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& SR SN AE RN TR SR 2 R AE T D 7212 id, AR BEREL ~14
IZ5EE CREPEIREY:) S, #UNCEKER AR K5 T80 ERH D,
— . AR SIEENENIER A 2EEEZ A L TR | (REEmME, HE A
RIS T LIl OFEE A LTV D, ITE, ERNORYEIRE A i
L. B s FA IR & GBI, WU RGN T 5] 72D RT v 7
F YR — 25 A (DDS; Drug Delivery System) 4 OBFFEHRE AN THI T
W%, DDS HAfZFEIT, D) M) TRk IRl S, A
NGy DALFAESRR, RIS ORI GHRE DA T 72 E ORBPTHLI TN D,

A B OFEYIGROBGREKITREOE S, BIRNEG D ERTHDL, —FH, #&#
ffife 51X 2 E TO & Z Al B2 MEPAZEE iR . (COPD; Chronic Obstructive
Pulmonary Disease) @ X 9 72 FE a3 B3 2 RTiaE A B E LT\ 5, FE
e RITRE . A3, MIRUE S, BRKUE L i L, Mlila~ & % 2 M
PR M Z B L TV A D0, INWEEFE (5100 m?), #W B (<1 pm) .,
BE i (8 5,700 mL/min) | ARWEESRTEME 72 & FRICTHALE > B IR S U
I WEG TEROWNGHA & LCOREEAETL Y , 207, A AU v~
YTy R = O AR DD XD R E BRI E DRV E S TR O 4
HIEERA~DOIERZ MM LB 5RK & LTHER IR TER Y, EBRIC 2006 4
|2 Pfizer #: Exubera®N &R S N7 H DD, 580 _EIF MBI 2007 4122 T
& 7oz, FD, 2014 412 MannKind 0> Afrezza® s AT 2 ) v b
LTARBEINTEBY, 5B IORDIEEVLIAETND EHERHERGHMTH
a3

e AANLE O EMRHENS, AT Y — LAl (MDIs; Metered-Dose
Inhalers) . % A #&#l (Inhalation Solutions) . W Ak 4l (DPIs; Dry Powder Inhalers)
D 3IFEIZFFHSIN TN D, T TH DPIs X RIS R N EE ORAIZ L DR
o S, MERERSRIRIEI A~ S NS T2, FAIEFE & W ABNE & ORI
N OVESR AN ARE T, REFEDRHAFHEETH L Z L0, BWIRIREL V $ 3K
MISBRLINTH L CRETH D Z EDLRIFLEEMICEN D 21T Tl A
PN NS S EHEN BRI CTHLI R EORSEZHGTH EnD, S®kEH
HENREEDLEEZLND Y,

IR AN RA TR U 72 3RR A TOAE « BRESCI A SN ~D 1
FIZEDWMARFEDIK T2 HBIT, ¥ U7 EFEIN DRI Kok 7
EAAESELHE (Fx U THERT) IO IR T D A, F IR RIFRE ORL
TROBEAZTRM L TERY (A7 a4 K) PWEERT S HiE (@)
DHWLILD, F72. FHREBFZMLL CHRMRL 24525 FIEIZS>WTHE
SOBPNEDSNTEY O, vy hIAREEZHN Ny T XT38,



W T s 1O ka0 MRS L 2B R B bR E
EaATIE 2ADVEOR R AT v IR X DRk - R T i, K 7 EIR A
72T, BIEFEH SN TWAE X U R IERBL 1712 EDE 7 FIERA~DIN
bk TG 2620

W AR D BRI IV TR, IR 2RI A ZE T 5 T2 D DR A
M ARFN OB AFRE & W o 2R A ERTH Y 2B WA KA % i
TR E CTEET 2 72 OIITW AR KA D 2R ) FRkL £ (MMAD; Mass
Median Aerodynamic Diameter) % 1-6 um (2142 = & A HELE ST 5 293D,
— 7, BRARIGRICET TEARE - ZatEi EOEY RN LETH D |
S OFHIICIEE S/ N A VT2 in vivo FEBR K OViliRRR DA & FHV 72 ex
vivo EER2MT DAL S 3239, Lo L, /NS W AN R AR 7 % # 5- LN 265
EIERT D20, BEDOX A 2 T E/NE O &R S5 THRYL
EThY, HEBEZHBICaY br—LT 52 ERREER D, EBREERESAR
B & 72 5 r — A b b7 < 7y 34 F 7= il ERGIRRE D> D O SR I 1
FEAISORE IR A 2 E R PTR Z2 A FHE R 2R S 2 L idEE L < B
VERFERTIZ DWW TIL X 0 flifE 22 55 A &2 O 72 MR OIS 2347 & L 39,

Los L. BESRDOEEEMIN &2 V72 in vitro AR TR S 1 2 i (A 5 1 ¢
OB D DT D iy AR A 2 AR M IS PR L Tl ST & 7,
AN A RANTIRARICLL T OE#B 2R EEZHND 1) 4, 2) M
Wegn~EIE, 3) b, 4) PRNER BRI ORGIK THME. 5) W, Zhw x,
IR cE b - ek OMifaLs 3% (SUB; Submerged Cell Culture) (Fig. 1a, b)
I TN ERBE 2 SO L T2 b . R 7= By Kok 1 A1 & IE el
FHlT A Z ENTERNWZ ERMETH -T2, —JF, EF, MilREmnzEx s
Pefih U7 F FH58 95 2 L A AT RE 22 KUR S i Ml i B %% 5% (AL Air-Liquid
Interfaced Cell Culture) (Fig. 1)ICVER MEE > TV 5, AL TS F2HR T
PLH &% Transwell® (@ D ¥ = L)% VTR 4, SUB CIIpLE & Y
HEREAI O 8 7 (R 2 S92 & o D ALl TIEBEBA O B A TN L, kG
REAR D B g A3 22 S Befi L 7 RRE CRER 21T 5, ZAUC KD | MRS D RLJE
A~ ARk 7 BUANF O EEERN A e & 72 5 DA T < ALl THRFE S L7 H
R 1T R . KR WM ER O ME1G 7e K I2ER O MINEREE 2 L 0 SOk U 7= 57
ETNTHDHEBEZBND Y,
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Fig.1 Schematic diagrams of SUB using a conventional-well plate (a), SUB using a
Transwell® (b), and ALI (c).
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HaEEz2 CGGHET 2 2 E0NREE, —EBEOMR 2 BET D 7= DI KREOHKE
THRMEE ERIEIC L D HIfakEE D B x RN S TV D OMRBLIRT
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T-HUH| DI R A HEEE L, Z % O TR R ok 7 8451 o0 S IsZ5 1 M K OVl
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B — B TR AR ORL - B A B g L A8 A L B 0> D 2 — IS WO N T RE 72
B BORNINH T S A 2 2ERL L, BIRINGE - KRS A BT 28 R O 154
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~OMEMRL T ILAENR L LT, Fiz, KFHRO=T v V' v~oiE i %
H¥g L C. OS2 & B L CIREEIS Transwell®~D k75 2h =R 2 57§
%2 LT, RIRA AR R 2 I U7 B A S A e ST L7z,

B R CILE — E OREEE L7 RUR S RS 22 5% 2 i L 7 M Aok 1 )
DOFHm %2 W T, Mg~ EsZ b sE5 2 L2k v, in vitro 128
T 2 B RARL - B D S W RE M 2 5 L 72, & DRSS, By AR Mok 1 8411X
[FHREEIATR L 0 b @ WIS R IEEZ R Lz, BYon+BORE, FHH
W FEERIF DIRFE DR SUBHAR ORI & o2 LEA L —F —BEMEE L H
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i) A.Asai, T. Okuda, E. Sonoda, T. Yamauchi, S. Kato, H. Okamoto. Drug Permeation
Characterization of Inhaled Dry Powder Formulations in Air-Liquid Interfaced Cell

Layer using an improved, Simple Apparatus for Dispersion. Pharm. Res. (2016)
33:487-497.

i) A.Asai, T Okuda, T. Yamauchi, Y. Sugiura, H. Okamoto. Safety Evaluation of Dry
Powder Formulations by Direct Dispersion onto Air-Liquid Interface Cultured Cell
Layer. Biol. Pharm. Bull. (2016) 39: in press.



I B—F SKAEMEEERRZIGH UKL 85 0 Frf A0 R O
AYA
1.1 =

By Rk - SUK OFEM R & LCo ALl OIS Tk, Bk 5 %
AR I E L COBINT 2 HIENMATH D DD, RIEMNL STV
VW, e, ZOREDZLIFA NI HZ—RBEZER T 70 EO KRNI TR
EETDHHEDOThHDH BB, LinL, TS O DRy RMORL 75475 00l i Jg ~
DURE NI D TR < . Hein b O Pharmaceutical Aerosol Deposition
Device on Cell Cultures (PADDOCC) system Ci% 0.5%2%®), Twin stage impinger (TSI)
ZH\WZ o0 Haghi 5OHEKLD Ong 5 OHETIEZENZEI 2.6-4.3%
0.49-4.6% 1-2%*0CThH 5, Z 9 LIARWILENRE CIIRKEORE 2 ET 5729,
AEBEMEA T F ROMREMER R e E B R EEMEM 23R S U THW TR
T 59 2T, WEDPLETHD, ZIUTMZA T, KEND R TIT Y v
TEOBBEENITO O, Vo VT EICEHEE A TIEHMET S Z EREE, &
LI K D MabEE D Ckkx 2R S TV D ORBURTH 5,

% ZCARE Tl AR 7 54 2 M g (8 L S B D ¥ — 4 BN v]
REZR T BRI 7 /83 A 2T WAER L. S BURINSR: « SR S i i ks
BROERSFMZ &b T 5 & &bz, TIROMKRMAL A5 BRI 7 31 A
Z OB D Transwell®~D By KMok b8 2ha & g L7z, £7o. RFHli-R O
T Y NA~OHHZ B LT, TIRORERESE % SR L TR Transwell®
~OWAENBZFMT D 2 & T, KR iHIuEEE R 200 H U 7o Bl ek m s %
et L7z,

1.2 FEBRGE
.21 3k

MR A DT VEY) & L CTENEWE TH S Fluorescein sodium salt
(FI-Na; %7 376, SIGMA-ALDRICH Co.). f&/E#]& L T D-(-)-Mannitol (Man;
Wako Pure Chemical Industries, Ltd.). 43 8t #H 85 %l & L T L-Leucine (Leu;
SIGMA-ALDRICH Co.)% -, E&EEROEEEL L LT Hanks' Balanced Salt
solution (HBSS; SIGMA-ALDRICH Co.) & FV 7=,

sz RS T4H 5 Minimum Essential Medium Eagle (E-MEM), Roswell
Park Memorial Institute (RPMI)&5H, 7 BRI yE (Fetal Bovine Serum : FBS),
Penicillin-Streptomycin . Sodium pyruvate . L-Glutamine, #k{tE52#% TH W 5
Trypsin-EDTA (21X 3 % SIGMA-ALDRICH Co.® % 0 % i 7=,

IR A RS R 120X Transwell® (pore size: 0.4 um, 1.12 cm?, Transwell®
type 3460)% Corning Inc.2> 5 HEA L CTHW =,



.22 Hifuks#&

KIR AR R OREMLE LT MHERAXGE EEEMR CH D Calu-3
#i % American Type Culture Collection X ¥ . t Fiili bRz EMlETdH 5 A549 #l
iz CELL BANK (BALZAARSERT) KW EEA L THWIZ,

Calu-3 i OAMARIEEHRIT E-MEM 55, FBS (BEHuIZx LT 10%74H Y &),
Penicillin-Streptomycin (5% 100 U/mL penicillin, 100 pg/mL streptomycin).,
Sodium pyruvate (100 mM, 5 mL). L-Glutamine (200 mM, 5 mL)% fH TR L 7=,
A549 AL O MR 1T RPMI B2, FBS (BfHuiZx LT 10%FH Y &),
Penicillin-Streptomycin (5 #5100 U/mL penicillin, 100 pg/mL streptomycin) z
WTRRERL L 7=,

HERRIEA > F 2 _X—% (37°C, FHXHEEE : 90%., CO2 JRJE : 5%) WOt/
NF ¥ —F 4 v = (Falcon, 151.9 cm?) L TH:#E L7z, Calu-3 Ml DB L —
BN A2 U, HEfRIE Trypsin-EDTA % v C—@ B — Bk L7, A549
HMREIX Trypsin-EDTA % FVC—E B Ak L 7=,

Calu-3 il i % 5x10° cells/well, A549 #HfiE i 2x10° cells/well T Transwell®o bk
NZHEARE L, REIEANC 0.5 mL, SRS 1.5 mL o2 N L T 2 AR E L
7o 2 HRRICKEBA OS2 B Y BrE . 2 BRI O 42 228325 2 & C
IR mER# L7,

11.2.3 By Aok B4 oo Fi

By AR AR - BUAN IS SO RS o (Spray-Freeze-Drying) (2 & 0 Fi#L L 7=
(Fig. 2 & OX Table 1), ¥y KMk 185 2 FHEL 9~ 5 7= O O REHNR IR E 13 FI-Na:
Leu: Man=2:5: 93 DE &I & L, 2EEL 50 mg, EHRIKEA 25mL & L
oo PBHA#E 22 5 mL/min TiEiE L 2 A 2 7" L — /7 XL (inner diameter: 0.4 mm,
Tokyo Rikakikai Co., Ltd.)7)» % 15 cm T DAz (500 mL)HiZ 150 kPa T 30 sec
TS D Z & TR 2 BRI BAS S o, 5 DAV T K 2 BRRS R
(FDU-2100, Tokyo Rikakikai Co., Ltd.) & #ft L 7= K7 A4 F v > 73—
(DRC-1000, Tokyo Rikakikai Co., Ltd.)"' C 24 W] 5F-# - #4595 = & THROR
1372,
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Fig. 2 Schematic diagram of SFD.

Table 1 Operating conditions of SFD apparatus

Ve 150 kPa
B IR 15 TR 5 mL/min
2 ARIE SR 2 AV 0.4 mm
H7 R A ] 24 hr
A& ELZE i <2.0Pa
SR 10°C

11.2.4 By RAORL 155 DR AR A

“HER, 1mL Y Y (TERUMO)EB XN 100 L T 4 AR —H T LT v
T E I DR T AR TN T /3 A A (Fig. 3)9 100 uL 7 4 AR —H
TNF v FICHE LTk a2~ A 7 a A 8—F L T/OEFRE L, JEfE L7 0.2
mL D225 % =T O#FEIC L0 B ICB R L. SEHE o _LIZ oLz,
ZD1%, 30mA, 90sec 77 FFa—7 ¢ 7 (JFC-1600, JEOL DATUM
Solution Business Operations) Z 1TV >, KL JIK 2 & AR 7 BAMEE (SEM;
JSM-6060, JEOL DATUM Solution Business Operations) % VN T#EI£2 L 7=,

7



disposable tp  3uvay stoprock syringe

Fig. 3 The apparatus for dispersing the powders.

11.2.5  HHU RBORI RN 73 A A (Dﬁéﬁfc

TER DRI T AN T 3 ZNEFBIZ R Z BT 72 15mL~A 7 v F o2 —
7 (inner diameter: 0.92 cm, height: 3.87 cm, NIPPON Genetics Co, Ltd.) & H# & S 1
Te WU RBCRL FIINA 73 A 2 272 \CERC L 72 (Fig. 4).

disposable sampling tube disposable tip 3-way stopcock syringe

Fig. 4 The improved apparatus for dispersing the powders.

11.2.6  Transwell®~o 73RN 5 O feil
11.2.6.1 HTHUY RO T IR 7 /3 A 2 D Fe i & O et

HIR 2B TE L CuhZeuy TranswellPoREE Rl oD ™7 = L NI, T8 HBSS 150 pL
B =127 % X9 IZH T,

BTHU RN 7 /31 R TR 5 By Rk D &% 0.5 mg, 1.0 mg,
1.5 mg TZAL &8, EMEZEAE 0.35mL T 2 cm OE S 55 Transwell® o Kk 5]
PRI LT, IRINEL O Z N E N ORERIOER 2 FIT 5 & & b
HHU R FIRMA T AN, ZDF 4 AR—F T IF 2 —7, 742%—%7
VT T HBSS T 2 A 21T o 7o, 8Ot e R (Gemini EM Fluorescence
Microplate Reader, Molecular Devices Co.) T4 5810 FI-Na H S D H8  % 7
(Ex; 490 nm, Em; 515 nm) L, FEHEEIIHTHK T N—F A2k (Well:



Transwell®O¥EEH], Tube: B KBRL FIRINH T XA ADT 4 AR—H 7L
Fa—7, Tip: FH KR FIRINAT A ADT 4 AR—=FTNF v 7)~D
EDFEEHEH L, fHEEOKELEX -7,

11.2.6.2 FBURMKL IR T S A A DJEREZER EDO MR

BHU AR T I T 3o AT T 2Rkl D&% 05 mg & L, [+
frze 4 0.1,0.2,0.3mL T Transwell® LD 2 cm O E & B4y L, 11.2.6.1
ERIBRIZIEAE DI EZ R L, JEfEZEREDRE b E K- 72,

11.2.6.3 TR RBRL U T 734 2 DILAEZN AR

Dry Powder Insufflator™ (Model DP-4, PENNCENTURY Co.)(ZJE&H#BIZ /N & B 1T
7215mL~A 7 nFa—7%EfESE, RET MR D&E%L 05,1.0,15
mg TAL &1, EMEZEEE% 0.2 mL T Transwell® £ 2 cm D &2 5 45 B
ML, 11.26.1 & RERICIEEDFREEHH LT,

11.2.6.4 TR DIRARME 5 25 O TEAE 20 =3

MicroSprayer® (Model 1A-1C, PENNCENTURY Co.)IZJEHBIZ /N & Bl 1T 7= 1.5 mL
~A 7 BT o — 7 & &, 25 uL OFREHAER A Transwell® £ 2 em DR & 7
HEFZE L, 0.26.1 & REBRICILERREZF M L7,

.27 SIRS i AIERE 2 R O R S O feift,

Calu-3 il el oD SR S i 5 2 p O BERRAR DO B5 #f1 2 0.75, 1.0, 1.5 mL & &k S+,
AR ORI L LT, R E & A BICEEKPLE (TEER; Transepitherial
electrical resistance)Z & L T, KRS i MIfuEE 2 R OB S D fei bz 4 -
72, TEER JE DB IE, KM B 500 pb Z ¥ L. 30 min #1(Z
Millicell®-ERS (MILLIPORE Co.) CHIE&1T > 7=,

F -, B THEEL Um S A HlT ALl TE2EE L7~ Calu-3 fijafg . SUB Tk
& L7 Calu-3 flfin)E . ALl TH:EE L7= AB49 fillfinfg o TEER 2 HIET 5 Z & 1T &
0. AR 0D B [E M D EL i e VBRI H W 2 Wi OGS 21T o 7o,

52, MROGFELZMHERT D7D, EBRICH W2 HIM ALl THE LT-
Calu-3 #llfia)E & O SUB T2 L 7= Calu-3 fillfa)E 12 10 {47 L 7= Alcianblue
8GX®¥AZ (SIGMA-ALDRICH Co.)Z#shi L. 3 [a] HBSS Ty L CHIN B
(ECLIPSE TS100-F, Nikon Co.) Tz %11~ 7=,

11.2.8 Wi 525
Wy AR PRL - B O SR IELF P X, BT KR 0 BRI T /3 A A %= v



THEES 0.5 mg. EfMize5 &% 0.1, 0.2, 0.3 mL TRIRA M S 7= Calu-3
AlaE BB E TV RRRFRIZHERR 2> & 100 L 29 7Y Lz d
D&Y FEHEE L L CER L, Bz IEREMIC HBSS 100 L 2/ L7z, &
7L W) D S NEFE R BT 4y Y6 B (Gemini EM Fluorescence Microplate
Reader, Molecular Devices Co.) % FV T &7 /L #M i sk 0 H2  & # HH (Ex; 490 nm,
Em;515nm)L., &= L7,

11.2.9  HEFHEEAT

—JCALE T BONTEE (ANOVA) 12XV p<0.05 THEZED Y L2 b DI
DWT, B/ EZEEIC LD FEIER OB BEZOBEZITV, p a2 0.05 £
WoOLEFEEDY & LI,

1.3 TS
11.3.1 By RISk B k-T2 R 7

TR X TR I 2 AL BRI E 2 L TR Y . EAT 10 um miE TH
- 7= (Fig. 5).

Fig. 5 Scanning electron micrograph of prepared FI-Na dry powder.

11.3.2  Transwell®~D 43 BN 71 o b

B AR FUSIIA T /3 A 2 & - O TR Rk O 5 &% 0.5-1.5 mg ©
PlEElo L 2AH, REEEKAWITH KRB O A &ITH{IM L7 (0.5 mg:
0.21+0.06 mg, 1.0 mg: 0.39+0.12 mg, 1.5 mg: 0.5+0.24 mg) 2%, IEENRITIK T L=
(0.5 mg: 41+11%, 1.0 mg: 39£12%, 1.5 mg: 33+16%) (mean + S.D., n=4) (Fig. 6a), —
7. WAEDFRITH T D EMEER[REDOREILIZ L A ER) -7 (Fig. 6b),

TR DRy Rk U 7 3 A 2T % Dry Powder Insufflator™ % VT ¥y
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KIRL - DT E % 05-1.5mg TEAL ZH7z & 2 A Frllm Kk i 7 3
A AL FRRICTIEE O E > TWWEFITME T L7z (0.5 mg: 11+8%, 1.0
mg: 8+10%, 1.5 mg: 4+6%) (mean = S.D., n=3),

iR D IRNE T 2R T 5 MicroSprayer®% VT, 25 L OEHRIR 2 M5 L
7o & 2 A, ILERNHRIL 59.241.6% (mean = S.D., n=3) TH > 7=,

(a) (b)

140 -
140 -
= S120 | BOLmL
£120 < §0.2 mL
gloo g 100 1 mo3mL §
S 80 - & 807 §
5 5 60 - \
- 60 1 ° \
s 2 §
% 40 | §40 \
% 20 A 8 20 A §
e ¥ \
o . o LD D DN N
Well Tube Tip Total Well Tube Tip Total

Fig. 6 Optimization for dispersing the powders onto the cell layer: effect of (a) loading
dose and (b) compressed air volume. Each value represents the mean + S.D. (n=4).

11.3.3  SKIRS i AIaRE 2 R O R R S O fedl,

LIRS A S8 R OIEEMl O B o & % 0.75, 1.0, 1.5 mL TEL&E7/- &
Z A, BEER O RSB O, TEERIZIE T L7Z2b D0, Wih b iEfEE
10 H B LAK&EIZ TEER %% 300-400 Q + cm? TZE L7= (Fig. 7).

F 72, MR REE 2L ST & Z A, ALl THiEE STz Calu-3 Afifa g i
FETE% 10 A B LAKEIC TEER 2349300 Q - cm?> TLE L= H DD, SUB THE &
A7z Calu-3 Mifia)E | 3% FiT% 8-14 H H Of# T TEER 7% 700-800 Q - cm? TZLE L,
AL| THE S 7z AB49 HiflafE 38k FE% 2 H B LI T TEER 2% 40-50 Q - cm? C
Z7E L= (Fig. 8),

X 52, Alcianblue 8GX®IEIKIZ L - T, Calu-3 FfafE O X5E DA B2 31 L
7L Z A, SUB 13Ut SN 7= DIzxt LT, AL IRy W & 4 F Al
Yuth <= (Fig. 9),
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-0-0.75 mL

TEER (Q-cm?)

0 4 8 12 16 20 24 28
Time (day)

Fig. 7 Change of TEER with changing the volume of medium in basolateral chamber in
ALLI. Each value represents the mean £ S.D. (n=4).

—
o
)
)
[ |

-O0-Calu-3/ALI
—~Calu-3/SUB
—A549/AL1

TEER (Q-cm?)

O L] L] L]
0 4 8 12 16 20
Time (day)

Fig. 8 Change of TEER of Calu-3 cell layer cultured in ALI or SUB and A549 cell layer
cultured in ALI. Each value represents the mean £ S.D. (n=3).
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(b)

Fig. 9 Images of cell layer surface cultured in SUB (a) and ALI (b) after mucus staining.

11.3.4  FEWEdEim S5

JEAEZER & Z 2 (0.1, 0.2, 0.3 mL) & & Ty AR IRL 1 55 o 34 gz i %
P L= & 2 A, EYREIREICAERZEIT R, EfEEREIT YRS
REIREBE 5 2 720 -7 (Fig. 10),

=
+=
I

.
o

.
f—

Permeated amount (ug/mlL)
<
(§]

<

0 30 60 90
Time (min)

Fig. 10 Drug permeation study of dry powder formulation with various compressed air
volumes. Each value represents the mean £ S.D. (n=3).
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4 55

AREENZIBN T, BARBoL 7 8A11% SFD 1512 L » CTBL L 7=, SFD JEIXf#ifEIc
ZHE R & mDCRE TR AIEETH Y . X T EH i EOBUIARELE
RVBEICKR L CHRENARFF TR FIETH D ¥9), 512, SFD {EIC L -
T SN2 ILVE R IR F BN L, [KEEETHDH Z Lk,
BAT PRI TR IR & < Th | WAIZE L7z MMAD %739 %), KREEIZE
W TR S - M AR BORE - 8U51 L SFD 5 O LU R BRI IE Th o 7272,
W NI L7 Rh - 8A CTh 5 L HER S D,

R mREE S oMl LISk R 2R3 572D IcHnwb D
Pharmaceutical Aerosol Deposition Device on Cell Cultures (PADDOCC) system & X
Twin stage impinger (TSI)I34RD TILAE LR BE (<B5%) Z En@HEIN TN D
283840 F- . IO OEBIIEEHBEICHND Z EBRETH D7D, RN
B O EMERMIICHND Z ENTERVWZ ERMER ST D 9, <
A 7 a A —TF ) Tp 8 O T HIBRE ~ DR Kok 1 Ok A5 X LB i 72 5
ETH LD, MakE L CTHRRMRL 03 HERE L, PR B CTHEBRICEL D
BREEZ ML TV e/, MR E LTHE L TV eWnWEBE 2 bnb, AIFE
THWIZETHUD R BRI T S A 2 TORENRIL, FREEOIEINA L
VMR T L7y, JEMZEREOREBIIOE VTR oTc, L, @WEREZE
[EITMILDOANAL TV T AT BEL 520 2 EDBBESND 2D, KRy
BORNINSRIIRE &L 05 Mg, EMEZEX &% 0.2mL & L7z, FRIEE L iR
BT 52 LIk, MlERmimFERMER < FREEDOK 40%% /7 S
WL ENAREE 2o T, FTo, ABFETHW I KRR 73 RN 7 8
A ADEMEZER (0.1-0.3 mL)IZ K 2 EE Ty Kokl 1 O W o M - B %
Hzlehote, S, IMITHDZ b ) — LiHESRERIN IR 29
L7 V=0 ROFNTOREBRIMEIZHE L TR Y, MREEMEFEAL A~ H
LHIRFCTELLEBXOND, Lo T, RUFFETELR LI HH Kok 770 s
INTSA 2%, By R+ 2 Mg 2 s+ 5720y —n1 e LTHHT
bHEEZLND,

AREE T RIRLF DFEAM R DL 2 BAY & L CTRUK SR s 2 S 4172 Calu-3
J Y AB49 HEREIZ DWW TEE R KM A kT 5 & & bICREOIT 21T o7,
Calu-3, 16HBE140-, A549 il iZR i DrERER FRZET Vv & LT S
TX7- %9%), Calu-3 U 16HBE140-#H i 135 U 72 M 25 | R R e Bk oo R B8 %
AL, BRI K> TEUIRANY TREEZG2 S DD, AB49 HifldiZ/ N U 7 e i
HDTENZ ERMBN TS 90 F7= Calu-3 Hliz AW =0k DREE R
(SUB) & kgt L T Calu-3 #ilfid 2 <UR S G 95 2 & TRARERNEBRBE 2 S b3
DB DEHE, MR 78 E OB R R B A A+ Z L BIE ST

14



WA T2 T2 < 38D in vitro-in vivo FEBEPERFZE X 0 . WA A7 E KA R
FOWWZE TRTD72OICHEHTHD Z ERFEIN TS 65 ESioHH
L., KRGS SN Calu-3 HIIE T bk, BRGNS O3 % E
Stz T v b Oy FEEMEFIC EICER STz ¥4, x5,
UY X OKE ERMINGO TEERIZ260-300Q - cm? TH D Z ENME STV 5,
AW TR R EE S 47z Calu-3 i@ 8 o TEER 13300 - 400 Q - cm?* Th ) |
MR W E R TE 2 &0 6. AR THW KR mE & S 7= Calu-3
JaJE i invivo BREZ 2 45T L E LT L CWA EEZ Hb, — 7, A549
AR A SN EOFESEZFMMT 57200 EEET L E L TIHA ST
% ) Ko T, ARG TITH RIRL - D S W I AR ME 2T 2 1 T AR R i 8 S
7z Calu-3 FlMJEE ., M fe v A I X R R B2 S iz AB49 i % A
VY, RURS R O BB ORI E 1213 b TEER A E LTV 1.0 mL % A
VN, ENER TEER OZE L TV A #FE% 12-19 A, 4-11 BIZFEBRIZHWS Z &
L L7,

1.5 i

AEE CII By AR - S5 2 e g (2 80 L S IR D D B — (2 BN AT RE 72 58T
HOBORIMAT A 2 ZJT IR L, Rk O FeE & & B 2SS & i
Wk Uiz, Hdfb SN7-5:0F (FEE S : 0.5mg, EMFZERE : 0.2mL) TiIFE
BOK 40%Z Mg LIS SEDZ ENAREL 20 | TERO RKENY 7ok
& (<5%) CTHROKRMRI 0BT SA A (<11%) & bl L CRmWits
R AR Ulc, Eo, FB R 08I 7 /34 2 % W T Rk 1
Doy BAINIHEE DY THRICKE B2 52 0ol 2 & h | BRI
Wi Z MR E R E N BN 2120 0F Ry — L ThHDHZ LR ENnT,
S HIC, [IERSmMAE R ROEESLN BB o, FERICEHT L E
TOREYM) ZRbElT 22 & CLE LRI A mEs Mg » & 6T,
BV RIRL 753 BRI T 734 2 D53 BURING A & KR S/ RE 48 5% DO R5 4%
S E LT 52 LT XD KR ARG R 2 00 U 72 R ok - 5]
DOFHFHE A2 ST LTz, ZOFMMEZISHT 5 Z &I2E b kD invivo, in
vitro DFHIiR LV b KV ks TIIEHEBREE & ROk U 72 By R onL - 54541 o0 A= )7
HITEHRHE S ATRE & 72 0 . S OBRAAIBIR IS T o A2 M afzit+25 2
EMAFREL 7B B A HND,

15



N BE KA EAAREERERZ I U7 REoh 7 85 0 B AR 34l
1] P =+

ZAVE TIZ/NEM 2 Tz in vivo SEBRIC I\ TRy R - 34K 0 B AT 72 584
W e OSRERZh SR 3 s STV D b D D 439 NEhi ~ Dy KAk -84 o
R G IXFENEHETH Y, REBELZHEICa L br— LT 5 2 EREREIC
BHINTEEZERET L2 ENRNEERD, ERERPAHAKE RS 75—
M Ip a3 F T il B Rz AR > B 0 SR ITE I PR ST R S e
EJRPTR 72 M FIER 2 5Hm 95 Z S8 L <. FEMZER AT I DWW T
K0 A5 A 2 O T2 3R R OIS M L 39,

ZHE TIZOMNERGE 2 SOk U 72 Ml 55 28 % T & 2 R 5wl la 55 28 %

(ALI; Air-liquid interfaced cell culture) ZJ&H L. 2B Rk +82A1L 3 5
Z L TERMEAKES D N EEEE STV D bon B A =X
L72 EOFMNIRTIE AL EETH D,

% Z CARETIX Fluorescein sodium salt K TF Fluorescein isothiocyanate-dextran
(5 FEAR 4 e N 11 kDa) % € 7 /VEEY) & 5 5 My Kok 844 2 SFD VI L 0 3
U, RIS & BT 2 ik 5 & 3R, Bt ORInER, ZiE%E
BRIGF ORI . VSR DV DS Ot . 8 L — W —BAMEE 2 T 7o Bl
AT Z LT R | ByRMRL 84547 & D FEM WU 2 34T L 72

.2 EBRGE
.2.1 &

MR A DT VI & L TEEWE TH S Fluorescein sodium salt
(FI-Na; 43 = 376, SIGMA-ALDRICH Co.). Fluorescein isothiocyanate-dextran
(FD-4; /31 4,400 } (X FD-10; /71 11,000, SIGMA-ALDRICH Co.). IRJEZAl
& L T D-(-)-Mannitol (Man; Wako Pure Chemical Industries, Ltd.), 4y #iBhal e L
“C L-Leucine (Leu; SIGMA-ALDRICH Co.) % H\\ 7=, & mFEBR Oy & L C Hanks
Balanced Salt solution (HBSS; SIGMA-ALDRICH Co.) % A 7z, WIfEdER] & LT
Sodium caprate (C10; SIGMA-ALDRICH Co.)% HV 7=,

sz SR L L C. Minimum Essential Medium Eagle (E-MEM), 7 > iF i
my% (FBS; Fetal Bovine Serum). Penicillin-Streptomycin. Sodium pyruvate .
L-Glutamine Z M\, & BIZHEREEE TH WD Trypsin-EDTA [ ZW 9 b
SIGMA-ALDRICH Co.® & D % FHU M =,

LIRSS 2R SR 120X Transwell® (pore size: 0.4 um, 1.12 cm?, Transwell® type
3460)% Corning Inc.2» HEA L CTHW =,

.2.2  fifussE
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LIRS MR 2 R DR S LT b HskR&E R EMnTH 5 Calu-3
# % American Type Culture Collection X v i A L CHW =,

BERTIEIT 2.2 & RIARIZATV N KURS RIS 78 O BEEHR 0D 35 1 B S ONFEBRIZ A
95 F TOREYIM IR CHAZ L7- 1.0 mL R OERER% 12-19 A & L7z,

11.2.3 B3Rk 1 B4 o 3R

Iy Rk A ORELL M 2.3 LRED HFIETITo T2, KT NVEDEEH
T2 Wy Rk 3K ORI Table 2 (27~ L 7=, FD-4 } OY FD-10 (3 7E &1 % A
THEOICGEAZENS T,

Table 2 Each Powder’s Composition

H-Na FD-4 FD-10 Leu Man
Function Model drug Dispersion  Excipient
(fluorescent substance) enhancer
FI-Na powder 2% 5% 93%
FD-4 powder 25% 5% 70%
FD-10 powder 50% 5% 45%

1.2.4 By RISk BH R -T2 AR FEAM
[.24 L REEDHETIT- T,

111.2.5  Transwell®~ ¥y KK 5K D 1E5 2h =2 A
BrALB RORE 123 BRI T /XA A % F CRITEE CTHEST S 3072 2y B &4
(e E - 0.5mg. JEMEZERE : 0.2mL) THOEIRMEZITV, 11.2.6 & REEOS
TR RO 7 DI AE =R & 54f L 7=,

11.2.6 W TR
111.2.6.1 SR A AR N A T EEA

R RO - 54750 D FEM NG Z 1 M 1 3 5 S i B S Av7- Calu-3 iz -V C
B2 72550 (a0 Bt O TSI, b: BT VEM D515, ¢ B EREFOIRE,
d: SEHEIR OB R) 22 {bsE 5 2 & TRkl L7z,

B OB DB A I T 5 7212, Ml LIS % Fl-Na &4 %
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— LTS5 >OFMEEZ (“Solution”, “Powder”, “Powder + HBSS”, “Aerosol”, &}
“Solution + C10”)Z 5t L 72, “Solution”|LIM.2.5 CTHEFR L7-filafg ~IRInsnbd
B0 FI-Na ¥y Kicki% HBSS 150 L \ZIAfE L= EHATR 2~ A 7 1T 4 A
A — & O CRIEE BT L7z, “Powder” (X FI-Na ¥y KBk 1 % BB K ik
R BRINT S A A% W CRiia g L~ 8dsin L7, “Powder + HBSS I HT
HURBRL - BRI T /XA A & W T BRI L 7= FI-Na ¥y Rk 1 % i
J& ¢ HBSS 150 pL TR L7z, “Aerosol”lXI.2.5 THERR L 7-flfinE ~Rn &
N5 ED FI-Na By Kihi+ % HBSS 15 puL (A2 11.3.3 TR L 7-MEFE & 25 uL
D 60%) | ZIRfiRE L 7= s BHA T 2 MicroSprayer® (Model 1A-1C, PENNCENTURY Co.)
AW THIIE BI2WESE LT-, “Solution + C10”1E“Solution” D FRAEHAK 1 Z W UV AE
HATHLHCIOEZIOMM EF I T~ 7 a7 4 AR —% HCHilfnfE E
Wi T L7z,

BTNV O T EOEEE T 5 7-DIZ, FI-Na DbV IZ FD-4 Xix
FD-10 # & A4 5 8UA| 2505 L. “Solution”, “Powder”. “Powder + HBSS” D 54
THlfafE _Elziin L=,

REENIAI O DA G- % 39~ 5 72912, FI-Na X% FD-10 O¥y Ricki+ K& QAT
IZDOWTHH DRI TH 5 37°C LRedilE 2 I SN2 TH 5 4°Clzisn
THRNEE M R OVHERE N 3 & 2 il U 7=,

BRI A MR D 72012, FI-Na XiZ FD-10 By Rk + % AR L 7= 3k
WRIZB W T, EYELEE L TEELs 2 S CHlluE L~ L7z,

SEMNGET I FEBRIZ U T, BUBHAINAE AR R L SRR 2> & 100 pL % >
TV LEboEEYFEGREE L CERE L, HICHEFAIC HBSS 100 pL
EAHTE LTz, EERKE THRICHE R 2 Wi L=, Lysis Buffer 2 H Tt
JE AR LT, AEE U 7o iIa)E 2 3 /03 DIRIRZE 3R & 37°C OFEIRFEIZAZ AT
MR L, 4°C, 13,000 g T 7 srffliE LBl . RiEHICEIR E -3 &E
ERfaNESE S U CER Lz, T 7 /LRy oK & K OSHIIE N 3R
w3 50 e E FH(Gemini EM Fluorescence Microplate Reader, Molecular Devices
Co.) & W TE T /LM H R D0 & f H(EX; 490 nm, Em; 515 nm) L, E& L7,

111.2.6.2 JEHRHLE (TEER)DRIE

BRI DO AR IR~ DB 2 FEAM 3 2 72 1T, RUBHRINAN#% IZ TEER % I
7E L7z, TEER HIEDHNT, FEBMI O %2 HBSS ICE & # 2, KEEMIIZ HBSS
WAL, 37°CT 30 A > F 22—k L7, TEER % Millicell®-ERS
(MILLIPORE Co.) &= HHWCHIEZ1T > 7=,

111.2.6.3 % L X7 'EDE

i
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MR M D FERE 59 & LT, SEWIETER R TR ICHIRE R FET D
VA K Ol R im e iR o & > )7 '8 % Bradford JBIC LV EE LT-, £,
AN B OF OB MARE D & > X B ETHIET 572912, M.2.6.1 D
R E 2 A - O BER O iR o 2 X7 B B % Bradford EICE D EEL
776

1.2.7  FEMZim it o vl fift,

T IVIRY) DY) FRREE 2 R 57201, XA vy va VEHESX
X7 ® zonula occludens-1 (ZO-1) &gt L, €7 L3EY & DI FIENEZ
FFAM L 72, FI-Na 1% FD-10 O KRR J OVAIRIRAN 30 231212, MififE % 4%
paraformaldehyde T & L 7=, kAT, HrAOEEMEE TTHE S E 572012 0.1%
triton-X, HURDIERERAFE S 28515 5 7212 1.5% bovine serum albumin TALEE
L7-. #lfa)E % ZO-1, Mouse Monoclonal Antibody Alexa Fluor® 594 C 60 45 it /L
THZEIWLED, ZO-1 AE#H Uiz, D%, KD 5 M0 E 2 50 = L b
DEEL., AT A4 RA T RACFE, HHEL L —V—BAMEE (LSM510, Carl Zeiss Co.,
Ltd)Z W TBIE 21T o 72, KT 7 /VEY B koa0 g & fifukEg o 20-1 (24
B3 Ha0tEG & G O THEY OF BRI 270 U, AR PN K Ol R
(23T 2 Y Sk OaOLIREE A bl LT,

11.2.8  HErHENT

—JCACE T EOMTEE (ANOVA) 12XV p<0.05 THEZEDY L2 DIC
DWNWT, R/IAEEEICI D S EHEROAEEZDKREZITV, p fEA 0.05 &
WoLExFEEDHY L LI,

.3 AR
1.3.1 ¥y Rpok 84| O R TR FEA

FD-4 Jx OY FD-10 3 ARk -3 Rl & Ctd L 72 FI-Na #y Rk & [FlER 1T Hh 22
ZHIRERIBL T o 72 (Fig. 11), — 5. ki F£8% FI-Na, FD-4, FD-10 ®DJIHIC
INS L IR DAEM N bz,

19



Fig. 11 Scanning electron micrographs of prepared dry powder: (a) FD-4 powder and
(b) FD-10 powder.

11.3.2  Transwell®~D ¥y Kok 554 o 1k 25 2h R 5
FI-Na. FD-4 &% O FD-10 ¥3 Kok + @ Transwell®~D it B4R 23 i L 7= & =
AL B ARBBLT- O Transwell®~DIEE =R ICH B /R 21X 72 D - 7= (Fig. 12),

100 -
90 -
80
70 -
60 -
50 -
40 - T }
30 ~
20 ~
10 +

0 ' Y '

F1-Na FD-4 FD-10

Deposited efficiency (%o)

Fig. 12 Deposited efficiency of each dry powder in apical chamber of Transwell®.
Each value represents the mean = S.D. (n=3).
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111.3.3  HAIE% i S 5R
111.3.3.1 3B O AR D 525

KRS G2 S 72 Calu-3 e 3RO RN A 2840 &8 CTHn L 7= %
D FWEFE R FZERIZ 5T, “Solution”, “Powder”., “Powder + HBSS” “Aerosol”,
“Solution + C10”DZALZE I DOFEHANIN 90 431 DIEMIEH i fIE 0.12+0.01,
0.67+0.11, 0.23+0.04, 0.42+0.08, 0.48+0.05 pg/well T&H v | %5!61%&&%;@%! IEeE!
FAIEIR £ 0 b 5.6 {5 m WY E M2~ L= (Fig. 13a), —J7. il ki
TON U 72 8y Ko - $4MN VR B 2 0 2. TR0 IR fE L 72 “Powder + HBSS” D
YL EIEE 1 Powder” & VW H K > 72, “Solution + C10”IZFV T & ¥y K ihkz
FHUH) & [EARIZ“Solution” & 0 & YW MENS TLE L7 b DD, E DOF ML
THE S B | 3Oy RO B & B 7 5 7=, “Powder” Tl ¥ INE BIAE (2 3847 Bds it &
DN L., & O OFEY S & O NINTFERTE > 72, LArL, “Solution + C10”

IEEUEHARIN 30 2014k £ CEEYIEEZ R E ORI INIEIRTH Y . ZO%HIN Lf:o
S 5T, “Solution + C10”X ¥ A F¥ ¥ > 7 v a Bl d%&/R7 TEER O/,
il fi’&ﬂ“?‘? YR ERHOBEMAESI R LT DD, ﬂﬁ@*ﬁifi
372> 7= (Fig. 13b, ), “Powder”|I ¥ A h¥ ¥ > 7 o a B 0O la b
g 2 &72< | “Solution + C10” & [FIFRELL LD mWEEMEEME 2R LTz, &
HIZ, “Aerosol”lE“Solution” & ¥ & E W IEYEHEMEZ 7~ L, “Aerosol” DKIELE
BICLOEEESFENPER LB LN,
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“ob ——Powder + HBSS XK
=
= 0.6 {4 =<Aerosol
o .
3 —8-Solution + C10 S
o
2 0.3
]
1]
Q
€
1S
&
0
0 30 . . .60 90
Time (min)

(b) (c)

130 = _0.25 .
- )
T 100 3 02
.Tg 80 1 ~E-Solution EO.lS
£ 60 | —e—Powder b= 01
[=] T) .
& 40 | —*Powder +HBSS c
= ——Aerosol 9 0.05 A
w 20 4 o
N -e~Solution + C10 5 % o n.s.

0 . . 0 T T
Before addition After addition Solution Powder Solution + C10

Fig. 13 Permeation study with different applied forms: (a) change of cumulative
permeated amount of FI-Na after sample addition, (b) TEER change before and after
sample addition, and (c) protein elution amount at 90 min after sample addition. Each
value represents the mean £ S.D. (n=3). **: p<0.01, compared with Solution.

11.3.3.2 ET/VEY) D4y 1 B DR E

B D0 FEOET VEMEEAT D MARMAL R 2 H T BRIk
RN D OIEYBEE BT DET NVEY O T EORBEEREI LT 2 A,
FD-4 % O FD-10 #3 KR 113 TEER 1T ﬁi%:ffzé L7 < AR DR &
D HZENEI 6.0, 47 fEEWEYEEEMEZ R LT (Fig. 14),
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(b)

=
o
=

0.4 A

‘Q.’ 1 —-=-solution ) 1 -=-solution
= —+—Powder % A o8 —4—Powder
S 12 q —Powder + HBSS L 7% ] -4Powder + HBSS
-
T - o
3% £ =06
€ 208 i
T Y E 2
= ® $04
- T =
- 1]
u -
E o
& £
&

0 30 ) . 60 20 0 30 60 90
Time (min) Time (min)
() (d)
120 1 120
2100 Eﬁ 1 Eﬁ
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s >
s 80 4 s 80
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= 60 1 = 60 A
=] =]
e -
< 40 - e 40 -
ﬂé =-Solution % -0 Solution
= 20 1 ~~Powder = 20 ~ —0—-Powder
0 =A~Powder + HBSS 0 =-Powder + HBSS
Before addition After addition Before addition After addition

Fig. 14 Permeation study with various molecular weights of model drugs: change of
cumulative permeated amount of (a) FD-4 and (b) FD-10, and change of TEER by (c)
FD-4 and (d) FD-10 sample addition. Each value represents the mean + S.D. (n=3).
**: p<0.01, compared with Solution.

111.3.3.3 it FEERIF O IR L D 5 28

Y TR EBREF OIRE 228k (37, 4°C) &2 2 A, WTFNOEEIZBW
T FI-Na J O FD-10 ¥ ARk BANZRRLEGIAIR £ 0 & @O 3y GEE M &
-~ L72(Fig. 153, b), F7z. FI-Na BRHERL 12388\ TIL 37°C LD & 4°C DFH A
FEMNEZEPEIIIER T L7 b DD, FD-10 Fy RMR #1238V TIL 37°C LV b 4°C
O JF NI B L. RIS K DB L RS~ 0 BB 1
BCERPoTz, SHIC, MRNEYELZNE L Z 5, FI-Na & FD-10 By K
kL - RAN L FHREEIS IR L 0 b m WY &2 R L2 b OO, FHil 5K
DIRE DA T 72~ 7= (Fig. 15¢, d), TEER (% 37°C TIEFEHASINIC L - T
WINRTOK T5%FEE E TR T L, 4°C TIIH 120%F2E £ T L& L TV (Fig.
15e),
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Fig. 15 Permeation study at 37 and 4°C: change of cumulative permeated amount of (a)
FI-Na and (b) FD-10 after sample addition, intracellular amount of (c) FI-Na and (d)
FD-10 at 90 min after sample addition, and (e) change of TEER by FI-Na powder and
solution at different temperatures. Each value represents the mean = S.D. (n=3). **:
p<0.01, compared with Solution at the same temperature.

111.3.3.4 FUBHAR 0O B i e oD 5

HWNEE BT\ T, S RA [E L IR O PR 2 288 (10-150 pL)
SHL ZA BEEOWA REOEM) 12> T, FI-Na X T FD-10 DWW\
AUZBNT b I EE I & L O NS &I 33 L 72 (Fig. 16),
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Fig. 16 Permeation study with various solvent volumes: permeated amount of (a) FI-Na
and (b) FD-10 and intracellular amount of (c) FI-Na and (d) FD-10 at 90 min after
sample addition. Each value represents the mean = S.D. (n=3).

11.3.4  FEY)F ik o "Ik
FI-Na X O FD-10 O}y Kok -850 M ONAHR 2 Mila @ IS iRt Z20-1 %
Gefa L CHER L — VBB CBIE 21T o 7o & 2T A, MRMKL AN
DOHIFLIE D> S E T VEY R OO R Sz (Fig. 17a-d), %K & thig
L. ook 7845 0 /3 BRI X 2 577V 3 i ke D3R\ G T30HI I TR
(ZO-1 HERDARWE L D) & OFIREN (ZO-1 sk O FR W va O TR D72 18
%) CRIFLEHI L T\ (Fig 176, f),
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Fig. 17 Confocal images of the cell layer at 30 min after sample addition: (a) FI-Na
powder, (b) FI-Na solution, (¢) FD-10 powder, and (d) FD-10 solution. Green images
represent model drugs (FI-Na and FD-10) and red images represent tight junctions.
The intensities of (e) FI-Na and (f) FD-10 in the intracellular and intercellular regions
determined by the co-localization analysis. Each value represents the mean + S.D.
(n=3).
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.4 5%

D ARPRL - 8L D> & OFEM I IE Z AV E TIT S /M8 2 FH 2 in vivo FE6R
454) IR AR R R & O T in vitro SEBR 2892 K5 o BNEEERE ST
Tle, TNHITED, BIRMBRANIER K0 b @O BRI & OSERA) R %
RTZERBRESNTNDL DD, Gl A=A LR TGN E 25T
72\, % Z CARE Tl Fluorescein sodium salt & OY Fluorescein isothiocyanate-dextran
(4315 4, 11 kDa)Z & 7 /VHY) &+ 2k Kok 7855 4 SFD IEIZ K D G L
RIS Sz Calu-3 i &2 A C R RRIRIK & S 2 e 3%
&Iz, ARt OBINEREN, FE ERRIF OIREE, IR O OB L T, 36
B L — P —BAMEE 2 W B 21T 5 2 21T X0 | By Rk 54| o 3k
ISR 20 AT L 7

ETNVEY) L LT FI-Na 25 A3 280 IR x £k 8T, EWEE
WERZAIT 7oL TA, ByARMhL AN MK OB A 27”3 TEER D
D Z L FRREIR LV b muWEEE 2~ L7 (Fig. 13a, b),
RIORL - B4A O & W IR SR M I TISINERZICE Lo T b DD, £ DO%IEES
L7co —J7. B oRIohi+ 8455 o0 i W FEM ds i LM B g b Ty RO - B 541
RIS H 2 & THE L (Fig. 138), D Z b, By KRBk 5% o @ i
WlEEZE M 135 BOAS IR DO W BRAYHIIC L 2 & D TidZe < By Rk 1 8440 53
AR TR FRAOEEFET LI LENERETHL B HND,

ARETHWZ C10 13k & FE R A 2R A O —> & LTI 6 T %, C10
DOWIEEN FNT AR AR Y X—F C DIEMEL X OEDHRDA /> Fh—v =1
AR TN T )Ea— L[NNI RAT 7 FUNNA ) Fh—/v 45-E R
VRO SRR T DN O Ca2t LD ERICHES A R v v a
DEHAZNT 22 ERMESINTND, £, BREFENTHY . &oF (4-20
kDa) X ¥ HIEF (<1 kDa)lZHB W\ C W IRy G 2 3 2 L s ST
W5 S8 UL, CL0 IXBEE e ENE 2 R g %9, SRR SRRV
T, CLOFZ A Fo v 7 varOnCMiufESEEZ G S8 Z L, EYEdiE
TLENREZ R LIS OD, ZOMEORBUIER Th o7z (Fig. 13), #HIT, B
RIKIFBFNI XA PP v 7 v a OB ENEZ S Z &7, &K
VDo EIKAE T, BV EYBELE AR LT (Fig 13, 14), Ziu b Of5HE
(3R AL B O S T i M TUE N IR D A 1 = X L% C10 & IF R H 2 &
%Z7x LT 5, Fluorescein isothiocyanate-dextran (771 &#J 4, 11 kDa)lZW\THy
KPR AN SRR ISR L 0 b Em WY EE R A R Z Ll o0 T
Grainger b DAL —89 2 4D, Fi-, /EWE VT in vivo EBRIZE N T
TRIR L0 b Rk 84l & U TR 595 Z & T salmon calcitonin (57 &
3,432) B3I Z 7R L %Y, insulin (4775 5,808) 23 i W ERERGH L V% R4 2 &
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MHE SNTERY | KRBk 1 A ORI 5132 H BATIEDO R & 4 1 E 3
DEHEZFEIZBWTHEHTHDL Z ERBENTND

Gumbleton 5134 A4Z A EE 2 i T ASIIC B W CORIBEAMIC LY . =
YRV A PV ARBATUET S LaHEL TR, BREEZT Y L E
W RIS EA 0 LS00 HEZRE L TWD 0 K= ClLms
O 37°C L REBNEE S ATENEZR 4°C TEYPLE IR ERR 217\ KWIERE O b
WEAT- T & T A, IR ARMRL 1544 2> & o S N6 B N OB N )
Li&h&%@%ﬁzﬁﬂot;&@% Ty RAORL A 8551 0D vy W FEA 5025 1)
PR OGN SR B2 361 D REEhE DA G113/ h S W2 LR &z (Fig. 15),

6K\ﬁﬁfmﬁﬁimm PO EFRSCEEOTEINE DL WS STV D
D, ZERRIZ, °Cﬁ®ﬂ£Riﬁ%ﬁﬁﬁ%%%@%l%%if%%bt%@@
(Fig. 15e), FI-Na K Tf FD-10 OFEMEFEEMEITIRIE & A EREIT o T2, £h
Wz YRR - B 2 ié%%%@ i@mLib%% DEEITIZE
IMETRNEEZZBND,

IR OV (BE) 22 b S CHERERZIT 72 & 2 A, FI-Na X O FD-10
DWFT AU N T OB RO (REOIEI) (1> TIY NS & K O
RN B BN U 7= (Fig. 16), RBEEN D U546, MifuE k3 2 30k
R ORI OIK TN E 2 5105, Fick OFE—1ER] (Eq. Db HbnD K9
(2, EEEYEZEIC B CTEMEREOK T IIAMICE < bon, Ahlokka
TIXEEEE O LE D BEfmE O T L 0 LIREOHMCHE 5 Bk DTt
EDFNEEREE G 2, FEYEEREENTLE L D EE X HN5,

dQ A-K-D
dt h

(c,-C) (Eq. 1)

IFE A (cm?). h [TIEOE X (ecm). K (XM OREIKE > EAAE. D
i?ﬁ %Mq’*%t (cm?/min), C1 XK DOPREE (mg/mL), Co IFHEEAM DI (mg/mL)
LTV 5D,

HAER L —VF—BMEE 2 Aol OBl IcBW T, BtET VEY L
C10 Z i HH U 7= fa g oo 4l e [ BR AEIE 0D A 77 /L - Hh R 00 it S i BE A3 BE N4~
D ENHESINTND 9, X512, FD-10 1 AN REIBRRE I 2 - L C
FTBTHZENMBINTND ), RETIIREHRINE O Y% BRI Ot %
HroL LC, REHSIMBZEOMEO X A by va VBE Y G TZ?;
% ZO-1 et L CHE S L — P — BRI L > TBIZ 21T I
W%%%%@i%&ZGlm%@%%KﬂLTAETMﬁ%NOKO%®ﬁ%\
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FI-Na K O FD-10 ¥ R Bokr - 7N #4 o fll e g oo e PN K OV FEIBR Ak 2> & &7
VIR DBWEDEA R Shv, WUV TH By ARk 7 8RN &
o ClAFAARIR & 0 &AM, MR PR C RIRR B a EsR 23 88 hn L T/ (Fig.
17e,f), T D Z LD BRMR AN X - CHIAE PN K OSHA [ BRAR I o [k
HEOFBRMENTCHE L TWD Z ERNRBE T,

ERROFER L0 . B RBCRI A BUH A B O SR ESE I K OSHIINBATE
(353 ORI S AL T By Rk S50 23 M Jg E O & ORRIC 352 & T
AU % JRPTHY 72 imiie BE SR I L R 9 2 MR P e OSHERR P BRI Z 36 1T 5 IR BEAK 7Y
R EEIEDOTUEIZ L Db DO TH D EEX LD, TIVE TORK A mMiaL:
R %G L7z invitro SE5R K OV N8 2 - - invivo BRI W TBIZE S L
D ARARL - AN I 1T D @O SR WME K OVE O SEBZ R T B R & Rk D Bl
METCTEbDEEZLND, RETHWZET LVEYIT4 T Biopharmaceutics
Classification System (BCS)/3 38D 7 7 AU & 7= 5 Gyt « #Elsdim 72 - 7=
HL OO, Hein HiX BCS WD 7 7 A NI H 7= D BRI - SIEE MO
budesonide (235 T % [AIAR DBy KRB - BLHITRINT K 2 @O 3 57 1 1 2
HLTWD 2, oD & X0, ByRMRL 785 0 & O SE T e (TR 4
BREMHETHELDI LD THD EZEXDND, By KB 8A 0 & 3 Iz i e
e OSKRRAS AT MR L B U I 0D 380 0D 42 By 2533 Je O~ DAE R IZ BV TRE
HFHTHDEEZOLNDHLOD, EYORME (EfRME, BasiaE, 7 v AR
— X —N1E) . BIEHOMWE ., By Rk T RAIOWPE Chi 728, IR, AEsE,
RKmFrtE) 7p CEYEEZ RN, RN TR O fEE I B A X A]
REMED & 2 KFZ DWW TSR IEEEMIC IR S TRy, by oe i U3
~OBATEZ BBy & LT A ARA O BHFE T AT T Rk 1844 o im W 3K
TE5ds 1 PRI N AT ME & A2 U 2 1 FH &5 BE e OV R Aok - B4 41 00 3470335 188 14
JONBATHEIC B2 52 HINFICOWVWTERIBMMNBMNETHDL EEZBND,

.5 e

A T ROk 7 85 O W EIZ DWW TR L 72 & 2 AL By SRk 75
FNIZA NV v 7 v a VB0 K OB =V 2 £ > TRIE R F 2 7~ 1%
IARMER L3R 20 | YO FEITKFEET, A4 Fox o7 a VDK
OB E 25 Z &< WRIEEA] & [RIFEEE DL _E o d ik e gh 5 OY
BN A TIE 2 R Lz, 0@ IR N T TCERh SR &I RESh i
EOFHIT/NS <, AN KOS RE R BR O [fif8 I O E N TLE L Tz 2 &
DL B ARBRLT- A SRS TR e mRESEAE LS Z LI %
LD TLEIC L D2 LD THDI EBEZOND, T OMEMRL A O m 3K
N PR A PN RS T L B I L M SR D 2 B D6 IR ~ DA T I L, R
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IV B=% KIKAEMRIEEERZIGA LTIoB RNk 8% 0 & 23
VA =1

W NI K0 FEM 2 S HRBNT I NIZ 5T 5 72 1Tid, — RIS R - 0 22
L[ FHIRL ¢ (MMAD; Mass Median Aerodynamic Diameter) % 6 um L4 R (Z il 18
THMERDH D 23, Lol b S 7= 3R 1 13 N S 70 E WO
e, RS HMEL R TEMICH D, 2D OMEEZERT 72012, K2
WED X0 RN M2 BN G S L ZENFEHTH D 48, £z,
AL LCT I /B Oy 7a7 22 MY v ORI LY JiNEE
FEINDZEbHMESINTWD, WA KA OERBENFTEIC IV T, IHTERIEk
\ZNERHINZEEET D 72 O O AR K AFN DR B0 N & W o T2 R A3
FRTHDHLOD B FERIESAIET TEa R - ZevEir oA FR R
BLETHY . 2D OFHIIZIXR & /N 2 -z in vivo FEER K& OVifiAEfk B)
& Tz ex vivo EBRTTOILS 323, L L., /NEW~O R Rk 155 o
MG FEPEMETH Y | REEZHEIZa Pr— LT 5 2 ERERI
BhHINT-EAHET 52 ENNEERTZD, ERERNSAHARE 25 75—
D 7p a3 F 7 T R AR RE > O 0> SR BT R SO el B e A 7
R 7 A IER 25 M 925 2 &3 L <. FEMZRERMEAT IOV TR
£ 0 {8 e AR & T B R OIS M & L 39,

ZHETICHMNEREZ R U 7o MR 5E38 R T 2 XK 5 if Al 85 2% 5%

(ALL; Air-liquid interfaced cell culture) Z & H U 72 W A S d7=9E Ol e 1
FHIERE ST b0, =7 r YL SO R EY TS
WENZL <. BIRBRL IS 2 EIIRTZIZ L A B,

Z ZTCARETIT ALl Z R Kok 855 o 22 PRI 9 2 7201, #ie
HE:FESR (96 well 7L — K KON ALDIZEB W T 3 D D% 4 MRl ik
(3-(4,5-di-methylthiazol-2-yl)-2,5-diphenyltetrazolium  bromide, yellow tetrazole
(MTT)7 vt A, HEEBIKFEEESRE (LDH)T vEA, I {7 u e’y A (Pl
GRS 52 LT AL BT 2 2R 2 ML Lz, £72. Lt T
U 7o i iliiE 2 O TR O BN IR ITE T 5 & & 2 b 112 & IR Al

B, 7 /W, 7 uF xR U (CyD)) RN Oy Kk 1 8UAl o 22 4
P2 3 L 72,

V.2 FEBRGIE
V.21 #E

By R ok v LAl o B Al & L T D-(+)-Trehalose dihydrate (Tre) .
2-Hydroxypropyl-y-cyclodextrin (HP-y-CyD). L-Phenylalanine (Phe), L-Leucine (Leu),
L-1soleucine (lle)i% SIGMA-ALDRICH Co.7> 5t A L | Lactose monohydrate (Lac).
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D-(-)-Mannitol (Man) . a-Cyclodextrin (a-CyD) . B-Cyclodextrin (B-CyD) .
v-Cyclodextrin (y-CyD). 2-Hydroxypropyl-B-cyclodextrin (HP-B-CyD)i% Wako Pure
Chemical Industries, Ltd.2> HHEA U7z, MlRFESEMEFAMORN ST 4 72 e —
JL& LT Sodium dodecyl sulfate (SDS)} % Doxorubicin hydrochloride (DOX)i%
Wako Pure Chemical Industries, Ltd.72> 5 H A L. Hydrogen peroxide (H202)i%
SIGMA-ALDRICH Co. 7» & 8 A L 7=, Fluorescein sodium salt (FI-Na;
SIGMA-ALDRICH Co.) iRk O E&EHARIE L L THW:, MlasiE o
W@ Roswell Park Memorial Institute (RPMI)E5H, Fetal Bovine Serum (FBS).
Penicillin-Streptomycin, Trypsin-EDTA % SIGMA-ALDRICH Co.7» 5§ A L7, 96
well 'L — k (Clear 96 well Microtest™ Plate) &% (" Transwell® permeable filters
(pore size: 0.4 um, 1.12 cm?, Transwell® type) i Corning Inc.7> HHEA L 7=,

V.22 HifaE: %

b M BRI Td D AB49 i A2 CELL BANK (BEAL=2HFZEFT) L 0 HEA
L CTHWEe, 858 H51EIT .22 LRERICIT - 72, 96 well 7L — Kz, #lifld % 100
UL ORGHIH T 4x10° cells/well DFFETRERE L, 24 RFAIRFERZICFEBRICH W,
SR SR RS O SEEA OB B ) OVEBRICH 35 £ CoOBENMITE —&= T
sz L7z 1.0 mL R OEFET 4-11 A & L7,

IV.2.3 Wy oRMeks 1 8A o 77l

By R Aok B 1T rE T (SD)EIC L DRI L 72, 1% (Wiv)ikEHAR %2 5
mL/min T L, WEZE# 44 (SD-1000, Tokyo Rikakikai Co., Ltd.) 41 o> 2 fifk =
7L —/ AL (inner diameter: 0.4 mm, Tokyo Rikakikai Co., Ltd)%>% 150 kPa CH&
F L. WA AR 120°C TR L7, SDS I Man & B £t 1:49 (SDS/Man)
TIRA L THRRL 71k L 72, My ROk 8450 o Transwell®~D k& 203 % FEAh 5 5
72z, 0.1% (Wiw) FI-Na % & A 5 B R BANZ DWW T b [AARIZIERL L7z,

IV.2.4 By Rk 8455 oo TR S LA
1.2.4 L FREDOFETIT- -,

IV.25 By KOsk 1844 Ok 2 FEM

KL AR ORE L, 2L — W — [Pk oAl E 2L (LMS-30, SEISHIN)
WX VITo 7z, JEMEZESE04MPa & L, XD v ay b=y FEHWTE
T LR HE Lz, BN REERIE 54 A5 d10, d50, d90 fEZ R L
7=,
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IV.2.6  Transwell®~ ¥y RMKL1- 54 D VL5 2h =2 54

AR B D Z2 MR IX AT RE 72 PR U EBEIRAE TIT 9 7260, IThAERNFRFT
ZBNTH FOEFRE, A 7 0 ZR—=F )L F ) —LiER L TH R
b1 BF O FEHEFT - 72, 0.1% (Wiw) FI-Na % &3 % By ARk 1 55 & 5 i v
100 UL H7 4 AR =7 NF v FICHE L, IR L= U B a A
NTBEBE AT 4 AR—YFTA5mL~A 7 vF 2—T NTRF LT, Transwell®
D ARBRL - HN DI BN RFAMIL Y U — 2 XU FNTIT, FR Kok
TORIRINT A A O CERMZEREZ 0.2 mL IZRE L, REEZ A bt
T Transwell DRSNS BRI 24TV, 11.2.6 & [FIERD 515 TE B RIRL 1
DA N A7 L=,

IV.2.7 et

96 well 7' L — b T2 Lo Hifla O R SREMAZ R X, FBS 25 H 7T 5
B i 200 uL CTEAFE L 72 S FEIRTE A OBHEIR 2 I L, 37°C T 48 IRffE] A > %
2~X— h L7z, ALI TlE, SER OB 2 8t 7o Be i T e L, FBS A8 DE%
Hit 150 pL Tl U 7o 4 AR A1) 0O BRI A NN SV 3R AR oL - 3475 2 43 Bois
AL, 37°C T 48 WA % =2 _X— K L7=, SDS., DOX, H0: IZARTT 4 7 2
Y hue— b LCTREMEFIEDONRY T — g AW, eI T
HEMEIZE T V=0 R_RUFHNICBWTEREIREETI T2, 72, 96 well X
ALNZ BT 23 EHATRIZ 045 um D A 7T 7 4 V2 —CIRIEIRE L 7= % ICE
BRICH Wz, — ., BRI I3 LR AR 2 36T DR LB S N 22 oo 7
Na— L TCHERLEGEE O CEERTIRELEE L2T 4 AR—F T LT a
— TR 2 EL, MEAKIEELE L2T f AR—F T NVF2—7
NTERIZHWD £ THRE LT, BIEAIOZE2MEDOIEE L LT, SO 4A7F
FKREH L, Hill K535 L2 (BEq. 2)™ 1ok LT, B R/N _RiET
077 A MULTI®%Z W TY TIXDFHE 21TV, 50%ESEHRE (LCso; lethal
concentration) 3 /% 50% %5t & (LDso; lethal dose) % 5 Hi L 7=,

100 xLC
g 100 X LCs

Eq. 2
LCsy+ C (Eq.-2)

E AT (%), CITAMIIEAIIREE (mM)SUIHRBRL & (mg). LCso
(345 0> 50%BSEIRTZ AR L (MM) X 13 50%ESERRIEAI & (mg)Z~ L T\ 2,
IV.2.7.1MTT 7 v A
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96 well |23\ T, FURHREE 48 FEIZ ISR 2 ELY FRE (& ¥ = /112 0.5 mg/mL
MTT ¥ 100 uL 23R L, 48 EfilA v Fa_X— K L7z, D%, &7V = /LI
10% SDS V&% 100 puL Z#0 L, 37°C T 12-24 B FCTA v F aX— | L7z,

AL IZHWTiE, UBHgREER 48 R I FURE & KI5 R ORI 2> © B D BrE |
KT ¥ 2 /3—I2 0.5 mg/ImL MTT &A1& %2 4140 250 uL X TX 1000 L #shn L, 48
RFfl A % 2 _X— R Lo, D%, AREHNIZ 10% SDS ¥ #k 250 uL Z#in L,
37°C, ST T 12-24 BEfElA > F 2 X— K L7,

IV272LDH T v &A1

ALIZHRWWN T RUBHRER 48 yfa) 2 (2 alkk 22 R I M OV 70> & (|11 L | Lactate
Dehydrogenase Activity Colorimetric Assay Kit (BioVision) % Fi\ T FLEE I K B %5
TEE 2 HE L7z,

IV.2.7.3 Pl 4t

AL ZHIUW T, FUBHEER 48 MR (C 3R 2 KL 2 OB 2> S HL Y BRr& | H
il % Trypsin-EDTA (300 pL/well)ZLEE U CHR L 7=, B¥E#RIX 25°C, 400 g, 10
S OoEEL . RIS Z I RV e, Ml A PBS H1oD 50 pg/mL Pl &K C RS
L. ZEMID DNA 124 Z—H L — kL7 Pl HROHEEE S0 R
(Gemini EM Fluorescence Microplate Reader, Molecular Devices Co.) CE & L 7=
(Ex: 493 nm, Em: 630 nm),

IV.2.8 HEaHENT

—JCRLE T HOMTEE (ANOVA) 128V p<0.05 TEEZED D /o772 DIT
DT, Dunnett VEIZ KV A FEMEM O A EEZEDREZATV, p AL 0.05 Al D
CEAEEDY L LT,

V.3 AER
IV.3.1 ALINZIIT D2 s DL

ALIZEB T 2 LML LT 5720 R T o 73y bae—LaEHn
TEMHMEEE LTSNS MTT 7 vt A, LDH 7 v A, Pl LD
RAEtbig LTz,

MTT 7 v tA TlE,. B TCORIT 4 73 b —WIBW CHRERIFRICH
Fa A== D3 L7z (Fig. 18),

LDH 7 vt A CIEARY T 47 a2 bu—LZMTT 7 v A K0 HIRRE)
SRJE LT LsL, IEEMEIFANC LDHIEMEN LR LR T 4 7T ar fa—
JE IR0 T, BBREWZ &1, SDS (0.001-0.1%) X (% DOX (0.08-2 mM)iZF5\
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TITIREIENINIZ AL © THRIBAI O LDH {EMEIME T Lic, —J7, &I LDH 1%
PEIZ#E A L7z SDS X% DOX OEEITHAF L C EF L7z (Fig. 19), La>L. Tre
2 OY Man (50-800 mM) SR ZSEREAA > LDH {& MO R 72 EFITRD 5
Ninoiz, £, F—RBECTHHRIED X A 2 27 T LDH iEM (mU/ML) A3 K =
SEpot=Z Lnn, O Z N L 7= control %2 100% & L 7= AH%I# 7% LDH
I&ME (% of control) CREAR L 7=,

Pl Y25, Cld, 10% SDS & Tf 200 M Ho02 LB D aEFREE X R T 4 7 2> b
m—/L (FiHh) AP OHOEIRE & A E e =R 72 (Fig. 20),

FRDO3IODOFEEZHNTHELNTEREEE LI ZA ALLHZEBIT %4
PRI MTT 7 > B A D72 FiETH Y . Dk O &G MTT 7 >
AL TITOZ 2 E LT,

a b
( )120 ( )120
3 a
E 100 g 100
g S
5 801 5 80 % %
$ - . o
=~ 60 - < 60 G
E 40 1 "; 40 o
= =
= 20 4 i
3 20 e z 20
— @)
0 T T T ' 0 T T T
control 0.001% 0.01% 0.1% control 0.5 mM 1 mM 2 mM
C
( )120
2
= 100
5
<9
s 80 |
X
< 60
Z
E 40 A
[
=
3 207 % %
3 . %

control 2 mM 20 mM 200 mM

Fig. 18 MTT assay analysis of (a) SDS, (b) DOX, and (c) H202 with ALI. Each value
represents the mean + S.D. (n=3). **: p<0.01, compared with control.
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Fig. 19 LDH assay analysis of (a, b) SDS, (c, d) DOX, and (e, f) H2O2 with ALI.
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36

*. p<0.05, compared with control. **: p<0.01,



[

th

<o
]

n.s.

150

100

n.s. n.s.

Fluoresence inntensity
(%o of control)
th
=

0 L] L] L 1
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Fig. 20 PI dyeing of positive control with ALI. Each value represents the mean £ S.D.
(n=3). n.s.: not significant, compared with control.

IV.3.2 Ky ARBORL 745 D W BRA b7 B MR B R A

AREEC SD VEIC XV i S 7= R ok - BRI 13 42 CERIE 72 - 7203, CyD 1338
IZIEREAE U, —J. Phe LT Leu By KK 113 U o 7RSO B 72 B
D X 9 BSR4 LTz (Fig. 21), BEE CyD ORI F£8 (d50)14
F3um 72 o7, 72 B &TONSDS/Man X L D K& o7z (Table 3),
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Fig. 21 Scanning electron micrographs of prepared dry powders (x20,000).
(b) Tre, (c) Man, (d) Phe, (e) Leu, (f) Ile, (g) a-CyD, (h) B-CyD, (i) HP-B-CyD, and (j)
SDS.

Table 3 Particle size of the dry powders

(@) Lac,

(um) | Lac Tre | Man | Phe | Leu Ile C?J_D Cl;) I_él;_]g_ SDS
dlio | 1.77 | 1.70 | 1.89 | 2.49 | 230 | 2.68 | 1.90 | 1.37 | 1.95 | 2.67
dso | 2.77 | 255 | 296 | 422 | 7.71 | 5.05 | 3.09 | 3.01 | 2.98 | 5.60
do0 | 466 | 409 | 488 | 7.04 | 17.8 | 927 | 5.18 | 593 | 470 | 10.9
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IV.3.3  HERDOFAM RSB 2 RIEANATR D2 MR

96 well % H W\ 72063k DR R IC 3B T, BT R A B 17 R 2 )
St ENTNOHEIEMEEEREICBO TR C Lot 7E -7 (Fig.
22), —J7. Man O eV E BIUE IO Tl KA - 7= (Table 4), Table
4 T/REH%H LCE0 TG L7 & Z A RETHWZIRIEA| O F THED & B LC50
MEL, OBEEERFE -T2,

72 BHREKRAICHIAEFREIRT S (Fig. 22), 7 /BOHT
I% Phe 23 & ZaMENED - 7= (Table 4),

CyDs iR EERAFANCBHZE ISR AR 2 b S8, CyDs O 2MEITE ViR
JERAEZ BV IR L72RIEAI O TR bk~ 7= (Table 4), y-CyD 13 KK
CyDs (o, B-, and, y-CyD)D 1 Tl b Z BN m o T2, S BT, KEHESHEIIL
7z CyDs (HP-B-CyD, HP-y-CyD)IE*}Iitx7 % KEX CyDs & 0 &2 mnr > 7o,
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@ <
< 80 < sodfy LRI---
=) (=] = S
£ 60 - g 3 —
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Fig. 22 Safety evaluation of excipient solutions with 96 well: (a) sugars, (b) amino acids,
and (c) cyclodextrins. Each value represents the mean + S.D. (n=4). The exposure
concentration led to a significant difference compared with the control (0 mM): (a) Lac:
> 100 mM (p<0.01), Tre: > 200 mM (p<0.01), Man: > 100 mM (p<0.01), (b) Phe: > 1
mM (p<0.01), Leu: > 20 mM (p<0.01), lle: > 20 mM (p<0.01), SDS: > 0.00347 mM
(p<0.01), and (c) a-CyD: > 5.0 mM (p<0.05), > 10 mM (p<0.01), B-CyD: > 0.030 mM
(p<0.05), > 3.0 mM (p<0.01), y-CyD: > 40 mM (p<0.01), HP-B-CyD: > 5.0 mM
(p<0.05), > 10 mM (p<0.01), HP-y-CyD: > 40 mM (p<0.01).
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IV.3.4 AL ZET DA D% e MEREM

ALl | féﬁﬁ/ﬁl{ SR D22 e aﬂﬂﬁ TR T B I BRI AR B IS TV MR R R
T”T“éx A TR R LY 5.2 72~ 7= (Fig. 23a),

7 X BRIZIUN T, Phe [ ZASFIIAMEE |23\ O IR EE TR FE 2 BV O TR AR 7R
DOWDHEBIEELZ Uiz, —JF, o7 2 BRIFEFIEARE IS W EIZB W T

AR R IR A 5 2 e - 72 (Fig. 23b),

CyDs 28T, a-CyD. HP-B-CyD &R EAKFRIIT MR AE AR 3 B Lo b D
D, B-CyD IZHB W TIFMA A FR O T ILFE O b v s -7 (Fig. 23c).

2 TOMIZANZBWT, ALL T 96 well XV & &ZME0NMED - 7= (Table 4),

(3240 (b) ; ;
5 Sugars = 140 Amino acids
S04 MO £ 120
£ S E
% 100 _,_-—é_-s-‘- I E 100
4 °
§ 30 = 80 —{+Phe
—{+Lac bl
:‘_? 60 o T z 00 -0 Leu
= - Te =
.-‘3 40 eMon z 40 =-7=-Ile
Z 20 1 = 20 —<—SDS
< o 3
T T T T 1 &S] 0 + T T T 1
0 200 400 600 800 1000 0 50 100 150 200
Concentration (mM) Concentration (mM)
(c
= 140 Cyclodextrins
£ 120 A
=
210 % &g
\2 0 —Fao-CyD
< -0 B-CyD
> 00 4 ..
:‘_2 =7r=-y-CyD
2 40 o <+ HP-B-CyD
Z 201 “.  =X=HP-y-CyD
S o

0 30 60 90 120 150
Concentration (mM)

Fig. 23 Safety evaluation of excipient solution with ALI: (a) sugars, (b) amino acids,
and (c) cyclodextrins. Each value represents the mean £ S.D. (n=3). The exposure
concentration led to a significant difference compared with the control (0 mM): (a) Lac,
Tre, Man: not significant, (b) Phe: 150 mM (p<0.01), Leu, lle: not significant, SDS: >

3.47 mM (p<0.01), and (c) a-CyD: > 60 mM (p<0.01), HP-B-CyD: > 80 mM (p<0.01),
B-CyD, y-CyD, HP-y-CyD: not significant.
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Table 4 LC50 of each excipient solution in molar and mass concentrations with 96 well
and ALI

HP-B- | HP-y-

LC50 Lac Tre Man Phe Leu lle | a-CyD | B-CyD | y-CyD cyD | oy SDS
g6well mM | >200 | 336 331 256 | =100 | =100 | I1.9 | 4.10 | 395 13.7 | 699 | 0.416
we R B e st RSN (RN RN A RS RESISU R
mg/mL | > 68.5 | 127 604 | 423 | =131 |>13.1| 11.6 | 4.65 51.3 21.1 123 | 0.120

mM | >200 | >800 | >800 | >150 [ >150 [ >150 | 62.3 | >15.0(>120 | 83.4 | >120 | 1.07

mg/mL | >68.5 | >303 | > 146 | >24.8 | >19.7 [>19.7 | 60.6 |>17.0 | >156 129 | =211 | 0.309

IV.3.5 ALl OREENER T OJF K O RS

ALl DA M D JFIK & SR 5 72 6012, HIFAAERIC R 2 Al s, MReE
PR, L OAFE, BRTEAI 0O 318 D 508 2 it LT,

ALl O U = VINOFEFEREOMILE B (K 179 cells/em?)ix 96 well () 12
cellsicm?) & tbie U CHY 15 515 < CALL OFSZRHR (4-11 B [B)1% 96 well (24 1)
F0 b e 4 fFIRWED, EREOMBMOBEIIN ) B D 2B 2
D, MIRAAEFRIZRT 2B OZELRETT 272012, 96 well 71— |
NI RE % 704 (4, 8, 20 x10° cells/well) T#EFE L. Man, Phe, HP-B-CyD ¥&ik
A L7, EORER, BEMEEIMEAEFRICAERREERE 520 o1z
(Fig. 24),

AR AEAF R T D IR ER IR ) X OIS O AL D2 G D 7201, B
LHERBSAE (4 WRRE FBS 470 . 4 FRRA FBS 4 L, 48 B:fi] FBS A V) ) Tt BHAK &
WA L7, ZORSE., Man JRIR 2 @R U7 AiE O A 1730 3R AR L IR R IRF i
OFBS ([Z L » TEESNARD o278, 200 MM IZBWTCIIA B EENEE S
7= (Fig. 25a), Phe I&iIX FBS OAHEIZEH b 53 4 BEl CHNAEFEROIK T &2
IRE oz, Ll EVIRERRE (48 ) CIXA B ICHIIAGFREZE T &
72 (Fig. 25b), —77. HP-B-CyD &k Z Wik L 7o Ml O A7 =R IR R RF[H & FBS
D% 2T 7 (Fig. 25¢), LA E XV | HIRRAAEERITKR3 2 Ml & RER R 052
IR AIR TR 2 o7,

96 well DGR 2 H S AV IREANTMRNIC ALY . EEIND 0D,
AEN Y 2 VOEICEE SN TS, fildzEZRd s LixTEirn, —
77 ALl ORGSR 206 A S - BRE AN A2 8 L Tl T X 5, MlaksS
X3 D IRIEZA O O B 2 Wit 2 72 D12, Transwell PO SR> & 55 1 %
v BrRvT Man, Phe, HP-B-CyD ¥k Z il IZ @ M L 7= (ALl without
permeating), = O#EHE. ALl without permeating (2 FUEHA TR IR FE £ O ML AT R
ALl £V IR BIBA OZED ALl OEEZHEZE TIETNDL 2 ENBEZH
7=, —7J7. ALl without permeating |Z&UBHEA IR E2 1% O MM AE A7 2213 96 well K
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DHE <. ALl TE:ET 2 Z L ITMIAEGFRICERE L KITT 2 ENRE N

(Fig. 26),
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Fig. 24 The effect of cell number on cell viability. Each value represents the mean +

S.D. (n=4).

The exposure concentration led to a significant difference compared with

4,000 cells: (a) 8,000 cells: 400 mM (p < 0.05), 800 mM (p < 0.01), 20,000 cells: > 200
mM (p < 0.01), (b) 8,000 cells: 20, 50 mM (p < 0.05), 5, 10 mM (p < 0.01), 20,000
cells: 1 mM (p < 0.05), 2, 5, 10, 50 mM (p < 0.01), and (c) 8,000 cells: 10 mM (p <
0.05), 1, 5mM (p < 0.01), 20,000 cells: <10 mM (p < 0.01).
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Fig. 25 The effect of exposure time and the presence of serum on cell viability: (a) Man,
(b) Phe, (c) HP-B-CyD. Each value represents the mean £ S.D. (n=4). The exposure
concentration produced a significant difference compared with 4 h with FBS: (a) 4 h
without FBS: 200 mM (p < 0.05), 48 h with FBS: 200 mM (p < 0.01), (b) 4 h without
FBS: not significant, 48 h with FBS: > 5 mM (p < 0.01), and (c) 4 h without FBS, 48 h
with FBS: > 10 mM (p < 0.01).
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Fig. 26 The effect of permeation of excipient on cell viability. Each value represents
the mean £ S.D. (n=3). The exposure concentration led to a significant difference
compared with ALI without permeating: (a) 96 well.: > 200 mM (p < 0.01), ALI: 800
mM (p < 0.01), (b) ALI: >5 mM (p < 0.01), and (c) 96 well.: 20 MM (p < 0.01), ALLI:
60 mM (p < 0.01).

IV.3.6  ALIIZIT 2 ¥y Rpoki 7 5454 00 2 A PER M

Ty RO 75U D 22 Ve 2 3HAH 9 5 72 D12 ALL IS ERBHRIR Mo Oy R Aok 7 %
WU 7z, FEBRATIZ, FI-Na 238 7 2 By Rk 7 2 F T AL OAGIEARNZ ) —
IR T2 0B CE TWA Z E 2R LT~ £7=. fMilakE Loy aniz
W ARIRL 1% FBS R OEFH 150 L CEMFE T 5 ROV T b [RIERICHRET L=,
ZOFEF., Man By R38R & ik U TRl A fF R A IR T s 7, — 4,
Man 5 RIKL 112 X 2 Ml A7 =R 0K T Il | TRk 2425 2
LD, WRLE (Fig 27), FIERIC, MORREANZIS T H IR & B AR Mok
T AR R S afE BlCE L, 2 Eiuo LDS0 2R LT, =D
FEAL. Leu, lle KO8 B-CyD % R\ T4 T ORIEA] T Rk -3k L 0 bl
JAFR LT S, T OREIZREAIR TR~ 7= (Table 5),
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Fig. 27 Safety evaluation of dry powder with ALI. Each value represents the mean *
S.D. (n=3). The exposure concentration led to a significant difference compared with
Solution: Powder: > 2.67 mg/cm? (p < 0.01), Redissolution after addition: not
significant.

Table 5 LD50 of each dry powder with ALI.

ac ] ~ . . HP-B- | HP-y-

LD50 Lac Tre Man Phe Leu lle | oa-CyD | B-CyD | y-CyD oD | cyb SDS
Solution | mg/em® | >9.19 | >40.5 | >19.5 | >332 | >2.64 | >2.64 | 811 |>228|>208| 172 |>283 ] 0.143
Powder mg/cmz 3.86 5.74 578 | 0.692 | >5.57 | >1.89 | 144 |>202 4.76 0.0132

S
V4 B

ARETIL AL Z)SH LT Z i R 2 ML T 572012, AT 47 a2k
m—/L& LT SDS., DOX., H:0: Z W T MTT 7 v&A, LDH T v& A, Pl Y
BT LD AB4Y ffEICxT AR EE 2 R Le, MTT 7 v/ 13 b=
R U7 ORKBEEEZOR TSI HESNTEY 7 LDH 7 v A 1XMEEL2 =T
T HIRARRE s SIRH U 7= AR K 2R E ok H ™, Pl Yef 3815 2 5 1) 7/
ANV AL THIESHIA V2 =D L — b T BRISICE ST AT A THD ),
Scherliess & Calu-3 fif2icxf L CMTT 7 vk A, LDH7 vEA, =a2—FT L
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Ly B 7y BAIZOWTHEERICHRET 21T > TH O  MTT 7 v & A 235 B I
B LDH 7 vt A THEBZYRFERDPEG LN Do 2 EnHE SN TN D ),
REIZBWTIEL, MTT 7 v A TEWTNUORTY T 47 ar ba—nz T
b I R AERC A E EvE 2R L2 (Fig. 18), —J7. LDH 7 v & A Tix MTT
T A DK 100 T BEN BN -T2 b DD, KEFERN U TIR R EE K AFH
7eMBaE ENE A R 9T, WNCIRIE OB LDH TR L, SERRANC
BOTCTEBEERGEZTTHO LRIV EONRH 7= (Fig. 19), LDH 1T A
ERAIEMBEERAT 2 EICX0, IEEMETFT D2 ERHEINTNDD
80 FELE RN L7 KB B W CBH E IS T DR BN E L EE 2 BRD, P
REOTIEIRYT 72y b — LOEEERITEMOAZTM LT 0 L%
(X727 o7 (Fig. 20), ZHAUIR YT 4 72 br—LOMEREEELY &~
TV DEBEDTINKE DT EDTHLHEEZLND, Lo T, ALl &
L7 22 iz i MTT 7 v & A 23 i &Ik L7,
RETLZEMFHMIZH O DT RMR 71X SD B X Vi En=H DT
— XA SD {EIC LV R SRR X O R RO AR T & &
NTHH 8 RETHBI NI ZRIEAS &3 2Rk 1BV TEig 5 2
72T OERIERL -3 7z (Fig. 21a-c, ), — 5T, CyDs M O\BR/AKMET X/ g
ERRIEH & 2RIk FII BRI < IERNE T . L= X o k08
o7 (Fig. 21d-i), Z Ui CyDs SCBRKMET X /8RO X 5 I ETEHIE 2 F
TOMEITRHEOERHES 2D S5 2 LI > TERICK EAEET L8
KL T2 E LT B xbND &8 RECHB I NWIZMARMRI 0 5 6, F
Y CyDs ZHRIEA & 9 2 By Kok + Dk +£ (d50)135) 3 um T - 7= DITHS
L. BUKMET I VBES° SDS # 5 H T 5MEMALFIZZENL LY b RENST
(Table 3), —XANZITAEIEHAIER 26T 5 b 0% HWIE ) R IT/h &<
PR 7N B8 KRR CIIIIC KR E K oot dh, DEOHE, W E . REHA
TRIRIE 72 & OBAERMEIC L 0 RmiE I EH OB R R sl B2 b b,
96 well IZEB W THIRIAIO LM EZFM LIz L Z A, WL bIREKRFNIC
MPALFRIMET Lz, £OH T, PEHIXTENRELECHORIEA & g LT
LEVEINE Do 72 (Table 4), Lac (2P U CIdEs i~ DIRMREEICHIRE S B 720,
200mMM E TLDRETE TV AW O, AEIHVE Lac, Tre. Man [3E /L
FERUECIXRIFLEE DL M - 72 (Fig. 228), ZOFE R LV . BBER & DR
DA T = ANIFESWCTHIEERZA U= E 2 5D DO, Scherliess 13
LV @& FOWE TIIHE & R CMidEEMNZ R T 70T L0 @miRE (\iR%E
J£) BB THo7-Z &0 bIEOMaREEME A B = X ARFEEO TP
TERNE LTS D), BHEEMETIT Man DLEMENRK IR -T2, 1
B0 OREMNITFEOHIZEZIT WS OO, KFEEZ R & A L7ZERIZIE Man
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N b ZREMENMEWNZ L AURE N (Table 4), BiAMET I /7 BRICEI L TlEEL
T P FEE T LRI 22 RE DN B o T2 b DD (Fig. 22b), B & HEYETIE Phe 284
BNz SDS % bR < BB A O H Tl b ZRMEDMKD > 72 (Table 4), CyDs (3%
JEABIN S5 & AR EME 28 U, BB ERUECIE A R AW 72
FlDOH CThe b ZeMEME - T2, KER CyDs (a-, B-, and, y-CyD) D H T y-CyD 723
HOERIE ST, 6T, KEMENHEIMN L7 CyDs (HP-B-CyD, HP-y-CyD)idxt
B KIR CyDs L W 2472 - 7= (Fig. 22 (c), Table 4), —#%HJlZ. CyDs IXNFE
O AFALREICEE N T 2 Mo E 2 b 25| 2 2 L, y-CyD LXK CyDs D
T b A LEERME N 2 & 3 S TR Y B JEMMEN V- HP-y-CyD 131
By & O BEERANME T LI EE 2 b5,

ALl ZIGSH LT Rk - DR &M E2 3 2 72912, ALL IZB W TRER D
TREMVEEFHET 5 2 & TREROFHIIR & B AT 72 L 2 A, 1T EAEDORIE
A CRIFIA MR E |\ T VIR ICB W T HMRAEREOR T 25 2k Z &7,
B AR AT 22 M AL AT R DD & 7R LTz b DI a-CyD, HP-B-CyD DA72 57z
(Fig. 23), TER DM RIZB VTR MDD > 7= Phe, B-CyD (2B TiX, Phe
IFAAFOYE IR DV R BRI B W CTE T oMBEfFREoRb 25 2 2 L
HL OO, BHERAREEEILRD benolz, WIS B~ OEMRE DMK
W, MfaREEE A R T OIC R EBEEBE CEI RN oD Th D
EEZLND, O ALl OFEZHEOK T MOE RS AMIIR TS S Calu-3
HIZ BN TS RIBEDORE R NBIZL X TV % (data not shown), L 72> L. Scherliess
KI1E Calu-3 iRV C Lac & W 72 BRI Transwell®THe 2 S - fifufg o 5
Moewell 7L — N THEEINZHIRE D bbb T DICEZSENR Rt %
HEL TS D, SEOKRH TIEWTROREANCB N TH ALL O 03 @2
METFTLTEY, ZOREIIMEANCL YRR OO, D &8 2 51X
KFLTEY (Table 4), Z DfEFDZ1% Scherliess & 4[] DM R LS 28 544 K OV
SATFURHREE - SHSM OEWICTEINT 20 h Lz,

ALl DAR RS M D JFIK A SR 5 72 012, MIFAAERIC R4 2 A, MReE
IRefE] . MLYE DAL, BIEAI OO 22 G Lz, ALl O U = /LN OREFE
FEREIT 96 well & el UTHY 15 fifm < . #E D O FZERICH W 5 F TOEE W]
IZBWTH D72 & 4 [FITRW2D, FERIGOMANE B IL > OFHERH T
W) B 5T B, 20D, MIRATTRICHT DMK OREEZ KRG 25
721z, 96 well 7' L — MZkk~ 72 fifia%k (4, 8, 20 x10° cells/well) THEFE X A1 7=
JalZ Man, Phe M O HP-B-CyD 188 Z i F L Ml AE AR 3R 2 5 L 72, & DRE SR,
PRI A RIS L ARREEIT R -T2 2 LD ALl DR
K TFIZR9 2 ORI/ NS W LN RENTE (Fig. 24), A ERIT
T D UREE IR ] X OMILIE DAFAE DB A RFT T 57212, IRBESRFEEZE X T (4
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Ml FBS A0, 4 W] FBS & L, 48 IKff#] FBS A V), MU FRLF MM L7, %
DOFER, Man iR % B S N7 M 0 A1 RIZFEA R IS UREE IR I KON TE D 5
BEZ T I oT2b DD, 200 mM (IZBWTOLAEREENEE SN (Fig
25a), Phe {EIRIZMIE DA MEIZE D 53, 4 KR CITMBR AR OB IR S e
2o 7= (Fig. 25b), Phe I3AflEfEEME 2R3 72OI2iE, MDD IAE N DM
WV | 4 R TIHAE~DO Y IABZ N A+ Th o T2 7= OIS fE B 2 7R X
TRino T EHEER LT D, — 5, HP-B-CyD % BRER SN 7= MR D A A7 R I TR R I
[} Oy D8 % %21 F 7= (Fig. 25¢), HP-B-CyD [XIUEFH DT V7 2 L ThkES
THIETARMLREZ T SE D Z eI Tng 8, Lo X 5 iciiia
AEAFERIZH T D MIE O BIIIEA Z L IC R 22 b 00, MiEDEED ) -
72 Man IZBWTH ALl TIHEEZHEMET L TWD Z &Eh | ALl DS HRT
IZHRPF DI OB/ NS WD EOVURS LT,

96 well HEIEEZR w1236 A S - BRFE AN TN 2 @i L ORI DD,
FIIZY 2 VORI I TS 2D, fMildzE L THRT 52 LN T2
W, — . ALl OFEEFR I S L7 BUZ AN 23 T & 5, ffad s
(X9 2 RRTE A D g1 O BB 2 FiGd 5 72 D1 ALL OFENEA 2> & B A B v B
% (ALI without permeating). FEfE{HIIZ Man, Phe &% U HP-B-CyD A% % 1t FH L .
AR EZIME Lz, T OFRE. ALl without permeating (2 i EHA TR & 1% D
ARAETRIT ALL X v HIE< . BEAI OB R ALl OFEZEA K TSE5 2 L
MR &4z (Fig. 26), KBRS i B ChR R S 7= IR AN TSR ~FEE 5 5
Z LT, MENICEBEINORBEAINBAO LTS EEXBND, —F., ALl
without permeating (2 EHA IR Z& % DM A FRIT 96 well LV & mro7zZ &
5. Transwell® TR S5 2 ST AR E S MIFT Z EArRaniz
(Fig. 26), 96 well & ALI IZ351T 2 Mife 528 | MR o0 %85 BE ASMIC & Br 2 I 78 5 7
D FRZALIO X iz a7y MREBICE LT b s S 5 89,
a7y MREET 4-11 HRIESER T 5 Z L2 X A ffafg oE k7 & ofifao
HMEPHIE DA IR T e B 2 b b,

W A28 BRI S5 MR ER R 1E ALL O & 9 ISR S AR & L TR
b L TR Y, R ~DFEEE 2 5 72, 96 well X0 & ALl O 5 235
RELTHELTWD EEZLND,

iy ARORL 1 DR ENEE TG 2 72012, ALl TEEFE L 72 M@ S8R e O
RIS 2 WA U7z, F72. M RIS A SRk & g A~ & Ok
TS 5 Z & THEERFOWIRIEOEEZ G L, ZOEE, Man
RBRL I LIRIR & i U CHIfa AR 2 RN S, —J7. Man BRIk 112 i
K3 5 MR A 7R O FITMiaE B CRRIMhL 2R3 5 Z LI2 XV iEkL
72(Fig. 27), ZH D DFERMND | B RBRL 712 X 2 MIBAETFR O T I AR sk

49



TN X 2 FREORIBIC AT 25 6 DO TIHARWZ LR ENT, KRB+
I X AR O T IE, MR O EERINC £ 0 Mg I/
B2 BRTER DB IRERIENIER SN D Z LIk 2 e nEZ NS, MORIE
FNZHOWT b [FAEEOMF 21TV, AL ITIREE S 72 Man K& O o B TE I D 117
T O RABRL - 84K o> LD50 E &2 B U7, & OfE 5, By KRBk 12 X 2 Hifas:
FROIRT T Leu, lle Z R < 2T ORIEH| Tl b7z (Table5), L7 L p-CyD
ARk 713 £ 0 Ml EFR 2K T S0 o7, Leu, lle, B-CyD IEAMFIE
THWZIRIER O B Tl NME < . 2SR IRL 1 D &2 M
BaRIEL TV D ATREMENH 5,

Yy RRLF D ZEMEITN T L ISR DR LB LR -7 b Do, AL
THAE L7z MR @ 30k OMiats 82 L 0 HAERNERRE A2 LV KB L TR Y,
AR E LTEVELTCWD EEBZLND, ZDT=d, ALIIZE T 58 Kkl 1
DOLEEMEFMOFRERIZ LIV Y THL EEZOND ALl VAT AOZYK IR
AT D720, NEWE W TZRIEAIO in vivo BRPERTAM RS B & o LB RS
HChD,

AV

ARE TIT AR BF D22 22T 2720 D ALl ZiEH T 572912,
RRTE AT 1R 2 T 96 well J2 Y ALL TR 70 2 3 R D 2 M DRSS % i L
72 ALl DML 96 well THEFR SN H DO LD HIK< . BB AEETH D Z
R T A MENOEAOEEORTIZE 2D THL EHE X LD, AL
TRl S LT R D Z 2MEITEIR L 0 bK< D EORE Tt L CTF
RENDRIEAN O ERERTRNPER L TWD EEZHND, By Rk 55 o
LZEMEOIRT OREIIREAIM CRZD, MT LHIRROMEEMHET LD
Tl o T2, AREIT KRB R D 22 &M AR OFE R 2 M+ 2 O Tl
72 < JALI D X 9 I Rk RUA 2 W TR S D & ThHh D Z L Z2#ET
HHLDTHDH,

50



VvV REE

/NEV A N i vivo (2381 2 W A R AN O A F R RIS 35 T
5B g CHIEAEE T D Z E R EECTH DT, BB T D AW FENIE
HZ2FTmT 52 ERREETH -7, 2T, Kem X TIEMNEREE 2 Kt 5%
WS A 5 28 5% & B — 2R ERAVIT R ARIOKL - % 43 BN AT RE 70 8 Bk AR ok
T BERINT R A R B DY D 2 & TH R+ 55 o 48 S V8 SEAE
REFESLT D L & BT, M ARMoRL 755 D SEMWIURFE S V& M 2 514 L 72,

B KEFNEMIREEERZISA LB Rk 7 8% 0 Fr R 5 R O#ESL
W3 ARORE - B % AR L A8 (8 L B2 0> D X — S 0 BRI AT RE 72 T LR AR 7
B BN T S A A Z T ATHERL U, By Rk F D Feda & & g 2 K &
il Uiz, Bl KBk - BRI 7 /3 A A Db S 7z 504 Tk
DORKEN Y 22258 CTHIR OB RBRL- BINT S A A & bl U TR eERD
Fraom Uiz, £z, Fll Rk 15 BORINH 7 S A 2 % W T2 RIRL - D
PRI IZ R & B h 5 2 e o 72 2 L v D, By Rk 1 % fifu =
RECDIRINT D200 FMRY =1L Thd Z Emahl, &bl2, Kk
SR R OB SR 2 il 3 2 2 & CRE L KIR S il B i fa g 3
PO, BRI 7 BRI T /3 A A D4y BURIN S & & A ha s
BROERSFM (LT 52 Lilc kb, KRR mMlassE2%2I0H Li2BmR
TR B O R AL 2 FESE LT, Z OFHMliEZ ST 2 ik, itk
@ invivo, invitro OFEMFR LV b K0 e TIAEHERE 2 Rk U 72 f RIhL
AN O A FHIERFEHMAS FTRE & 72 0 | 5% OB AFIBAZIT KT 5 A 48 72 1f
iRt s Z ENARELE D EE A LND,

B _E K[URFEMEREER 20 U TRk 855 o W I R L S

55— T CREST U7 3R 2 FH O TRy AR B0k 1 845 O WSUREME L2 DV TR L
& A BRI RIANTI XA b v 7 g VD R OHIEREEME A o
TWIMEHERD F 2 n R RAE R & 13572 0 | YO oy T BICIKFE T, # A
Nox o7 va Ok OMIEEERZES 2 L7e < WIEER] & [FFEEE L
OB TCED R L OE IR TR 2 R LTz, O w1 T
JUHEZN AT RAZ T REBN L O F 503/ & < MR N K O AR RE BR oD it i 0D i
WPERTLHE LT e 2 &0 D BRIk v A2 L g - CRpTi7e @R 4
HEAEUDZ LI AZE@EDOTLEICLI I bOTHD EEZLND, ZOH
AL -3 0 i\ N FEY s LR e PN RS T LW I R D 4 By 5 kL
MSOBATICR L, REAHTHY | 5%OWAMKAIFFEIZ & > THERE
WMIZhDEEZXLND,

51



BoE [KAmMEREERRZIGA LB Rkl 855 0 22 2431l

5 — B CRESL U 72 BT R 2 O TRy R 344 O &2 Ve 2 FEl 5 72 D12,
R AR 2 VO T 96 well J2 OY ALL T EL 7 2 FFAM R [ O 22 A O SR % b L
720 ALI DML 96 well THEZE SN H D L0 KL< . BIEAIDSHIIL 2 i
THZENHRETH S Z LITERT HHIENOREAOZEEOKTICEL D H D
ThHhHEEZBND, ALl Tl SN RIR DR EMITIRK L 0 HIKE< |
DB DA THIRE L TR S VD BRIEA O SR A ERN L TnWD &E X 5
b, BIRMBR+OREEOIK T OREIIMIEAM TRV | IWROMR &V
FTLHMHET 2 LD TR T, TSI RHk A o2 IR EirR o
FERZIMET D O T2 < (ALL O K 5 1Ty Rk 184551 2 TR & v b
XThHZLERBTDHLOTH S,

bz &onh, KR miinREa8 2 0R &2 it L, By Rk 5l
O3RN Z FIRRIZ T 5 Z & TRy RMok - 8K O A= 9 7 rOVE F R 23 7] B
Trotm, FTo. IR &R T BE O AW EERIZ R . S %O AR
RKANBAFNZ BN TIRIEORE R Z IMET 5 O Tix7e <. By RMok 1844 2 v
TiliT 5 = & OEBEMENRH SN E o7, BIRMA F8IFNTIEIKR L D b
M EH A PRI T2 R LT Z D, WA RANI 29 L7230
B EEEN OFARBITHERN HE CE 20 TH DM, FRFICEZEMEEICB W
THENED LD Th o Tz, BMARMKL - R]A ORI TIRINFIM TR -7 2
ED D, YR INAIE VD Z & TH D 2T X YO L MR
BATHOE WA N2 A KRB OBIFENFREIC R D L EZ bND, AIFFRITS
B OWAAIBFFICA R RERERET 2 EOTHL EBZ LN,

52



VI BEE

AHFIEICER LT, MAaEEREE 22 20 F5E, HMEREZ Y £ LIcAWKFRT
BedR e Rt ARG — BRI R 2B OB 2R LET,

KAFZEDZAT NG STDOVERRIZ 7= > T, #IGH T ICHEYE, ZHhE42 W
D F LI RFRFGE IR ZE R RSB IRZ I CIRHN- LE9, @
DOYERIT S 72 0 ZRO) TS 458, IS 2 W2 & £ LIAWRFRFIEEE
LR PP IR IR EH OB AR LET, £, ARICBE L TE
BEREBE 2B F LAWK P BEARBEIC IR < B L £,

ARHFFE DR 7= 0 M I TE & F U 7B 3K 7 R 50 SR Bl E 1 A A 9
FEOMGESAL, TR FESIIEH B L £,

53



VII 2% 3CHR

1.

10.

11.

12.

F.Y. Liu, Z. Shao, D.O. Kildsig, A.K. Mitra : Pulmonary delivery of free
and liposomal insulin.
Pharm Res., 10, 228-32 (1993)
J.S. Patton : Mechanisms of macromolecule absorption by the lungs.
Adv Drug Deliv Rev., 19, 3—36 (1996)
Y. Matsukawa, V.H. Lee, E.D. Crandall, K.J. Kim : Size-Dependent
Dextran Transport across Rat Alveolar Epithelial Cell Monolayers.
o Pharm Sci., 86, 305-9 (1997)
H. Okamoto, M. Aoki, K. Danjo : A novel apparatus for rat in vivo
evaluation of dry powder formulations for pulmonary administration.
o Pharm Sci., 89, 1028-35 (2000)
J.S. Patton, R. Platz : Pulmonary delivery of peptides and proteins for
systemic action.
Adv Drug Deliv Rev., 8, 179-96 (1992)
S. Sanjar, S. Matthews : Treating systemic diseases via the lung.
J. Aerosol Med., 14, S51-8 (2001)
Y.W. Qi, G.L. Zhao, D.F. Liu, Z. Shriver, M. Sundaram, S. Sengupta, G.
Venkataraman, R Langer, R Sasisekharan : Delivery of therapeutic levels
of heparin and low-molecular-weight heparin through a pulmonary
route.
PNAS, 101, 9867-72 (2004)
H. Okamoto, K. Danjo : Application of supercritical fluid to preparation of
powders of high-molecular weight drugs for inhalation.
Adv Drug Deliv Rev,, 60, 433—46 (2008)
E. Guenette, A. Barrett, D. Kraus, R. Brody, L. Harding, G. Magee :
Understanding the effect of lactose particle size on the properties of DPI
formulations using experimental design.
Int J Pharm., 380, 80-8 (2009)
M.J. Telko, A.J. Hickey : Dry powder inhaler formulation.
Respir Care., 50, 1209-27 (2005)
P.M. Young, P. Kwok, H. Adi, H.K. Chan, D. Traini : Lactose composite
carriers for respiratory delivery.
Pharm Res., 26 802-10 (2009)
M.M. Bailey, E.M. Gorman, E.J. Munson, C. Berkland : Pure insulin

nanoparticle agglomerates for pulmonary delivery.

54



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Langmuir, 24, 13614-20 (2008)
R.P. Raffin, P. Colombo, F. Sonvico, A. Rossi, D.S. Jornada, A.R.
Pohlmann, S.S. Guterres : Agglomerates containing pantoprazole
microparticles: modulating the drug release.
AAPS PharmSciTech, 10, 335-45 (2009)
P. Russo, C. Sacchetti, I. Pasquali, R. Bettini, G. Massimo, P. Colombo, A.
Rossi : Primary microparticles and agglomerates of morphine for nasal
insufflation.
o Pharm Sci., 95, 255361 (2006)
A.H. Chow, H.H. Tong, P. Chattopadhyay, B.Y. Shekunov : Particle
engineering for pulmonary drug delivery.
Pharm Res., 24, 411-37 (2007)
S. Onoue, H. Sato, Y. Kawabata, T. Mizumoto, N. Hashimoto, S.
Yamada : In vitro and in vivo characterization on amorphous solid
dispersion of cyclosporine A for inhalation therapy.
J Control Release, 138, 16-23 (2009)
K. Burki, I. Jeon, C. Arpagaus, G. Betz : New insights into respirable
protein powder preparation using a nano spray dryer.
Int J Pharm., 408, 248-56 (2011)
D.E. Geller, J. Weers, S. Heuerding : Development of an inhaled
dry-powder formulation of tobramycin using PulmoSphere™ technology.
J Aerosol Med Pulm Drug Deliv., 24, 175-82 (2011)
L.M. Nolan, L. Tajber, B.F. McDonald, A.S. Barham, O.I. Corrigan, A.M.
Healy : Excipient-free nanoporous microparticles of budesonide for
pulmonary delivery.
Eur J Pharm Sci., 37, 593-602 (2009)
S. Claus, T. Schoenbrodt, C. Weiler, W. Friess : Novel dry powder
inhalation system based on dispersion of lyophilisates.
Eur J Pharm Sci., 43, 32-40 (2011)
K. Mohri, T. Okuda, A. Mori, K. Danjo, H. Okamoto : Optimized
pulmonary gene transfection in mice by spray-freeze dried powder
inhalation.
J Control Release, 144, 221-6 (2010)
W. Mueannoom, A. Srisongphan, K.M. Taylor, S. Hauschild, S.
Gaisford : Thermal ink-jet spray freeze-drying for preparation of

excipient-free salbutamol sulphate for inhalation.

55



23.

24.

26.

26.

27.

28.

29.

30.

31.

32.

Eur J Pharm Biopharm., 80, 149-55 (2012)
V. Saluja, J.P. Amorij, J.C. Kapteyn, A.H. de Boer, H-W. Frijlink, W.L.
Hinrichs : A comparison between spray drying and spray freeze drying to
produce an influenza subunit vaccine powder for inhalation.
J Control Release, 144, 127-33 (2010)
A. Bouchard, N. Jovanovié, G.W. Hofland, W. Jiskoot, E. Mendes, D.J.
Crommelin, G.J. Witkamp : Supercritical fluid drying of carbohydrates:
selection of suitable excipients and process conditions.
Eur J Pharm Biopharm., 68, 781-94 (2008)
E. Reverchon, G. Della Porta, P. Pallado : Supercritical antisolvent
precipitation of salbutamol microparticles.
Powder Technol., 114, 17-22 (2001)
H. Okamoto, K. Danjo : Application of supercritical fluid to preparation of
powders of high-molecular weight drugs for inhalation.
Adv Drug Deliv Rev., 60, 433-46 (2008)
H. Todo, H. Okamoto, K. Iida, K. Danjo : Improvement of stability and
absorbability of dry insulin powder for inhalation by powder-combination
technique.
Int J Pharm., 271, 41-52 (2004)
S. Hein, M. Bur, U.F. Schaefer, C.M. Lehr : A new Pharmaceutical
Aerosol Deposition Device on Cell Cultures (PADDOCC) to evaluate
pulmonary drug absorption for metered dose dry powder formulations.
Eur J Pharm Biopharm., 77, 132—8 (2011)
M.P. Timsina, G.P. Martin, C. Marriott, D. Ganderton, M. Yianneskis:
Drug delivery to the respiratory tract using dry powder inhalers.
Int J Pharm., 101, 1-13 (1994)
M. Taki, C. Marriott, X.M. Zeng, G.P. Martin : Aerodynamic deposition of
combination dry powder inhaler formulations in vitro: a comparison of
three impactors.
Int J Pharm., 388, 40-51 (2010)
M.J. Telko, A.J. Hickey : Dry powder inhaler formulation.
Respir Care., 50, 1209-27 (2005)
M. Beck-Broichsitter, J. Gauss, C.B. Packhaeuser, K. Lahnstein, T.
Schmehl, W. Seeger, T. Kissel, T. Gessler. : Pulmonary drug delivery with
aerosolizable nanoparticles in an ex vivo lung model.
Int J Pharm., 367, 169-78 (2009)

56



33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

S.A. Cryan, N. Sivadas, L. Garcia-Contreras : In vivo animal models for
drug delivery across the lung mucosal barrier.
Adv Drug Deliv Rev., 59, 1133-51 (2007)
H. Eixarch, E. Haltner-Ukomadu, C. Beisswenger, U. Bock : Drug
Delivery to the Lung: Permeability and Physicochemical Characteristics
of Drugs as the Basis for a Pulmonary Biopharmaceutical Classification
System (pBCS).
J Epithelial Biol Pharmacol., 3, 1-14 (2010)
M. Sakagami : In vivo, in vitro and ex vivo models to assess pulmonary
absorption and disposition of inhaled therapeutics for systemic delivery.
Adv Drug Deliv Rev,, 58, 1030-60 (2006)
R.T. Borchardt : The application of cell culture systems in drug discovery
and development.
J Drug Target, 3, 179-82 (1995)
K.A. Foster, M.L. Avery, M. Yazdanian, K.L.. Audus : Characterization of
the Calu-3 cell line as a tool to screen pulmonary drug delivery.
Int J Pharm., 208, 1-11 (2000)
M. Haghi, D. Traini, M. Bebawy, PM. Young : Deposition, Diffusion and
Transport Mechanism of Dry Powder Microparticulate Salbutamol, at
the Respiratory Epithelia.
Mol Pharmaceutics, 9, 1717-26 (2012)
M. Haghi, D. Traini, D.S. Postma, M. Bebawy, P.M. Young : Fluticasone
uptake across Calu-3 cells is mediated by salmeterol when deposited as a
combination powder inhaler.
Respirology, 18, 1197-201 (2013)
H.X. Ong, D. Traini, R. Salama, S.D. Anderson, E. Daviskas, P.M.
Young : The Effects of Mannitol on the Transport of Ciprofloxacin across
Respiratory Epithelia.
Mol Pharmaceutics, 10, 2915—24 (2013)
A.G. Lenz, E. Karg, B. Lentner, V. Dittrich, C. Brandenberger, B.
Rothen-Rutishauser, H. Schulz, G.A. Ferron, O. Schmid : A
dose-controlled system for air-liquid interface cell exposure and
application to zinc oxide nanoparticles.
Part Fibre Toxicol., 6, 1-17 (2009)
C.I. Grainger, L.L. Greenwell, G.P. Martin, B. Forbes : The permeability

of large molecular weight solutes following particle delivery to

57



43.

44.

45.

46.

47.

48.

49.

50.

51.

air-interfaced cells that model the respiratory mucosa.
Eur J Pharm Biopharm., 71, 318-24 (2009)
R. Scherliess : The MTT assay as tool to evaluate and compare excipient
toxicity in vitro on respiratory epithelial cells.
Int J Pharm., 411, 98-105 (2011)
Y.F. Maa, P.A. Nguyen. T. Sweeney, S.J. Shire, C.C. Hsu : Protein
inhalation spray drying vs spray freeze drying.
Pharm Res., 16, 249-54 (1999)
Y.F. Maa, M. Ameri, C. Shu, L.G. Payne, D. Chen : Influenza Vaccine
Powder Formulation Development: Spray-Freeze-Drying and Stability
Evaluation.
J Pharm Sci., 93, 1912-23 (2004)
N.R. Mathias, J. Timoszyk, P.I. Stetsko, J.R. Megill, R.L. Smith, D.A.
Wall : Permeability characteristics of Calu-3 human bronchial epithelial
cells: in vitro-in vivo correlation to predict lung absorption in rats.
J Drug Target, 10, 31-40 (2002)
C. Ehrhardt, C. Kneuer, J. Fiegel, J. Hanes, U.F. Schaefer, K.J. Kim, C.M.
Lehr : Influence of apical fluid volume on the development of functional
intercellular junctions in the human epithelial cell line 16HBE140-:
implications for the use of this cell line as an in vitro model for bronchial
drug absorption studies.
Cell Tissue Res., 308, 391-400 (2002)
K.J. Kim, Z. Borok, E.D. Crandall : A useful in vitro model for transport
studies of alveolar epithelial barrier.
Pharm. Res., 18, 253-5 (2001)
N.R. Mathias, F. Yamashita, V.H.L.. Lee : Respiratory epithelial cell
culture models for evaluation of ion and drug transport.
Adv. Drug Deliv: Rev., 22, 215-49 (1996)
D. Cooney, M. Kazantseva, A.J. Hickey : Development of a size-dependent
aerosol deposition model utilising human airway epithelial cells for
evaluating aerosol drug delivery.
ATLA, 32, 581-90 (2004)
A. Grenha, C.I. Grainger, L.A. Dailey, B. Seijo, G.P. Martin, C.
Remunan-Lopez, B. Forbes : Chitosan nanoparticles are compatible with
respiratory epithelial cells in vitro.
Eur J Pharm Sci., 31, 73—-84 (2007)

58



52

53.

54.

55.

56.

57.

58.

59.

60.

61.

62

. M. Bhat, D. Toledo-Velasquez, L. Wang, C.J. Malanga, J. K.H. Ma, Y.
Rojanasakul : Regulation of tight junction permeability by calcium
chelators and cell cytoskeleton in rabbit tracheal epithelium.
Pharm Res., 10, 991-7 (1993)
J.V. Castell, M.T. Donato, M.J. Gémez-Lech6n : Metabolism and
bioactivation of toxicants in the lung. The in vitro cellular approach.
Exp Toxicol Pathol., 57, 189-204 (2005)
S. Kobayashi, S. Konda, K. Juni : Pulmonary delivery of salmon
calcitonin dry powders containing absorption enhancers in rats.
Pharm. Res., 13, 80-3 (1996)
T. Yata, Y. Endo, M. Sone, K. Ogawara, K. Higaki, T. Kimura : Amino
Acids Protect Epithelial Cells From Local Toxicity by Absorption
Enhancer, Sodium Laurate.
J Pharm Sci., 90, 1456-65 (2001)
M. Tomita, M. Hayashi, S. Awazu : Absorption-enhancing mechanism of
sodium caprate and decanoylcarnitine in Caco-2 cells.
J Pharmacol Exp Ther., 272, 739-43 (1995)
E.K. Anderberg, T. Lindmark, P. Artursson. : Sodium caprate elicits
dilatations in human intestinal tight junctions and enhances drug
absorption by the paracellular route.
Pharm Res., 10, 85764 (1993)
S.M. Krug, M. Amasheh, I. Dittmann, I. Christoffel, M. Fromm, S.
Amasheh : Sodium caprate as an enhancer of macromolecule permeation
across tricellular tight junctions of intestinal cells.
Biomaterials, 34, 275-82 (2013)
M. Sakai, T. Imai, H. Ohtake, M. Otagiri : Cytotoxicity of absorption
enhancers in Caco-2 cell monolayers.
J Pharm Pharmacol., 50, 1101-8 (1998)
M. Gumbleton, A. J. Hollins, Y. Omidi, L. Campbell, G. Taylor : Targeting
caveolae for vesicular drug transport.
J Control Release, 87, 139-51 (2003)
L. Gonzglez-Mariscal, B. Chavez de Ramfrez, M. Cereijido. Effect of
Temperature on the Occluding Junctions of Monolayers of Epithelioid
Cells (MDCK).
J Membrane Biol., 19, 175-84 (1984)
. M. Sakai, T. Imai, H. Ohtake, H. Azuma, M. Otagiri : Effects of

59



63.

64.

65.

66.

67.

68.

69.

70.

Absorption Enhancers on the Transport of Model Compounds in Caco-2
Cell Monolayers: Assessment by Confocal Laser Scanning Microscopy.
o Pharm Sci., 86, 779-85 (1997)
M.A. Hurni, A.B. Noach, M.C. Blom-Roosemalen, A.G. de Boer, J.F.
Nagelkerke, D.D. Breimer : Permeability Enhancement in Caco-2 Cell
Monolayers by Sodium Salicylate and Sodium Taurodihydrofusidate:
assessment of Effect-Reversibility and Imaging of Transepithelial
Transport Routes by Confocal Laser Scanning Microscopy.
J Pharmacol Exp Ther., 267, 942-50 (1993)
P.M. Young, P. Kwok, H. Adi, H.K. Chan, D. Traini : Lactose composite
carriers for respiratory delivery.
Pharm Res., 26, 802-10 (2009)
I. Saleem, H. Smyth, M. Telko : Prediction of dry powder inhaler
formulation performance from surface energetics and blending dynamics.
Drug Dev Ind Pharm,. 34, 1002—10 (2008)
N.Y. Chew, B.Y. Shekunov, H.H. Tong, A.H. Chow, C. Savage, J. Wu, H.K.
Chan : Effect of Amino Acids on the Dispersion of Disodium Cromoglycate
Powders.
o Pharm Sci., 94, 2289-300 (2005)
M.I. Amaro, L. Tajber, O.I. Corrigan, A.M. Healy : Co-spray dried
carbohydrate microparticles: crystallisation delay/inhibition and
improved aerosolization characteristics through the incorporation of
hydroxypropyl-8-cyclodextrin with amorphous raffinose or trehalose.
Pharm Res., 32, 180-95 (2015)
D.dJ. Cooney, A.J. Hickey : Cellular response to the deposition of diesel
exhaust particle aerosols onto human lung cells grown at the air-liquid
interface by inertial impaction.
Toxicol In Vitro, 8, 1953-65 (2011)
Y. Xie, N.G. Williams, A. Tolic, W.B. Chrisler, J.G. Teeguarden, B.L.
Maddux, J.G. Pounds, A. Laskin, G. Orr : Aerosolized ZnO nanoparticles
induce toxicity in alveolar type Il epithelial cells at the air-liquid
interface.
Toxicol Sci., 125, 450-61 (2012)
E. Frohlich, G. Bonstingl, A. Hofler, C. Meindl, G. Leitinger, T.R. Pieber,
E. Roblegg : Comparison of two in vitro systems to assess cellular effects

of nanoparticles-containing aerosols.

60



71

72.

73.

74.

75.

76.

717.

78.

79.

Toxicol In Vitro, 27, 409-17 (2013)
. K. Komori, K. Murai, S. Miyajima, T. Fujii, S. Mohri, Y. Ono, Y. Sakai :
Development of an in vitro Batch-type Closed Gas Exposure Device with
an Alveolar Epithelial Cell Line, A549, for Toxicity Evaluations of
Gaseous Compounds.
Anal Sei., 24, 957-62 (2008)
C. Mathis, C. Poussin, D. Weisensee, S. Gebel, A. Hengstermann, A.
Sewer, V. Belcastro, Y. Xiang, S. Ansari, S. Wagner, J. Hoeng, M.C.
Peitsch : Human bronchial epithelial cells exposed in vitro to cigarette
smoke at the air-liquid interface resemble bronchial epithelium from
human smokers.
Am J Physiol Lung Cell Mol Physiol., 304, L.489-503 (2013)
J. Rach, J. Budde, N. Mohle, M. Aufderheide : Direct exposure at the
air-liquid interface: evaluation of an in vitro approach for simulating
inhalation of airborne substances.
J Appl Toxicol., 34, 506-15 (2014)
M. Eghbali, B. Birnir, PW. Gage : Conductance of GABAA channels
activated by pentobarbitone in hippocampal neurons from newborn rats.
J Physiol., 552, 13-22 (2003)
J.G. Lim, H.Y. Lee, J.E. Yun, S.P. Kim, J.W. Park, S.I. Suh, B.C. Jang,
C.H. Cho, J.H. Bae, S.S. Kim, J. Han, M.J. Park, D.K. Song : Taurine
block of cloned ATP-sensitive K* channels with different sulfonylurea
receptor subunits expressed in Xenopus laevis oocytes.
Biochem Pharmacol., 68, 901-10 (2004)
K. Yamaoka, Y. Tanigawara, T. Nakagawa, T. Uno : A pharmacokinetic
analysis program (multi) for microcomputer.
J Pharmacobiodyn, 4, 879-85 (1981)
T. Mosmann : Rapid colorimetric assay for cellular growth and survival:
application to proliferation and cytotoxicity assays.
J Immunol Methods, 65, 55-63 (1983)
S.J. Tabrizi, M. Orth, J.M. Wilkinson, J.W. Taanman, T.T. Warner, J.M.
Cooper, A.H. Schapira : Expression of mutant alpha-synuclein causes
increased susceptibility to dopamine toxicity.
Hum Mol Genet, 9, 2683-9 (2000)
C.J. Yeh, B.L.. Hsi, W.P. Faulk : Propidium iodide as a nuclear marker in

immunofluorescence. II. Use with cellular identification and viability

61



80.

81.

82.

83.

84.

85.

86.

87.

studies.
J Immunol Methods, 43, 269-75 (1981)
J. Weyermann, D. Lochmann, A. Zimmer : A practical note on the use of
cytotoxicity assays.
Int. J. Pharm., 288, 369-76 (2005)
T. Eldem, P. Speiser, A. Hincal : Optimization of spray-dried and
-congealed lipid micropellets and characterization of their surface
morphology by scanning electron microscopy.
Pharm Res., 8, 47-54 (1991)
M. Jalalipour, A.R. Najafabadi, K. Gilani, H. Esmaily, H. Tajerzadeh :
Effect of dimethyl-beta-cyclodextrin concentrations on the pulmonary
delivery of recombinant human growth hormone dry powder in rats.
o Pharm Sci., 97, 5176-85 (2008)
J. Gliniski, G.C. Healy, J.K. Platten : Surface properties of aqueous
solutions of L-leucine.
Biophys Chem., 84, 99-103 (2000)
Y. You, M. Zhao, G. Liu, X. Tang : Physical characteristics and
aerosolization performance of insulin dry powders for inhalation
prepared by a spray drying method.
oJ Pharm Pharmacol., 59, 927-34 (2007)
L. Matilainen, T. Toropainen, H. Vihola, J. Hirvonen, T. Jarvinen, P.
Jarho, K. Jarvinen : In vitro toxicity and permeation of cyclodextrins in
Calu-3 cells.
J Control Release, 126, 10-6 (2008)
S.V. Kurkov, T. Loftsson, M. Messner, D. Madden : Parenteral delivery of
HPBCD: effects on drug-HSA binding.
AAPS Pharm Sci Tech., 11, 1152-8 (2010)
S. Ray, H.I. Swanson : Activation of the aryl hydrocarbon receptor by
TCDD inhibits senescence: a tumor promoting event?
Biochem Pharmacol., 77, 681-8 (2009)

62



	学位論文表紙　浅井　歩　最終
	４）学位論文　浅井歩　最終

