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Peptide and protein drugs are becoming a very important class of therapeutic agents. However, the oral bioavaila-
bility of peptide and protein drugs is generally poor because they are extensively degraded by proteases in the gastrointes-
tinal tract or impermeable through the intestinal mucosa. For the systemic delivery of the peptide and protein drugs,
parenteral administration is currently required to achieve their therapeutic activities. However, this administration is
poorly accepted by patients and may cause allergic reactions and serious side effects. Therefore, various approaches have
been examined to overcome the delivery problems of these peptides when they are administered into the gastrointestinal
tract and other mucosal sites. These approaches include (1) to use additives such as absorption enhancers and protease
inhibitors, (2) to develop an administration method for peptides that can serve as an alternative to oral and injection ad-
ministration, (3) to modify the molecular structure of peptide and protein drugs to produce prodrugs and analogues,
and (4) to use the dosage forms to these peptide drugs. In this study, we demonstrated that the transmucosal absorption
of various peptides including insulin, calcitonin, tetragastrin and thyrotropin releasing hormone (TRH) could be im-
proved by the use of these approaches. Therefore, these approaches may give us basic information to improve the trans-
mucosal absorption of peptide and protein drugs.

Key words——drug absorption; transmucosal absorption; peptide drug delivery; absorption enhancer; colon-specific
drug delivery; pulmonary absorption
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Fig. 1. Effect of Absorption Enhancers on the Transport of
Aczetirelin across the Jejunal and Colonic Membranes of Rats
Keys: (O) Control, (A) EDTA, (A) Sodium glycocholate
(NaGC), (W) Citric acid (CA), () n-dodecyl-f-D-mal-

NnTns. 2 topyranoside (LM).
Table 1. Enhancement of Absorption of Peptides/Proteins by Various Absorption Enhancers
Peptides/proteins Absorption enhancers Animals
Insulin Various surfactants Rabbits
Bile acid
Phospholipid
Enamine derivatives Rabbits, rats, dogs
Sodium salicylate Dogs
Sodium 5-methoxysalicylate
Gastrin Sodium 5-methoxysalicylate Rats
Pentagastrin
Lysozyme Enamine derivatives Rabbits
Heparin
(Asu'7) -eel calcitonin Enamine derivatives Rats
Sodium salicylate
Human epidermal growth factor Sodium caprate Rats
CMC Na
Interferon (human fibroblast interferon) Mixed micelle (linoleic acid, HCO60) Rats
Des-enkephalin-y-endorphin Medium-chain glyceride Rats

Na,EDTA
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Table 2.
Colonic Membranes of Rats

Effect of Absorption Enhancers on Papp of Azetirelin across the Jejunal and

Jejunum Colon
Enhancer
Papp . Papp .
(X106 cm/sec) Ratio (X10~¢cm/sec) Ratio
Control 4.60+0.46 1.00 3.42+0.22 1.00
EDTA 10mM 4.31£0.09"s 0.94 7.06+0.72** 2.06
NaGC 10mm 4.36£0.49 0.95 8.07£0.76** 2.36
CA 10 mm 4.69+0.57ns 1.02 9.01+£0.71%* 2.63
LM 10 mm 4.10£0.68"s 0.89 16.49+0.47*** 4.82
Results are expressed as the mean+S.E. of 4 experiments.
(n.s.) : not significant, (**) : p<{0.01, (***) : p<{0.001, compared with the control.
BT oEi#EfzE (Papp) Z/RLTWS, ZEFIC @) ®)
B 5 Papp I, WTNOEERZRFMLZRTH E w0y 250 [
control & Hife U TN/ <, WALFEEHS %) 13 Fd| el I
= - - L 0 15 30 45 60
BooNahol, —F, BICBIS Papp Ol S e
A R IURER O 417 FCHZICHA L7225, g oo £
©
THITTUILTIL b R OB R D WL R & 3 %0
[
V> J ~7. 2] N 0
P L TAE <, control & HAT 4.8 {50 HNAS o w o e 1w =
DN~ Time (min) Time (min)
RIZ, in vitro Ussing chamber 7 CHET L 72 &1 Fig. 2. Effect of Absorption Enhancers on the Small (A) and

HEANZDWT, I 51T in situ closed loop {EIZ XD
K&t 217> /=. Figure 2 1%, azetirelin (%58 0.5
mg/kg) D/NG (ZEEER) KUK loop 7 5 DK
P9 25 S EIEER ORISR ZRL Tna, H
W EHER ORINERE VL, in vitro &6 U < 10 mM
ELT FORRE, NEIZBWTIEZTUILRIV
2 ROGIE T THL M RIMEFIRE D RNED S
NzHODOMOPIRHEFNT DN TIXIFZ E A ERNR
MBS NEMS T, —H, KBicBwTidndh
DOIEHEHI D % TH control & Fh ik L T ifn
azetirelin JREDOHER LHENE OGN, HTHT
TUILIV BT RIIRGERNS, hOfEER &
U CHHE R R R &2 /R U7z, Table 3 21
60 73 X TOMmEHREHES N SR 2 AUC Of
ZEEDTRLTWS, METIE LM O®FRT
DH, control FE &L LB L TH 3.5 5D AUC DHEK
N LN —F, KE "iSbVCbiﬁU< Z 1)
wvw%/%% B U 72 BRI B 1T D IR HE )
HME 5, control ﬁ&lﬁt%& LT AUC 1% 36 fZ |
HUE DLEOER, 2B ThoRiEAlICS
WTHEEFIC BT D azetirelin 12009 2 WAL it %h
RNERFITHNRKDBEEICHEB T2 I ENRD 5

Large (B) Intestinal Absorption of Azetirelin in Rats
Keys: (O) Control, (A) EDTA, (A) Sodium glycocholate
(NaGC), (W) Citric acid (CA), (O) n-dodecyl-f-D-mal-
topyranoside (LM) Each point represents the mean=+S.E. of
4-5 animals.
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Table 3. Effect of Absorption Enhancers on AUC 49 min Of Azetirelin after Administra-
tion into the Small and Large Intestinal Loops of Rats
Small intestine Large intestine
Enhancer
AUC-60 mi ; AUC-60 mi ;
(ug-min /Ir?ﬁ) Ratio (ug-min /'r‘;‘l‘i) Ratio
Control 1.70+0.07 1.00 0.77+0.28 1.00
EDTA 10 mMm 1.4940.440s 0.88 3.35+£0.61** 4.33
NaGC 10 mMm 1.03+0.07** 0.61 2.14%0.37* 2.76
CA 10 mMm 1.68+0.39ns 0.99 3.53+0.64** 4.56
LM 10 mMm 5.88+0.43** 3.46 27.97+£2.24** 36.32
Results are expressed as the mean+S.E. of 4—5 animals.
(n.s.) : not significant, (*) : p<<0.05, (**) : p<<0.01, compared with the control.
Protein (mg) Phospholipid (mg) A) (B)
o o1 0.2 0.3 40 40 p—
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Fig. 3. Release of Protein (A) and Phospholipid (B) from
the Large Intestinal Membrane in the Presence of Various
Absorption Enhancers

Results are expressed as the mean+S.E. of 4-6 animals. (n.s.) not sig-
nificant, (*) p<0,05, (**) p<<0.01, (***) p<<0.001, compared with the con-
trol.
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Fig. 4. Correlation between AUC of Azetirelin and Release
of Protein (A) and Phospholipid (B) from the Large Intesti-
nal Membrane in the Presence of Various Absorption En-
hancers by in situ Closed Loop Experiments

Enhancers except LM were used at the concentration of 10 mm.
Keys: (O) Control, (A) EDTA, (A) Sodium glycocholate (NaGC), (H)
Citric acid (CA), (O) n—-dodecyl-f—D-maltopyranoside (LM).
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Table 4. Enhancement of Intestinal Absorption of Peptides/
Proteins by Various Protease Inhibitors

Peptides/proteins Protease inhibitors Animals
Insulin Soybean trypsin inhibi- Rats
tor

Insulin, Pancreatic Aprotinin Rats

RNase

Insulin Aprotinin Rats

Insulin FK-448 Rats
Dogs

Vasopressin and 1-Di-  Aprotinin Rats

amino-8-D-arginine

vasopressin

Leu-enkephalin and Amastatin Rats

analogues

Granulocyte colony- Ovalbumin, Casein, Rats

stimulating factor Mucin, Keratin

Insulin Soybean trypsin inhibi- Rats

tor, Chymostatin,
Aprotinin, Bowman-—
Birk inhibitor
Insulin Soybean trypsin inhibi- Rats
tor, Bacitracin, Aproti-
nin
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O Chymotrypsin
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B Aminopeptidase B
B Leu-aminopeptidase
B Aminopeptidase N

100 1

Protease activity (mU)

S.M. ; small intestinal mucosal homogenate
L.M. ; large intestinal mucosal homogenate

50 TE

0..
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S.L. ; small intestinal luminal fluid
L.L. ; large intestinal luminal fluid
P.T. ; pulmonary tissuec homogenate

Fig. 5. Net Activities of Various Proteases along the Intestine and Lung of Rats
The data represent the average hydrolysis rates (mU). Results are expressed as the mean+S.E. of three experiments.
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Fig. 6. Effect of Various Protease Inhibitors on Protease Activities in the Small Intestinal Fluids and Mucosal Homogenates of Rats

a) Soybean trypsin inhibitor, b) camostat mesilate, ¢) sodium glycocholate. Results are expressed as the mean=+S.E. of three experiments. (*) p<{0,05,

(**) p<0.01, (***) p<0.001, compared with the control.
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Effect of Various Protease Inhibitors on the Degradation of Insulin in the Small and Large Intestinal Mucosal Homogenates

Keys: (O) Control, (A) 20 mm sodium glycocholate (NaGC), () 50 mm sodium glycocholate (NaGC), ([0) 10 mg/ml aprotinin, () 20 mm camostat
mesilate, (V) 1.5 mg/ml soybean trypsin inhibitor, (¥) 10 mg/ml soybean trypsin inhibitor, (A) 10 mm bacitracin, (@) 20 mm bacitracin. Each point represents

the mean of three experiments.
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EEDO/NGHIKRED X — MIZBT 51 22U >~
Do R INE S0mm 77U a3 —)VEEF R U DA
>S20mM N RT3 >20mM Ay ad—)VEES
FUTA>20mM A )VEEHTEAS v b >10mg/
ml 7 7O0F=>>10mg/ml KE U722 2k
EY—DIETHEL 2. EERBHKKED F—H
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Table 5.

Homogenates of the Small and Large Intestines

Effects of Protease Inhibitors on Half-Lives of Insulin Hydrolysis in

Small intestine

Large intestine

T,/, (min) Ratio T,/ (min) Ratio

Control 66.11+3.8 1.0 71.3+2.6 1.0
NaGC? (20 mm) 144.0£4.0%** 2.2 111.9+£2.3% 1.6
(50 mm) 187.3£6.5*** 2.8 — —

Aprotinin (10 mg/ml) 98.4+5.7 1.5 103.0£4.7* 1.5
Camostat (20 mm) 113.6+2.2%%F 1.7 137.8+6.6™* 1.9
STI» (1.5 mg/ml) — — 81.7+09.1 1.2
(10 mg/ml) 74.3+4.6 1.1 89.9+1.0* 1.3

Bacitracin (10 mm) — — 168.2+8.9%* 2.4
(20 mm) 165.2+£3.2% 2.5 301.3+:4.2%*%*F 4.2

a) Na Glycocholate. b) Soybean trypsin inhibitor.

Vol. 121 (2001)

The T/, values are expressed as the mean=+S.E. of 3 experiments.
* : p<0.05, (**) : p<0.01, (***) : p<<0.001, compared with the control.

HFIZBWTH, 1R ORRERINTY > X2
SRS ER ORI KL DK 1.5-42 fEHEE L,
BREBGEHRRENRERUE. Liedi> TG
KOKGRKE R E D F— MIZBIT 21 > 2D >~
DEEM, BEY 2N REREENCL DK
EBIN, TOMRITEALEIZED 5NN T ENH
SnhER-o k. ERAEMHEMAL ZHEEROF T
20mM N> b T2 2D RIEIRIR N RKR ETR >
/z.
RINBERENIRTIC BT D1 > A > DRENE
I &AEY >IN D o7 il 32 B 5 O 2 5L % et
L&l A, 2R 3EBENKRT TIZIERITR
BET, BONIHRINDZENPEENER S
. £l2A AU > On ¥R X, endopepti-
dase ZPHEICHET S 10mg/ml KE ~Y S>> o
B =R LS, ARBEENPHERES
Niz. Eie, MOz KBERENKZ W T
DIRER, A AU O RIIF E A ERER I N
Mmooz,
IBIIHLMAZTTITA > A > OHLER
P KIE T & FES >N B R ER DR EICD
WTHE U 72, WINEERRIZ, in situ I5E )V —T %= H
W, NN KRIFIOV— T B IERE, V—T NI
HBWERGTHZEICE0To7. ZO/E, NG
W—TWNIZA A & G LT ImpEkR ~E
A3 narokz £, METBWT, 1>
2 NCEHEY 2OND R FREER O L 5
BIZPNTHEREAEMBEEOK TIZASNT (K

IR L TWiaw), ZNS5HEERNZA XU >0
INGINS DRI Z SR ELBRNWZ ENBHEMNER S
=, —7%, RBCBWTHREOERZT-ZET
A, A AU > ORMEE TII/NNG SRR, ffERE
TERRBRINBh> IR L, ZUaa—)b
BrhUDTL, ADIVBAERY Y NKUNT NT
SR EDY N fREEERIEROMAICK D
FHI2MBER TERSBIER I N/ (Fig. 8).

Table 6 1%, 1 > AU > O/NG R RIGRIUCH
ARSI\ o fREERLER OR & B 51% 4
IR¢fH] £ T O IMBEE O FIFE D3R (D%) KO
FIFIFAGE (PA%) ZIEEELLTELEDEBDTH
5, ZORKD, INSHY NYHREFBERO
RITNFEL O B RIBIITBNTEHZICASN, 1
A 2 OB RN BIE T N7 sy fele s H
FEHRION BT ENHEND T ENHSNERS
7z,

I BT, i, 29 U7y 2N ofEiE R EA
D—ERDY, THALE N TERE R AKIBEYE DRI % 1
RSEZEMZETDHZEHHENTND, 1419

Figure 913, 7z /—J)L L v RO/NGHERITKIG
PGB OMIEREEIC RIS EEY >\ D R
HEROHRZRLEZHDTHB. NFITBITZ T
/=)Ly ROWIL, & 2 IN7 o EEH
TH5H10mM, 20mM /N> R T > OFEMICED O
ChO—=IVITHREER LN, KERN)T 21>
LBy —, 77 OF =2 OEE TR 5T
WOLNBNoTz. £z, RBITBWTHREOHE
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Fig. 8.
Protease Inhibitors

Concentration-Time Profiles of Glucose in Plasma after Large Intestinal Administration of Insulin in the Presence of Various

Keys: (O) Control, (A) 20 mm sodium glycocholate (NaGC), (A) 10 mm bacitracin, (@) 20 mm bacitracin, ((0) 10 mg/ml aprotinin, () 20 mm camostat
mesilate, (V) 1.5 mg/ml soybean trypsin inhibitor, (W) 10 mg/ml soybean trypsin inhibitor. Each point represents the mean=+S.E. of 4 rats.

Table 6. Effects of Various Protease Inhibitors on the Small and Large Intestinal Absorption of
Insulin
Protease Small intestine Large intestine
AR Conc.
inhibitors D% PA%© D% PA %O
Control — 0.00 0.00 0.00 0.00
NaGC? 20 mm 2.32+1.14 0.26 45.31+4.05** 5.13
50 mM 2.89+1.18 0.33 — —
Aprotinin 10 mg/ml 0.22+0.22 0.03 14.38+2.42%* 1.63
Camostat 20 mm 1.19+0.87 0.13 44.79+4.88* 5.07
STI? 1.5 mg/ml — — 0.95+0.44 0.11
10 mg/ml 0.84+0.33 0.10 6.23+2.19 0.70
Bacitracin 10 mMm — — 11.69+1.86* 1.32
20 mMm 0.00 0.00 30.99+1.98** 3.51
a) Na Glycocholate. b) Soybean trypsin inhibitor. ¢) Pharmacological availability % = %G.L_ DoseLV. X 100

The D% values are expressed as the mean £S.E. of 4 rats.
(*) : p<0.05, (**) : p<0.01, compared with the control.

MDA SN, KB TIE20mM DN hF2 >
EHALEBEOT /=)Ly RO ERED,
fit DFEHEAIOF AR RBEZFICE SR>/, T
J =)V FRHILENTLRETH D, E/=FkD
fERMWEE TREBRKEES T TMETD 5
fluorescein isothiocyanate-labeled dextran (15 4
T84 4,000, FD4) THHEWINTWVWD, Lin
5T, INSHFBANO—FRARDY >IN 5y G
FHEMEHOA LS TRIEEFER DAL TS &
EAoN5.

D%I1.V. DoseG.I.

3. EYOFBIKSEBOBFR

Pk, FEOHREGTIE & A ST E NIRNEYNT,
BEFCROBEEEND I EN—RNTHo 20, 1
FIBEITERZ Y, KM 5 OBOY L)L
F— RIS FFT LA O B E IR & ORI AT
THUEEMEN DD, I THIE, 5 LERODE
ooz bGREE LT, &, O IR, A,
E, ES E OSMRIERRER Z2 A3 2 e
HEDSNTNDS. Y T U KRR IRAL I H L
LIRRBZERICRTRD, KR K D0 R e %
Fan/z®, #EOHRG TR U WEYTH
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(A) Small Intestine
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Fig. 9. Plasma-Concentration-Time Profiles of Phenol Red after (a) Small or (b) Large Intestinal Administration in the Presence of

Various Protease Inhibitors

Results are expressed as the mean+S.E. of four experiments. Keys: (@) Control, ([J) 10 mm bacitracin, () 20 mm bacitracin, (O) 0.5 mg/ml aprotinin,

(A) 10 mg/ml soybean trypsin inhibitor.

INSNDAREEN D B, E RN SIS e
HEYNIFRZERS 2 &< EZ2BERICEET S
7%, HFiECOEEESNR Z Z 1T WEYIT &
STHHHFETH 5.

INSEGREDS B, HEYORMRINL, kg
RS TEDICH L TOEBENREFTHZ Z &M
SABEEXRTF RO SEMZ HRF Uz 518 8%
ELTHEHINTNWS, @ W) O Rt N A B4
IR, i bR IR IO G2 A LT
BO, FffAEN & B E & O O BRI T
WZ & EMfEDEIIIERICE <, FOREmEIIM
DTN EILEDEBZEZLNTNS.

Table 713, HIL> b= OB KIF T %
FERINEER OREEZRLZBDTHD. 08
A, R ERT, in vivo KENRGEICEKD
T, miEho Cat BEAPET L EICKD A
W B2 ORI Z -6 L 7z, ZDRER, 7
W hZ o ORMBMIEE, FL—-—HMETH?S
EDTA ZH AL TH KEBREZENED 5NN
e, IUUINNIVET R, ZUaa—)VEEF Ry
UL, FRE—SEIEEAES 2 7))V TH % mixed
micelle (MM) DFERIC K D IEFICE KT D2 &N
HAoMNETRD 72D 25 ULRRERIE, ERHE
SIFEAERINENIBNE S TFOEBEEERTF R
DERREFCEE L, # L Wik55iED etk 2 R
T5bDEEZOEND. Tz, 1 2AYITELT
B, T ORI B FRIIUERER 8 >IN T 571
BEHEFROMAICLDEAT LI ENHEINT
W54 L7zni> T, ERHIEENSIFE A ETIL

Table 7. Effects of Various Absorption Enhancers on the
Pulmonary Absorption of ECT

Absorption % Reduction of

enhancers Conc. Ca conc. (A%) PA%
Control 3.5+£1.3 13.2
LM 1 mMm 11.9+1.3%* 44.7
5 mMm 20.1E£1.1%%* 75.6
10 mMm 21.7£2.4%F* 81.7
NaGC 10 mMm 14.1£2.0%* 52.9
MM 10 mMm 13.94£2.2%* 52.3
EDTA 10 mMm 6.4+0.8 24.0

(**) 1 p<0.01, (***) : p<0.001, compared with the control.
The A% values are expressed as the mean +S.E.M. of 4 experiments.
A% pul. Dose i.v.
A% iv. Dose pul.

a) Pharmacological availability % = X100

SNBNVEMEERTF RZIILD ET S E ST
W0 AR R DRI 2 LT S BT, R
RGO THENBRGHETHDEEAENS.

51T, &, 77 UAY AT TIVONE E
I~ Fifi el el b ke D b R BRI IR AS49 #ilfle, T v k
ffifass 2 E AR (Rat alveolar epithelial cell
monolayers, RAEM) % FH WY D in vitro fifi b
PRl el 2 i S B A DS L S, 23S in vitro 32
Bkl X 0E SN RERIL, invivo DEBRFERE
WD TEWAHBAEDYRD 515 2 EDH S MIT7R 5
T3, LENST, 5%IN5 invitro BEBR D
W) D RERG ANV 2 BEI 9 2 A R HIEICIR S H D
LEZLNS.

4. EWMOHFHEEEM

ATEHCR L2k 21T, BWIURERISS > /8T 73 ik
BEFRHEFEAS E DUy & FIH 9 2 A EA O EAE
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N7 F BRI ORI SE Mo THEARY 7
O—FThHb. LnALENS, I5LERnm
NRETHEYDOAILST, FEEFER, Wﬁwxm
EDMOEEYEDOWIN & HEER S & 2 alfEM: 2 Of
RS> THD, RTF REEET ORI K
FBLEVWIETIAENRTY T7O0—-F LIZEVEHWN, £
7z, TS EMPNTIHLE AR 5# 3 % BE,
—RHYICE KEEA DG ENE 2 BB S & 5 rTaefEs
bV, BN TRBN DL R WMWY
WBHEDE ZARFIN TR, F I T, i,
NTF REEEG O THEEA R Z(LEEML, 7
ORIy 7Ry FOVEEHT 2T LK DRINE
BETHHANBINTNS, THLEEHEANS,
B2V IA R GBI BN TARLEE T D N
AR, =2, T2 T77U2, Th
S5 A b U >, thyrotropin releasing hormone
(TRH) 72 EDQRFEBEENRT T RO 5 FHEE 1T
BEDRL D ISR L OBz L, Z
NS EHEERTF ROEGHIITBT 2L ERER
AN D il A T E 72, 8760 RFFTIT AR
TFREEEZDOE, 4 2R >O7 VILHEE
ROWIE, ZEEITDWTHENT 2.

£9, EFINAXRTFRTHSA > A1 > (bovine
insuling MW =5730) Z8HE O R/ 5 516k 25 A
TH5ZERZKODT VA R Eak Lz &
il LT, Ceh7TOVEE, ChDIUY Uk
Ci/NIVIFUBEZZEY, INSIENEEEZY Y Rk
CEENTFN1HHNWIT 25 TEAL M Cap-1,
Cap—2, Lau-1, Lau—2, Pal-1, Pal-2 # &% L 7= (Fig.
10).

feMFER BRI % fE L 7= DA > 2V > OFRIFEE
X, TNETNOREHRTF R 2 EIRNEE 5% D3
HEE (MR FER) 2 100% & U CTREM L /=
(Fig. 11). = D#EH, 2EKNITIEN R O EE KR )

RFEFHE DB KITHENZN S OIEMHIZE R 9 2 HHH
ZR LU=, Cap-1, Cap-2, M ON Lau-1 i3 Mg
EWEEZREEL TWD Z ERHRINT-.

T I TRICEMIEEDS R SN TV a1 >
2 > QAT OA ) FHEEREEDY, HLERINEZ
¥igt U 7=. Figure 12, Table 8 1 201U/2ml D1 >
AU RNZEDHTOA)iEEKRE T Y NNG RO
KGN — T 5% O MEH 7)) 3 — ZJBE ORI
BEINLVESNDPA%ZRLTWS. INET

939
S——s§
HaoNGly Cys Cys Cys Cys+ Asn+ OH
: d
s d
R1NH—Phe—Cifs C(/s Lys« Ala+OH
(B9 Bas) N
Insulin Ry =Ry = ']:‘2
Cap-1 R1 CH3(0H2)4CO- Re=H
Cap-2 R = CH3(CH,)4,CO-

Lau-1 R1 CH3(CH2)10CO- Ry = H-
Lau-2 Ry = Ry = CHa(CHy)10,CO-
Pal-t Ry = CHa(CHz)1aCO- Rp=H-
Pal-2 Ry = Rp=CHg(CHy)14CO-

Fig. 10. Structure of Insulin and Its Acyl Derivatives
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Fig. 11. Correlation between Relative Pharmacological Ac-
tivity and Lipophilic Index of Various Acyl Derivatives of
Insulin Following Intravenous Injection in Rats

Error bar represents the mean=+S.E of three rats. (***) p<0.001, sig-
nificantly different from native insulin.

@ Cap-1 K TF Cap—2 @ PA% X, RERfi1 > AY
CEEBL T 481, 12 ENENEWEZ R
LM, £N5 0 PA%IEK 0.16% ThH D, [EHiEE
ERIT & 0 R EGEE S N2 H OO+ IR
mEonkhoiz. —7%, Cap-2 @j(ﬂ%)l/v—j’%ff
BDOPA%IE, HEDA LAY 2 ENILT EE
WiEZRL, $1.06%ICETHEINT.
RiZIns 7oA IUbeA > X > ORI E
12D WT in vitro Ussing chamber %% W THiE L
7=. Figure 13131 22U > RO A TOAIAbLA >
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Fig. 12. Plasma Glucose Profiles after (a) the Small and (b) the Large Intestinal Administration of Insulin and Its Caproyl Deriva-

tives to Rats

The error bar represents the mean=+S.E of four rats. Keys: (O) native insulin, (A) Cap-1, (A) Cap-2.

Table 8. Absorption Characteristics of Insulin and Its Caproyl Derivatives from the

Small and Large Intestines

% min Toin (min) P.A.(%)9 Ratio

Small intestine
Native insulin 98.3+1.06 35.0£17.5 0.021+0.017 1.0
Cap-1 93.2+1.14 42.5+10.2 0.104+0.041 4.8
Cap-2 95.3+1.62 57.5+17.1 0.160+0.055 7.2

Large intestine
Native insulin 95.3+1.23 40.0+7.07 0.091+0.036 1.0
Cap-1 80.7+1.75 35.0+4.33 0.294+0.052* 3.2
Cap-2 80.4+2.45 70.0+15.0 1.064+0.315* 11.7

a) Pharmacological availability (%)

Results are expressed as the mean+S.E. of 4 experiments.
(*) : p<0.05, significantly different from native insulin.

2 2O+ Z45 5 M OGS GRS % P %2, Table 9
XINS BEELMHITBIT 28 OFERRE Papp 2R
LTWa, =l #EidblcIneX7TF RO
BiE ML Cap2>Cap-1>1 > AU > DIEE D,
Fig. 12 @ in situ )L — 7 N5 FEEB O FEH & AR O
AR INZ. £t BB ICHBIT 5 Cap-1
S O) Cap—2 D5 %% (Papp) (&1 > AU >
L TENZEN 2.1 15, 3445 EEHEETH
02 INSFEROBEFREITEN TN 4.4 5,
T8 fEDMEZR L. ULEOHEENS IS L1 >
) > O REREE M AE IR AR K B IBvA T D 1Y
KICEDHHFICKEIND ZENHS N E RS =
RIZ, INFERENK /NGRS E PR — I
BV 2 BRI SR A > 2V 2 iBER DR e HE

BICOWTHEZEITI EEBIZ, 122U CORE
PR OB KIE I HR IR AE 80 D 28 % M — &k
(CD) A7 bV ZEBHWTHE L. Table 10 iZ
A AU RO ERA > XU > O/NGEEN
W e VNS R £ 2 % — ST O 4 i &
KU B 7 DIUBRIZB W TIEIEN R D#HE D
BRITHEW, SRR O RIEM RO 5150
WXL, 7 IMBRIZBWTIIRESRS A > A >
ERIFREE U <G MoEtE S N 5 Emh 80
537z, Figure 14 121 > AU > M OE A8 I EE A& i
A2AY D CD AR MVaERLUE, 12 AU >
X pH 7 FHEICBWTII RIS M 6 BIKTHEIET S
ZEDBHASENTNSN, Z0D 6 EBARITET B-HHO
C Kuifl[E L O BKREEIT LD 2 BENER S A1,
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Fig. 13. Transport of Insulin and Its Acyl Derivatives across (a) the Duodenal and (b) Colonic Mucous Membranes
Error bar represents the mean=+S.E of three or four rats. Keys: (O) native insulin, (A) Cap-1, (A) Cap-2.

Table 9. Apparent Permeability Coefficients of Insulin and Its Caproyl Derivatives across the Duodenal
and Colonic Mucous Membranes

Py (1076 cm/sec) Ratio % in 3 hr Ratio Lag time (min)

Duodenum

Native insulin 0.485+£0.099 1.0 0.154£0.026 1.0 27.9£7.39

Cap-1 1.008 £0.059** 2.1 0.297+£0.026** 1.9 11.1+5.81

Cap-2 1.667+0.209** 3.4 0.440+0.062** 2.9 29.4+3.44
Colon

Native insulin 0.405+0.109 1.0 0.114+0.027 1.0 24.5+7.46

Cap-1 1.763+0.178*** 4.4 0.523+£0.044™* 4.6 16.8+6.04

Cap-2 3.050£0.721** 7.8 0.866+0.156™* 7.6 16.4+6.99

Results are expressed as the mean=+S.E. of 3—4 experiments.
(**) 1 p<0.01, (***) : p<0.001, significantly different from native insulin.

Table 10. Half-Lives for Proteolysis of Insulin and Its Acyl Derivatives in the Homogenates of Various In-
testinal Mucosae

Duodenum Jejunum Ileum

Ty, (min) Ratio T,/ (min) Ratio Ty, (min) Ratio
Native insulin 58.0+2.3 1.00 20.5+1.7 1.00 63.0+1.1 1.00
Cap-1 72.4+5.7 1.21 28.8+1.4* 1.41 82.9+4.2% 1.32
Cap-2 68.4+4.4 1.18 27.9+4.1 1.36 26.0£0.4%** 0.41
Lau-1 143.2+4.6%** 2.47 20.3+3.9 0.99 107.5+9.3* 1.71
Lau-2 29.84 1.7 0.51 6.94+1.0%* 0.34 21.242.4%F 0.34
Pal-1 199.3+15.7** 3.44 35.2+£3.7* 1.72 152.7 4 6.4%%* 2.42

Results are expressed as mean+S.E. of 3 experiments.
(*) : p<0.05, (**) : p<0.01, (***) : p<0.001, significantly different from the half-life for proteolysis of native insulin.

ZT D% B-#D C Rl (Byos) & BEHD N RM EITXD 270 nm fHFICH —EBEZRT X DI
CHEET D HEBRY X/ BRIEE OBUKFEGITXD %. Uleiio7T, 270 nm L DE DWILA X7 b

48K, 6 BN INDZENHSMNERS T IWOREITA >R > ORENMIH I TNWS Z &
B0, ZOHKEES DY anti-parallel g G % &5 2 2RETS. T IIUUEK, 7 IR &
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Fig. 15. Cross Section of Chitosan Capsules
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Fig. 16.

Gastrointestinal Transit of Chitosan Capsules

Key: @) small intestine, b) large intestine, ¢) excretion.
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Fig. 17. Release of 5(6)—Carboxyfluorescein from Chitosan
Capsules
Keys: (@) Liquid 1 (J. P.)—Liquid 2 (J. P.)—33% suspension of
cecal contents, (O) phosphate buffered saline (pH 6.0) . Results are express-
ed as the mean=S.E of two or four experiments.

(a)

5001
400
300

200

Plasma insulin conc. (pU/ml)

20

16

12
Time (hr)

Fig. 18.

24

Plasma glucose conc. (% of initial)

B, (b) MBEE— R HERS HARIC K D IRL 2B DT
BB ARV EHALEZEIF ATV ER
OG5 UfR, FEAEMmERT 2 >0 —
7 ROIMBEE DR P3RS Nan-o/k, Ll
mo, A2 EHALEF N AT IV ER
A5 LeSa, migtha > 2) 2 E—27 13 RS
N -o 2, BT OMBEEOK FOVBEI N,
—FH, AR CRORIEER TH 7Y 21—
WEEF R LAERBICEHALZF MY 272
EREORG UfsR, BEERMERA 22U VRE
MERINE. 261, AR icZyaa—)b
BF ~U DT LUNDOHRIHTHLDF LA BT R Y
ULART T OF 2 EF Y AT RIVICHERRICE
ALZEBEIZDWTHA A Y > ORI E D E AL
TELZENMASNTNS,
ZOLEFNTATVINVICEZA AU DK
53 4 S 1) 325 32 I MU W N 24 3 D B A 12 D W T Fig.
19ICHR L. 978bb, A 2 AU 2KERI)
AR CHEHAYIF AT EROKRE L=
(@) DYH, 1>V IIE, NEFMLITHNTE
Fi% 2N fREERIC K OB I N, MEERM Ik
NENaWd, R MERZRIRN,. 2N
HL, ®DOEITA A EF STV
WWHAL TROKGEZITO MR, 12 AU 213,
B, NEBMICBNWTH T IV HICEET 5720,
INS DAL TEIEY >IN Dl L R %
mEEL, KBS ENzEZEZ6N5. £
%, F Y AT RIVERGEMICB N TRGERE
N GBNHIEIC X DERNICHREL, h7vIlhs

140 ¢
120 1
100

80 :
60 I
40

0 4'- 8 1I2 1'6 2IO 2.4
Time (hr)

Plasma Insulin (a) and Glucose (b) Concentrations after the Oral Administration of Chitosan Capsules

Keys: (A) solution (insulin 201U), () gelatin capsules (insulin 20IU), (O) chitosan capsules (insulin 20IU), (A) chitosan capsules (insulin 20IU; sodium

glycocholate 9.8 mg) .
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Fig. 19. Schematic Representation of Colon Specific Delivery of Insulin Using Chitosan Capsules
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