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YouFERARN)VHE RVAFAVE (R)TVFZy, RV FLUA V), —BbEREMGg R
VT7IVHE YNV TR, BEEBXTFN, sU—FT4 ETV 2L —F— N-TIILT3

W, N-TVvygm) sy

16 | FHERSERPREEAEE 5 4% (2023)



£ NIEREWF S TR EN IR ER R 2 A L
2735 BRIRIS S 0T B IPUR R 234 72
TRE LT, PR R AR I 13 [F] Iy
(G RE E RS A BN D b DL
AR DLV O PR ER] DB SEAD & D

HTHLWI EHEFSND. Lo,
Lotte, WEAUREFI D BRPRIS T & 1% 720

PEAER AR < 72 B DRI E MDA 72 W
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I SN T D, Fll, Fox l3HEs L7oHs
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dendrimers 72%/]N 4 22 09 |2 38 O W UM % BHEE
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BWIELZ T L & o TEAL IR AR R %
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5(6)-carboxyfluorescein (CF), # )V ¥ k = |
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WA AE T =8 & 55 F= O AR T
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Hoo oW RAER LIRS, M oCFIE
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isothiocyanate dextran 7R3, ¥ ¥R )WL, 2> b —
VIZHER, (%) P<0.01, (*) P<0.05 CHEE D
5Z L %&RY. F72, (ns) 1L, notsignificant DWE T,
IV bU—= VN, FEELRLERT.
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BT EbLOTHMVRENREFT LI L
5, /NETE DO THRZHBIURAEH & L
TOMMAMPRETE L LEbND.

—J, WILETEDDO TREERRTF FIC
L Cld s v 87 iR BRER ORI HAE T
BIED1IDIZRDLERbNL. bbb, X
TF R - F oy PR ORI D ZEF
D—o2L LT, HLENICHET 5IHLERER
5 Sy SRR T IS & DR S A
B, 8 T REEERIAERL, CNHEERO
WA RTEELZEIZE)RTF R - &%
7 WESE F ZEL S, RIS NS R
s DHALE I 2 B &5 2 IR T &
B WAIIRTF R Sy HERLD S B,
AR Y ROPANVY = VIZERL, b
P 3 O T LE I 72 & NSRS, W<
DOND Y 23T SRR LER OB L1 2
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Vi Z TR, 3OS TFRERS AR AT S 2
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HLBERIN A S ET 2B SNTWE, K
g, $CERLESNLBANEL, TUE
PO TURTy ITHLEN ED) R
y T2 E L) v ENFEAWIRO BT 7% 56 &
LTHHEIN TS,

b2 AE 8 % R L 72 SEWODUAESRE Y O I AL R
o ETER, KildsE (1) EYolk
WhtkAsds, (2) EYorst (Fva—2X 7
Y AR =% —oFH), (3) Y ORHHERIE A (17
N7 v AR=5 —OFH), @) EYoP
~7F Kt (PEPT1 OFIH), (5) EWo 5
YATZ7 2 K A5, (6) FEWMOIEIENET
I MBIC X B IEH (Tat peptide, 4 1) T 7 )V F
VBRI L BB RECHETESL. I
SHEDH B, (1) \IRTEYONRIEEIE %
7z hikE, e ERPOMFEL CTE 2T
ETHY, BRKBEED AT F FHEEE
DGy FAEEIC SRR O B2 2 Wil % 8 A
L, IHHEEROIREEZ SO, HILERIL
YEERAHETH L. RjFEx vz
HAVA) Y, VY Ry, T 7Y
¥, 7 N Z WA MY », thyrotropin releasing
hormone (TRH) 7 & D &FiAEBIGHE~RTF K
DHALE I BEE 12 E SN D 2 & PR
B & 2027 > T %27,
INBHRTF N - ¥ oy WESES ORI
B & 2 HALE R FE I OWTA ¥ R~
ZHCLCHIATAHE, T34 21~ (bovine
insuling MW = 5730) 288 E D72 2 B % iE
ATAHIEWZEDTIVA YA YR ERL
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I 1
S S
I 1
S S (B
R;NH—Phe (B;) — Cys Cys — Lys-Ala-OH
|
Insulin R, =R, = H- NH
Cap-1 R, = CH,(CH,),CO-R, = H- |
Cap-2 R, =R, = CH,(CH,),CO- R,

Lau-1 R, = CHy(CH,);,CO-R, = H-
Lau-2 R, =R, = CH,(CH,),,CO-
Pal-1 R, = CH,(CHj);,CO- R, = H-
Pal2 R, =R, = CH,(CH,),,CO-

3 12 2) 2 ROZFDT ¥ IVLHEEERDO LR
Affge i, BB LT, #7a vk 5 Yk,
IOV F UEREEIRL, 4 VA1) YO BN KD
Bl 7 dh 5\ id B29 # AL S S IR R A E A L,
TUMEFERE AR L. B, MMEF#EEIch
Wik, A YA OT I BEO—HE AL
TREH L TV 5.

2. OB EiEgELTConh TH L,
Cl2DF 7Y YW Cl6 D73V I F V% U,
ISR E 7Y NIk Eheh 15
Wit 24 T A L 72 Cap-1, Cap-2-, Lau-l,
Lau-2, Pal-1, Pal-2 # & L72" (K3). g
I ERAG i % Bt L 72 $2 DX 7 F K ORI,
ZNENORIBHRTF N % FIRNPE G O3
HE M (IERE T VR % 100% & L CRRAli L 7-.
ZORER, AR IRIER O O R F R
ORI, FNO ORI T 2 @M %
7R L7275, Cap-1, Cap-2 [t O Lau-1 (3 LL# Y=
WIGHEE R LT 2 DTS .

Z 2 TR DS B I PR S LT 7z
AVAY Y DOH T NVFEERZRE, hb
FEAROWACERIE X R L7, 2 OfE,
I T O Cap-1 K UF Cap-2 O 3 H 22 {4 F1) FH fig
(Pharmacological availability %: PA%) 1%, 1%
filif A EHBLT481E, 72/&2h
FNENHEE R L72A, 15 O PA% (L4
0.16% T v, MRIFFRISHTIC &1 RIEE S
N5 OO T5RIEIIHE N Lotz —
Ji, Cap-2 DRV — TH 5% D PA% £, b
EDA YA v ERRNTEEWEERL
#1.06% 12 F TR,
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KiZZhH 7oA AbL ¥ A > OHiE
W42 T in vitro Ussing chamber % % H\x T
Bt L7z, B4id1 v 20 ¥ RO 701 )ik
A 22 YO+ T4 % O RSB %
ZRL7ZYDTH L. T8, ML b2
NoX7F FOE#EMEE Cap-2 > Cap-1> 1 ~
AN Y OMEERY, in situ b — T HEG-FEERD
Rk & FROEMAFER S N £+ 26k
\ZB1T % Cap-1 KU Cap-2 D AT O FE 845 %5
(Papp)id 14 » A1) ¥ &L CENEN 2145,
3445, FMEMICBU A NS FEAOEE
BT TN Z 44, 78O AR L7
DEofER» S, 29 LA ¥ A1) ¥ ORblESE
BRI PRITERIS IS X 2 IRE MO KIZ X b B
FIYEEESNDL T DL E 5Tz,

E6I2, 9 L RImRBH SN 7z_TF K
PEEIE R O ERE 2 AT L2 2, 7
NIAHA RN 2 OYE, TR £ 2 2
DRFEEDH R L KMy >3y iR
RS B RENDIERT B 2 ENW S L %o
72—, HAEEXIC LD EE SRS
TRH™, phenylalanyl-glycine (Phe-Gly)™ o i% i
PES MR ERAS I IC L ) BER L, Wl /N
(brush border membrane vesicle: BBMV) % fJ \»
72N A K FEER» S, G ERIE i Phe-Gly (3,
TOALEW LKL, DNBIHFET A4 ) IXT
FRFIOAR= =2 LTk SN T

WATHEMED R SN2, Lo T, e
FRASHIIC X 27 70 —F 1%, ZEhE Tl
BT F FOHILERINLZED % 59, 31
Rk Tk S B R7F FIcxt LTy AR 7%
HiEThrLEbLs.

E72, Wi, TAEMTOFRREICE:, HIL
BIZBHEDO N T Y AR—=F —=DPHEIETH I LW
HOENZZ > T 528, ETHhRALHI1Z, 7
Va—A, JHIBEORTF KT v AR-
Y — DB LD L)Y D5 TR 2 2L
S, WLEIUE 2 SGE 3 2 A R ENT
W5, EHLIE HERIN O L-dopa 12
TLZNT I mEDT I BEBAESE,
AL 12 fEE T 5 PEPTL % FIH] L T L-dopa @
EEMAYETELZEEFREL VLY. F
7o, HENICHEAET LTy — %I LT
Yy D HALEWIREL % 3l 5 F7 i b ity ST
B, vitaminB12 DL+ 75— FIFTUAT
Ve Ty =% E R R L2 oMLER
IELFEATHA LN TN D,

—J7, %, HIV-1Tat & /87 kD RT
F F Tat-(48-60) X+ ) I 7V F = 7 EDIF
HUERTF FE2HLMOY 7 1ZHAT S
L, IS Y 2T OBFEMTEANNOILY A K
BHWRT L EPMESN TR, Znk)
RIEIEMENRT T FIE, — I EE AR T T
I (cell penetrating peptide: CPP) " & & L i,

Duodenal Membrane

Cumulative Amount (% of dose)
o
o

Colonic Membrane

0.8
0.6
04

0.2

o

. e e
0 30 60 90 120 150 180 0 30 60 90 120 150 180
Time (min) Time (min)

@ : Native Insulin A : Cap-1 A :Cap-2

K4 TTHRBROREIIBITEA XA Y ROZOH 70 A ViEEEOERE
(@), (b) &, ZNENTI/L RO OEBIED T — 5 2R3, FElE, 3 ~ 4 BIOFIH £ BIETEL IR T
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AP A L2y 287 43 TR0 T O
JAANOEBHEEEIC WL TWES, 2ok
I, F T ROEET % & OMANE
ANERMBEN T ) N =k e LT, BaEEt %
BT BEIEMERTT FEFH L7260 BE 2 5%
CHE SN TV DA, Rl TLEEEIIESEY o
SRR S NS MR LE B A A T B R
RTF FERBHL T, ZhSEEROPLED
SOWIAELLEL L) LT2R-ALHRINT
VRTINS EEBRARTF FOMBIE, X
7T PR G OHALE I A 3 < & 287
RIECHRD ) HUEESHLEEZOND
A, Gk, HEWRIHESEY O WHALE IR § 5
NS BEEAR T T N OIS O fF I A
WrEsns.

4, EMORAAE

SEMI AL R 2 DM ORI 12 B\
THR SR T VG, HKGBIIHEET 545
RS L OB A B3 2 BB — D DH
NHFEERD. 29 LIzRITASH % #4585
&, W, EWERESHRTHL) KV — A
RITIVY a NIAEEELIENLN. TH
L7ZHIICA v A v b3 R EAL, &
C¥5-9 % & RERTIEHILENTHR s hse
TIPS I S D . RIS, Rt
Z) L7-EMEERTTF FEEtERE R DY
ST SIREER DI T R S AU L WK
FRERMICEEL, KB o5 2 N S & 5
AR ENTVWEY™, 29 L2 FEICIEpH
AT TR D B HE )80 20031 %2 B A7 5 D Jg 1 1 )
BHIR K CHEM LW T 57 8Ty 7
HWHENTWREEDIS . F72, KIGICER
AT 2N OBERIC X D 53T 57
R)~x—Ta—74 7 L7y M T
A YA ¥ ORIBHFEAY28E 2 34 B 61 b ety

IR N

ENTWBY.

—7, B TIERIBIAAES B ISP 1 &
DEFRMICHET LR M2 R LA T
VxR, A YR Y ORE S ORIPES
UETELILDPMEEINTWLY, Thbb,
F Y, TERHZOPED SIS KK
DEFEFTH ), BUIEFM OSSR % & O
WZHHWHLENTWD EbD TRERDOE VY
THAHN, ZOYWHEIIKRGICEEITHIET 5
AR Z & 0 FERAYICHIET 5 2 6N T
WBY Lz o T, ZoF MYy EHVTH
TN ERESTIUE, S0 7RIV
DY NH RN TS, KA T
BIJZHEL, WEEWZ RIS 2 2 LAk
T2, W51% FMHrh 7 rolimX %
RLTBY, KWL TIEH5 T2/ 43,000, B7
T FIALEE83% O F M EHWTH SRV
BB F72, AWETIE, ¥ Mo T
LVDHRRIE G, HOBRESIET CHEY 5
OxF 70, TR VEICEGEYET—T 1
YT RRELT.

T3, F MU SRR T F
FOEFVELTA YA Y 2EHAL, VA
Y OKEEH S ORI % G L 72, 0k
B, AVAY) U EHALLZETF U TV E
RO G L 22k 0, iz ArmEhs 2y v
DY — 7 J O IMUHEE O R T IEHERR S e Do
20 L LS, A A) yeEHALLY
MF YA TRV B REOERS LG, ST A
VAN Y= BRI N G o 12N, BHTO
MEEOEK T 2B SN —h, 2R
VRO ERTH S 7)) 3T — )V~
AR FEBICEA LR MU T 2RO
BelG L7-a5 5, SEE ISR A v 20) VREEDS
BEaneY. $72, Zo%s A YA D
W B v BH 72 OB O T 3B EE S
720 8B, A, A A Iy aa—
WERF B WU DOBII % F b T
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AVRYY BEtka—T42T (EFOXST
VAT OELAFIILEILO—RTEL—])

D

v—)l« /7/79'}lx—l~?&}§iﬁﬂ
p———35mm —

K5 M4 rH 7RV oWER

AW Tl F5 8 43,000, 72 FIVALE83% DF b ZHWTH TV EH#HE L /2. F72, KL TIE
X MU TRVATROES %, BOBELEN T CHETL2OEF 70, 77 VERICE Fudy 7ad)
AFNENVTO—=ZAT 5 L= NIV GEta—T1c v 72572,

|—16mm—|

Solution Insulin 201U

Insulin 201U
+ Bacitracin 14mg
+ STI9 3.0mg
+ Aprotinin 4.0mg
+ NaGC? 9.8mg
+ NaOAP 6.0mg
—+ LMc 10mg

Chitosan capsules

0.0 1.0 2.0 3.0 40 5.0
PA %

6 T v MIA YA Y EOEEWIPRER F 72135 N R ER ZE A LF M2 72Uk
PHHOA v A Y OFEMFIFHEE (Pharmacological availability, PA. %)

(a) Sodium glycocoholate (1) = — L ERF + 1) 7 &), (b) Sodium oleate (F L A Y F b1 7 4), (o)
n-Dodocyl b-D-maltopyranoside (777 1) )L <)l k3 F), (d) Soybean trypsin inhibitor (K& F1) 7> ¥ f Y E S —)
#AEIE, 5 BIOFIME = EHEREZIRT. ¥y RVIE, A A VHATE MU TRVICE A LA,
(*) P<0.05 THEEDN DD Z L ERT.

WIZH A LA OWTOE L7z, K6l F—=>NV I VDIEE 572 T *
4>XUV&U%@ﬁmﬁ%ﬁlLt$bﬁy M2 TRV YA 22010, 7)) 3 T
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Improvement of intestinal and transmucosal absorption
of peptide and protein drugs

Akira Yamamoto

Department of Biopharmaceutics, Kyoto Pharmaceutical University

It is well known that the oral bioavailability of hydrophilic and macromolecular drugs is generally
very poor due to their poor membrane permeability characteristics. Among these poorly absorbed
drugs, peptide and protein drugs are typical poorly absorbed drugs which have low stability and poor
permeability in the gastrointestinal tract. Consequently, the clinical administration of poorly absorbed
drugs including peptide and protein drugs is presently limited to administration by injection.
However, such frequent administration subjects the patients to considerable pain, and there is also the
possibility of the manifestation of serious side effects. Therefore, various approaches have been
examined to overcome the poor absorption characteristics of these drugs. These approaches include
(1) to use additives, (2) to modify the chemical structure of poorly absorbed drugs, and (3) to apply
dosage forms to these drugs, (4) to develop a novel administration method for these drugs that can
serve as an alternative to oral and injection administration. We demonstrated that intestinal and
transmucosal absorption of various poorly absorbed drugs could be improved by using these
approaches. These approaches may give us useful basic information to improve the intestinal and

transmucosal absorption of poorly absorbed drugs including peptide and protein drugs.

Key words: peptide and protein drug, insulin, gastrointestinal absorption, mucosal absorption,

absorption enhancement
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