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U, REERZ R T 2R YOG E LT, BIENERZED TS, BENES
OFEE LT, HREHTHD Z L, YRS N L & L TR DOESHTH D
Z &L EEES R A FRECE S Z LR ENRFEIT NS,

SIENICEGENDAIEE LT, WIREA, FVRA ., MREARERS LR, TTHH
REFNT I 5 BEOR, PR O EN 2 EORRN S, HREA % SN S Lz

L SPEPN T AR SR S TR R A AR CURIRIRAE & 72 0 | VR L TS S A S 0 B i~
W EN D, Lo T, BENTOEMRRINEZREST HRFEL L THEETHL, —H,
SRERSZ P - & 0 7o BRI A S0 [ (SRR 113 3R 2 8 D KR & & b IT, ik BRI
EEHICLY BEERSTICETh, WEE~BITT 2, ZOMEEDICL2BDORET
mucociliary clearance (MC) & FE[EAL, SENE 554 OEYWIN 2 ZET 5K 1 & L CHEET
b5, MRBEANTHATMY N EEND Z ENE L BARMMIZZ O X 5 72 BN b
% ORI % 3BT DY) OEEfFERS MC (582 52 D aTRetEns @, & HIS, BAIRIN X
SRR RN G SN D 7o BRI RIET BN HEE RIS o KEnwe & 2
HID, & T CARMIETIE, BARIMMIT L D I OHIFE O " REME 2 51l 9~ 5 7291
SRR $2 5-1% O SR R F 3 AR DR A RATHIZ S L 7=,

[EBGIE]
BPENE 5% OE YW EL 5 2 2 8AGINMY & LT, L&Y CMC-Na,
hydroxypropyl cellulose (HPC) # R L7z, I HIT, AND=ALEMFT 572012, EAEN

72 % 3FfHO HPC (HAEE DKW H D)5, HPC(SL), HPC (M), HPC (H)) & UF NaCl %
iz, Fiz, e UCid, WRE - BEaME 0 8722 warfarin (WF, BRI & &% 18
). piroxicam (PXC., 1K¥Afif FE & iz i) . norfloxacin (NFX, i a4 B & (K754 ). sumatriptan
(STP. A fiRE &AKiFE M) & 1IN L 7=,

In vivo BV EER : Wistar RHEMET » b O BENIZIEMIFEER 0.5 mg H 25 VIIHARRA 1 mg
(iR 0.5 mg., HARIMY 0.5 mg DIRAHA) &5 L, FTREKRBERKICE L/ == —
L BRI BRI 24T - 7o, MAEP#AEIT HPLC (2 X 0 HIE L7z,

nwmo%mgﬁﬁiﬁz%?wmw&urMﬁMﬁmwammmmwmm@gw@%m

W, TOHBERA R U, SENOAERNSEZEE L, BEFERIT apical HIHMAILE % 22
KU HEfh S 7251 (air interface condition, AIC Z&{f) TIT o7, Apical {HIHH &2 i 1238




JEAR 0.5 mg &DVIIHFEMARMA | mg ZEHFEREG L, Ok, KRIEFHIIC basal Il LY 4
v T To T, Yo EEIL HPLC 12X W iTo 7,

MR EmA S BEOE( : BRI T DK EEE THT 57292 AIC &40
MDCK HiJg Iz AR 2 B G- LTz, £ D%, apical M FE)53 & 4kDa @ FITC
T % 2 K Z  (FD4) R E RN LTz, Ok, MifafE R m O IRZFIL L, FD4 OFAR
KLV EEFEH L, REAKGEOFRREE KD,

In vivo BFENVEEEYE : Wistar RIEMET » h O RPENIEE) 51/ 70 kDa @ FITC {7
¥ A N7 (FD70; FEWINME~ — T —) & FEW R e OB AR BRI IRAN 2 5 e By R 3741 1
mg ZWEFEHG Uiz, B 5. 10, 30 /3%, Hirai HOFEICHELTT v FOFEE, AEL N
KRB ==2b—varafillc, EHRECHALLF 2 —7 L MKEREA & LT
dithiothreitol (10mM) A& ¢e PBS ZiEA L, SMENZUEE Lo, WeifiRAEIL L, BedHKic
GENLHOLREZRIE L, FD70 EE2H T LT,

(&R - BE]
(1) BEAREZOEDTIURETIHEORE (HEREKIEIIRIETEER)

F9, AR & LT, BIEAE L CLH SN DI @RI L, EYRIU KIF T 52
AT Uiz, SPEIMEE N & il L, KN D RIS K oy B IEF 1T i 2
EMD, HLENTOEWH L ITRE S BARDATRBIEN RV, FRZ, AMOGAE . MERATIC
BIFORENELS 20 MWIREENIEAET D LTINS, EORER, KGOBENREL,
R DK EPERT DAREMER R W E B X bIVD, £ 2T, kxRS 3
(WF, PXC, NFX) ZE7/VIEY & LT, 2D ORI KT 5 MO %2 R HHE L
7o T v NEPENEG% O PXC OWIUTFIEC L0 8E S, & 51T NaCl 12 K HUER
KVEETH o7, PXC &[AER, NFX OWRIIIFHE, NaCl 12X > T i, o2
DEVBETH -7, MBI, WF ORIUIT R Z BN L TH A L, A THK
T oM BES N, TDOAN =R L ERFT D721, MDCK #llfia B i 4 K
Wy iZ i R A AT - 7o, FBE NaCl 12XV | TR TOET VIR ORLEIE RN Uiz, £z,
Fif 2 i 7K oy B L FLBE, NaCl OUINZ L VK L, NaCl 12 L 2 KRORENRKE Dol
—J7 . invivo BIENHERBMEEZRT LIZE 25, 10 4555 O SFENFEFSRITEHEMFER TH 50%.
ABERIMT 20%, NaCl T 0% TH Y, FLBE NaCl (2& V| &lED D DORGFI ORI eitE
SNDZEPHLNE ST,

VLEDORER LD | FLBE KO NaCl (2 & 2 SRR i 0D 7K 53 5 00 H K ITHM) O B0 N7 1
IXHFNCVERT 208, SFENEEMEZIKT S8 572012, I Lo TERIIK T % &k



T 5 eV R ST,

(2) BENRESROEDTIN KETHEER CMC-Na DEE

FEGHIE LT CMC-Na &, BT /VIEY O BN 5% ORI~ 5§88 & S L 72,
CMC-Na Z GTefy KA Z T » M RPENICE G L7k D PXC, NFX OWINE CMC-Na (2
FOAEITHERL, WF OWIIIET L7z, —J . AIC §fhD MDCK HUEEIZFy A4 2
W% L. TO%ROEYFIBRERE LTz, O/, Eigih I &IFT CMC-Na O8]
BINRhole, £ZT, 7y bEMAWTHREAID in vivo SIERIFREMELTME L& 2
%, CMC-Na {2 & 0 fAI 0 &ED & OWRDEIET ZEM B S iz, L7223 - T, CMC-
Na |2 £ B WIUEKITADBEORIEIZ CMC-Na 2EfRT 5 2 & T, "AIOKREREE Y | alk
TR PEDS TOHE L7 R R & B 2 Hivic, I, insulin L TN FD4 72 &0 47 F-3EW) D% sk
IIZ K IET CMC-Na OOV T HRET 21T 572, ZORER, K0 F3EW & [FER. CMC-
Na [ZX D 2T b &5 FOWIEEDFE D b,

PLEDOIEG, CMC-Na XY Doy EICBfR e <. D SENIE LA R ESw, 3K
Y ORRERINZ W EFTRETH D Z LRI,

() BEAREZOEMRICKIETTESEDORRD HPC OFE (BENHBREICKIET

22

BEICBIT AREN S, fEAA] CMC-Na 28 BFENTREYED A & 2T pE > ROk
BIAHATHLZEBHLNE 2oz, 2T, B2 TIIEY O BN B KE TR
BANC L DRE OB IR+ 5720, BEEEOR S 3 FIEOAEAA] HPC (SL).
HPC (M), HPC (H) O E xRt LIz, 7 v h&ENE 5% 0O WE ORI, W ivd HPC
ZWM LTS EICBWTHIET Lz, PXC OWIRIX, HPC (M) HIIIRFIZHE R L7223, %R
|2 HPC (H), HPC (SL) WMEFZIZIK T L7z, £7=, HPC(H) ¥ L7 PXC #5#% o
RO S B0 IZIE lag time MEIZR X7z, —J5. STP OWIXIEL, HPC (SL) DU
X0 ETF ORI FABLZ S =s, HPC (M), HPC (H) # i L7854, STP ORI
M GREOZNEI 1.4 5, 2.5 FICH KLz, N6 OBRFEZ@E U T, BRI KIE
4 HPC OSCENFMIZ IV RRD LA BNE ol RIS, ZDA T =X L EBET
D102, &HE HPC VRN T 2 - ORI ik - RatLiz, 2> bue—1Th 5
PBS & L#: LT, HPC WP TOIEMOIIEIFMET L. S 512, ZDOET ORI HPC
DEEEOHEKIZMEN, IVBETH-T2, 7y FEHNTEDD in vivo SIENHEIEZ
FHiL72 & 2 A, PXC HIME OGS, 5 10 5% O SIENRFRIL 20% ICETIERTL



=DIZk LT, HPC ZWMULT-E4E . HPC OEAEOHEKRITLEV Y, SN s M3 B

] b L7z, HPC DRI X 2 WA ORI LR BETRE, FAINYLEE, ARh#E
HAER E D2 R RFNEET 5 LB, 29 LIEEDS EYRINIZ 28 2 5 2 125
EERZBND,

VIEDOmME LY HPC OEGENEWIE, YO BPENEEERER Le—F T, ¥
OIEBOREAME T L2 2 Lan . SEYRIIZKT 2 HPC OREIZIL, IEORE (SN
BEoUH) EADORE (M LIZRANZBT 2 EMILBMEOIRT) 20, Ko ERIRE

WPEIZIS CC, W ORBORENRR D201, FEYRIUZXTT 5 HPC OB HEY
[ZE > TRRDATREMENRH LN E R o7,

[#45]

LLEDFRER LY | RIFENE G- O YR RAIR NI K0 HIHC & 5 alRetE R &
e, SFEIE B DKy B2 20 SH D IbE 7 & ORBITRIMP) LB PENIZ 1T 2 3K OV i &
DYBIZHEHATH LN, KEHEKRIZED MC BEOKELBET LLEND D, —FH.,
AHITHZD CMC-Na X° HPC (X @PENHREZ W E9 5 2 & CEYWINA S ERETH D
M. BIENIZEB T 2 Y OEER-CIE R ~DR B BET 20BN DL, Thbb, SEN
Fe 5% DFRIUT RENIZ T 2 Y OEsfiR, 7Kk RIPENHRATEIC X0 K& 8

ZET . WIN A HIET 2 72 iid, Y OMMETIE U 7o 38 ) 722 SEANRINY) & 8 IR 3 2 B A3
DT ENRI NI, AERIT, BREE AN RRA ORAREH A e FRmaitd 26
DEBEZHLND,






F

]

TH, 2HERZMGT 28 OB G E L TRENMER SR TS D, BOkh Lk
LT, RN G% OFEYRIUELBAF O TH D T &b 29, HilrEFPE w72 &
DEREBMEEZ BT 2B OE G E LT, £, MIRMEZN S TICEHGBER~BITTHZ &
2B S FFRIELEE N R DL Z T T WHEM ORI E L TER S TWVD, &
Iz, HREHTHENAO X S ez thbd . BloE v @ &, #0555 o iR A3 #
LWEFICK LT, MEFICL DB G L AMRETH 5, Bk T, filtFlo 7 =& ha v 9
FEFA RRERETHLENE XRT = X =)L BRBRIERERO LY b= 71D 73
EWHIIREIIRAET TH L, LnLRnb, BERNORERG/AOZL IZRFMEN %2 B /Y
L ULRBIEIT, ERER EORREMBLETHHT LAX—HTHD 1D, 2HIEMAZ AR L
L728A & UCid, TR RIETR IR DT AT 7 L3 U FERRHE 319, B NI IRIREE D
TRV CEERE D R ER STV D, WEEFEMME S B A OBIT D I D73
BIRTH 5,

BIENICE G SN LFIE & UTiR, k) 117 F OV sdg] 1™ gy oREH| 1920 72p Lz
FoN LM, R THA SN L RANTERRAICH D, LnLans, mARMACIE, &5
BEPHERTED 2 &, RIFFOIEMLEEN RN L8 2V ZLORERH D, £, &
AN IIRAFA & L TR P a=g MEERIRINES D 2 & 03% < FUriEEER %«
AT 570 EEEOK TOM Y IR LI X DREEEENRE SN TN D 22, —T,
MARAI IR Z BN D2 MER RN, BEMEICHLEBNLTWASEEZI LMD, &6
(2 W DOREAS EVEZ R S D 72O RBEAINRIRE D Z &b 5 29, B, H
NTHIR SN TV O RAKR G RMANIT, 7 VA F—HaRIEHETHD Y / a— 1
R Y PRY I ERFET B, BREAOFEHMENENSILTND P,

— R, BPENIZEZRRA SN D
VA X 5um LLEOR D% I (980 SefEEfRl 9\\ " HEEEM
BRI A L. EN LD /S VEL
TR E KN ET 5 Z & nm
HILTW D, SRR )& Lok 13,

Z D%, Fig 1 1T XD Ikl A & .QY‘ .
91k E LRI O EENZ KV &

oy YE IS 1% e IHEE % %% Fig.1 Clearance mechanism of applied powder out

HILE BT 5, 2 OMEER)NIC X
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Fig.2 Drug absorption and disposition after nasal and oral administrations

Fig. 2 (TR$ L D1, WHERRA 28 05 LIcGE, WANTIHLE THEEL., SEhn
WHL7e%, WIS, EFmERA~EBITT 5, —F. BEAKREG LGS, RIERNTHR
[ 5 i DS VAR AR 28 CIROIRIE & 72 0 P8R LT N R IR M~ S D, D E D |

FREAI L1387 0 | R RAI O
I HE 0D BTN 13 A4 O Vs fifi A
WIFIET D, LIin-> T, &BEENT
DI D EIRDIWIN 2 RS 5 K
DOD—D2L LTEETHD, £/, B
REFNITRAIRI R S END Z
ENE L MC XY DRI
ZhH 2 D AREES RV, bz, #
AN 3 SR 1 | AR - S
NDT2 ., FERIU 6§ 2 BAIT
Iy D F BB EACE BRI A Bl K&
WHTREMERI B 2 B D,

AW TIE, ETNVHE Y L LT,
VPRI - SR PEIC FE-5 % | Table 1
(2773 warfarin (WF, @SIEfRE &
T NE), piroxicam (PXC, {KIAf#

FE & iz i), norfloxacin (NFX,

Table 1 Chemical structures and physicochemical
properties of model drugs
Model drug Chemical structures of model drugs MW
Warfarin O 308.3
(C19H1604)
OH
L
(O 6]
Piroxicam 3314
N (C1sHN;0,8)
S\ /CHa
N
H
= N N
OH O N~
Norfloxacin 3193

Sumatriptan

HsC
H N—CHs
H C/N\
S
/N
(0]
\
N
H

(C 1 GH 1 SFNSOS)

205.40
(C1:HN;0,9)

R &ARFEEME), sumatriptan (STP, miEffE &IRFEaME) © 4 FEEZ BRI LT,
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0.8 0.5 1
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5 §02
Efo02 2
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(IIT) Norfloxacin (NFX)
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S
[\
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e
W
1
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Fig. 3 (A) Plasma concentration-time profiles of model drugs following nasal applications of
solution or powder

(B) Changes in the fractional absorption of model drugs as a function of time following
nasal applications of solution or powder to rats
Keys : (O) Solution. (@) Bulk powder.

Results are expressed as the mean = S.E. of at least three experiments.
IEEE. Trans. Nanobioscience., Fig. 2
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VIR & B | B RRAN IR IGB IR O BTSSR EE T 5, £ 2T, HiEA
WL LT, ZNOIEMOTERD D5 WVITHKREAE T v b RERICEE Lk o MR E O
TR L 20 L7z, Fig.3(1) I& WF. Fig.3 (1) (& PXC, Fig.3(Ill) & NFX. Fig.3(IV)
IZ STP OfERZRT, o, AR (A) TRy REESE ., A0 B) 12X
deconvolution ¥£(Z X 0 B L 72WIERORIFE L 27T, 7238, STP OKERIZITBIERK
THWHIL TV D Imigran® Z&R L7z 37, B O RAF7 WF, STP TR RAIR 5% 0
MAEFPREE I, Wi GRE I L TR, SO Th o7z, —F ., NFX TiL, Bk A
B H% OWILERIE, 58 30 HD%ICK 30% IS EF L72s, BoRIEA 2 #5 L7258 ORI R
T G1% 30 59T 3% I E o7z, NFX OEBE DD OWIERITIRNZ EAF 5T
5T LG, WIREGRICEINE 72 NFX 0% <1, BENDBRINSN R EBZbND,
F 72, PXC Tl #5 30 45 TR ARBA] & bl U, IR ERAIE 514 o i vh i BE 3 )
<\ 30 LRI R EAI GREDIRENE -2 2 L 0vh . NFX & FEE, AN 60
I BE Ui, THILE IR TREN D ORI RBIFTH 5 Z EAVRENT, UL EORER
D | TR &Ry AR BB 515 ORI A Feig 5 &L WF, STP D I 5 7RISR E AN R AT 7238
VOGE . BAEREICBIT D2RENE . S DITEENEREMED M BT 572010, iR
BUH) & e U O AR AIR 55 OIS BIFCH D Z EARE SN, £, BRI
HWIZB LT, BAREAI B 5% OWINAMROERH 1T, SN TEMRER LIC Wb s &
D,

MWH STV D BATRIM) O F 6 | AAFZETIE, BUBAlE LT, AbEZ . FiaHl e LT,
sodium carboxymethyl cellulose (CMC-Na) &% O} hydroxypropyl cellulose (HPC) %R L 7=, =
S ORFIRINY) & R % 5 Lo R A & SIENICE G LT OWINE in vivo B))FE
RO L7, £0tk, BEFEE, Y ORME, AEREREIE, JA P TORMOBE L,
invitro FNJETE IR TR A 1L U0 & DAk 2 R FEBCR 2 VT E 2 O REIRINY 0> SR I
IZxH T DB A FEICRATT 2 2 &L T, AW =X LOMAERR, BEIC, BFERER
Zh LT, "R X D BPEN R 5-1% O WA O o v RENE 2 3EAfh L 72,

LI, fohi-mis 3 ®icbiz, w9 5,
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H1E BENREROEMRIICRIETIEOLE

Fo1 BT, BEALE LTRSS OH OH
WD AR L, =V ¥ R® Tid, 13 &/ w
THDHT XY ALY VU _U VR AT )L
DIz, ZOHAMEKIMPREENTEY . 3
FESKIBEEDIR Sy THEE CTH 5, Fig. 4 Structure of lactose
Y L ANE e ST ARRA 2 SlEN R G35 &
(3 L FLBEN BIEN TIRH LT iR L 0D, €D
. MR LT3 IR BRI RN S 5, THIRE
P& bl LT, SRS e iR 2 RIS R 1 K oy BN I
(72N LIS RIEORETH D | IHEEN TOHEH
CIFIRESERDAREMENE WV, R, AWEOLA .
KR RATIZRBT DIREN m < 72V | mWiRFEEN R v
THLTHREND, TORER. KyOBENLEL, .
i DKy BAERT L ATREMED @V ¥y £ ZT. Fig.5 Scheme representing the

Z.#% NaCl Drug

NN e dr — various processes of the drug
KEPVPEL, SIS L LEBHEL, LV mWR after nasal administration
BENEC D EHEZBND NaCl % FLHE O Hs 5 with lactose

CLTEIR LT, BF Y LTlX., WF, PXC., NFX ® 3 FiZEIR L, 2503y
Z BN G U 7= 1% OWRINIC KITE T 8 42 R Et L,

B1E EYHD invive BERIUI KT TILEEDORE

[B ]

AEITIE, FBE. NaCl ORI IFT B invivo BIEERTHET L7z, BAIRN

WO E A L0 NI ST 572012, T Y E LTiE, PXC. WF, NFX % Hw
T, EYomrEL OB L&D TREF LT,
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[EBRATEE - ZBRITIE]
EX 7Y%,
1. =&
polyethylene tube SP31 (nontoxic medical grade, 1.D.:0.5 mm, 0.D.:0.8 mm) 335 H#/EFT (R
) XVEEALT,
2. EREY
Wistar SRHEVET » b (8 47, 220250 g) 13 (BR) TEKEBRAMEE CrU#f) K OEEA L, B
MR T N THREER R ZEIMBEZEROTA FT7 A S LIeh> THEE L7,
3. AEK
WF, PXC, NFX, 7B, NaCl [ZFOEMEE TRMRASHEL VA LT,

KBTI
1. ¥y REGH DR

HYFR & HBED DT NaCl Z2E &L 111 TRA L, IBABMEOK +RZ2H 2 5720
2, TNENOMREREGANILEE - JEZ AW THfE Lz, SWECR, LB, NaCl ©o—&k
PrREBMBICIVBIELIZE A, ZREE 5-10um, 100 -200 um, 100-200 um T
HoT,
2. MREADT v FBEN~DORE

VIR FUP (52 mgkg, AT ISR
(K) FEEE T, Wistar RHEMET » & ((KEE
220-250g) ZEEAICHAEE L, T %;FF
KBEBRICEROLHA I =21 —2 3~
(SP-31) Zfiii L7z, MEZEITHNZT A X

% Fig. 6 -3, 751 A%, = F4iE#%  Fig. 6 The device for administration of drug

powder into rat nasal cavity

MALT, ImL v o2z polch

v b L7=F 7 (200 pL, Yellow Tips, UV kY ») Z8#i LTW5D ¥, F v TNENICEKYFR
BAHWITHFEE 721X NaCl % 50% ZMmREAl 1 mg ZFE L, 1| mL OJEMEZZ5TREN
fLDZ > b ORIEEERE LTz, MREERIROT v 7EREOMENS, MERLRLL
7o BEHRITAR—IL~ 27— (KN-326-111, B HRAER) ICER L, REE T, &R KR
R L 0 BRI ZAT o 72, SO MmiEEREE 16,000 g T 5 SRELOBER. 1557z
100 pL ZEREL & U7e, MAEEREHI TR E T -40°C TIRIEL T2,
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3. REORTLE

Ao fERE 100 pL (2% L, 1 mL @ acetonitrile Z 12 THHEREL., R& o /87 L
L7c, £D%., 16,000g T 5 /pffE Lo L. f36M7- B I1mL ZEUL L, 60°C T#IE
Wi L7-, #EWi4 100 pL @ HPLC BEFHICEAM L, MEREE LT,
4. EE

FRBE D KW IR E S R AR O YR FEEGHICUN E D K 512, HPLC BEhH C&REH A AR L 72
%, LLF® HPLC FKIFICTEREIT ST,
HPLC JE &5

<WF>
HPLC system ; LC-20 (SHIMADZU)
Column ; Wakopak® (4.6x150 mm, Wako Pure Chemical)
Mobile Phase ; 10 mM phosphate buffer (pH 7.4)
/10 mM tetrabutyl ammonium (TBA) : methanol = 50:50
Flow rate ; 1.0 mL/min
Wave length ; Excitation / Emission = 310 nm/390 nm
Column temperature ; 40°C
<PXC>
HPLC system ; LC-10A (SHIMADZU)
Column ; Wakopak® (4.6x150 mm, Wako Pure Chemical)
Mobile phase ; 50 mM KH,PO, (pH2.5) / acetonitrile = 68 / 32
Flow rate ; 1.0 mL/min
Wave length ; 326 nm
Column temperature ; 40°C
<NFX>
HPLC system ; LC-20 (SHIMADZU)
Column ; Inertsil® ODS-4 (3 um, 4.6x150 mm, GL Science)
Mobile phase ; 0.1M acetic acid (pH 2.62) / acetonitrile = 80/20
Flow rate ; 1.0 mL/min
Wave length ; Excitation / Emission = 278 nm / 448 nm
Column temperature ; 40°C
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5. T —ZIRAT

TRTOTFT—ZILEEE £S.E. & LT, L, WINEEIT WinNonlin® (Ver. 6.3,
Pharsight Corporation, Mountain View, CA, USA) % H\ T deconvolution ¥ (ZHSZHH L
7o

(R - E£]
1-a Warfarin

WF % & ek R iU A 2 SN G U 7ot O iR EE ORI {b % Fig. 7 (A) 12,
deconvolution VEIZ XV RO 7RI DRRKZE(L A Fig. 7(B) ([T, FHEL T NaCl ZHH0
L7356 JRR & bl U C L i S8 i B e ONWRUR I TR 3 D B A B S e 3,
PR 2R MBI B SR o T, ORI B OWRIRIE 100% LLb. By & A A #&
B OWIMEHIZIE 100% ThHDH, WTAORANIEL TH, WF ORENRINEND &5
ABND, LIhR>T, WF OBRIIZ KIEFTHFEL D NaCl OFEITIZE A EHLNRNT
ERBIBNE RS T,

~

67 @ 1®)
. 5 —@- Bulk powder 1.2 1
2~ & Lactose powder ,S 1
53 £
% % -0+ NaCl powder 5 -
53 8"
; = g 0.6 -@- Bulk powder
E@ 2 .g 04 - & Lactose powder
- | - B~ -0 NaCl powder

0.2
0 U T T T T T 1 0 U T T T T ] 1
0 60 120 180 240 300 360 0 60 120 180 240 300 360
Time (min) Time (min)

Fig. 7 (A) Effect of lactose and NaCl on the plasma concentration profiles of warfarin after
nasal administration of powder formulations
(B) Changes in the fractional absorption of warfarin as a function of time after nasal
administration of powder formulations
Keys: @; Bulk powder, A; Lactose powder, [1; NaCl powder.
Results are expressed as the mean = S.E. of at least three experiments.
Biol. Pharm. Bull., Fig. 4
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1-b  Piroxicam

PXC % & e Rl AR BIA 2 SN 5 L 72t o M h iR B O R 2L % Fig. 8 (A) 12,

deconvolution VEIZ XV RO T-RIR DR % Fig. 8 (B) (277, NaCl 2RI L7254,
JFOR & bl UC, B BB L 0 IR OB R MBI Sz, PXC OBEMRES IR 20, Sk
JEFZ MK EORICK Y | EYOBEMENPHR LA RE L TRAR R TH D, —77.,

FLBERRINEA 5% OWINIE, #eb5- 30 /2L, KT 5 Z LB b E oz, 5% 30
SDRRIET D & BAIOKEITHLEICBIT L TWD EEX b D7), ZOKIT &R
MO ORIIERICERT 5O TIERNEEZEZ TS, 5 30 55 DAREOIEERIZHLE
W2 31T DRI & 3 2 50, PXC O3 2 FBF O BT/ NS W2 L VRIS LTz,

0.8 - 0.4

£ - 5

< =

£E£06 A £0.3

8 2 Z

g3 =

5 004 A S 0.2

g éo, '% -@- Bulk powder

<

A 0.2 "9 Bullcpowder E 0.1 - Lactose powder
—— Lactose powder O NaCl powder
-0 NaCl powder

O T T T T T 1 0 U T T T T T 1
0 60 120 180 240 300 360 0 60 120 180 240 300 360
Time (min) Time (min)

Fig. 8 (A) Effect of lactose and NaCl on the plasma concentration profiles of piroxicam after
nasal administration of powder formulations
(B) Changes in the fractional absorption of piroxicam as a function of time after nasal
administration of powder formulations
Keys: @; Bulk powder, A; Lactose powder, []; NaCl powder.
Results are expressed as the mean = S.E. of at least three experiments.
Biol. Pharm. Bull., Fig. 4

1-c Norfloxacin

Fig. 9 (A) I& NFX Z&eAH REA 2 SN G L 721 O A iR B ORI 2L % |
Fig. 9 (B) (T deconvolution {£IT LV RO TZRINRDOREFE 2T, WTORA L L L
HaTH. &G#& 120 50 TOMBEPIRE, WINRIZKE 2MEIBZ ST, NFX O
SPE S OWIRIZXE LC, A%, NaCl (T8 Z 52 RN EBRH LML o,

NaCl ZIRIN L7256 07 #5120 5RO MR & < WIES 120 43 AR
LTOHRL TS, H&5%, 120 2235807 5 &, MC (280 85O K& HRE I
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BEIL TS EBX O, WIEROHRITHLE RO RITER TS & E X b b, NaCl
(Z& 0 THEED S OWIRAERT LB IIAATH D,

0.06 1 (A) 02 7 B)

—@- Bulk powder
-@- Bulk powder

o

S

W
1

-A- Lactose powder

=

2~ A~ Lactose powder .§

S 20.04 1 *é -0 NaCl powder

= ‘\5 -+ NaCl powder o}

23 |

£ £0.03 =

Q gy <

s © g

£ 2002 B

= S

~ =

0.01
0 0 T T T T T 1
0 60 120 180 240 300 360 0 60 120 180 240 300 360
Time (min) Time (min)

Fig. 9 (A) Effect of lactose and NaCl on the plasma concentration profiles of norfloxacin
after nasal administration of powder formulations
(B) Changes in the fractional absorption as a function of time after nasal
administration of powder formulations
Keys: @; Bulk powder, A; Lactose powder, [1; NaCl powder.
Results are expressed as the mean = S.E. of at least three experiments.
Biol. Pharm. Bull., Fig. 4

B2 EYO invire MREER K OCHMRE KRS BICKIETHEORE

[B ®]

M COMmGRRE, ETVEDOMIE (&8 K~OEfiiERs) LhHbE T, #
BINCBEET D & PO BRI FIE T FHE, NaCl OB ITMaR m oKy EOEE
T DARERENEBZZBND, & I TAEITIE, AR % OMIdE % L3
TR E RS D RS, A=A LEH LT 57T, FERIE~Y——Z T,
in vitro \ZFR W CHRlldER KD EOELZHIE LT,
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2-1 Invitro MBI IEER

[EBAH - EBRITIE]

ERME
1. &8

FALCONP Cell culture insert (0.4 um pore size) & FALCON® Companion Plate 6 well %
BECTON DICKINSON fEX& WA U7z, 5§53 7 < A 2L Thermo Fisher Scientific Inc. (Waltham,
MA, USA) L VIEA LT,
2. AXK

a-MEM | antibiotic-antimycotic mixed stock solution (10,000 U/mL penicillin, 10 mg/mL
streptomycin, 25 mg/mL amphotericin B, 0.85% &K & ). 0.25% trypsin/ 1 mM EDTA solution,
fetal bovine serum (FBS) XA T3S (KRB) KV EEA LTZ, £ DMORIEKIZDON
TIARAAEE & IV Tz, 72235, ABFZEICHB W CTHEM L7z FBS 1342T 56°C T 30 43fif, J8)
EALEE L7z b D2 Nz,
3. EEERMR

Medin-Darby canine kidney (MDCK) #lifai3 R H AFER SRS (Kk) L0 ik 54%
7,
4. FEREER

MDCK #fifid 44D 13X 10% FBS. 1% antibiotic-antimycotic mixed stock solution %4 o-MEM
Hiliz FV, 37°C, 5% COx fFE T, &7 7 AaNTHR L, ##lUds kL 3 AREITT
572, Subconfluent |23 L 72 MDCK #fifd% 0.05% Trypsin / 0.02% EDTA % F\ T HIBfE% .
2x10°cells/mL/well T culture insert (ZHEFE L7, HEHUASHAIT 2 H ATV, #EFEE, 37 °C,
5% CO, BR¥% FC 10 BRI L7z,

EBITIE
1. Transport medium DFFHL

136.9 mM NaCl, 5.36 mM Na,HPO4, 0.44 mM KH,PO4, 0.41 mM MgSOs4, 19.5 mM Glucose,
1.26 mM CaCl,, 0.49 mM MgCl,, 4.17 mM NaHCO; % T" 10 mM Hepes % F&HUKIZVEME L.
pH 7.4 (ZFHHE LT,
2. FRER

MDCK HiEfE% transport medium (TM) THEF1%, apical l> TM % 7§~ TERZE L. basal
FNZDZ 4mL O TM ZIRIML7C, §KEOKELZIERT 72012, FME 3mm O =
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YFa—T W THINAE O EZ G L, Mg & basal MK Om S 2 —ESEi,
Apical {AIZEMIFERD 5%, AHEDH DT NaCl % 50% SR Ilmg 230 V&=
FiIEeZ AR T2 T S A (Fig.4) CHlfafERmIZESE L, KRB Lz, RIFIUIC basal
LY 200pL FOM LI, FEO TM ZIRNL7TC, 7ok, SFEOREREICTFET S
KOGOEIZIS BT NEZEZ NI, AEBRTIX, apical MNZHIEZ RN L 720 air-
interface condition (AIC) THER%Z1T->7= (Fig. 10),

. . Sm lin
Air-interface condition pung

Fig. 10 In vitro transport study under air-interface condition
IEEE. Trans. Nanobioscience., Fig. 1

SPENOIRE L 25-37°C, WAL 35-80% @5 SN TnD D, 22T, FERP T
JEFRDOIRE % 37°C HifRIZHERF L7z, £7-, AIC REETERZIT-> TV A7, MENME
WA, M OWRORBELZBETE RN EEZILRD, £ T, MIROELERER 7o
(2. INRER 2 VT, Ma)EE PO 2 80 - 90% (ZHERF L7,

3. BEE

B D R P SR EAR O YR FEFEPHICUL E D L D IS, HPLC B#hif C&MEI 2 AR L 7=

#%. AIfiC/R L7z HPLC &I CTEREIT T2,

H
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(R - B£]

HRERY R 2 AR E R SR L% OBH T 07 7 A L% Fig 11 ([RT, LD 5
WL NaCl 2N L7256 SEER L LT W I oY O F @ E LK Lz, Frc,
PXC. NFX Tl EBRBAMGE L) SERNBIEE S, 6 R OFIEEITFEMIFER DK 2~

3fEThoTe, ZNHDORRIT. in vivo BIFEBRTHOIZFNE, NaCl 2RI 2 Z &1i
KO EEIN L7 Fn 2 R AR EZ 2 6D, WE LT 5 & PXC, NFX D%
FRFE IR\ D FLBE, NaCl OVEFRIZHE S K ED EFIZ X - T, Y OEfFEENHA L,
ZORER, BWEN EH LI-EFEX LD,

120 1y WF 70 7 (B) PXC
60 - -@- Bulk powder
90 - 50 4 & Lactose powder

-0 NaCl powder

b= b=
9] 1}
Z Z
I =
g g
3 g
5 .S g 540 A
8260 EZ
™ 2 2301
5 -@- Bulk powder =S
= 730 A S 720 A
g -~ Lactose powder é‘
6 -0 NaCl powder 8 101
0 Lt T T T T T 1 0 ﬂ T T T T T 1
0 60 120 180 240 300 360 0 60 120 180 240 300 360
Time (min) Time (min)
50 71 (0) NFX
40 4 —@ Bulk powder

-~ Lactose powder
-+ NaCl powder

[\ W
(=) (=)
1 1

—
(=]
I

Cumulative basal transport
(% of dose)

o
[,

0 60 120 180 240 300 360
Time (min)

Fig. 11 Transepithelial transport of the model drugs across MDCK monolayers after spraying
powder formulations onto the monolayer surface
Keys: @; Bulk powder, A; Lactose powder, [1; NaCl powder.
Results are expressed as the mean = S.E. of at least three experiments.
Biol. Pharm. Bull., Fig. 3
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22 MRFBEASEOEL

[EBRATEE - ZBRITIE]
EX 7Y%,
1. =&
RATER O KB EHHE C T,
2. A
Fluorescein isothiocyanate-dextran (FD4, *F-¥J437-#&: 4 kDa) % Sigma-Aldrich Corporation (St.
Louis, MO, USA) XV A LT,
3. BRI, MfussR
ATER D RBAEHHE T T,

KBTI
1. MRREKSEELORE %

In vitro FlfafEZH IR & [k, MDCK HUEEZ TM TUEHt4. apical flo TM %3 X
TERZE L, basal I 4mL @ TM ZEN LT, HKEORELZ PRI 572912, #ME 3mm
DY arFa—7EHWTHIEOMEZ R L, MiakE s basal MEiROE S 2 —HS
Wiz, VU U E ZHEREMEGET-T N1 A (Fig.4) Z T, ffafEzm apical IIZFL
BE. NaCl % 1mg ML, ERAHG Lo, BEAIZ, apical IIZIEE 1 mg/mL @ FD4
R 30 uL L., MEREIC/R UEE2%, FD4 2 Ea e R miAR & I Lz,

2. Apon

Fon skl %Z 16,000 rpm T 5 AyRimOBEL. SO B3 10 uL 2RI LT,
3. HE

~A7uF— ) —F—ZH\WT, @LME (Excitation: 485 nm, Emission: 535 nm) % i
ELT,

4. T —Z RN

FD4 WEROARFIZLY | MlaRmAKo®EAH T L, control & DZEA MR E AL HED
& Lz,
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R - B%2]

e 2 18 D 7K 43 BT KT D FUbE, NaCl D% Fig. 12 1R d, MlfafER Ky ®ITH
FEDWETE 15 5%ICHK) 15 ub/mg K L7z, ZORIFNAKRMELT L, 60 3% DO KITH 5
pL/mg Th o7z, —H . NaCl OWEFE 15 % ICHMRERE AKX 75 ul/mg ML, 2D

21T AR T Lzs, 85 60 3% ICB VT, BINEITH 40 ul/mg ThH-o 72,

NaCl OXE (58.5) IZILBED /2 (342) (TR LT/ EL, EBICEMT 5L, Nat &

[ZFEHET 5, NaCl OFEBEE A 100% & LT, A UEEOANE, NaCl T3 5 & | NaCl
2 X DIRBEOHEKOBRE TG L, LB 117 f5iC#ET 5, PAEEY . fLFFCR LT,
NaCl |2 X2 MR ARG EDE(NBRE N ERWA LML RoT,

100 1
D & Lactose powder
g
E_ 80 - 43 NaCl powder
°
£ 60 -
o
>4
=
Z 40 A
g
o
80
g 20 -
=
O
O Ll T T T 1
0 15 30 45 60
Time (min)

Fig. 12 Effect of lactose and NaCl on the fluid volume on the surface of MDCK
monolayers
Keys : /\; Lactose powder, [1; NaCl powder
Results are expresses as the mean = S.E. of at least three experiments.
Biol. Pharm. Bull., Fig. 2
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5 3 Hi o RBENTFEECRETHEORE

[B ®]

SRS AT AR U2 o RIAh O F M3, IRtk e G E D & RIS, — &R MC
([C R BPERTTICENE SL, REPE, WHERZRETHET S, HLE~LBATT 5, IHLE
2D DFGIR & Bz & OFMRIIT I/ D 72D BRI R RIS S N G- D 3k
WX 2WFO—>Ths, % 1 i, # 2 HOBRS T, BSIwIC LY MigERmo
IKGTEIPZEAL L, FRINEEN T D Z ENA SN E oo T7is, KRy EOEACITRGH O S
NI R Z L SE D ATREMEN B A b D, £ 2T ARHI Tl FRINE~— T — &2 T,
in vivo CHRIF O GhIPEPNTRE M K E 3 BRI O 5B 2 1t L7z,

[ZEBRATEL - EBR 5]

EBRA B

1. #E. EZREY

ATER D B EHZHE U7,
2. HE

FD70 (*V-#J45 ¥ 70 kDa) % Sigma-Aldrich Corporation (St. Louis, MO, USA) X vl A L
2o % OHLOFREITHTET O FERFFEHIHE U7,

EBITIE

1. By REH DOFRE

NFX : FD70: ##=4 : 1 :5 OERL THEHREZRA LT,

2. EREW. invivo HRBENE S HRBFI OEEH I

ATE D EBAEHHE U7,

3. EBRFE

Diethylether FREET. A 220 - 250 ¢ O Wistar ZHEVET ~ M2 BEESICEMETE L, &
HHARRA 1 mg ZRIEHORLGHIEICHELC T, RENRYE L, Z0%k, BUFIORTHIET
PERFAC AL 2 BRI LTz, R X 0 BB MR T35 S WO Mo 5 Z & hnd, 3kt
BREUERTZ, 7 v MEMEEL T,
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4. REHERTE

Hirai & D 5k ¥ (2 #E \

UC. FAE L OREID Esophagus
R zFLoFa—Tick L

HI=—alb—va skl M Trachea
Nasal cavity

7= (Fig. 13), & 5|2, &fEE

B A LT YV R O 1 EN Fig. 13 Schematic diagram of in situ nasal absorption study
using rats operated surgically on the trachea and

~OPHZR < Te . AR esophagus
Ararrnzr® (F—=dpkalat, 3 0k, SREEE2 U, BB AL
1o F o — TSR A B L. RSIRIAfEA dithiothreitol (10 mM) % & TeAEFRAHH /K & BLZEN
IZHEAL, 10 fE Lz, 10 o0tk S OICABSEKEEA L, 48 8$mL O/EBA
KT EMEN Z PG LT, YR Z 2 TEI L, A2 IEMEIC 10mL (S L7, 20K
—E a2 REIAE LT,
5. EE

~A a7 L— ) —F—%H\T, @EHHE (Excitation : 485 nm, Emission : 535 nm) %
HESTDZ L2k, FD70 OREEZHH L,

(&R - BE]

FD70 O RENFEFRORIFZE(L%E Fig 14 12T, EUFEROEA, FDT0 OFEFRITE
H1% 10 53124 54% ICE TR T Lc, JHEEZIRINLI5SE. 5% 10 47D FD70 O &
NIRRT 20% SRS WAID BENTFRMENMET 5 2 LA LMME o7z, S HIC
NaCl 2% L7254, #5 5 5% 0 FDT0 OFEFRITH 5%, 10 5% ICiE FD70 (T
SN ol THUE, BENOKGEN EH L. BPENASDHEENRE -7 2 LITRKT
HEBEZLND,

26



100

9
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= -@-bulk powder
é -A-Lactose powder
= 60 4 -+NaCl powder
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(]
S
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=
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O L= T 1
0 10 20 30

Time (min)

Fig. 14 Effect of lactose and NaCl on the clearance of FD70 from the rat nasal cavity
Keys: @; Bulk powder, /A\; Lactose powder, [1; NaCl powder.
Results are expressed as the mean = S.E. of at least three rats.
Biol. Pharm. Bull., Fig. 5

% 4 8 BEIRINY O KL R E M

(B ]

AT, BEEICHE CE 222 MOFEE L LT &4 5 lactate dehydrogenase
(LDH) OiEMEZFRIE L LT, HEERGRFOAMNE, NaCl 0@l 21T 72 4449,

[EBRABL - EBRITIE]
EBRA B
1. #AEK
Cytotoxicity Detection Kit (LDH)® (X0 =X A 77 ) AT 4 v 7 ARKE4E (HR) &Y
A LT,
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2. EBREMW
RN O B EHC HE U 7=,

ERFIE

1. BENREER

Pentobarbital (52 mg/kg) FEM T, KE 220 -250 g @ Wistar SRHEMET » b & [EHE B2
EE L, SR 1 mg 2 ADROEGIEICHEL T, SENICERE L. 6 FFEAE LT,
Z D%, Hirai H O SRR FERIZHE U THEIC RN 21T o7, 7 v MNEMZUH L, <&
IZARY =F L F 2—7 (0.D.2mm,No.6, Hibiki) Z#A L. HIEHIRMER &2l L-, &
ENDEIEC, RYZF Lo Fa—TE2HALE, SIEEEE2N LR N EN~OF
A0, BEEEZARAT e T A7 70 (F— =S, B [k gL
7z, Control #EIZEHL CTiE, IR HEET, SO FMOLEITo72,
2. BFERNYESIRDEIIY

BEIHFE LR = F L F 2 —T % LT, PBS8mL TEMEAVEN L, Beifik a3~
TEUX L., = OEFEL EMEC 10mL ISR L, ZO%IKO—#% LDH I&MEOREICHE L
77
3. LDH {&EHOHIE

EENYESE T O LDH #EMEIT Cytotoxicity Detection Kit (LDH)® % PV THIE L 7=, 490
nm OWEEIZ~A 27 v 7 L— kU —%— (SPECTRAFLUOR Plus, TECAN, Switzerland) % f
WTCHRE LTz,

(R - B£]

7 v MIERIRIM &G L, T0%, R TICEW o, 6 Rl O RIPENTETIKRD LDH
&M% Fig. 15 12777, LDH &MEIT control & HHZ LT, WO 5-8F T b B
RMEIIBE I NT ., BN OBIEIID ThNS WD ERRBI N, RERLD, %
FRAIN DTN K 2N O¥ERIE, MIREEMEISER L2nZ ERH LN E ko Tz,
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60 1

:
S 40 -
B
2
2
E - _
T -
L 20
—
0 . .

Control Lactose NaCl

Fig. 15 LDH activities in the nasal lavage fluid after a single nasal administration of
various bulk powders
Results are expressed as the mean = S.E. of at least three experiments.
Biol. Pharm. Bull., Fig. 6
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25 Hi /MG

ARETIE, BFAIE UTHA S 1O MR X 25 B A Mt Uiz, PR ESE
fOBEEDM, FHIREOFEIZ LAV TEY , WHEShIBEAITH S, H 17 KIEH
AR FIZ LD & WHFIRME T2 oRFOHR G EIZOTEEMN 2 RS, BE TN
b2, o, BIFNIAR D DREIRE T 56D TH-o TIRERV ] EEhTn
Lo LU G, HLEN L BENOREIL, NAEY, iSEESD), MEEHOAEE, Kx<
HipoTBY, RAKRETEIEIEERLVRBBINY TH-TH, BENEET L L. Kxlk
FBERET AN E 2 DD, IR EH), EEERNICTHART, KoIcZLnend &
PENEREE & FLBEOWME (IR & KIS T 5 mWIEIRE) D, ABEOBEMRRIZAEL 512
BIEE ZHUCHES K BEOEE Z THEL TV, TEROKERE, THEY, KoEOZE
ERET HREREEDH LN TE L, TUOOMELY . AYBEOEE XV FEHNIHA T
X5 LT, I BEORMY (bE) & LT, ALY AKRDICHT HEERREI N E
FHHEND NaCl T, #HRETTo 7,

%1 BT, YRR Z I LT2BE D invivo WA FFHN L7z, Invivo W SEHER

DFER, FLHE, NaCl &4 RUHAI 0 SN B 514 O SIS . SR OWIEIIE U7 g2 Bl
SITc, WRREEDMEVY PXC TlE, IIIC X 0 WRINEDS R U722, WA SV WF T
E. I LD WRINE~DOEBITFRD BV oTo, REERI D . YW 5 554
W OB, EYOYMEIZIS L TR D Z RPN E o7,

B2 fiTiE., TN EDOBRITOWTEHMARBE 21T 5 2. £3. in virro MafEZEIEE
BRAAT oo T ORER. I Z RN UGG, JRR SR L T, WThoFEMIZEB N T,
fcfE ZiE IR L7z, FThH, NaCl 2RI L72HE O ROBENBHE CThH o7,
%3 HITIEH, ZNODHEBED AN = AL ZERD 2O, NI X DK R OK 3 ED
ZACE in vitro EBFCRZFWT, MFt L7z, FHE, NaCl 2RI L7846, MilaZim Ky mix
AEICHER Uz, B OEERRTEN IRIBEVSE R LToER, K5rDS apical MIZImL L7z
FEREBZZDND, FUHNT T8 342 OIEEME, NaCl (371 58 OBEHETH D, [
CEEOMRIM T N CTHfE - BEEL 72556 . NaCl OBEICIE 2 iREFEOZ kI, FLFED
K12 fEREVEFHEIND, BT, NaCl ORENHE CTH 5 KL, NaCl 12X
DIRBEHRORERRKE WD LB X HND, KR KT EOHEKIE, BREMENIE
M OBEFRRDOIIRIZ O/ N Y | ZOFRER, FBRENERT L LM sND, 20, KiliK
STEOMKITE 2 HiTHRONT in viro MRLEEIREROMRO—H % LR 2mA L%

bihd,

Nv
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%4 BiCix, BAIOSPENERETECER L, Invivo BYEBROREE, JLBE, NaCl R0
RELZ A D SE NI R E MR T L7, E7o RN OREIXS 3 SiOMF Tl O E R olck
M DKSTHER BB L TH Y |, NaCl T OHREIEORTOREN L VHETH -T2, I
IFNDEIRAE S AR BEDERIT LY | YOI ~DBENES TR0 . ZOREE, W
BAVEDME T U7z aTREMES B 2 DTz, SEEDs & O PWIUZTHALE 7> B O IRBWIUC Hh~_ T
—MIZ, BEFDOHRLNTH D72, BHI O BENIREIEOIRTIX, EHOYPEIC K-> T
W T 2 B 5, I & 2855 0 BIPENTFREPEDIR TIX, % 1 §i0 invive WINIZ
B RO —ME IR TOMALBEZR OND, &EIC, KFEINY O BRI 21T > 72
F. BB ORI X 2 WAL OB RITAIaFEEEICER L2 Z ERH L 7o
7

PLEDOFERE L0 | FLBE KO
NaCl (Z X % SRS DK SR

S EOEIRIL, FYWLI I 5ot $E
L. IEAMEDOFEL KT
TZENEALMNE o7, 3K

ZL#E, NaCl

UIEE.@JJ

PLBDATHIALT, T SLB, NaCl: BRI E DK S BEMMEE S

L E IR O IR AR B DM R 36 ! !

PN L CDI, € DRI E SEREBHEET | | EDOBRREEHEM
WET D, —J7. WH O GIE

NI EEOIE T iIZ Wi o Fig. 16 Factors affecting the absorption after nasal

coadministration of lactose or NaCl

R LTH, WINZET

SHED, EAMMEOEEDOWNTIVNBE RN EEOEMWIUI T 5508 L L THl%
S5, T7ebb, #BE NaCl (2& - T, WIS UES LWL PXC D X9 RN
K< BEEEIER VR EEZ DI, EYMORREZZRE LT, "ARIY 2000 5
VEPRH D ZEPHLMNE ST,
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% 2B BEAREROEYTIICKIETTHEEH CMC-Na D

BRI SN 51 DI % ST % 720
5B O, VAN RS R U ~ — 0% h

\ . OR
VEDEBEM & b OKEIER ) v — &G S A % %O A
BT, BRI 2 ST % 4 OFEAAV LR L 0
B o) U LA e, SRR & B ORI & 0o B OR o

A L IR SN D oD KRR 5 O3

YRR & SEPE & DBAMRZ Bt L s 13 A, B

2, BHZICHBIORMERERT 5 L9 ICRY v — %Ik Fig. 17 Structure of CMC-Na
I 72 By AR BHN 7~ & O FEM L A At U 7o ety 11 2

LY,

%2 BT, REAI O 5072 DIZ B D CMC-Na - (A A 2 AR
& LT O, e G REANIRIM L. BRI Z#Et L, SERNEE%, CMC-Na (%
SRR ORI L. SENICEWTRAOKEZ S0 5 2 ERHIf SN D, SphkE
RIADOKD BT EZE DO TDRND RMERIREA L 0 SR & £ D TRt &y, 7
VH L LT WF, PXC, NFX Z3ER L., SPENEG%OEYBRIIZKIFET CMC-Na D
BT 5 &I, EDA I =X LD ZIT o1, S OIZ, ISHOAEEMEZ IR D 12012,
insulin X" FD4 % @57 VW E L THW, maFEEL ORI KT 2 228G 51
L7,

R=H, CH,COONa

F1HE EHO invive BRERIUZKIZT CMC-Na DEE

[B ]

AHiTIX, CMC-Na OHEMWIIZ KT T HEL in vivo FERFR THiEH L=, ®ATRINY
CMC-Na D% 10 ZEMICHH DT 572010, BT VY & Ui, KISk 2 R
AERIEHEME N F N F N7 D PXC. WE, NFX Z W T, ottt oGRS & T
L7,
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[EBRATEL - EBRITIE]
EBRA B
1. EREMY
ATE D EBAEHHE U7z,
2. A
CMC-Na [ZFEAIEE Tkt L v A Lz,

ERFIE
1. ®E5HROFEH
CMC-Na &3EWFURAZE &L 1:1 TREG L, R ROMEL R TDIlc, ZhEho
MARZIRET DA, Fgk - EZ AN Thi L7,
2. Invivo B ER
RO FEBRFIEICHE Uz,

1|

(R - B£]
1-a  Warfarin
Fig. 18 (A) 121X, WF ORFEMARRA 2 SN 5 L7t o M PR E O R IE2 (L% | Fig.
18 (B) {Z1%. deconvolution #£IZ XV RDTZWINRDORIGLE 2 mT, RGOS E, &5
SBITRIEIT 100% 12 L7z, CMC-Na I L7256, RRE G 0546 LRk, &
510 3 BICRICRIT R EEICEE LZ SO0, 100% (ZIEBEET, K 90% Tho7-,
CMC-Na (2 XV, WF OWIITH TR T2 Z ERHALMNE o7,
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Fig. 18 Effects of CMC-Na on (A) the profiles of the plasma concentrations and (B) changes in
the fractional absorption of warfarin after nasal administration of powder formulation
to rats
Keys: @; WF powder, O; WF + CMC-Na powder.

Results are expressed as the mean = S.E. of at least three experiments.
IEEE. Trans. Nanobioscience., Fig. 3

1-b Piroxicam

PXC DO FEK RELA A2 BENE 5 L 72 #% o i g i o 28k % Fig. 19 (A) (2.
deconvolution VEIZ &V RO T2 DORERFA (L Z Fig.19 (B) (27”77, CMC-Na Z#hn L7z
Sitr. #h5 30 3% ETO PXC OIMIEFRENFAREGRL D 00T L, K%k
IWPMEESNIZZ ERHA BN E R oTc, WIIERORKE(N G BB O e L oI, A &
Hic, HH1% 180 43 T T 9 528, CMC-Na (2 X 0 WRIRAK 10% HART5H 2 &0
BHonERrotlz,
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Fig. 19 Effects of CMC-Na on (A) the profiles of the plasma concentrations and (B) changes
in the fractional absorption of piroxicam after nasal administration of powder
formulation to rats

Keys: @; PXC powder, O; PXC + CMC-Na powder.
Results are expressed as the mean = S.E. of at least three experiments.
IEEE. Trans. Nanobioscience., Fig. 3

1-c Norfloxacin

Fig. 20 (A) 1%, &SR REA A BN G L7-% O NFX O Mg E ORI % | Fig.
20(B) (%, deconvolution ¥£EIZ KV KD 7ZWINE ORI 2R3, WEAIE 12, AT
FEDONED ER D ITIER T, #5% 30 /0 F TIHRINEGESCOIT R L, 85 60 5Lk
FEDOWIR OB RIT, HIEELOGDORIUC LD EEZEX D Z Enn, HEEWRIIZ & HHE
DEESND L OO, PXC L[AEE, CMC-Na ZiRINT 2 Z &2 X -5 T, NFX O&IENDL D
WS R T 5D Z ERBH BN E o T,
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9D+ CMC-Ha powcen -O-NFX + CMC-Na powder
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Fig. 20 Effects of CMC-Na on (A) the profiles of the plasma concentrations and (B) changes in
the fractional absorption of norfloxacin after nasal administration of powder
formulation to rats

Keys: @; NFX powder, O; NFX + CMC-Na powder.
Results are expressed as the mean = S.E. of at least three experiments.
IEEE. Trans. Nanobioscience., Fig. 3

%28 EYoMBRBEERIZKIET CMC-Na DOEE

RS

1 EOBFET LB L 7o 778, AT M OWIR & 57 B & 5B 78
KT\ BE 525, 1 B CIRIER A IV R A 17 - 728, A0 S5 MU e
HEL D BT A TORBEZI /R TH S WIREBIO AN =X D EFHT BT,
4 DR T-O R B2 WA FET 5 LER DD, 5 2 HTH, FOOBSEERICHT 5 KO
HEFHIFTRERS in vitro MIEEBEBREITV, FIOERISEBIZKIES CMCNa D
R LT,

[EBRAE - EBRFIE]

EBRA B

1. #=E, R BERMR., Mok
ATE D EBATEHHE U7z,
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ERT L
1. Transport medium DOFFH, FHREER, EE
AT D IR FIEITHE U T,

(&% -

E5]

FAR R I 2 e 8 2 1 | W 2R L 7R ORI O 7 e 7 7 A V& Fig. 21 R T,
CMC-Na #RI L7256, R EHKR L T, WToHEMIZB W T HEEEIXFREE T,
S D B AE TR SR o T2,
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Fig. 21
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-@-WF + CMC-Na powder
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Transepithelial transport of (A) norfloxacin, (B) warfarin and (C) piroxicam across
MDCK monolayers after insufflation of powder formulations onto the surface of
monolayers

Keys: O; Bulk powder, @; Drug + CMC-Na powder.

Results are expressed as the mean = S.E. of at least three experiments.

IEEE. Trans. Nanobioscience., Fig. 4
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%3 EWoORPENEREICKIET CMC-Na O

[B ®]
REREFE ] D FEA i FE PRI R TE AN J 72 D 728D BRIPE7s D DI WIITIHALE 7> & D3
WL &3S D | —fRICESL DO BIFTH D, LTed - T, BF RS EE O B 8) 0 2 %8

2 TRALT D RO BPENTHRNEL, SPENERGROKYRIII R E 2252 5,
B3 EITIE. B 1 EERBEOEME W in viveo EBRREZAWT, FFRIME~Y — T —
A RUHN 2 RN G U728 0 RIPERNTFE PEIZ IE 3 CMC-Na DR824 31 L 7=,
[EBATEL & EBRITIE]
KB B
1. &8, ZREY, AR

& D FZBRAEHZHE L7z,
EBI5 ik

L AREFH| OFRE

NFX : FD70 : CMC-Na=4:1:5 (EH&l) TEHREZES LT,
2. EREW., MEROBENEE, HEROEE, EBRFE, REHRR, E&
RITER D SEBR TR HE U T,

(R - B£]

FD70 O B JFepNE 78 DORIFL( % Fig. 22 [ORT, 723, CMC-Na @ control & LT,
starch (7> 7)) IR L7=, Starch Z ¥ L 72 AI O IIZHEYR K & OMEITBE I
Iinotz, £12 #5510 9,30 53D starch &4 RAI O BIENEFRIZZNEE 55%.
20% Th o7z, —J)7. CMC-Na GAEADFAFRITHT 90%., 55% TH Y, CMC-Na DOFHRN

2R, WHOGPENREENYGE S L, &S 30 DRICBWTH, &5 LB 50% L
EREPENIZEFL TWD ZERH LN ol
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-NFX + FD70 + Starch powder
-@-NFX + FD70 + CMC-Na powder
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Remaining in the nasal cavity (%)

Fig. 22 Effect of CMC-Na on the clearance of the formulation from the nasal cavity
Keys: O; NFX + FD70 powder, /\; NFX + FD70 + Starch powder, @; NFX + FD70 +
CMC-Na powder. * p < 0.05. 10 min: NFX + FD70 + CMC-Na powder compared with
NFX + FD70 powder, 30 min: NFX + FD70 + CMC-Na powder compared with NFX +
FD70 + starch powder.
Results are expresses as the mean = S.E. of at least three experiments.
IEEE. Trans. Nanobioscience., Fig. 5

48 BOFEYOREBRPUIKIET CMC-Na OEE

[B #9]

CMC-Na (¥ PXC, NFX OWINAZBEFICUWEHET 5 Z LBHLNE ool TF, ST
NTEDTHDLA LAY RNy b=l EOTF RUFIOER 5N E LTHER ST
WD ZEMB S RTF R ED @ FHED ORI KIE S CMC-Na DRZEITIEH 2
RIRV, Z 2T, @ FOETNVE LT, Wb FENK 4kDa @ insulin &2 O* FD4 %
BIRL, @0 TEY ORI 5D CMC-Na OIRHERN R 2 #Ft L7,

€3 ZEPEL TS
ERME

1. BE EBREHY

A O SEBRAT RN YE U7,
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2. AEK

Porcine Insulin (374 7 4 7 A 7 XS4 (U#B) L V. fluorescein isothiocyanate-dextran
(FD4) % Sigma-Aldrich Corporation (St. Louis, MO, USA) X ¥ . Glucose Cll-test Wako® & TN
77 YA A" Insulin-EIA TEST [FFDERHE TS (KB K VBEA LTz, Do
FEILATR D FEERAEHIUE U7z,

ERFIE
1. BB, BAREH O
(1) BEFIRPIR R
FD4 #5-#&lL PBS ZH W T, #BE 1mgmL &7 KO ITHE LT,
(2) BENEREE
Insulin, FD4 OFHHIT pH7.4 %R U U EEFRENR (PBS) Z MW T, B 20 mg/mL,
125 mg/mL L7222 X5 ICHHR LT,
(3) BENESHREHF
RIANRIN & A RN & 1:1 T, FKE CMC-Na ZiRG L7z,
2. REFRHNERE
%1 EOEBRGIEICHE L -, 200 pg/rat O FD4 ZHFRIR X 0 SukikE L7z,
3. BWROBENRE
AR OSBRI EICHE LT,
4. BRBHFI O BENLES
AR O HIEIZHE L T2,
5. EE
(1) Glucose DEE
LAy —F « J)a—Atx X —E (GOD) {EIZHKS X, Glucose C Il-test Wako® %
AT, MmAEF glucose #EAZME L7,
(2) Insulin OEE 3
D RAT w7« o Ry FRERGERIEEICHESE . 777 A A% Insulin-EIA TEST
ZRAWT, MAEYF insulin 2 2 HIE LT,
3) FD4 D EE
~A 27 vl — kY —%— (SPECTRAFLUOR Plus, TECAN, Switzerland) % FH\ T, Ex.
488 nm, Em. 520 nm DO E T, #MMELZRET 52 &ICX Y FD4 REZHFH LT,
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6. T —ZfRHT

FiT O 7 — X AT I HE U7z, insulin & 5-FFO B OFEIE L L C, area above the curve
(44C) %9 } T D% (area above the hypoglycemic effect (%)-time curve) 3” Z H\\ 7z, D% 3%
O mET glucose JEE-Refih#R L vV . LT ORUTE SN TR LT,

D(%)=|1- AUCO—)ISO. <100
100 % x 180 (min)

(R - B£]
4-a FD4

FD4 SN 544 O I B OfRFEZE (L% Fig. 23 (A) (2. deconvolution {£IZ XY Rk
=W R OREIZE (L A Fig. 23 (B) \OR"T, CMC-Na &AM RIA 285 L84, 1k,
starch 7 A By AR BLHAIPe G- & Heig L C. FD4 O ImAER AT < . CMC-Na 28 BREH
starch 7 A AR A e 5RO R ILIFIR B R L IR LT, Z2h2h 14 5, 1.1 5 Th

-7,

RN 017 )

—-O-Solution
- Starch powder
9 - -@- CMC-Na powder

12 4

0.08

0.06 -

0.04 A

Absorbed Fraction

-O-Solution
- Starch powder
—0-CMC-Na powder

Plasma concentration
(X102 %dose/mL)

0.02

0 30 60 90 120 150 180 0 30 60 90 120 150 180

Time (min) Time (min)

Fig. 23 (A) The concentration of FD4 in the plasma and (B) changes in the fraction of FD4
absorbed after nasal administration of various formulations to rats
Keys: O; Solution, A; Starch powder, @; CMC-Na powder
Results are expressed as the mean = S.E. of at least three experiments.
PLoS One., Fig. 1
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4-b Insulin
Fig. 24 (A) T insulin SFENEE 4 D insulin MAEHIRE ORI % Fig. 24 (B) (21
BEE ORI 2R, £72. Table2 & 44C, D% KON AUC %77,

120 - 120 -
(A) (B)
100 -O-Suspension =< 110
'é ——Starch powder E
a 80 -@-CMC-Na powder 3 100
= X
T 60 = 90
g 40 o 80
5 8 .
é S -O-Suspension
20 B 70 1-A-Starch powder
-@-CMC-Na powder
0 T T T T T 1 60 T T T T T 1
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Time (min) Time (min)

Fig. 24 The plasma level of (A) insulin and (B) glucose after nasal administration of various
insulin formulations to rats
Keys; O, Suspension; A\, Starch powder; @, CMC-Na powder.
Results are expressed as the mean = S.E. of at least three experiments.
PLoS One., Fig. 2

CMC-Na GHMRMANZ B G LicHa . Wik, stacch SAMRBANORGR & LT, &
WIILHEF insulin JREEABIZ S 7, CMC-Na & HMARBAL starch & A ) R BAIFE 5K 0
D% 1TV R & R LT, 2 11.3%., 6.1% HK L7z, F£72. CMC-Na L
TG, VIO starch Z 3R L 7285 A2 T, glucose JEFEDIER T 2SR, £ 5
ZEBHBMNERST,

Table 2 Pharmacokinetic parameters of insulin and glucose after nasal administration of
suspension, starch powder and CMC-Na powder

fomiaion Gty g™ Do Docotinmin 6o
Suspension 5758 &£ 2387 1602.0 £ 477.4 89 £27 500
Starch powder 8420 == 1505 1894.8 = 779.8 150 £ 6.8 335 =202
CMC-Na powder 9331 = 312 2380.5 %= 570.3 202 £54 373 =262

Results are expressed as the mean = S.E. of at least three experiments.
PLoS One., Table 1
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= 5 i CMC-Na DM

CMC-Na &, &< o A%GHAOFEEAI L LTHH SN TR Y . RHOMEHERIC
L0, BEMETTFACHBEENTWDS, LrLARDL, BOKELITRALY | SRR TR
FED CMC-Na L#fild 272, fEEEENERLSIND VA7 MR EEND, 22T, K
B TIX CMC-Na Ol &1T > 72,

5-1 CMC-Na DXGEEEME

[B /Y]
AETIE, 1 ETORR L FERE HIENMMEZR LDH {EME 2RI, Kaftoitfh 2
To7c, HEEBGREOH TR < MRAEGRFOREEFMEIC OV TH R LT,

[EBFE L EBRFIE]
R B
1. R
LDH-cytotoxic Wako® [XFn ik T3k att (KB LA L7,
2. EREWY
Wistar REEMET » MIRTE & RIS (BR) TEKRERME ) JOBA L, #hdk
BRILT R TR R P EMmMBE RSO A R 7 A A Lichi > TEM LT,

ERFIE
1. BpENEEER
(1) RLEREE (HE#&E)

Pentobarbital #REE T, /AE 220-250g @ Wistar RMEMET » b % [EE B ICENEE L., Hirai
D D BRI FEEBRIZHE U CHEICFIN 21T 272, 7> MEHAZUFAL, [EICRY =F L
>F 2—7 (0.D. 2 mm, No.6, Hibiki) ZH4HA L, HIREMZ2M 2R LTz, BiE)s D ik s
bR ZF Lo Fa—T AL, BPEEEZN LR O N EN~OBRE 2B < 7o
O, BPEEEZNBAT T AT 7O - RA S, B0 IRV LZ, 2L T
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BAERFEINY 1 mg H2DVE PBS 5 uL #ADR O G HFIEICHET T, SFENICEEL, 6
P22 LDH & PERIE H oOR0B 2 £ L7z,
(2) ERTAER (BEREHE)

Diethylether FRlET. fKH 220 - 250 ¢ O Wistar ZHEVET ~ M2 EESICEMETE L, &
FERFEIND 1 mg &25ME PBS 5 uL ZRTEROE G HIEICHET TEENER LG L., ZDi%
6 WFEIZ. HE T2, &5 6 WFfli%, Ad L7- Hirai bOHIEICHE L TFMT AT o712,
Ihiz, kR (1) LRkR. BPEEE 2 L7oEHE O OEN~OWRH 2B <) REE%
ARHAT T 7 70 (F—Z3Aath, 300 IC X AL,

() Eeik 5

BHRERATNY) 1 mg DML PBSS5uL Z RO G HIEIZHECT 1 H 1 B 7 HEE

D RN 52T, 5% 8 HEIZ, Ak L7z Hirai &OFEICHEL TRIFEAT
-7,

2. BFERNYERIRDOEIIY

BEIHFE LRV = F Lo Fa—7 %N LT, PBS8mL CalEx ¥ L. ifiks 2
FR L, ART7 T 22zl TZOREZEMIC 10 mL IZHE L7z, ZOWKRO —H%
LDH {&MEDOHRIEICHE LTz,

3. LDH {&HEOHIE

Petsiii i o> LDH &M:1X LDH-cytotoxic Wako® % W CHIE L7=, 590 nm OWEE I~

A7 vl — kU —4— (SPECTRAFLUOR Plus, TECAN, Switzerland) % H\»CHIE L 7=,

(R - B£]
5-a-1 HERE&E5

Fig.25 |2, APALEERE (CMC-Na Hi[E[# 5%, BRIl =2 L —a &L, Z0 6 K
BB 2 BB K ONERTALEERE (CMC-Na O #5448, RELRIET 6 R AE L, ko
BEUERTCRIE QB ~OF) O LDH 1EMEZ 7~ 7, RTALEREE CTIX, PBS & ¥ starch (control)
B GHE L el LT, LDH {EMEICAHIEIIBIR S o 7o, [RRRIC, ERTAEEE TS, LDH &
PEICBRE 72 ME I B S h i o T,
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B Cannulation group
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e
g
E 30 A
g
B
g 20 -
s
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10

0 I 1 1

Control PBS Starch CMC-Na

Fig. 25 LDH activities in the nasal lavage fluid after single nasal administration of
powder formulations containing CNC-Na
Keys: H, Cannulation group; [, Untreated group.
Results are expressed as the mean = S.E. of at least three experiments.
PLoS One., Fig. 5

5-a-2 HEfEikG
Fig.26 | 7 HI# 1 H 1 [Al, CMC-Na Ok 5417 >7-#% @ LDH {&EMEE~7, &#f

@ LDH {EPEICBEE 2RI S o T,
40 -

——

(V8]
(e}
1

LDH activity (mU/mL)
s S

PBS Starch CMC-Na

Fig. 26 LDH activities in the nasal lavage fluid after repeated nasal administration
of powder formulations containing CNC-Na
Results are expressed as the mean = S.E. of at least three experiments.
PLoS One., Fig. 4
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5-2 BEAEBEEIZRIFT CMC-Na OF

[B &)

Fig. 27 @ X 9512 kR
e D F L 5-10 um DJE
SORRE B TEY
T DREIRJE 1 THRE DO B
RIEBIC L o T, 5-6

1. Nonciliated columnar cell with microvilli

II. Goblet cell with mucous granules and a well
developed Golgi apparatus

III. Basal cell

IV. Ciliated columnar cell with many mitochondria
in the apical part

mm/min 01K & THHEAE T
[~ LT 5 2 &
LTV D 580, FEEMED
#EAfi & LC. LDH J&MER
FHARED A7 & OB KL D MIABEEMEOFAM b BHE TH 525, BIEICIBWTIEZ, MC &) 4 #
BEREICKT T 2 IEE L HELEZRZ N D, MC ZaHli+ 5 5iEL LT, KL+ OB ENEEZ MC O
fRAE &9 20716 10 oI, MREET AT S OEIIPE A FREE L LT, BB MC AR
g2 5tk B BNERE SN TWD, ZORMBENZRTETIE, FE B ER OREEL, ciliary
beat frequency (CBF) ZHIET 5 Z & T EOEEMELZHE(L L, Zhid MC OFfFIEICT 5, K
HiClE, I MC ZRIETE 5 4EE LT, AN AF L U ROENEHRL1 %# fiREB o~ —
B —& LTHWD FEEZRMH L BRBA O 5% T MC ZHIE L, MC ~ORBEOH 43
fifi L 7=,

Fig. 27 Schematic representation of the histological structure of
the nasal epithelium

[EZBAE - EBRITIE]
EBRMB
1. A

Hanks’ Balanced Salt Solution (HBSS) (% Gibco #1:J& ¥ . Mucin, from Pig Stomach [JF0EHI%E T
MK S 4E (KBK) X V. Fluoresbrite YG microspheres (% Poly Science, Inc. (Warrington,
Pennsylvania, USA) k0., ZHZHEA LT,
2. EREWY

Wistar SRHEME T o MERTE & RIS, () HEKERME GUEE) LV IEA L, B ERITIA
THAER R FEIHEEESDOTA R A S Lizd > TEM LT,
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X 9ikin
1. Mucin RO

72 HHEFD Mucin ZIRE 2% L7205 K 9T HBSS 2Bk S, 2-3 Bf+Hoic i Lz,
Z D%, 13,000rpm T 20 il L, 0 BEERIL 72, 8EL 7= EiEZ2F O 13,000 rpm T
20 SyfiiEaDs L2t O Eif % mucin &K (MS) & L7z,

2. #OE B — XTRER DR R

MC O~—F—& LT, Ki7£8 20um O B — X (Fluoresbrite YG microspheres, Poly Science,
Inc.) ZHW, MS |[ZEE#E S H 7z,
3. 7y NEHRBERWT invitro MC FAGE

Pentobarbital FREE T, Wistar SREEMET ~ b (220-250g) ZWrdA L, SEFRZUIBE L. S5 %4 M
i L7= (Fig. 28),

Nasal septum

Fig. 28 Location of nasal septum in the rat head and nasal cavity

i L7z s 2 a8 172 & 91

RN (FAFERD 40°) ST, T4 v a2 I_z
RFFLTz, DT 4 v 2% USB BAMSE
AT =Y LICRE L. ST iROREL I,
A7 rv ) P& T, mucin B 1
pL 23 T L MS OHiFEEIT 72, MS A
PR R ~NEN D £ THE L%, ~

A7uv )Tz HnT, it e — XA

Fluorescent
microspheres

LLLUTH Microscope equipped

with CCD camera

Nasal septum

i 0.5uL Zif T L7c, BB OIRD D IZHE ‘ /
N, BT G B XS A TR D T
D, ZDIRIN Y DR D DEMERS LTz, T D
%, BHREROBEESC L BB S Fig. 29 In vitro evaluation system on the

nasal mucociliary clearance
e —AEBR L, ToBEE 3 BHER
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THIEIRE Lo, BEGAREITEOCBEMETICEE L7z CCD & A F (HITACHI £b) I2X Y17\, 5
Oy 21T - 72 (Fig.29) » 728, MEBEIIC LV 30— ANENTH S - TEHIK L H1T, &
R OWRBEM A2 B TR S TWA e, EHOREIIRWEDEEZI LD,
4. MC OEH

MARBHI OB 360 HZIZEFREEZRME L, BROFET 3 PEE TREELE—XDOBH)
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Fig. 30 The effect of CMC-Na on the mucociliary clearance after nasal
administration of the powder containing CMC-Na
Results are expressed as the mean + S.E. of at least three experiments.
PLoS One., Fig. 5
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Fig. 32 The viscosity of 0.5%, 1% and 3% solution of HPC (SL), HPC (M)
and HPC (H)
Results are expressed as the mean + S.E. of at least three determinations.
Eur. J. Pharm. Sci., Fig. 1
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STP DERIFLLT DAMED HPLC TIT o7z, 7eds. WF, PXC (ZBI LTk, A OZRMFIC
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HPLC system ; Shimadzu Prominence
Column ; COSMOSIL Ci3-PAQ (4.6 x 150 nm)
Mobile phase ; NH4HPO, (pH 3.3) / acetonitrile =93 / 7
Flow rate ; 1.0 mL/min
Wave length ;228 nm
Column temperature ; 40°C
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Fig. 33 Effects of HPCs on (A) the profiles of the plasma concentrations and (B) changes in
the fraction absorbed after nasal administration of powder formulations of warfarin
to rats
Keys: o; HPC(H) powder, A; HPC(M) powder, ¢; HPC(SL) powder, ®; Bulk powder.
Results are expressed as the mean = S.E. of at least three experiments.

Eur. J. Pharm. Sci., Fig. 3
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Fig. 34 Effects of HPCs on (A) the profiles of the plasma concentrations and (B) changes
in the fraction absorbed after nasal administration of powder formulations of
piroxicam to rats

Keys: 0; HPC (H) powder, A; HPC (M) powder, ¢; HPC (SL) powder, ®; Bulk powder.
Results are expressed as the mean = S.E. of at least three experiments.
Eur. J. Pharm. Sci., Fig. 4
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Fig. 35 [Effects of HPCs on (A) the profiles of the plasma concentrations and (B) changes in the
fraction absorbed after nasal administration of powder formulations of sumatriptan to
rats

Keys: O; HPC (H) powder, A; HPC (M) powder, ¢; HPC (SL) powder, ®; Bulk drug powder.
Results are expressed as the mean = S.E. of at least three experiments.
Eur. J. Pharm. Sci., Fig. 5
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50 RITBEE DK CYAIR L= ORSEE S E VT L BRI OVAARIEEE & B M R4
HAREMEZ R L TS LB X LD,
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Fig.36 Dissolution and diffusion profiles of piroxicam in 3% HPC solutions
Keys: W Control (PBS), O; HPC (SL), A\; HPC (M), ¢; HPC (H)
Results are expressed as the mean = S.E. of at least three experiments.
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Fig. 37 Effect of HPCs on the clearance of the formulation from the nasal cavity
*p < 0.05, **p < 0.01; significantly different from powder (control)

Results are expressed as the mean = S.E. of at least three experiments.
Eur. J. Pharm. Sci., Fig. 6
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Fig. 38 LDH activities in the nasal lavage fluid after nasal administration of HPC
powders
Results are expressed as the mean = S.E. of at least three experiments.
Eur. J. Pharm. Sci., Fig. 7
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