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R

BAARRES. [SERRSICLZ3 ALY b o OEMFEESE

Figure 1-(A) IR L7z X 912, B b= %#0.2ug/kg. 0.4ug/kgfiANE 54 % &M
ALY LEEORARIESHIBRICE— 7 2Er 2, SEBMBI0E., FIFEFE L
NV FCEE LR, —F. 5 Elug/ke. 2ug/ke. 4ng/ke. Sug/kgTid, #5545 B%H £
T, AT LOBPPHEE L, BIGEMATIEA LY b= OFEE IR T 5 E
IZHholze PBSHEBEETIE, MIEH LT T L LNVEELL 2d ol

Figure 1-(B)IZH LY F =0 2 REWNES L-BOMEI L o LRbELELT. R
BFERHRS T, BEABIKRELZIV Y Y AORIPEE SN, %5 84ng/kg & 8ug/ky
Tid, lug/kgD Ex2 FHANES L2BIIELR 0L EHR I N LR /Sy — v &R L
720 02ug/kgtx GRER T, EREETIE, MPEAN T 7 AL XVIEEEL o7,
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Figure 1-(A),(B). Efficacy of salmon calcitonin after intramuscular (A) or transpulmonary administration (B)
in rats (n=6). Calcitonin was given at 0.2ug/kg(QO ), 0.4pg/kg(@®), 1ug/kg((1), 2ug/ke(), 4ug/kg( D) and
Sug/kg(a ).
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Figure 2. Dose-efficacy response of calcitonin after
30%TH -7, intramuscular administration () and intratracheal

administration(@) in rats. Each points represents Meant SE
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Figure 3. In vivo enhancing effects of fatty acids and surfactants on
Y% FrJy#4LI— 1}, the pulmonary absorption of calcitonin in rats. The enhancer was
. given at 0.5% simultaneously with calcitonin (lug/kg). Each point
POEV I EY Y/ F
Lrz—F, POEV IV E

represents the mean + SE(n=4~6).
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EH, RAFT I P VEERRRIUGENRE LR L2, E2T 2 F/50 0 BARTF
DFP. TLCK b HREIIA V27 LETER LR L 72, Mo BHER TREIROREILIE &
AERBO LN oz,

None
Bacitracin  200uM
Chymostatin  200uM
Potato CPI 200uM
Phosphoramidon 200uM
Antipain 200pM
TLCK 200uM
Leupeptin 200uM £
Aprotinin 50001U
Benzamidine  5mM
Bestatin 200uM
ACE inhibitor 500uM
Phenanthroline  1mM
Pepstatin  500uM
Amastatin 200uM
Elastinal 500uM

T T
0 50 100 150

Area of Ca Reduction (%hr)

Figure 4. Absorption enhancing effects of protease inhibitors on the
pulmonary absorption of calcitonin in rats. The enhancer was given
simultaneously with calcitonin (1pg/kg).  Each point represents the
mean * SE (n=4~6).
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WZIRIRPE o oo Av 70T T —HHRER, s AKT I N3, BEESHRRERICE
BRg iz R L72A5, EDTA. 7xF > A0 Yid, 5ECHEESICE Vi < Em L.
WY R TL P ERTFIPANKEELARTF S —CHEEAE, FEES &M - D (25 3P
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DREREER (RXTRYF ) &, MBS LT, BEERE RS ah o7,

p-APMSE  200uM Potato CPI  200uM
Benzamidine 5mM MGTA 1mM
DFP. ImM Phenanthroline ImM
TLCK 200uM EDTA 10mM
Phosphoramidon
TPCK 200uM 100uM
DCI 200uM E-64 100pM  [rm——
D-Tyr-Pro-Arg- Bacitracin  200UM |
cK 200uM U
Chymostatin 200uM . Pepstatin 100uM ™
Leupeptin  200uM I=_ Foroxymithin 100uM
Aprotinin  50001U Elastinal 1o0uM =
Antipain  200uM Amastatin 100uM
STI ImM Bestatin  100uM [
l Ll l L] ] L) l L] 1] ] ' L) I L] I L] I 1] ' [] I
0 20 40 60 80 100 0 20 40 60 80 100
Enzyme inhibition (%) Enzyme inhibition (%)

Figure 5. Inhibitory effects of protease inhibitors on salmon calcitonin
degradation by membrane enzyme (closed bar) and cytosol enzyme (open bar).
Each bar represents the mean of duplicates assays.
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BRI L IESE OB % Figure 61278 L7z, BEE5-HISEORE T CIIER) Rif 7% 4
MBILRATERD & 1 7228, MIEE S HROBER T L 2 WIHER D £ 0o 72, I E
B2 ST N2 BERL, FAKIINY, 7JxF ARy NUFIVL TTUF
= THol,

Membrane fraction Cytosol fraction
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Figure 6. Relationship between absorption enhancing activity and calcitonin-degrading enzyme
inhibition by protease inhibitors. Alphabets represent A;bacitracin, B;chymostatin, C;potato
carboxypeptidase, D;phosphoramidon, E;pepstatin, F;antipain, G;TLCK, H;leupeptin,
Laprotinin, J;benzamidine, K;elastinal, L;bestatin, M;ACE inhibitor, N;amastatin,
O;phenanthroline,P;no inhibitor.
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EZON5, RETIE, EBRMAMICED L TWb & SN DbAB49 HIHE* % HV:7zin vitro
HERICBUDLKBEESDFTHLEERTFF - EH, FLTFFA T 0OEBLL B
W DWW TR L7,

M EFHE
e

| OME L HIGTCILUTORY) TH D, b b 7I7 V5= BK (7 F FRFZERT) .
FrANT by AN b=y Ny a) | fiiEzAE e F EERERT  EGF (Y~
HFAL) bR FF—F UK (FOFY 2> AG) . B 772 % —XIII; FXII (X
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FRUE, Fujitab P2 L2EE TV L L, MOEYDin vivod L {din situTDHiiE
BRE (F VT T ARPOHEELLBEOED L) IR, RRKREDFT, BESL
Byron & Philips™® A5 L TV 5 £ 910, AR TOEERBERELT 5 DILE L BATERE,
Ml (alveolar fluid) &. HHIZIWKEDEARDIZ WD, in vitro HEAMILATO
BRBEEE., —HRLEVOTHA Y, o, AENTHREEE, WRETELNTBY,
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Figure 7. Permeation of peptides and proteins in A549 cell monolayers from apical side at 37°C.
A: Bradykinin at 100nM (O), calcitonin at 100nM (@), IL-2 at 10nM ([J). B: PDGF at 1nM (B
).urokinase at 10nM (A), Factor XIII at IuM (). Each point represents the mean®SE (n=4).
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Table 1 Permeability coefficient for peptides and proteins in A549 cell monolayers

Direction of Permeability coefficient (10'6 cm/sec)a)

Compound transport Concentration
(m.w.)
37°C 4°C
Bradykinin A—B 100 nM 8.4 £0.49 8.0 £0.5
(1,000) 1 uM 8.0 £0.3 NTP)
B—A 100 nM 7.5 £0.6 NT
A—B 100 nM 2.5 +0.29) 2.4 +0.2
Calcitonin 1 uM 2.6 £0.1 NT
(3,400) 10 uM 2.540.2 NT
B—A 100 nM 1.9 £0.04 NT
EGF A—B 10 nM 1.3 £0.099) 1.3 £0.1
(6,000) 100 nM 1.4 £0.09 NT
B—A 10 nM 0.5 +0.06 NT
1L-8 A—B 1 nM 2.2 £0.29 2.2+0.3
(8,500) 10 nM 23402 NT
B—A 1 nM 0.8 £0.06 NT
IL-2 A—B 10 nM 1.7 £0.099) 1.8 0.2
(14,700) 100 nM 1.8 £0.09 NT
B—A 10 nM 1.4 £0.05 NT
L6 A—B 1 nM 1.1 £0.079) 0.9 £0.1
(20,000) 10 nM 1.0 £0.09 NT
B—A 1 nM 0.6540.02 NT
TGF-B-2 A—B 1 nM 0.6440.05%) 0.60+0.0
(25,000) 10 nM 0.65+0.06 NT
B—A 1 nM 0.67+0.08 NT
PDGF A—B 1 nM 0.73+0.079) 0.84+0.0
(27,000) 10 nM 0.7340.07 NT
B—A 1 nM 0.6520.05 NT
IL-6R A—B 1 nM 0.59+0.04°) 0.57+0.0
(34,000) 10 nM 0.6140.04 NT
B—A 1 nM 0.5440.05 NT
Urokinase A—B 10 nM 0.57+0.059 0.54+0.0
(54,000) 100 nM 0.55+0.05 NT
B—A 100 nM 0.38+0.03 NT
A—B 0.5 uM 1.0£0.09¢) 0.9940.1
FITC-HSA 5 uM 1.1£0.05 NT
(64,000) 0.5 uM9d 1.1£0.1 NT
B—A 5 uM 0.7440.03 NT
FITC-TF A—B 5 uM 0.97+0.08%) 0.91+0.0
(80,000) B—A 5 uM 0.39£0.03 NT
FXIII A—B 1 uM 0.4240.049) 0.39£0.0
(83,000)
FITC-IgG A—B 1 uM 0.30+0.02¢) 0.2940.0
(150,000) 1 um9d 0.30+0.03 NT
B—A 1 uM 0.28+0.04 NT

a) MeantS.E. (N=4), b) Not tested, c) These values were used in Fig. 2,
d) Non-labeled HSA and IgG were simultaneously added at 500 pM and 1 mM. respectively.
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Table 2. Permeability coefficient for FITC-dextrans in A549 cell monolayers
Direction of

Permeability coefficient (10“6 cm/sec)a)

Compound transport Concentration
(m.w.)
37°C 4°C
F-4 A—B 1 uM 3.4 £0.2¢) 33403
(4,400) 10 uM 3.4 0.3 NTD)
B—A 1 uM 2.8 40.2 NT
F-10 A—B 1 uM 2.2 +0.02¢) 1.4 0.1
(9.400) 10 uM 2.0 +0.04 NT
F-20 A—B 1 uM 1.2 40.19) 1.3 +0.1
(19,600) 10 uM 1.4 £0.06 NT
B—A 1 uM 0.840.07 NT
F-40 1 uM 0.75+0.07) 0.73+0.03
(38,900) 10 UM 0.710.03 NT
F-70 A—B 1 uM 0.6120.049) 0.59+0.02
(71,200) 10 uM 0.600.05 NT
B—A 1 uM 0.4240.02 NT
F-150 A—B 1 uM 0.25+0.03%) 0.2240.02
(147,800) 10 uM 0.24+0.05 NT
B—A 10 nM 0.190.05 NT

a) MeantS.E. (N=4)
b) Not tested
¢y These values were used in Fig. 8.

Yamahara 5¥ 98 L 724 » 2 v O EZ@RKIE, FEFEVICS bbb L
PPV OEBRERIVI0EL ELNS L, FOEMTIERT 200 EET LLEND S,
oz XA AR TIE BB MR O TIE, 20000 ETh b, AB49M IR TOIRIME
EDH2~3EdE ., tight juncion®BE DE VD, ZTOEHO—DE LTHITOENS,
D.T. Thwaites5® D% £ Tlx, Caco-27% &< D DR BB % F\v 72 BB ER T,
HUEAY 2 51388 < %2 %5 & | Thyrotropin-releasing hormone (TRH) O3 BZEHT, 1/5
~U6Il %, BRBRELABEEDL LLEFNUEEL T4 LA SN S, Yamaharab? @
AT oI RS, FEPICIE Mot 5. Mila b, Mgk tight
juncitontZid, BEDO Y A4 7S A & S TR-IR filam &, [E- 118 MM CiE. tight
juncionDME N RL Y, N T—E LT ORSIIENHH BN L, WEEEMIZORAE
FHZEVZRNNE, EEMOEZHHFTE LD Lk,
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Figure 8. Correlation between permeability coefficient and molecular weight
of peptides and proteins. 1;bradykinin, 2;calcitonin, 3;EGF,

4:1L-8, 5;IL-2, 6;IL-6, 7, TGF-3-2, 8;PDGF, 9;IL-6R, 10;urokinase,
11;albumin, 12;transferrin, 13;FactorXIIl, 14;IgG, 15~20;dextrans.
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max

ALY FZ2, 42>, EGF. IFN-y . EPO. IL-1R %4EHite5 L 7B 0B.A.(%).
HEABDFWEAT |, Table 312 F & 072, F /2, MEFEFEYIEFTHER % Figure 917K

Rroiz,

administration to rats

B.A.(%) & FEDHBAME

Table 3. Pharmacokinetics parameters of peptides and proteins following pulmonary

Peptides & proteins MW (kD) Dose /rat | BAjt/iv(%) | Tmax(hr) Ty (hr)
Calcitonin 3.4 20 ug 18.0 0.25 0.52
Insulin 5.8 3U 9.1 0.25 0.5
EGF 6 10 pg 59.1 1 2.5
IFN-y 17.5 3x10° U 36.8 5 3.3
EPO 30 600 U 17.8 5 7.3
IL 1-receptor 60 10 pg 6.8 12 10
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Figure 9. Plasma profiles of peptides and proteins following intratracheal (@) and intravenous (O)
administration to rats: calcitonin (A), insulin (B), EGF (C), IFN-y (D), EPO (E), IL-1R (F). Values
show meanztSE (n=4~6). Refer to Table 3 for the dose and pharmacokinetics parameters.

24



100 § 100 R

50 50
0 0
0 1 2 3
S
9
©
-
(@)
e
e C D
S . :
o
100 1
50 50
o LE o I
o 1 2 3 o 1 2 3
Time (hr)

Figure 10. In vitro degradation of peptides and proteins in the rat lung homogenate. The
concentration of substrates (O,@,],H) are 500, 50, 5, 0.5uM of calcitonin (A), 500, 50, 5 and
0.5uM of insulin (B), 100, 10, 1 and 0.1uM of EGF (C), 10, 2, 0.2 and 0.02uM of IFN-y (D), 20,

2, 0.2 and 0.02uM of EPO (E) and 20, 2, 0.2 and 0.02uM of IL-1R (F), respectively. Values show
meanstSE for four experiments.
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Figure 12. Effect of oleic acid on the transepithelial transport of FITC-
dextran through A549 cell monolayers. Each point represents the mean+SE
(n=4). The concentration of oleic acid was 0%(O), 0.02%(M), 0.1%(),

0.5%(®), 1%( &) and 2%([]).
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Figure 13. Effect of oleic acid, DMBCD and taurocholic acid
on the transepithelial transport of FITC-dextran through A549
cell monolayers in 2hr incubation. The transported amount of
dextran after 2hr in the absence of enhancers was designated as
1.0. Each point shows the mean+SE of four experiments.
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Figure 14. Effect of absorption enhancers on the intracellular calcium in A549 cell
monolayers.
RIS Ca? BED T LA VERORRICH T 528

MR E A L A Y ERIRIN S 0 BATICCa™ 7 ) — 0 7 — U PE{ LIRSS RICE S0 2 |
1%+ LA VBRI Z 72, Table 41278 L72& 912, FITC-7F A b7 > O FZ#EtES . MM
Ca*DEALVBES N oz, Ca*IFHFLET T, Ca* MAFERL abo/zl &id, 4L
A CEBOMEREIIZE, 25 Ko 72Ca” Il L AR ANCa> L NV OBMA, RERTH 5
CEERRLTWA,
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Table 4 Effect of extracellular Ca™ on the absorption enhancement of oleic acid

Extracellular Ca* | Oleic acid | Permeability ratio | Intracellular Ca® peak level ratio

1.8mM None 1.0 1.0
1.8mM 1% 4.2 33.5
Free 1% 1.1 3.8

The bathing medium was Earle's balanced salt solution with or without Ca*. The
permeability ratio was determed from the transferred amount of FITC-dextran after 2 h
incubation. The value was the mean of four experiments. The standard error was less
than 10% in each case.

WA EERICX T 2 #la Ca R ERBEFRI O E

FLA YEROWPWER A/ = AL ERET 720, LA 2B 1EMEFIC, fIi2NCa
PAESTA T UL AZHETAEEEMTH B L7z, Table 5IZ/RL72E )12, AvEY
1)~ (CAM) FZEH], W-7, Compound 48/80, CAM ¥ 7 —¥HE#], KN-62, HDBA
&, A LA CERIZE AR A R EERIF R ISR L. SRR T, TR IE L
izt LA VEBOERZIMEI L0, a5 4 %+ —¥C (PKC) OHERTHHH-T,
MfENCa™ ¥ L — b THDZTMB-8THo7:, Lol OT7a574 vy FF—E, KA K
N—=¥, PTIAZ)Ea—) (DAG) ¥+ -+, DAGY S—EHEAITVTRHI0H]
RSB oTz, T, Ca¥ FY O ANTU v A—THAZ T, RININEF, b
TGS AEAPRO LN FOERIEE, o/, B, HEAEMTIE, Wi
bEBEIIIREL RIS ol

RN Ca*EELFICRIETHEA C*EERMAEHNEE

FREBREFESEET, T L1 VB 1R MEOMENCa™ 2l = L, #MigNCa™ziE R
FHERIDA LA BT 2EH3EE <72, Table 5127 L& 51, RIVREER ~
OISR E B CHBELERIELN., LA VBEICE AEBRIEOIEAEL % L 72CAM FH
EH, CAM FF—YRHERIE, Ca*MIam L <O LRI LT HEEIIICE V. B,
FREHIBEMTIE, TN MENCa* 2RI ¢ 2 &k h o7,
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Table 5 Effect of Ca*regulatory protein-inhibitors on absorption enhancement and
intracellular Ca® rise by oleic acid

Inhibitor Target Concentrationa) Inh1b1t19n ratio Reference
(%0)b)
10 uM 9.2/NEc)
wW-7 CAM 50 uM 43.7/31.5 49
250 uM 99.7/92.2
Compound 10 pg/mi 79.8/72.4
48/80 CAM 30 ug/ml 88.0/91.7 50
100 peg/ml 97.5/98.8
I uM 55.3/68.7
KN-62 CAM Kkinase 3uM 75.8/87.3 49
10 uM 87.4/92.4
1 uM 43.2/33.5
HDBA CAM kinase 3uM 87.3/80.3 31
10 uM 91.3/98.1
1 uM NENE
H-89 PKA 3pM NE/NE 49
10 uM NE/NE
1 uM NENE
H-7 PKC 3uM 8.9/11.9 49
10 uM 32.3/38.7
1uM NENE
ML-9 MLC kinase 3uM NE/NE 49
10 M NE/NE
1 uM NE/NE
U-73122 PLC 3uM NE/NE 52
10 uM NE/NE
1 uM NE/NE
RHC80267 DAG lipase 3pM NENE 53
10 uM NE/NE
1 uM NE/NE
R59949 DAG kinase 3uM NE/NE 54
10 uM NENE
0.1 pM NE/NE
Nifedipine Ca®™ channel 1 uM 47.3/40.4 55
10 uM 43.6/50.6
1 uM NE/NE
Verapamil Ca® channel 10 uM NE/NE 55
100 UM 32.7/44.7
10 uM NE/NDd)
TMB-8 Ca* chelator 30 uM 43.1/ND 56
100 uM 78.9/ND

a)
b)

¢)

Effective concentrations of inhibitors were chosen from those in the cited literature.

The values show the inhibition ratios in FITC-dextran absorption enhancement (left) and

intracellular Ca® rise (right).

No effect (inhibition ratio: <5%),

d) Not determined.
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Figure 15. Activation of calcium influx by oleic acid on the cellular membrane.
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Figure 16. Device designed for delivery of dry powder to rat lungs.

s = -7 . A polyethyleng tube for ca.nnulation. B: Y~shap polyethylene tube,
-’j- /7 jj 7 I\ =07 7 t 'r C: dry powder in a plastic tip. D: electromagnetic valve. E: air pump.
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Figure 17-(A).(B). Pulmonary absorption of calcitonin from dry powder in rats with absorptin enhancers; Oleic acid ([]
). citric acid (). lecithin (O) and none (@). Values shown are meansSE (n=4~6) of plasma calcitonin level (A) and
plasma calcium reduction rate (B). Absorption enhancers were given at 250ug/5mg dry powder/dose. The doses of
calcitonin were 20ug/kg (A) and 1pg/kg (B), respectively.

IR ERFETINEE CTlL, AUC, ACRE LI KT A /87 ¥~ LIS R T, (3L A
EENRD SN o 7(Table 6) T A 3w & — 1 ZIRHER 2 5INT 5 & (RER ORI
R LI E RSB O N, Lo L, S UEEAR 2 F L7234, DMBCD %
BT, FIANF— L) QRERRIEIEL o7 FICF VLA B FI 15 —124
ERIIL T H MW IRIIURAE % /R L 72(Figure 18).
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Table 6. Effect of absorption enhancers on the pulmonary absorption of salmon calcitonin
from dry powder and solution in rats

Enhancer (jg/dose) Dry powder Solution
AUC (%)) | ACR %)2) | AUC %)]) | ACR (%)2
None 20+ 5 34+ 7 25+ 6 30+ 9
+ va,b3 a
Oleic acid 25 43t 7 b) 58+10 ) 209+ 9 34+ 8
250 80122 1204£25% 4011 52+16
25 35+ 9 39+12 20+ 8 3110
DMBCD
250 604182 704202 60+122 76+152
Lecithin 25 41412 ) 46£10 ) 27+ 9 3011
250 534134 67+16% 38+ 9 42410
Tanrocholate 25 32+ 8 36+10 27+ 5 31+ 8
250 54+10a:b 61+138:b 34+10 45+ 9
. 25 30+ 6 34+ 9 26+ 8 30+10
O-B-D-glucosid
B-D-glucoside 250 47+ 92 574142 34412 45+14
Citric acid 25 41414 49+13 27+ 9 30+ 8
250 63+12ab | geti4ab 38+ 7 42+11
Dose of salmon calcitonin: 1 pg/kg

Values shown are MeansZSE (n=4~6).

1) Area under the curve

2) Area of calcium reduction as a percentage of the value measured after intramuscular injection of

salmon calcitonin at 1 ug/kg.

3) Statistically significant difference (P<0.05)

a: between control group (without enhancer) and group given enhancer.
b: between group given dry powder and group given solution.
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Figure 18. Effect of oleic acid on the pulmonary absorption of dry
powders (O) and solutions (@) of calcitonin (Ipg/kg) in rats.
Values shown were meanstSE (n=4~6). AUC(%) is the area under
the curve as a percent of the value measured after intramuscular
injection of calcitonin at the same dose.
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Table 7IZRL72&H12, FI AN F—L@EETIE, AZEECFELRZIROLN L
Motz M S LAFITC-X A hT vid, FIANT ¥ —LBEROC TR EMIZ60%
EfRo B S m R R LT, 7o, WMAE L QAR TIEPIE, TEIL, EMTRTEICE L
MREFELZZ, Lo L, NI4Tk, MEENOBTPETS R VAR S .
EREEDI L, KT 487 5 —TIE50%, BEHII6TRHITR~REL 7=,

Table 7 Deposition of FITC-labeled dextran in the rat lung after intratracheal administration

Right lung Left lung
Preparation | ypper | Middle | Lower Total | Upper | Lower | .~ Total lung
lobe lobe lobe lobe lobe

Dry powder | 6 22) |35 6+ | 18.4+ | 60.2+ | 6.0+ |33.8+ |39.8+ |50.19)46.8
.4 |15.8 |7.6 155 |24 |88 10.6

Solution 16.1% | 22.8% | 22.6%
7.9 8.7 6.9

— N\

o=
%
I+

15.5+ 123.0& 1 38.5+ | 67.2+10.3
5.6 7.2 11

The values represent Means=SE (n=5).

a) Relative amount of FITC-labeled dextran delivered to each lobe.
expressed as percentage of the sum of the left and right lungs.

b) Recovery rate expressed as percentage of the initial dose.
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