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I i N~ B2 D FER BRA I Sh ) & 3622 T RE 2R W AR, &8 3hs B2
PEPAZEMENRER R, fEEE e E2MREF L T2 RIMEREBIREO R BT, FERFE 72
EDRHMRBIRFEORGAIE L L THER SN TWD [1-3]. FEEESR TORAT
TERZ R T 256 3 EREC B 2 5ZT 5 2 LR FARETH Y, 2R
BN DR E CHEM ELETE, RHFERA~OEDBITIZCL D225 MED
BWEAZBB CE L L WIHIFLEZAELTWS [4]. £/, K& LB DOEREIZIL
HAENTWD By MRS IERE O AL, O3 L ik L TR ORI
NHENZ EBFLEE L TETFOND [5]. — T, @FERE28RT 55811,
W NERALC & 5 fili OFLREF R S 2 OF AN TREND . IR, &
B, [REX, MIKIE, BRXEE L, Mila~EED50, & OMITAK
ANTHKI100 m” &/NIBICICHECT 2 REMEEZ A L TR0, #OMile B &t s
EAME 288 L CEE it &ais 2 MR -RICHER LTV [6], HWikiH
PERE <, Bl L M E HmONIC IR R ~BITS DL ENARETHD.
2006 4F 1 HIZ7 7 A P—tLDA > A U I AyKHA| Exubera 23 K [E & EU O —#
OETHRERE SN2, BRHOmSCLEMES~DOBRENHE Y EIF RO,
2007 4E 10 HICERGETIE E 2 o7=. L, 2014 4E 6 HiZ~ > A > Rt A
VA U AR AFREZZA H3K[E D FDA IC L A KRBAE =T, W|AHKEHFNC
LBA 2 ) AREMTORTEY [7-10], 5%, SFVMERBIERED# 5.7
L L GRBINRSNAENEZ 20Tl s ns. BHETRRIEESh
TWATAKIE LTEICWAZT V' —LH] (Metered-Dose Inhalers), W A&,
W A¥ KA (Dry Powder Inhalers: DPI) ™ 3 3281 F B 543, DPI 1X3EAIE
FEWMABEL ORABS LN T v U TR EOBBERINARETHD &) FLE
EET L0, THE WAROFTROLERINTWD [11,12]. L LR,
DPI 1Z3EAN D5 EUE —ELL LD AN N E L 72 b7, A FIREREEIC
FHRIDN DD Z ENMEE 225 [13]. £, MSEkBIT5Z L0 #ERINDL -0
(2, OFEREAZ: E~ORANOHENR L, T b ORBEELET 520K
RETDLEE L IR D [14].

—%HIIZ DPI (23 L 7= 225 01 R0k 1-£¢ (Mass Median Aerodynamic
Diameter: MMAD)(X 1-6 pm & S#LCTWAHN [4], Z OFEE ORI AA0R 188
AT ORI AERENENE S, DHPEICZ LW, EERICHR X O
EIICRIESE S Z LT LV [15]. 2oz, dilkE&nTwb DPI %< I,
HWE7e & DI D72 R ZRRL T (3% U 7RIS 72 S8k 1 & 15 S
5% v U7 [16-18] F 713 ki b U 7= ks 1 2 &k 3 2 iEkiiE [19-21]1C
KO L 7KK 72 W TEB Y, 2K 2T 5 & & TRk 1
BEBASE, FBEEBIODBIEOSEEZIT> TS, LL, #h



W N 2 ZERR T 2 T2 DI I AR IS 2 YORL 728 1 IRBL - ~FF i D B
HY, EORANERS X OEFERBAT S ARLETH D [22]. 207
W, Fx U 7 HBANIREICEQAIRICE Y X U TR FREZEONICTHZ
& 28], FRITHKRAF Y U TR FINS BB Z 5 60 U S THh
IR ZMESED Z LT [24], Fx U THRAD D OIEWKLA O 53 HUED
WELIT>TND. 7o, ¥ U T7iER L OERELSIMT Z LR 25 B
ST D . LML A1 AR B 70> D 38 FE 72 SR B 2 s 3~ S R 75 &
BT 570, RiFfEDMELS, A L7z MMAD 2155 2 &R A[RETH
% [25,26]. ZALEMRI T OB S ED 1oL LT, MELEAETME (Spray
Freeze Drying: SFD)IEZET 105 . SFD 1308 25 TR & RS Rz TR & fH 7
BOETHREGTETH Y, {BONDRFIIZAMEITE LT, K FEENMELS,
RLA-[A L OFRERE DS NS N LD, EWaBIEREIRFTE 5 [27].

e AN By RMCKL + o B L s 2 3K+ 5 — 5 T, dipalmitoyl
phosphatidylcholine (DPPC)X> 1,2-dioleoyl-3-trimethylammonium-propane (DOTAP)
MEDIFES LA vy (LewR Lr7 ==17 7 =2 (Phe)/e ¥ DBAMET
J WeTn & ARG & T D 3 B B A &2 TN L 7o e AR SRR - D B 1T T
W5 [28-31]. filE LT, mEFEi: (Spray Drying: SD)ficki+ % FHHl 4 5 B,
INHERINTHZ LT, KFREIZMZ G T DR S TR [A +
DIEMER 7> DA T D 72D, MAEEBEMEMET L, MEEEAdES L &
9 WMmENDH D [28-31].

IR U 72 AR EHIR ARSI R A RES T HRFD 1 2 THY, 72, Ml
TR~ DI EZNE N BE O A Z — 2 [32, 33], W AT /SA 2 DfffM
RE [34, 358 L RE DK [B61ICHEBEZIT D LWV HIMENDHD.

AREHSCIE 3 BALER I TE Y, DPI BRI TS “WAFS A L7
MMAD O¥#4G" & “fIEREMEOWE" OMFREDIRR I L OBE DR A X
— SR DRBEZT TV E WO WA AKRFO R R kE B9 E LT, SFD
BIZ X0 ZAMERRFICE R L, EAORER L O, FRREo
AREHREZHE T 52 & T, MANT =V BLORAT A ZDOMVEREITIK S 72
WVEIV T NRRPE S IOV, b =R A 22 iR S i & e S D WA R
THORL - D BRJE Z2 AR T2

BT, BB CH D Leu WML, WANRT = BIOWRAT A
A ADZAIE K DWAFFE~ DB T LTz, £ ORER, Leu Zz—E&LL LR
42 28T, MANE = BIUORAT A AT D 2o WAL T R AR 2
JE$ET 5 SFD kb ORISR SN LTz, £z, RFRE 113 KO EME AR
i 2 Z & T Leu BN X 2 W ARFESGERE 2 B S22 LTz,

55 3 CIL SFD B A O AR IC KT 2 “WIR LT X 2%ET D



I=, H—FETHW Leu NN & 2 & S T SFD flthi 727425 Z & T,
BT AR TS KON AE 2 7”3 SFD SR - DBAFE 237 7. I Leu
& [FRR DN RFPEUCE IR AT S5 7 O BKIET X/ D SFD foki
AL, WARED AT V) —= 7 21T o 74%, SFD #ki+ 2 INefRAF 9%
Z & TIMBIRAFRTE OWMANRYE, RiATIR, AEsatEO Rl 217 - 72.

SFD Rl 12 B9 D FFE 2 D S, AU P CRLFAaE 23 070 LS A B
TH LV BRRNERRERER LT, HHTIE, RELSTS EWARED
BIFRIEZIA 2T 57l ABHHREFORE 2B SE 5 2 & TEHAMENR
5472 % SFD bz U, W ARRPERHf 2 2 FhR9IAT 9 2 & T, SFD foki+-
DWNKIFH T OREEREE DRFFIE SRR A~ RS B O W TR 21T

7.
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and Hirokazu Okamoto. Inhalable Spray-Freeze-Dried Powder with L-Leucine that
Delivers Particles Independent of Inspiratory Flow Pattern and Inhalation Device.
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Spray-Freeze-Dried Powders for Inhalation with High Inhalation Performance and
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I % WEHAHREIRIEC X BT S  — L TIRAE L7
W AR 7 O B 5

1.1 S

DPI BAZICE W TR b R L LT “WMAFNSHIZE L7 MMAD O
27 L MPEBENOYEE” NERTFoNnD. 20z, il DPI ©%< 1%, F
¥ U TEERITERIEIC X VBREO R EZ A TNDN, ZAbDHEICED
AL S AT AR OB VX AR O ks L ORI RE O i W IR T N
A ARBETH Y, MR~ EYEEIER BH O A Z — o R AT A
A ADIEINERRIC B A Z T D E VI REN D D.

NGO E RS Dk E LT, SRR 7235 515 SFD {E23EH
S, WMABRIERL & L COERICHm T ZmaniThbhTtnsg., £7=, %
NIRRT ORI R BE 2 %R 35— 7T, DPPC X° DOTAP 72 EDfFE
Leu <° Phe 72 EOBKMET 2/ W7 E 2R LT D 0 WABIAI 2 N L7z A
MR- DR HITHI TV 5.

REETIE, WA KRB B IZI T 5 “W AFIIE A IZ5E L7 MMAD O%#15
& OMEBBREEOWNE OREB X OBRAMEKAORLTHD “WASF—
BLOWAT AL ZADOEELZFROTW MEERETHZEAHMELT,
ST AICoH D Leu & e SFD Sk A2 S L, UIFRETEL LT MK
AE — U FBUEE LR 2 R AR E BT 2WAT AL ARV, WARK
— B LOWAT A ZADMERED SFD Mok 1 DWW AFEEIZ G- 2 5 22D T
Bat L7z,



12 ERE
2.1 #E

ETNAHEYELT, EMWETHLTINALEAL T MY T A (FlNa)
(Sigma-Aldrich Co., Ltd., St. Louis, MO, USA) % fV 7=, IXEA & L T D-(-)-v v =
I —/L (Man) (Wako Pure Chemical Co., Ltd., Osaka, Japan)Z Fi\ /2. 43 HckiBh Al
& LTL-2A ¥ (Leu) (Sigma-Aldrich Co., Ltd. St. Louis, MO, USA)% H\ 7.
Z OMDORIE, FRITFHRE 721X HPLC D & D& iz,

11.2.2  SFD #hi DO FR %

SFD {EDOMENG X % Fig. 1 127k L7z, SFD J&IFMETE T & BAss TR O 2 T
REMHAE DY FREETH Y, BENRIR Z ik, X% AWK
ERPITEFZET D LT, WKiEE BRI Sk, 15DV TOKIE & B L
1% (EYELA DRC-1100 and FDC-2100, Tokyo Rikakikai Co., Ltd., Tokyo, Japan)(Z
BL, KohAHEIEL L CTHEZIRIKBR 255 Z L DA TH L.
FHAES M % Table 1127 L7z, ABFSE TS L 7= SFD fKL DAL )5 % Table 2
(2R L7=. SFD #Ki 7-H D Leu B3 X Man ININEZ#EEZ(L I TS5 LT, 4
FEFE D Leu W& 72 5 SFD 80k (Leu 0%, Leu2.5%, Leu 5%, Leu 10%)
IR L7. 56472 SFD ki 130 7 Ao A 7Toviz|l L, U s
DA T=T v —H NIZEBTHRE L.

@) Freeze Dryer
Pump ' \
‘ Compressor \ S
Solution
= N 4
Liquid
\ Nitrogen ﬂ Y,
Atomization Process Freeze Drying Process
. Sample Lyophilization
—

Water (Ice)

Fig. 1 Schematic diagram of SFD technique.



Table 1 Operating conditions of SFD method

Operating Conditions

Atomizing 150 kPa
pressure
Flow rate of 5 mL/min

sample solution

Nozzle diameter | 0.4 mm

Sublimation time | 24 hr

Final vacuum

<
degree =l
Final shelf 10°C
temperature

Table 2 Formulation of SFD powders

Formulation Name Leu 0% Leu 2.5% Leu 5% Leu 10%
L-Leucine (Leu) — 3.75mg 7.5mg 15 mg
D-(-)-Mannitol (Man) 148.5 mg 144.75 mg 141 mg 133.5mg
Sodium fluorescein (FINa) 1.5 mg

Total 150 mg/ 7.5 mL water

I1.2.3  SFD ki1~ R - FE R FEAM

SFD ki1 DRI TR 2 Bl2i9 2 B, AN E T BMEE (SEM; JSM-6060,
JEOL, Tokyo, Japan)Z ]\ 7=, SEM Bl FHEEL ORTLEL & U Cldmim T — 7 2 15
i L7235 BT Fig. 2 (2R L2 AR RBSCRL - I 7 /3 A A & -V T
FL- [37]. MEEHIEL L TT 025 mL 0EKET ) N TEML, = HiE
BERKT 2 ZLiICky, MEEIT-7-. TD#%, 30 mA, 90 BEDOLKMETT
7 FFa—7 47 (JFC-1600, JOEL, Tokyo, Japan) % 1T 7=.

(d) —
(e)

Fig.2 Apparatus for pulmonary administration of dry powder: (a) 1-mL syringe, (b)
three-way stopcock, (c) disposable tip with dry powder, (d) compressed air, and (e)

administration handle.



11.2.4  SFD kL DRLF£ 36 K OLEE /3 ATl E

SFD Poki - DR £8 35 I UL EE 23 AR I E 13 e 2 L — W — [RIHPRL L 45 A I 2%
& (LSM-30; Seishin Enterprise Co., Ltd., Tokyo, Japan)iZ & W {T->7=. JEHEZESIE
04MPa & L, U v ay b=y N HWTHESE LR 2 HIE L.

125 & MRAANSY = FHBAGEZ O AT — 2 OFH
AEBITEERGE NNV TBIOERT 2 — 72N LTV AT —V U Fy
KA > &> Y+ — (TSLI) (European Pharmacopoeia Apparatus, Copley Scientific
Ltd., Nottingham, UK)D 7R > F kel L, V7 % —EBE CHkT 5 Z
EITED e FRANRY = ZRARICHBL LRSI 21T 9 EETH D (Fig. 3).
t RRANE = DRT A—=F T LD KW AT E (peak flow rate; PFR, L/min),
Wy AZ & (area under the flow rate-time curve; AUC, L), #JH#IW ASE (flow
increase rate; FIR, L/min/sec)|LZENZENHEf T = — 7 ONR, 77— ¥ 5,
SIVT OBRBGREAZERETHZ LIV GIE L. £, WMANZ = O
{EAZ W AJii &5t (Hitachi Automotive Systems, Co., Ltd., Takasaki, Japan)% F\ 7-.
W BRI Ko Tl ER a2 B2 L L7=%IZ3 v 7 % L, TSLI 38 X WA
TNA A, WAEFEZHEREL, 10 I VBT L 30 BEOMENELRBL, —
TERE TV T 2B L TS| 21T - 7.

ZIVE TOMRE S DPI OffiNEEICIE, PFR Vb REVWER THLZ L%
W L CE 72 [38]0T, PFR Z HAL S & TRET &1 7o 7.

Flow meter

Throat ~

d =
Inhalation device
Inspiratory flow simulator

Stagel

{ Stage2

Fig. 3 Picture of the system employed in this study to evaluate inhalation performance
of SFD powders.



126 &t PEAANY —UHBLEZHNEY A AT =V Xy B e
T ¥ —IZ K DWW AR R

BIFN O ANFPEIL TSLL & AV, Bk o & R AR — L FEEEEIZ LD A
B — 2 T B S ETCBEOWM AR L 23l L7z, WAT A 2T TR AR
PLOREI % 3 FEEH DT /3 A A (Jethaler® Single, Dual, Reverse, Hitachi Automotive
Systems, Co., Ltd.)& F\ 7=. TSLI ® Stagel & OF Stage2 (Z1FZ 4241 7 mL, 30 mL
DY EEFEEL (PBS)Z AdL, WASKIEIT &0 Bl U 728K 2 i 9 2 Bt &
725> TCW5. 25 HPMC # 7 &/ (Qualicaps Co., Ltd., Yamatokoriyama, Japan) W
\Z SFD #8hi ¥ &4 1.0 mg FRIE L, AT A ZANIZHEEL, 7354 X EFDR
R EMTITAHZ IR0 DTN ZODONREBRITTRAETT XA A
PARSANER I HE RS U7z, A&ANas A 2 TSLI O A D8t L, ok 0% 5 | RO %
ARG = ZHRET HHBT, T A% ER 2R E Lic, T X To#H
ot 2 ffERe L 7R IS B E 2 FEh S, PTE DS TR+ O W 5| 21T~ 712
W51 #4712 Capsule, Device, Throat, Stagel, Stage2 D ZILZILIZILFE L7
SFD ki -2 PBS TS50mL DA AT T AaNIZW\WZdeZ Lk v EILL, %
ABHAI T O FINa B @& st~ 7 n 7 L— b U —4— (IR 490 nm, =0
J# . 515 nm) (Gemini EM Fluorescence Microplate Reader, Molecular Device Co.,
Ltd., Tokyo, Japan) (Z XV E& L7=.

PFR # i HEAL S, TNENDOHRMITONT 3 BEEEZIT- 2. &&MFD
ZALFEPHIZLL FICR9 @Y & L7 ; AUC: 2.5L, FIR : >100 L/min/sec, PFR : 5-80
L/min.

W NFRPEEEAR OFEIE & U TIEEM M O FEEE T % Output Efficiency (OE,
Eq. D & iz E D% T % Fine Particle Fraction (FPF, Eq. 2)Z % H L7-.
FEOFE T EZ LT ORITR L.

OE =TSLI O3 X TOHFNLH B [EIUL S 4172 FINa #/4> FINa [FlX&E  (Eq. 1)
FPF = TSLI @ Stage2 7> 5 [AY{ S 4172 FINa /4> FINa [A[{{ & (Eq. 2)

11.2.7  SFD {80k O+ E PR

SFD  {8CRz - DAt & 4 & v Ik - 1 7 E 24 1 (NS-A100; Nano Seeds Co.,
Nagoya, Japan)% HWCHIE L7=. AT v L ARITA B &7k (Fig. 4a)%
REHETEl IR D Z & T, BRI EOSBEEZIT, BRI DD ZEE 5T
& LTHEI Lz (Fig. 4b).



(b)

10000

5000 A Maximum stress of plate spring

TR RO SO PO
5000 A I .................................................................
Net adhesion force

-10000 T T T |
0 10 20 30 40

Shift lenghth of stage (um)

Stress of plate spring (nN)

Fig. 4 Measurement of adhesion force of the SFD powders.
(a) The two particles were detached by the needle moving to the right side.
(b) The adhesion force was determined by the difference in the forces working on the

summit of the needle just before and after the detachment of two particles.

11.2.8  SFD ki1 O MR

SFD Hi - O W EMEZ I 5728, FFEXILECEENIERE (NS-D100;
Nano Seeds Co.)& I\ 7z. IR 25°C, FHXHREE 25%5:1F FIZHB\WT, hifRKif
Z30 M 6kV oo I L D HE I %, R e e Lz,

1129 HEaraLE

—TTRCE AN (ANOVA)NC LV p<0.05 THEEDHY L7xo72HDICH
WT, B/AMAEEEEICL YA EHEROAEEZEDORE LTV, p A 0.05 Al
DEEHEZED & LT,



I1.3 i e
I1.3.1  SFD ki DRF T2k d L OKLEE /34T

FHEL L 7= SFD ki 1- > SEM B Z5E R % Fig. S 1Tk L7z,

Leu DIRMEITK ST, FAR L 72 SFD %“&ﬁ%ﬁ“«frﬁx%’??u B OERIEARL T
Tod 7=, Leu 2T SFD KL 1L BAF 7250 Bt &2 = L7z D ia‘ L, Leu 0%f#%
BiA-13559 50 pm 2 O ERE AR BIZE S L7z (Fig. Sb O RHD).

F 72, Fig. 6 (IR LTIZRESHOFERNG, FHE L7 SFD ki 71 Leu DU
INENAR D P RE D N F — 2 R Lizi=®, [ UKL A% A3 % SFD ki1
PIFONTEZE X BIND. ZNENDOFER £ (D50)iX Leu 0%: 6.24+0.51 um,
Leu 2.5%: 5.71£0.02 pm, Leu 5%: 8.94+0.12 pm, Leu 10%: 7.57+0.23 pm (n=3, means
£S.D)Th-oT.

(c)

(g X 5,000 5pm

Fig. 5 SEM images of SFD powders.
(a),(b): Leu 0%, (c),(d): Leu 2.5%, (e),(f): Leu 5%, (g),(h): Leu 10%.
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14 -
....... Leu 0%

g5 o Leu 2.5%
510 _ -=-=--Leu 2.5%
> — Leu 5%
g %
2 6 Leu 10%
g
& 4

2 4

0 L] L] 1

0.1 1 100 1000

Particle Size (um)

Fig. 6 Particle size distribution of SFD powders.

1132 tbh %U\/W»—‘/ﬁfﬁ“zﬂé%%ﬁﬁb \IZBROD in vitro W NFFPERTEAR

DPI @%U\%r WL H 2 AN THD PFR #28{L&H, Leu ININE
DN AN iffﬂﬂiﬂmﬁ% L7z AT A AR AL O B O Jethaler™
Reverse %fﬁﬁﬁ L7-. Fig. 7 Li/? L7cAE R N5, Leu 0%8RI 13 KX T Leu 2.5%1%
B3 Device 3 & OY Throat (2B T DL BHEENL RO LNTZH DD, Leu I
% 5%B LN 10% IS5 Z & T, Device 38 L O Throat (281 A L&A &N
JB L, Stage2 ~DiLaE DIEINA RS Sl OE B L UFPFIZOWTHEHR LT
% & (Fig. 8), Reverse i FHIFFIZ 51T 2 s N2 ATEE PFR #EPHMN (12-40
L/min)iZ3 T, Leu 0%35 KT Leu 2.5%kz 1-1% PFR 23 E5H-9-%12-2417C OE
F L O FPF 2L, PFR RFAIRMARFEDN GO vz, —J7, Leu iNII&E
% 5%IZHINT 5 Z & T, K PFR §:FI2 B8V T H 84172 OE 38 L OVFPF 235 5 41,
PER FEARTERO 2R ABRENZR D HTZ. & 51T Leu INE A 10%~ NS E7-
23, Leu S5%MHi 1~ & FEROILEFE 2~ L, WAREOELITRO o
7o, U EDFERND, 5%LL LD Leu 28N % Z & T SFD ki 1~ O ik M %
WETDHZ LTI L, S HIZ PFR IKRF R ML ZEEZ R Z BN E
Rz,
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B38 L./min 48 L./min B53 L./min
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Fig. 7 Influence of PFR on inhalation performance of SFD powders (Inhaler: Reverse).
(a) Leu 0%, (b) Leu 2.5%.
The AUC and FIR were fixed at 2.5 L and >100 L/min/sec, respectively.

Each value represents the mean + S.D. (n=3).
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=]
1

Recovery (%)
N
=)

()
(=

Capsule Device Throat Stagel Stage?2

Recovery (%)

Non [T (g B

Capsule Device Throat Stagel

Fig. 7 Influence of PFR on inhalation performance of SFD powders (Inhaler: Reverse)
(continued). (¢) Leu 5%, (d) Leu 10%.

The AUC and FIR were fixed at 2.5 L and >100 L/min/sec, respectively.

Each value represents the mean + S.D. (n=3).
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100 -
80 -
OLeu 0%
e 607 ALeu 2.5%
e OLeu 5%
C 40 4 OLeu 10%
20 -
0 L L] L)
0 20 40 60
PFR (L/min)
(b)
100 -
80 4
-~ OLeu 0%
S 60 1 ALeu 2.5%
ah. 40 4 OLeu 5%
- O Leu 10%
20 -
0 = 1

60

PFR (L/min)

Fig. 8 Influence of PFR on inhalation performance of SFD powders (Inhaler: Reverse).
(a) OE value, and (b) FPF value.

The dotted line indicates the range of PFR that normal subjects can achieve with
Jethaler® Reverse. The AUC and FIR were fixed at 2.5 L and >100 L/min/sec,

respectively. Each value represents the mean + S.D. (n=3).
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11.3.3 B2 WMAT A X Z HAWTZEED in vitro W AR

W AT INA ZADHEREDEWBRARHEIC G 2 2 BB RFT 5780, 8725 3
FEFE DWW AT 73 A A (Jethaler® Single, Dual, Reverse)% F\ T ARFEFEAM 2
iTole. ZTROHDWAT A ZTNEEENENENRLR D720, BARFORE
PUNEAR D (W ABPLO IR S Single<Dual<Reverse). AMRHITIL, 1.3.2 DIET
THENTZWARHE A 7R LT Leu S%IAI 14 AW CTHET 21T > 72. Fig. 9 &LV,
W NS D B WF AT SA A THD Reverse & HW AT PFR SFI2B8 W
TH OE 1% 70%LA 3 L TOVFPF 13X 50%LL EOfEZ 7~ L7z, £72, Reverse Z
T BR D N\ GERL ATHE PFR &AM (12-40 L/min)lZ3\\ T OE 1% 80%LL I, FPF
13K 70% & ZE LTz @ W ARREDR TR D Bz, —J, Reverse LV & W A#HT
MR AT /34 2 TdH 5 Single =° Dual TIFME PFR SE(28 T FPF D% L
VMK IR Bz, LavL, Single 3 KO Dual & W 7= BE O N AL Al BE
PFR #iIN (Single: 34-115 L/min, Dual: 15-52 L/min){Z3\ T OE ¥ L O FPF
EBHITH SO%L)U:O)Tﬁ%:/? L7z, ZHNHORERND, Leu 5%MRI 71X AT 3
A ZADMRBIZIK DT, BN AREEZRTZ NN o7,

(a)
100 - . O
(o)
80 14 © 5% ©
_— [}J ——— Single
é _ _ Dual
S 40 - | e || .
o OSingle .. Reverse
ADual
20 A OReverse
0 ; /A,
0 20 40 60 80 100

PFR (L/min)

Fig. 9 Influence of different inhalation devices on the inhalation performance of Leu 5%
powders. (a) OE value. The area within the dotted lines is what normal subjects can
achieve in the PFR range of each inhalation device. The AUC and FIR were fixed at 2.5

L and >100 L/min/sec, respectively. Each value represents the mean = S.D. (n=3).
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(b)

100 -
80 - 3 c} A 0
- o .;.{)
§ 60 - o ——— Single
S
& 40 OSingle | || Dual
ADual e REVETSE
20 1 5:3 OReverse
0 T |
0 20 40 60 80 100
PFR (L/min)

Fig. 9 Influence of different inhalation devices on the inhalation performance of Leu 5%
powders (continued). (b) FPF value. The area within the dotted lines is what normal
subjects can achieve in the PFR range of each inhalation device. The AUC and FIR
were fixed at 2.5 L and >100 L/min/sec, respectively. Each value represents the mean +
S.D. (n=3).

11.3.4  SFD #ohif D35 M3 L OV MR

Leu WRAINC X W NRFPECERST 2 BH © 2§ 5 728, SFD ok O FF EER
F O EMNEZ AN U7z, FMEAREE LT Leu 0%, Leu 5%, Leu 10%0K: 1%
o, AR R % Fig. 10 12, FEMEFMERE R % Fig. 11 1277 L7z, Fig. 10
£V, Leu 2T 25 Z & TRFAFTETTOZF LWR T8O b7z, £7- Fig.
11 £V, Leu WINEMAFH 2R E BN OBMAHE TE, #HEMESEINT M
MIDFRO BT,
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Fig. 10 Measurement of the inter-particle adhesion force of SFD powders.

Each value represents the mean = S.D. (n=3).
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Fig. 11 Measurement of the electrostatic property of SFD powders. Each value

represents the mean = S.D. (n=3).
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L4 B

ARETIL, DPI BZICHIT 5 “WMAANSHIZE L7 MMAD 015" & “ff
BREMEOUE" OMGRE ORI L OBEOWRANY — N XD EEZT
RTNEWV I MAMKAIO KR SR E B E LT, DEmdH<cHD Leu 25
te SFD ki + 2L L, WMAE —2 B L OWAT A ZADMREN SFD ki
T OWNFHEIZ B 2 5B OV TR ZIT o 7.

T )LEY) L L C FINa, A& LT Man, SEEEIAI & LT Leu 2 W,
Leu WSIN& % B 28k ST Leu 0%, Leu 2.5%, Leu 5%, Leu 10%® 4 f&¥H D
SFD ki 1-Z 7R3 L7=. W% L 7= SFD #ki Dk -1k % SEM I X 0 34l L
7= & 24 (Fig. 5), 55N 7=3 T SFD #ki+72% Leu DB ST, Z4L
PEICETLERIZRL - ChH D Z LR S Lz, F£72, Leu A MBI+ TIX R0
BIENHER SN DIZXKT L, Leu 0%5001 1D AIZHI 50 um 25 DR AR B 42
SfTe. —J5, Fig. 6 ORIESMPEERLY, 41L& b 5-10 um fHTIZ—
Wtk & — 27 WAFLE L, [RIERORLE AT/ F — v R d 2 LR S Lz, L
L, Leu 0%f#cki-0> SEM #2214 (Fig. Sb)IZF U THEZR S L7250 50 um F2E D
BEERIIHER CX oo te. ZOBHE LT, MR OB IENRDZ L
MEELTWD EE 2 be. SEM #8521, Fig. 2 1ZR LTV oW AR ARiok:
TUWIMAT A ADEMEERIZ L VL2 0B S5 Z L TREMRICAE S
T, BEAEIT> TWDA, LMS-30 (2 Xk DK +£83 K ORI E /AR HIE DOBR 1T E
AR T TRAEZR N ETHZEICXY, SBSETHEEZIT> TS, 4
%, BZERTICE DWW BT OF IR E 0 S5 50, SEM #15 T
e SN BEEARR F OB EN T LE - 7272, LMS 1 & B HIE DB
HT DN TERDSTEZDOTIIRWNEEZOND., ZNHLDREENS, T
ARG — 2 B OWAT /34 2D RR LW AR RICKL 1 D 43 BEIZ BV T
HHERR T THD I ENREINT-.

FHHELL 77 4 BRI - I2 DWW T B NI A S Y — L BB 3 L OVTSLI 2 AV T
ANFFEFH 24T 72 & 24, Leu & 5%WINT 5 Z &£12X Y, Capsule X° Device
2B T HIEDA L, Stage2 IZBITDHILENE LRI L ENRINT
(Fig. 7). & 512, Fig. 8 £V, Leu WINEKAFHIIZ OF 3 L U FPF O FE D
5172, Hoe 53X Duan 5l SD {EIZ L0 W AWM RISK: 1 % TR 3 D BE,
BRI T Leu ONEE 72 E OO EBAMBIAIZ IS 2 2 & T, HfRe 2 oo
BRI R RIENCEME U, R FREICMMEZ B LR+ O BRI LT
5. ZORAREOMMZEY, RFREOEMEBENMET T 5720, WA
PENSET D EME L TWD [31, 39]. UL, ARIEICTHE L2 SFD ki +
IX Leu IINC L 0 BARFEDOLENEO HNDHOD, KX Leu IO
KD T, ZAMICEDEREEEZA LTS Z ENSEMBIEICL VRS

18



NTW5D (Fig. 5). Z D728, Leu ¥l SFD #0KL - D W A FrMECk M 1% SD %
KifDOa L3RR EEZ NS, £72, Yang 5% SD EIC X 0 KR
K% R U 72 B, Leu & BAIH 2 20%00 L 72358012 B T BRI 72 ARREN
BohnmEHmELTWD [40]. B L, SD ki & SFD #hi 1@ Leu #RANIC &
%W NFHECCERE S FIRE T Ch D72 BIE, ZALMERIEICH KT D LR EED
KEW SFD i+ DOEMMEEI T2, TVEL D Leu MLBE LD EEZBN
%. X o7T, SFD #ki 1D Leu WINZ L W ANRHESGERTFZBH 502 57
O, BRI ENBIOEESELZIE L. ZORE, Leu 2R3 52 LI2 X

DRI E SN ELSIETL, &5I2 Leu 5%Mhi+ & Leu 10%Heki 13 1%
DOFfIE %R Lz (Fig. 10). Z Ok 1-[fHE DRIERRIT Fig. 8 @ OE BXL O
FPF OfE & AHEIBIR 2R L CE Y, Leu WINT X 2 W AR Eh 1T “hi+
BAEHOET kb0 ThrZ 2 RELE. &I, Kiro#EMX
Leu ZWINT 5 Z LI X 0 IRINEERFRIC R EBN DS EINT 2E 08B0 b
7z (Fig. 11). KEEMNOBIMNIKR AHOFHESHONE 25 &L TS &
2O, fERELUTHENORTIZORNDAIEEEREZ X LD,

BUETTIR STV 5 DPI D%  IFARERENZNENORANZE > T2 A
FNRA ZERANTHRBIEENTWD T2, ZRERRWAT NA ANFIEL T
W5, MATHSA ADFREZ D HRFD 1 D& LTHEIBEEDETOND.
Rl LT, ENBEENEWIZENTIEE N EMET, Rl mnZ &Ny
BEINDN, ZRITE o TRABRIDBRE SR, WALITS W E WD R
FET D, £, JENBREMEVIIENEBEIIFECH Y, MR
BN, MAEIDNEL BRETZORALLTNEW IR RRH 5. 4H,
Bz R E RREE T DWMAT A 2% W THRAFHEE 21T > 72658 (Fig.
9), OEIWMAT A ADIENBRFIZE D BEEZITIT W EAREBEINT-.
—7J7, FPF | IE I ELDIK Single 35 L O Dual & V72354, (K PFR &4 FC
IMEMENZ ERRENTZ. UL, Fig. 9 OFWAT A AFEHEFICI T 2
W NEERLATHE PFR #PHICB W TCIE—EDEEZ R L TR Y, Zo#mHN chiit
PFR (2 X DA Z T2\ 2 VRSN, 5 A GZR AT HE PER AN
T, fREEEREDIRNT XA 2 TH D Single TH BIHFRWMAFEEZRL TWD 2
&M B, Leu WIN SFD b1 2 W AR & L TUSHT DERIZ, BFE~D
BB DIRNBRAT NA A EIRTHZ ENAIEETH D EWIF S5,
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IL.5 i af

REBETIL, ZILIERRI 35 505 SFD {EB X OV B AI T 5 Leu & f
HEbE, WMANY — U BILOWAT SA ZAOMRRITEAT L 72 W K iSokr
T ORI A LT MARHERHMEAE RS, — &L ED Leu I L VA
RN FE LS EEEIND E L BHIT, WANRNT = BIXOWAT A ZADOMHREIC
KOTENTZWAFEEZ RT ZEDRHLNE R -T2, £z, ZO Leu IMNIC &L
%W NFFESCE D R XTI BARAF ) 72 R PRI E D OIR T BLO “HENME
DN NELE L TWDHZ ENRBEINT-.

AREECTRIFE L7 Leu W SFD SR 13 A/ — oW AT /3 A 2 DPEREIZ
EOTENTMAREEZRE T D END, MANRY = BNEp Dk 72 B
FERRAL TS, BRICET oMk EEN Rl S, ZE LIIGEER
EERT DI EDRHHFTE, WAMKANC L DZWMARIEOILRIZKE S EHEBRT
THEEROND. Fio, TEROWAKRAITILE AN KEETH - 7z miind <
R T 2 HIER b +oIclifF TE 2 &F 2 6N 5.
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Il F_F ENERARMTER X OmRIBHT 2 =3 AR Rk DB %

.1 s

BT, SALMERok TR VECTH D SFD 1k L i AI TH S Leu %
MABRDLEDLZ EICLY, WANRTY =2 BIOWAT A ZAOMEREIZEK S 720
BT AR A 773 SFD ki - DB IZEI L7 b DD, SFDIEIZ LV 1G6
N5 SRS TR AL RS, WEENREMEE 2. JAIOK
BIZE Y, MAT A 200 O EDOR T I L OWERasNTEE 2828k
(ZRER T DR RO, DENERFICLPEERANBRES NS, BUE,
BKMET X EE DWW AR ESGE D R AT U7 Ny R0k 1 O BA S 235 % <
TN TWDN, TRMEIZER LRI T TR 6T, £z, FFEIZ
BWTHRIHFI I Leu & 5% SH7- SFD Mok I3 = ANBEZ R L2 %
DD, AR ZH L TWARWNWE &2 PHERICE VR L TV,
ARFETIL SFD #8ohi 7 OB 2 M) T, Fx OBUKMET X/ k% 5 |
IZ 99% 7 Te SFD A ZFHE L, IRATZ IS T 2R L ORI IR,
EEPE~G 2 A C SN TR EITHo 7.

L2 FEgRHIE

1m.2.1 &kt
ETNAEMELT, EMETHL I VAL EA T U U A(FINa)
(Sigma-Aldrich Co., Ltd., St. Louis, MO, USA) # W= A& LTCL- T 7=
(Ala), 7"V 3 /(Gly) (Wako Pure Chemical Industries Co., Ltd., Osaka, Japan), L-A{
vyuAf>Ile), L-vBA(Lew), L-7x==/LTF=2(Phe), L-~N U7 77
>(Trp), L-23V >/ (Val) (Sigma-Aldrich Co., Ltd.)Z i\ 2. Z ORI, iR
ek E 721X HPLC HHDO b D& V-,

M1.2.2  BAKMET 2/ % SFD foki 1 O FH

0.2.2 LRROBIEZITY, AT/, E7 V3P L LT FINa (Img), &
Al U CHBUKMET X /% (Ala, Gly, Ile, Leu, Phe, Trp, Val: 4 99 mg)%
&, A28 100 mg/ 7.5 mL OFERANR & %L L, SFD filhi 1% 7 FEEFHHRL L 7.
3 B AVTz SFD P8k 113 7 ZABDASA T OZEIR L, YU BT AVDAST-T v
r— 2 NICEIRTHRE L.

[M1.2.3  BiAKMET I B8 SFD ki Ok TR B
I1.2.3 LRERD HiE TR 21T~ 72,
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IL.2.4  Bf/KMET X/ [ SFD Mok ORI P35 I ONKLEE 43 A1 Il E

BKMET X/ W SFD 0L+ ORI B4 K ORLEE /ARl 1 ki L — ¥ —[ml
RIEE AT E S E (LSM-2000e; Seishin Enterprise Co., Ltd., Tokyo, Japan){Z & ¥
fTo7-. EMEZEEIE04MPa Lt L, XU v ay b=y FEHAWTHEZELE
W2 E Lz,

[1.2.5 BOKMET X/ B O s PR

BKMET X/ B2 SFD 0ROl sa PRI 3R X BREITENELLE (X-ray
powder diffraction, XRPD; Smart Lab, Rigaku Corporation, Tokyo, Japan) %z FH\T1T
ST BESME LT, Cu Kot (30mA, 40kV)E VY, 20=5-45°D#iH THELR
HEE 59/ min, EAMRE0.05°fE L L, FATE—LEIC L HE L.

1L.2.6 BKMET X/ B2 SFD Tk 1 O in vitro W N FFHEFHT

0.2.5 8L .26 LFERIC, TSLIIZE MR AR — U FHAEE 2856 L, W%
ANRB = T B SE B O N Z FEM L 7=, AT /3o A|Z1E Jethaler™
Single 33 &X U Reverse (Hitachi Automotive Systems, Co., Ltd., Takasaki, Japan) % >
7z. BiIE & [FARIC DPI Okl B4 52 5]+ Tdh 5 PFR i HZAL S
H, TNENDORIMTHOWT 3 [EBIEZ T 2. FRAFOZRACHPH T T IR
Y L L7 ; AUC:25L, FIR : >100 L/min/sec, PFR : 15-120 L/min. F£7=,
W NFEHERE M OFaIE & L CEMHMEOFEEE TH D OE (Eq. 1) & filiszEtEofs
ECTd 5 FPF(Eq. )& H M Lz, SMEDR A ELZ L TORITR L.

OE =TSLI O3 X TOHFNLH B [EIUL S 4172 FINa #/4> FINa [FlX&E  (Eq. 1)
FPF = TSLI @ Stage2 7> 5 [AIY S #1172 FINa /4> FINa [A[[{ & (Eq. 2)

11.2.7 BKYET X/ B SFD ki1 O AR LR AT

BRSO ETICHE LT MY U AFKIEIRZ FRIET 52 &1L - T, EilR
(0 250O)CBWTEAR SN OHERNEE RH)ZBLE 75 %L 72D [41]. KBR
KT X/ B SFD #8hi 49 1.0 mg % F4E L 7= 2 5 HPMC & 7 & /L% RH 75 %
(ZAHEE L7 PAR RN — E I MR RE L 7.

11.2.8 et
I1.2.9. & [FARICHEHLEE 21T - 7=
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1.3 R
ML3.1  BKMT X/ B2 SFD f85ohi - DRk 36 K OVKLEE 73 AT

3 B A7 SFD FRRL - IXBKE T X BEOFREITIK b3 2 AL & e ek kL 1
ThoTz (Fig.12). mHtEN R, BEERLBEINRroTco), BEAE L
THWE 7 FEOBUKIET 7 BRIZS BRI OEE 2/ L T2 mTREMENRE
Z iz, F£7=, Fig. 13 ORIE AR r’r*%ot D, 1IFEALEDBKMET I R
T 1-10 pm fHTIc—gEEDOE— 7 2R L7cDIZx L, Gly TiE 1-10 pm B LW
10-100 um {012 WD B — 27 23kt &4, SEM TIBIZE S e ds - T de
(KROIFENTER SN 7=, D50 1% Ala: 2.32+0.06 um, Gly: 9.17+2.34 um, Ile: 1.78
+0.11 pm, Leu: 3.347+0.09 um, Phe: 7.17+0.42 pm, Trp: 5.96+0.58 pm, Val: 1.95
+0.08um (n=3, means+S.D.) CH v, 1-10 um F2EED D50 2/~ L7-.

©) X 5,000 5pm

Fig. 12 Morphological analysis of SFD powders of hydrophobic amino acids by SEM.
(a), (b): Ala, (c), (d): Gly, and (e), (f): Ile.
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(m)  x5,000 5pm

Fig. 12 Morphological analysis of SFD powders of hydrophobic amino acids by SEM
(continued).
(), (h): Leu, (), (j): Phe, (), (1): Trp, and (m), (n): Val.

24



12 -

Ala
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- —]le
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g 6 1 = = Phe
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E 4 1 - = Val
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0 T T ' )

0.01 0.1 1 10 100 1000 10000

Particle Size (um)

Fig. 13 Particle size distribution of SFD powders of hydrophobic amino acids.

1132 BN WARHEZ RTEUKMET 2 BEORR

IS )T HEN I AR A2 R THUKET 2 BRE R T D20, WA
T A ZADOWNEIEE D EHECTEM BT LV 58V E| 2B L 9% Reverse &
AW THRE 21T o 7. F72, PFR &% NiERKAT6E PFR #iH (Reverse i FRF:
12-40 L/min)iZ 351 2 HBARAE (15 L/min)lZf% & L T ANBRM:FEAf 41T - 72 Fig 14
LV, Gly lIZW AT /A ZIZH 60%IE%E L TE Y, D78 OF 3 L OV FPF 2Mts
DOHKMET I /REE L TIRMETH D Z ENond. —F, lle, Leu, Phe iL
Stage2 IZB T HULENF L <%, OEBXLUFPF & &EfEZ R L7, LLEDORER
725, lle, Leu, Phe [TV WH|THEN IR AFHEZ RTIRIEZAITH D LB X
5, LTFORETIE, Z03fED SFD ki oW a2 1T - 7-.
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100 -

OAla OGly @lle BLeu OPhe ETrp B@Val

Recovery (%)

Capsule Device Throat Stagel Stage2

(b)

100 -
80 -

60 -

(Y0)

40 -

20 -

OE FPF

Fig. 14 Inhalation performance of SFD powders of hydrophobic amino acids examined
with TSLI (Inhaler: Reverse). (a) Recovery rate and (b) OE and FPF values. The PFR,
AUC, and FIR were fixed at 15 L/min, 2.5 L, and >100 L/min/sec, respectively. Each
value represents the mean &= S.D. (n=3). The OE vale of Gly was significantly smaller
than those of the other amino acids. The FPF value of Ala was significantly smaller
than those of Ile, Leu, and Phe, that of Gly was significantly smaller than those of Ile,
Leu, Phe, Trp, and Val, and that of Phe was significantly larger than those of Trp and
Val.
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I11.3.3 PFR ZALEFD in vitro W NFFEZEAL,

PFR ZLRFIZ 31T B WM AREE~D B Z T 5 72, W AT /34 A% Single
\ZZEH LTS Z21T>7-. Single 1% Reverse & Mg L TN E N TH H 7=
W, WA/ NS, PFR ICKDEEN LV PMEIZHE LN D D TIER VW) E
Ex, BRU. Single Z HWZBROMES N2 ATHE PFR #iPHIX 34-115 L/min
T D7, ARECIE PFR % 30, 60, 120 L/min @ 3 &£AFICREL, Bata
f7T-7=. Fig. 15 XV, Ile, Leu, Phe ® 3 ki 1-I% PFR FEUEAFHI 720035 55 Eh % &
OWE AKMEZ 7~ L, OE 1% 80-90%, FPF 1Z 70-90% & U 9 AL 7= A2 R L

(a) (b)
100 -
Elle OLeu OPhe 100 1
Bile OLeu OPhe
~ 801 80 5
3 9
60 - >
- 2, 60 1
g 40 z 404
20 A i{_ﬂ 20 -
0_-==._,_..T[-|-"H1 . 0-—*———.—."’". -ITI] N
Capsule Device Throat Stagel Stage Capsule Device Throat Stagel Stage2
100 4 100 -
80 4 i . 80 —1
_ 60 - ! _ 60
S S
40 4 =~ 40
20 4 20 A
0 ; . 0
OE FPF OE FPF
(©)
100 - Fig. 15 Influence of PFR on inhalation
Blle OLeu OPhe - .
80 - performance of SFD powders of hydrophobic
§ 60 - amino acids (Inhaler: Single). (a) PFR 30
g 40 - L/min (low flow rate), (b) PFR 60 L/min
Z (middle flow rate), (¢) PFR 120 L/min (high
5 e ot B[]  flow rate). The AUC and FIR were fixed at

Capsule Device Throat Stagel Stage2 2 5 [, and >100 L/min/sec, respectively. H:

1007 . L Ile, M: Leu, and [J: Phe. Cap, Dev, Thr, Stl,
801 and St2 stand for Capsule, Device, Throat,
9 601 Stagel, and Stage2, respectively. Each value
T 401 represents the mean = S.D. (n=3). No
e significant differences were observed among

0 - oF - — » Ile, Leu, and Phe.
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M.3.4 R BWAT A 2% T2 BEOWAREZEAL

BIRDWMANT SA A% OTEBROW AR EZ RS 5720, R UEIERE
TR EMEIZB W TR AR D 21T > 72. Reverse & AW 7=FEdD PFR 2 15
L/min O & Single Z 728D PER 78 45 L/min OBEANE UJE JHEE (3 kPa)
LD [0, ZOFRMIZBWTHERET 21T > 7. Fig. 14 ® Reverse = H
W2 BR O ARFERE B & Fig. 15 @ Single % W72 BRO W AR P B2 o4 %
&, lle, Leu, Phe @ 3 kit & HITW AT /A ZADMERRITHK & 72 W MEILTZIRA
Kz R LCEY, lle, Leu, Phe (FWANZ — U BILOWAT A ZADOMEREIC
KO WA Z R T AHRIEAI TH D Z L3RS,

[1.3.5 JIMRATRZICI I DM AR, RiTAK, fdatEZ21 b

W ARG — 2 B L OWAT A ZADOMHREITK S e WEN T AFHEZ R LT
lle, Leu, Phe ® 3 fhi 7-Z =i, RH 75%5MF Fio—EMMRGT L, INEIRTR]
BITHIT DWMARE:, R, ML EZ R L7=. Fig. 16 OWARARF
G S0 6, IBARAFRT & INEARAE 1 B3 KOV 4 BRI% 2 i35 &, 3 foks
+ & B INEARAERT & F% D OFE BL W FPE 27 LTEY, IR FEEZE LENT
e NFFMEZMERF T2 2 E BB E e o7, E 2, INBARTE 1 ER% Ok1F
K& SEM IZTHIER L/E R (Fig. 17), MBETE TR F-IIRICK & 22 2B IXER
HALT, SFD Tk R A DL AL MEEEZ MR CE 2. i e LT
FINa-Man-Leu5%fhi+ & RIER DS THRLRFEZ 1| BAT o 12 B IShi TR E-T
BATo7& 2T A, SFD Wb OZAMEREEHE L, o RREE AT
HERFR A NER SN, 2B DR D, Tle, Leu, Phe @ 3 ki 3N
RAF1% BN T ARREZHERF T 2K & LT, “LAMEREE DR NE R
BENERZL WD LEEZLND. 512, XRPD IZ X 0 fEdMEaH 21T 7= &
Z 4 (Fig. 18), lle, Leu, Phe OJFRITAG AL B — 7 33880 b7z DIZXF L, SFD
ORI 1IN — R F — U DR S ILT=. 24U SFD {EIC L 0 ki 71k L 728 1C
B L= EZBND. INBARLE 1 BRBICHIE 2 FEIT - 725558, 3 ks
T & I RTFRT E FRED o — % — &R L, FERE DR N R S
7.
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B Before humidification
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Fig. 16 Comparison of the (a) OE and (b) FPF values of SFD powders before and after
humidification at 75%RH (Inhaler: Reverse).

The PFR, AUC, and FIR were fixed at 30 L/min, 2.5 L, and >100 L/min/sec,
respectively. Each value represents the mean = S.D. (n=3). No significant differences
were observed among Ile, Leu, and Phe.
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() X 5,000 5 pm

Fig. 17 Morphological analysis of the particle shape before (a, c, e, g) and after (b, d, f,
h) humidification for a week except for Man-Leu 5% (b), 1 day.
(a), (b): Man-Leu 5%, (c), (d): Ile, (e), (f): Leu, and (g), (h): Phe.
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Ile-Bulk
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Fig. 18 XRPD patterns of bulk and SFD powders of hydrophobic amino acids.

1.4 &%

SFD JE55A O L ALMERE I Bk 2 R mfE O KIE, BAIOWIRIZI T
RERMEE D, BAOWIRIZE YD, WAT A A6 O EDIKT
B L O ZRN TR BBV IR D18 R~ D8, DFENEFICL D
BIEANBREIND. 2O, FICARST U7 7 EOEIRZIE 2B Tl
W AN ARAN DI T LORE FIECOWTHSRERERLETH Y, K
WZxF T DR EAT - T AN EETH S,

BBV, DA TH D Leu & 5S%IRIN S ¥ 7= SFD #oki 113 A
RE = BIORAT SA ADOMERITIK S 2N ER TR AR EEZ R LT OO,
+ o3 7RI ME A L TV WD 2 PREBRICK VER L TERY, ENZR
NEER KO MO 7 25729 SFD ki - OB N EE .

RKETIE, F—ECThHEmbhAlE LTHWE Leu 2B L, ®AIH D Leu bt
REmmDDHZ LT, BRI ARME X OMRIEM: 05 2R A 7-. £72, Leu
VS OBAKMET 2 7 BRIZB L TH Leu & RBEOZENE SN0 E ) DR T
Bz, fEx QBT 2/ B SFD ki 7288 L, INERTZ I T D W AFRF
Mg L ORI IR, fESRE~5 2 2 EBIZ O W TR 21T - 72,

FHELL 7= 7 R OBUKMET 2/ B2 SFD 0k 1%, XTI E ek RL
F+TH Y, BAF7255 827 LT (Fig.12). Fig. 13 ORLESARHIERE R L 0,
Gly 1% 1-10 um 3 X TN 10-100 pm I MO B — 27 23 S 4, SEM Tl
BE SN o TDBEEROFENHER IO L, Gly A OBKMET X/
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FEIX 1-10 pm FTic—gEHO e — 27 2R L. BT AR 2 R BUK % T
L EBBEREKRT D728, Reverse OfEE NZERLFIHE PFR §iH 23 TH /K PFR
A (PFR 15 L/min) T T AFFEFEHM 21T o 72 & 2 A, Gly IZfOBKET I/
fi & it LT OE 38 KOV FPF 02 LWME 23780 biv7z (Fig. 14b). T OJRK &
LC, Fig. 13 ORIESAPERE D B ST EEER DA AFREOIK T
\Zo%emoletE 2D, —F, lle, Leu, Phe ® 3 #hi1-I% OE 3 X X FPF
D3 70%LL b LN T ARRE 2 7R L7z (Fig. 14b). D50 1% Ile 35 X OF Leu 1349 2-4
pm FEEE &R/ NSV DITKE L, Phe 135 7 pm FRE L OOR T W20, e,
Leu, Phe ® 3 $okhi - 23/ Lo B T2 ARFIELT R 7487 iéiﬁiw%
BTl “MAEREMNOINT” X “BEMEOHEK” 7 L oMo KT
E”i.%jt%b\é:%z bivh. £, T 3 kLA TR ANE — /’?J%U\T
INA ZADOPEREITHK &, ﬁht%A%@%rLt(M33kiom3m;kﬁ
5, lle, Leu, Phe [ZWANH —2 B I OWAT >4 ZADMHERRITHK & 720 A FF
WERTHRARBMEA CHDL Z EWNRB SN, 20 3 ikt L, =i,
RH75%5M T2 W T— & BRI SR AR 21T o 72 & & A, 3 ks
+ & B INRLRATRT & R OB TZ R ANFEEZ 7R L7e (Fig. 16)72®, lle, Leu, Phe
ZRIFIPICEBERRINT 5 2 & TENZW AR & NS R4 2 &
MR STz, 51T, INBRFHE ORIk Z SEM B4 1 0 gl L7 kG R
(Fig. 17), IMBARAFRIE TR FIRICKR & 223580 54T, SFD Mok 1-45A
DL ANERETE DS HEGR S 7z, FLEekt IR & L € FINa-Man-Leu 5%kl 1 & B AR 17
BRI IBIRGHl 21T~ 7= & 2 A, SFD ki A OL LM EN L L, 78
DN FRmEEB T LRI BlE Sz, ZbORERENG, Tle, Leu, Phe
D 3R DINRARTFE D EN TR AREZHERF T 2R & LT, “ZAMEE
DOHEFF NEETH D Z WA Iz, £72, XRPD IZ LV FESEREAn 21T -
7o& Z A (Fig. 18), lle, Leu, Phe ® 3 ki3 um—"Z = 2R L1220,
SFD JEIZ K VKL F{L LIZBRICFRRE L L& B 6D, £, INRRFEE
(CFFEERIE U7 b5, 330k 1- & B ICIMBARATRT & Ak D N — X Z — 2 ZoR L
7= ZHUTIHEARFC L 0 WA OB U o 12728, IHBARAERT & [FkE
DML AT DN TERLEEZLNS.
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L5 e

ARFETIX, SFD PRI - O L AMERGEICH KT 2 TR LT 87 2dGE
TH0, SHUKMET 2 R A RAIFIZ 99%E T SFD ficki % 7 FEEFEHRL L,
IR RTZIZ I B WAFEER L ORI 2K, fEfmtE~5 2 2 82 Mt L.
W AR RS e B, 7 FEOBKMET X/ 2 SFD ki1~ Ile, Leu, Phe
D 3 PRI AIFTW AT — B LA T SA ZAOHEREITHK B 72 W AREM: 2R
T & BT, IMRRAF 4 ER% S INERTFRT & FEOWAREZRL, B
Mt EE 2o Uiz, E 72, INBERIFRT#£IZ351) 5 FiNa-Man-Leu 5%580hi 724K GF
MifES LV, SFD ki + 3\ RiE+ 2 &, FrA OB ENELT 5 2 L3 H
HMNERD, INRRGFR D ENTZ R AR 2R T 2720121 “ZAMEMED
HERF NEETHDL Z LR INT.

AREOGT LY, B AR KON EAE O 5 %5 723 SFD #i5ki 1
DFAFEIZIFBNT, Tle, Leu, Phe (FAHRIMIEHIE 700 Z E0niff S, Tk
Tififlk DPI CILA SN CE =3 b 2 TR AEM ch D L5325, £
7=, HWBIIEA O L ORIC X - TR ZHIETRETH D 2 & A
Bk ipol. RETHOLNAIL, HHREZESE LR AR ERAIBIRIC
BWTARRERZEMET 260 EBZ 261D,

33



IV =% ERSURRE R T ORI PSRRI X 2 WARF®

~DE

V.1 #=5

FEB IO Ea2E U T, WAMKMA - OFHFRE L& LT SFD #E0D
HHMENR ST, W AR TR & 2N 5 20 1IIZ BREE 9 2 BLER RV B4
Z%% R L7z (Fig. 19).

Before inhalation After inhalation

X2,000 10 pm X 2,000 10 pm

Fig. 19 SEM images of SFD powders before and after inhalation.

ZOXEIBRBRELOT S EMARMEDORRMIEZ A S 2MZT 2 2 & T, EHME
(N T TR A KR 7 DRAIVEIZ DR RN DA RERNEOND EEZD
no. KETIE, PEERREEOREAZZ(LSE D Z L TR OREIENRER D
SFD ki -2 difd U, W AReVER I 2 DHRR9IZAT 9 2 & T, SFD ki 7D A
S T OMBERREEIREFIE DS RARFEAS RS EIC OV TIRET 21T o 72,
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V.2 FEBRFIE
Iv.2.1 ek

ETNAHEYELT, EMWETHLTINALEAL T MY T A (FlNa)
(Sigma-Aldrich Co., Ltd. , St. Louis, MO, USA)%Z i\ 7z, BREHI & LT D-(-)-~ >~
= h—/L (Man) (Wako Pure Chemical Co., Ltd. , Osaka, Japan)Z i\ 7=. 3 #fiEh
& LTL-v4 > (Leu) (Sigma-Aldrich Co., Ltd.) & i\ /=, Z DR, &
TRITFEFRE 71X HPLC O b 0% HW -,

V.22 ZAMEOREE N 72 % SFD ki1 DR Hd

0.2.2. & FIEROEAEZAT VY, SFD KL - O &2 1T - 7o Rl AR & LT,
FINa-Man-Leu 5% 7 28 L, AR OFEHRE (0.5 %, 2.0 %, 10 %)% i
HECIEDZ LT, ZAMEORENR/: 2 3 FFHO SFD #oki 1 O FHM 2 57
7=, W5 DFE A Table 3 IZ/R L7z, 1554072 SFD ki 113 4 7 A8l 1 7L
WX L, YU BTNV DANSTeT v — NI EIR CHRE L.

Table 3 Formulation of SFD powders.

Formulation Name 0.5% 2.0% 10%
D-(-)-Mannitol (Man) 47 mg 141 mg 188 mg

L- Leucine (Leu) 2.5mg 7.5 mg 10 mg
Sodium fluorescein (FINa) 0.5mg 1.5mg 2.0mg

Total 50 mg/ 10 mL water | 150 mg/ 7.5 mL water | 200 mg/2.0 mL water

IV.2.3 SEM T Xk BRI EEA
FHEL L 7= SFD ki DRI L O A ORRE 2 il 4 570, 1.2.3.
& [RAREDEE CRHMI 21T > 7=.

IV.2.4 LMS % FW =R 2836 X ORI BE A Al e
I1.2.4. L RO H1ETRHME 1T 7=.

IV.2.5 Andersen Cascade Impactor (ACI)% FH N 72BE D in vitro W ANFFERHAM

SFD fCRL- D ifiik 2 2 FE M 39~ % 72, Andersen Cascade Impactor (ACT,
Shibata Scientific Technology, LTD., Souka, Japan)% I\ 7=. W AT /A R(Z1%
Jethaler® Single 33 X 0" Reverse (Hitachi Automotive Systems, Co., Ltd., Takasaki,
Japan)Z 7=, ACI X2 EHED Stage #A L TEY, LVEHIZHNHIIFE
cut-off BN/ 720, B U7kl 128 & @ Stage F CTEIZE L 72T L » T
EEM ATl T2 Z ENARETH D, 2 5 HPMC 5 7 & /1(Qualicaps Co., Ltd.,
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Yamatokoriyama, Japan) PNIZ SFD R 1% #J 1.0 mg FBEE L, WAT /31 A
HEL, MAT AR EMORZ 2T LKLV ATV ZHODR
BT TRRBETT A A BB PRI HEE L, BMIERATEZ ACL @ Throat
(ZHERE LTz, & DITHRL RS IRFDOWAN S — 2 Z2IET 5 BT, Ntz
B RE LTz, T X TOER A MR LI RICHIVEE Z/FE S, B
TE DA TR+ OW 5| 24T > 7=, FRERS LD BB T, 4% Stage OffitENR (7
L— M7 VR Y &M< BAT Lz, WBIRTHRICH T, BAT S X,
Throat, 4% Stage, Filter I Z 1T iLF L 72 SFD ki %4 PBS T 50 mL ™ A
AT TAARNIZWENZ L Z LI RV EIR L, AREHARK T O FiNa & &z dit~
A r7uFL— U —%— (FhEHE: 490 nm, #HHE: 515 nm) (Gemini EM
Fluorescence Microplate Reader, Molecular Device Co., Ltd., Tokyo, Japan) (Z & Y &
mLT.

WMARS— 1T PFR Z 28 LS8, TRENDORETHOWT 3 BT O & 1T
o7z, BRIEOZEACFEMITLLFIRTE@Y & Lz ; AUC: 25 L, FIR : >100
L/min/sec, PFR : 15-90 L/min.

W NFF PR OFEEE & U TR O FEEE Td 2 Output Efficiency (OE,
Eq. D & Mgtz DFEEC©d 5 Fine Particle Fraction .3 (FPF3, Eq. 2)35 & OVifi
GRI L ZEME O FEFE Cd 5 Fine Particle Fraction gaees (FPFS, Eq. 3)Z & L7=. &8
DEETEZ U TOXITR L.

OE = ACI @ Throat LARE7)> & [FIIX Z 4172 FINa /4 FINa [FI{ & (Eq. 1)
FPF3 = ACI O Stage3 LAF& 7> 6 A1 4172 FINa #/4% FINa [EI[{ & (Eq. 2)
FPF5 = ACI O Stage5 LAF& 7> 6 A1 E 4172 FINa #/4> FINa [EI{ & (Eq. 3)

IV.2.6 WARFEREAMIRE D ACI 4% Stage (235 1F 2 ILAE BT IRFEAT

W NFFVEREARIBE D ACT 45 Stage (Z351) DILFERL - DIIR 2 5HE 95 HI T,
ACI @ Stage0-7 3 L O Filter #4312 SEM ORI 7T — 7 & Ui L, W ARMERE
fili & AR D J51E T SFD KL DWW S| 24T o 7. W5It%, AEBALICALT L7 i
F—7% SEM BB ICHAE, 30 mA, 90 BEOKETTIFFa—T 47
(JFC-1600, JOEL, Tokyo, Japan)Z 17\, SEM @l£i% 17> 7c.

IV.2.7 el
I1.2.9. & FARICHEHLEE 21T - 7=
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V.3 fER
IV.3.1 SFD #eki1- DR FAR 3 KL UKL EE 73 AR

SEM @£ (Fig. 20075, SFD FARKFOFENRE 2L S E 52 L T,
ZANEDORREN/2 D SFD ki A2 35 Z LICpsh Lz (4L 0.5% >
2.0%>10%). F7z, REHRENMEWEZAMNEE D, EREHEED RIS HER
WO BT, Fig. 21 ORI EESARIL 3 A L & —lgEo v —27 Zx L, D50 1%
ZHEN 0.5%: 2.82+0.09 pm, 2.0%: 5.27+0.20 pm, 10%: 6.51+0.10 pm (n=3,
means=S.D.) CH - 7=.

X 5,000 5pm ()  x1,000 10 um

Fig. 20 Morphological analysis of SFD powders by SEM.
(a), (b): 0.5%, (c), (d): 2.0%, and (e), (f): 10% .
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Fig. 21 Particle size distribution of SFD powders.

IV.3.2 ACI # W 7=FED PER ZALRFD in vitro W ARFHEREAN (W AKBTO K =
VT /3 A:Reverse)

W AEHLDO K E WT 3, ZATH D Reverse & W ZEZD PFR LI IZEIT 5
W NP R RS B & Fig. 22 127k L7=. PFR % Reverse i FH RF O fdt 5 N2 RL PIHE
PFR #iHNIZ I 2K & (15 L/min), Hi®E (30 L/min), & (60 L/min)
DI3IFMHFIHEL, MFtEITolz. TOME, ZAMEOREIZK ST, &0 PFR
IZB W T AR DO TEE 2 Eh s L O ARHEZ R LTz,
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Flg. 22 Influence of PFR on inhalation performance of SFD powders (Inhaler: Reverse).
(a) PFR 15 L/min (low flow rate), (b) PFR 30 L/min (middle flow rate), (c) PFR 60
L/min (high flow rate). The AUC and FIR were fixed at 2.5 L and >100 L/min/sec,
respectively. Each value represents the mean = S.D. (n=3).

IV.3.3 W AR 28 & ILERF IR O BRME (RAETIOKREWT N1 R
Reverse)

ACI Z 7= APk 268h & ACI 4% Stage (235 1) B IR -T2k 0 BE4R ML
WCHEHR LTH B & (Fig. 23), Hii&E (PFR: 30 L/min) D528\ T, %?L@
PSENBCRL T (0.5%) XM AR H TR T HEE D FAEN K 5124 U, Stage B
6%‘?%3%[5 IBWTCHFHEENHRE LT LONEBEL TWA I EBRO LI

. 7, ZHMEDMEODCKI T (10%)1E Stage EERICIS T D RIFAREEIZR O b
ﬁ‘ Staged F TITHLFAEEDARE L2 THEIET D H OB ZVMEHIAIDED b
ni=. L»L, iR EMET 5 Stage?7 ~DRE TR FHE 2 BREE L7= 6 D)
%< HjEL TV,
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Fig. 23 Correlation of the deposition pattern with particle shape (Inhaler: Reverse).
The PFR, AUC and FIR were fixed at 30 L/min, 2.5 L and >100 L/min/sec, respectively.

IV.3.4 ACI % W 72BED PER ZALEED in vitro W NFFERHM (W AKHTO/NE
VT 231 A Single)

W NRPLD /NS WNT A A TH 5 Single & HWZEED PFR ZLRFIZIB 1T 50K
NP FEAM RS 5 % Fig. 24 127~k L7=. PFR % Single f# i FF O @5 AL 7 HE PFR
FPAPIZ BT 2K E (30 L/min), Hi&E (60 L/mni), miftE (90 L/min)d LY
A OBRARTE R (15 L/min)® 4 SRAEICRE L, BitE21To72. TOME, @it
B TIXIV.3.2 OFER & FRRIC AL @m—f IR B, FEROTEAE 2B L O A

Lﬁf@ﬁﬁuﬁ)%ﬂﬁ. LrL, TiEBOLAIZBWTIL, LMD E Wk
(0.5%) 23 i & it Té/ﬂ%ﬁ>§< AR B L MR EICB VT, 2

LA DS 3 ok (0 5%) I% Stage LEBTOIRENL L, ZAMEIMRIR
(10%) & bl U C it s 22 0 MV ME R 23588 BTz,
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Fig. 24 Influence of PFR on inhalation performance of SFD powders (Inhaler: Single).
(a) PFR 15L/min (extremely low flow rate), (b) PFR 30 L/min (low flow rate), (¢) PFR
60 L/min (middle flow rate), (d) PFR 90 L/min (high flow rate). The AUC and FIR were

fixed at 2.5 L and >100 L/min/sec, respectively. Each value represents the mean

S.D. (n=3).
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IV.3.5 W AR Z68) & sk IR O BfRE (RABILO/NIWT N A R
Single)

IV.3.3 & [FIBRIZ ACT & W TR AT A 258 & ACTL 4% Stage (231 D LA R 1T
ROBRIEIZOWTIER LTH 5 & (Fig. 25), K& (30 L/min) DA 135 L%
D3 E MR (0.5%)EW AL ThLAHEDRRENE L Db DD, ZhFEAIIZ
HREES NN Z LR TE, ZDZ &ENMEEEZENKR FICHES LTS &
E2oND. —F, ZHMENMRVERL T (10%)134 Stage & 18 U C B4 724yt
MHERTE, METIZB N T HEREEE Z MR LR+ 2 Bl sz, £
7o, HitE (60 L/min) D356 OW A 288 & Wi TR OBERMEIC DWW THEHHE L
THDE, V33 OFER L RBRICZIHIED E WL 7 (0.5%) X A& H ChE
THRAEDE U, Stage i) O IETRIZ I W TR FASENHRE L7 b 003 % < H
ELTWD Z e, —T7, ZAMEMENRLT (10%)1% Stage EEFBIZ
Bl DR FREEIIERD LT, Staged F CIRRLFHEE S AAEE L7a< THRIET
HHDONBVMEHAINFRD b, LovL, R EIET D Stage7 ~DFEIT
K FREEDNHRE L2 b O < FliE L T,

mEtE (90 L/min) D356 OW AILAE 288 & KT R O BAREIC DWW THER L
THDE, ZHAMEOEANRRL X R (60 L/min) D5 F: & [AERIC Stage E#f)»
OITETICB W TR AEEDNRE L7 ORLEELTWD Z ERRBD LN
7o, —, ZHMEOIRNERL T (10%)IZHB VT, KEE (30L/min)d L OVt &
(60 L/min) DHEA 1238 B 172535 7= Staged 7> B ORL T-HE i O FHEEA R B T-.
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Fig. 25 Correlation of the inhaled deposition with particle shape (Inhaler: Single, PFR
30 L/min). The AUC and FIR were fixed at 2.5 L and >100 L/min/sec, respectively.
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Fig. 26 Correlation of the inhaled deposition with particle shape (Inhaler: Single, PFR
60 L/min). The AUC and FIR were fixed at 2.5 L and >100 L/min/sec, respectively.
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Fig. 27 Correlation of the inhaled deposition with particle shape (Inhaler: Single, PFR
90 L/min). The AUC and FIR were fixed at 2.5 L and >100 L/min/sec, respectively.
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