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Biologically active peptides for therapeutic use have relatively short half-lives in general, requiring appropriate con-
trolled-release systems for better therapy. Controlled release of peptides is, however, not as easy as that of conventional
drugs because their large molecular size is much more dramatic in hindering the diffusion and release from polymeric
devices. From this perspective, we have been developing two types of microcapsular devices containing new acrylate-
based nanogels with a specific solute-permeability for delayed- or thermosensitive-release of peptide drugs. The
microcapsule preparation was accomplished by an air suspension coating process. A nanogel-particle of acrylic ter-
polymer, ethyl acrylate-methyl methacrylate-2-hydroxyethyl methacrylate, was newly synthesized by emulsion polymeri-
zation to construct delayed-release microcapsules. By spray-coating the insulin-loaded lactose particles with the acrylic
terpolymers, microcapsules showing a pH-independent delayed-release profile can be obtained. Oral administration of
the microcapsules with the lag time of 6 hours to beagle dogs resulted in significantly reduced blood glucose concentra-
tion, leading to colon-specific insulin delivery with pharmacological availability of 5% . Meanwhile, poly (N-isopropyl-
carylamide) (p NIPAAm)) nanogel-particles with a reversible temperature-dependent swelling property were prepared
by dispersion polymerization to fabricate microcapsular membranes with thermosensitively changeable permeability.
The microcapsules constructed by coating of drug-loaded CaCOj; particles with a blend mixture of the p (NIPAAm)
nanogels and ethylcellulose pseudo-latex exhibited an ‘on-off’ positively thermosensitive drug-release; the release rate
was remarkably enhanced at higher temperatures possibly due to the formation of voids through the shrinkage of
p (NIPAAm) nanogels in the membrane. A possible application of this type of microcapsules can be found in externally
temperature-activated pulsatile peptide delivery.
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Fig. 1. A Schematic Diagram of Hydrogels Showing Stimuli-
Sensitive Swelling-Shrinking Behaviors
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EA: Ethyl acrylate, Gd-DTPA: Gadopentetic acid, HEMA: 2-Hydroxyethyl methacrylate, MAA: Methacrylic acid, MBAAm: Methylene
bisacrylamide, MMA: Methyl methacrylate, NIPAAm: N-isopropylacrylamide, PEGDMA: Poly (ethylene glycol) dimethacrylate,
PEGMA: Methoxy-terminated poly (ethylene glycol) monomethacrylate, TEGDMA: Tetraethyleneglycol dimethacrylate.

Fig. 2. Examples of Hydrogel Nanoparticles

*indicates the particle size ranges controlled by altering the preparation conditions and/or the grades of polymeric sources. **indicates typical particle size
changes in response to environmental temperature (10—60°C) and/or pH (3.0—7.0) changes.
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Colon-Specific Delivery of Peptide Drugs
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RN 7 HEREIC X 2 MBEEFAST O L D1, ARHW%
WETHEZTMBERDOAE SR TERICE) 2
BELESZATLAELTHEEHZED TS, 25D
iz, BOREMEME%24E L TWw 5 poly (N-isopro-
pylacrylamide) (p (NIPAAm)) /\-f K O% )L % F
F U 7218 BB M B R > 2 T V308 A ISR SE Y
EDHENTWVNDD, FNSIEMHE - iR - D 5
WIIE—XEWo B > FRo BRI VEEDOKRE
BT NA X TOERBUCTHEE > TWD, 119 R RIIC
X, ERBEENDRNI 7O Y1 ZOM/NTIN
AANEEIN, FEMNTHSFERBRL AR
CADERMMAEEHEIND. IO LEBEAND,
SR A2 100 um F2 2 C p (NIPAAmM) F / KT
MRERREEOIFIN N O—ZA N v 7 2T
S L - B S 2 FEOIRE IR B 0 Tt
WZEREL, [P REBEHEIECKDRELLE 20

XA OAT eIV, 4EKE p(NIPAAm) > )L %
95072 o) VRIOREREEN KOs )Lt/
k¥ (Fig. 2(e)) ZiREIRLEHO T I IO —
AR MY w7 ARS8 -#EE2 AT 5 (Fig.
6).19 2845 p (NIPAAm) ODRFEMHIEBIRE (K
35°C) 9L LD i Tl p (NIPAAm) 3 )L AS I
U THRHPICEZEBDERNER I NSFERE L TOMRE
BRMEOTTHE WL 2.

1T LEB SR TERUBRIEE & 30°C/20 43,
50°C/4 73 RD YA 7))V TREMAIZZEL S 8 THEY
i H 2 B DR B S B M & R L =S R & Fig. 71
RY. 30 & 50°C TER A ICEMIMIcA kS
% &, HEiREE (50°C) O ANEETIVEY ORIEME,
Mw 363) % /X)L AT % on-off LD L XK > A
ERTZENDMD. £, N ROF IV F KT
ORI THEEZ T > o IVBIMSE Y 2y JBITA

Deposition-layer of ethylcellulose pseudolatex and .
p(EA-MMA) nanoparticles with p(NIPAAm) shell ~ Thermo-sensitive coat

110 pm
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p(NIPAAM)
shell

Low High
temperature temperature

Fig. 6. A Schematic Diagram of Thermosensitive Drug
Release Microcapsules
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Fig. 7. Release Rate of Water-soluble Drug from Thermosen-
sitive Microcapsules in Response to Stepwise Temperature
Changes between 30 and 50°C in 0.9% Saline Solution
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BFTUIL D@78 Mw 1355) O/KiEMERYIC
KU THERBRD OV AR AEETH > 2. FFET
NEZ, WO F T - F T IRERED S E R IRREIC
ETLHRHZEDT NI NRETERTELILETH
%, ko~ s ) 2R L RIHETORE
SETE, #E, KA -5 —Toho, YIVOF /Y
A 2MbEINZEZIR—F2FETEHTFTNA XD
KL LI BUBURIR IR A OB ICE/ L =2 R &
H1EHTTENGO. ZOEIBREBEEIREEDO A
—F 7R, FlIZE, BRSNS O N B
IRIBERIEIC X0 HZEONKEERILE> DL DT
YRR B S —E R OV AR WA e S h
2 XD ISR TERIL - N TEYEET 22 X T
LANDORRANEEINS. 2 25 Lz I3 RE
FHE OUINS IR E 2L IR T OV O 443 L
kD LN, BE, RUATOS o rO—
G &S B A5 REL p (NIPAAm) F /7))L D
ARSI/ —DEA XD C OMUNEEZL
g C DRFEAHIR RS il 2 A TN 5. 59

4. FPREVILRE
[UPRESEEE R TF REEROr 7R
TIVEFUL D 7= OFEA N & U TS 51213
BEHNFEMICHRDDY 7 M, BEEE - 5 E
EON— R &EDHITNEZL < OFEMFREZ R L
TW5, WELEMICT Y 7 — MaWtk e RO R
F REEFH O[T IEEKEIRICK S YA 70071
LTI, XTF REEHZOELZX T L —OBOE
BIREET ZANDRFED X T L — BRI & W ES
he2d2 LI mhfEREns. 3-1HD
XA 7 0% 7)) TIKIR CTHRE e > ki T %
AWTKE (40°CLLF) ToO#HEEREIEICXID A >
A 2 DEMRTTE T B A ATRET & > 7275,
ZOULERTF ROREEN > RY > 7T £~
WL I N2 HDITIEIR>TH 5T, BEE EoR
BThbH., TOULEXRTF ROpRENIET %%
HAEELT, BRL7ZLDIT32°C ZEIZL TERIR
fICHzME, SRMTINMET 2 12— 7 IRIREIN A
8T 5 p(NIPAAm) O ZEFE{KIZ poly (ethylene
glyco) O7 57 MHZEBAL LGNSR0\ A
Ros )b+ /J K+ (p (NIPAAm-co-PEGMA) )
(Fig. 2()) Z/KRMESEICXOHZITERL
NIRRT F REEHZEEZIETRATS L —a—F
4T TBHBIEIREI D TRTF ROLENEND Z

EEAATND. 72 £F)VRTF RIZIFA XY
PEMY, KFE (4°C) THREMREBIZH S p
(NIPAAm-co-PEGMA) F J Ri T~ 1 4 BR ik 1
KOA R 2% 4GB IELDL, % 40
CIRLTH/RFENMESETA > RAY 228 A
L7z, 1AV CERBIE21%ICEL, Z0&EED
HAMRIZ6GS% ThHo., 1 2AU EHAD
(NIPAAm-co-PEGMA) F / ki T /K 53 BUHR D & i
(60°C) BBEHABZEEBL /LA, HKRICHWE
A1 > AU > @ PBS A CIXiA BB MG 5 KefE 1 >
2V VRTERICHMRL N, F IR TFICEAINE
A A FiA BB 8 KRR L T H R K 90%
A 287 MIREEICHERF S 0, B ENE 2 BIRY
WEODZENyoT-. 8B, 1> AU 2 PBSIF
WA A AT RIS WIR 25 2 7=
B, WITNOEHATHA AU > O RIZFED 5
Niamolz. ZOEIITNA ROFILF SRR
TF R ERNG LU T - TH3IW ) % 15 L 7= K58
TRTF ROLERZEKD DOEBMHBIREICHL
i InE T, SBERTOEXITBNTE
DA HAMZFEIEL 2\,

—7, 3-2HT/R U F IR e 2 M it il 4 5= 7N o
ZDEDIT, BIZIEE TG D 5 78 T 5 R A
DM EMET 225G, TN XE/MBRT 220
Do AN EARN I RETH D &
Thb. HROI—T 1 > ZAENIT XN TROBHIC
[REINTHY, HEEXTIZZEOL D RENHESY A
TOmESTHREERIRFEI N TN, 5Lk
B, E0MUEREESELTEF N2 RRY
(e-h7T 5% k) (PCL) 5755 ERMER
JRITDRIFEZRATND, 2459 F MY 3 KRR
IR IRS 203 Ll E D pH TIEARELT 218
BRI U7 AKR PRI HITEIC L D A2 =< A
H IR £ 300 nm A O IELEERIF >
FIRTFEEDZENTEE Y ZOF Y2 F
BT DKDEIRD AT L —a—F 1 > 71k >TH
LB IV 73> (BSA) GFF MUY
17 0h 7N, BEERMES ERERTRI
100 um BLF), EMIMICIES BSA O (6.5 H
%D BSA RN 25%) #RT T ENGGo Tz,
¥7-, BSA OfHIEHEX, F U F kT AK
WHOTY ZNTF B2 10% 3L THIRE R S
B2 EEoTEES DI EBHAHETH O /2.
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INEWMITLT, TEHROEHETHRBILZZERT
2728, BUKET AN R iR E W PCL
F IR DI Y a REARFRIC K DRI D
WTHBRMNZED TS, W AR TIva=y >
-F68, AR EZIN IV a—)VEH iR
T, 200—350nm @ PCL F /K 75540, =D
ki FIZH WD PCL O 5 T & R VAL - 5 Bl
DIRMEZZEI TS ZETHETHRETH D Z &,
E72, 50°C OFSM T TIREBRIENRD 5N,
F v 2T 2V BRIIERN TR TRHAKEZHE L TN
5ZEERAMLTVWS,

N— RETIE, EHATEERAIE & T 513 mER
DO FRE/RFRIHEDNLE L1250, FW», RilTE-
THRBIEZN—Z & U 7= BB AR5 O 8E D
AL 5N, SEHOERVPHIFEINS. A
AR~ OHEAICEE L TIE, BRI & G
HADHEZD QOL M LOBAMNSEHE LIRS,
Bt um OKF 2 &ETEEICH BIAB KR T ICRSE
IELEEY Ty MRS ESH S (Needle-free
Powder Jet Injector) DFEfAEHMLINLD &L
TWb, ZZTHWSNDKTHEFHFIEAR 2w
TRENHD, WEVEMKL T2 —7 1 > 7 HEiliO#k
HHINOFEANAA SN TN S, 50

5. &HYIC

BT JRTORA 7 OF)NA ARERERE L
TOFHEZTNS OFEEREERHERERKOXTOT
v T TR, mWEREERI DY 707N
A ZADHEED =D DY IR HIED 1 DTH S, Z
HSLETNA ARED-DDF JRiTT7 vt T
> EA & U TR W2 K BB 4R BRIk
SIAZINTWDHENE I —T 1 > 7 i OIEERR
Rizh o, HEifmAIIENES TH 5.

ARETIE, ZH5LEF/ oA 70N07 vt
TV EWS AT NIEDE, @t/
N ROF ) EBREZEL THATLIRTF RE
HEEORREHIE OO~ 70k 72 IVED
WRB RN Lz, fMOFEMITITASNRNNA R
O7)VEA O, IR, EWEEAEN
FIMEE OR RN S —RICE OBANLICREE O
RS MDD X F &S XTF REESE BT T 5 HAE
PEREES AT LAOBEIZIIREBR NN TH D,
12, ~RICEG TRRBRVWEDOX D BES TEDERE
o DB HIE 2 ATREIC 9 B Beainid, KR O BERENE

DDS ¥ O ER i & HI N b Z &0 5 WHF T2
MICHEEHINTVS., LML, ZThEERICT
A 7 0h T IMEEBINEDRIT 27201213, Z©&
P2 3D /= MR ERIE, JAENE, MEmira i
BHOIEE < OEZFNO LD —EOHREIIAR AR
ThHb. ZTONK DONEFANTF RIERE L BA 2RI
LHEOREICH RZIToNsdN, =0, Y7 UJILR
T/ R—BHEENEETH D0, TOMAEDYE
WFERICHD, HWIRE /X —OHEYERICE-> T
RO BESEEZR D B b REbEX 5 2 &
BAEETHAS. IO LT TO—FIZEDNTE
MEEERICEOMA TOEELOEAERN G
FNA ROF IV RN—Z D DDS OB DIENS T
EEHFHLTWS,

SE AT LN, #E R K
LI E TP A PR E T ONE DD TH
0, ERIZTH NGO ELEBEREO L LZITESD
fLEL EFE9. £/, p(NIPAAm-co-PEGMA)
IZBE9 % Rk R 13 7 F 3 A K% Nicholas A. Peppas
EREDHFAMFICLDHDTH D, FITHEHBHL
FWFET. ABIEO—ERIZ, HAEMIRES R
ety (HLRRZE C16590038), USRI EE RN K
MR E AL 2 Rk 18 F R 7 o >
T THEEFEZE) WNTER Y B MR TR B
(H17 5B B RIP) DBk % 2 F T L
EHbDTHhD, T2l THEEZERLET.
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