£ B

& B B A
B oM o R

o o H
2 ff £ F 5
BRSO HM
BRSO RH
FHNREOEE

BN O#® &

Mz E

wt (E2)

HoE12TS

ERBEIR30H

WXL (FEAHNE 4KE2RH)
HMBREBRKEEZY v ToX b 42E8FT30Ey R

TA 70X T7 27T —BAMNSOFTEKEBEHLEZD

I 74 B B FY o35 a8 B 4R
A XEEZXA (x#) 2
(el&EY) ™ O O O A %k R OB
E H 8 B, I B ¥ B

FURNEE

Drug release profiles and mechanisms of drug delivery to the brain of lipid microspheres (LM)
containing a prostaglandin (PG) I, analogue, clinprost (CP), were studied. Drug release of CP(LM) in
the aqueous solutions and serum samples were characterized, using a newly developed polydimethyl-
siloxane-coated glass beads assay. CP was released from LM in serum by protein binding and
hydrolysis of the drug to its active metabolite isocarbacyclin (CP-acid), as well as by dilution of LM.
The binding site of CP and CP-acid on human serum albumin was identical with the possible binding site
of PGI,. The significant species differences were observed in hydrolysis of CP by esterase in whole
blood and in its separated components in rats, dogs and human. In vitro and in vivo studies on the
blood-brain barrier (BBB) permeability of CP(LM) revealed that CP(LM) was transported via 1) endo-
cytosis of LM, 2) simple diffusion of CP released from LM, and 3) transport of CP-acid generated by
hydrolysis of CP. The BBB permeability of CP(LM) was not reduced in forebrain ischemic rats,
because the simple diffusion of CP contributed mainly to the CP(LM) transport. These observations

help elucidate phenomena occurring in the body afier intravenous dose of CP(LM).

§=1:0)

Prostaglandin I, (PGL)#&E & clinprost (CP)ix, EHWIZH W THASGBAZIIEREASHY
isocarbacyclin (CP-acid)~Z# X 1(Fig. 1). PGL & AEQM/IMREEMFIER, METLBIER
RUBBREREFEREZR T, CP I3, 514 XMRIL ¥ F v E2EHS LTS oil-in-water T )b
VavThBIEYy R4 70X T7 27 —(IMICEWEMELAE T2 005, BIRRKRS
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B¥ in vivo 1S3 17 3 EEMEH OISO BH 5N 5, T ORAKERUGANBIRBOREICED
CEMEEBBII OVLWTRASHINTVHEL, £ITERFRICE T, £ CPOLM)
OEYRFEBERZHSHICTSENT, © CP OREHICEEH USHBRICHEI L7 polydi-
methylsiloxane % 7° 5 X £'— X (PDMS-GB)AIE &% L ., CPLM)DEMRFAFZNBOAE &
B B OB AT - 720 IROT, CPAMZBIRAKREHO KPS & DHEEFEA%Z
AT 70, OMEEHEOHEARER, @ CPAM)DINEFIZH1T 5 EWH HBE DT,

B @mMEF LR T T —H¥IZLB CP 25 CP-acid ~NDIIKFBROIFEZE ZHRET L. T HIT,
G I #k % BIFY(BBB)E A A FEM T 5 2 SIC & D, BYEAD—DTH 5 M~ DEWAELE
wriEoMI U,

[(FHix]

LM BRI HES : °H EHE 0 I3IEEHED CP 720 CP-acid (1~2 pg/ml), LTI 1,1-
dioctadecyl-3,3,3’,3’-tetramethyl indocarbocyanine perchlorate (Dil, 0.1 mg/m/)& 28 3 % 10% (w/v)
¥4 Xih LM B#I3, French press Z A UTHEE L7z,

PDMS-GB BlIFEL : $#% L7/ 5 X E— X(1.0~1.4 mm)% PDMS TZEHEMLE L, PDMS-GB
AV U7z PDMS-GB I, A5 AF 2a—7 (3 mHF 1 ml DK PDMS-GB 3 g2 fMZ
ZolickDEAL, BMUIEE D HEPHIC L 100 W AR UK T S B 72 (Fig. 2)

[BH]CP solution or

3 LM
o [3HICP(LM)
H* : Shake
OH

PDMS-GB

R=CHg : CP

R=H : CP-acld

Fig. 1 Chemical structures of CP and CP-acid Fig. 2 Setup for PDMS-GB assay

* Labeled position of

CPOM)D EHH HBEDOEI : PHICPOM) % EE AIE/KT 1/100 ICFHREZEHI
PDMS-GB HIEZTV, EWMHHBROETEIT -7 £/, [*HJCP(LM)% 20,000 g T 30 4
RIEOEL Y VIBERFHEAERRLU, RRTHAEZ SR U7z,

CP R U CP-acid DEEE S : ['HICP DEHF & HRII PDMS-GB JIEEIZL D, [PH]CP-acid
D¥EARITBA ABIRITE DRAIE U7z, 1535, PDMS-GB JIREDFEERME, PHIY7TE/ YA
DELESEATICAREEEEAL, BAASBETUE LB BT EIEICLD £
Ut £72, B POETIVT IV (HSA, fatty acid-free) EDFERICHT HEL UL FOD
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BEXRfEALEHRE L, WEYOHEESY 1 FOHELTT - .

MmEFICHIT S CPAMDEWHHBROEN : 4 IR E +MFEICPHICPLM)%ZR0 L,
REBFRYIC[PH]CP DI fERERE T 5 & & biZ, PDMS-GB HlEEEIC & D BWRBHRD
BE %47 - 7o LM BLFICRFFINILHICP SR, NFLOHBINMBEBEAELESL
TeEMIT E HIZ PDMS-GB NEKE LIINI &0 5, EYRFURLAET BT FF VIR
B MU T LGSDS)ERMU TEESREEGERBERTIATREMA ), Bk, A5 L7703 b T35
TA—RUAVTZ 0T 4IF—ABEIZED, [PSISDS i3 LM B FICHEA LTI E 455
A U7

MEFLRT T —FIZLBPHICP KD BOEZE : 5y b, £ IRFE MO % 4T,
ARMLER, FRMBRERUHREICSE U, PHICP 2 5 [PH]CP-acid ~ DHN/K A FRIEHE A FIE U,
X SICREHEEREBNLIT S —EOREERS 2,

AREE R KEMNE AR MIBBCECHNDI DA S : Terasaki 52 DFHEITHE Ulz, BE
B3 U7 #H)HH3E BCECs IZ[H]CP (35 nM), PH]CP-acid (35 nM)IETFIC 241 & D LM $45#(1/150
FR)ZAEMU, BRI D AT N EPRBEZNE U, % /o, #1133 BCECs & Dil(LM)
A FaN—-bLE, Jo—YA b M) —, HABEUSICLIBERVUEEKES O
< b5 7 4 —HPLO)IZ & 3 Dil DEEAIT -7,

Capillary depletion # : Shimura 52 DFHHEICEL, T v MIPHICPAM)ASERF)E 72it
[*“Clsucurose (27 mM)%Z F¥&eik 58 charotid plexus % B o BB EA R R AFBML, c€V =z
FAXBRTFI NS VEEAREGCHBERCL D BHNEES EREEESICHEL, Th
ENDANTDBHEBR Vo) KD

EERV—BURKENS v MBS B in situ IREFRFEER : Takasato Y OHEIZHEL, IF
IR 4 MESREEMEIN S v MIPHICP, [H]CP-acid, % LM H3#| & U [“Clsucrose
IR L, ERAUAMEENROBSFEZAIE L, BBB EBHEHE KD,

(BRRUER)
@ CPAM)DEMREIZERH RO BT & EWIK L BIEORIT

CP REAHEANBRIIRET 270, ENE BASBEIARFIVABEILLS
PHICPAM)DEHRFBUROAEIIRNETH S Z &5, HEEDOPH|CP & EHMYIC PDMS-
GB "NEESIED I LICL D EYRFWHRERE Lz, 10% (wiv) ¥ A X LM DO[PH]CP 1%
FRIRITITT 100% TH o7, i, EBARIKT 17100 KHFREZEICAE AT - 7ok
&, bi-exponential DEYHHER LIzZ £ S, PHICPIE LM FD 2SO SN
%I EDTRBENI, 51T, PHICPAM)ZBEGHEL ¥ A XL IVy g VRIF &S
Ul VEBEICBEU TEBRSIC OO THRE LR, PHICP © 1 REH AR LEDEYHH
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HEREIT, PHICPUMD S OEMEIBICHITAE 2HOMEE YU LI, CHhE5D I E0 D,
CPiZ LM FODF A XHFRUY VIEENFLOBBEINE D LRI NI,
QmEELHEEEDRE

PHJCP ZBEHEAEL, 0.5~100 ngm/ KB W TEEICKST, 4 X MFEFT~95%, £ b
MET VT I (HSA, fatty acid-free) T~87%, bt MMHETII~98%TdH -7z, [PH]CP-acid D
Fw b, UHF ARV MOAEFICBITIEAEEGRELT, OThICENTH 90%L Lo
B MEZ R Lo [PHICP RUTH]CP-acid D HSA EDFEAIIX L, FREY v, H1) F)LEE
RUA Y RAZ Y N EAEBIERARED SNED o788, BEYEDIT/0T747Y Uik
RUHBHBEHRICL2FELERNS SN E0 S, CP R CP-acid D HSA & D(ELH:
KL PGL ERIREZ L ST,
Q@mE P (2 H T 2 Y BIE DR

PHICPUM)EZBRER T 1/100 iCHR UIBHE, EYRFBIRIIHEPMET LZDB 60
S TIFERBISEL, 68%&ETEo7. —F, HSABRTTII 60 00 F TIEIF—E LT 34~
39%% R U1z, 512, 4 IRUE MOEFITHIT 2 EWRBHRIE, &Nl o2%ICENE
N 28KV 34%% R LicDH, CP-acid ~DHIKS#E SI1FITIEAT UEHS 100 3R 27 5T
EF L, ShoDI &5, CPAMDMEFICE T 5 EMRFFHRIL, LM OFR, Cp
DEHFEERUIMKIRIC L DIET TSI EHONIT -T2,
@mAEPTRTS—FI2kD CP DIKARDIEE

5w M2IMOPH]CP MK REREIL, 4 X RUE &M ZENEFNE 100 1% % 7213 400
2T L, BHTHNVEESIETICED SN, 1 RUE FOBE, MIETHBELTH
MERIC KD BIEENE D - 7o 4 IFRMREOERITHBEICHELT108E<, T
TR IEKEE SRR OTEHIIRIETH - oo SEIVKABHER B IRIENS, S b
IZ351F B PHICP OIAAEIZIE, MEEF carboxylesterase (CarbE), HIMLE D arylesterase (ArE)
OMENRRIN, 4 XOMPERUFMERETIE, WIFHd CarbE, HIEE TiT ArE 2307k
AMEICEET A DEEZ SN, £, b MK, FRMIRERCHEEICE T 3Nk 8E
1212 £ 4 butyrylcholinesterase, CarbE R UF ArE DS E Z S/,
® i & Ax 8P =B i

KT R M B N B BB (BCECS) N D[PH]CP DM D AAITIZIBERF TR IVF —ik
EHEED SNEN o720, PHICPAM)DEHERBERTY VWA TRY Vit hEEIC
FHEXN, TV YA b= RICLBMDAADTRINI, SOOI Eid, BHEEH LM %
IR IEE BCECGS T Y FHA b=V RIZEIVRDIAENS I EEFE LD, TORD AL
BIZLHICPLM)D# 10%TH D, CPLM)DELDAHITIE LM 0 SiElk Lo CP O Bsifik#ds
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RKELFETHHDEZEZ SN, RNT, 5 v FEAL capillary depletion #:4Z & D in vivo
IZ% 17 5 PH]CP(LM)D BBB E:B 25T UIckER, MREICBITT3 I s0R&ans, £k,
in situ BRVETRIEIZL D 5 v MIBIT 5 BBB EBFREENE UckER, PHICP RUPHICP(LM)
{3 [PH]CP-acid X U PH]CP-acid(LM)IZ LB S NIEOMEZR L, £ OE @I —BHMEm
Ty MEBOLTHETRED SOEdh -7t ThEDI E0 S, CPLM)D BBB E&HIZI,

DIM QXY F¥A b= X, 2 S hic CP DESIIER T 3)MKSRIZ & D &£ Uiz CP-
acid DBITHNEZ o, ZD5 5 CP DEMILHEIRESFETL I ik Dy, KEERKICS
NWTHBEBIIETLENSDEHEESI N,

(#5]

FHITHESL U7z PDMS-GB JIFEEEICL D CPAM)DEMRFFHMBORENGEEE R Y, &
AR EHICEZ D155 MK PERS EOHELER % invitro ICEWTRIEL, LM 05 DY)
BHEICBED2EEFEBA SN U, X 5IT, invivo R invitro 125 T LM BH D MK %
MMEBBEBNE SN, CPUMDIKEEGEE L L TOagEREIRENI,
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FURMXOEEZRDEER

UFam LT, F8FE8A 7T HNHEBRICRITIERGEDHKRELEEZ T, FDRICH
BOEEZERNBNWTEEEPLERBRON, BBORKE, KOBVHELE,

VEy w27 uRx7 27— (LM) &, BREHEIEY O IAEMRBCMEBEIM R ¥ OERBE
REZERNL LI HERE L LTOFABERE SR TWS, LHL, LM BELORE LR 5%
Y ORREEBE N DL L OME~REL, LM P OHMH SN EEAERT S Z & 348 CHEE
ThoTlelediz, LM HEIH S 0K HE MR & CEARESEEEIIE L hIc ST ko Tz,
T, KPR T, MEEOHRO— 2L T uRE 750 V0 LOT AT ALGEEEs VLT
v Xk (CP) @ LM & CP(LM) 2 AW TKICTT RELRET-,

£7, LMBEHPOREHSNZCP2ERTIDHIC/FAE—X (GB) € polydimethylsilo-
xane (PDMS) % KRE L 7% #E & PDMS-GB # AW EEH R BIEEEZHSI Lz, ZOEEEEL AN
T, LM 8 A (F D CP BABEBHE K TIEL 4 XWMALT 2 bEPHICKHE END—F, V VISER 74
POBEBICKRBEND AT RS Z LER LR, CP(LM) OMETEEEZ2H b2+ 5 Hi, CP
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Db MBI OEABMONEICRIT 2 BEARKAR LT 25 5 —PiC X K% PDMS-GB %
WTHIEL, ZOBMEPHALMCTEZ LICRI Lz, U EOABERKKFRIVMEF THLAL
geEppcE 2 CP (LM) 250 CP iz LM 0o#FR, CP 0EAREEICNZ, =AT 7 —XITLD
AR LV RESHNDZ LA ERMICRTZ L8 TEL, 5L, BPIALTHDWM~DEEI
LT, CP (LM) iZREMMENEMIIZINT LM Oy R4 =Y R K287, LM »5H
HH & iz CP o BstinEic L 384T & kSR T4 L CP-acid D84TI &> TBBB 2&i# L T
MEB~BITTD 2 & 2 OREREMEBMNENEBRRAR LU T v MRERRZ AN THLRIL,
FOBEMIINEERIIBNTHIFEALETLRENI EE2F LR,

B E OB R, CP O&ip b 4 JREMEEY O LM RF OEANBIBHIZE & £ ORAMBER
MEMFRICSEKICTET 5 EEbh, Bt () #mIETLILERDD.
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