEITIT L A EREE B Z 720Dk L, insulin OB IZEEMESME N CHE 2
fil S5 Z LD BT, Insulin O EMEITERIMFICBNTER TS 52 & 3, £/,
insulin B RAEEDOIRLZEIZIZ, B $ 5 ALIZEI1T 5 histidine (HBS) 7' 1 kL Ab23B 54
L2 ENHBILTND ¥, KR TH LR RIZ. 2o oHE & —ET 56 DD, Capryol
90 OWIEHEMMEZ EHEHPATE 20D TIERVWEBZ HN D, £ T, insulin DLEMIC
%95 Capryol 90 72 5 ONE pH DRI OV TRHAM L 7=,

Insulin DZZEMRERORE R, Capryol 90 (T pH i IZH W T, MMERET R — |
[Z& D insulin DI E A EIHI LN ERHL TR -7, XFBIC, K pH AR
(pH 3.0) TiX. Capryol 90 (% insulin DL EMEAZBFEICHET D Z L AR O BT, Capryol
90 & & E WIS FIZHE W T insulin OLEENEL M ELehrolzZ &b, K
pH HEIZEBWT DA, Capryol90 HIEDS insulin REEMEAZRIET D, & L<IE, HLEESR
EAEM LT B2 NS, 22T EEBROSEMRHMEAS | insulin (MK pH Zf4 T CHEHE
T 5720, MM FIZB W TE insulin O ZNT OS5 FEME T T 52 & T, HIEERIC X
HHELEZITR0T L D EEZEZBND, LIen->TZOHSIL, insulin DZEEPEICXR L TAH
FNAERT 2 & B0 TR LTV W@ Enim B3 2 WS fRM G 6N, Z0%E
K& LT, insulin OMWEEOELBEGT A EEZELZLTWD, T74bb, Lin Xk 51
B23-28 fEIK D phenylalanine M TN tyrosine 7%&1E insulin DA 1Z L - T antiparallel beta
structure RS D, £ D7, insulin OEENREET 5 Z & T, TN HERET I /BB
ENBHT D EEZOLND, ZHICTEY insulin DIFE~OFEFIEAM L, Capryol 90 735
R S AL DRI insulin SHV AN D AIREMERS m < 72D, L72h3 5 T Capryol 90 I&
insulin ZfRi#E L, KX pH KBV TOA insulin OZEMERM EL7ZEELR LTS, =
T, IEIERICEE SN TWD T VAT L% 0 drug delivery system (DDS) £ % &84
L& B R RINIAERIT, &0 EE R EY R EER AT O TR T BT & 2 FTREME
W2, 7 /7F%x V7, VRY—LEOHEINZFNT 2 Z LITEFITHARTHL DD, =
AU EIICITEME R LS TRNNLEE L S p 1016 05 RAFZE TR L7z Capryol 90 1,
FUANIEA T 27200 T insulin ORENE ETHLERIMELZSGES 5 2 &R SN, Lz
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235> T, Capryol 90 (XZDFMEMZR L RNEKI A R EW S HIZBWTENL TS EE X B
Do LML A G, insulin O/, ZEM, HIEEWIIZ XIET Capryol 90 72 5 NT pH
DFEBIZONWTUIREARH LR B L, ELICHMFNEZEDLNERH D, —J7, Az
T, Capryol 90 (X PEETRH kb‘f%iﬁ%foﬂﬂl&%i_’?ﬁ%%f?“*<‘:75:|3H ST Lz, L
7o 3> T, Capryol 90 23% OWRIEAERN R 2 5B 5 72 OI21E, insulin DL EMEITTTT H1F
i iz\éﬁ iz ntE2xon5,

DIZARREIZBW T HATE & [FAEEIC, Y oOFEmEREIZ+ 2% Capryol 90 DB DOV T
%ﬂ?ﬁﬁ L7c, £9, dOURCHEEZ AW T, IBEBEOREMEIZ XIE T Capryol 90 D% FE
fifi L7z, DPH. tma-DPH, XU DNS-Cl WFhOENET 1m—7 2 MWL AIB0nThH,
Capryol 90 2NEFERIFNCIREMEZ A ST D Z LB LN, IR E TICHE ST

WA EEA O FiE, I BRI OREE g Ok 2 flE L. K ORI AT D
b DONAFAET 5 10919 F 7= cyclodextrins, Cremophor EL, Tween20, & 5(Z Labrasol® %0
AR DREEEDOTRENE AR S EL 2 E BN Lo TS 1718 = HHRE
J& D FRENME 2 HIEH T Db G O L F R R R RIIR ZIRB S TRV, EodE D —
DL L THBBNEDOREDR T S, ZHIEIANIFETHW . Capryol 90 (26 3@ 5, W
AUIZHE K. Capryol 90 [FAEE “HEOWNES, SN, & X7 E @{n@J PEA R &
M5, ZOWIEEREREIZIL transcellular route % 4 L 723 O F vk m FERA NS5 325 2
&R I T,

KIZ, Capryol 90 7% paracellular route % I L 72 389 D VEALE WAL Z HE I S B DG D 2 AR
L7z, Claudin-4 [3/MGIC m\ﬂﬁfﬁgmg< PMEIZET D T) ﬁ%lhﬁl]l%k LTHEETH
HTEDHBILTND Z END 10 CKEIZIHBWNT S claudin4 1THEREZ Y T, £ ORE R,
Capryol 90 #5407 v /G claudin-4 DI, control Eikt[ﬁx LTHEICEAY TS Z
EMBD LT, SO, BIOREBEY X787 7 IV —Tob2s occludin (L, TJ BHHE D[
HilZ R LTRPICHERINTZZ R0 Th Y | KEEEY OFEEOHIEIZIBNT
HERERERTZENmb TG M2 F7- - BN T claudin K723 857 %
—H T, FA—MENICBWTRIRICES TS5 Z L TR N7 FEOMER (T] 2 7 R)
AL TI O 7THEREICHEREE 2 H > T D, £ LT, claudin @ X 5 7B E @A~
YRR E T ORE NICERMTLIEET G2 VRV ERHEERT 22 LT TI OB
HEATTDON D, BEITH X X7 BE LT 20 Z U X7 BERMLNTEY | TI O]
NZEE DS, ZO-1 X° Z0-2 72 EORREFTE & /X7 1L, occludin, actin, claudin 72 & DA
DY R EEMENENT DL A BAE TI B E ) 7302 &ERMonTEY | TJ
DORERL & LEARICEE CTH H Z LD 134 RE T claudin-4 (212 T, occludin, ZO-1 #

YRTEDT y MMBIZET 5 EIZOWTHEHMEI L7, ORI, occludin TN ZO-1 W
DL~ Capryol 90 #5125 0 control FE& I L TIR 35 Z LSBT o7,
L L7Z223 5, Capryol 90 (12X % occludin TN ZO-1 O FEIA I, claudin-4 X FOEIA KL
DY D7rinotz, LTzi-> 7T, Capryol 90 1E TJ Bk # o "7 B AR TFSEDH T & ZC@EP
THHEIT claudin-4 Z VX7 EITHEST L Z LRI, £72, Capryol 90 FRERZIZ
5 T] BEX X7 EREIE LT Z L5, Capryol 90 OYEHM RIWIHT TJ b)ﬁ%ﬁkén
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ToRIREMEZ RE LT D, 7235, in vitro Caco-2 MIMEIZISIT D TI Z U /N7 EDGIND S,
Capryol 90 2L ¥ claudin-4, occludin TN ZO-1 ORTENEELEZITHZ ENRO LN,
SIS T 2B 3 28I o0 TE, WSO OMEDFET D, Hsu HIE,
HFFMRY ~w—Tdb % chitosan A T 7 VD7 7 AEZ—{LIZfE D focal adhesion
kinase (FAK) & " Src tyrosine kinase D U V(b A#HET 52 & T, TI 240 LiciEatE 21
T D LML TnD 15, £72, Tomita HIiE EDTA 2D F L— MERIZ XV Aifast
Ca’* ZHE¥8 X% Z & T protein kinase C (PKC) % 1EME(L L. paracellular route % 4 L 72 3£4)
HMEAZERIELZ 2P L M £72, Cl10 [T EFHEAEERTHIZ Eick -
THIFEN Ca?t L~V Z NS4, Ca?'/ calmodulin {K{7ME actin microfilament % UUAE X%
ZET T AN S M b OIS & FIERIC, Capryol90 & Ca*" 1Zxf L CTIEHT 52
&T TI OFRRAZGIE L TWD ATREMED B 5, AEITIZ, Ca? (T3 2B ENIEE
FBENOWMPEEN RN K E 2D Z PR ENT, 22T, Aifie/RL7Z@Y . CF &M

7oA 31T % Labrasol® J OV O BIE AN I K 2 WIMEED RO K E Z (ER fH) &
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HENGE K ORI e = 2 7 v O W HEZD F L5V 23 . KIFIZE T 5 insulin OWILMEIE
Sefsol-218 & OF C10 |2 &L W BEFICHE ST, £72. 1% Sefsol-218 f HIFD LDH TEHMAEIX
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el ot
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