BMethZ Ny 2 vERBEEOEREYA POAYDHEBELT
WAEIEWERL, BV MIBWnTERERRRBEHIIC
BELTIJBBREPIVINMILIBZYA-—UMLFILANN
V¥ v =k LTMetBEBEL TWATREEERLTWS"
ek &icid, MetOBMbHTHBEAFAZ VAN T 4 F
¥ F (MSOX) HBAMICHET ZMSOXERBRICL D
Met~Z &1 2, Lidto>T, MetidfilBRATRION A
2T L D ERAINCHE R E LTEC LD TRETH S

Y1k 1ICEBT3EE ("Lys, *Trp, P"Arg, ““His)
HARINE, V7P Y Y, Taz b4y, JOEIFR
CZy~y 753 FERLDETIELOERIHETS. &
DOFA b LIE—REFIZBT B "Lys~"GluilHFELTEY,
MTrpZe EOBAKET I JBEEDP SR 2BKFIRIC Hisb &
U™Lysd Vo BREMNRELTWS, BE, ERLAHSA
ZREYBCRIER> L, ®Llys, *Trp, “HisOwihd
NEMHESIIELIRY DY EoTWA I L ZHERLTWS".
7, MTrpid, HSASF L, L CHBETAIEp6, 1HiE
HMIFCLBELTI/EBRELLTRBRELTYS. mz T,
BhagavanbiX, *Trp—AlaZREE R L, ME{LESH
T0%ITET L2 26, MTrpe b7 I JBEREZ LT
EHLTWDY, B]E, TrpoEAEE4IEH L THSARAIC
KEIHEMEN TV BN-Acetyl-Trpd®, FER LA & LTHREL
TWwa I ENHESRAY, Thbh, MTrpid, HSAOHE
LHEREREIMELT I JBREE LTREERZLTWSE
E26h3. T4, FEeEFoSIvmfE (FDH) 3¥0
2y OMPBENEELILELI(BVWEARTSHLY, 20
EEE LT ArgQHis~OEENH 6z 3 hTwd, BE,
Bhagavan b3 ArgOHis~DEREE B TFuF i v OR
AfaresiEmT A LERBLTWASY,

@Y1 P OICRIBEYT 25%E ("Arg, "Tyr)

EELRXY YU ERVRRAE T v LEIRMA
T, MUKRHEREFROLERER»S, 4 PIIHT
ZEWESITIRCArgD YTV 2 EITE, MTyrokEEEE
FOEERLVEELREFELLTWAIEZEHLPIILTY
A% BhHiZ, TO¥L FAREBRERACEHLAICSIN
DSE B D S A LESAOEREEEm L3 ¥ Ik
HELRTWS, ZOBEL2ER L THSARF KB CoA Y
JAVEREEAFE LTREIREDSATHSY, 4 M
ERUZ-EHESERICNE, LAF7-YeHE2ET. &
51 CArg—~AlaZERE, "Tyr—ALEEAKD L VRAZFD
CEERAYEVRERERNS, JOBERICOFRPLN
NTyrOARBETHLI L EL LIS, “ArghFORLEEED
TWAIEERBLTWE™. T, FISIL, n vitrellBWw
Ty YHET V73 y (BSA) ©BBRLAEICE VLEE, [
BEy 7O 7—Y¥THIBLERRSBERICL), O
B EBSAZMB L& 5, BSAO“Arg-"Tyr-"Thriiff %
BRI T AL ERELTWA™. TOBELRIT,
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T, BSAOYWBTREIZHL T SHSA DArg—Ala,
MTor— Al R E AV, FOKREEY wild-type & EUR
LR YAreOERAIBVWTOAIERWHERHERL
Twa. Thbb, BERICEIBMArgEfENIY T3 A—V 3
NP OBEEC L YIS h AR, HEORELXS &
RILTWAIREFZLOND.

2. BEFERABHSAEFALZEEADOGH

FESE, HSAEESMFEMLMPHERICEATVLD, B
ettt FEIEA S 2 EYODDSICB W T E LB e LTH
WHRTER: BAFEZICHL, 7A7IyEEKLLTH
E+2EE, TLTIVHETIYNV FEEREAALLE
RERE, HIVEEELLZBEHICLIThrONENR
WHERTER., LaLeds, tEHE0BE, B—2&eK
DR LVE, BRSOEEERLHEZRR €LY
Wi, B IMESNE RBTLEND S R EOMBESI S
EhTwWa, B, ot 2MEArERT LD, TVT
2 Vv EREAREESORETFERE ¥ fusion-protein D F
FEALZTbRATWS, 8512, BREAEY, EXOL=ELL
MEZBE-HSABEOH A AHHZIILH, FREHESES
ELTOTAVTIVOERANDIEALRAALRTWS,

1) FF—% (*Cys) 2HHULEEADLH
O—BILEFR & DIEEEA

—E{EmE (NO) A7+ FUN, 753w 7:8H
SHEEMI CyslRFREST A, i, IFUREFTHS
NORMBEHTS-=ruvERE LTEREN, £08HMS
ZFPOVHSALLTEELTWA®™, S PO VHSAILRZ S
r, MEPEBFHEsELy, MMEERZzMBILLY, 7
Fr—l A4 7L REFRLERLDT L. —BRLER
(NO) M LwAESEHYR L LTEBRSh, EHKANOKS
AFL 22— -BAHAELT, ~EXOV¥y (Hb) LHSAHE
OFBRL LTHESATVS., EnEEBSLREBERLZ YD
BT, RENONOELAETICEWARNENODHFN
VBERITRTHBIED L, HBHREFHTRELFTRANOM
EEEOMBHMEThTWS., BELHIX, NOBAYRUED
728, CysE{tML7AArg—~CysEREEERL, ZHIINO
EAILHRAS-S tay s vy 2ERLLE. £ONOBEA
L, wildtypeHSAO#UMEEITER L, T oW, £
HECHERBSREERICEWT, wiThbwiletypelllk_T, &
=ty s rns LT, IHERTWBIEZHLAPIILT
WA, &%, CysEMIILAABRARBSNO-7AT I X OFHR
NOJa&ER Y 732 (NOPS 74w 2 & vi3r) ELTOG
BEREOTEREIS RIS RS.

Q¥CysZBIC L BBMEHBEN DI

MR D2, BEDfEED 2yiHmicfb s B LT,
ATEEEBAORANEAITORATVS, THGIE, B
ERERTEOTRLER LT, rHSAITBAEDEH A



“lipidheme” (KA-74 U884 Lh) 2EL(TBELE
RT7NVT Ry ALEEHE (PHSALD) 2R LTwE. 0
TATIVALRERRIIFELZVE{HLWEEALF
HETHIA, Hbl A, EESECOLTEESTEES
BMETZZLPNUMETHY, HSAIG T340 84T OLh% st
ETEAHAILEDD, BEEMEREE LTOBKLEIEDL
nTwa, %612, &k, rHSATZEA (tHSA) %¥Cyso
BRBEICLIVIEREL, —BERICIBRKI6GFOLOYHEET
BEZoTwd, T/, ZOrHSAAIBY A5 v FOENENE
BHEFFHLAE S, rHSAOHISEOERIMEZRL (Fig.
3), EL 2R REEESNE LTHESNED LR TV A,
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Fig. 3. Plasma levels of "“*I.THSA meonomer (&) and dimmer (O) (1.0x%
10° ¢pm, 1.0 mg kg™ ") after intracardial administration into Wistar
rats. All values are mean £S.D. (n=3). (From Ref. 22}

Q¥CysZEIBIZ & 5 ERUZpInE

FRIEM B ETH 5 Dynorphin Alt, ZOEWHEED D,
HEZSEIZLHEERPRMBEZ2>TWE, LA L, &A,
Holmes® id, *Cys& Dynorphin A% Drug Affinity Complex
(DAC) YAF 2121 D 131 0EETIEMSHEGSE, I
piFEfEomEE L bz, FE, BESXBEL2E~0H8ETE
FIERIZ{E S BIfEHoBRICETI LTwvw 5%, I, ConjuChem
HiZBWT, FHBRABSTDRATW L. '

2) HSAQMPAEEEFHL = EMBERE X7 4
ORBERRE 12V

AR VREBRFEERL LTAAIATY, F0O%
HAKRBICES HEOREIZ X ZFEEKSPMBEE ZoTw
%. Markussenbid, 4 ¥ XY YD Lysk EBEHEO—>T
HHIVAFVETESL, MEPCHSALEETRET VIV
b4 Y2V VY ERELTWBY, HSALOERRT Ykl ~
AV OBRSLFEISOMELHRL, DPhFERELgET

HIEPLRIFEEAL VA UAOERAPHMEI LTS,

QEM{EREIE ) v~ FELRE

Fiehnb i, Vo< FHMAHROH LWIERE~OT T U —
FELTTNVMNTIyDLysEEEN, N'-dicyclohexyl-
carbodiimide (DCC) R UFN-hydroxysuccinimide (HSD 2 &
g LA LY —F MTX) - TAT3 EEHEE
BRELA®. f83E, MTXE, +OESFRICEYD, REGRE
B TiIIRPwHEolD, FERSFICLZAEHOREMN
Mo Twi LiL, MTX-HSABSHEOREIZEY,
FIRAEA OB S ERME, HISBITER TS Lz,
RIESE~OBRENERAZO LN, BEROBRICL o2 st
AT ENG, VOTFHEANROF L WEHEEL U THRKRR
MAF—-FLTnAE,

3) PATECEIERIICESIaFO-NEFY ) =Z
OEREMENTF FAOIA
FEVCa—vvHF AN AL 2 ATV YRS EHY
HA P AANAIEHTSZEICHIILTWS, A Y5 —T 20
»-HSAE44 ; Albuferonid, MRzt af »¥—7x0>
DEFRFEE LTREET L20, CRFFXROEBEICEL, BfER
DOERPRGEHEOBSIZI D, BEOQOLM NS EINT
WAF, SLITEHRTI, 4 F—ofF Tt THER
XA v & —04 ¥ 1-HSAEAE ; AlbuleukindRARE ST
V5. Albuleukinid, T, H—HERERBVFERI AT S.
Albuleukin® i3, 4 & —04 ¥ I OH0BREL, i
kDGR ELT LB E, Abuleukinid, X VB LESHRE
FREL, EFORBERICAMTE A TREEZHDOTWE™,

@FHAMBA~OEHA

B, HIREHE LT, MEHERERT v ¥FF A5 F>
PEBSRTS, B%, BEEE, T0oHE - ERiIhi
HAEMOELZLEL T8, BAOoNEFEEERTFEE
ELTWwLH0T, FOMFHIIZEE "KEBIDH" +52 845,
F-MEHFAREEARETIRIEBLALZD R EVWOT, OF
FABHEHNTREERZRERABEI DI wWEHFEINS.
Bouquet&id, BEFREEHTZHAVT, 7r¥FR7F L
HSADOE G4 (Adk3-HSA) RFEEITY, AdkI-HSAOFRL
FTRHOLREFBLBEMBABENR LI TS (Fig. 4)™.

4) SHEEMTNT I Ot &5
DFx1>1, O, I

B Lo & ) ICHSAOEF BB IAREOE V32O M A 4
YHhALBERENTWAEY, BEAROBREINEITSLTYAS
VEIOBEERREUEFAA YESOBERTZLERTRT
H5H. Carterbid, Tift, FFA VEFHMIRPAEELRY
BE - BEL, HAROBEV320FAL Y OBELHLRIC
THIERIY, FAL VBOBVWEEREZHAHLE:. ELS
BEE, BEFA/ 2 ERICRRSEBREURL, FAq>Y
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Fig. 4. Systemic treatment of MDA-MB-231 mammary tumors by AdK3-
HSA. MDA-MB-231 carcinoma cells were sc implanted into
athymic nude mice. 5 X 10° pfu of adenovirus AdK3-HSA (nh=
12), AdK3(n = 10), or AdCO1(n = 8)was iv injected when the
tumors had reached a mean volume of 30 = 8 mm® (day 0). Data
represent the tumor volume (mean = SD)for each group. A
Student t test was performed for statistical analysis (P < 0.005).
{Erom Ref. 28)

BOMEORELEIET DL ELIC, EWESHA ML
T, ¥4+ I OWERUI 7 nBRESHCR, BELTWEF
A4 VIET TR, BELTWAEO ¥ AL OEEFH
OEBUFHELMI L 72, F4 PLRREGHEFXA -
HiEL, FA4YICRBEShTWE I ExHLAPIILE,
MET, FALYLIFAL N, MEEN, HEHMLEEL X
QIBFELTWA I EMFENS (Fig 5)™. BBLALSE,
Fx4 v I ORELEICIE34IOfreeDCysBEEITIMA, Met
BESEPLYELTVBTHENEZ SR TV,

@QF LTI H147— (tHSA)

K, TMTIvOF4v LT, REFHEARALLLE
e N, H—LRHSEORNOBL 3L S {DMBEY
i Twiz., |iE, WPSheffieldbit kb, BEFHHETAV
F¥—s Yy boESIETATI vAERENRL. LAL,
FoXEMit, FRICK Lwidtypell REHBLTWRA™. &
OREELT, H—-2BEARRBALTWE 00, R -8
BRI B ATV VESOEEEENER S, HEE
REL-LOEEESRD, BE, EH6ERICZESL
HSADORI - HUET-o 8%, HERUVEREERECIEVT
HSA-monomer: FITHL - L2 RALL. TALLOFAE
5813, HSA-monomericH-, AEIERLTWE:. IhbdD
HEH»G, ZRHRMEESAOEERER, 5TF% 1 J2ma T,
TOBREERICIYRELERSh ML LAk,

5) SHEMTNTICEHALLLEERADIEH

HSADBWEEEYHE LEEFEAOEBO—2II7T V73
v %&# (ECAD; Extra Corporeal Albumin Dialysis) #%% 5.
BALRELOSZOAAEREICL VhoESEEREL, LT
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Fig. 5. Quenching of H:0: oxidation of dihydrorhodamine (DRD) by rHSA
and individual domains. The sample sclutions contained 7.5 uM
rHSA or individual domains in 67 mM sodium phosphate buffer
{pH 7.4 and 25° C), 5 ¢M DRD, and 25 mM H:O- Each bar
represents the mean = SD (n=3).a}p <001 vs. tTHSA: b) p <
0.01 vs. domain L (From Ref. 29)

LiFgRaerelciERTs. mifte LCnEEAER 20N
THEERBRESTORAT VAR, TATIVIHELE
FRBRECETNESHRLOGRAIFLETHE. £IT,
ECADSEIC L Y, ABUSTLEDETNTIVHERET
SERMITRET RSV AFATH A, 6 BEEOBETHFIEHEE,
PULEYHEBICETT2o RN, MiNoxizEbLHE
CETT2oLd0, SE0RFEINER, B, BRUKF
BEeoWEIsES SGOEENHEShTY 5 (Fig 6)7.
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Fig. 6. Kaplan-Meier plot showing 30-day mortality. There was a
significant difference between the extracorporeal albumin dialysis
and control group (P <.05). (From Ref. 32)
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Abstract

To determine whether bucolome ( 5 - n - butyl - 1 - cyclohexyl - 2, 4, 6 -
trioxoperhydropyrimidine ), a nonsteroidal anti-inflammatory agent, can reverse diuretic
resistance of furosemide in patients with nephrotic syndrome, we examined the inhibitory
effect of bucolome on the protein binding of furosemide in serum and urine. Bucolome
significantly inhibited the protein binding of furosemide not only in serum but also in urine
of preparation albumin (UPA), which mimics urinary albumin concentration in patients with
nephrotic syndrome by ultrafiltration method. The binding percentage of furosemide to
albumin was approximately 70 % in UPA. With coadministration of bucolome to healthy
volunteers, renal clearance of furosemide was increased, reflecting the increase of the free
fraction of furosemide in serum. Furthermore, coadministration of bucolome caused a
significant increase of urine volume and sodium concentration in urine. Even at higher urine
levels of furosemide, the inhibitory effect of bucolome on the protein binding of furosemide
in UPA remains constant, and changes in pH at weakly acidic pH levels (pH 5.5-6.5) did not
alter the inhibitory effect of bucolome. Interestingly, coadministration of bucolome with
" furosemide in adriamycin-induced nephrotic sjmdrome model rats alleviated the diuretic
resistance. These results suggest that bucolome has a potent inhibitory effect on the protein
binding of furosemide in the urine, and can partially restore the diuretic response of
furosemide in patients with nephrotic syndrome by increasing the free fraction of furosemide

at the site of action.
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Introduction

Attenuated response to diurétics is frequently observed in patients with nephrotic
syndrome (Green and Mirkin, 1980; Keller et al., 1982; Smith et al., 1985; Kirchner et al.,
1990; Kirchner et al, 1992; Wilcox, 2002). Dose-response analysis comparing urinary
excretion rates of diuretic and sodium has demonstrated that nephrotic patients arc less
responsive to a given dose of drug than healthy subjects (Smith et al., 1985). It has been
proposed that this blunted response is due to tubular resistance to the natriuretic effect of
loop diuretics. Another possible contribution to aiurctic resistance in patients with nephrotic
syndrome is suggested by the finding that furosemide readily binds to albumin in serum
(Takamura et al., 1996; Takamura et al., 1997; Takamura et al., 1998), which implies that it
also binds to albumin in urine. As the protein bound fraction of a drug is considered to be
inactive (Martin, 1965; Meyer and Guttman, 1968; Vallner, 1977), binding of furosemide to
urinary albumin would decrease the effective drug concentration by reducing its unbound
fraction at its site of action in the thick ascending limb of Henle's loop. This suggests that
binding inhibitors for furosemide can normalize the natriuretic effect of the drug in renal
tubules.

To have a significant renal effect, a protectable inhibitor should have the following
properties: 1) it should be a potent inhibitor of the protein binding of furosemide in urine; 2)
when administered in large doses, its plasma concentration should reach high levels; 3) it
should be excreted mainly in urine; and 4) it should be highly safe and suitable for repeated
administration.

Kirchner et al. reported that binding inhibitors such as warfarin and sulfisoxazole
alleviated the blunted response to furosemide in rats in their in vive loop microperfusion

experiments (Kirchner et al., 1991). However, warfarin ts eliminated by metabolism rather
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than urinary excretion, despite it has high afﬁnity./ for albumin (Kragh-Hansen, 1981; Maes et
al., 1982). In addition, warfarin can only be administered in small doses. Some sulfa drugs
including sulfisoxazole and sulfamethizole are eliminated mainly by urinary excretion but
have low affinity for albumin (binding affinity, nK = 1 x 10* M” to 5 x 10* M) (Vallner,
1977; Kragh-Hansen, 1981), suggesting that these drugs would not be effective in restoring
the blunted response to furosemide in patients with nephrotic syndrome (Agarwal et al,,
2000).

Previously, we reported that furosemide binds to site I on human serum albumin
(HSA), which is one of the major binding sites for drugs on HSA. Also, we found that
valproic acid, phenytoin and bucolome inhibited binding of furosemide to HSA (Takamura et
al., 1996). Bucolome, a nonsteroidal anti-inflammatory drug, can be administered in large
" doses (600 to 1200 mg/day); its plasma concentration reaches about 300 pM; and it is
excreted mainly in urine (Kakemi et al.,, 1970; Yashiki et al., 1971a; Yashiki et al., 1971b;
Chiba et al., 1985).

In the present study, we investigated the effects of bucolome on the pharmacokinetics
and pharmacodynamics of furosemide in healthy subjects and adriamycin-induced nephrotic
syndrome model rats. First, we studied the effects of bucolome on protein binding of
furosemide in serum and urine, and found that bucolome is an effective binding inhibitor for
furosemide. Moreover, we found that coadministration of bucolome affects the
pharmacokinetics of furosemide, based on the inhibition of protein binding, suggesting an
increased natriuretic effect of the diuretic, These results suggest that bucolome can alleviate

diuretic resistance in patients with nephrotic syndrome.
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Materials and Methods

Materials

Furosemide powder and furosemide intravenous solution (20 mg/mL) were donated by
Hoechst Japan Co. (Tokyo, Japan). Adriamycin was donated by Kyowa Hakko Kogyo Co.
(Tokyo, Japan). HSA (essentially fatty acid free) and rat serum albumin (RSA) were
purchased from Sigma Chemical Co. (St. Louis, MO, U.S.A.). RSA was defatted with
activated charcoal in solution at 0 °C, acidified with H,SO, to pH 3, and then freeze-dried
(Tsutsumi et al.,, 1999). Bucolome (5-n-butyl-1-cyclohexyl-2,4,6-trioxoperhydropytimidine,
Grelan Pharmaceutical Co. Ltd., Tokyo, Japan) was obtained as a pure substance from the

manufacturer, All other chemicals were of analytical grade.

Methods
Protein Binding Study

Ultrafiltration experiments were perforraed using a Tosoh plastic ultrafiltration
apparatus (Kanagawa, Japan). Aliquots (0.9 or 1.35 mL) of different concentrations ‘of
furosemide and a constant concentration of HSA (in 63 mM sodium phosphate buffer, pH
7.4 ), serum protein, RSA or urine of preparation albumin (UPA), which mimics urinary
albumin concentration observed in patients with nephrotic syndrome by adding the HSA to
urine of healthy volunteers, were centrifuged at 1200 or 2200 g for 15 min at 25 °C.
Adsorption of drugs onto the membrane or apparatus was negligible. No protein leakage was
detected during the experiment. .

The free concentrations of furosemide and bucolome were determined by HPLC using a
system consisting of a Shimadzu LC-6A UV detector and a Shimadzu SPD-6A pump. For

both drugs, a Superspher 100 RP-18e column (Cica Merck, Tokyo, Japan) was used as the
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stationary phase. Both furosemide (Retention time, 4.3 min) and bucolome (Retention time,
5.3 min) were assayed by UV moritoring at 280 nm. HPL.C was performed with a flow rate
of 1.0 mL/min at 40 °C with a column oven, using distilled water / acetonitrile / methanol
(491 : 9 : 4 viv/v) and distilled water / acetonitrile {119:6 v/v} as the mobile phase for

furosemide and bucolome, respectively.

Effect of Bucolome on the Natriuretic Effect of Furosemide in Healthy Volunteers

The protocol was approved in advance by the Ethical Committee of Miyazaki College
Hospital. A member of the volunteer was asked to give informed consent when they were
unable to do so, according to Japanese legislation. The subjects were 3 normal male humans,
34 to 48 years old and weighing 65 to 79 kg, who participated as cutpatients. Each subject
had a normal medical history, physical condition, and standard laboratory test results.
Sodium and fluid intake were maintained at constant levels in all experiments. It has been
reported that t,,, of bucolome is 4.5 hours in man (Yashiki et al., 1971b). In order to obtain
the maximum displacement effect by bucolome for the protein biding of furosemide, each
subject was intravenously administered 20 mg of furosemide alone or 4.5 hours after
pretreatment with bucolome (600 mg, p.o.). An interval of at least 2 weeks elapsed between
experiments (crossover fashion). Blood samples (6 mL) used to determine drug
concentrations were obtaiped 5, 10, 15, 30, 60, 120 and 240 min after administration of
furosemide. The blood was immediately centrifuged at 3000 rpm for [0 min, and the serum
was stored at -80 °C until analysis for furosemide. In separate experiments, free furosemide
concentration in humans was determined by ultrafiltration techniques.

The concentration of furosemide in serum was determined using the HPLC system
described above. An Inertsil ODS column (5 pm) (GL Sciences Inc., Tokyo, Japan) was used

as the stationary phase, A 0.2-pg aliquot containing the internal standard, ethyl p-
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hydroxybenzoate, was added to 0.1-mL serum samples. This mixture was vortexed, followed
by addition of 0.5 mL of 1 M potassium dihydrogenphosphate and 3 mL of diethylether. The
mixture was shaken for 10 min and then centrifuged (3000 rpm) for 10 min. The upper layer
(2 mL) was transferred to a clean test tube and evaporated under nitrogen to dryness. Then,
250 pL of mobile phase was added to the tube, and the resultant mixture was injected into the
HPLC apparatus. HPLC was performed at a flow rate of 1.1 mL/min at 40°C with a column
oven, using 50 mM potassium dihydrogenphosphate / acetonitrile (68 : 32 v/v) as the mobile
phase for furosemide (Retention time, 8.0 min). An UV monitor was used to assay for

furosemide and ethyl p-hydroxybenzoate, at a UV wavelength of 270 nm for both.

Analysis of In Vitro Binding of Furosemide
Binding parameters were estimated by fitting the experimental data to the following

equation using a nonlinear least-squares computer program (MULTI} (Yamaoka et al., 1981):

D] _ ¥ k(D] (1)
[F] S1+K]D]

where r is the number of moles of bound drug per protein molecule; [D,) and {D] are the
bound and unbound drug concentrations; [P,] is the total protein concentration; and K; and n;
are the binding constant and the number of binding sites for the class of binding sites. The
simultaneous binding of two ligands was analyzed using a previously reported method

(Kragh-Hansen, 1981), as follows:

[ = (Ay) _ K, [A1+1K,,KfA I[B,] @
URY T+K A+ KB 1+ (K K[ A][B(]
1, _Bo)_ KB 1+ KK (A MB] 3)

[P]  1+K,[A,]+K B, 1+ xK5,Ky[A, B, ]
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where K, and Kj are the binding constants of ligands A and B, [A(] and [By] are the free
coneentrations of ligands A and B, and [A,] and {B,] are the bound concentrations of ligands
A and B. y is a coupling constant, Ky, is the binding constant of ligand A in the presence of
ligand B, and K,z is the binding constant of ligand B in the presence of ligand A, Using
these equations, we calculated the theoretical values of . The interaction mode of the ligands
on a macromolecule can be evaluated from the sign and magnitude of the value of . For
example, if ligands A and B are independently bound to protein, % is equal to 1. The results
> 1 and 0 < ¥ < 1 indicate cooperative and anti-cooperative interaction between ligands.
Competitive displacement between ligands is indicated by ¢ = 0. In this analysis, r < 0.42
was used to suppress the contribution of low-affinity binding site.

Inhibition of furosemide binding by bucolome was estimated from monitored changes
of the free ligand fraction, f,, which was calculated as follows:

£ =D "

" [D]+[D,]

Pharmacokinetics of Furosemide in Normal and Nephrotic Syndrome Model Rats

Adult male Wistar rats were housed in an air-conditioned room with free access to
commercial feed and water, and fasted for 16 h before the abdominal aorta injection. All
animal experiments were conducted according to the guideline principle and procedures of
Kumamoto University for the care and use of laboratory animals, Experimental nephrotic
syndrome was induced in rats by administration of adriamycin in a single injection (7.5
mg/kg) via the tail vein {(Nephrotic Syndrome model rats, NS rats) (Bertani et al., 1982).
Control rats were injected with isotonic saline. Male Wistar rats (250-290 g; 2 weeks after
i.v. administration of adriamycin or saline) underwent the surgical procedure under light

anesthesia with diethyl ether. A cannula was inserted into the femoral vein and artery, using
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polyethylene tubing (polyethylene-50; i.d., 0.58 mm; o.d., 0.9655 mm; BD Biosciences,
Parsippany, NJ). The bladder was also cannulated with polyethylene tubing (polyethylene-8;
0.d., 2.33 mm; Hibiki Co., Tokyo, Japan.). The body temperature of the rats was maintained
by heating with a tamp. Thirty minutes before the i.v. injection of furosemide, control
samples of urine were collected. Furosemide was administered at a dose of 2 mg/kg by rapid
infusion into the femoral vein, alone or 1 hour after oral pretreatment with bucolome as well
as human study (tn,, of bucolome in rats = 53.5 min, data not shown). After infusion, the
cannulae were flushed with a small volume of heparinized saline, to ensure that the complete
dose was administered, and to prevent the formation of clots. Blood samples (200 uL) and
urine were taken from the femoral artery and bladder, respectively, at designated times. The
blood was placed in graduated microcentrifuge tubes (0.6 mL) that contained a drop of
heparinized saline as an anticoagulant. The blood samples were centrifuged (1500 g for 10
min), and the plasma was removed.

Plasma concentration profiles were analyzed by fitting the following biexponential
equation with the nonlinear least-squares method (MULTI):

C,=A-exp(-o-t)+B-exp(-B-0) ()

Pharmacokinetic parameters were calculated using the following equations:

AUC,., .. = Ala+ B/ (®)
CL,, = Dose/AUC (N
t]fzﬁ = 0693/[3 (8)

where AUCqy, «, CLy, 2and typp represent AUC from zero to infinity, total body

clearance and half-life of the P} phase, respectively.
Statistical Analysis
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Student’s ¢ test was used to analyze differences between two groups. ANOVA was used
to analyze differences among more than two groups, and the significance of difference
between two means in these groups was evaluated using the modified Fisher’s least squares

difference method.
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Results

Effect of Bucolome on the Protein Binding of Furosemide In Vitro

In order to estimate the effect of bucolome on the protein binding of furosemide, we
have measured the free fraction of furosemide in human serum in the absence and presence of
bucolome. Protein binding of furosemide (20 pM) was signiﬁcar}tly inhibited by 300 pM of
bucolome, and f, of furosemide in the presence of bucolome (f, = 3.00 = 0.12 %) was
approximately 3-fold greater than the value in the absence of bucolome (f, = 1.10 = 0.09 %).

Figure 1 shows the results of a quantitative analysis of mutual displacement between
furosemide and bucolome. The kinetic binding constant (n,-K,) of furosemide on the binding
to HSA was reported to be 2.0 x 10° M'(Takamura et al., 1996), and that of bucolome was
. determined to be 1.5 x 10° M™' (data not shown}. Taking their parameters into consideration,
60 uM of these ligands will inhibit the binding to albumin. In this condition, the binding
isotherm of furcsemide in the presence of bucolome, and vice versa, was fairly close to the

theoretical curve that assumed competition between these two ligands at a common site.

Effect of Bucolome on the Pharmacokinetics of Furosemide in Healthy Volunteers
Table I summarizes the pharmacokinetic parameters of furosemide after intravenous
administration (20 mg) with and without oral coadministration of bucolome (600 mg) in
healthy volunteers. In the group with coadministration of bucolome, AUC decreased
significantly, and CL,, renal clearance (CL,) and steady-state volume of distribution (V)
increased significantly. However, 1,3 was unchanged. These results suggest that the
alteration of pharmacokinetics of furosemide was caused by inhibition of protein binding by
bucolome. In fact, at 5, 10 and 15 min after administration of furosemide, the free fraction of

furosemide increased significantly in the group with coadministration of bucolome (Fig. 2).
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Effect of Bucolome on the Natriuretic Effect of Furosemide in Healthy Volunteers

In order to evaluate the pharmacodynamics of furosemide, urine volume and sodium
concentration in urine were measured at 6 hours after intravenous administration of
furosemide. As mentioned above, in the group with coadministration of bucolome, renal
¢learance of furosemide was increased (Table I). This result is consistent with the significant

increase of urine volume and sodium concentration in urine (Table II).

Effect of Bucolome on the Protein Binding of Furosemide in Urine

To restore the diuretic response in patients with nephrotic syndrome, a binding
inhibitor (bucolome) must displace the diuretic (furosemide} in urine containing a high
concentration of albumin. To determine whether bucolome inhibits the protein binding of
furosemide in urine, ultrafiltration was performed using artificial nephrotic urine, which
contains a level of albumin equivalent to that of patients with nephrotic syndrome. The
results indicate that bucolome inhibited the protein binding of furosemide in the artificial
nephrotic urine (Fig. 3A). This inhibition was not affected by changes in the pH of urine that

simulated the acidosis that occurs in nephrotic syndrome (Fig. 3B).
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Effect of Bucolome on the Pharmacokinetics ¢f Furosemide in Normal Rats

Table Il summarizes the pharmacokinetic parameters of furosemide after intravenous
administration (2 mg/kg) with and without oral coadministration of bucolome in normal rats.
An increase in the dose of bucolome caused a significant decrease of AUC, and a significant
increase of CLy, CL,, V4 and f,.

To confirm whether furosemide and bucolome share the same binding site on RSA, we
studied the interaction between furosemide and bucolome. In vitro binding analysis indicated
that bucolome inhibited the binding of furosemide competitively (data not shown).
Furosemide and bucolome have approximately the same affinity for RSA (furosemide, K, =
4.30 x 10° + 0.64 x 10° M''; bucolome, K, = 6.63 x 10° = 1.79 x 10° M"'). The affinity of
furosemide for RSA was greater than its affinity for HSA (primary binding affinity K, =2 x
10° M'!(Takamura et al., 1996)), whereas bucolome had approximately equal affinity for
RSA and HSA (K, = 1.5 x 10° M), The strong agreement between these findings and the
pharmacokinetics and binding mode of furosemide in human and rats suggests that the
present NS rats constitute a relevant model for analysis of interaction between furosemide

and bucolome.

Effect of Bucolome on the Diuretic Effect of Furosemide in Normal and NS rats
Adriamycin-treated rats exhibited symptoms of nephrotic syndrome. In NS rats, serum
albumin was significantly decreased, and urinary albumin was markedly increased (Table
1V). Body weight was significantly decreased in NS rats, and hematocrit and urine volume
tended to be lower in NS rats than in normal rats.
In order to evaluate the effect of bucolome on diuretic resistance in NS rats, urine
volume and furosemide excretion into urine were measured. Urine volume increased with

increasing dose of bucolome, which is consistent with the significant increase of urinary
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excretion of furosemide in normal rats (Fig. 4, A and C). Although NS rats exhibited
attenuation of diuretic response, compared with normal rats (Fig. 4, C and D), diuretic
resistance was restored by oral coadministration of bucolome, accompanied by an increase of

urinary excretion of furosemide (Fig. 4, B and D).

15



