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B-Sitosterol B-D-glucoside Campesterol Stigmasterol Brassicasterol
(49.9%) (29.1%) (13.8%) (1.2%)

Fig. 1. Chemical structures of components of a soybean-
derived sterylglucoside mixture (SG).
Numbers in parentheses represent the ratio in SG.
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Fig. 2. Relationship between AUC of insulin concentration
and AUG of glucose concentration after nasal administration
in rabbits. The dose contained insulin oily suspension
(peanut and sesame oils, 10.0 IU/kg). Line was determined by
the linear least squares method using experimental mean

values.
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Fig. 3. Plasma glucose level after ocular and nasal
administrations of insulin suspension in the artificial tear
solution (10.0 IU/kg).

Each value represents the meant+S.D. (n=3).
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Fig. 4. Plasma glucose level after ocular and nasal
administrations of insulin suspension in liquid paraffin (10.0
IU/kg).

Each value represents the meantS.D. (n=3).
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Fig. 5. Plasma glucose level after ocular and nasal
administrations of insulin suspension in sesame oil (10.0
IU/kg).

Each value represents the meantS.D. (n=3).
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Fig. 6. Plasma glucose level after ocular and nasal
administrations of insulin suspension in peanut oil (10.0

IU/kg).

Each value represents the mean+S.D. (n=3).
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Table 1 Composition and property of oily materials

Oily Viscosity Specific gravity Composition of fatty ester Total sterols
in glyceride (%) in oil
material  n (107®m?s~*, 37°C) dis oleic acid linoleic acid (mg/g)
Sesame 0il 38.0 0.914~0. 921 37~49 35~48 18.2
Peanut oil 44. 8 0.909~0. 916 53~11 13~27 5.8
Soybean oil 28.9 0.916~0. 922 15~33 43~56 1.9
Rape seed oil 50. 9 0. 806~0. 920 12~18 12~16 8.8




Nasal administration (nasal mucosa)

[0 Ocular administration (conjunctival and nasal mucosa)
1 Ocular administration (conjunctival mucosa)
? * Not detected
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par affin tear 1% Na

glycocholate

Fig. 7. Pharmacological bioavailability after nasal administrations of
insulin suspension in various oils and artificial tear solution (10.0 IU/kg).
Each value represents the mean+ S.D. (n=3).
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iy v EfLE (%) BErHOL, L7 VY I 8B, AT T )BTV I
SV ABIUSINEFIEZ LM EY T -105(CP)IXM AL E T ¥ (%)
% . L F v (bovine submaxillary glands)id SIGMA CHEMICAL CO.
BAYx, e Fo¥F vy 7o rtrbo—- Z(HPCO)R B AEE (%) zE., »
VWEF I AF NV EMT - X F FY 7 A (CMC-Na)iZEEAAE (#) &%,

~ (bovine albumin)it IRVINESCIENTIFIC#® % ., NaGC il + #

iz

7N T

7 (%) BEHwL, zofto, AERZE2TERETH VL,

i
N
Nt
pa

2-2.2 W MW

DEKEH OB R
A 20y AU BEREF A > 2 ¥ 20.0 mg B & UL 72 E #

50.0 mg% PBS(pH7.31) 5.0 mLh il @ MTI - 3HAIFTIIERESHE,

21



ABL o,

MEBRBSEBEAN I AD [1-2-2 ABFARL] o sBEBoAYFEICL
Lo THEL L,

)M R BEH oA Y

WEHMBRASEAMIT., 121 ¥ 100mge SG90.0mg%*EAE L T 200
F Ay yaTHBLTHABL &,

HEEEBRBEHMIE, Chart LIZART LI, 4 XYY »¥2~10mg#% 0.1N
HEB200pL 2 MR CHEMBL, 200 mLOoO R AKETNZ., EHICKEHR Z
MmMx TEHEBLZ, ZOHEMBICO0.1INKEILST FY Y 2A% 200mL 2T
PHT 4 CHELZ, R T0mgd RINREH & 20 mgO BEH L M2 T
EHEL,. BAYFLESILL, COBBTRLTHELEEHRL. 20075 £ v ¥

2 THBLTHRER AR L 2,

2-2-3 & 5 &

DEREH oG &
MRBEF I RD [1-2.3 5] OFHICELETHRS L Lo
2)0 K B H 0 %5 &
BREFTCHVAEFR)NZIF LY Fa—-—T2%BICEEL-ESHEO B
KEEHREANZH 100mgBEEL, Fa-T70%RBMERRO B ICHE
E20ecm#EALAL, K50, EHEIC2MREBEHL., ZAFEHE

MIEED AL ETHRARALEREAN~NHSE L 22y,
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( Crystalline insulin )

— Add 0.1 mol/l HCI
— Add purified water

(Insulin solution )

— Add excipients
——Adjust to pH 7.4 with
0.1 mol/l NaOH
——Add SG

(Insulin suspension )

CFreeze-dried insulin / SG / excipients )

— 200 mesh
( Freeze-dried mixture )

N J

Chart 1 Method of Preparation of Freeze-dried Insulin Mixture
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2-2-4 I

nEHEORMERIMBO 11-2-4 IFFEORE) OCHELIARICHEL .

2-2.5 M A4 AU EEOHE

ML >AYEBEORAERERD N1-2-4 EEEORE)] ODEELEF
BizLTEohs2hgz2ERELE. ToRAB Q00 L)Z2 AL A 2 -
EIATF A4 F Ry b1 (Fa4F Ry b (B)B)Y2HAWThhdsr Y B

ExREL &,

2-2- = J g

M7 NV2a—-ABEPLSOXEBRENEYENANARE., i MN1-2-
b AEMFEFNABROEH) OHEARICEHL .

AV BERRODVWTR., 122V EAREEBE SN S ML F
A AV EE—RBEHZICBN T, HETERAUCO)EABER LD
Xk, EMENRMAEL. P77 VI - A BEEZAEK. 1> %
0.5IU/kgIREF T DL IDBFELNDS AUCEHEL T, X(2)iIT &

NDERD =,

EHEHOR B E(F) = (AUC; n./dose; .n)/(AUC; . /dose i.v.) (2)

2-2.7 HPLC I SS
SSOBEPRUToLHE THPLCIc A hE &L =,

BRHE AR BN NESSSPD-GAV(E BB M ERE). I EWKE:210nm.
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B E:0.08 AUFS, o ~v /vy 7. C-R6A(BEREEFTR), BHH:
CH,OH. # & #M# #£:0.5 mL/min, # 7 4:/#% 4.6 mm, £ 150 mm

» C-18#% 5 & (ODS-2, YMCH &), # 5 2B E: 40 T,

2-2-8 H Ft ¥ 8T

BonhiF -7 0OKFTFEMWFMII. Student?d tBRE 2T\ .pfE 0.05

001U TEHEELL -



% 2-38H ®HROK

2-3-1 AWEHICBITLHSEGBLUPTSSDAL YA v HEEBINEEER

AUBBHERHRHNICBVT . SGREDAI YA YEARRREERA~ND
EEBILOoWVTHRITL Z(Fig. 8)e SGH LORXUTORE TCIRIRE & AUG
FoMICHEBEEFPBDOLONLN, 1.0%YEZX P EF0OHRINRELEERICH
M obhi, Thid, BREBLTHh2 8K BEOFDEHRITPIZIZ—-E T
HBH7-HDI . SCORRELr LT TLIRAMBREEMTE2LSGoENRS I,
FOEAVFBMICE > E BB SR L,

RIS, 1%SGB L USSEHA Y 2) Y AU BBHANITB T 2 EEHEY
AMFHNANARL>»POBEBRNREMFEHETREK T S E. SGOH A SS LY
b ZOERREVWHEE P AL N (Fig. 9)

F/.S8SGH Fig. 1R T IHILRAEYWTHY., SSE2DOT Y a2
DREYWTH DI EDH 3358 SSOHOZEHKT % L.0%E ML 72 KHERSE R
Al x Bwv T, &Ko RINRE {’Eﬁﬁmﬂ:ffcﬁot(mg. 9o

SSHOEZEHT I 2HNREEMEAOE S I, EHRFMEYFOFAEH»
5 Sit=Camp>StigD EIZ K& oo XRTF FHEW O 5 H IR
EHELT, BEEFEHEATWBE7Z7AF LY FIZBWTIE., 7 M
FULHOEER ccmc.iREBREYRICHERI AL N L oA T L2 H
HFE3NTWwE 3, L2L.SSOFRDTIEBTE,.REHROEVIE L,
HPLC T REZB LA EHTPOBEABEOBVIEE — R LA (& KD D REH
M ; Sit:20.5 min, Camp:18.6 min, Stig:17.0 min), L 7= #* o T . B X

HOBVESIFRNREERAIFwELER IR, $4.SSOEXRSTD



Total decrease in plasma

glucose (%-hr)

3000

)
(
g

2500

2000

1500

1000

500

SG concentration (W/¥%)

Fig. 8. Effect of the concentration of SG in an insulin
suspension in phosphate-buffered saline on total decrease in
plasma glucose. The curve was determined by the linear

least-squares method using experimental mean values (10.0
IU/kg).

Each value represents the meantS.D. (n=3).
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REXLERDPORBFNAEAYENANARLOE» S . REW TH 5 SS
OEWMENABAREOBERELYEL T2 L., SS o £ H# E(5.3%)I2 Vv 1#
(4.6%)k 2 ol BHTOREFEHIZE A EB LT EWVWEHEEL 2,
FITSGIR2WVWTiF., SSOBTOF THEIBSVWRINEEEH TR L
7o Sit WY 5 Sit-G % 1LLO%RE ML A AN BBERAANTCKRIT Z 1T L
(Fig. 9)o F O E. Sit-GHPrREYWTH %5 SGLH LHFEILE R EME
HERL, 860, Sit-GIRFD7 7)) a3y ThabSitehbHFEIIEHW
REEBERLZ(p<0.05) SGOEHFMAEYZEHFBARILIE.7T%T &
h . Sit-G T it 11.3%% R L %,

SGBIUSSHIODIIHIILHBEHBELIBRDNREEEANRED 5 LD,
AEALLAOBERBEICB Y TRERREEERA»TPEFZLALZDL N> o
72l b SGOAT U - VEOSRBHEAMOMBEEMIIC, 7V P F
Brudmomi, 2 EHEAEOHBERFICESL T EHEEL L,
D.J.Pillion & 9@ 7 v L F¥ v ad FEOBRNBRERMICB T . RL T
VELVLHTOLHEALTVWI2HEOBBEILIND, ZOHRILENS L Z L %
HELTWwD, Thiz, BINREDRICHEOBES S 52 L 2 RB L.

D SCGOBEERIZI L HIEL .

2.3-2 WMMTHHICBTALASGBIUTFSSHD A YR &K IINIEEER

MHEEEHEERN BT, MY HEHT LR /NS 714 %HWT
SGBLUSSO A 2 ) v REBRWEEDRETRF L 22 (Table 2),
WE /YT 74 I BWTH ., 71(7&%%%%&%2%‘)@%%&@1%\ SG D A

SSt h LI EEH B, SG% 1.0%RMT 2 & BHEMHNLEYFEN
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MARII3IAENDS3INDHEIZ LA LA, T, COFERBRAHBBRIHAT
BohrayrRMARIIIE (L »72(6.7%),

Chiz, SGENVARFU—-AMF LAY FILRBREDEI S B 2 LH»H
ExhnTBhsw {EHEIFEBYTHFARE P FR SR TWVWE Z N>
b.SGradEoMRRcMor»roEHERIZL. Hiuttom villlgig
SR PBVTHBEBERIA yil)ymﬁimﬁﬁst LTHER LD LS
Lo LAMNoT, A VA O BHKBEARELTRKBEHRLIY QG

OBV AEHTHDL2IENINLODERIPOLERES N,

il
o<
&
63
g

RCHUBBEREFN BT, A Y2 ) YO ERINHEKL
B DolgvhrErAMERBCT, SGBIXUSSOA 2 yOHEEBRWRK
W2 THRE %17 o 72 (Table 2),

AYEHFBHBRREBH NS 74 >0 ELRABIE, Sy LI HO A
T 6.9%TH o 7N .SGZ 1LO%EMT S5 &ETILTHEDILE6%E & o1
X542, SGLSSE35%MMULAN, AUEBBSHEMO & & & B,
SGBWwTIH, BNREEHEBILBAFAD LR ALN, SSTRER LT » %
MmAa AL R,

BLEAY2A) oY ZERNIAHEErMESILTZLOIL, HAOKE
FtTtowmEBMoERLBEBELOY ORI OMBEHEL LU E %
BE LA, ¥, v 2 A HBEANZTI)ENBELICHERSEE LD
RFoMHUELTETF LI LR, 1.0%SGHEMT v AW F F v bo
E—ftHoRAFT7T ) PBBTAMVIZTAEEMLTA Y2 YO &KI

M % R A&7 (Tabled)Ve LA L., 422 OKZBWIMEITIMETL L,

30



Table 2. AUG, AUC and bioavailability after nasal administration of insulin in liquid
paraffin and peanut oil containing the SG or SS in rabbits (10.0 IU/kg).

Enhancer AUG (0-6hr) AUC (0-6hr) Bioavailability

glucose assay insulin assay glucose assay insulin assay
(%%hr) (1 1Uxhr/mL) (D %) (F %)

«i.v. (0.5 Tu/kg) 1899. 6+ 7.4 87.9%9.1

«Liquid paraffin system

None 800.5=%80. 3 40.6x6. 4 2.1£0.21 2.3x0.71

1. 0% SG 2727.0x£33.5 146.2+3.6 7.2+0.09 8.3x2.22

1. 0% SS 1404.5+72. 2 75.5%x2.6 3.7+£0.19 4.3+1.15

-Peanut oil system

None 2264.5+97. 1 121.8£6.5 6.0x0.04 6.9+1.88

1. 0% SG 3947.5+417.6 204.8+1.5 10.4%£0.13 A 11.6%£3.10

3.5% SG 3516.1£78.2 195.8+2.6 9.340.21 11.1%2. 97

1.0% SS 3257.5+30.5 165.4x3.9 8.6+0.09 9.4%2.52

3.5% SS 3958. 0+40. 1 206.7+3.8 10.4%+0.21 B 11.8+3. 14

Each value represents the mean=+S.D. (n=3).
A and B values are not significant (p>0.05).
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Table 3. AUG, AUC and bioavailability after nasal administration of insulin with 1.0% (w/v)
SG in peanut oil containing additives in rabbits (10.0 1U/kg).

Additives AUG (0-6hr) AUC (0-6hr) Bioavailability
glucose assay insulin assay glucose assay insulin assay
(%%hr) (1 1U%hr/mL) (D % (F %)
1. 0% SG 3947.5+47.6 204.8%+1.5 10.4+0.13 A 11.6£3. 10
0.5% glutamic acid (+ 1.0% SG) 4372.0+46.0 233.5%+2.9 11.5+0.13 B 13.3%3.54
1. 0% glutamic acid (+ 1.0% SG) 1115.0+32.2 55.8+%1.2 2.9+0.09 3.2+0.85
1.0% Al stearate (+ 1.0% SG) 494.0+20.0 61.2+3.2 3.0+0.08 3.5+0.95

Each value represents the mean=S.D. (n=3-4).

A and B values are significant (p<0.05).
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chiZ.EHBELIEIBT2HFoOFEHEIENML 22, 2% daosg sy
TLRCA VA VS FOHBIETFT LD EHEEL 2,
RIEBHEBLILHFETEIARTF Y- FILIB24 VA O5MEyHEE

T 52010, 1.0%SGHEMT v DA MICES Iy vy N S BBEMEE

4

MoOL-7Vy I v B2IRML Z(Table 3)62), TOHE. 0.5% L-7 0
I VEAMEBFN BV TR OBETERHICETORET AL M A,
AEYMEHNFRAREBTCRIAELZEPZDODObN 2o, T/, 1.0O%L-7 V¥
IVEENMEAICBYWTER, BRAYPIRETNRELA Ay YEE LN L L-

g N4

Y2y

CEBAEAMEBEOEFRBED TEZ VDI, SHELIIBWT, ¥V A

Ju

Yy ryAL-F vy VEBEBAELELLEDII, AR OB KR

BFTLALbODEHEES IS,

2-3-3 M ABHICBITELSGH A v A vy EERINVELEEHR

BAEAMOFRICBAEZEN 2 bDE L THWHEVRSEHAEELRED 2
HE S5, 2T, BRXEFNOABRFEILCILIZ A Y2 ) YO K H KN
HowEriTo2 , RIMREHNTHSSGEHEBAL L THY, WEWIE
ARH TIZ10.0IU/kg, BAHERUFTWE2.0I0/kgn HHETSGEH 1
Y2 v EHeHES L, LEEOREIER ¥ ® X (Fig. 10),

%ﬂﬂ@ﬂ%iﬁﬂﬁﬂ’@ai 10.0IU/kge &5 LT, LA mMBERTIMEA
BERDOLNLE Do, FHRICH L, BEEHERATIE 2.0 IU/kgD 1~
AN OS5 T, KELTOBERTEAPEZD AL, 4. 20L &0
A EHABEER. WEMESEHAN T 2.67%TH oo ilx L. K

G RAA TII26.3% L WHEHMNRSHKNOL Z L 10bBVHELTR
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120 9

100 #

80 -

60 -

Change in plasma glucose (%)

Time (hr)

Fig. 10. Effect of physical and freeze-dried mixtures of bovine
insulin with SG (insulin : SG = 2 : 90, weight) on plasma
glucose after nasal administration.

Each value represents the meantS.D. (n=3).

**p <0.01 versus physical mixture.

3, physical mixture (10.0 IU/kg); @, freeze-dried mixture

(2.0 IU/kg).
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L. MBAMIBYTHELZENNALNAL(p<0.01)s S NI, @& &8
KWEoTSGOHFORBILA VANV PREEEETH - IHFEL T
b0t HEBEE N,

A VANV OoORBERNHELrTMEESEZ 0., REFIZE 2HES
BHEHESIVNLTCOEYOHER LT UETILE XSS, 22T, BRIFE
FMieHENELES ST O CP, HPCB XL " CMC-Na, ¥#E 2> D & F ¥ |
A YAV vORERMERHODDFEMBEBTN T I VERAVL A VAU ¥
GREREMNODEEHLR2:70:200H KBA B E L TA XY »:8G
DEELX 2900 KXHMAM LML, 201IU/kg THEA > 2 Y ¥
BEREERNOEZSHROMMBEOHRB % Fig. 1110, M 7V a— RigE -

Fﬂ%ﬁ@100%54>TEf§(AUG)t‘\ ChLROLNDZEHZENHAEY
FHFABMD%)ZT Table 4 IR T,

BIEAPSGHO &0 HHARLCMC-NaZ AWV BFRI S5 HEH LEFEMIC,
CPRraFryZRHVWELERRAMTRESEHLIHFHMICEAMEERE THERAZ R L
e L. CPEZEAHVAERERBMIIBLW T, KEBE6HMBMIIHLTo TH
LR REDREOBREN RO LN, EHEOE WO M & D% .

SGHOAHADHFEAED 26.3%IC L T, CPT 37.5%. &4 F ¥ T 31.1%. HPC
T31.8%FfFTLAL L,

N.G.M.Schipper 5 iz, RRICBIF B I A F A -y 2075 %F A+
COBKBAHICELDEA AT CESRPT, 13%0EBRFHNEMFEN F
HigE% ., /4. WALeeb VI ElBWT ¥ vadr Fuy iy vkt
FPU T Ao RKRRFICELDEZA ) VHEHEBINT, 31.5%0 FHZH A&

WEBRFAAEETHRSL Tw b,
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Fig. 11. Effects of various excipients in the freeze-dried
mixture of bovine insulin, SG and excipients (2 : 70 : 20) on
the plasma glucose after nasal administration (2.0 IU/kg).
SG : mixture of insulin and SG (2 : 90).

Each value represents the meantS.D. (n=3-4).

*p <0.05, **p <0.01 versus SG.

O, CMC-Na; ¢, albumin; @, SG; H, CP; O, mucin; A,
HPC.



Table 4. Effects of various excipients in a freeze-dried mixture of
insulin, SG and excipients (2 : 70 : 20, 2 I1U/kg) on total fall of
the glucose reduction-time (AUG) and the opharmacological
bioavailability (D %).

Excipients AUG(0-6hr) D %(0-6hr)

-- (SG only) 100. 7+ 25.2 26.3%+0.3 —
Cp 143.7+£172.9 37.5%+0.8

Mucin 119.2£35.0 31.1%x0.4 X
HPC 121.9+21.9 31.8+0.2

CMC-Na 108.9%+ 8.5 28.4%0.1

Albmin 51.3x34.7 13.4+0.4 —

Each value represents the mean = S.D. (n=3-4). *%p<0.05
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LA L., TabledH» b, MEHAHIFSGEHB O DR FMFEFTNVT I L
HRoOoBREH LEHEHICIAELEZN L, SGI CP R 4+ >, HPC
L BN REDRRIEICZASECho, it BKBEER LD SCEH
BHRoTEE. RERTORMNOFTEBEHE.SGED 4 ¥ X)) 05 #H N
vl FL.SGOoORERREBELNORINOFEE oM L IZH
5L TVw20TREVHIEHEBLL, LMo T, SGIi2 R IUIREHL Y

TRZ BRBEBACBTLIERERANELTOFARL FIBI AL,
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#2485 F LD

SGORRILBIT DA LAY OREBERINREER, KA.,
HEAFNBIUHRRANOIENRHETERD O T,
AKBEBRAMICBVWT,.SGR., 2 —~FEDREICET S & PRI EEH I
faRArRBOLONL, T, SGOREBRWREEAD SSLH L EHVHEHM
BAhbLNl, SSOEHDICE T2 RNEEMEHA DR ST, Sit2 Camp >
StigdMil@h» oz, Thi3, ERTOHEAREOBEVWIHE —H LA, L
Ao T, BABEOS VWREANIFPRPNREEAHAIEEERE SN L, L
PL.BEAKEZLIODSGERSSIYVBRRRBEFANIFPNEC . SGOERFN A&
MEWFHEILZE6.7T%THH ., EHLIKEFDOETO Sit-GTiE 11.3%T H »
oo SO  SGORMREEA I, BAEBSP LT TR LS T VI Y
FESDFSLTVwEEHEEZ R,

MEBERMCBYT, EHEYHHBTH2HEBH NI 710 I0BTH, SG
ARNT AL EHEENEDENFAARELIAE N 83%ICERAL L &
A VA P OBRBERDNHECREYREFDo LT v A HITBETD
SG% 1.O0%EMT B2 & TAHAYFEMHMARITLIFED 11.6%E & oo

1.0% SGiHRMI7 v A4 BRI, Xy HBEZNHNERN

Ji

NDHHL-7 VY I VEBMEBEEDLDLIALADICATT ) YETNVIZT L
r&E4dML,. BERRNKEomMEERFLAL, L7V Sy I VBEMT I
MEETEHCETOREFZ OO A AW FEFHHAMAEA3.3%)TE
HFELEF PZODOLAYT, §22AF77 ) yBTLVIZTARMIIBNTY

MOKEPEAL., BHBELTEHNOSIMEI B LA OO R PO A
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AV VOEBRPETL.AYAY >oRERKEOE LKL NL B
XD AN

BREFMIBVWT, BEFETR., PEVRERERALI VL RARER R
MOFENALAYA) YORERNEAEVW EFEIPE 2o, TR,
REEBEPTHILT SGORFORMICA Y AU YHFFEHKETLTH —
Kt FE LTS EHRBENRL, 4. SGEI Y AU YOIl CPR
AFUERBRELTEMT A LRI, RAMEETHEARER O E
ERLHROBEHKLTRL.,. EEEMNAEDFORARIT. £ 435.7%. 31.1%
FTCLERAR LA, SGEBOB XK EA T, CPJ@A%‘/\ HPC % % &F L &
BREUANOEBENAYDENANABLEAEE N 2o 2 H . 8GH
UL EH & LT TRLEL, HBREHICBTI2REHRHELTLHA
BV ENFRE SR,

BN SGOoORNRBERRA L EB XM AEYEWAABRBTCREEY 5 &
BERBHA(26.3%). 7 v A4 W HEA (10.4%). KMHER(B6.7%) D H T
Hott, Thiz, PEREAFPFEREALINDIAEAIBT2HERNLNE
WItiRERBLTYWS EHELA, 4. MHEERMNOFPRERA IR
RTHEPWREDRIFPG LoD id, WEKIRINREERA D 50 &

e L
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% 3% SG & SS O W INAE & # #

% 3-18 Fiw

AETISGBIUSSOBMMREERNBE ¢ AL, — & ICHRILE &
HorERBHT., EHLroMEfEHE., SHBEHABCERATZ DD 2
BHICANTHIENTE S,

SITREFA AV YESGOMEEA . $ bbb 4R YD E
Jw =il oW THRF LA LEBEORE~OEAIID W T . dnvitro

BT B VAN) P OBERBERY T o 72 60,

—HRILEYOSBR R IIABE~NO pH- 5 BRI X8I a8
Ir2EMBEV-PLELEZOATVEN, /A VA YOLHIIEDFOE

MOEBIHMBRBMOBEREES (VA VY Y 73 ry)OMB»LEM T
P2HBEBLYV-PEEZLRTWE, 2OF AL VNI X v vavidhnw
YU LAAF rERNLIEEESTLIVEICHESERTSEY, TOH VY
TLAAF VIREFPETTLZ2LEHABIPACLEEILNR T WS 89,2 2 T,
1.0%SGEFHAI Y RA) UPBSHEWMEA VT, 412 Y YORKKEEMNN

BT 2EHEDPDI N AL F T DEEERE L 60,
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% 3-28f EERoOIH

3-2-1 AEDHE

£ v A1 »i&. bovine pancreas (24.4 8 X ¥ 25.7 IU/mg) T SIGMA
CHEMICAL CO.8 % |, B v 74 Y (HAERBFH)T B HILFERL
¥ (%) %, Sv 7t /1 WM BXERFSH)IAREHRE (%) 2 HV

72 SGCHBIUSS(KEHRKRAFTFTOu -V VALY FREYBIUEDZATF

1l

o— N, Fig. Did . EAH (%) IRt LT, L-Z7 V75
VL. - TUNEBEBIIT YL T AT~ IR E T Y () B
¥ . NaGC R+ D747 A7 (%)) B@rHWwWE, 2o, XEIZT L T

e Wi,

3-2-2 AH#HM

AKHEBRSEARANBLUMHEBRSERA TGRS [1-2-2 RBAR] ©

HRBEHNOFRELCL LW THEL &,

3-2-3invitro Wl BT A2 A YA VOB EBHERD HiE

ALEIiRELO-RA X Vv 75 v 740y — (RSE, ¥L F1Jwm R
(%) B) ZHWwWAL, BEBRIZ. » 77U LEBEESYY)LTALVI—-ILEE

FH4:092TRAL. 30C K MBLABERE P PHMALKE 2

he=d

LT26, WY B LTAHILEIEATBRHOEBEE+*REN>7-b 0% H
Wwi7z067.68), F /4 BEHMBERRLErI—-F VKK, SBMEALS Y

ARBEREHOCTIEZRE L, BEHITHH L L.
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BREBERIIABESL O FEINHE L TIT o 72296769, ¥ 3 — & )bz it 4
VA Y PBSIBEBSHELHFEET. LY - N—-—ENVIZEPBSE 2 N F
Ne0mLAVwWA, tVEITCOEREPICEHEL., ERFP I FF+ -+
MBIV - N—tNVIIHEHEFEAR, RF¥ -5 -~ THEHHEL L, £
BRHGE®, #RHICL Y - N-—FHo-BrHEBRL. sEHEMETDO 4 >
A vyEBE%* EIA T 23 HPLCETREZ B8 L 2,

A AN VvEBETRHRBIY LTSy PL, FOEBROEE D S |

@R Lo TA R P OEEAFEEXKZEBL &,

J = (dCr/dt) - V/IS = KCd (3)

ST JIJRT7 I v I A, SIEHERAE. VIV Y- N—-Fi#HO KK,
Cdid . PBSIXBT B4 YRA) VOoOFEHBE.Ccrlby—nN—Folfyrx)
CIEE  tIBMETH AL, B.CdnfEid. a2 bo—- Vo PBSTit 38.3
IU/mL., 1.0%SG& %A PBSTii34.71U/mL, 1.0%SS%& A PBS T ik 30.4
IU/mLT & o272, $7, SGB XUV SSHOPBS~DBFMEBTC)IZ. 1.26
mg/mL & 1.1l mg/mLT&H o7, LAdo>T, 1.0%SGR SSEH PBSiZ

%7&7&(550

8-2-4 in vivo K BT LEEXBE~DEH O i 5 &

WRKBEFEAH R [1-2-3 & 5 i | @Iﬁbcﬁtf%ﬁ%‘wto
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3-2-5 I ¥ 6 0 # E

MFEEOMEEH AN 124 OEEOME] DR EAHRICHEL L

3.2.6 A v AU VEEOWE

1)EIA i&

fido [2-2.58 M4 yYREOCHE] ORICEL THKHAF D A

YA rmETRHMEL L

2)HPLC #
ABEBPUBEINEAS A2 U ToOoLMHTHPLCIL L) (M RE

MEBICILIDEREL 27

ME G BN BRALKEE SPD-6AV (B ERMERTR), E®EKE: 220 nm,

MM BB :0.08 AUFS, 2 o~ Fsty 7 :C-R6A (BEREMEMR). BEHM:

AH 7P PFYVERE (69 :31) . 2K L AKHMIEZ NaCl 0.1 mol &

P TNV A UEBOTmLE R AKIOOnmLIlEML THELAL O, B

BHHMMHE: 1.0 mL/min, % 7 4:NF 4.6 mm, £& 150 mm ®» C-18 # 7

&L (AP-302, YMCH#H®), 77 2mE B,

3-2-7 Bt = : oy

4 2y > PBSHEMO.5mg/mL)., SG* fafl 3¢ /7 PBSHiWH. b &
A B e L TNaGC» 2.5, 10. 20 mMPBSH@E 2 A B L L. T b #%
MR % Z 5% %R EE (JASCO Model J600. H A4 & L ¥ () &)
v, K 300nm~250nmDFEH., A F v A - F 10nm/min T,

AFx v LI, EtVIREEBE1I1OcmDBHEL LV FH Tl L L, #lE
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PO FREAR[I), ~OERIIYEL -~ FHWwWT, [8], = 6,
JC- D (6RHERAICBTAHAE, CIZA4 YR ) »i&EMmol/L), 1

Rt roRBR)OXIZXE Y RDL,

3-2-8 #EtF @A

[2-2-8 WEFFMMFT] OHLAERISHT L,
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Ly

Permeability coefficient (cm/s)

Fig. 12. Permeability coefficient of insulin in PBS with 1.0 %
SG or SS through the artificial membrane with and without
soaked lipids (AFL, AF), and the nasal mucosa; control ((1),
1.0 % SG () or 1.0 % SS (M).

Each value represents the meant+S.D. (n=3).

*p<0.05, **p<0.01, ***p<0.001.
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Fig. 13. Effects of SG and sodium glycocholate (NaGC) on the

circular dichroism spectra of insulin in PBS.

A: 0.5 g/L insulin solution, B: saturated with SG (0.092

mmol/L), C: containing 2.5 mmol/L NaGC, D: containing 10
mmol/LL NaGC, E: containing 20 mmol/L. NaGC.
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Table 5. Duration of the effect of SG in the powder dosage form on total
fall of the glucose reduction-time (AUG) and the pharmacological
bioavailability (D %).

Time (min) AUG (%%hr) D %(0-6hr)
0 1504.0%+93.0 2.0%x0.12
30 1067.0x57.2 1.4+0.08
60 284.0+£75.2 0.4+£0.10

SG (8 mg) vas administered at 0, 30, or 60 min prior to the admin-
istration of insulin (2 mg, 20.0 1U/kg).
Each value represents the mean*S.D. (n=3).
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Change in. plasma glucose (% of initial)

Time (hr)

Fig. 14. Plasma glucose level after nasal administration of the
insulin suspension in phosphate-buffered saline with 1.0 %
(w/v) of SG 5min after pre-administration of 0.05 M CaCl;
(10.0 IU/kg). ( A ) No pre-administration; ( A ) pre-
administration of CaCls.

Each value represents the meantS.D. (n=3).
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Fig. 15. Plasma glucose level after nasal administration of the
insulin suspension in phosphate-buffered saline with 1.0 %
(w/v) of SG and 0.5 % (w/v) L-glutamic acid 5 min after
pre-administration of 0.05 M CaCl: (10.0 IU/kg). (@) No
pre-administration; (O) pre-administration of CaCl..

Each value represents the meantS.D. (n=3).
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Fig. 16. Plasma glucose level after nasal administration of the
insulin suspension in peanut oil with 1.0 % (w/v) of SG and
0.5 % (w/v) L-glutamic acid 5 min after pre-administration of
0.06 M CaCl: (10.0 IU/kg). (@) No pre-administration; (O)
pre-administration of CaCls.

Each value represents the meantS.D. (n=3).
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Fig. 17. Microscopic photographs of nasal mucosa 1 hr after
administration of 250 pL of the liquid dosage form (H and E
Stain, X 100). (a) control (untreated, nomal respiratory
epithelium), (b) peanut oil, (¢) insulin in peanut oil, (d)
insulin with SG in peanut oil.



Fig. 18. Microscopic photographs of nasal mucosa 1 hr after
administration of 250 uL of 1.0 % sodium glycocholate in PBS
solution (H and E Stain, X100).
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Fig. 19. Microscopic photographs of nasal mucosa 0.5 and 1 hr
after administration of 10 mg of powder dosage form (H and
E Stain, X100). (a) insulin (1 hr), (b) SG (0.5 hr), (¢) SG (1
hr), (d) insulin and SG (2 : 8, weight, 1 hr).



1T o 72 (Fig.19, Table 6),
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5 % 1T o 72 (Fig. 20),
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FEENAABFERIE, T TH25.0%TH o 2 (Table7, p>0.05),

Fhicdic LTEHDRD, EHREFBEOHSHEH 2B TEY LT
BrowsomEE TERERL, —E0XHRYPYRE R L L (Fig.20(b),
p>0.05)c I KB EYMAYWFEHNAARIVEL6REFHFIBBVEEZRL

7z (Table 7)o,
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Table 6. Histopathological findings of nasal mucosae of insulin peanut oil suspension and powder dosage forms.

Histopathological Prep. Cbntrol I I I v V VI VI Vil
Findings Animal No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Degeneration of epithelium - - + + + 4+ 4+ 4+ - - - - - - - -
Inflammatory cell infiltration - -+ + o+ + + £ 4 T
in lamina propria mucosa
Erosion in mucosa -
Abbreviations: -, no change: =X, very slight: + slight; ++ moderate;

I, peanut oil; II, insulin in peanut oil; HI, insulin and SG in peanut oil; IV, sodium glycocholate;
V, insulin powder; VI, SG powder (0.5 hr); VI, SG powder (1 hr); VO, insulin and SG,

Nasal mucosae were excised at 1 hr except for group VI (0.5 hr).

Each finding is the result of duplicate experiments.
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Fig. 20. Efficacy of porcine insulin powder with SG (insulin :
SG =2 : 90) prepared by freeze-drying in a subchronic study.
Rabbits received drug for 5 successive days (2.0 IU/kg).
Data represent blood insulin (a) and blood glucose (b) on day
1, 2, 8, 4, or b (meantS.D.; n=3).

O,day 1; O, day 2; A, day 3; MW, day 4; @, day 5.
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Table 7. Effects of continuous administration of insulin powder
(2.0 1U/kg) on the pharmacological bioavailability (D %) and the
bioavailability (F %).

Administration day D %(0-4hr) F %(0-4hr)
Ist 52.9%+4.9 31.0x16.4
2nd 58.8+5.6 16.0x 4.8
3rd 69.2+8.4 43. 0% 27.3
4th 67.7x4.1 25.8x15.5
5th 59.2+5.1 9.2+ 8.4
Ave. 61.6x8.1 25.0%+18.5

Each value represents the mean®S.D. (n=3).
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(a) untreated site (day 3)

(c) untreated site (day 5)

Fig. 21. Microscopic photographs of nasal mucosa on day 3 or
5 after continuous administration of porcine insulin powder
with SG (insulin : SG = 2 : 90) prepared by freeze-drying (H
and E Stain, X100). (a) untreated site (day 3), (b) treated
site (day 3), (c) untreated site (day 5), (d) treated site (day 5).
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