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The utility of insoluble powder formulation was evaluated for nasal drug delivery system
as a valuable alternative to invasive injection of peptides and to oral administration of drugs
with poor bioavailability.

The nasal absorption of hydrophilic compounds with various molecular weights (354~
77,000) was compared between liquid and insoluble CaCOs powder formulations in rats. The
obtained results indicated that CaCOs; powder formulation could improve systemic
bioavailability following nasal administration, predominantly by retarding drug elimination
from the absorption site. Further, the increase of bioavailability was also achieved with other
insoluble powdefs (ethylcellulose, talc and BaSO,) as well as CaCO;, but not with soluble
powders such as lactose, d-sorbitol or d-mannitol. '

The nasal delivery of elcatonin (ECT), which is a potent calcitonin analog used generally
in the treatment of osteoporosis, by insoluble powder formulation was examined in rats and
rabbits. The CaCO; powder formulation resulted in significantly increased ECT absorption as
compared with liquid formulation. In contrast, similar permeability of ECT across excised
rabbit nasal mucosa was observed for both formulations in vitro, and the permeability was close
to that of inulin, providing evidence for paracellular transport of ECT. The insoluble powder
formulation prolonged the residence time of ECT in the nasal cavity.

These results indicate that insoluble powder formulation appears to be effective for nasal

systemic drug delivery.
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FICBEREERR E OBRMBIDARAREEZ SNTER. —F, BINEEHCE RS
KEENLRERTHBGEEZEECTRIEND D, TOEAIRAS<EREEINS.
TNTH L, A O SH & LIRREENL, Y OLEmeEbicT 5T 5 LRI,
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5. TIT, BTHE 354~77,000 £TD 7 EDOKEMEILEY [phenol red, cyanocobalamin,
FITC-dextran (FD-4, FD-10, FD-20, FD-40, FD-70)] 2 ET )L & UTBIR L, #HAtED
RMEBFNT LB T v MEREBIEE R L 7.

AR & LT calcium carbonate (CaCOs) ZH WA, MLEN S IZITE AR
IX & 317243 phenol red X BIERN A 5 D THERMIT, D, ZRITHINE N (BA 96%),
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4,400) ICBNWTHMKREBEGR DO BAL37%EEho 7=,
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Fig. 1. Plasma concentration-time curves of phenol red and FD-4 after
intravenous and intranasal administration at a dose of 5§ mg/kg in
rats.

A, intravenous; O, intranasal (liquid); @, intranasal (powder)

Each point represents the mean + SD of results from 5 rats.

BEREOHFRLITEHBERT LCRBETEMZHERATES I EMS, Zhick
DGR D QLN EYRINSHFTE S, Lizdio T, BRBFII S
HEZED LI RBENEGHRENERINDEES, HDWVWE, insulin (MW 5,800) *
calcitonin (MW 3,400) DL D BRTF REEYOFALRAREAFVITRD LEZS
Nn5.

AFE 1,000 A EOEYTIE, TNETICHESIN TS O LRk, BRERSREO
BA ICIIBEELRDTFREFEENA LN, —7F, CaCOMRBGRFITBNTD BA D2
FRIKGENRD SN, 2TE MW) OBRECAND ST, BARBKIREG DK 2
~3fZIC LR L7z (Fig. 2). ,

BRERMN S OEYTINE L, BHMEERESHCILIEVHHI VTSR E:
MW-independent) & S¥EIEER Y T F X (P: MW-dependent) & D/NT > AITEH
XANBEEZLNDS. FIT, DTFEETINVREDBBENENZE OB ERAT.

Figure 2 1R T L DI, AETFNVEEYOBMBEZBEN I TRONERATERIN
BZLRELEDOTHD, CNICEVHTFEE BA DBEREFITHRATH I ENTEE.
i, DFEOEEDZITEIDEETHZ/NT A—F BIIBEREEG L CaCoO MR
B & TERaN oM, mucociliary clearance ZEE/NT A—F E/A IIHREGHERTH
12 ERED, BERBRETIHREESIC L 2B ORE 2 ZITHNWEERIN-.
S 51T, MOEYIEEE W & BRENEEEORSGHEBREOLRRNNS, BUF
DIERNFB LN, |
@D FD-4 D BA DKENE CaCO5 IR RN B D TIdR <, BIDBEAMEN K (ethylcellulose,
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Fig. 2. Systemic bioavailability of hydrophilic drugs following intranasal administration of the
liquid (O) and CaCO; (@) powder formulations as a function of molecular weight in rats
(left); a model for kinetic analysis of nasal absorption of drugs with various molecular
weights (right).

Data are presented as the mean + SD of results from 5 determinations.
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Fig. 3. Disappearance of FD-4 from rat nasal cavity as a function of time
following intranasal administration of various formulations.
Closed, hatched and open columns represent the means of the
fractional amounts of FD-4 remaining, absorbed and eliminated,
respectively, relative to the given dose, from three rats.

talc, barium sulfate) IZ& > THERABETH 0, BA IX 37—39% L EEF MK O
ZEHTRIFEF-ETH 5.

@ KIBHED lactose, sorbitol, mannitol % V=¥ KB 5 TiL FD-4 OF 7S BA ¥E
PRIIEFESNR .

® B G lactose MFKIZEITHA, CaCO,¥FK B 513 FD-4 D B i B % Bk
IE% (Fig. 3).
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288 & O EERENZZRIIMD TR E W, Eel calcitonin DA RFBATH S elcatonin
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PHIECT %5 v MERZE Ui & & ORBRTEES K ORELEORBEEO L
AIViE, DTN DB IR CaCo KRB ETIIm<SHER L (Fig. 4), MIRZGH
DOREAD BA IZBARESRICHAEZRICEA LR, £, UHFZAVWZRRICK
0, ECT OXBEATH D MEPRAIN T LABEETEADMRREICIVERIC
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Fig. 4. Plasma concentration-time curves of total and intact PHIECT after
intravenous and intranasal administration in rats.
A\, intravenous (0.68 ug)
O, intranasal (liquid, 1.68 ug); @, intranasal (powder, 1.54 ug)
Each point represents the mean * SEM of results from 3 rats.
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ECT QSRR RITDWTIE, —EBTREEINY/R endocytosis MBS L TN 5 L#fish X
1T (Cremaschi et al., 1996). = Z T, T Y F L P ERIRIZ BT S ECT D in vitro
BHBEEFML, ECT D BARED AN ZALITDWTHEREF L.

Figure 5 2R3 X D1IZ, BB & CaCO KRR & DT ECT O BHBLE B HE
WEREM oz, £z, ECT O&MBEEBME [MClinulin ODFNEIZIERETH- /=
Z &M 5, ECT D SRBE BRI IR %2358 L 720 paracellular R HDTH D,
endocytosis IZIF LA EHEEGLRVHDEBEbNZ. £, CaCO¥HIRD ECT DBt
ZEBRICEREEZS (BBREEREET ) bOTRERBRWIENHLMER ST,

—77, PHIECT Z#8#5 60 7B DBBENEEFERREEE MR Z &, BRHRS
TId 33.8% of dose/(g tissue) HDZDITXL, CaCO; KRG TIE 71.8% of dose/(g
tissue) TH Y, BMKREEHRD ECT DBBENEREFERIIERIIEN 7.

L7027, HIRDOKBEMH LAY TORR LRk, HAMENERIT ECT ORBANREY
HEERKIETDIEITLD, BAZRLESELZZENEHASME R .
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Fig. 5. Time courses of permeation of ECT and [*CJinulin across excised
rabbit nasal mucosa following application of the liquid and powder
formulations.

Data are expressed as the fractional amount permeated per unit surface
area relative to the amount loaded on the mucosal side. Each point
represents the mean + SEM of results from 4-6 determinations.

O, ECT (liquid); @, ECT (CaCOs powder); A, [**Clinulin
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