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AUC area under the plasma drug concentration - time curve
ALN alendronate

BA % bioavailability

BBMV brush border membrane vesicle

BPs bisphosphonates

Caco-2 colon adenocarcinoma-2

CF 5(6)-carboxyfluorescein

CMT sodium methyl cocoyl taurate

Crnax maximum plasma drug concentration
CN sodium cocoyl sarcosinate

DDS drug delivery system

DMEM Dulbecco’s Modified Eagle Medium
DNS-CI dansyl chloride

DPH 1,6-diphenyl-1,3,5-hexatriene

EDTA ethylenediamine-N,N,N’,N’-tetraacetic acid
EGTA ethylene glycol tetraacetic acid

ER enhancement ratio

HBSS Hank’s Balanced Salt Solution

HEPES 2-[4-(2-hydroxyethyl)-1-piperazinyl]ethane sulfonic acid
HPLC high performance ligid chromatography
LDH lactate dehydrogenase

LMT sodium methyl lauroyl taurate

LN sodium lauroyl sarcosinate

MMT sodium methyl myristoyl taurate

MN sodium myristoyl sarcosinate

ON sodium oleoyl sarcosinate

PAMAM polyamideamine

Papp apparent permeability coefficient

PBS phosphate buffered saline

PEG polyethylene glycol

PMT sodium methyl palmitoyl taurate

PN sodium palmitoyl sarcosinate

QOL quality of life

SMT sodium methyl stearoyl taurate

TCA trichloroacetic acid

TEER transepithelial electrical resistance
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Tma-DPH

Tris
TTBS
Tmax
WHO
Z0

N,N,N-Trimethyl-4-(6-phenyl-1,3,5-hexatrien-1-yl)phenylammonium p-
toluenesulfonate

tris(hydroxymethyl)aminomethane

tris-buffered saline and Tween 20

time at which the maximum plasma drug concentration occurs

World Helth Organization

zonula occludens



WEMEERT NEDES

B - SRR - SRR - PR

K4 (FET4) R HHE (Yuka Nakaya)

AL SCEE  N-7 2T R BB ONN-T 2L 2 o U T KD AR TR R R
7 Ly Rap— h OWEE VIO S K ORI A% o fii 7

BHLERIE L TINER PV B RN & BB DN T v ADARIL, FR S BRI BN & 72 D 2 &
MBIV AZBHERLUIRETH 5, OAEIZBW T, AR DORIER BT VEHERIE
DEEBPELIEML 52050 | IRBIBEPEENLDEED I HLO—D>TH D,

BUE, BHLRRIETR RS & U TRk 2 3 E R ST 523, 1T % bisphosphonates (BPs) 1
BHEREIRRIROE R L LTSN TWD, L LAY S, BPs OWHILEWRIIEIIETIC
K<, "M ATRAZ VT 14— (BA) I 1~2%THV, F-FEHRGINLEACRY L
IZE > TEBHIZ BA MK &SN D, —J7, BPs OO #&G1% EiE Bk E 2R L, 19
EEHERZSIER T2 ERNMBN TS, 2D X 5 i b, BPs OB RIN &k L.,
TRIINOREIEGENE B L 7o W G IERR OB R EEN TV D,

& ZCARRFZE TR, IR HERITH D N-T AT 2 ERER O N-7 2 V% 7 ) I
EH LT, Fo, EFVEY) L L CARE 7 BPs O— M CHRICBWTHAIN TS T LY
Rex— b (ALN) Z#RL ., U HRIMEEARNC LD ALN OELERINSE LR AT, S5
2y N-7 27 2 IR ONN-T 2 v 2 0 U U O WIS OB 2 5 7 7,

F1E ALN OMEBERIUCERIET N-TIAT I JBERON-TINVE T ) RO S

N-7 ST X BN O N-T 22 0 U ISR G T DIENIRRIC L dkx IeE DR %
B A TPFEET D, ABFZETIE insituclosed loop 75% AWV T, ALN OM{LE I IC KT 2
S WIRHER D FE B et LTz, £ OfER. W OBRIEEAT S ALN OTE LE I 2 1Y
RKEH, 1 CH N-TIT 2 EREO—FTH 5 sodium palmitoyl sarcosinate (PN) i£ ALN @
WA 14 512, N-T & o U o HEO—FTH D sodium methyl cocoyl taurate (CMT) (% 7.7 1%
WICHR S D Z b,

L2 L Z OB R WIEEN R A, MIEEFEMEIC L2 D TRNWI & 2R T 20ENH D,
Z 2T/ D B FEWRINAEER ORI E M2 . AN KRS (lactate dehydrogenase.
LDH) {EMEME R OV v X7 B EZEE L L CRME L7z, ZO/E%. 1% sodium myristoyl
sarcosinate (MN) 7 [ < W UARHERIOF FF > LDH JEMEE J OV o3 7 B Ji &I control #EIZ
EARERERETRO N2> T-DIzx L, 3% TritonX-100 # 5-#%% positive control & L CH
WG EICHEREDNRD bLlc, LIe > T, 23 b RIEERN T ELER A 22 M D 5 ORI
HEHRITHLZ ENPLNERST,

—J7 . 3R AR R 22 R E A O ERNIXRIER 2 51 X 2 7728, WIEER o "l itk
bR AT 2 EERERDO—D LD, £ TERWANMEROZEMENRD btz PN
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KO CMT OWRIEEZD FZ 38 1) B "tk % insitu closed loop % W TG L7z, & DOf5HR.
PN &Y CMT OWIMEEZD FIZ AW TH D Z ENRB ST,

UbEDZ Nt N-TIAT 2 BERO N-T L Z T ) T ALN OFLE IR & i
TEDHEIPOREMED R WIRIUEER TH D Z LR L L o7z,

B2E N-TIYNVT I BERON-TINVE T Y L HEORIEERAES DR

H 1 FET N-TIAT I BBIER O N-T VB T U ORI L BRI S0 E 7o iz
5L RIEEREAE I DWW TIIRZEAIR R LV, — RIS, THILEICRIT 2B ORI & L
TITMALNRERE (transcellular route) 72 & TN AR EE (paracellular route) 23F1 HAL TV 5, K
FZE Tl OBIEERD R K VL EMER TR HiLiz PN KO CMT 23R L, £ 3 Mameei
I LT3y RIER O % 52 53 2 728, @ e e E 1k % v 72 i Eh it o 281t
IZOWTHETEITo 72, TORER, PN O CMT [ ZAREIENES. AREIEINR KON & > o8 '8
DOFENEEERKSIEL 2 ENREINT, 202G, PN KON CMT OWRINEE-E I 1T —
B MIRNRRE 2 3 D BB TR KAE R 3 % 5 L TV D rTREME DS RIE STz,

S DICHMA RIS 20 L 7o K@ RAIER O T 52 std 5720, Mlabgzn LT
BT D Z LR BHI TV D 5(6)-carboxyfluorescein (CF) % &7 /LM 234K L, Caco-2 #ilfi
B 5 20 FH N 7o 3K i R e © QNI ST E B 21T o 72, £ DR, PN KT CMT ff
AIZ XY, BERGUEI R ERFOIR T T2 2 EARO BN, S HIT, CF ORI OFiEfk
TR RT 2 Z ERA B L 2oz, LEDORERL YD (PN KON CMT OB RELE
FEREIZ X, 0 tight junction OBH 0Z K 2 AMIERIRREE 290 L 72 3Eiddm e RER N5 L C
WD ATREPEDSRIB ST,

Tight junction DFEIE tight junction #k % o /X7 N EE L2 HZE 2RI LTBY, TOHFT
t claudin family O3B L0 MEHIBROWE OBHBEBNHIE SN TWD EORENH D, £ZT
claudin-1 &% O claudin-4 OB EIZKIEFT PN KON CMT OFZEZ-SU T Western blot 5%
WTRFET L2, ZOfER, PN 245 L72BR 0 claudin-4 B EIXEE IS L, o8
AW TH D Z AR ENT-, —J7. CMT iZ claudin-1 X% O° claudin-4 WO R B &I

R G 2o,

ARFZEZ LD N-T VT 2 BEERONN-T 2 v 2 o U 8T, SR TEREY) T D ALN O
T WIN A 2 B IR T D LMD m WIRIREARI TH D Z LB bk o7z, 11 TH
PN /% ALN OWINZ 14 %, CMT 1% 7.7 fFIZH RS2 BN TRIUBERTH 5 Z & 035589
Hivle, FRIBEENRIT PRI TH O | A TRATFRIERIC X 232 A CRn T &
RSNz, EBICN-TIAT 2 JBREEONN-T 2 v 2 7 U U OW I EERERE L, 5 i
N, RSN S OB X 7 B ORETREMWE 2 R S8 5 Z L2 L 2 MiapRRE 2 3 % 3K
WM KAER S — 8% 5- L TV D ATREMES RIB X7z, S 51T tight junction BR T2 X 5 ##
Nl RIS 2 AT U 7o 3R M KA b — 8% 5- L TV D FTREMEDS RIR STz,

AMFFEIEL BPs DOIELAEWRIN 2 838 U, Rl S 2 i L 7= i 5B A B L TS B TF
7R B A Rt 5 b o L Bbh b,



I

p={{10}
=

B HLERIE (NS P VE IR & BT DN T o A ERTL, FE IS BRI & 72 D 2 &
WD, BEOMETRMEEZ I XEZ VBT A7 B RKLIRETH D ¥, AR ERERT (WHO) T
I VEHLRRE L, RE &S B OWAIEE O RE AR S U, BOMESERE KL, BTk
BRYESHE R T 2HEBTH D] LERINTVD Y, DAREIZBWTIE, AR DREREITEN
HHEIED BEBNFELEIML 2oH 0 | EORUIBIAE 1280 7 A & HHERI ST 5 59, Hfi
FRIERE L, KRB S, B, BEE. EBBEREOWMLCTEINZRZ LT W ERM5NT
WD D FRZKRBRE S EITIR, M2, BE LW EIRE OB E 0 ORK D BALZ2 5o,
ELICEEENENELRDFRRERE LTH M2 5D 589 &2 DRA &7 25 HEREIT
REBRZMEDO—2TH 2 9, S HITEHFRIEICER T 2 EREEILHAROEREMBUZIBVTK
XRAME RS TEY , FMOEERE KON H#ICET 28T R N — IR k5 EH#fEFEn
TW5 9, SIHLICEREOAHITINABE DEFOE (QOL) ~DE L R&E | HIKEITTK
BB OEIE I XIRmNEM I, EEELEVIIRLZEbHESINTWS O, £/, i
FETITHEMICEREZ BT O TIER < ADFMIZE W T MR EoRBE TR EAESHIR IS
L2 LK AETE MM THOLREEMAZIERT 52 LNARETHL L INTEY M, Zh
SOBENG b, R THLEZ R WEERESEZ A2 TW OB EIZEW T, BHRIET R D
BEPLEENDHEED I HLDO—2Th D,

BILE, BHLERIETSHEER & L T bisphosphonates (BPs) . /b3 7 AHUAI ot L il 3%
R A e P o /R EY 2 b—F— JEHRIE & I DAl B4 2 v KA s b
=HAL BIERIR RV BRI T AT R ERERF NS Y, B CY BPs IHAE MR
TEMEAL 2 B Ui ) 72 B RIS E R 28 L CREE 2 M S, BHRIEC X 28I 2K T
SHDZENRHRESN TR BHBRERBROE BRI L LTA STV S 319, BPs [T
P-C-P B ZH T HILAEMOMITHY . Ca A AT > W' m U U BICHL L& %
Fib, RN TRERFERTH S 1 (Fig. 1), BPs O THEZFT-5H BPs 1, fEMigHN
WCHDIAEIN, 77 xir 2 Ve 2 —ERETHZ LICEVERIENO ST =L
T =L 2 ) URROBENED L, KO FE G XL R0 EDT L= AL Sd. B
B ¥ O PR RO N TE AR ES IH S D, £ OREER, B a0 BRI A mEl S d &5 %
HTW5 ¥ (Fig.2), BPs IE—MHIIC, ERR THENH LWITRAZT L TREINDHD, 1E
FHIBERNE &3 <A EEd -0BFED QOL K PR E 225, £7-. BPs OiEANK
TEDL L, MEF DIV T N EEEERDTERE I, HEEPBIBICRRF SN TERRICEDL Z
ERHBH Y, 51T, B FERIIHRANES DX O 7 BPs ORIFTEEIT, TEHEAL T ORI
. RIE, BIFROEEED ) 27 ZHINEEDE ZENRMESHTWD D, 5 a5 I13R
NEECERICHEATE, BERDILHEIN QWD RERKETHD, Ll b, BPs DAl
ERITIEE IR < | biocavailability (BA) 1£1~2% TH V. RE#E S HEA, £k OR
FRFZHW B KOBEEIZ L > TH BA TS D 2P, 512 BPs OfkH# 51X B
LB R E 2 2 U, B R IC T D i, RIE, {EBEAC-CH & &, TRM:, B8 &

5



ST EAER Z S Z T Z ERMBILTND 20, ZD 7= BPs [XHIELIKRIFIZ = » 7 —#R
DOKRTIRA L, MAHDZL< & 30 3T 5T, AR D N IEAI O D 85 8T
HZENHIEEINATWS D, ZO XD R RNnD, BPs OMLEWRINESEL., 2B okhE
G =M AR L - R SR RE DB RN LEN TV 5,

BUEE TIZ, BPs OWINZ D, BWERZ T3 272012, #fix 72872 5 B 5REDBET S
T&Eo, YFRETIEIINETIZT LY Fex— bk (ALN) $#lk Xy FZ% L. ALN @
TR OBRER 2Bh B A AR L7228 5 ALN 3538 R g e 2 3 IE s 2Tl 95 & S 1Thk
DL, BT, v 7 r=— NVZHWDFBREES AT L W TEV BA TR
THZEICHRIILT. O, £7, 7y FORMEEGIZED ALN OWRIUE, RA#E & kLT
16 fFEm< ., EBICA—R—=FF L R RLEZ—F L ALN L DRI S512L Y ALN 12X D ks
BREZMHI CE A Z L2 ME L T1DH O, X512, polyethylene glycol (PEG) % ALN [Z{&ffi
L72 PEG-ALN Z#ifi#5 L7284, ALN IZ X 2k E A2 &K T D Z 72 <, ALN &
B LB ERZEORV BA LOSEHERZ BT 2 2 L b oML TE %, Sutton 51
REEEHIZEBIT D ALN OWRIUIR OG- X0 H 25 FENZ L2 5 LTV EH 2, &k
TR MRS R 22 EOE bR STV D ¥, Zd X H 72 Drug Delivery System (DDS) @
BAFIZE W, ALN @ BA NRNBHFIHE KT Z R HESNTWD, 72, BPs 12X 5 EEBHAL
HhEEAEES 5720, BPs IRHEEIL BPs IRHINS 30 T a & 2 MERH DL, i
ITEZE Y ORESEME ICIIRERAHR LR TND, 20X REENL L, Ny FRKI
~A 7 v=— R EORBEERG, RGO FHAMETIRENEF 25,

— 5 RAREIL RS E DT RENBE CRER 2 BB LI W W Rl AR D, BPs
CBWTHARDIVHIN TV D EERETHDL Z b, BOKGIZEBIT D BPs O
AMED BN GIZREDO RS T EE /- T 5, BPs OIHILEEIROF AR & LT, fifg{b
PR OMEFED —HBA L LTk 0 . BMIEGREENZ AT 2 LI FiX ALN O BEREA A
BT 2 Z RGN TS B, 51T, BPs ITAEKFHICHEREZHRIEL 2 &
HHH G MM E o> T D B, BPs OHLEWINIZI T 5 LLaio#E & L i, Janner 573 BPs @
W 2 BN &% % L— R Al E LT ethylenediamine-N,N,N’,N’-tetraacetic acid (EDTA) % {&# Jf
L7z, ZOfE%, EDTA X BPs OIELEWIN A EIZ(edE L2, EDTA LB & XERE 3
HITEETELEVIHIBENH S 39, £ TEL OWEHFIZLY BPs OIHLEWINZ F D,
TER & BT % 72 ORFEN T2 T & T2, Ezra HITIBEND kT > AR —4 — PEPT1 % &R
2T 52L& >T ALN OWRINAZSEE L L 95 LA, HHITT~TF M4 ALN IZRE S
W7u RTv 728 L, 2070 R v 78Ty bORAKRGHOEYTINEZ 3 (FHN S
HHIEERELTND I, I5IC Meng HIE, EIZHE LI~/ 7 nT~/Lya 2L,
ALN @ areaunder the curve (AUC) % 2.82 f5ICHiRSH D Z LIZkEI LTV 3, F£7-, Han &
. ¥ M rEa—T 407 L AN GV RY —L2&H{BL, 20X v ra—F 407
R —20 ALN O F v MMEO BA % 26 [N EE - L #HLMNI LTS 9, Ll
RN, D OWIUEERNRII R+ Th V. L0 LZENOHHINED B GTERED B AMK
RELTHSEEN TN D,

PLEo#EF L0 FH T, A7 BPs O —Ff CHIRICKE W THEH S Td ALN 04 2%
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TNIPIRIR L, BRMEED R EFREOKEL A& LT, FRIEER THD N-7
VAT BB EON-T Y8 0 ) U EVT ALN OEEERINS EE R T, b
HORWIEER 2 R+ 5 2 & TREORDOEBEN R ZHEFF L7 £ BPs O GREEZHL SH 5
T LATRE L e, BPs IC K DM ENE QRN TRE L 72 Y | SBEOAME RE SERTE
HEFEZLND,
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H

Alendronate sodium
Fig. 1 The chemical structure of pyrophosphate, bisphosphonate and alendronate sodium.
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Fig. 2 Action mechanisms of bisphosphonates in mevalonic acid pathway.



F1E T Ly Frr— FOEERIIZKIES N-T A7 2 BERD

N-7IHT ) D

I

=

— I, R ARG IR G S EHE T, flx ORBEOFMIEFRICEE L TR BILH STV 5 & E5#
BCTHD, LNLBRRSEYO T, @oFED b OLKEMED WD, 73 L3 W3y
REFTEWEHDIREZATDICHED LT, WMINERN AR RO+ T R 2 4T
TRWVWEDONBHDH, £ T, IO ERINIEREY OE L ERIREZ BGET D720, B 7205003
RO BN TE Tz, BIzIX. YOS FREEER 29 PAITBER 449 I EOFERET HND
0, YO L FREEE I TIEPEME DN B b D RN & D, FEMOAIBEARIZIS UV TIE, Al
WDZEMWR ENRBE L 72D, —J7, WAL EARWIUEER 72 & 2 BIN4 2 FB 4449 1%, {E 4~
DI T DRI DMEN 72 < | 2 < OEERINMEEYIZISHFTRE TH 0 | HILERINOUGEIC
FHTHDEEZOND,

REMOZRWIUEAER] & LT, FUmiE A 0, & L— MY, 838 52, J5IGER 50 7o &3z
HIVDH D, — AN EIMED m ORI R ERN IR EE & @ 2 & 3% < BUE £ TIZERIRIS
ST D WRINEEARL sodium caprate O —F 71T THD ¥, L= - T, BRSHICE
DN LENED E ORI ER DOFAFE A TR BEN TV D,

Z ZTARGETIE, N-T T X BRIER O N-7 20 U UHIZER L, N7V vT
J T N-ATF 7Y v v L MR RCROIEMIREN G 72 2 7 = A U MR EEERTH 5, —
Fo N-T o g2 g ) TR IS ER D AN ETEEATH L 2 7o a— LVERIZHEEI L
TEE RO 7 =4 R EIESAICH D, ZnoITWnT G AESRIEICEN-YE T, AT
DRERAFRIZ & WL OFEEN B D72, B < OWEDEIR D 5 A4 THFEET D, Fig.3 122
HOLFEREEZ T, DI v o =R EOEFE LTHHNSRTWNS A 9
HILEICBITD N-T T 2 BRI N N-T V2 0 U U OWINAEER T2 R RISt
L7BliT E A EHR BN,

ARE T, A 72 BPs O—FE CTERICB W T STV ALN £ 7 /LEEPICER L,
in situ closed loop {EZHWT, N-7 VA7 X JBEBS I N-7 I LE2 0 ) UEEFHES LTz
BRD ALN OVHLEWINMEZ T2 & & bIT, BWRIEERZ OF i G- L 72 B O TH L8 RhE
BEEME AR5 2 Lk 0, Ao BEO @O IRIEER ORE 2R AT, F 2, HiEE
TA A 72 IR E A O ENZEWER 25l 8 23720 WINRER O "t & 22 2 5F
g D EERERO—DERDH 0, ZTZTN-TIAT I BEBIO N-T Y LE T ) U
2 & 5 ALN OWIEEN S D ATHiME % in situ closed loop 5% FW TR L 72,



R = C11, sodium lauroyl sarcosinate (LN)
R = C13, sodium myristoyl sarcosinate (MN)
(a) O CH3 R = C15, sodium palmitoyl sarcosinate (PN)
” | R =C17, sodium oleoyl sarcosinate (ON)
R—C—N—CH,—COONa R = C7 ~ C17, sodium cocoyl sarcosinate (CN)

R =Cl11, sodium methyl lauroyl taurate (LMT)
(b) O CH3 R = C13, sodium methyl myristoyl taurate (MMT)
” | R = C15, sodium methyl palmitoyl taurate (PMT)

(N _ R = C17, sodium methyl stearoyl taurate (SMT)
R=C—=N CH2 CH2 SOJNa R =C7 ~C17, sodium methyl cocoyl taurate (CMT)

Fig. 3 The chemical structure of N-acyl amino acids (a) and N-acyl taurates (b).
This figure was cited from Fig. 1 in J. Pharm. Sci., 105, 3681, 2016.
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ES TR E Y ARt

1. 3

Alendronate sodium trihydrate |3 Tokyo Chemical Industry (Tokyo, Japan) 7>5HEA L7=, N-7 31
7R RN N-T v Z Y L Nikko Chemical Co. Ltd. (Osaka, Japan) LY AT L7,
LDH (lactate dehydrogenase) HEfazEMERER = > ~ %, Wako Pure Chemical Industries  (Osaka, Japan)
MHEEAN LT, v IiE 7 /L7 X i3 Life Technologies Corporation (Carlsbad, CA) 7> S A L7z,

2. EEREW)

FEEREYIZIE Wistar REEMET » & (8 Hflw, 230 ~ 250 g) 1TTE K EBRAMEEA S (#) 2
SEEA LTz, 2o, KEBROT 1 b 2 — /WIS R FEYMEE BRI L VAR S, B9
FERIT S~ TR A R B TR BRI > TIT - 7,

3. HHIROFR

In situ closed loop VEIT & 2 VHALAE I FEBRICH W& 5%KIX, E7 VY & LT ALN % 10
mo/kg L7325 K9 L, WIEERIE UTHERE N-7 LT 2 iRtE 2228 0.5~ 1.0% (wW/v)
DEFET, HHE N-TI L Z 0V Ut 1.0% (wWiv) OFEFE TRV, #5820k, 3mL/rat
L L. pH7.4 @ phosphate buffered saline (PBS) % VN CFRHL L 7=,

4. HARE RN TR

AL B WIN S2BR 1. insituclosed loop % WV TIT- 72 %, 16 BEfEHaf L7- Wistar RiEMES
v b (230~2509) Z#fEH L7z, 7 v BT pentobarbital (32 mg/kg) % FAVWTHE:L ., [EERIC
HAEE LT, 7> hOERRE —BICHERF T 2720, EBRIINENT > 7O F TiT o7, BEHIES
GIBC L v /N EBEH S, + BB ETIC =2 — L EBA L, Wi OREE RS 57201
AR & HICHEER L. B EES 2 cm ORIIGEN ZWIBH L7z, /IMEONEM & PET 5720, 20
MLPBS (pH7.4) #po< D EiEAL, PFRIZZERUIC IV /MEND PBS #FRE LT, Dk,
BIGOEIBEALIC I =2 — LV EA L, #3562 & TML—T L LTz, Ho0UDOFHEIRE
0 blank H ORI ZFT - 7%, HiRE /DB —TNICEE L, Eh=a—L %7 ) v 7 THED
Teo D%, MK 7V (0.35mL) AR (15, 30,60, 90, 120, 180,240 43) BRHEX L 7= (Fig.
4a), Vo7 MM E A 5SS 7291, HHIZ 12,000rpm, 5 o EE O BEEE TV, 2B 0
Mgy 7 o> ALN #E % high performance ligid chromatography (HPLC) (2 & W & L 7=,

5. AR O FEAM

WS AR HEA D (et 2h B oD m] i 2 BEA/ 9= 5 72 9012, ATALERRE TIE 1.0% (w/v) PN, CMT Z /NG
N—TNICEG L, 60 SMATLEEZ1T > 70, RiLER%, PBS(pH7.4) ZHWT/MMEL—7 W%
Peir L, ALN WiRAE &G L=, 0%, kY 7L (0.35mL) Z#&Ragic (15, 30, 60, 90, 120,
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180,240 43) £REX L 7= (Fig.4b), ¥ > 7 Vit mia 45572912, BEHIZ 12,000rpm, 5 43[H
WOSEEERITV, 2 b ofEY 7o ALN JEEE% HPLC 2 X W HIE LT,

(@) [

X2 A + ALN
®E

4 B8
‘ R R A L B
I

§
&5 ALN # &
4 W5 E
¥ ¥ BRI R

0/
| 60 57 | |

Fig. 4 The protocol of intestinal absorption of ALN using an in situ closed loop method, (a)
Treatment (b) Pre-treatment.

6. THALE LB E M AT

AL B R M 1L LDH JEMEER OV X k& 2 e & U CEEl L 7= 579, In situ
closed loop ¥:IZ & 2 {HLE EBRI& T#. /MEAL—T7 W% 20mLPBS (pH7.4) 2 ->< 0 EiEA
L. IBENERERZBIN LT, SO0 EERIX, 4 °C, 200G 12T 7 oz LaBEE TV, %
O EEEHWT, B XL VIR L7z LDH {42 HE L7z, LDH {&MEfEIL,. LDH CIl -assay
Wako #HWTHIE LTz, £D%~A 27 v~ L— kKU —%— (Multi-Detection Microplate Reader.
POWERSCAN®HT, HITACHI) % VT 490 nm O EICTREEZMET D Z LIk EHL
oo —H. BBEWNIZIRM L2 X7 BIREL, 3607 BiE % W T Bradford 1512 X0 &
L7, ZOB, FE¥EpEE LTy viygr v 7 I 2 v,

7. Y DOE E

ALN OE&IL, Wong b DO 9 IZ9Evy, LFOFIETIT o7, g7 120 b %
500 uL D EHiIK THAI L. 75 ul @ 5Mtrichloroacetic acid (TCA) Thg4 > /X7 # 13,000 rpm,
5 mfiE O BEE T o7, BiEE 7 4 v % — (0.45um) CTUEE L, FX L7 E3EH S 600 uL %
FREL L, 2 uL 2.5 M CaCl, }2O® 4 uL 0.5 M NaHPO, Z¥sAN L. 70 pL 6.25 M NaOH % v T
pH 12 [ZFAEIT 5 Z & T S 70, mOSBEEZITV, B O ED 2 500 uL DK T
Vet TREMIC 10 uL 1 N HCl 23RN 5 2 & THEM%, 100 uL 0.5 M NaOH %1z %
ZETHUOKE S E, SOIIELDBERITV, SOk Z 500 uL OREHiK THES
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L. LB @ 200 pL 0.05 M Na,EDTA % iRINL., &M SE7z, ZOEMYIZ 30 uL 3mg/mL
fluorescamine / acetonitrile Z %1 L7-%%. dichloromethane Z¥INL . EOSEEHC L V557 |
HD 55 30uL % injectionvolume & L CLLFDZRMFIZHEW, HYE-AH-HPLC 12 X v JlE L7z,

VI RN : COSMOSIL 5 C15-PAQ (4.6 X150 mm  Nacalai Tesque)

BEhtH : 1 mM Na,EDTA-methanol ((97 : 3) pH 6.5 by 10 N NaOH) : methanol = 97 : 3
it 1.0 mL/min

Foi s - Fluorescence detector (Ex. 395 nm  Em. 480 nm)

77 LEIREE 140 C

8. 7 — ZfiRHT

MEFEE— 2 RE (Cra) KOUMMBEE — 7 REICET 25 F TORM (Tmax) (X ILSE 1 3K -REH
BN DRGE Lz, Eo, F O EHIREHE ) O | 7 VIEKFIMEITIE TH D Moment i
Bric X v, MRSy - AR & P O BB A1) /8T 2 — K — T d % if. o 54 i I ] et
THEAE (AUC) ZHH L7z, &SIt (ER) 1ZULTFORIT I W HEH LT,

Absorption enhancement ratio = AUCo_.4» With enhancer / AUC_.4» control without enhancer.
9. HLEHFAYALER

B O EREIL, P YRS (S.E) ICTHER L, AESEMEIE. LHEELE (Post-
hoc test). Dunnett ¥£IZ X W4TV, p<0.05 LU EAHEZEH Y LAk LT,
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1. 7 Ly R r— b O/NMERIIZ B AE S & R IR A 0 528

INBZR T DK N-7T AT 2 BEEZH LD ALN O iERRE T2 7 7 A L %
Fig. 5 12, £72 N-TI A2 o U UHEZGHH LB ALN OMmEFEE 72~ 7 4 V% Fig. 6
IR Lz, E6IT, o IEFRENNG | EYBREF /T A —F —%FHH L, Tablel, Table
2 ITE &I,

WA ER 2 OFFH L 722>~ 7= Control #£CT& 2% ALN 10 mg/lkg #5-8E1281F %5 Cmax 1% 520
ng/mL . AUCo_4 IE 860ng-h/mL & FEF TN T2, L7z - T, ALN (L2 E CoHEE
0. IEFEITRIEPMERNIEY TH D Z e ENTe, — 7, B N-7 7 I JBEE 0 L
7ZBRIZIZON ZFR< 3T N-7 2T 2/ ARV TLALN. O BRI
N-7 V7 2 BRI ORERFINCABEICHE K L, P TH, 1.0% (Wiv) PN Z6FH Lo
AUC T 11990ng-h/mL & 7¢v ALN10mg/mL # 58 L it LT 14 512K L7- (Table 1),
F72. ALN 10 mg/kg #5RETIE Tmax 25 90 min THH7-DIZKI L, &5 N-7 2T 2 /iR
HOFHBETIE Tmax 2% 15~30min EPHEFICHLS 2o TV, BLEX D £F N-7 LT 2/
BRHEIT. LT ALN OJEILERINMEZ AR SE 5 2 LR S T,

Flo, WTHO N-TIovx T ) CEFRRICE VTS ALN OHEERIMEIIAEICHE KL
2o HTH, 1.0% (W) CMT fFH L72F8 AUC 1% 6660ng - h/mL &72% . ALN10mg/mL #
HREE LT 7.7 I K L7 (Table2), 7=, FHEN-7 22 v U AR TIE Toax 28
19~40min LBAFIZF S o> TWe, L7z > T, & N-7 2 o U UM, 00T, ALN
DO LERINEZ R SED Z ENHLNE o7z,
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d) CN

Plasma concentration of ALN
(ng/mL)

0 60 120 180 240
Time (min)

e) ON

Plasma concentration of ALN
(ng/mL)

0 60 120 180 240
Time (min)

Fig. 5 Effects of various N-acyl amino acids on the plasma concentrations of ALN in rat small
intestine by in situ closed loop study.

Keys: (o) alendronate (10 mg/kg) ; (A) N-acylamino acid (0.5% w/v%) ; (m) N-acylamino acid (1.0%
w/v%). Each value represents the mean * S.E. of 3—4 experiments.

This figure was cited from Fig. 2 (a) in J. Pharm. Sci., 105, 3684, 2016.
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Table 1 Pharmacokinetic parameters of ALN in the presence or absence of N-acyl amino acids
following administration to the rat small intestine by an in situ closed loop study.

Conc. Coax Tax AUC, 4 Enhancement
(W/v%) (ng/mL) (min) (ng - h/mL) Ratio
ALN 10 mg/kg 520+ 70 90 +0 860 + 130 e —
+PN 0.5% 4720 + 460 15+0 5100 + 620 ** 59
1.0% 7620 £ 1050 20+5 11990 + 520 ** 14.0
+ MN 0.5% 4850 + 330 15+0 4470 £200 ** 5.2
1.0% 4620 + 430 15£0 6190 + 740 ** 7.2
+CN 0.5% 3780 + 350 19+4 2980+ 320 * 3.5
1.0% 3910 + 560 25+5 4250+ 910 ** 5.0
+LN 0.5% 4370 + 790 19+4 4150 + 610 ** 4.8
1.0% 6590 + 1140 15+0 6760 + 450 ** 7.9
+ON 0.5% 2320 + 580 20+5 2530 + 250 3.0
1.0% 2770 £ 190 300 2670 + 160 3.1

Each value represents mean £ S.E. of 3-4 experiments.
(**) p<0.01, (*) p<0.05, compared with the control group.
This table was cited from Table 1 in J. Pharm. Sci., 105, 3685, 2016.
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Plasma concentration of ALN

Time (min)

Fig. 6 Effect of various N-acyl taurates on the plasma concentrations of ALN in rat small intestine by

in situ closed loop study.

Keys : (o) alendronate (10 mg/kg); (A) with 1% (w/v) sodium methyl myristoyl taurate (MMT) ; (o) with
1 % (w/v) sodium methyl palmitoyl taurate (PMT) ; (®) with 1% (w/v) sodium methyl stearoyl taurate
(SMT) ; (&) with 1% (w/v) sodium methyl lauroyl taurate (LMT) ; (m); 1% (w/v) sodium methyl cocoyl
taurate (CMT). Each value represents the mean + S.E. of 3—4 experiments.
This figure was cited from Fig. 2 (b) in J. Pharm. Sci., 105, 3684, 2016.

Table 1 Pharmacokinetic parameters of ALN in the presence or absence of N-acyl taurates following

administration to the rat small intestine by an in situ closed loop study.

Conc, Cinax T nax AUC, _,, Enhancement

(Wiv%) (ng/mL) (min) (ng * h/mL) Ratio
ALN 10mg/kg 520+ 70 90 +0 860 + 130 E—
+MMT 1.0% 3460 £ 690 20£5 4350 £ 840 * 5.0
+PMT 1.0% 3170 +290 40+10 5590+ 510 ** 6.5
+CMT 1.0% 5540 + 670 20+5 6660 + 1240 ** 7.7
+SMT 1.0% 3280 + 260 19t4 4350 + 450 ** 5.1
+LMT 1.0% 3900+ 710 20+5 4000 + 390 * 4.6

Results are expressed as the mean + S.E. of 3-4 experiments.

(**) p<0.01, (*) p<0.05, compared with the control group.

This table was cited from Table 1 in J. Pharm. Sci., 105, 3685, 2016.
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2. A FEIAREER] D /NG RE IR 2 4 D FEA
AIENCEBWT N-T T 2 BRIER O N-T 2 L2 o U U Hid ALN O LS I 2 6%
ICHETE A Z DAL E ST, LML G, 2D AFEUI LA D BEEE 72 WA HE2)
% D, FEEEEMEIC L Db O THLAREENRB X 6D, £ 2T, WINERKE THOGENEIK
PEHRIZIRE L7z LDH JEMEE A N2 R & ZEST 2 Z LIk 0 | SRR EA] 2 §F
L 7= BR A B kb s vk 2 5EAl L 7= (Fig. 7). & DOfEHE. 1.0% (wiv) MN #FH R W T
Control & bl L C LDH JEMEEICH B R ZNRO b b OO Z OO RIEEER Of F IF
ITHEERZTRD N7, X HIT positive control £ & LT 3% (v/iv) TritonX-100 #%5-
%‘f&tbi&bfcc‘: ZA, b\?L%L@F&HWELﬁUG?H%ﬁ BOWTHHEERENPRD Nz, £, BIF
PRI EN R A F5BL L7 PN, CMT (23517 % LDH JEMEAE K OV 2 /X 7 B Ji i &I 1T Control
REL B L CTHE R mu&‘)%ﬁ/hiﬁﬁloto L= o> T, N-T 3T 2 RO N-T7 2L 4
7 U IR VDS m W IRIRER T 5 Z & SRR ST,

(a)

T

® %

R/
/j//
“2

(b)

1000

500

Protein amount ( pg/mL)

Fig. 7 Effects of N-acyl amino acids (PN, MN, CN, LN, ON) and N-acyl taurates (PMT, MMT, CMT,
LMT, SMT) on the activity of lactate dehydrogenase (a) and the protein release (b) from the rat small-
intestinal mucosa in an in situ closed-loop study. Each value represents the mean + S.E. of 3-4
experiments. (**) p <0.01, compared with the alendronate group. (1) p <0.01, compared with the positive
control group. This figure was cited from Fig. 3 in J. Pharm. Sci., 105, 3686, 2016.
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3. B FEWIARAEROF RO M & 22k D BIfR

FFEWAEER DN & ZRMEORBREH LN TH 2 2k, X0 EShORERE
HERIORBNFIRE L 72 D720, WIBERIOGIMEDIEE CTH D ER &, ZRMEDFRIETH S
LDH {&f7e & N Z X7 E i &4 V2 fith, Bihic s > T my FL, ZALMTED
MM AR L7z (Fig. 8), AN H DKW TE BICAET HIEE ., Z ORI B2 R 5k
EPICHEI L TREWNWZ & LD, 7205 1% (Wiv) PN, 1% (Wiv) CMT 723, & O E M
W U TR W EN R 2T 5 Z LB E o7z, L EX Y| 1% (W) PN, 1% (W/V)
CMT X ALN OyHLEWRINE % kT 2 G2 oR MO B WIRIEER]TH 5 = & AURIR
ST,

(a) (b)
16 B 16
14 B L] 1 14 u 1
= =}
= =
: 10 B - -
a? é 10
g 8 6 PY ] qg 8 6. .3 "
S 6l o7 g | o7
- £ fod
= ° L/ 9 = Sem
S 4 10 4 8 = Al 10e o
] 5
2 S 2 I
0 1 1 1 ] o 1 L 1 J
0 2500 5000 7500 10000 0 200 400 600 800
LDH activity (mU/mL) Protein amount (ng/mL)

Fig. 8 Relationship between the effects of various absorption enhancers on the enhancement ratio of
alendronate and their toxic effects, (a) the activity of lactate dehydrogenase (b) protein amount, in
rat small intestine by an in situ closed loop study. Keys : 1, with 1% PN ; 2, with 1% MN ; 3, with 1%
LN ; 4, with 1% CN ; 5, with 1% ON ; 6, with 1% CMT ; 7, with 1% PMT ; 8, with 1% SMT ; 9, with 1%
MMT ; 10, 1% LMT.
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4. ARG A D WA 28h e o mT ik

HGERY AR AL 72 R E A O IZENER 2 5 8 2 3720 WIMEER O FT itk & %2
AT 2 EELRER O o LD, T TN-T AT X VB N-T I LZ T ) Ui
PFHIZ L D ALN OWRIEHERD SR o0 ATtk 2 fesst L 72,

WIAREEANT, BRI DR RMED R ORIEERITH D Z RO E R 572 1% PN KO
1% (W/V) CMT % W7z, /NIBIZEIT D 1% (Wiv) PN OFFEE. 1% (Wiv) PN 60 43 BiTALEERED ALN
DOIEFEE 717 7 A V% Fig. 9 12, £72 1% (Wiv) CMT FFAEE. 1% (w/v) CMT 60 43 AL
HEED ALN OMAEHRE 1 7 7 4 V% Fig 1018 Lz, E 5 GO MR REMNS |
HRYENRESL N T A — X —ZFH L, Table3, Tabled (2% &7,

ZDOFER, 1% (wiv) PN BTRLEREE K& T 1% (wiv) CMT BFALEEREIC 35 1) 5 I ALN #2RE 1.
1% (w/v) PN OFHBEER Y 1% (wiv) CMT FHEE & bR U CBEE IR T2 2 L @B bl
1% (W/V) PN RIALEREE S OV 1% (W/iv) CMT BFALERERIZH5 1) D IR ALN £ X, ALN 10 mg/kg
B GRE L i U ChTICE R AR L2 A, ALN 258 & ik U T BRI
DN oIz, LIz -> T, 1% (Wiv) PN, 1% (W/v) CMT ORI ER BRI Al Wi TH 5 = &
DRI ST,
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Plasma ALN concentration

0 60 120 180 240
Time (min)

Fig. 9 Effects of pretreatment with 1% (w/v) PN on the absorption of alendronate from the small
intestine using an in situ closed-loop method. Keys: (O) alendronate (10 mg/kg) ; (&) with 1% PN (w/v)
pretreatment ; () 1% (w/v) PN treatment. Each value represents the mean = S.E. of 3-4 experiments.
This figure was cited from Fig. 4 (a) in J. Pharm. Sci., 105, 3687, 2016.

Table 3 Effect of pretreatment with 1% PN on the pharmacokinetic parameters of ALN following
administration to the rat small intestine by an in situ closed loop study.

Chnax Thnax AUC,_,4 Enhancement
(ng/mL) (min) (ng * h/mL) Ratio
ALN 10mg/kg 520+ 70 920 +0 860 £ 130 —_—
ALN 10mg/kg + 1% PN 7620 + 1050 20+5 11990 +520 ** 14.0
Pretreatment 1% PN for 60 min 1640 £+ 500 26+4 2020+ 400 23

Results are expressed as the mean + S.E. of 3-4 experiments. (**) p<0.01, compared with the control group.
This table was cited from Table 2 in J. Pharm. Sci., 105, 3687, 2016.
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Plasma ALN concentration

0 60 120 180 240
Time (min)

Fig. 10 Effects of pretreatment with 1% (w/v) CMT on the absorption of alendronate from the small
intestine using an in situ closed-loop method. Keys: (O) alendronate (10 mg/kg) ; (A) with 1% CMT
(w/v) pretreatment ; () 1% (w/v) CMT treatment. Each value represents the mean £ S.E. of 3-4
experiments. This figure was cited from Fig. 4 (b) in J. Pharm. Sci., 105, 3687, 2016.

Table 4 Effect of pretreatment with 1% CMT on the pharmacokinetic parameters of ALN following
administration to the rat small intestine by an in situ closed loop study.

Crax T nax AUC,_,, Enhancement
(ng/mL) (min) (ng * h/mL) Ratio
ALN 10mg/kg 52070 90+0 860 £ 130 —
ALN 10mg/kg + 1% CMT 5540 £ 670 20£5 6660 £ 1240 * 7.7
Pretreatment 1% CMT for 60 min 1500+ 270 255 2440+ 170 2.8

Results are expressed as the mean + S.E. of 3-4 experiments. (*) p<0.05, compared with the control group.
This table was cited from Table 2 in J. Pharm. Sci., 105, 3685, 2016.
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AZTIE insitu closed loop #5% VT ALN OTHALE U R AE - FE WL UL I oD 22 22
AT 5 &L b, WIEHER] 2 OF H L 72 B8 00 RE R R = 1 Je OV U (e A1 0> Rl i 2 Sl 9
HZ LT, XVEPOREMEDE ALN ORHEREDOHEE 2R AT,

BPs X% D/KEMED R S 2 AT, THALAE D> D ORIGRNE S | ZIvE THEA 2298 E I L - T
BRI D EZ R B TE 2399, L L, Wb T OWIEER IR+ TH -
2o —JF. ALN OHEILERINZNET S ZNLONEROT Fa—F L3820 N-T L7 2
J RO N-T v U 3R ALN OTEBE I 2 A B2 m O 7= (Fig. 5. Fig. 6). 71T 1% (w/v)
PN 13, ALN OyHLEWINIEE 14 528 s+ (Fig.5. Tablel). 1% (w/V) CMT &, ALN @
HLEINMEE 7.7 f5I2EK &E7= (Fig. 6. Table 2), 1% (W/v) PN T 1% (w/iv) CMT % v
T2 BRI IT, 2 E TICHE ST B O WIARER I K OFITE 248 F 4 5 RN
PR LD BIXDMIKRELS . N-T T 2 2B N-Tovg oY Ui a FvwT ALN @
MWW % 3 5 H B LN 5 2 & A3k T,

ALN DO LEWIMEIT —MRIZIER IR < | 4 FFE O THLE WU EBR DR THRFZIEL, ALN DK
TN —T NI E->TEHY . ALN O IR I EWINGERBR O IS Lkt 5137 CTh 5
EEZEZBNS, L L Fig.5 X Fig.6 I3 T X912, WTHOHEIZENTEH Crax LT Trmax
DAREICER D BTz, ZOEBEITHAMICHE STV ey, LrL, ZHVE TOMSE T, ALN (&
BRSO EERR D THDEINA R T RZ A N EDOEWBTIEDT=OIZ, BIZESIZHMAT
DTENMBITND, LTeR > T, Cox BRSNS 1 OOERIT, ALN 2 THALE I FEER
IZRWT, I EEWRIZ B ICRE AT H 2 ERNBEZXHND, SHIT, ALN (XRE/H LT
RHENOLSHE SN D Z ENH BTV D, Porrus H1E, ALN [ZIEFIZZET, KN TR
#HENWZHBEb LT, JRPICHEES LD 2B ICRI S LD 2 &2 X0 MED &Rz bR E
ENHERELTND D, ZHHDOLURIOWEITIESINT, RFFEOHLERIFERIZI T
ALN @ Crpax KT Trax DB SN EEZBND,

WL AR R 2 BR IR AL - 2 358, 26 (LB DL R EIE K& OV ivE 2 8 L,
FEET 2 B B D O, ARAFIETIE, HH STz LDH IEPEE R OV > X 7 B B2 IET 5
ZLICE ST NT AT SV BIER Y N-T 2 0 ) IS KD RIREENE 2 et Lz, —
LT, MILERSIEMEBE LT, EREORY D 1 D> TH DX V87 EORHBNENT %, L
Teino T, X7 BITEREOMMREE CH D, —F. LDH ITHMBIKEREHRETHY |
—RIZHIENIZRTET A7, LDH ORIV L E RSB E L2551 &b, Fig. 7
(@) 1T T X HIT, 1% (wiv) MN BFAEFC LDH IEMHED BR8N EE sz, Zhid, MN23E
REICEWTTHERRICN 50 0omE s AT 2 22" LTWnD, LrL, 1%
(Wiv) MN 777 FI231F 5 LDH IGPEE e V7 o 78 7 B &%, 3% (viv) Triton X-100 DIELE R
Ll U TR IS o 72, 2D OFERITI N-T 2 v 7 2 JERHE RN N-7 2 v X 7 U HEM
HEE B RMEREEZEETTIC ALN ORINA NS E2 Z ERHKD 2 2Rl LT
%o LLRTDWFFETIL A DD Z D @ WIRIREANT 2/ E TITiZ & A R ST,
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Lo T, ZRUHOHEAEIE, N-TI T BN N-TI VT X 2200 U, EHER
LR EZ G SR 292 2722 < ALN O/NBWIYE % 9 D B - ER | <& 5
ZEMRBD LI,

F7o. 1% (W) PN KXY 1% (W) CMT (2 X D RTAEIE, [FIRHR G- Tid 2 & oW R A
ALN O/NEWI Z B M S22 b b 53, ALN OEIERINE A BEICEE Lo
7z (Fig. 9. Fig. 10), AFEERTIL 1% (W/v) PN X T* 1% (wWiv) CMT Z ¥ L721% 7 <IZ ALN %
BHELTEBY, 1% (WN) PN &Y 1% (Wiv) CMT RFALERRECIX, ALN #5205 90 min £ Tl
ALN 10 mg/kg $&5-8E & bz LT, 79 /2 ALN @%&Hﬂfﬁu_fﬁ%b> B BHITZ, T OFERNE
1% (W) PN K TY 1% (Wiv) CMT DOWRINEEN RANTERITIHR T D F TITIE, W< B2
ECThHEZEZOLND, LNL7RBL, ALN &575)% 90min LIFEICIE, ALN10mg/kg #5-8F
LRI DIMETEE Th o722 LD, 1% (W) PN KT 1% (wiv) CMT DRIV RN B8 584
WZHRT 2 DICLERFFMITERHTH L EEZON D, FEORKRIZ, KV T I T Iv

(PAMAM) 7 v R ==K O = I = SmiEPER 2 0Bl e W ie e Al & U T3 2 LLRT O B
FECBNTHBE SN TND O, Z 16 OfERIT. T & RIRIEA O WIAR RN R AT W H)
THY ., ZHLWIRER PN EERFEEMEEEZ 5 S SRNWZ L 2R LTV,

UbEXD, N7 T 2 2RO N-T V& 7 ) RO i MBI T RN
REHITH D Z ENFEOH LT,

— T N-T AT 2 BRI O N-T 22 o U o515 n’*’U4OO ThHhHZEnDH, %
IARAER B ARDHEALE 2> BRI S D ATREME b+ 2 B LD, RBFZE T, WA HE L
BENDRINE NI DEHTHEERR I L@ T DN T iﬂﬁﬂf;&;ém JFEEMEICB LTl
ALT > AST %, BEMEICE LTI Z V7 F= il b a~——L LT, L~ TOHE
MREZITO 2 & THRFNIFRETH L B LD,
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2% AR ORI EEEEAE O MERTIZ B9 5 et

=

1 EICHBWNT, A N-T AT I BELO N-T 2 0 ) IR RO R
WIRIIEERITH D Z LR L N E otz L LARRL, N-TILT 2 B N-7 2L
& 07 ) M ORI R TEREHE I DU TSRS R 2 53 %,

—i%IZ, T R A AT 2 W OB RIS X, FAENRREE (transcellular route) K OVl
M (paracellular route) 23053 C % (Fig. 11), HIIEPRRES 1L, IEVEME 0 i\ SR o HE Bl i
PRI KVt S DY OF K T D, —J7, MR LB 2 MlaE L 085 4 112
F 0 BIRFESEMER I S TR Y . N THEZ R LT\ 5D, Z OBRMFEEIEAH O #iE
Sy FAEIEMS tight junction T& Y | tight junction 1% occluding <° claudin 73 & O EE @A & L%
27 & zonula occludens (ZO) 72 & DAMIINIESTH & X7 E BRIV TV S %, FlfafRe
FE T ATANE D i O S0 B G I SN2 Y OBRRKE TH B,

ARETIE, H 1 ETHWARME L LRERfEE Sz PN LN CMT 23R L, IR R
WO R AT, £ MR 2T Lo RIEERE DS & 2 ) B0 Z et 272 R
PRI KIET PN KON CMT DB OWTHRE 21T o7, & IS, MRS 24T L 72X
MREREN D DN EDZRFT 572D, Caco-2 MK Z H 7= in vitro (23815 % 5(6)-
carboxyfluorescein (CF) DEd it &k OWEHGLIE (TEER) (2315 PN XKUY CMT D #IZ>
W TR ZIT 72, & BIZ, tight junction DALY > /X7 ETH 5 claudin-1 & O claudin-4 @
HEUCKIET PN KON CMT OEEIZOWTH IR LT,

Lipophilic Water soluble
dru dru . .
g E Apical side

v \ 4
Transcellular Paracellular Basal side
route route

Fig. 11 Scheme of transport of drugs across the epithelial cells.
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ES TR E Y ARt

1. 3

Alendronate sodium trinydrate (% Tokyo Chemical Industry (Tokyo, Japan) 7>HHREA L7z, N-7
VT2 B KON N-7 v & 7 U U HiiE Nikko Chemical Co. Ltd. (Osaka, Japan) &0 AT L7z,
CF % Eastman Kodak Company (Rochester, NY) 7>5 . Dulbecco’s modified Eagle’s medium, fetal
bovine serum. modified Eagle’s medium non-essential amino acid solution (% Life Technologies
Corporation (Carlsbad, CA) 725, Trypsin-EDTA, 2-[4-(2-hydroxyethyl)-1-piperazinyl]ethanesulfonic
acid (HEPES). antibiotic-antimycotic mixed stock solution (X Dojindo Laboratories (Kumamoto, Japan)
MO L7-, Hank’s balanced salt (HBS). 1,6-diphenyl-1,3,5-hexatriene (DPH) % Sigma-Aldrich
Chemical Co. Ltd (St. Louis, MO) & W AF L 7=, N,N,N-Trimethyl-4-(6-phenyl-1,3,5-hexatrien-1-
yl)phenylammonium p-toluenesulfonate (tma-DPH) [% Santa Cruz Biotechnology Inc. (Dallas, TX) 7>6
AL,

2. EEREW)

FEEREYIZIE Wistar REEMET » & (8 i, 230 ~ 250 g) 1TTEAKEBRAMEHEA S (#) 2
SEEA LT, Zads, KEROT 1 b 2 —/WIFEEM R FEYMEEB I L VAR S, B
FERIT I~ TR A R B TR RS BRI > TIT - 7,

3. 7 v ~/ME brush border membrane vesicles (BBMV) Dl - k5L

BBMV (X Mg* JhiEZ VTR L 7= 869 16 KEff#afR L7- Wistar SREEMEZ » K (230~
2500) ZfE ] L7z, 7 =~ MIZ pentobarbital (32 mg/kg) % FHV>THREE L. [ E GICIFALEE LTz,
7 v FNOKIREZ —EICHER T D700 ERITNET 7D F i1 o7z, EEEFTIBRIC XL /NG
rBMSE, +HBE B =2 —VEFAL, B OREZRAN T D72 OIBE & ILITHEEK
L. Bl LS 2cm ORIGEA Z G Lz, IMEONEWEZ RS 5720, 20mLPBS (pH 7.4)
po D EEAL, WHRICHIE ST, Z20%., DMMEEHH L, Km L7z PBS THEd%
1T, BRI > TUIBH L, KiEZ X T A R 7 2% AW THIET - 7o, HEH - 7o/ Mg
< homogenizing buffer (12mM Tris, 5mM EGTA, 300mM mannitol, pH 7.4 by 1M HEPES) TA4 VU R
2R T A=W THEEY A A LT, £D%, MgCl, TRLEL L | BRI % im0y
B (3000 g, 15 min, 4 °C) L. LMz Rk, G % FEE.O4HE (32000 g, 30 min, 4 °C) L
7oo BIEZBRZE . brush border membrane % & eIk homogenizing buffer Z/Nx ., 27G @
BHA2 AW THBRE S, X X7 BT Bradford 52 HWTER L, IEX /X TREDN 4
mg/mL &725 X9 L7z, BBMV B 7L E T -80 °C THRIFELT,

4. dOCIRCHRHIE
— Wt e — 7 TH 5 16-diphenyl-1,3,5-hexatriene (DPH) . 1-(4-trimethyl
ammoniumphenyl)-6-phenyl-1,3,5-hexatriene-p-toluenesulfonate (tma-DPH). dansyl chloride (DNS-CI)
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Z T, BEERENMEIZ KT IR E A O 2 8 2 et L7z ), BBMV (4 mg/mL protein/mL) (345
Y7 0 —7 &N T T AT 72, T -UL{kIE, DPH (10uM), DNS-CI(5pM) & 725 X
912 BBMV 12z, 30 min 37 C TA v FaX—T 3 &{To7, —JF, tma-DPH [T f&KIE
E 0.5uM 725 L9512 BBMV 1212, 15min37 C TA v FaX—Tar&irolz, 70
&7z BBMV |2 &iE PN KON CMT 1z, 37 C T 1min f v FaX—r 3Lz
. A & BN 2 D RE T 4 v Z — %355 L7 fluorescence spectrophotometer F-2000 (£
XSRS T 7 /) r Y =X F ) & AW CHEOBREE 2 JIE L7z, DPH, tma-DPH Il & R§
1Z1% Ex.360nm, Em.430nm, DNS-CI {225\ T Ex. 380 nm, Em. 430 nm O K2 TEIZE A
HIE Uiz, w55 r (fluorescence anisotropy) XA F oz kv HH L7=,

r= (Ivv - G X Ivh) / (I\/v+G X 2 Ivh)
G =l / Inn

2T b hn, The, Inn 13272 DARIEE Z R o 7o bl Yo, #EToOHEEEEZ R L, IRTFO v, h
RO FAEE £, T7bb, v IZTEE (vertical), h /K (horizontal) J51H D2 TE %7+,
BINRT-O O B, LIZE PN OD | ERAOFRIEOAEZR L, RICE NSO, el
DFJE % ~d, 7238, G IX grating correction factor T ¥ | MEEA OMIEE TH 5,

5. AR

Caco-2 #Hifd% 10% FBS. 1% antibiotic-antimycotic mixed solution, 100 uM MEM non-essential
amino acids solution %7 Dulbecco’s Modified Eagle Medium (DMEM) £5#1% HWC, 37 °C. 5%
CO; fF1E FIZBWT, B3 7 7 A a i CTHs#& L 7=, Subconfluent (232 L 7= Caco-2 Hiffid% 0.05%
trypsin/ 0.02% EDTA % FV T HIEER . 1X10%cells/insert T 12 well Transwell (ZHEFE L 7=, Bt
RHLL 2 B Z&EI2ATV, 21 HRHIEREE L, IEHRPUE (transepithelial electrical resistance ; TEER) 73
500Q - cm? LA k&7 o7 b DDHza FEBRIMHEM L,

6. Caco-2 Al a1 it Fk

Caco-2 #MiHi =% 4 Hank’s Balanced Salt Solution (HBSS) Ti¥Eif1%. apical f/iC 0.5 mL HBSS
(pH 6.0), basal 181l 1.5mLHBSS (pH7.4) Z Mz, 37 COMEIRFME T 40 7 LA > F 2 _—
Ta v E{Folz, 0%, apical Ml pH6.0 IZFHE L7- PN, CMT (0.01~1.0% [wiv]) &%} CF
(10uM) &4 L7z HBSS iR A I L CHEBRAZ I LT, 2 D%, 4 KA E TREFAYIC basal
LY 120l FoV 27U T E2ITV, FEO HBSS (pH 7.4) % basal IZHINL 72,

F 7z, Caco-2 MlaHfEBIZIIT 5 TEER D2 biX, BRI HEERBLE G 4 FERE]. Millicell
ERS-2 Volt-Ohm Meter (MA) Z HIWTHIE L7z, 7235, FEBRBALAEFO TEER B 4 100 (% of initial
valug) & LT, ZNENOKEE D TEER A& H L7 (Fig. 12),
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Fig. 12 In vitro study on the transepithelial transport of CF.

7. W OE &R

HMERL VR L v CFREORIEIX, ~v( 7 a7 L— kKU —%— (Multi-
Detection Microplate Reader, POWERSCAN®HT, HITACHI) Z AW T, Ex.485nm, Em.535nm @
FRICTENREARET S22 LI VR L,

8. T — X fRHT
T EFRIZ I\ T, CF OB kElX, CF O &-RE HiR> & FL T OFE BRI (Papp) % LA
ToORXERWTHEM, FhL7,

Papp = FIUX / (A X CO X 60)

T 2T, Py IZENTOFEEEE (cm/sec) . Flux 1 EFIRBICE T 2 BfEE 70 7 7 A /LD
EARE S OME X (nmol / min) . A IZIEEGERE (1.12cm?) . B LN Co i R — I FEY) D 1) 1] 7
# (nmol/mL) %1,

9. Western blot %

16 BEfAEA L7- Wistar RIEMT ~ b (230~2509) 2 L7, 7 > bIC pentobarbital (32
ma/kg) & HWTHEEL ., BEBRICEMEE Lz, 7 v OKIREZ —EICHERFT 5720, ERr
IMENZ » 7 D FTlT o7, BEEFEIRIC L v /MNEE @ S, + G o =a — L & §f
AL, M OREZEANT 57200 L R L. B ES 2 cm o RIGEAL 28I L7-,
INGORNED 2 e+ 5720, 20mLPBS (pH7.4) 2 -< bV EiEAL, HF#HITzEcIc LY
NBWN D PBS ZBRrZE LT, ZD%, EGOUIBEMIC I =2 — LV EFHEAL, fi%kT 22 & T/
f/L—7& Lz, 1%PN, 1% CMT Z#% 5 L 4 BRRLE L21%, /MEEA TR H L BBMV %
- R AT o7z, —J7, ARSI W TR, kG 4 Ref%IZEE N4 PBS (pH 7.4)
ERWTHGF L, TiE»o & 512 4 FFRIZI/NGEZED H L BBMV Ofhith - #2175 72
(Fig. 13),

BB R RN 4 mg/imL & 725 KO ICHE L7z BBMV 2 7L (10 ul) % sodium
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lauryl sulfate-15% polyacrylamide slab gel % fi\ CEXPKEIZ 1TV (100 v, 90 min), PVDF fE~Hx
G L7 (60v,4h), D% PVDF 5% 5% (W) AFX LI NI ZHAWTEIRT 1 Bfl7 e v%
V7 &ATUV, TTBS T & 4T 7%, —iRFLIE (claudin-1 (rabbit monoclonal antibody ; Cell
Signaling Technology, Danvers, MA), claudin-4 (mouse monoclonal antibody ; Life Technologies
Corporation) & iz &H7- (4 °C,overnight), PVDF &% TTBS TUEi L7=1%. 25 —RPUEIC
*HId 5 “IRPLAK (Goat Anti-Rabbit 1IgG HRP-linked antibody, Cell Signaling Technology, Danvers,
MA, USA and Rabbit anti-Mouse 1gG HRP-linked Antibody, Invitrogen, Carlsbad, CA, USA) & =R T
1 BSOS &8, BRI S A7 5T D Chemi-Lumi One Ultra Western blotting kit (Nacalai
Tesque, Co. Ltd., Kyoto, Japan) & W TRk L, 4 U7o{b5%t% luminescence imaging system
(Fujifilm Luminescent Image Analyzer LAS4000 System, Tokyo, Japan) % FHW TR L72 %), F 7=,
A U7 b3 % B-actin D N R A E & L, claudin-1, claudin-4 @ v 7 & /LEEE % B-actin
DY BGRETHIE LT,

< Treatment > 4h
T T
PN, CMT (1.0% (w/v)) ¥ 5 Wash out
/N RS R £ B
< Pre-treatment >
4h 4h
T T T
PN, CMT (1.0% (w/v)) ¥ 5 Wash out /N BB i R Hit

Fig. 13 The protocol of Western blot analyses, (a) Treatment (b) Pre-treatment.
10. HEATFRYALEL

BO N EREIL, I HAERERRSE (SE) IS TR L, AEEREIR. ZELE (Post-
hoc test)., Dunnett 12X V47V, p<0.05 U EEHEEDH Y &KL,
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1. MREFRENME T S 3 A AR R 7 oD 52 8

N-7 7 BB E O N-T v 0 U O EERRE I MR NRR K 23 B 59 5 i e
ERRFTT D720, BERENIEIZ KIET PN, CMT OB SO\ THRF 21T o7, BEmEMEZ Lo
FEAMIC X, — RIS REREER VW O TE Y | A CIEH AT r—7 & LT, IFERE
NEZ AT 5 DPH, IREMEANERIZ AT 5 tma-DPH, KOS > /7 B2 % DNS-CI
EHALCTULE T2, 7 v /MG BBMV 12 PN, CMT ZIRINL 72 BE 6 B 5 b
(fluorescence anisotropy ratio) % Fig. 14, Fig. 15 _/T@‘o femhiZ X control BE% 100% & L7=B%
OSSR FGVELZ R L TRBY . ZOMEMED LI-5EA, BREMER AT 25 2 k%rbfwé

ZOFER, PN KT CMT I ZAREEEN AT, H““’“H%%ifﬁ&@ﬂ%& 2N G DGR ENE A Y BE K AT
MRS Z ENRBEINT, FThH, PN |X DPH KON tma-DPH Ot Y652 05 M bk % Jeli )
SE LD EINEE ZEENE R L UOSNBOREMEZ RS ED Z R S vz, — 77,
CMT (I DPH 3 XU DNS-CL ORI EL 2D S 2 & EICIFE ZEENE O
BROES R O E RS E D Z Eprme S, LEX D PN, CMT OWIE R
EITIE, MRS 23— % 5 L TV D AlREME D RIS S T,
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Fig. 14 Effect of PN with various concentrations on the fluorescence anisotropy of the small-intestinal
membrane labeled with 1, 6-diphenyl-1, 3, 5-hexatriene (DPH) (a), 1-(4(trimethylamine)phenyl)-6-
phenylhexa-1, 3, 5-hexatriene-p-toluene sulfonate (Tma-DPH) (b) and dansyl chloride (DNS-CI) (c)
as probes. Each value represents the mean = S.E. of three experiments. (**) p < 0.01, (*) p<0.05,
compared with the alendronate group. This figure was cited from Fig. 5 in J. Pharm. Sci., 105, 3688, 2016.
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Fig. 15 Effect of CMT with various concentrations on the fluorescence anisotropy of the small-
intestinal membrane labeled with 1, 6-diphenyl-1, 3, 5-hexatriene (DPH) (a), 1-
(4(trimethylamine)phenyl)-6-phenylhexa-1, 3, 5-hexatriene-p-toluene sulfonate (Tma-DPH) (b)
and dansyl chloride (DNS-CI) (c) as probes. Each value represents the mean = S.E. of three
experiments. (**) p<0.01, (*) p<0.05, compared with the alendronate group.
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2. CF DJE M 72 & QNI EHEHUIE I K3 AR W e Al oD 5 78

N-7 7 2 RGN N-T 2 v 2 o U U HE ORI R RS | A RS 23 B 5 L T B
EEBHIT 572, Caco-2 Mz AV /= in vitro (281 % CF &G E M & O TEER (28115
PN &Y CMT DEZEIZHOW TR Z1To72, b MEMRE B TH 5 Caco-2 ML, tight
junction PHKEZER L. b MG RN & FREEOMEE, WEZFET 528006, <0
A TR R IT 2B YR OF A2y — e LTRSS TWEET L TH 5,
F7o, MREEREZN L CEEERT2ILAMTH DL Z LML TS CF & BRIy o
ETLE L CTEIR LT, WIMEER]E LT PN Z20fH L72BRD CF O (Payp) &Y TEER
% Fig.16 (Z/r L, CMT Z0FH L7=B CF OFiEME (Papp) &Y TEER % Fig.17 12k L7=,

ZDOFEFR.TEER X PN.CMT DOHFHIC X W IREKAICHHZFITIR T T 5 Z &R b,
X 512, CF O RT OFEFEEIE PN, CMT OGS X 0 BRI KT D Z & 088 50
Loz, 0.1% (Wiv) PN OFFEED Payy 1Z CF D#J 55 i, 0.05% (W/v) CMT GFHEFOD Py 1
43 EThoT-, IEDOFRER LY . PN XN CMT OWZIEERRE 21X, tight junction BH 1112 X
2 MR R RR K 22 AT L 72 3 i PR KAE 3 — 8% 5- L T 2 TREE S R S 7z,

34



140
120
100

-]
=

TEER (% of initial of value)
(=)
[—]

40
20 * i s
0 L L L ]
0 60 120 180 240

Time (min)

b)

25
b %
)
2
E]S -
S
2“_{10 -
5 L o

O ——— -

CF 0.01% PN 0.1% PN

Fig. 16 Effect of PN on the transepithelial electrical resistance (TEER) values (a) and the transport
of 5(6)-carboxyfluorescein (CF) (b) in Caco-2 cell monolayers . (®) CF, (m) with 0.01% (w/v) PN, (A)
with 0.1% (w/v) PN. Each value represents the mean £ S.E. of three experiments. (**) p < 0.01, (*) p <
0.05, compared with the CF without PN group.

This figure was cited from Fig. 6 in J. Pharm. Sci., 105, 3688, 2016.
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Fig. 17 Effect of CMT on the transepithelial electrical resistance (TEER) values (a) and the transport
of 5(6)-carboxyfluorescein (CF) (b) in Caco-2 cell monolayers . (®) CF, (m) with 0.01% (w/v) CMT,
(A) with 0.05% (w/v) CMT. Each value represents the mean + S.E. of three experiments. (**) p < 0.01,
(*) p <0.05, compared with the CF without CMT group.
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3. Claudin-1 & O* claudin-4 Oﬂ%fﬁu%c:&ii’c“@‘%\%ﬁ%ﬂiﬁiﬁ%ﬂ@%ﬁ%ﬂ

Fig. 16, Fig. 17 T PN LT} CMT OWRIEERRE 2L, tight junction BH 1112 X 2 fl A R
ZAT LT3 B M KAE A 23— 5% 5- L T\ 5 T f%?ﬁvTﬂ"“éh?io Z ZT/NBD tight
junction Z4#mk4 % claudin family (219 PN, CMT O OWTHFI L=, TOfERE
Fig. 18, Fig. 19 (Z/r7, Fig.18(c) T/r9 L 91T, 1% (w/v) PN Treatment # CiX claudin-4 @
FEBLEDS 44%\ 2080 L=, —J7. Pretreatment #£Cld claudin-4 ORI ED[EIE NS T,
LU 5, 1% PN 285 LT claudin-1 ORBEICITEILN A bNZenro7z, Lo
T, PN OWIEERHREIZ X, claudin-4 OFBLE A/ L7 tight junction BHO/EAN %S LTk
0. EOERIIFWHITH L AREMESRIE STz, —J7, CMT ##5 L T% claudin-1 & O
claudin-4 OFRBLEIZIZELNFRD HivZen -T2 (Fig. 19), L7223 7T, claudin-1 & O® claudin-4
LIS @ tight junction #&Rk% & /X7 1T L TV 5 ATREMEDN RIE S T2,
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Claudin-1 |
Claudin-4 | | e—
B-actin ——

b) Claudin-1 120

0 I I I

Control Treatment Pre-treatment

Relative density
(%o of control)
2 E

w
[—]
T

¢) Claudin-4
150

: I
0 I

Control Treatment Pre-treatment

=]
<

Relative density
(% of control)
(=)
(—]

W
(=
T

Fig. 18 The Western blot images of claudin-1 and claudin-4. (a) The expression levels of claudin-1
(b) and claudin-4 (c) in the rat small intestines were quantitatively calculated after treatment with
1% (w/v) PN for 4 h. After pretreatment with 1% (w/v) PN for 4 h, the proteins were extracted.
This figure was cited from Fig. 7 in J. Pharm. Sci., 105, 3689, 2016.
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Fig. 19 The Western blot images of claudin-1 and claudin-4. (a) The expression levels of claudin-1
(b) and claudin-4 (c) in the rat small intestines were quantitatively calculated after treatment with
1% (w/v) CMT for 4 h. After pretreatment with 1% (w/v) CMT for 4 h, the proteins were

extracted.
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H1ETIE, NT AT I BRI N-T IV E 07 U RO & LR S E 7o
72Dy, ZAUDWRIEERIDY ALN OTEALE RN 2 ¥ S8 5P IR IEAHTH D, 22
T, HL1ETHIDPOZEEDOEWRIUEERTH D Z R B E 72572 1% (Wiv) PN KT
1% (W) CMT ZWRIEEA] & U CGEIR L, Z OWRIEERE DMl 237472, £7°. N-7T v
VTR BN N-T v E U O ERERE | IR PR S 23 B - 5 D A
D728, BEGEMEIZ XIET PN, CMT OB OW TG 41T > 72, DPH IFAEENENE %
tma-DPH IZEE 4 %2 . DNS-Cl (3% o R 7 B & T~ b+ 5WE THh 5 (Fig. 20, 21),
Fig. 14, Fig. 15 (Z/R”RT XL 912, PN KT CMT (FaOCR Mt & IR EER AR S8 7=,
T%H. PN X DPH KON tma-DPH Oat B ME 2 S g7 2 &t IRE —EFEEE O
A OFEEZ RS D Z LRIz, —J5 CMT (%, DPH O DNS-CL Oyt
PR A BRI ST 2 ennh, IRE ZEENE RO Y R EORBIME A ERSE5 2
ERRERE T, YU TFERT R AR U VERT B U U AFEREINEE S D, O
LRI Z R EED 2 ERMBI TN 78 F-Laik v, BOREiEO M & ) oiH
LB WAL & ORI BB R H D L ORENRDH D 9, LiBn->T, N-TI AT )
FRYE e N N-7" 2 v &2 0 U MR ISR ENE & HE N S, MR P#RRES 2 LC ALN OE{LE W
I 2 BN S 2 RTREMEDS RIE S 72,

Cholesterol H,
tma-DPH . DNS-C1

ﬁﬁﬁ@ﬁﬁ@ﬁmﬁ i
UL

Phosphollpld Membrane Protein

Fig. 20 Evaluation of membrane fluidity of lipid membrane.
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< DPH > < tma-DPH > < DNS-CI| >
Cl

) + 0=8=0
~ N e (CH= CH)3 N(CH3)‘,3
0.8 OCH
3 N
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Fig. 21 Chemical structures of DPH, tma-DPH and DNS-CI.

RIZ, PN N CMT OWINEHERRE I, MR O 5038 2 a0 Z et 5728
Caco-2 #fifia B e A FH v TR 325hds KX OMEIHUTERIE 21T > 7=, Invitro SEERTIX, HH
MAREREE %4 L Ol 5 = L N BT\ S CF 27 A8 & LT L=, PN (0. 01%\
0.1% [wiv]) KO8 CMT (0.01%. 0.05% [wiv]) #LEEf%. TEER ffiZ PN KO CMT OfffIC
P RAFAICIR T L7- (Fig. 16 (3). Fig. 17 (@)). & 512, CF @ Papp fifix PN, CMT @ﬁ#ﬁ iz
L0 BERFOICAEBEICHE AR L, —#%IZ, TEERHIZ tightjunction DIRE DFFIETH Y .
IR 2 72 B2 o> TEER fE O 1L, tight junction OB 0 &2 E R 5, EEL. %< ORI
REANT TEEREZXT S8, FEHAOHEMERINEZ NS E L Z LAME S TWnD 072,
Lo T, ZHHOFEFEIL, PN LY CMT OWRI{E R 5 ;U:&ﬁﬁﬂ’? BT DEAES D
FRICED2bDTHY ., ZOEMIC XL VMK 2 L2 OBEMEN KT 5 2 & 23R
e X7z,

AWFFETIE, 1% (WiV) PN Y 1% (wiv) CMT LiE#% DT~ b O/NBIZE T 5 claudin-1 LT
claudin-4 OFEHL L~V % S HIZRREF L7-, Gonzalez-Mariscal 513, &G ¥ v /37 B
tight junction fHJOFE A /EHI %Eﬁ:&" | BT LD EHE LTS ™, F£7-, tight junction
RERE 2 2 77 DR BL L~ V2B B2 k1L, tight junction D3 7HEREICAREE 45 = & 2Vl
HENTWD ™B) Claudin-1 & claudin-4 (% tight junction Z k3 2 EE/RHEEZ TH D, Fig.
16 129K 912, 1% (wiv) PN 1%, control B & bbiz L72354 . claudin-4 OFBLL L% 44%
WD S8, 2B ORI EIL, tightjunction D EEEX L /X7 B TH 5 claudin-4 DI L
NERTSEDZ 12X, PN 2 tight junction 2B 032 A[EEMERH D Z & 2R LTV D,
L7235 T, PN REEREZHO L, MR 2/ L CHEY ORI Z R L T2 mTEeM:
DR E T, L L7235, PN X claudin-1 O3B L~ &2 L X W72 o 72, Del
Vecchio &1 sodium caprate 723 —FRFH9IZFFARIRMIBR 2 B & . PN EGHIIRFS L O B EHAE o JE itz
B ER e CHEREM @ claudin-5 /claudin-5 FHAA/EF X OV EG L7z actin 2984 S ¥ 25— T,
zonula occuludens protein 1 (ZO1) i sodium caprate #LER|Z K - THELZ T2 L &2HwE L
TWA ™, L7z -7, PNIL sodium caprate & [FI#RIZ tight junction B & > /X7 E A 51T
TET D AREMEN B D EE X BIND, BIFE, PN claudin-d ORBUZ O AEEE 5 2 25 AL
ARHATHY . 2RISR 2/ NMEIZE H U754 O claudin-1 %O claudin-4 O3 L~L
DFEREZAODICT D0, SLRDIMENPLETHDL EEZLND, S HIT, 1% (w/v) PN
512XV claudin-4 ORBLENEA Liz—5 T, 1% (w/v) PN BiLERECIE claudin-4 5 E&
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25 Control FEL RS L~LE7Ro>TERY, BRREENRD bz, ZOZ & LY, tight
junction #ak % > /X7 T 1% (WiV) PN DS R TRBIX W TH D Z LR Ens-, L
NoT, ZOBMFTIE, % 13E TR~/ invivo loop FEBROFE B2 LT kRN ST,
S BT Fig. 17 123 L 912, 1% (wiv) CMT 1% claudin-1 %O claudin-4 WAL ORBLEIZ
EAbE G272 oo, LIzdi-> T, CMT 1, 8% 5< claudin-1, claudin-4 L4t o> tight
junction % & X7 BB & AT C otight junction ZBHO L CWA D EEZ BNRD,
PLEXD, N7 X B N-T 22 o ) ORI, MRS &
O ORI AT G L TWD ZERHALNE RSN, WTIOFGOITRRE W)
E WV TEREHIARMZE TIE T > TV, L L7238 H, ALN 10 ERER A 1x10% DL &
HEFIKEERE D E TH Y | MR 2T L CERT 2METHLEEZLNLZ &0
5. AIRERREE O TG O T BN & i L T RE VO TIERW eSS, Ll
72 Z L IXRTEAHTHY . A% I ORIMAVBBETH DL EEZEZXDBND,

42



=56
o
—
I

ARWFZE CIT A 72 BPs O—FECHIRIZBWTHEH S TS ALN &7 /L3 258N
L., ZeMZ2Eb &5 BROBEL BN LT, FiMIUEERTH D N-T T 2 i
KON N-7I g ) a2 DT ALN OVEIBERINGGEZ R, S 62 N-7 V7 2 R
RO N-T 22 0 U A OWRIEERAEIZ DWW TRRET L. LT ORER 21572,

F 1 BT, W ORIEEA S ALN OVELERINIEZ BHE IR S E, BT 1% (W)
PN (Z ALN OWRILE 14 f£12. 1% (W) CMT 12 7.7 [FICHRSED 2 ERBO LN, &5
(2. 1% (Wiv) MN % [ < WIS EER O EF > LDH JE AR K ONZ 237 B e & 1% control B
HEAREERETRD Lo 2Dk L, 3% (vIv) TritonX-100 #5-#% positive control & L
THWESEAICAERENED b, LI o T, 2 S WINARERN X i A 22 4k 0 i i
EERITHD Z ERHLNE ST,

SO, N-TIAT I BERN-TIAEZ T CHEORTH, 1% (wiv) PN, 1% (w/iv) CMT
D, ORISR L CRWIRIMREN R 2 FE T 5 2 LA NEoTe, LI23> T, 1%
PN, 1% CMT (X ALN OEILERINMEZ S 2 A 00D L MO @O RIIRER TH D = &
DGR oT=,

F72. 1% (w/v) PN KON 1% (Wiv) CMT (252 ALN OWIEERIZ W TH D = &2
TR S AT, WIRIEER O I I X M & F il S BB R ER D —> L5 2 &b PN
KON CMT 13 ZRMEICEN - RIEER Th D EE XD, UEOZ b, N-T LT 2
J BB N-T 2 v 2 o U T ALN OTELE BRI % B T & D A8 LMD @ ORI
RERITHLZ LR LN ST,

B2 BmCIE, BWIRIEES R L VRN D 57z PN KON CMT Z3IRL, 9
ARG 29 U T2 35 i I RAEH D 5 5- % F 3~ 5 72 BB O LIZ DV TG &2 1T
ST, EORER. PN KON CMT (IAEEIENES., TEEMIMNE K ONE & X 7 B O jiEhtE 2 K S
HDHIENTRBEENTZ, 2O b, PN KUY CMT OWRIEERRE 13— I AR 2
T 5 RYEmE M KREA A TS LTS affetkavRrig Sz, 1 CH, PN (X, DPH &Y tma-
DPH DOAOCHE PR A B T S22 L s JBE HEIENEE X OB O EPE 2 H# K
WD LRS-, —J7. CMT (X DPH 3 X TOF DNS-CL D55 b A B 2 &
Wz enn, JBE HERNEL O S X7 EOFREMEZ RS S5 Z LRI Sz,

X D ITHIRE RS 2 I L= 3B KRIEH O F 5 2 Reatd 272, CF 2E 7 V3|03
L. Caco-2 i B s A F 7= S-ids e SR 7 © ONC IR PUIEH E FEBR 21T - T2, T D5,
PN &Y CMT fFHIC & 0 | BB XU ER O R R FIICABIIR T 55 Z L B3RO 5
L. T HIT CF @ RT OB RRBI TR HEA] O ¥ BEARAFRNC B IR T2 2 & A 5 )
Lol LEORERI D, PN KU CMT OWIEEMREIZIZ, &6 tight junction DB 111Z
£ D MR g A At U 7o S KAE R 3 5 L T 2 ATREMEDS R S 47,

% Z TCtightjunction gk % > /X7 BT 5 claudin-1 K& claudin-4 OFTLEIZRLIFT PN &

43



N CMT DEZEZDOUT Western blot 75Z2 W THET L72/E. PN 25 L7-F® claudin-4
FEBLRIIIAE D L7223, PN RTALERRE T claudin-4 EHEORIEN A SN, LI -> T,
COBRIIAWHTHD 2 EAREB I T, —J, CMT X claudin-1 & OF claudin-4 W3 A0 %
BEICOEE G 270722 Lavh | claudin-1 & OF claudin-4 L4k @ tight junction 5% 4 > /X
IR L TV D AR R S Tz,

PL b, ARAFZETHE AL I, BPs OVEILE RN 2 88 U, MG E M2 808 L 72 & 5T E
AR L T L TAREREME R R T 2 b0 L b s,

44



e

AHFFED FEMNT 8 7= 0 FEAAFRY) 720 D IR L HIRE 2 B5 0 £ U7n, mUEBSER RS- 2200 B
WA B BuRICHiER o EE2RLET,

KRR EZATT DD | FxOEEREEE, #HBE20Y £ Lo, wF3ERR 755
TR SR FREE B, 70 O NSRRI R I3EAN T8 BE R OE g, AR U
Bz L X VLA L BT ET,

R SCOIERRIZ B T= 0 | HBIE &R 2150 £ U7z B3R K% BRR SR 2 8 h
B 7 b ONCERRIE B 0 TR RIS L, ELSELE L R ET,

EBRO—EICEp W& E LR BRE At 2t BE EBR Pt 52 FB %t
EHR CF K, el P RICESEILE L BT ET,

4 FRIOBFEAEEZ IR L, IR WESR A THE £ L7z # Bk 15+, Tammam Alama
HEZIT U & T D REEFRAE DRI B L £,

RBIC, BFZEICELCTE DRE LA 52 T &0 AFZEATE 2 AR < RSF- T
EE oWl bNCREIZ LD & THFEEITLH HIEHEE L ET,

45



1)

2)

3)

4)

5)

6)

7)

8)

9)

51 FH3CHR

Raisz L. G. : Pathogenesis of osteoporosis: concepts, conflicts, and prospects. J. Clin. Invest., 115,
3318-3325 (2005).

Kim M. H., Lee H. J. : Osteoporosis, vitamin C intake, and physical activity in Korean adults aged 50
years and over. J. Phys. Ther. Sci., 28, 725-730 (2016).

Robling A. G., Castillo A. B., Turner C. H. : Biomechanical and molecular regulation of bone
remodeling. Annu. Rev. Biomed. Eng., 8, 455-498 (2006).

Report of a WHO study group : Assessment of fracture risk and application to screening for
postmenopausal osteoporosis. World Helth Organ. Tech. Rep. Ser., 843, 1-129 (1994).

Yoshimura N., Muraki S., Oka H., Kawaguchi H., Nakamura K., Akune T. : Cohort profile: research
on osteoarthritis/osteoporosis against disability study. Int. J. Epidemiol., 39, 988-995 (2010).

Yoshimura N., Muraki S., Oka H., Mabuchi A., En-Yo Y., Yoshida M., Saika A., Yoshida H., Suzuki
T., Yamamoto S., Ishibashi H., Kawaguchi H., Nakamura K., Akune T. : Prevalence of knee
osteoarthritis, lumbar spondylosis and osteoporosis in Japanese men and women: the research on
osteoarthritis/osteoporosis against disability study. J. Bone Miner. Metab., 27, 620-628 (2009).

Hagino H., Yamamoto K., Teshima R., Kishimoto H., Kuranobu K., Nakamura T. : The incidence of
fractures of the proximal femur and the distal radius in Tottori prefecture, Japan. Arch. Orthop. Trauma
Surg., 109, 43-44 (1990).

JBAE. JBAERE CERR 12 FER) 552 = & & & (2000).

Harada A., Matsui Y., Takemura M., Ito Z., Wakao N., Ota T. : Cost-utility analysis of osteoporosis.
Nihon Ronen Igakkai Zashi, 42, 596-608 (2005).

10) Cauley J.A., Thompson D.E., Ensrud K.C., Scott J.C., Black D. : Risk of mortality following clinical

11)

fractures. Osteoporosis Int., 11, 556-561 (2000).

B R A 21 Giedm) , JEAE978)4 (2000).

46



12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

BHIRIEDO T EIRIETA R T4 AN ER S, BHRIEDO TR LIER T A N Z A > 2015
ERR (2015).

Stepan J. J., Alenfeld F., Boivin G., Feyen J. H., Lakatos P. : Mechanisms of action of antiresorptive
therapies of postmenopausal osteoporosis. Endocr. Regul., 37, 225-238 (2003).

Faustino R. Pérez-Lopez : Postmenopausal osteoporosis and alendronate. Maturitas., 48, 179-192
(2004).

Black D. M., Thompson D. E., Bauer D. C., Ensrud K., Musliner T., Hochberg M. C., Nevitt M. C.,
Suryawanshi S., Cummings S. R. Fracture Intervention Trial. : Fracture risk reduction with
alendronate in women with osteoporosis: the fracture intervention trial. Fit research group. J. Clin.
Endocrinol. Metab., 85, 4118-4124 (2000).

Harris S. T., Watts N. B., Genant H. K., McKeever C. D., Hangartner T., Keller M., Chesnut C. H.
3rd, Brown J., Eriksen E. F., Hoseyni M. S., Axelrod D. W., Miller P. D. : Effects of risedronate
treatment on vertebral and nonvertebral fractures in women with postmenopausal osteoporosis: a
randomized controlled trial. Vertebral Efficacy With Risedronate Therapy (VERT) Study Group. J.
Amer. Med. Associat., 282, 1344-1352 (1999).

van Beek E. R., Cohen L. H., Leroy I. M., Ebetino F. H., Lowik C. W., Papapoulos S. E.
Differentiating the mechanisms of antiresorptive action of nitrogen containing bisphosphonates.
Bone, 33, 805-811 (2003).

7AW~y VB 3bmg A F Ea—7 4 —2 (2016).

Blanchette P. S., Pritchard K. I. : The role of bisphosphonates in early- and advanced-stage breast
cancer: have we finally optimized care? Oncology, 29, 23-30 (2015).

Aviva E., Gershon G. : Administration routes and delivery systems of bisphosphonates for the
treatment of bone resorption. Adv. Drug Deliv. Rev., 31, 175-195 (2000).

Porras A. G., Holland S. D., Gertz B. J. : Pharmacokinetics of alendronate. Clin Pharmacokinet., 36,
315-328 (1999).

Itoh A., Akagi Y., Shimomura H., Aoyama T. : Interaction between bisphosphonates and mineral
water: Study of oral risedronate absorption in rats. Biol. Pharm. Bull., 39, 323-328 (2016).

47



23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

Gertz B. J., Holland S. D., Kline W. F., Matuszewski B. K., Freeman A., Quan H., Lasseter K. C.,
Mucklow J. C., Porras A. G.: Studies of the oral bioavailability of alendronate. Clin. Pharmacol.
Ther., 58, 288-298 (1995).

Graham D. Y., Malaty H. M. : Alendronate gastric ulcers. Aliment. Pharmacol. Ther., 13, 515-519
(1999).

Graham D. Y. : What the gastroenterologist should know about the gastrointestinal safety profiles of
bisphosphonates. Dig. Dis. Sci., 47, 1665-1678 (2002).

Naniwa T., Maeda T., Mizoshita T., Hayami Y., Watanabe M., Banno S., Ito R. : Alendronate-induced
esophagitis: possible pathogenic role of hypersensitivity to alendronate. Intern. Med., 47, 2083-2085
(2008).

7+ Y~ v 7R CE (2016).

Kusamori K., Katsumi H., Abe M., Ueda A., Sakai R., Hayashi R., Hirai Y., Quan Y. S., Kamiyama
F., Sakane T., Yamamoto A. : Development of a novel transdermal patch of alendronate, a nitrogen-
containing bisphosphonate, for the treatment of osteoporosis. J. Bone Miner. Res., 25, 2582-2591
(2010).

Katsumi H., Liu S., Tanaka Y., Hitomi K., Hayashi R., Hirai Y., Kusamori K., Quan Y. S., Kamiyama
F., Sakane T., Yamamoto A. : Development of a novel self-dissolving microneedle array of
alendronate, a nitrogen-containing bisphosphonate: evaluation of transdermal absorption, safety, and
pharmacological effects after application in rats. J. Pharm. Sci., 101, 3230-3238 (2012).

Katsumi H., Nakatani M., Sano J., Abe M., Kusamori K., Kurihara M., Shiota R., Takashima M.,
Fujita T., Sakane T., Hibi T., Yamamoto A. : Absorption and safety of alendronate, a nitrogen-
containing bisphosphonate, after intrapulmonary administration in rats. Int. J. Pharm., 400, 124-130
(2010).

Katsumi H., Takashima M., Sano J., Nishiyama K., Kitamura N., Sakane T., Hibi T., Yamamoto A. :
Development of polyethylene glycol-conjugated alendronate, a novel nitrogen-containing
bisphosphonate derivative: evaluation of absorption, safety, and effects after intrapulmonary
administration in rats. J. Pharm. Sci., 100, 3783-3792 (2011).

Sutton S. C., Engle K., Fix J. A.: Intranasal delivery of the bisphosphonate alendronate in the rat and
dog. Pharm. Res., 10, 924-926 (1993).

48



33)

34)

35)

36)

37)

38)

39)

40)

41)

42)

43)

Aihara E., Hayashi S., Amagase K., Takeuchi K. : Prophylactic effect of rebamipide against the
irritative and healing impairment actions of alendronate in rat stomachs. Inflammopharmacology.,
15, 196-202 (2007).

Takeuchi K., Kato S., Amagase K. : Gastric ulcerogenic and healing impairment actions of
alendronate, a nitrogen-containing bisphosphonate - prophylactic effects of rebamipide. Curr. Pharm.
Des., 17, 1602-1011 (2011).

Amagase K., Inaba A., Senta T., Ishikawa Y., Nukui K., Murakami T., Takeuchi K : Gastric
ulcerogenic and healing impairment effects of risedronate, a nitrogen-containing bisphosphonate in
rats. Comparison with alendronate and minodronate. J. Physiol. Pharmacol., 62, 609-18 (2011).

Janner M., Mihlbauer R. C., Fleisch H.: Sodium EDTA enhances intestinal absorption of two
bisphosphonates. Calcif. Tissue. Int., 49, 280-283 (1991).

Ezra A., Hoffman A., Breuer E., Alferiev I. S., Monkkénen J., E. I. Hanany-Rozen N., Weiss G.,
Stepensky D., Gati I., Cohen H., Térmalehto S., Amidon G. L., Golomb G.: A peptide prodrug

approach for improving bisphosphonate oral absorption. J. Med. Chem., 43, 3641-3652 (2000).

Meng J., Hu L.: Positively-charged microemulsion for improving the oral bioavailability of
alendronate: in-vitro and in-vivo assessment. J. Pharm. Pharmacol., 63, 400-408 (2011).

Han H. K., Shin H. J., Ha D. H.: Improved oral bioavailability of alendronate via the mucoadhesive
liposomal delivery system. Eur. J. Pharm. Sci., 46, 500-507 (2012).

Fleisch H.: Bisphosphonates: mechanisms of action. Endocr. Rev., 19, 80-100 (1998).

Pazianas M., Cooper C., Ebetino F. H., Russell R. G.: Long-term treatment with bisphosphonates and
their safety in postmenopausal osteoporosis. Ther. Clin. Risk Manag., 6, 325-343(2010).

Li L. S., Babendure J. L., Shinha S. C., Olefsky J. M., Lerner R. A.: Synthesis and evaluation of
photolabile insulin prodrugs. Bioorg. Med. Chem. Lett., 15, 3917-3920 (2005).

Yodoya E., Uemura K., Tenma T., Fujita T., Murakami M., Yamamoto A., Muranishi S.: Enhanced

permeability of tetragastrin across the rat intestinal membrane and its reduced degradation by
acylation with various fatty acids. J. Pharmacol. Exp. Ther., 271, 1509-1513 (1994).

49



44)

45)

46)

47)

48)

49)

50)

51)

52)

53)

54)

Tozaki H., Komoike J., Tada C., Maruyama T., Terabe A., Suzuki T., Yamamoto A., Muranishi S.:
Chitosan capsules for colon-specific drug delivery: improvement of insulin absorption from the rat
colon. J. Pharm., Sci., 86, 1016-1021 (1997).

Sarmento B., Ribeiro A., Veiga F., Ferreira D., Neufeld R. : Oral bioavailability of insulin contained
in polysaccharide nanoparticles. Biomacromollecules, 8, 3054-3060 (2007).

Fetih G., Habib F., Okada N., Fujita T., Attia M., Yamamoto A.: Nitric oxide donors can enhance the
intestinal transport and absorption of insulin and [Asu(1,7)]-eel calcitonin in rats. J. Control. Release,
106, 287-297 (2005).

Gao Y., He L., Katsumi H., Sakane T., Fujita T., Yamamoto A.: Improvement of intestinal absorption
of insulin and water-soluble macromolecular compounds by chitosan oligomers in rats. Int. J. Pharm.,
359, 70-78 (2008).

Alama T., Katayama H., Hirai S., Ono S.,Kajiyama A., Kusamori K., Katsumi H., Sakane T.,
Yamamoto A.: Enhanced oral delivery of alendronate by sucrose fatty acids esters in rats and their
absorption-enhancing mechanisms. Int. J. Pharm., 515, 476-489 (2016).

Zhang H., Mi J., Huo Y., Huang X., Xing J., Yamamoto A., Gao Y.: Absorption enhancing effects of
chitosan oligomers on the intestinal absorption of low molecular weight heparin in rats. Int. J. Pharm.,
466, 156-162 (2014).

Siegel I. A., Gordon H. P.: Effects of surfactants on the permeability of canine oral mucosa in vitro.
Toxicol. Lett., 26, 153-158 (1985).

Cassidy M. M., Tidball C. S.: Cellular mechanism of intestinal permeability alterations produced by
chelation depletion. J. Cell Biol., 32, 685-698 (1967).

Gordon G. S., Moses A. C., Silver R. D., Flier J. S., Carey M. C.: Nasal absorption of insulin :
enhancement by hydrophobic bile salts. Proc. Natl. Acad. Sci. USA., 82, 7419-7423 (1985).

Ishizawa T., Hayashi M., Awazu S. : Enhancement of jejunal and colonic absorption of fosfomycin
by promoters in the rat. J. Pharm. Pharmacol., 39, 892-895 (1987).

Krug S. M., Amasheh M., Dittmann 1., Christoffel I., Fromm M., Amasheh S.: Sodium caprate as an
enhancer of macromolecule permeation across tricellular tight junctions of intestinal cells.
Biomaterials, 34, 275-282 (2013).

50



55)

56)

57)

58)

59)

60)

61)

62)

63)

Myazawa K., Tamura U., Tomita K.: The development of N-acyl-N-methyltaurate (AMT) as a low
irritating detergent for scalp and hair. Shiseido Products Research Laboratories, 39, 925-930 (1990).

Yamamoto A., Uchiyama T., Nishikawa R., Fujita T., Muranishi S.: Effectiveness and toxicity
screening of various absorption enhancers in the rat small intestine: effects of absorption enhancers
on the intestinal absorption of phenol red and the release of protein and phospholipids from the
intestinal membrane. J. Pharm. Pharmacol., 48, 1285-1289 (1996).

Yamamoto A., Taniguchi T., Rikyuu K., Tsuji T., Fujita T., Murakami M., Muranishi S.: Effects of
various protease inhibitors on the intestinal absorption and degradation of insulin in rats. Pharm. Res.,
11, 1496-1500 (1994).

Gao Y., He L., Katsumi H., Sakane T., Fujita T., Yamamoto A.: Improvement of intestinal absorption
of water-soluble macromolecules by various polyamines: intestinal mucosal toxicity and absorption-
enhancing mechanism of spermine. Int. J. Pharm., 354, 126-134 (2008).

Wong J. A, Renton K. W., Crocker J. F., O’Regan P. A., Acott P. D.: Determination of pamidronate
in human whole blood and urine by reversed-phase HPLC with fluorescence detection. Biomed.
Chromatogr., 18, 98-101 (2004).

Lin Y., Fujimori T., Kawaguchi N., Tsujimoto Y., Nishimi M., Dong Z., Katsumi H., Sakane T.,
Yamamoto A. : Polyamidoamine dendrimers as novel potential absorption enhancers for improving
the small intestinal absorption of poorly absorbable drugs in rats. J. Control. Release, 149, 21-28
(2011).

Alama T., Kusamori K., Katsumi H., Sakane T., Yamamoto A. : Absorption-enhancing effects of
gemini surfactant on the intestinal absorption of poorly absorbed hydrophilic drugs including peptide
and protein drugs in rats. Int. J. Pharm., 499, 58-66 (2016).

Itoh M., Furuse M., Morita K., Kubota K., Saitou M., Tsukita S.: Direct binding of three tight
junction-associated MAGUKSs, ZO-1, ZO-2, and ZO-3, with the COOH termini of claudins. J. Cell
Biol., 147, 1351-1363 (1999).

Vazquez C. M., Zanetti R., Ruiz-Gutierrez V. : Lipid composition and fluidity in the jejunal brush-

border membrane of spontaneously hypertensive rats. Effects on activities of membrane-bound
proteins. Biosci. Rep., 16, 217-226 (1996).

51



64)

65)

66)

67)

68)

69)

70)

71)

72)

73)

Prabhu R., Balasubramanian K. A. : A novel method of preparation of small intestinal brush border
membrane vesicles by polyethylene glycol precipitation. Anal. Biochem., 289, 157-161 (2001).

Lee K. J.,, Hwang S. J., Kim J. S,, Kim D. D., Shin Y. H., Lee C. H. : Effects of HPE-101, a skin
penetration enhancer, on human erythrocyte membranes. Int. J. Pharm., 285, 43-49 (2004).

Satoh H., Amagase K., Ebara S., Akiba Y., Takeuchi K. : Cyclooxygenase (COX)-1 and COX-2 both
play an important role in the protection of the duodenal mucosa in cats. J. Pharmacol. Exp. Ther.,344,
189-195 (2013).

Kajii H., Horie T,. Hayashi M., Awazu S. : Effects of salicylic acid on the permeability of the plasma
membrane of the small intestine of the rat: a fluorescence spectroscopic approach to elucidate the
mechanism of promoted drug absorption. J. Pharm. Sci., 75, 475-478 (1986).

Kajii H., Horie T., Hayashi M., Awazu S. : Fluorescence study of the membrane-perturbing action of
sodium caprylate as related to promotion of drug absorption. J. Pharm. Sci., 77, 390-392 (1988).

Koga K., Kusawake Y., Ito Y., Sugioka N., Shibata N., Takada K. : Enhancing mechanism of Labrasol
on intestinal membrane permeability of the hydrophilic drug gentamicin sulfate. Eur. J. Pharm.
Biopharm., 64, 82-91 (2006).

Uchiyama T., Sugiyama T., Quan Y. S., Kotani A., Okada N., Fujita T., Muranishi S., Yamamoto A. :
Enhanced permeability of insulin across the rat intestinal membrane by various absorption enhancers:
their intestinal mucosal toxicity and absorption-enhancing mechanism of n-lauryl-beta-D-
maltopyranoside. J. Pharm. Pharmacol., 51, 1241-1250 (1999).

Yamamoto A., Tatsumi H., Maruyama M., Uchiyama T., Okada N., Fujita T. : Modulation of intestinal
permeability by nitric oxide donors: implications in intestinal delivery of poorly absorbable drugs. J.
Pharmacol. Exp., Ther., 296, 84-90 (2001).

Gao Y., He L., Katsumi H., Sakane T., Fujita T., Yamamoto A. : Improvement of intestinal absorption
of insulin and water-soluble macromolecular compounds by chitosan oligomers in rats. Int. J. Pharm.,

359, 70-78 (2008).

Gonzélez-Mariscal L., Betanzos A., Nava P., Jaramillo B. E. : Tight junction proteins. Prog. Biophys.
Mol. Biol., 81, 1-44 (2003).

52



74) MaT.Y., Nguyen D., Bui V., Nguyen H., Hoa N. : Ethanol modulation of intestinal epithelial tight
junction barrier. Am. J. Physiol., 276, G965-974 (1999).

75) MadaraJ. L. : Regulation of the movement of solutes across tight junctions. Annu. Rev. Physiol., 60,
143-159 (1998).

76) Del Vecchio G., Tscheik C., Tenz K., Helms H. C., Winkler L., Blasig R., Blasig I. E. : Sodium caprate

transiently opens claudin-5-containing barriers at tight junctions of epithelial and endothelial cells.
Mol. Pharm., 9, 2523-2533 (2012).

53



