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Figure Illustration of nephron with nomenclature, and scheme of the transport
of compounds by the renal proximal epithelia.
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A, CORBAEBERELRIFLBDLOPICOWTHDITHRE L,

MEVE BRI Fig.1-1 ISR & 9 Z2#8EL & L. Krebs-Henseleit bicarbonate buffer
(pH7.4) DERMEICKET I JBEL VNV I — 220N - AR L -0 EREE L
TR L2, BICEBEEHZRCE L TS0+ EDBEMEH»NETH S
728, FOERBIERMERZRMT 5 Z LI & o TEEMBIEOR L2 AL,
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arterial catheter
renal artery

coiled warmer

__ peristaltic pump
aorta
_ flexible silicon tube
( J‘ perfusate

kidney

ureter ——

ureteral catheter —— \

/ \
mesenteric artery \
/ vena cava

reservoir

venous catheter

Fig. 1-1. Sketch of the isolated perfused rat kidney. Some tools and apparatus for
sampling are omitted.
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Fig. 1-2. The physiological functions of the isolated perfused rat kidney. Aftera
20min-equilibirium period, the renal functions were measured for 15min. In this study, the
average of glomerular filtration rate was 0.34 + 0.01 mL/min.

EWMEBBITO DI T3 TH D Z LRI NIz, RIT, EIHE~D 10-20% D
MERFMOFE L EFE L EREREEL OBRIIOWVTOREMERE ., Fig1-3 12
iF2, CCTROLNIBEHEOE LV ARIT, MIRBMC L HERFMGIESED
BBREL-DOEEZOLN, BEHEBTOMIKERE LA M) v MEXST Y MO
invivo F¥#)E 40-45%° L DEWETH., 22 ) DOFRPHEON D T EHRI N,
RERBIBTHLINVA—ARTF M) 7 2 BRPEEIZFNLEN 90-99%, 80-95% T
Hol,
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Fig. 1-3. Contribution of bovine erythrocyte in the perfusate to the improvement
of the renal functions which can be estimated from the reabsorption ratio of
glucose (closed symbol) and water (open symbol). The renal functions in the presence
(panel A) and the absence (panel B) of the erythrocyte were measured in the respective
studies. Three experiments were carried out in panel A and panel B, respectively. The
data of glucose and water reabsorption from same experiment were represented with the

same shape.
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OH  CH,OH

Inulin ( n = approx.35)
Fig. 1-4. Structure of the compounds used in this study.
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Fig. 1-5. Typical outflow profiles of the ionized model compounds,
tetraethylammonium (panel A and B) and p-aminohippurate (panel C and D).
They were dissolved in the injection solution at the concentration of ImM and 0.1mM,
respectively. The venous outflow pioﬁles of theirs were indicated in panel A and C, and
the urinary profiles were in B and D. The profile of EB-albumin, which was used as
intravascular marker, was represented by - ---. This compound does not appear in the
urine. The profile of the extracellular space and glomerular filtration marker, inulin was
shown with O. Extracted by renal epithelia from the perfusate, the profile of the model
compound, which was indicated by ®, was the smallest in the venous profiles. Please note
that TEA and PAH differ in their urinary profile. This figure appears again as fig.1-12 in
the next section.



BICHETE BV TRME TWREFE T E L 2BIO 5 7202, #El
WHTEFTIIEDOER *H$ 5 Tetracthylammonuim (TEA) X'  p-Aminohippurate
(PAH) Z BEIRMI~EERS L, SIREE CICREBORM iR A< ZOm
EWINFEW L BREAT HETNVEY L LTHRLALZERATEHAINTEY
B Flzinvivo 2V T 7V AERBRIIBVWTEBNICRFAIEES LI L bh
TWw5YY, Fig1-4lZ N b MEYDOHEEN . Fig. I-SICKERTHEL N LN L
HEWOTRE B L . FEFICIZRS L 72EB-albuminif (N2 Inulin® Ji H Hi#R & HbE T
#FR L7, EB-albuminid, 5 FEH 68,000 DF VNI HTHATIVT IV LBEER
229 5% Evans Blue "HE LIFETMHEMIHEES L-EESE T, KFREDSTEE
ERPBMMERE 2 @88 L TRPRPOENNRE TS & 2, #REEERF 2
BEONSNHHE 2RO, T20F&EH 5000 DK%y 754 FTH2 Inulin i3,
MBEANEBITE T, SERSEENEN L MBS ZER & O TER D 5 I
EL, RAELEMRIIBW THWPERNEZIT S & ARRBERDOATR
GRS N AWEEZE L TV 5, SR L EIREIGT L B4R Tt TEA - PAH O
EFVEWIE, HEIFHEE %\ EB-albumin (S8 L CRIBO T &, ARBTHRSE
DK 5% HEFWFPSBREINS Inulin & DHEICBWTD & /NS 25 H B
ZRL. —H SRITHIET B & 9. RPN Inulin OHEH AR AR 3R BRI E
BEIDIEPICEZVENRIA TS,

DRI, AHEERBTICBI 281 4+ RO R ME S E
PHTICBELTVRA I L 2 BREICRTOINTH S,

1-b #E%E

EMOBEWMEBEL DT L OV CTHAICRETT 2720121, BRI EER
RHHVIIEEMEERRIFEEICEL-ERRTH ), BEBBEORKTH B
NI EDEMRRRLEZDOBETFLVANNVTOREANPEARADDH AP, LHrL, &
7Oy RMERVPAYVMAZEREEL FOBOEEL VZBWT, ThH0
AT ICHREE L . I I TV B PRDOVTIE, REHFICRE TR
TWh LRIV, —Finvivo EERTIX, D& DOIBERHEY) O I 1 ik EEH#
BILENZTHERZLTWAOPHETLZ L EEEL L, $SAEHATREZEYRHE
EROEBFLE FICEORED 5 \VIIBEE pH OHFE T TOIRIPB I N 5720, [HeE

8



BEMBEOEDEARICE L CEHFRLERT T 5 CIIATRIZTEV,

BHIBEHERROERSHREOBEHEIL, invivo 1T LEPITKEL, &
BRI LS ORBE PR LIBRECTH L0, EMEF rEEL NV TL
PLMMELANVTOHRLER Lo OFHMICKRE - BT A2 LATRTH D,
invivo, invitro W DH B2 M —BICH OREH BT 570 1TEE ITEHTH
b, WHERE VSEWHED FHIEN S N UL, FOEREE LTETOX
EWE 2 EUCREERSHCONTE Y2 M pH L BENO RV F— 47720
BERBENTWARZELWYDH DL, L2 LA OEIRM A ICIERIRERE TS L
TH20vv% ODBEEDPEFRL TV A DITH L, KITHT 2BREDEHERIL 20 °C TH
3y LR TRV 22, fto TRIEW O A I L 2 EHREMH T3, HBHEEEIES
ICEBFIREEICHED . BEARESE X TIEDNEFIIZVIDOLEZLNEY, &
D720, ERERTEWOBEFER LBTMIT L) ET 2RBFEICB VT, BRI
KEEOUEIZLADKTRETH 272,

BB NOBREMB 2o TVEANT /O VIERRET 1gH 721 1.3mL
DEFEFFEELTHIENTE, HRMIEKITIZ I N 350mg/mL DIEETE TN
TWAY, fto CERBEPICKRMIKL EFIHALETIOMELBRTEXLLEEZ
BEt 2 T o770 R Figl3 I IRLAZEBY THEN, BERRHEOWEICL ST
DL ENLBHEECHLEIFHED VL DDTH 577, Leiberthal H I HEITE DOHERE
*RABOFELRHCTHFT LI LERLATBY ., AT 27Uy MED 40-45% O
BAECBLEENSCT M) Y 2BRERIE L VWHENEOLONIZE LTV
B L LEZLFEBRET oA AR Yy MEDERIZE D ST
EREORELAIEI), T2 EREEOHRRIEETH > 72, BEOREE
BOSETHOLATWIHMAPICL S L, BEOBIRIMA 5 DERFEM T &IX10-15%
EEV, CHOZ ML, COBBICHBEEDS ) RROMAEL T AL IR,
BTABNBRELRE T 2720 TREL, ARBEBRBEZROLDTH LI DR
58, FITEREELEBEIEHEBEONFEERLTAT Y v ME%R 10-20%
EFHRETAHIEICL, UBEZOHBICBVTEREITL o270, I7o@ERERER
B M55 & O SCEE 3-5 mL/min/g-kidney O#FMICERE L, HIZID L EDERE
AEIRIMEMETH 5 110-140 mmHg OHFARICINE 5 2 & 2 ERFAOFEERE L
L7232,

AR E RERRCB T 2B ORERTEERIS, ERHK+ O
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RitE - AREEEEF I IV I —AR TS Y 7L OBRNEZ BRI L TEF
L7z BRELZDVFOAVER LV NVOBRELYZOTTIEHATHIEESL T, EiL
RAESEET 5F MY L%k EEBFREOBRIEENE THRE2DIL TV AIER;R
b, THIIME L ERBHMEAFEL A —DbDOTIEE L, TLAEBRTIIRE
BT AR TEASEM I N TV D720, BHBERNOBBRSTE/ T v ADRELR
BMEOREEAROTEESHEINL TV ALEDLEEZ D, LI L, REREHE
BETIE 0.3-0.6 mL/min/g-kidney, 7 )V 2 — ZBIRINKIL 90-99% & FhZNEME
2L, AEBESEJCRBEISATVAE I EFHLNE Lotz o T, Btk
P 5 OPEHZ K& { F ST 2 43R5 ALRME O WX ek 32 T & 5KHE
CELTBY, AENER BT 2EWEFHOMBTLIREL LIBLERERRLHE
MTERLDEEZ B,

HE2H EUWEBETE

2-a E— AL MEHEDEH

EHOENB EEHFETVEERMEL TRITT 2R A, €K L DIERICAT
bh Ty, sHEBOEHLEELIC L THFLRVOERZ? L &5 OEYE
BRERT A EAATRETIERZVDIDE 2o TETWS, LALI NS DEITE
X, BYEE L XETATRTOEFIZOWTEHMICE R LEERE TX 5 K.
EFRIZEBONAY EOBERELVLELTIHEDL L, FLTRTOETIV/IT A —
I L TERICI AEMTITEETH S LIZES 2V, ZOKE, BHELETNV
PRCTB TR ) B IETNVORYEPEEE 252 95 (. ARITH#H
BOBEHZ EESBFIC—AREILZRILOLEBHESE D%,

19784E 12 Yamaoka SIIFED ETNVIEKFE L L WBITIETH A E— A~ ME
W% BHEEBANGH LY, LRI OE FIVIERER 2 FEEYEEBITO T
ELTELOFRZICSTIANLONTELYD, ZFITHEEITMBOBEHRIEE
BL, BELETNVERBRT A2 LR ERBECEECEYREH 2T 270
2, SOEFE—RX Y MERBITEL L GER Lz, LELE— XY MEFMEIZRRD
THLERNLBRICR VS LTHE, CODOEREERRAOEE 2EIL, ¥
L B OMEEH 2 BRI & FREM & COMFM T A2 LI L7, Bl
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FERECTES NHEMOBIRMT SR L ) &2 EEEM~OBFE, 7
REBMOFTHBMRL ) LRI OEBENNOEYTULEE T, TNLETNHENT S
kbl BICIhOOFMEHMRL D, EYHFrMEND L LRI AT
FLTEEANGWIN TV —EDBERE %, JKME LEMREOEY BXFHIcE
THEIRAATEENIH L7201, UTORRBELITR -2,

FREHERBERRTIE, BTN R L THEDEBRANOEGR/RELET 5~ —
HPEE LD ICEBBRANRERS L, TOREBLNL ML — A WEOWR
HBHAR & BV (TR L TEY OB EH) v 5 FE. Pl Multiple Indicater Dilution
Method % $k 5. BT REW TH 5 TEA X PAH, H I —H¥WHE TH 5 EB-
albumin, Inulin {3, &4 Fig.1-5 {ZHRL7- &9 2R L AHEHRLERT. &
BERSRICEWED. Figl-6 lInd L) bt NENREL 52 EHBAKHY BAT 5
PHTH5,

EB-albuminDMEMNEHEEIBERD TH L, FLARGELBRAE TR
I3RS v, 0 & ) ICEB-albuminid B S M ARG & R ICBET 5720
COWEOTL HARIIBEO MENZEMIC BT 2EDPEGHOLEHEE L L THWS
CENFTE, INLERBTOMERIIREFTEN L 2HERETHIFEREL LTHFHET
&5,

—77 Inulin (IBMMERE 2 BERISEBT A 7-2OMENNEFHETE S5, R
MEEEMEANIAY AL I EBTELRY, ZOHIOWEIE, MEX

Fig. 1-6. Three routes through which
extravascular space drugs pass the isolated perfused

kidney are illustrated. EB-albumin
flows within vascular space (route 1),

because its molecular size is too large to
pass through the fenestrae of capillaries
and the sieve of the glomerulus. Inulin
enters the extravascular space, but it
cannot penetrate the surface membranes
of epithelia (route 1'). This substance can
be also filtrated at glomerulus, and flows
in the lumen without any interactions with
the tubular cells (route 2). Organic ions
\ "\____ in blood such as p-aminohippurate and
ettt [ - (2) tetraethylammonium are extracted by the
epithelia and secreted into the lumen
(route 3). Therefore those compounds
are excreted through two routes, 2 and 3.

glomerular filtration
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(Intravascular Space) & FfZBIFR (Extracellular Space) & % ff¥ - &N T EIC 2 & &
0. FOBRMTEHEERIEDS EEMBEHEER T BEITA LK
ELBEORBMARICHYE T S, Inulin i3 F 72, AEREBERO A TRAPICHEE S
., RMELEMBICEA20W - BRNZ I T2V EPHONTED, 202
ZOMHERIZ. EWrRAENCTLEMEHEEER 2RI IV ERELSE
EOWRBHBRICAHLT L LEZEIOND, 8o TEPDARIREIZ L 2EFERBN 2B
BEZHETA7-DOT—IWEHEELELTH LN, EPORENEEG 2 HET AHE
CRIBATAZLEHTE B,

DL ET—AWEDOEEEELFAL T, EWOMEN S5 DY 2
ABREL, FW - BRI E Vo ZRMEREAEBREO BT TR TH L, £2T
KRICPAHDEEY & B2 DB UEE) O BARR L FMEFIEEFH C T A5 DR
RFEIPAHUSN DB EEBET 2T ) BETOBEATE %,

2 3y O BRI T 1 AR B OVBR P AR o> B AR T EI AR AUC (Area Under the
Curve) iz, U TFTORXTERDLN B,

AUCv,dr—-—f Cp(t) dt (1]
AUCu,dr=f %‘i(t)dt (2]

F 72, BIRER CEEAOFEEARRB MTT (Mean Transit Time )& UF, @88 H 045
BX VTT ( Variance of the Transit Time ) i3

J't- Cp(t)dt
MTTv,dr="—— (3]
AUCv,dr
;. dAu(t) dt
MTTu,dr=—-9t [4]
AUCu,dr
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[£-cpyat

VTTv,dr = —(MTTv,dr)* [5]
AUCv,dr
o d Au(t) dt
VTTu,dr = dt — (MTTu,dr)> (6]
AUCu,dr

OBFZRA L VEHTE 27, AUC,MTIT, VITIZZFNZFNOXK, 1K, 2KE—X > b
LHHENBETH ), hdH ONITROBIEIFERE LMD TICHILT 5. BIIEX
DFE—X v FTHhDHEE (Skewness) LR (Turtosis) DFET 555, sTEDOERIZ,
HEEOEDPLRENERTE LRI DICERNTII L WY,

A, Cp(t) IFEIRBIEHAE 1mL 72 ) 0EWEL TS, HL I TRIKS
ETHBILL-BYELH VLD, OB Fraction of dose /mL & 7% 5, Au(t)
IR EWIEMEEE TH LA, F L {&E5ETHMEIL L Fraction of dose / min KTt
¥ h, $RELRATED v IZERAICB T AEYEEICETAETHSL I L LT
L, MERZHOATOEG 2T TEEIENIZoDESE2H VS, TR
g, trans & AV CTERENEE), SRAREER, Bl %at (w8 oy
BIETHAI LR LT, BUEMEEIT 72012, Cp@), Au@) IZET AR FI3EE
BB WEEHCTERE L7z, T 72EB-albumin, Inulin # N FNOFEE 2 /RTEICIZ
BIZE2WAFab,inu 2fH7 A28 L L. EYBHOERRICIE d DFEFS T HWI,

[ % 20 TEBEANE R T 2EYW 5T 122w TE, BICHUANAT
WBHZEERHRT H720ICRRAFE sec 2T, BIREREEBOA TRENNAS
EWarFLXB L7,

PlEnFRELEICET < & Inulin O EFHIREIF A B4R O B4R T EFE 13 AUCY,inu
&Y, [HWINn-8 Y] OFPHERRO T EBEER L MTTusec & 7% %,

W Cpt) L PR dAut) /dt I3THE L DREMOMKTH 50T, Bl
fto7-vondbr T TXW ERLL, T 77 ALK

X~'(s)=f est. X (t) dt [7]
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2HVWAE, FRRoOF— 2 PEBRRAN6IEIUTO L) ICEEBRTE 5,

AUC =lim X(s) [8]
. d. -
MTT = lim[- —InX(s)] (9]
s—0 ds
. dE
VTIT = gﬂ[glnxu )] [10]

LI ATRgISIIREND £ 912, B ERTE L WA HH RIS EEIRA
~NOEWEE D EERS O VEHEBRMB I RTTLIL bbb T, LA %
o nERCEILL TS, ZOEBERERE V) [R] 25 ZHhIZsTAN
EN-BYOFFOED2VE DI LTENEFNR L o 120 - ZH - WHE - &Y
BERZ RIZL-BETH Y, AR TIUEADERICHL [R] T HERE
2 Lz] LBRTAIENTE S,

Z ORI AN EEE 1), BABEE o & ¥ hif,

t
O(t)=f I(u)- H(t-u) du [11]
0

W) BRRATERTAIENTESL, S THWAEEHY IANMTbIIZR
OWERERT HAEETHY ., AIL4A0%HE. BRI TLBROBERNEZR
byBEHL 25,

R[11]IEF FFAKRTETIIRD L) ItkbIND,

O(s) = H(s)- I(s) [12]

BIEREOISEBE H(s) 3EROEY OB BAR 2 Z 2 2B A0, B
CHIA L T BT EDSTE B(Figl-Te Thbb B2RE S SN EY OB IR T
BRI IS ROISE B Hv(s) HRFR L. FREMT AR ITRIRGEE - JREE
KPS 5E58 - MR EE O KB OIE I He(s),Hu(s),Htrans(s) TXT & B
LTWaEEZ NS, ERICEEICINICMA T, BIREERETHEALLY V
TNV T AT —TFVOFSEENETRER L TNE L% WA, ZHIZDNWT
XRIZEEET S,

K THODFigl1-5H5bHELPL L9 IC, FARICARKS SN IEOEYD
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fcs) —— | Hg(s)|—| Hv(s) |—| H™"(s) Ov(s)
input function ‘ venous output
l | ﬁtrans(s) / >
|
| Aus) |—| H™™(s) |—— Ou(s)

ureteral output

/aN

Fig. 1-7. Block diagram to explain the formation of the output profile into which
the input profile was converted by convoluting response functions.

BRI ZFNFNOEEFHEREZRBRL 20 THL 720, BWE TL2EYOFE
BEIV—IWELOBEDOEVED EITHEIT TS, £ I THILERBELAVTE
EYOBEE L MEXTR L, TOEEDOEVEHAERL T <

TPFMEBENRL 2 VH D L#EZ 5N A EB-albumin DEB 2RI T 5L, &
DOYE DV BN S S % Ov,alb() (KR S M 2 B oIS MU, BEoMmE
RICEBDDEFERY, RDLHICRBTE 5o

t
G ap (t)=J Ty (u)- Hp(t-u) du [13]
0

CORIZTTIARTIEBOTRD L) ICEHBIZRBRE N,
Ob, alb(s) = Hb(s)- Ialb(s) [14]
EYELEAERE T ST B0 TANBH Talb© 1§ 80 [SEBTE, ThiET 772
RTIZBWT,
Talb(s)=1 [15]

THENDT. Thk R[4 CRALFETEADEE Lo TG THERDLHIT
25,

1[1n0’b,alb(s )N= ﬂ-[lnﬁb(s )] [16]
ds ds
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& RO EERL TROFAXMNEY LD,
MTTb,alb = MTTb [17]
C DFER. 2\[16],[17]%* 5 EB-albumin® AR IV BHAR 1T 1X. AT T 2B ME SR
DIEBBDOABRBEINTNE Z LPbH 5,
SEAVEYE 2BEO - " WEIARICEERSENTVE I L&
R L7%%5 Inulin DR HBICOVTERRRICE Z T &, F 3 EIREIG B AR I
DWW,

Ov,inu(s) = Hv(s)Iinu(s) [18]
MTTyv,inu = MTTv [19]

PEPN, L TRPPREBRICO VT,
Ou,inu(s)= H g,inu(s) Hu,inu(s)linu(s) [20]

PEIPNE, T TEYOALBREEBIRGERICEI 2D EEZ ., 2454
TOMEERIIERTEL LT SE, AFBEEBEOESERIZ

Hg(s)=1 [21]

EBITAHDT, K0IHBEILTEDTOL I 1k B,
Ou,inu(s)=Hu(s) [22]
MTTu,inu = MTTu [23]

CNDXH I Inulin FEHHIHRZ b & ICEPNAR 181 LD, &S ShEYIC
4 AHEIMER L ERMENEE OIS, Inulind BHIRA 5 #4712 & b T Rk
SNTBY, TAKX22L W EYHFIRAENT 2N 52T 5 ZE X, Inulin®
REFBHHRICKBEEINTNEZ b D 5,

Z Z ¥ T, EB-albumin, Inulin & Vo 2 — P EOFHEELHWA I &
SoT, BOKRIIIBTL2EYOEEHFEAL, K5 ENLEWIHWT T 2 ELEBA
DILEHHELFMT LI LIMETH LI LIRENT, RKIZINEHWTPAHD
BEE), HFICFORPIEMEE» ERMICTMT A L2 E R 5,

PAH DR HHEEEIIARREEE~Y—H TH 5 Inulin DFNE D DENITH L,
C DR FHEE R IR BB I 2 T LRI & 2 MER D5 SRR~ DOH
EREFFS L TVEILHLNTH D, &9 LAPAHDR P @2 13X FEE -
TERDEHIZERBTE B,
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Ou,dr(s)=[H g,dr(s)- Hu,dr(s)- Idr(s)]
+[H trans,sec(s)- Hu,sec(s)- I sec(s)]
=(5u,inu(s)+ﬁtrans,sec(s)- ﬁu,sec(s) [24]
R[241DALE 2 BIE, FWENTZPAHDOEFERDLL TWHDT,
ﬁﬁans,sec(s)- ﬁu,sec(s) = ﬁtrans,sec(s) - ﬁu,inu(s)
= Ou,sec(s) [25]
Y REERE AT, R [24] & R9), [20], [22) ZRIVTEHT 5 L

6u,dr(s)=6u,inu(s)+6u,sec(s) [26]
ELNG, BICH25]125R[91HE > TMTTZ AR T 5 L ROBGRAIRTLN L,
MTTu,sec = MTTtrans,sec + MTTu,inu [27]
MTTtrans,sec = MTTu,sec- MTTu,inu [28]
Tcell = MTTtrans,sec [29]

61, IR A P B 1R IR EE BT & ERHIRG I & B AR
FERELESTRBLTWAEZLERDLTEY, K271k, BEBHRANZEK
BN EYSdu ik, REANTKHE LTSS ETITEYL TERLZTD
BESLETHI2O0EERbLTWD, 72, N[29]TEZRI N/ Teell 12, TWE
NEEWHTTH ., BRAE LR L IE /DO BB LBRICET HRMH
ERDLLTWA, T Teell I IEWEDRERMTBHBRDADPLEH ESNLETD
D, BIREH RO T ) MAEMEDER LEDIEVERILEV, ZOHEY
SFRMER T EEME TIRYATNER] »6 [BFERANGW S NTER]
ITCOEHHERMEZRLTWLILEZONS, BT UEREYE R 2HE.
Teell ICKELPERS5 255 D ERMBBOENER TRIECHFLET 5 X #%E
BTHY, D70 Teell DEALEIRZ B T & T OEBROEYHUEED 51t
RHET DI L DWETH 5,

RIZ, EBRTF— 5D Teell ¥ ERTHFINEZ B3, (Fig.1-8)

RR61ER[BIHE-> THET S &

AUCu,dr = AUCu,inu + AUCu,sec [30]

DREXDIRBONLZ L2 b, ¥ PAH ORPHEMHAR & Inulin DFRHEIR & D7
17



40.0¢ 40.01

B
30.0 30.0f
[
-
g
o] [
S |5
S 2001 g 2001
g 2
0 L
Q
5‘ 53
E w2
5 100] 10.0¢
0.0} 0.0t
0 2 4 6 8 10 0 2 4 6 & 10
IS JRSPRCBRNRY : [P 1
T Time - MTTusee - Time

Fig. 1-8. Explanation of the procedure for calculating the moment parameter
Teell. Typical urinary outflow profiles of secreted drug (@) and glomerular filtration
marker inulin (O) were shown in panel A. By substracting O from @, a curve shown in
panel B can be obtained. The mean transit time calculated from the profile in panel B is
MTTu,sec. The value of Tcell is given by subtracting MTTu,inu, which is from O in panel
A, from MTTu,sec in panel B.

2RO, IhEHDHTTOY b 5L, FWERTLEYIFOHIMIERT HRE
Bl DIy it B AR AYE 5 N B (Fig.1-8B)e & D EIFRD AUC #7301 AUCu,sec T
D, F-COHBISHEENS 1RE— X FDOEDI MTTusec TH b, BHEIC
A[2811Z/RT & 9 12, MTTu,sec® 5 Inutin O JR FHEMBHAR D MTTu,imu 2R L 5 &,
PAHD ;R MIRE )88 Teell 5L N 5,
FREEPMOE— AT NI AXA—=FEHNT, UTORBEOEHN S THET
»b, TTMEANERE V IZEB-albuminASMENNEH L2 W L5,
V =Q-MTTyv,alb [31]
TEHEINEYO, ZZTQRERKROENEETH S, EiCnulinDEE)H»H |
Vd,inu = Q -MTTv,inu (32]
WCEo TERINAER, hulinhB & THLHEHEEL MENER L AENEME D
b OBELRD T, FEERIC Y O RIR AT BAR 2 5 [ CBIET,
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vVd,dr=Q -MTTv,dr [33]
PEMEND, TOE Vddr i, BIRAEEE T ORYSFrERER S S RIS
Mg e ChETHEEA R LCE ] L) ZE2MTR2ETHL, N
BEVEE S L [EWLEERMARL OMEERORMEME] 2 €7V IHKFNITR
FHETHHEVZ B, WP LOHAEA LRI STICEYREFE 2551 %
22 Vddr & Vdinu BFE LMEE 25720, Vddr % Inulin DEZEHEL L TERRL
VAL LSRN

vd,dr Q- -MTTyv,dr

MTTv Ratio = — = -
Vd,inu Q- -MTTyv,inu

_ MTTv,dr

- MTTv,inu [34]

PMAL, ChERCTEYL BRI L OMEEROFEZIT2 ) Z 2L,
FREE B BRI BE L T b RIS,

MTTu,dr

MTTu Ratio = ——
MTTu,inu

[35]

% v CEIER BT S 5.

PAH O X 512, EEMBAAIY) AT NEERNNTULINDL &) 2EBDY
4. BAZ ") 7 I A CLintdr £ U2, AT EOSAIZEFE Vdapp,dr 13RD &) 12
EbT T LB TES,

Vdapp,dr = Q - MTTy,dr + CLint,dr - Tcell (36]
CLint,dr = Q-A-F) [37]
f-F

BLZD2RIHILT 5720121, ERE TOEWEE) L well-stirred model
RV, BoMmEMA S HE LERA T X CURMTEITE TS 2 EFLET
Hbo LLARRPBNTE, EREOMERICBT HEWOME AR Availability
XF, BYDY s EEEER f LBV, EREERRICBIT S FOMEERKX
KLoTRkDBEZENTE S,

(Plasma Recovery Ratio of Drug)

{38]

T1-f- (Urinary Recovery Ratio of Inulin)
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DERLTERL LD IT, BRE - RERTOREEWEORIPEICNZ T, £—
AV MENETEE L7 Teell ,MTTv Ratio, MTTu RatioD&fHEEZ WA Z L2 L b,
EY O LR TOEG Y TTNVEEKFENICEEMICHIT T A Z EAREL % o 72,

ST, EHERTHLOND BED O EBRICEMESFE 2179 BHE6 1Tid. #RIC
WAL T —FIVHATOERDGEEH R, T— AV MHEOH LYY EEOEEICD
WTIHEL TR NEL S, ZOOUTOFHRE 2174 - 72

TN ) Y TRHOBRY T — T VS, BRREETICRIZTEZEICIOW

THRE L7, oERDEK

9.0}( (Fig.1-1, 4 ~—2 Y IZBIT HFR A
b9 T—TIVEERD T TV B
‘ L AEL T, BREASS
3 60} EYOBREALBRET RV, &
= EWOWH R OERIZONWT
g PRz, R, Fig 191" &
E Tw5 & 92, EB-albumin, Inulin,
51“ PAH O £t H: i AR 12 12— D
g REBD . 77— 7 VHOERE
B M PR T OB VIZRD SR
O'O+ - e © > © ﬁ: (o] 7: ¢}

0 s 10 15 20 25 30 FEREE ORI L 5
Time (sec) T EWOH T — T NVBAOHE
Fig. 1-9. Typical alteration of the input profile RFRPINL BB T HBIIRIT S
by the apparatus used in this study. To be BTN RE 2 720, Skt

compared with the profiles in Fig. 1-5, the abscissa is )
adjusted to the half of that for the venous profile in TAMEL DV TR 21T 2 72

Fig. 1-5. Three outflow profiles of EB-albumin(. ), FOME, EREELEYDOIER
inulin(0), and PAH(®) were overlaying each other. _ _ -+
The peak of the profile appeared just after the injection BT =T VBB ERTEOTH
was done, unlike that in Fig. 1-5. & DM IZFig. 1-10IC/RENHED
BRI RDO LN, DD
W& DORRERE KA THEBL
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Fig. 1-10. Flow-dependent change of mean transit time (panel A) and variance of
the transit time (panel B). This examination was carried out to evaluate the response
function of catheter. The correlation coefficients for MTT and VTT were -0.76 and -0.44,

respectively.

1007
) sl Fig. 1-11. Cumulative outflow
§ profile from the venous catheter.
3 The recovery of EB-albumin being
G
g 60+ regarded as 100%, their profiles are
= corrected. The outflow of the substances
§ from the venous catheter, which were
L 407 administered into the renal artery, were
k=
..g almost finished at 60 sec after the
g sl injection. Symbols; EB-albumin ( - ),
o inulin (0), p-aminohippurate (®).

0.

0 10 20 30 40 50 60
Time (sec)

f%ﬁﬁG@ﬁﬁﬁﬁBﬁmTéﬁEﬁ%ﬁ%L\@mmmMmKioT%ﬁ%—
AV b - NG A— S EHRBOBERT) 2L,
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—F. R IVERBEICEALZBRES 7T -7 VORBIZET 5RETH
EIRIC T o 7245, MEBEME IR VEVHEBTREEE RIL3E5H T L AHMIIZ
HETHoZ b, T —FTINIIEEOEYWEPRET LIMEINENC L, T2
Tcell BROBEOBREBREICL o TH T —TIVHFETRIREWITHESINLI L
EZRLT, BERTHT—FTVERHZI LD, BICHERKET L 3MTHA
WZeiZL7%,

E—AV D NGRS EHROBIEIENRE T L HERIT. ROEEIZE
TWTHRE L7z, TTEBRERICB T2 BB REEPEEHAE Fig.1-11IR T,
BIRERE T OEWREIHNS T THERFITET L. ORI TOEYEIX
FRIIZRESBED 9% D EIET D, CO-ORRIIEREM T COREMIERIN
5 AUC,MTT DHEIFETIEH 555, AERTIES I TOEZHVTI NG DF
Befhd)I iz, —FRAF—FI22o0VW Tk, XWBEIHUERRUTET
ETARMIEREFABICR L A0, ETICOVWTERER 1 54F TORE
EZEENREL LTRAL., CORATOFERLY Y & Lz, MEMIETITR
ERAWThOREL, ChIBONFHERHCHEICE IIREOLENVEHAT
Ll blzOfTeblh oz,

EWE s BEAERETICERAMP OEWEAH . EREROBRICK
SRR PERELNVBEL, FEBRTRIBIHRE L2220 TFIVEYIC
BLRD L I ko 72, TEADHERIEMHBEL VBEAHIEZ O ZVbDEL
720 —HPAHIZDOWTREEBEEZ O~ M7 7w lIE0& R, RegHks
COWTHREED 5% BEORBEED 205, ERBELOUKTERATELDD
CHMWT L7z TR TOY VN7 EEAEIL. EWERE 0.1mM D54 T TEA
X 2% E£ii. PAH TI3# 13% TH o726 o TPAHDBFAIIDOWTOABIEETE %
T o7z,

%% T PAH ¥ UNIZ TEA EERTH LN BAK L EH MR LR L Figl-12: ®
18). Table 1-1 {2v— A WHE OB & #ikRA R VEREAFY @8, i UICER
SR BEIT, BEBA L Y HEFTVEYORBBRICTT S E— 2 ¥ MEFOK
B, AYFF > TEA L BHT =% ~ PAH OME@ TOERBF D S5 OBRERIL
FNFIHREEDH 63% KUK 66% TH Y, F 784 L BHEOMER & &R
EOMEERE%. MTTvRatio & MTTuRatio &L W THEL &R, EH50E
TVEPZBWTOMEMOFBREVETH 72, TLMED S EEMAIBANEL
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Fig. 1-12. Typical outflow profiles of typical ionized model compounds,
tetraethylammonium (panel A and B) and p-aminohippurate (panel C and D).
For the convenience of readers, the same outflow profiles as those in Fig.1-5 are displayed
again. See the legend of Fig. 1-5.

DAT N EY AL E B L TEERA~GMEINS T TORME., BIH LEME
3 @B Teell (3. TEATH 778, PAHCH 48 LEtE S,
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Table 1-1 Parameters representing the renal handling of two typical model
substances in the bolus administration study. These recovery ratios were corrected,
inulin being regarded that it was recovered completely from venous and urinary outflow,
and kidney. TEA and PAH were dissolved into the injection solution at the concentration
of ImM and 0.1mM, respectively. The venous and urinary outflow were expressed as
plasma and urine, respectively.

Tetraethylammonium p-Aminohippurate

Drug Recovery (%)

Plasma 3542 £ 435 32.57 * 440

Urine 38.74 + 10.21 49.01 + 3576
Inulin Recovery (%)

Plasma 9521 £ 0.60 95.49 + 0.65

Urine 351 + 049 3.84 + 059
Availability 037 + 0.04 0.34 + 0.04
Distribution volume (mL)

EB-albumin 070 = 0.04 0.76 + 004

Inulin 097 + 007 0.97 + 0.03
MTTyv Ratio 227 = 056 1.57 + 0.07
MTTu Ratio 117  +  0.06 1.16 + 008
Teell (sec) 765 + 96 484 + 138

2-b EE

Db, #HEREERLIVBONIHEHBEBICE— 2V MEFELEH L.
V= AWEDEHIETTCEYORHEMBrOFNEFNRDE—RA T b - 185 A —
SRBWTHI LICLoT, EFNVHEEFENICERYOERH 2 EBWICBI TR 2
CERRLTE, BIb, BEIMLERKA + o HEFVEYTH S PAH, TEA O
AR 2 SO FE TR L. BLEEMKR L 0MEEROKA/NE R MTTy Ratio &
MTTu Ratio . I IZEWTWDOBEDOZEMBTIEICET 280 Th 5 LMY R
W Teell *EH L7,

SOBONTBIEOREOD L, THICHY LB Y ERRTHENZ SR
TWEEEPLEOHRBETLI) &, vV PHEOFSHBBIIE TN RELRTHE
MiZH Y, —HPAHD EEMRFHEBHMIAECEHRENIERCH o7, &
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NIAEERA L ER JEFENRL LI ICMA, EREARCBERRIEL Vo
PEHREREL I ECREN, IPELELDOTERVIENZELTVWLLD
YEZOND, EEOEEREREEI SO BINEBOEBERE L TEIR
oD ORI, BEBER ALRERE OO0 EBINI L L THEICHRRKRER
WA TIEH S 25, AFEOBRN L FOMENRL - OBREMFEICETLIER
AREHIROBRIFET I LI 5,

RETIToE— AV MENER I AHERITCBELTH, The I Y HEE
BODIZLTWL 72012, BERH*ERTCWREAPFETH I LREET
Hbo BIZITSE Teell L L TER LHMEIX EEHBIEEANEDZTWY 5
BREYBRBTAENTA—FTH), ZFLTKEOMREEZEERTH L. ZOEY
UGB L R MERFRE AT 2 IEEOEDHXELRT EEAOND, L
2 UASKREY i, MEE 5580 AT Wiz BN CRIKERE 2 O EE#Y 5
B, MENT EDSEHRL T CER, BIRPANTW IS NDL 2O IZRDIT T8
SRR FREOBERICHAONIBEEL, BOPDOEEBEORAELRY T
HHZLIHELDPTH S, BEARHFLINOOMBRO VLDV ED ZIRIELEE
LTWL T & 2E2 7254, Figl-7 R L7z diagram iZHEFELZ DO TH 5 L 34T
LAEVEEL, I-5AREBLO-DEREEL 2B 2o LIBEREb. Kk
BEERITREDDOTHBEILIFIVITTO RV, ILERERREBOELRLIUR
DUBEMDEIZBRRIEBY THbD, o TREBRTHOLNIZ/IT X — 5 DER
PERT ARSI, EREG R IWHEOEBICML . MOBZEERRICL AU
ERSOMBEEDFFIBIIAI LI o TLEREDEZH ) TLBLETH L,

LA LAHEER BRI, BHENRUCABEMBEZ #FELBRICBITSE
MR OB E ML NV TIT) CHE L BL O AR EFT 5, BIb . AEEBRT
BEREPCHERE, BCEIAL2 AL TREREDAMTHILHFTE, TN
S VRELBOREYHAIREHHICEET ALV URTH L, B2 VEXRFR
DM AL T A EHBAROER - EEFEHTH ) . BERTOERLS V¥
SEREYEEOET—EILHROILE, ERICIRE CHILMREIELTH
B,  bRATEFNHEETFHLBINETH L E— AV PEZHWAZ LIZL- T,
BELIEEE SV EEHBBEOR IELINS 2 L, EYEFE 2 FM
KB TEB L ) Ilhol, SO ICABUBERERRI, EWEAEEIIR
Y BROGE YRS ) A THERARFRTH S,
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BUE AHEA T R OEEEE O BT

3FREPFEIBRIEELIHEARARICBWTHEA I TWS ZLITREN
Twa L)z, BRERICE o TR LET O N2 RRIERROMER, SO %
HET LVWEESBERCLo THXAONT &, RERBEEODICHABINE
B4 DEELIFNFNIRBFOSTHEELE LTIV 50°, BRI NLEEA -
PilE - BRI ER W) BT Th, F0E CIIMBERMBEFCES
IR OBRLEFTHET 5720, Ih5OARNEIREISERMICERA + HY
BOEEE LTEZHILDNTE o

XC, BEEMOARME., MEHOEWREHERIC Lo THIXEINELZ
EDNTRENTEY, COBBEEBICKILEELYEXIBEDVEDVERTH 5,
CHITLHIEEDH 20% 12 RAKEOBMBEEL, AREIBTLEYOIGR
B R EEEE Y L ORERL DI LTWA I EITMA T, RMAE LRI HFEE
THHBMAL FRESBEVEEMERE IC Lo T, 201+ MLL =¥ ST
RBENDLD, RO L2FEMESWOBRBIEOENERIIKELSFFTLELD
THEHM, ZD-OfRERL ), BEEROMBEN LERFEHE2E 25 L TEYOF
BEYLEEBTL L OBEERIERINTEOBITIIFRRBHIITORATBY ., FIC
P EMERCEBENERIREINEI Z0oR e Fl L LRI, AF
DA FEWFHFEROE L\ B &R - CEMERME 2B 2 E Y ieshims 25
TAHHEZOMALREB LTV A, LL, Thdide d THETHRE S M- EREN
TTOMR ELDMEERED DR IFR Y, /2, EBIADS, A YEKRIIBIT S
B HEEE, BIIIAERNFBERESB CEORERS L TWwA00IC20nT,
FOFMEATE ) T LRBES TIIR Vv, 282X, BICBRTELLHIT, BH
BB CTHEEAY —LEETHAILIIMAT, EYWERHIEY I FL AT
VRS OMEERIBAER o R ELTELTVWERLTH 5,

EIBIIBVTEER, AEEEL VCEE LMY RE LT %S
VAW TOEYBEL BN CEIHBEFTERREELL, ELTCORRET, A
A 4 T T OVEYOIE B O B AERICER SRS HRES R A Z
ERWER Lo FTTRETIE, FREFTIIBULFRM A+ Y HED O L N
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WTOEBLFHEMICRFTTAZLIL o T, BLEMAEOEDMEFEEEHS I
+2LEdiz, OB Einvivo KR invitro WEDHR 2 EE L THEHIZHER
+ 5

CEE ARA T R OBEREN

1-a EMBEtEeoAREREFENEL ,

BRAT VEEYO L) CEREFUOBELF o WEIZ., V) VIRE_ER
Do % AR L BRI L > TEBT 22 L 3RETH L, ZO-DERTT
OMERH» S RMAERNOFWBRIATE »POBMERESNMEL TV BHI LT T4
ICEZOND, o TETEDORPAO P BEIBAUELET L L 2RT S
ik o T, EYMEMASBOFELBERTAILICL,

T, ETNVEWE L THCLERI ST+ TEA L AT =4~ PAH 2 #
NENZEBE CER LK GBREZHAR L, DERGERZTo2, FLTID
B 5 0 5 FREEY OFIRENNE I SRERIT IR EZ T — 2 >~ MEIC X DT L.
AR 0 0T 1 W PP D M D [AER & BB R MEE MTT Ratio, 3 UNIC R R MRS F-39:@ 8
BER Teell B L7 FOE% Table 2-1 (Z7RT ®, TEA PAH R ZhO#
REIENR I B EEOEMICE bR oTL dICHML, 2L TCIREHELE
MTTv Ratio DL HH b N7z, F 72 Teell 12 H BERFHEIHFED 6Nz,

INHLENRT A— I OEABERZIEICHEZL T &, TTHIREITOEY
BUXEOHIE . BIRA> T ) EEMARAERMCKEDEY»RY) AT L
CEo TRERICBIA2EYI D ALESBAL, BFORETEY L UET S
EXARMRIC o2 EICREAT S EEZ LS, ZOBMERIE MTTy Ratio DfE
DR R BE Vo BT O B AT WA, BlH MTTy Ratio DA IR G ED
Bz E b o THRADEYTF LEER L OEMOBENI R olz/z0, M
BEER 2 W EYWOTFLMEREOERERL ORE - B 7O 2D ) K LA
LIHERTHLLEZDILENTE D, HAVEI—FERY AT EYH LM

FED  ARLEBVTIE BICTRASEGED | *p<0.05, **p<0.01, ***p<0.005, ¥****p<0.001 % A\ THIH
HEENFBDOLNTVAI LKL,
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Table 2-1 Parameters calculated with the moment analysis. The data in the left
column for each compound were used as control value in statistical analysis.

Tetraethylammonium
1 mM 3mM 10 mM
Recovery Ratio (%)
Plasma 3542 * 435 5058 + 6.88 70.95
Urine 38.74 +10.21 2882 + 7.74 17.23
MTTyv Ratio 227 * 0.56 1.67 = 0.11 1.29
Tcell (sec) 76.5 + 9.6 1718 + 21.8* 111.8
p-Aminohippurate
0.1 mM 1 mM 10 mM
Recovery Ratio (%)
Plasma 3257 £ 440 37.51 6297 + 4.01%**
Urine 4901 t 5.76 48.47 2826 + 3.72%*
MTTyv Ratio 1.57 £ 0.07 1.55 1.08 = 0.01***
Teell (sec) 484 + 138 65.6 841 + 84

NCHEZE T 2MANEH L - TEEDCOERE LTELILNSED, ZOBRAHEHE
A3 YOS R T O A0 TRETH > T, HOoEREBEHEE TS
DEBEFFEML LW L FRTHD, SRADOHEDH T H) BU TRV, LOMEIC
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Table 2-2 Parameters calculated with the moment analysis under the steady

state conditions. The values of the concentration, at which the compound was dissolved

in the perfusate, were described under the name of the model compound. The concentration

of the drug in the injection solution was the same as that in the perfusate. The data in the
left column for each compound were used as control value in statistical analysis.

Tetraethylammonium
0.03 mM 0.1 mM 0.3 mM 1 mM
Recovery Ratio (%)
Pilasma 32.21 3542 + 435 68.05 89.30
Urine 50.18 38.74 £10.21 26.08 8.63
MTTyv Ratio 442 227 £ 0.56 2.30 1.56
Teell (sec) 95.6 765 + 9.6 41.6 -0.5
p-Aminohippurate
0.01 mM 0.1 mM 1 mM
Recovery Ratio (%)
Plasma 38.72 £ 1.77 5268 t 7.09 8470 £ 0.56%***
Urine 49.79 + 9.08 3794 + 7.26 13.11 = 1.15*
MTTyv Ratio 1.61 + 0.07 240 £ 0.15* 2.19 = 0.05*
Tcell (sec) 843 t 6.5 933 + 129 509 + 98
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Fig. 2-1. Dose-dependent extraction of tetraethylammonium (panel A) and p-
aminohippurate (panel B) from the perfusate by renal epithelia. The data obtained
from the bolus administration study were shown with dark gray and those from the steady-state
study were indicated with light gray hatched column. The value under the column is the
concentration (mM) at which the drug was dissolved in the injection solution, and in the
perfusate in the steady-state study. The availability was given by subtracting the extraction
ratio from the unity.
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Fig. 2-2. MTTv Ratio (panel A) and Tcell (panel B) of tetraethylammonium
obtained from the bolus administration study (dark gray) and the steady-state
study (light gray). The values under the column mean the same as those in Fig. 2-1.
Tcell obtained from the ImM steady-state experiments was nearly equal to zero.
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Fig. 2-3. MTTv Ratio (panel A) and Tcell (panel B) of p-aminohippurate obtained
from the bolus administration study (dark gray) and the steady-state study (light
gray). The values under the column mean the same as those in Fig. 2-1.
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Fig. 2-4. Illustration of the reabsorption of bicarbonate by the renal proximal
epithelia. Carbonic anhydrase (CA) on the brush border membrane converts carbonic
acid into water and carbon dioxide. This carbon dioxide diffuses into the cell where it were
converted into carbonic acid again by another CA located in the cytosol. Then bicarbonate
from the carbonic acid goes back into blood. Consequently, one bicarbonate was absorbed.
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Table 2-3 Parameters confirming the experimental conditions in which the
effects of urine pH on the renal handling of the typical ionized compounds were
investigated. There are no significant differences from the control, except the value of
urine pH. Glomerular filtration rate (GFR) was estimated from the creatinine clearance,
and plasma flow rate (PFR) was calculated from the perfusate flow rate and the hematocrit.

Control Urine pH
Alkalinization Acidification
Parameters of inulin's
Recovery Ratio (%)
Plasma 9586 + 0.17 9564 + 093 95.04 £ 1.05
Urine 390 £ 0.27 14.12 + 091 475 t 1.04
Distribution volume (mL) 1.08 + 0.09 1.04 + 0.10 1.06 + 0.15
GFR (mL/min) 0.31 £ 0.06 0.31 = 0.07 0.38 + 0.07
PFR (mL/min) 408 + 039 414 = 0.19 403 * 0.25
Urine pH 6.4 7.1% 6.0*
0.6 0.67 0671
A B C
0.5 0.5t 0.5
04 0.41 0.4
0.3t 03¢

0.2 0271

o
)

0.1 017

Cumulative excretion ( Fraction of dose )
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Fig. 2-5. Typical cumulative excretion profile of tetraethylammonium under the
conditions in normal urine pH (panel A), urine alkalinization (panel B), and
urine acidification (panel C). The excretion of tetracthylammonium, whose profile was
indicated by @, was decreased in urine alkalinization. On the contrary, the excretion of
inulin (O) was not affected under any conditions.
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Fig. 2-6. Effects of the alteration of urine pH on the renal handling of
tetraethylammonium and p-aminohippurate. The conditions where the values of urine
pH were normal, increased and decreased were indicated as control, up and down, respectively.
These experiments were carried out under the steady state condition in which the drug was
dissolved in the perfusate and the injection solution at the concentration of 0.1mM.
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Fig. 2-7. Scheme of conclusion. Under the condition of urine alkalinization, the
excretion of tetraethylammonium was suppressed, indicating that the proton gradient at the
brush border membrane plays an important role in the renal handling of organic cations.
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Fig. 2-8. Increasing of the serum concentrations of blood urea nitrogen (panel A)
and creatinine (panel B), which are usually referred to evaluate renal functions.
The normal levels of these substances were shown at the zero time. The acute renal failure
was caused by uranyl nitrate which was administered subcutaneously in rats at the dose of

10mg/kg.
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Fig. 2-9. Typical venous (panel A,B,C) and urinary (panel D,E F) outflow profiles

of tetraethylammonium (®) and inulin (O). The control profiles were in panel A and

D. The profiles at 24hr and 72hr after the treatment with uranyl nitrate were in panel B and

E, and in panel C and F, respectively. To avoid confusion, the venous outflow profile of

EB-albumin was omitted. Tetraethylammonium was dissolved in the injection solution at

the concentration of 1ImM. Since the urinary excretion of the drug was reduced in the acute

renal failure, the ordinate of an urinary profile was not in the same digits as that of others.
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Fig. 2-10. Typical venous (panel A,B,C) and urinary (panel D,E,F) outflow profiles
of p-aminohippurate @) and inulin (O). The control profiles were in panel A and D.
The profiles at 24hr and 72hr after the treatment with uranyl nitrate were in panel B and E,
and in panel C and F, respectively. p-Aminohippurate was dissolved in the injection
solution at the concentration of 0.1mM. Please note that the ordinate of an urinary profile
was not in the same digits as that of others, since the urinary excretion of the drug was
inhibited in the acute renal failure.
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Fig. 2-11. Decreasing of the urinary recovery of tetraethylammonium (panel A)
and p-aminohippurate (panel B) with worsening of the renal failure. At 72hr
after the treatment, the urinary excretion of both drug was almost negligible.
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Table 2-4 Moment parameters on the renal handling of tetraethylammonium (TEA) and
p-aminohippurate (PAH) in the perfused kidney isolated from uranyl-nitrate induced acute
renal failure rat were shown, respectively. Parameters confirming the experimental conditions in

which the renal handling of these typical ionized compounds were also indicated. The physiological

condition of the kidney from those rats being often unstable, some group have no data. In addition to this,

not every item can has been analyzed statistically. Glomerular filtration rate and plasma flow rate were
abbreviated as GFR and PFR, respectively.

Control 12 hr 18 hr 24 hr 30hr 48 hr 72 hr

TEA
MTTv Ratio 325+ 0.37 494 546 £ 0.63* 55010.71*%* 6.50 3.53 2.60 £ 0.07
Teell (sec) 202+ 0.51 402 385+ 054 44810.59* 4.86 447 e
Inulin Recovery (%)

Plasma 9697+ 036 97.24 9641 £ 0.18 965 £ 038 9735 99.06 99.48 + 0.04%***

Urine 2.78 £ 0.31 245 334+ 020 3.27%£0.39 2.51 0.68 0.22 & 0.05%***
GFP (mL/min) 033+ 0.05 0.24 0.39 0.26+£0.03 0.19 0.05 0.02 £ 0.00
PFR (mL/min) 432+ 027 424 451 £ 008 4211021 4.68 4.07 4.10 £ 0.11
PAH
MTTv Ratio 245+ 015 ----- 2.84 5.071£0.77*%** 4.03 4.01 3.22
Tcell (sec) 101+ 033 e 1.26 1.96+0.53 0.86 1.24 5.12
Inulin Recovery (%)

Plasma 9687+ 0.59 ----- 96.69 96.6 + 0.57 97.62 9837 99.48

Urine 291+ 060 -—-- 3.19 3.17x0.57 2.22 1.32 0.08
GFP (mL/min) 032+ 0.07 ----- 0.34 0.21 0.16 0.11 0.01
PFR (mL/min) 420 030 ----- 4.56 391£0.09 4.44 448 4.08
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Fig. 2-12. Relationship between the extraction ratio and Teell of
tetraethylammonium (panel A) and p-aminohippurate (panel B) in the perfused
kidney isolated from the acute renal failure rats. The negative correlation can be
seen clearly in the study with tetracthylammonium.
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Fig. 3-1. Structures of moieties of aminoglycoside antibiotics.
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1 T3/ aY FRIEMEOBEBITIFE

1-a 73/723Y FRAEME Tobramycin DB EH

TI/Z)ay FRIAEWE I Fig3-1 2RTEHIIC, 3FFOTI/ELY
BRENL5FE SO MBROEEMEIEW TH S, COYEWEBEIIS THICERK
DEBWEKBRELETALOKEBEEIIE A, 2O DMIETER T AIFE &
BBl L > TEBTAERIIBDOTEVDIDLEZLNS, £oTT3I /S
a3y FRIUEDEOBEMBANDRAT R FHIRITIIMTE D DRk 7 Bkt B8
LTwbEEZLN, TNICETHRFAIBEAET CIEHLERR BV TES
TN TWVERN, ZLTINS DERDER, ZOEYOBERITHERL IR
F-BERHETHLHZ & ENRME EEARICE T 5 YRS ITERER ORI
FREL ) S MERMDREBE IS CHFETLIL™ %, ZOMAPRBINT
&7zo LAOL—EOBATERLE ICEHBROEKITD 12 ) RIEAH 2 E4% 5k
ENTBY, F-FOEEN - ABNRFELEREL T OEWMEF T MR LB D
Lhv, AFEYWEOE LEMRAOEEBEDL ) LRZHHIREIATE
WEWLDDV EDTH B, EMKME L EMITEMGEOEE E, Mgk U R
BEEOMAEHELTBY, MEELCCHFREON ST, BLAHEHT AT 4
REEEIC L > THEBNICBTEWEDEZICHRboTWaE, COHT I/ ) ay
FROEWEOFERIIG L. COMMBERESZNENFELIHBATHEL TS
CEDTHIITFRINDG 20, KFEWE OBBITERE 2T 572 DI XM EE
LERRONT BT 2EYES ¥ L CHET 5 LEYH 5,

HEICZBWT, BELANVTORYOBRE 22BN T A58 F0ENE:
ARLUTE-MIEFERERRIT. #FIREE REQ L CEYORE MR LT N ENE
AT CE B L WIFIE R D, FCTAHTRAERELZHOTREN LT 2
J 7Y 2y FRFEWE TSH D Tobramycin DEEE A& L. ¥ & LEMEMD
MEERTMERMEEEME CEFAPRSETMmT L2 LIS L

B, EYOARFEEBEL REM nulin OEIE 25 ZAESL 720, Y
B SuM, ETR T D BSA M 5% D4 T Tobramycin D 8 ¥ /37 fEAHR %
WWELEZAI9% ThHolze L2LENSL, MEBEOEE I L) KEVI L
R, EBEOFFHEHTORRKGERTRIRSER ICEWREOZHM R EILIH
THZELERPL, HEFSEENDDLL ) OBREORAVFRENL 2D, KET
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BN OBEEECLIIBEYHETICHEELZEZNT IRRL, b LLETHH
ITHIEERBL-EL bR T A &L,

b L —H—iBE 7.4uM DI Tobramycin % & 4 4% 5 50 pL% . BEIRA~
SRR G L7-BRIC18 5 1L 5 BRI 7 SRR B B UM PR B R 0 ZE M i M B AR & Fig.3-2 V2R
L. ¥ 7= Tobramycin D BRI IZE— X~ b + /¥5 A —% % Table 3-1 IZR T,
Fig.3-2 {23} % Tobramycin X UF Inulin DFIREIEH P SHL 2 & H 12, WH
DOHARIXIZIZE —THEINED IZEAERIL ThHo72Z &b, MEMIIBNWTLEE
KB~ Tobramycin DELY) AL IIfTbI TV Wb DL EZ b b, LEMIICIE
BB F A HERTMEF PO AL -OOHERPHFEEL TNWEI LD, B
[E - FHNEIIBVWTHEID LN TWAY, S EDOEEMEITOKF. Tobramycin i3
SFRICEEHTEZETLHIIO2PDOTERI T VEHERIIL - TERBAI L2V
EDTRRENT, L L, EWOBRNEEFIEE /R MTTy Ratio 13 1 L h K&
WEE 72 ), Tobramycin XM ERICB VTN RAAZ FiITbheWwbon, LEM
ROMERE ORI TRHS - BHLRVELZPFOBEL TWAILFALNL 2o
2o

BRARB T OZEE) & X BAIC, Fig.3-2 HEIITR 3 LTV 5 Tobramycin & Inulin
OREMOFE HRIL, CO2O00FYOBEENBEV EVIIREL I LERLT
V5%, % LT Tobramycin O it i BRI REREERED < —» TH S Inulin DZF N &
DH/NERBDTHBI NS, FRMEEHELOEEAMAZEIZ Tobramycin % #H2
TOWBIFAETAIENBALL o 2o T2 AR L D Tobramycin®D &
FERAEIRER 13, ARKBEBRON33% (F VNI EEERER LGN 1%
) THbHLFIE S N7z, Tobramycin® R E MZEE) FF4ME MTTu Ratio 13, FRHITO
FEMEME L 1312 CMETH - 72, (Table 3-1)

& T EFE Tl Inulin & Tobramycin D FRE B PR DE W 2 EFERIFHHREER E L
TEH L7, TRt Tobramycin 23 B TERIC EEMEANRI AT TWED
Dy BHEVIEICHEE LT IZ2ICHE LARANORDAARITIEE > Tniw
DO, RATE T LWL THD, FITID 205 HBEF T 22 & 2HHA,

£1) DTFARET, EEAEHRES D VIZED AL EY TFiCluminal uptake (%) 2578 S -B4, £ OMHEIZARSR
KTRBENIZET I/ 7)Y FRIAYEDER100% & LTEHEI TS,

H2) (R=VRPRICELC) BRABERRCB T 2 ERBOWE (MEREHETZHR) £ PFR T,
HRIRAMBHEE R GFR TERENR L7z, UTARBLP TR IR L OERFLZH NS,
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Fraction of dose / mL

Table 3-1 Recovery ratio and moment parameters of ['Hltobramycin in the
control experiments. Radiolabeled tobramycin and the marker compound inulin were
dissolved in the injection solution at the concentration of 7.4uM and ca. 60mg/L, respectively.
Then a S0uL of the solution was administrated into the renal artery. Glomerular filtration
rate and plasma flow rate were abbreviated as GFR and PFR, respectively.

Drug Recovery (%)
Plasma 9742 + 031
Urine 215 + 027
Inulin Recovery (%)
Plasma 96.73 = 0.39
Urine 318 + 0.38
MTTyv Ratio 1.13 = 0.03
MTTu Ratio 1.19 + 0.02
PFR (mL/min) 513 £ 0.20
GFR (mL/min) 046 =+ 0.03
Glucose reabsorption (%) 969 £ 05
207 A 0.008 1 B
15t 0.006+
g
E
S~
2
1.0t '8 0.004 1+
St
5]
c
2
3
&
05t @ 0.0021
001
0.000+
6 5 lb 1'5 26 is io 0 5 lb
Time (sec) Time (min)

Fig. 3-2. Typical venous (panel A) and urinary (panel B) outflow profiles of
Hltobramycin (®) and [*“Clinulin (O) obtained in the control study in which
the concentration of tobramycin in the injection solution was 7.4uM. In this
experiment, the luminal uptake of tobramycin was 31%. The moment parameters, MTTv
and MTTu of tobramycin were 7.7 sec and 3.9 min, respectively, and those of inulin were
7.0 sec and 3.2 min. From these values, MTTu Ratio of tobramycin was calculated at 1.2.
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Fig. 3-3. Luminal uptake ratio of
071 radiolabeled tobramycin in the
displacement study. First, a SOuL-
injection solution in which radio-
labeled tobramycin was dissolved at

the concentration of 7.4uM was

T administered rapidly. Then another
07 S0uL-solution in which non-radio-
labeled tobramycin was dissolved at

the concentration of 50mM was

Luminal uptake (%)

injected in the same manner at 30 sec,
1 min, or 5 min after the first adminis-
ol tration. This concentration was enough
to decrease the luminal uptake of

radiolabeled tobramycin. The collec-

tion of the urine flowed out was started

Tracer

Clacer 30sec 3min  Smin just after the first administration, and

it was stopped at 15 min after the second
administration was done.

RO ZIT% o720

T FEEM IR S L7z Tobramycin 5 F O AIRELFHL-01C, bL—
Y — B DIE & Tobramycin * 2R 5%, —EREORE»H - (Fl &Kk EEE
DFEFZ K Tobramycin % FARICIENMR G T AERTB I o7, b LEEMIZBIT S
Tobramycin DIFRP T FEHESIZL DD TH - THIRANHYI AT LTV EVO
ThhiE, COFEBBEOENMERSIZLLHE BB L] ITLoT, KI5 &
NEREIER SN, REF TORBBEO BRE;ENT 53T TH L, LHLi
B EORZITEMZ S MTb -0 Iheb b $, RAPZESRARERITD Y bo—
WEELIZIZFEICMETH o /2o (Fig.3-3)

KiT, B E ISR 512585 - TIEAER Tobramycin % %57 5 i
BERBRELITo /2. TOBEATITIRG SN FEREIE B OEYRE SRMLE 5F
THILEDNTRINLLD, HrNTHRG I NAERA L LML OMEER I
IDIZ %D, FOREL L TEH Tobramycin DR F AR AEINT S & Bbh
5o LPLIDERIIBVWTOI/OLALERIITFRIIR L, EHARPEIEIZH
SLoTZHEIMEEED b e o 72, (Fig.3-4)

D& I ICHTLER - BRAAE O M EER T Tobramycin D& FEAIFHIRER 12 21L
RN PolzZ bbb, AREAKTHEE S 72 Tobramycin (3E A TE H 2 E
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Fig. 3-4. Luminal uptake ratio of
257 radiolabeled tobramycin in the
pre-treatment study. First, a SOuL-
solution in which non-radiolabeled

20+ tobramycin was dissolved at the
1 concentration of ImM was injected.
1 At 3 min or 5 min after that, another

151

S50pL-solution in which radiolabeled

tobramycin was dissolved at the
concentration of ImM was then

Luminal uptake (%)

10+ L injected. Since it was unlikely that
- the non-radiolabeled tobramycin was
washed away before the second
injection was performed, the
concentration of the second injection
was adjusted to the same as that of the

1mM _ ] first solution to avoid unexpected
Control 3min  Smin

effects.

B T EWLREETREICHERTADDOLEEI NS, MERELZHTT S
O LD FERLREVDLETHED, IO —EHOBRII, A—-FF7VFTT

7 4 —1Z & o T FE# Gentamicin DB ELY sAA % invivo THEER L 72FEEER, Micro-
injection DFEEH VBV H LERBROERELFETLHIDOTH o712 ¥, fEo
TEEAET (2] 27 Tobramycin 77 T3, KME LEMR O eiEeae
BLTEY, HBEHELCHICHBENICR) AT TWE, H5VIERDATNLE
Gl HDHEEZATENTEL), CORDARETIZII N, Tobramycin & ¥ —
AWEATH SInulin & DFRFEURE DRI, BEREMIZEIT S Tobramycin DELY 12
ABTRETHHEMEL LTH) 2 &ITF 5,

1-b Tobramycin DEEEHICH (T 2 AREKTFIWE(L
5 D Tobramycin i % L —H—L U5 100mM £ TOFKREEC
AR, &R T Tobramycin DI D ALEDOEAL LG L7z, FEBREICBITS
EFRBEORE, I~ — I WE TH S Inulin DEH)IZDOV T Table 3-2 1IZ/R L 72
A, WTFROED ZEHICBVWTIZIZ—ETH >72. F 72 Tobramycin D MEH THE
B3R5 EOEMC L 2B Z T hh o 288, REQTEL ##ARITKREIC Inulin O
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Table 3-2 Renal handling of inulin and kidney functions during the experiment.
The values from the control experiments were already represented in Table 3-1.

Tobramycin concentration in the injection solution

0.1mM ImM
Inulin Recovery (%)
Plasma 96.55 * 043 96.98 + 0.38
Urine 335 + 0.38 295 + 043
PFR (mL/min) 500 £ 0.10 454 + 040
GFR (mL/min) 0.58 + 0.04 044 £ 0.10
Glucose reabsorption (%) maemmen 930 * 1.9
10mM 100mM
Inulin Recovery (%)
Plasma 9591 + 0.86 97.11 £ 0.84
Urine 404 + 0.87 274 £ 0.87
PFR (mL/min) 455 + 0.20 489 + 0.25
GFR (mL/min) 051 £ 0.07 0.44 £ 0.11
Glucose reabsorption (%) 97.8 93.0

FREBEOLZbDLERD, BEMICBT 2EYOR D ALBREIGRERFESD
B ENRHEINT, Figl3SIlid@BRSEERTHEON L BRI, T IR Z R L.
I -5 EEMCE B 72 ) EE Tobramycin DEFERIEL ) AAEOEIL L, FiBEIC
B} % Tobramycin D ¥ VX7 S CTHEZ L EX LT 5402725 T, Fig.3-6
ZEED, MEDKRE., BAEFWEORELLILLEDLNIETOREVEVYR
HMEMEEOBMICERONED, TITRENTVEIRDY AAEDHERFEDIIARY
BBt 2 52 50DTIR>EVWEEZTWA,

A, &R T O Tobramycin DILY AARITHR G EERAFEAFRD b
o, AEYHFEMILEIC Lo TE LEMBOBEE_EB2EET 5 Tidk <,
%P OEHEBEN OB ALBRIIMELTVEIEERTOIDTH 5,
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Fig. 3-5. Typical venous (panel A) and urinary (panel B) outflow profiles of
[’Hltobramycin (®) and [*Clinulin (O) obtained in a dose-dependent experiment
in which tobramycin was dissolved in the injection solution at the concentration
of 100mM. In this experiment, the luminal uptake of tobramycin was 3%. The values of
MTTyv and MTTu of tobramycin were 7.9 sec and 4.6 min, respectively, and those of inulin
were 7.5 sec and 4.4 min. From these values, MTTu Ratio was calculated at 1.0.

* kK%

207

Ak kK

Luminal uptake (%)

101

Aok

Control 0.1mM 1mM 10mM 100mM

Fig. 3-6. Dose-dependent decrease of the luminal uptake of tobramycin. The
values corrected (light gray column) and not corrected (dark column) by the protein binding
ratio were shown, respectively. The protein binding ratio of tobramycin were 19.1% at the
concentration of 7.4uM, 16.1% at 0.1mM, 12.8% at ImM, 3.7% at 10mM, and negligible
at 100mM.
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R ) A HHITNZ T Tobramycin DR EWEEEE MTTu Ratio 12 AR
FHEAFRBO oIz, KBEEMTIOMEERBT 2L, WY AAESFEHAEZ W
b L= —REEREE Tld MTTuRatio bfIC TR ELMEZRL, —FHlFL AL
O ABDBO LN Ho72 100mM IZSHTOMEIXIZIZ] ERONELRETH -
720 100mM #5812 BT 5 Z ofEix, EEEMRIZ B\ T Tobramycin 25 Inulin & [F#8
EOMEERA LRSS EVREBIZR - TWAZLZERLTVS, ZBEICBITA
EHERELY & 53 & F B MTTu Ratio & DB % Fig.3-7 {RT. T X HEH
57 & ) ITERERELY AR K & MTTu Ratio & DRIICIX BIF ML 5z,
Tobramycin Z VI LOEFT AT I/ 7Y 23 FREAEWME I —KITED TKEWIE
WZk, FABRBCERLALT I F) 3 P RAREOME LRI % E

45071 e
40071
35071
3007
2507

2007

Luminal uptake (%)

1507

1001

507

0.8 0.9 1.0 1.1 1.2 13 1.4
MTTu Ratio

Fig. 3-7. Relationship between the luminal uptake ratio of [’Hltobramycin and
its MTTu Ratio to that of inulin. The correspondence of the symbols to the experiments
is following: (@) indicates the value from the experiment in which tobramycin was dissolved
in the injection solution at tracer concentration, ( - ) is from the experiment in which
tobramycin was dissolved at the concentration of 0.1mM, 1mM(@), 10mM(+), 100mM(A).
The regression line (r=0.68) was calculated with these values from the dose-dependent
study. To be referred in the following section, the values from the inhibition study were
also indicated: inhibition by neomycin(O), by gentamicin(O), by kanamycin(A).
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Fig. 3-8. Schema illustrating
basolateral . . .
how aminoglycoside anti-

bioics interact with the brush

epithelial cells border membrane and the

basolateral membrane of the
renal epithelia. The degree of

luminal its interaction with the basolateral

ﬁ @ membrane is the same as that with
the brush border membrane, but

the uptake occurs on the luminal

— Urine - Qd side.

Aminoglycoside

VW) BRERE2DE ZE T A L, Tobramycin 2SFRAMERN & EEMIEN L 2 BH
CAERLTWBE EIZEZ LNV, 8o TEFEMH TDTobramycin & Inulin? 737f 22 fH
BELWEALRTIEHTE, TN LD MTTuRatio DEAIEY & LMK O
EERAOBLZRBL TW5S EBEIRT 22 LA5TE 5, Fig3-7 128\ T MTTu Ratio
EELYAARREORIICEIF MBI ED SN Z L5, Tobramycin DY JAHD
FotAid, TTEEACEY L EEMEL L ORE - BESBRVELITEbR, X
CED—BHIFEANBD A TR TV L V) 2EBEE VB Lo T b0 LH#E
EEND (Fig.3-8) BRGEERTRED SNZI) AAEDETIE, LEMBOE
P AT 2 EWEEMUPARETH 27:012, BREWELLOKERNLLD
BMOBEIRL L L CEREH S EEZ LN, BB AHBREDE
—ERESIF I N THALBRINS,

l-¢c 73I/703Y FRIAEMERICE TR ALBBOHEN
FRAME e 2 BT 5 Tobramycin DEL Y ;ALEREAS, 73 /7 a ¥ KR4
YR BN AREETH DL L2 HDID L -DI2, &5 WIZ  Gentamicin,
Neomycin, Kanamycin D &7 I / 7)) 23 FRPEWE X Z W EN{FEI L5
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4. Tobramycin DI AR DO EAL L MET L7 Table3-3 IIRENTWVA LI ITE
SROT I/ 7)Y FRFIEWE 2 HFEIE5H T LT X o T, Tobramycin D& FEHI
TORY ARFITEL CBA L. T/ MTTuRatio b THIZE LT LITEDTC T EA
S M &% o 72 B A AZE & MTTu Ratio & DRFRIZFE D8 BRI 0 EERE R
(Fig.3-7, 6 0~— ) ICER TR L72A5, HFHEERTHEONEDRIIE LM
BERICHEI )Ty P ENBTEFbRNbE, TOZELDPLARLEFEERICBIT
% FE#% Tobramycin D EERI ) AARDOFBA L, WY AL BREOE —-EEOT ) E
WA Z OFREEMUANELE LA TS 701 A5, HEWPIEFEL TV AOT 3
STV FRPERE Lo THESNZZLILL LD TH AL EHEINL,

CHOZERBRTEPOLDIZ, BIZHOT IV 7Y ay FRFEWET
& 5 Isepamicin iF TN IZ Arbekacin OHETE#E AV TEEKRGER YTV,
Tobramycin D4 & FRRIZF DB BB L AR, CNHDERINBLNBMAE
B 2 U BHAR % Fig.3-9,3-10 12, TN O DOEEE)/ST A — ¥ % Table 3-4 127" T o
Isepamicin if UFIZ Arbekacin OB 28813 Tobramycin D #F N & FAETH o 72, BRI HHE
REIOFEH AR Inulin DD D LIFITHEL WSO TH Y, B LM E R TEY
BIIPERIZWIEFFIREN, TLREMRBEMAICBNTCE, Thb 28
DT I/ )y FRIAEYWHE D Tobramycin I, SARERECERBIN-BICEKE
BITERDATND Z & HHERE SN, FIT Isepamicin I M2 Arbekacin DT 7 X /
7)) ay FRFAEWEOEEMTOIY ALFEIL, Tobramycin DEFFTL b IZFH
LLBAT AT LB TRENT, (Fig3-11)

Table 3-3  Effects of other aminoglycosides on the luminal uptake of
[’Hltobramycin. All of them affected the luminal uptake significantly in comparison
with the control (P<0.001). Aminoglycoside listed below was dissolved in the injection
solution at the concentration of 100mM.

Luminal uptake (%) MTTu Ratio n

Control 324 + 21 1.19 + 0.02 8
+Neomycin 27 £ 28 1.03 + 0.01 3
+Gentamicin 88 = 1.8 1.03 = 0.01 5
+Kanamycin 45 + 1.7 1.07 = 0.03 4
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Table 3-4 Parameters representing the renal handling of [Clisepamicin and
[*Hlarbekacin. Isepamicin and arbekacin was dissolved in the injection solution at the
concentration of 0.1mM and 10mM, respectively. This difference was due to the specific

activity of the radio-labeled compound of each aminoglycoside.

[“C]Isepamicin [3H]Arbekacin
Luminal uptake (%) 264 t 3.1 242 + 29
MTTv Ratio 1.05 £ 0.02 1.25 £ 0.09
MTTu Ratio 1.12 £ 0.03 1.15 £ 0.03
PFR (mL/min) 471 + 0.25 431 + 0.28
GFR (mL/min) 0.55 + 0.08 045 + 0.04
Glucose reabsorption (%) 96.5 = 1.7 96.8 + 1.1
207 r
A 0.005 B
0.0041
1.5¢
»é =
E £
2 g 0003
S 104 3
© G
o
% { § 0.0021
& L Q
i 0.51 E
0.001 1
0.0+ 471
0.000t
0 s 10 15 20 25 30 0 5 10
Time (sec) Time (min)

Fig. 3-9. Typical venous (panel A) and urinary (panel B) outflow profiles of
[“Clisepamicin (@) and [’Hlinulin (O) obtained in the control study. The
concentration of isepamicin in the injection solution was 0.1mM. This concentration was
determined from the specific activity of its radiolabeled compound. In this experiment, the
luminal uptake of isepamicin was 31%. The values of MTTv and MTTu of tobramycin
were 7.5 sec and 4.1 min, respectively, those of inulin were 7.3 sec and 3.7 min, and MTTu

Ratio was 1.1.
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Fig. 3-10. Typical venous (panel A) and urinary (panel B) outflow profiles of
[’Hlarbekacin (®) and [*Clinulin (O) obtained in the control study where arbekacin
was dissolved in the injection solution at the concentration of 10mM. This
concentration was determined from the specific activity of its radiolabeled compound. In
this experiment, the luminal uptake of arbekacin was 26%. The values of MTTv and

MTTu of arbekacin were 7.1 sec and 3.2 min, respectively. Since those of inulin were 5.7
sec and 2.8 min, MTTu Ratio was 1.1.

— p<0.005 — —p<0.005-
35 [

30

25T

20 1

Luminal uptake (%)

|

Control 10mM  100mM  Control Control  Control
+TOB +TOB
|———————Isepamicin———| — Arbekacin—

64



UEosER 55, Tobramycin 03‘%’1%?’“5-%%%’( ROLNEEEIIZBIT S
DAREEOFEEIL, 7I/ 7)aV FRVIAWEICKBLIBETH L Z LI
PHOLNTZ,

1-d F%E

TI/2Z)a Y FRVERHEILEILIIEELBEELERT A2 L5 AL
nNTBY ., CTNEIERTEYE EREE LEME~OSWHEME - TREr AT
51:0THBEEZLNTWV D, L LAFAEAOFEREIEE M 2 BAG~D
BATHSICB L THORALREANE (. SO LN, KAEFIOBIWEH ORI L HH)
LEOHIBEER 2B KBICE ST L) 2RO LBERFERL2ZE 25 L ToRR &
BoTWh, CORDARFFETIE, TT73I /7)) 2 FREAEWE OBEE K
HTAHILIZLoT, ZOFHBBITAEZHLOPIZT LI E 2 AT,

73703 FRAWESRIRE CEET 5 MRME LRI, £
DHBEEL, MEMRKEZN L CTORFOERE ., BRI F&EL AL
TREFBEETPORY L ET 5720, KYPAER O L EMRBITHE R T 2BICIX
COZAEEET 5 2EBEFOHMBREZNZNOES I DWW TEHER T LB 4S
Hotze TITEYEE 2 MEM - EREM & THBEMTT5Z LT RETH LML
B E R F VT Tobramycin DB BB 23 L -8R, MEHD O BHBE~0EY
BT3RO LMY, EREMOATEROIY) ALHITON TS I EPHRINT,
HIZE T D Tobramycin DI D ALK IFR G WA OEWBREO LR L L HI2ED
TOHREERFHEEZRL. CONYAHERE IZHMILED 5 W ITIERFR 2 5E G
TR, MEPOBERDVEGTHHBIILILIDOTHLI LR INL, £
Tobramycin®E AL Y AL, MO T7 I/ 7)) a2y FRIVAEWEORE FCHE
ENAH T EDHER I N, FITHEF Isepamicin X Arbekacin DB % &) H Tobramycin &
FUHERTIESHLNE o2,

[Left page]

Fig. 3-11. Luminal uptake of ["*Clisepamicin and [’Hlarbekacin which could be suppressed
by the coadministration of 100mM tobramycin. The concentration in the control study was 0.1mM
for isepamicin and 10mM for arbekacin, respectively. For isepamicin, the data from the dose-dependent
study, where the luminal uptake ratio was decreased significantly (p<0.005) from the control when
isepamicin was dissolved in the injection solution at the concentration of 100mM, were also indicated.
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Fig. 3-12. Schema of the route by which aminoglycoside antibiotics accumulate
in the epithelia.

DL, TI/ 7)Y FRFAEWEIEBEO I A HEHEAEREMRNIC
BOWTORFETAIELIRENZTLIZL 0T, RRBBOKNERE o TV K
POBENOERZRL, MA F 2 5 RERE MBI L o THEIES N2 ICRME D S
BRI NS Fig3-12 IR T—EDBRTHLI L eBHLIT LI EHTET,

AEIDOERD A TMERD 5> OEYIM Y AABEOFELTLELBET A
LETER, ZELLITEFEICQRoK Y L LAETT L AN BEE T 5 BHBERUT
DEPDBATH, MERMTEL TVITEEDTFICEZONEINSTH B, L L
AL, BRFTHOR ML — — BRI BT 5 SR EYaEREBE L. k0B
HELEYRY) AHLDPRDOLN D ImM HEROREQMOEWREHRBLIZIZFALL
NV THELDD, KERTIE ML —H—BECBWTIER» SO EYHATIZR
DHONTIEWR WV, o TEPLEDENBITIBRM TREE TV A LLTH, &
FERP O DOBITRBYT7 I/ 7)) 3Y FRIFAWE OB EREBICE W TIE,I
BETHILEZLIENTELI,

SEBALHPICLTELTI /) Z) 3y FRAWE OBRAO ERER &
HDTRET L, EWRY AR IRIKGE - RMEWE - LR MBRI TR L o 7B
M P RE BRI CERL TV A b b, cOIE L, 2T 3
J 73y FRUEWE VIS OO SR ICIIFE EBATE T, BB ICERENICE
BT200, L) EMICHTIVEDDBEIIEA D,
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EHOBBITUNDBES IR L o/ dbDD, B L MERREEL
DB, HLBREOHEMERIEILET ST L 45 Tobramycin O FHIR A EE)4F B
MTTv Ratio 225 9 BA5% 5, SOMIZH BENa~D T I 7 a¥ FRAEDH
3' 4'-dideoxykanamycin DA % BT L 72 B2 5. £ O & BMMEIIFAREE T
HHH, SR AEELOEDESBAEEIRITFRIEOH 2ETH L Z EHPHES
RTWBEY, LALAEOFEITICE T, SEEES 3N B EEEY D MTTv Ratio
¥ MTTuRatio # W L 7R, WTFNOBEIWMEMICAERLREIRDOONLL Do
Fro COTERLREOHEL XRLY, EREERRIBILT I/ 7V FR
HAWEE LEMRE OMEERMER L ERATIIZARETH L) LERD
o COMEDERDERIERRDEVICLIZ DD LEDLN S, HEE/MIE
BRRAOBE., EWHESOREIEELRHTHENILEINTVHDIIN L, 4HDE
FEBRTIIEYBEIZT 5L VI LB IR T, MBEREICE TERECK
BREFEBEORN DT 5 & V) EFEH A OB 2 &4 T THEER P FHESINT
Wk, TOZEHEYSFEMBEEEOHBEEHCERALELVWERB LSO
LEZOLND,

£EMEER L), HEWEDICHEIRAT I/ 7)) ay FRIAEDEIZW
TN Tobramycin DELEREM Y AAXBEET L EBASNE Lo 7ZH, T/ 7
V) aY FRUEWEOBEIC Lo TZOMERNICEVITHLI LI REN, TO
RE£E 3 X3, Neomycin > Kanamycin > Gentamicin DJETH o 72, 72 3BEHOMK
EHESRT I 7)) aY FRPAEDEEH W 2ERGEROERZRET A LIC
& 5T, Tobramycin, Isepamicin, Arbekacin% 11 DB EE)| WKETOEENHAHZ L
PHALHLEoTED ., IhHOEEFMORY A LR CIZEB)IFEE MTTu Ratio
PHEW P EYERE 10mM OF—&M4THE L /2L 25, 1313 Arbekacin > Isepamicin
> Tobramycin DMEE %072, 73/ 7)) aY FRIEWEMTID L) EVHHF
T2V T Lid, BWOSFHEERLEAKYE - BUKKE 2 EOBMTEFRMETO
MEABRFOBERECHEFAL, Bz, ZOEREICHBOSH 5 2 L0 HES
NTVABEROBRICEELSZHILRLTWVD, SHELNITOFFIE,
invivo % invitro TEEMSOINTVEEEYOBEERDO BRI L ERII—HT S D
DT adole LBLTI/Z) a2y FRVIEWEOEHER 2R L 570010,
B FHEE R IR D 5 VISBRE~NO BN L o HELZTTIRE . Y
@%Mﬂ’am’éﬁ@ﬂr&ﬂiﬁﬁ%i THEARAATRRVLETHLI L %%@?’ﬂ (s
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29 2 LBV ARELILIEID oD RIETHAI,

MBI BT I F) Y FRVEWEO EEHRRAR = X LHH
BHENTW2WHRTIE, AEYWOEER 2HHT 2 2 L5 20BFEHEHIEL
CICENBRFRL LRI TESL, TAARHTREIICT I/ Z) ady FARHA
AR ORME COMEER X, AREWEIER~NOERICELLEBRO) HD
E-BREELTRIONDIEERFBLCE, ThHEETZ AL, EEMTOM
BEER*BAIEDHEELHE LA LT, EYOMBANERLEE L EUHEH LN
RBIENTEAIDEEZONS, BIb, RMETHOT I/ 7)) a2¥ FRUAEY
oMY ALBRIIZRGEREUESD DL L0, EYOLKRSENRLBAICE
VEEARGE L) DREBEERORSELBR L -HPBEUEBROBE P OFFTH
25, TOBRE. RMENOEWBITHERE TR 57208 ) ALKEHEASIM L,
L LTOEYPR ) ALETBLT AT EFFRENL, EIPSDT IV T
Iy FREWEDOHSEEICB VT, Z0OMFEE*MIC (B/NEEHILERE)
DIECREOZEITEEDSELNT V2, LD L 2O HEYE I —/%IC PAE (Post
Antibiotic Effect) & VWO N AWEEAH L P, L3 LOMPEESAMIC LU ETSHD
BiITBLEER, FIZT7I /7 2y FRIEAWE D PAE 3 F0HBSEVWC &
THOLATBY, —H—AEHRSTHTIHEANRERT S e TE 5, $2%E
BB S & BERS5- TF OREBREPLBER T KB L-HED 2 ST,
FRIZE B EBEARSEISEEIR G5 mid e . HAICL » TUIEHBEN R
WHDDH o7, FBARS TP EYBREN—RFMICEATHIILIZLS
ERELBRIHFEL WD,

RIS, RENDORRELE L TORRE L TBFEIBEFUEBROIDICHE
HThHbreEZ LML, REEDHEIMI L o TEWORME TOMIT B 74 i E R
PEL Y, SO EEMBEHEER LRI THREKIEBS L TEYIRY ALE
PEHZONS LHFEN S, FHRIIRETIIH 505, #E5 Isepamicin D E FEHI
D ARREZDERIIBIT 5 FYRTEE DREFELZ AR Fig3-13 1TRT,
MAEBICITEDOHENTRD b, RIEEHIKE W ITE Isepamicin DELY) AR K DI,
BFBIEPRENT VDS, o TT7 I /7Y 2y FREWE 2 HHT 58I,
THLREELEHBRLTB ZEPEEBBORTEN THA ), H L., FIRFGF
V=T RFRF OFRIARFEROEBH 2 EE I LD L W) HMEDP L INT
WETDEBEPLETHY ., F-IhUNOFRFOHBETH, BlFEOEIMIE
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Fig. 3-13. Decrease of the
4000 o luminal uptake of [“Cl-
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HRETHb, o THATRELEMEELDOTIE R L., HETOZREET S
TERPATTH LI EREHLTBEV, DEO LD &, SRES A-MBICE
D73/ 7 ay FRAEWEOBKRFER R, BEFAVLL T 2EH0HKYS
HECETOEEZ MR AZTTEORWEATBRTE2TREM LR L T3,

TET7 I /7N 2y FRAEWEOEZML, B TXA LT YRR T A
NRIXVBHANELT 2 2 RFEWEOHRICL > THITETH 5 & OFHEH
RENTVWBEPO, BROZ LLhS EEMBPICBIT2 0L ) 2t AWEOE
BWEROZRVLETIRD 205, CHHLRBELIFABHLETAZ LIZL-TT
3703V FR\EWE L OB CTRABEZER VT 272012, BREATHOT I/
)2y FRYUVEWE E FEMBRE OMEER IS, B AL BRUERE
PETLCEBUEIBRTIONLBbNS,

EZAT, ENRMEO LEMBESESTI /) 7Y ad FRIAAWE PR Y
RG7DZFIT, T LB ABEETRBR TWD L dELIT{ v, K% EHH
BID7: 0 DA RIGR TREBINLHER ., KYEWE SMEN~EIZhTLE)
EEZLDOFEHRTHS ), FITRETIIERMICHELET S IO XD LR
MERICOVWTHRITEMZ 5,
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F28f 7T/ aY FRUEYEOEERBRBREORN

2-a TPI/7U3Y FRAEMEOEFEHLBEBITH

IEALRAE £ IR OSE § 24 2 Bk ki3, RAREFOAEREL —
EIRD7DI, BV ELWEEZRE LA LELRDOHRET A BETH 5,
WoT, TI/ 7V ay FRVIEWED & ) 2EGEE ICEEBRRL 2 WIRYE
DIzHOEEFEHED, ZOLEMRICTRFED - T2 LIdELHEV, £ 2 TRE
TR, COBERERTOT I/ 7Y ay FRAEMEYWO ) AL RS £HAT
EDL)LBEERHES TVREOPHALPIZT 5O EITREEMR 72,

9., T/ aY FRAEMED N O FREE2RILEWELT. &
BHFA U HETVERECIBELO TEA L, $7:7 3/ 7)) a3 FRIEWE
DERERBREZOEZRILEW L VO BANLL T I /¥ TH 5 Glucosamine % £
NEHWT, BFEME O Tobramycin BLY) AAHKIZ Z D 2 BEOALEW A RIZT T HER)
BERSF L7, FOER, Tobramycin DE) AAFIZ I b DfbEHTHRIZL -
TORELZT T, WLEWICIBHEEARD bz do /2 (Table3-5), D7
DEERIFFAET 5 Tobramycin D) ALEEIL, 7I /7)) a3 FRIEWEIC
RENLEETHLLEIOND,

KiT, ERBERREZFNEE 1 HOFELHWTpHS L EDO T IV A1) JRE®
AR E B SMFICEE L. Tobramycin OB FEHEIEL ) ALRICHEN 5 B % FKITR
L7 REH BV TERETDAEBEBIER~ — P WH Inulin OZEE)ICEALIZFED
5N Ao 72hS, Tobramycin D& HEHIEL Y 3A A3 K UF MTTu Ratio (213 H B2 @A S
8 b 72 (Table 3-5) Tobramycin DEE I pKa=7.18 L FHEP SN TBY), 7
Vi) REBREG TERSTORMBEICBIAFERIEELVHEVDIDOLEZRDL
Nd, &) LG FOETEURDETHMER ETOMEEHOBL ZEL, &
EVHHE SN TR RARDBINL B o TR0 2D TH A9, > TEYTF
DFOEBMH, BiEBEOSTTRRCEELRELRLL TR LEEZLI LN
TE&D, SOOI LEWEAREEL OMEEAP B ERNLEETH LI LERT
KR, BIEBEEINTVIVCOPDERBERLFL DD TH o 12153159,

BT, WD 1 EDEEM%ZFHFDH 2455 TEA R Glucosamine (I HER R %
RGP oll E2ERTH L. TOWMEBEIIEL L EEMOFE TEY L RE
LTWwaEidEZ# W, T/ Neomycin DL HIZT7 I /I HFLUMIEICARY b —
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Table 3-5 Effects of non-aminoglycoside compounds and urine alkalinization
on the luminal uptake of ["Hltobramycin. Each of tetraethylammonium and
glucosamine was dissolved in the injection solution at the concentration of 100mM. The
alkainization, in which urinary pH increases to 8 and more, is prepared by the addition of
NaHCO, in the perfusate. The luminal uptake of *H]tobramycin in the control study was

324 +£2.1%.
Compounds injected simultaneously
Tetracthylammonium  Glucosamine Alkalinization

[’H]tobramycin

Luminal uptake (%) 279 + 15 308 + 2.0 219 + 2.3%%*

MTTv Ratio 1.28 + 0.08 120+ 0.04 1.13+ 0.02

MTTu Ratio 1.21 £ 0.02 1.19+ 0.02 1.09 £ 0.03%%**
PFR (mL/min) 428 + 0.46 495+ 037 421+ 0.50
GFR (mL/min) 0.54 = 0.03 051+ 0.07 043+ 0.05
Glucose reabsorption (%) 976t 1.1 959+ 23 9131 54

ABFDBERE LTHEDD DR, Isepamicin X Arbekacin D & ) ICRWHEISHZ AL T
WahoRhE, ALT7I/Z)ay FRIAEWEOFIC bRRA LG T REERH 72
bDVHBIERS, BERYDH L —EDTTHEELTIRL V2RO L RV,
oM. BAMIERRY L ORE>OEERT L L, BEATOT7I/ 7Y
Y FREWROMY AA I, FHEHRHZ OBE LBEHOEBH 2 HO I
EEFHLEELOND, HICV A, EMRMEE EEMBORTRIZICFEY 2
OB AL, FFHRCEROLEWN AT HEMNYHEBRIT 5720
DEETHH LHEREIND,

2-b ENFER/NVHEOEXEE L ORE
DL, BEMCBIAT I/ )Y FRTEWEDOR Y AAEEL,
EHOEBH» HOWEOBRIEECTHLEELOND, (o TINDL) RHHE
PEOEANYWEOBEBERIL, IS T I/ S 3y FRIEWEOE
BRI ENE) b EEY 5 500RNA I EICL o T, HA SO EBENERE
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RWZE DNz D 5,

TI/Z)a Y FRVAEYE I EEMBIZID AT MR VY —AIlE
BiaZ Mo TBY, i Gentamicin DEHBHNEH BT+ - T T F T 5
T AL o TR LAREOTIE, APEWE D) VY - LA EBIEL—ED
FBIIAD L) ICBRENT WS, I ZUDITRMERTFEIRIC—ARICHES LER
Gentamicin {3, B & & IC—EDTMICET ), RHITHIEO/NMIANID) A
Thd, ELTINLDPMEREVIZEE L, &R VY- ANERET B4
R. Gentamicin 73 V'V — APNBREINDL L ITh D, TD L) HEY AL EFRE
B, BFETAUTORGFES V3 EORMEBRINERICIHES ITEBL Tw
BP0, HRIERAIEIC & o TIRMIE~FRES WESFE S V37 KX, R
#E LR HIBZ T endocytosis & TN A B THIRNE NG, FOBI PV —AL
SN BRI AT, RATY VYV — A% SNTIAGBERZT, 7
IVBLUANNVICETHBEINED, 05 Vs OB IS BT
BUPELS, TNV —AEERERA MR L IIR ) . HEL S
BEPNETEDDTIILVEEZEZLNTWARI®®, = L ) 2BRE E O EH
FETAIEDL, ETERGFESY VN ENTI VI 3y FRIMEWE OB
BICRIZYHECRFTAILEL, TDL) RS NI HELTH 14,400 DFF
E %D Lysozyme & a-Lactalbumin 2 i\ 5 Z &2 L7z,

G FIC Lysozyme 21T 2 & CRIKRSER BT o R, Zi
Tobramycin D& FERIR ) AAARITEADT 5 Z E AR ENT2(Table3-6), T4 /87
HOBRPHER THSH I — FEER'OTERBTLALEL 7254125, Tobramycin
DR AHIHH S NI FIRLIEDFESY ¥/ B L HHUD AL HERRIZ
FE7 Isepamicin * A W 7- BEX S EERICB W T HER SN2 (Table 3-6) DL 9 7%
BRIREINI=ZERL, T I/ 7)) 3y FRIEWE ORMENTOREENL, &
TFES YNV BOBRIBE L MEPOBREZHOIDEEZLNE,

RAETDS X7 B OEBIIEN TH % endocytosis (ZHIBIED KIE 2 &AL
LI RIDDTHBH T EDSH, endocytosis 12 & » TIERSFESY /32 EOERK
PAERIAITO R TV EHE T, MREREOL WE RS2 hEIHICELL T
WBELDEEZOLNL, FLTIDEILEHTTTI /7Y 3y FRIEWED
REWEH 2RI LGS, FOXHMEPOLENHENLbOL FEEIND, .
Z DB RIT Lysozyme & 5 1T o-Lactalbumin % F O ERBICHEFIE T, b
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Table 3-6 Effects of lysozyme and other compounds on the luminal uptake of
aminoglycoside. Lysozyme was dissolved only in the injection solution which contained
radiolabeled aminoglycoside, and a SOUL-bolus administration into the renal artery was
performed. The protein reabsorption inhibitor, iodoacetic acid (IAA) was dissolved in the
perfusate at the concentration of 10mM.

Tobramycin
Luminal uptake (%) MTTu Ratio
Control 324 29 1.15 = 0.03
+ Lysozyme 11.05 1.21
TAA treatment 5.4 1.11
Isepamicin
Luminal uptake (%) MTTu Ratio
Control 264 + 3.1 1.12 = 0.03
+ Lysozyme 192 + 2.9% 102 + 0.03*
+ a-Lactalbumin 123 +  0.9%* 1.09 = 0.05

DY UNRIEVRECEBINERMENIN RO EERBZREL. TORMFTT 3
J 7 ay FRYEWMEOBEER 2R L7

100uM Lysozyme D EFEERTRY b M/ HRIH 72 £Z7% Tobramycin O it i i
A Fig3-14 2R To SOEMAITBEVTY— HH Inulin DEFEHOLLIIRD 5
N7z Ao 72A5, Tobramycin DSREMME BRI K E (BT A LAREN, T2
IN% KM L CMTTuRatio bZE L KEREE o7z, BEZER ] 5 DEDHE
fE% b L ITEHE L7 EE# Tobramycin NB D AL HK & MTTu Ratio & DR % BEIC
Bon-HEMEERT Fig3-1510R T, 40E L NMERH S PI24 E TOMEMA
LIIRLoTBY., L Tlysozyme EHRETFT CIIRMYALEL ) D LEAMEL O
HEERAPZLLGELTWAZ b H 5, Lysozyme (2 & AHEVEADITTHERIR
¥ ) MTTu Ratio DIEIENFi3. EF T DLysozymei@ED LR & & b IZHEIMT %
HEIRIZ & o 72 (Fig.3-16)o % 72 Isepamicin 3 UIZ Arbekacin D7 I/ 7Y 3 ¥ K&
FUEWE OESRE R W Th, 2O X9 % MTTu Ratio S INIFIMRICEREZE S
72(Fig.3-16)0 WINDT I/ 7 3¥ FRFAWRICB TS, T ORFRMTE L B
MBI O o7,

73



257 0.0147
A B
0.012
20
'—E‘ 5 0010}
< g
Y 1.5t °
S 2 0.008+
[ o
2 3,
% 1o} E m
s
£ 8
L, 0.0041
ost
0.002}
0.0¢
_ ‘ ‘ . . 0000t ‘ - ‘
0 5 10 15 20 25 30 0 5 10 15
Time (sec) Time (min)

Fig. 3-14. Typical venous (panel A) and urinary (panel B) outflow profiles of
[’Hltobramycin (®) and [*Clinulin (O). These profiles were given in the steady-state experiment
in which lysozyme was dissolved in the perfusate at the concentration of 100uM, and a 50puL of
the injection solution of [3H]tobramycin (7.4uM) was administered in the same way described
previously. The MTTu Ratio was increased to 2.2 + 0.1 from the control value 1.2 + 0.0. There
were not any detectable changes in the [**Clinulin profiles.

50.0 -
O
a
[
4 a
40.0 ¢ o o
[ ]
9
\; O ® A
g 30.0 °o®
o [ ]
= .
=
g 200J »
VT [ ]
& a
Yy
10.0 +
v
o
by
0.0 A v I } 4— U U S |
0.8 1.0 1.2 14 1.6 1.8 2.0 22 24

MTTu Ratio

Fig. 3-15. Relationship between the luminal uptake of ’Hltobramycin and its MTTu
Ratio was shown, figure 3-7 being overlaid. The data obtained from the steady-state
experiments in which lysozyme was dissolved in the perfusate at the concentration of 1, 10, and
100uM were indicated by O,A, and [, respectively. To avoid the jumble, all data from the
inhibitory study were indicated by the same symbol V . See also the legend of figure 3-7.
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Fig. 3-16. Effect of lysozyme on MTTu Ratio of aminoglycoside antibiotics in
the isolated perfused rat kidney. The concentration (UM) at which lysozyme was
dissolved in the perfusate was indicated at the bottom of the closed column. The control
value for each aminoglycoside was shown by the open column. In the control study,
tobramycin, isepamicin, and arbekacin were dissolved in the injection solution at the
concentration of 7.4uM, 0.1mM, and 10mM, respectively.

Table 3-7 Effects of low molecular weight compounds on the luminal uptake of
[“Clisepamicin in the stead-state study. Each of compounds described below was
dissolved in the perfusate and the injection solution at the concentration of 100uM.

Luminal uptake (%) MTTu Ratio
Control 264 £ 3.1 1.12 £ 0.03
+ Lysozyme 245 £ 1.7 1.41 +  0.10%%**
+ a-Lactalbumin 152 £+ 2.5% 1.12 = 0.04
+ Tobramycin 133 + 0.8* 1.07 = 0.01

—H. bHI—2DESTTFESY /N HETHAH o-Lactalbumin 73/ ) 3
FRITEWE B & (Tobramycin) 2 [F U  BEBE R ICHEFSEEEEHBH T, EE
D & 9 7 MTTu Ratio DIEIMNEFRD B Z L I3 T & & H o 72(Table 3-7)o
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2-c =8

RS CICBRAEICTI /7)) ad FRIAEWE OB A BESFAET
BZERRL, FLTINFELLZHMBITTRRZNZEERBL TE /2, KH
TIRINITMR T, ZORY) ALEELEDEOMEERIZOWTIRF L, EY5
FOROEFEUVEETH V200 bR ICIEEFE2E T A2 TEREE S L2V
TERRLTEZ, LOLAERKICESTT I/ 7 3y FRIAEWE INEEYE
Thh, TNETRDRAGDETOBERETH L LIIF 21T\,

AFEERIZ BT, Tobramycin X Isepamicin DEX ) AAA KRN BT FES
> 7327 & Lysozyme ®° o-Lactalbumin (2 & o TRHESIN/2Z Lid, ZOERIIITT S
BEXRTOIDOTH A9, RMELFEMIZICIE, RERERAIC L o TRMAE~HRI
SNTHNRABDERGTFES v N H2HRINT 2BEF Do Twa I LAHLN
TBY. ELTT7 I/ 7)Y FROUAWHER, BOFES VY7 E L LTEEM
FAllBo TREBINAZ LT Lo TN R INTHWCDTHA ), £ L TIDFHRE
Bit, 73703V FRAAWEFZOSTPHEEOEBHYET 5 2 & 49K
HThareEZLLNS,

TlX, 208 U3 BERPEEONE - FEERFHI L0 L) 2dbon
DTHA ) Mo Lysozyme DEF S TRD 5 L7 Tobramycin DBEEEH DO LD 5,
FOUEDO—H 2 EMRAZ L5TEE) Thb, LEMED S /37 BEOBRIX
USRI O TRE) - FAA % & B %2 9 receptor non-mediated endocytosis TH 5 & & z
LRTWAE, SRABDLN2T I/ 7 3y FRIAWEOBEEHOEILIZ. &
FEHEIZBWTHRAENKEICED AT N7 Lysozyme 2 BIRINT 5 7-%, LM
DendocytosisHIERIIC 2 D1, FLTZ ORETOMPENOLELAS LEMILE 73
7)Y FRVEWEE OMEERICEEL, IUPRIBHKEOEILE 2o TH
N1zDTHA 9, HEEHOKREBHIENLL TW5BE L) Z Lid, Fig3- 15T ) Ak
LY b MTTuRatio DB L Y RELRDBDTH LI ENLVHEBETE 5,

%@mthwmmwu%ﬁﬁ%MQK%OEEﬁyyﬂygﬁiéozm
NI BEIEEHFIILL ML TV EBRTH > T, MEMBEDOL RS T
FICXWT DNK G EER 2 A T ACORBIERAEZRL, COLOEEEERICES
SNTHRTHEHIN TS, $720 ) —F Da-Lactalbumin {¥, <D Lysozyme |2
FHICLCEM LA PICELRONE I VNI ETHD, ThHD, EHITH
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FEH 14,400 DIESTFESY V757 B T A Lysozyme & o-Lactalbumin (3, 7 I /&R
BEFICBNTH 40% OHEAELRL., BICUBBEEICBWTHBVEUELHE LT
WA, LA L o-Lactalbumin i $FESZ 4.5 [CHROBUESY VI ETHH120,
PHH 12 DERBHTIX, CO22005 YR EREVICERMOEREH T 5,
Lysozyme? £ fF EE& TFR® & 17 Isepamicin  MTTu Ratio D ZE{tA%, a-Lactalbumin
DEFRHTROLN o2 id, MY YNV HADOREOEMIERT 50 TH
59, BT Lysozyme LBl UEEBOILEEHF* BT AEEEMETH-Td, FT&E
#J 470 @ Tobramycin (Z D4FE L Lysozyme @ 1/30 TH 5) * EHEMETHW
BAECREROEDVTREOL N 2h ool b 2EZHE, TNEH L FTHADE
THLZHDOTE LRV, BROEEHEA L. B2, »5BEOSFELFOLW
YT ED, ZOF N EBREIERICERIN LR THLEEZLND,

AETITo1RE 2B LT, 73/ 7 2y FRIAEWEOBEEEBE I,
RMECHFET 55 N7 HOBRIBEBFR A D> TR H I L2 M ORET 5
HMREEDC LATEL, BERORBUSMOMPTITRAEO & 2 EWBITEH
DI T, EWOMBAREPEERS L OMBEEROBEAL &, B bR
HPBETHD, LPLEH SAEBEL RIS N EYRATER L 2 OWEIC T
PHREEIC, ABECOMAIRRL T THL D o RBEHT I/ /Y3y
FRUUEWELZ LV DRV CBRERL TV (ODBEL L5186 T, £
EEMBEIERHOML IR S 2L 2HIF L2V,
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DE3E6HE Y, EYWEREMITFEL L TOBPBRERERRORE
SZOWTHER, FAAFEZHCWTRE SNHRICE S XEYO BHEXFE L
WLTEL, UTICEHRLELTINEZED 5,

FIE HHEEREBRROMEL

270V RMERTAVMALRHELBELROTORBLNINIIBNT,
RAE £ DS 0B O Sk EATIATICARRE L. M IR TWERIZD
W, RETSICREPIT LR TVE L IEVEY, FXTITRDIC. BB
BLANIIBIT 2EWEBCST AT ROHEL L RAA T, FOMR. FR1OKE
HFEH1020%TEHE L2 EREOMEHE I L » TS~ OBZEMAEEEED. &
PSR TR IR AN BT, BRICBI 2 KRG +o2EEEODb LT
RN TRE L BERERR YL TLAIZ LN TE, T, BELEEETVE
BET AL EYORBREFUELIBET 572012, 7 NVIHEKAFNFFEET
HBHE—X Y NELEEETCGER Lz, b, EYE ERBTOTEHRICEERS
L2z 5 N 2 BIRBITR I BAR D & . OB IRA T EERHAMITV B TE,
TEPE I ARBBEAOIIETH A4 X Y ORBHEEES L), MEH»L L
BEAIRBICELD A F N7 BY IR EEANTH I NS T TICET HEH, 2L
FEAR T @B [ Teell DYEHTRELR I L2 RE L, L THADERSHE T,
MTTvOHER & ) ERMIMENICFEET 2 EWMEROME L. 72 Teell DEAL
$ ) RMERTFREOEYHEFELTFMTE LI L E2R L. L EOERRDORHE
ML D RAELEMEOREKE. RF&EEE V) 2BEORE2IN LI2EYOR
M BE L. BV OV TEHMEMITTA Z LI LD THEEL o7,

EIE ABA T O UEYOBEBEOBAT

ZLOEWIMBEHTAA VRL LTHFELTRD ZEDS, HIETHEYL
LB BERERRETHWT, A8 F 4 ¥ Tetraethylammonium 3 FIZHHET =

78



%+ ~ p-Aminohippurate @ 2 FEEDETNVEY X AV, BOREBRL NVIIBITAHI N
LOEE)EMTTV, Teell DW/NT A —F LIRFPHPEEFRL S & BT LIz, £OFER,
TR ORFENE TG EDOEMIME > TR L, ENETNBMBRLET L8
EBEICL VRHAESWEZIT 5 Z LR &Nz,  /zTetracthylammonium D JK F
BEISRpH E R GG TE L B EN BT, FLTIDE X Teell BEET S
EEBOIZ, TNEEEMAREBTEETOEDBEREISHEI A TVE I L 2R
THDOTHY), BABRTHRESINTWA AR I F 4 v Eko 70 b v HEEEN
LEK—HTHERERTHo. COL)LEDRSZLARNVTH LEMBEERO
O by AR, BRI T4+ Y FUEBOBEELRTFL L o TWEIEEHLPICT
AT ENTE,

RICERBL EYHEst s OBBREHELPICT 2R AL LT, ERMICERE
ELERLIGKBBETNI Y PP OBEFERREEBEL T, LERETVEYOEF
EBEBFT Lz, MEWOR bRt E D ICBREDET - THBITHI
DHEER S L7225, MTTv, Teell BV TREMEE AREZT ML AL 2A, ART =
F VEROBA . MEMOEYEERTEICEEIN, BIFEER O 5 WEEE LT,
EHBRZT W LIRS N, —HERLF A+ OEEIE, MERORXRE
BT, BRI FRBEROBAREIELCETIAZESRABE I, BLELY,
BIRBEICBVWTAHBT =4 Ve A F 4 v TR 2R B2l - TEHEAEDSIRET
LTWSZERHALPE L o7z, ZFLTT =4 U UEYOBFIRRICE VW TIZ, ME
25 ERMEAANOEYOR ) AHABRIERER IS 2D, —FhF4 HE
MDY, EEMBEAD SEENNO SWBEREITERE R ) BEEEERT S
EOHEEINTZ,

FBHE 737937 FRUAEWEOSTERBBEICET 2Kt

BHBERERRZAVWT, ZOBFEUSBRELTUTMEL 2273/
J)ay FRLEWE OBEE) % Tobramycin 2 € TFIWVIZEBIT L 72, FOREHE,
Tobramycin DI AARIIEBEMTOLITONLZ LR EIN, /220D AAK
BREZBEIEEETLI LR, TI /7)) 3 FRPAWEIIMEEIZ ZORD AL
BREYHETAIEPFHLPE o720 BIZK pH EAEHAHT Tobramycin D HLY 1A
HERPPLLI DO, BT FOROLEEFMHIMY) ALOBRIIERTHAZ L
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AR ENSZ, L L. BES F4 >~ THAH Tetraethylammonium 7 I / BED
Glucosamine IZIFB R Z B L TWAIZd 0 H 5T, Tobramycin DY A& 239
HIAEFEE RS ol SHIZEEBESFESY /%7 & Lysozyme 257 %/
FY a2y FRUEWEOEREHICS A 5B R L2 LA, ARKGERTT
I/70 3T FRUEWEOR ) AAPEHH I NSE%H, BEEOKE 2B EE
XN, SRHOHRB I, 7I 7)oy FREWEOBERM X, BHENI
FETHEGTFES YN BOBFRPHEF L FHICERL TV A DL HEEINT,

Db, Z2HIETRBOBENIFH S EBBIELREL . BWES OFM L BN
PHRE LB ERERRL B L, FLTEREYHWTERAF Y HEEYOE
EE 2 RET L. RpHRREL EEYBEEGOLFHRF 2 HEL XNV ITBWTEEN
CHOPIC L, E5IZT73I /7)) 3y FRVIEYWEO BRI L EREIVERA D
LOBMELEBET AN ARIIIEICZEERZRL, FAOEFHIEELRIZTH
FIZDOWTHIHLPICTAHZ EATTE, RFETHEDSL NERIT. BEYWORHEM
BEEr FEMBOBEREEBICESVTENTL, FL-250EYEHELFHT 5 L
T, EELEBHMALL22bDLEZ D,
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b ) IZEEA, AL TREHBEHEETCICHIRE TR T LA,
AR RKFERFHHEE -  AHBEFRREABE - BESRKRFERERAHATER
BTE FHAFLEERICEELLIFELHL LTI,

W, REHRE 2 HHIBELE L L IC, AR L2EDOLIIH-VELD
HERZBIIL: ZE— ERAFEFIEE - AHEREEASRICE CH
EBLETEY, IEEOBELLIEF OO T, ZOFRBLHEZE (3w
FLA ARR BURHERRKFEFREE. KR EN EEEMEHAEE
FRBEZIERB LI,

B, MALWEELHETTHE, IL-ERER DAL VERLBEES
CEBERD LA, WORFEFER Ma K B3R, AR REEFR AE #
i BhEdR. RU, WOKRZFEFH FHAHE BEEIIEHLLIT,

BRI DEL2N, KREERIIBLEEE MG LHB 2B L1
&l (IBEH) EZTEL, ABREEL. BAEEF L. HOICHEREAEICL L DR
HOBERZEL, BV LIT,
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FIE MHEEFERERROET

1 BWHERBEOME

4 EE T E 12 Nishiitsutsuji-Uwo & ' O FFEICHE L THE L., F/7-LEEFTIC
BEFOBELXMZ 2o LTICFEEZRT,

Wistar RHEHET » b (240-280g) {Z Pentobarbital (Nembutal®, Abbott Laboratories)
Z 50 mgkg DEEGTETHERICHES T %, FLTHRBTICBWTTERE ) RER
WREERMI T2, FEEE TR L) CEFRIZE> THET 5, FO%RERE
FAOMERZBH ST 5720, BEHEr A TUMERUABRBS: 5 v Mk
NEIEHLTEBCEET 5o RICAHMBMRE L HEL, FRET 5 1% & UIREE %
BRCRBELZR, YSERMRE ICREGAT2EABLTEREFNEEEDL D, 2O
2ERD) LD 1AL RBH[FIETIF, 2 THRELHERT L, BRE~OH =2
V=2 a Y 2BBIIT 52010, REOKRE. HABEIR X Y 10% Mannitol D4
BEIRKER % 0.5 mL/Rat THR5T 5, |

MRERE WV THEERRCIREREL OB TZICI) B 724, TR
Ak & T REIR & 2 BRI SRS A CRBE L, Figd-1 1R T &5 I FAEIRIC
5A (REESD L 3AR, BHEREOZMATL2ER) ORELRLETE, -4
ARICIAR, ZLTRERIRICD 2RKOREREFNZFEL, BEDX S,

Mannitol D512 & o THREPE KT 20 %[F-> T, K 1F L v HUER
72— 7 (PE-10, Becton Dickinson & Co., NJ ) * iR &R EMA L » HBESIRATL $

renal artery

|

—mesenteric Fig. 4-1. Illustration of the
artery vessels around the right kidney

of Wistar male rat. The thick lines

aorta indicate where the vessels and ureter

should be tied. The upper half of
this schema is usually in the shade

of the liver.

vena cava

ureter
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THAL, ) —FHOREATHRECEET . OB, LOBMRESEKICAVE
REXAEBEIRARETHEIV, T/, ZOLEIEOPLRREESREL L 2
FLTB,

BREMICKE 2 BIMASENC & 2R L 725, AARRERR & Y Heparine %
1,000 unit / kg THG L. H N TELHICEBEFRZEET 5. RICTAFHROK D
BEMICEL-RERTHERL, ChExXfhe LTTRERICH T —T IV (OD
20mm,ID0.8mm) AT %o HF— T NOREFIEEHERMITHOTA L
AT —TIVONERRDI R, BIRICELZRD SEOREGRD) LREREAD 2
KEAWTIOBRY T —FVEEET %,

RICHETTREE TR S N-BR Y 7 — 7 )V (20G needle, Terumo ) % BER 2
BAT 5, TTHBEBEHRICET SN2 RKOBEELRD ) BAMIO 1 B2 HERL.
BICKERE COBEROB OBEEEIR L 7 7~ ANV THRAMEL LD 5D, HV
THREFBRLIBEATIRHAL LT, BRI ERERICERSY 7 — T V23
ATAHERBFIZZ TV ANVEBRBIL, BELICRY RS - K7 2/EE) & TEIRM
AERBIFE~FTRT 5 2 & 2 <

Bk Y 7 — 7TV OS%iR k S IREIAR BRI b 0 KBRS TH &,
INEAEEMREON L ) BEIRANEAT 5. ARERANOEAL #ER L 724,
RYRY - Ry TREEPCHAEGL. EREIFRECEL L2 VEBRNTHLEE
DEREELERT 5. £ L CEIRY 7 — 7V BEhiRk &k IR E RS IR (B0 725%
D OBAARTEET 5,

RBCOEHERTEACE T RERTTRERFEEL T, A8z 7 v
FOMBE PO VBET . FOHRELICHEBRL UK. B L. E3CEDPentobarbital
R LBICRESTHILICE T, TEBRYFERLIZIT v FRFET S5,

MR T %, ERERER CRE L ERESREHBEAICINE 5 X ) 1TFERR
LEDSERY RS RY TR FT Do SEHIED 72O LI 3B & B,
F-REOHNLFRTHBIT TREL B I %),

2 BHEE - RO
ERBIEIZEEY—h— (V¥ =) IZARh, EBRHBF37CITRETH L
EBIT, BHFICILDEICHEELTAVAEITEE T A L0 WEI ICEE L 2,
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COVF—NEBRAT—F VIRV ZF LV URERAF -T2 hERL, £
2RI RS - R TEREHFICL TERL, FAEREBAICE, %
REHNETHCRESS, =27 507, 947408~ (BT RAIBMtEY
FNBF 1, NEALZELE) . EREHER OKEERDY., HERIFALIE %2 58
MAYFEE (F4 ARV VEERASE Ly MEEAV I, JMS KFERE) %
RE L, EHNERIE—DEARTIT2 V., BEREABL#RE LE2HTY
W—NICEATEERTOERIIT b LD o7,

3 BRAOAN
(1) REFROBBEDOAN

Freee Ml OGIRmE W) TRIESZH VY TRE L2, 3,000 rpm x
Smin, 4°C DEHTE-LEITV., F0OHO EELZHMRETI/MIE T TEDTT X
UL — Y TR5IBRETH, ML 72RMER & 5 ZFAE L 72 Krebs-Henseleit
Bicarbonate Buffer Solution (KHBB) & % & ZiIBE L. T 212 4 unitymL @ Heparin
»HEMLT, BEENT S, FORBULESMTELTEEZITR) . COBES
EH4EBYEY C &I & )4 HRMER% 3k L 72c KHBB DO#LIZ Table 4-1 127K,

Table 4-1 The composition of Krebs-Henseleit's Bicarbonate Buffer Solution

NaCl 115 mM
KCl 4.7 mM
CaCl, 25 mM
KH,PO, 1.2 mM
MgSO, 1.2 mM
NaHCO, 25 mM

(2) OREHREDAH
M ERAEH 500mL (FERERIE T (95% O, + 5% CO, ) 2BV TRD & ) 12 FIE
AL 72 BERMERE 160mL 12, —BHEN L7214% 7V 7 3 DKHBB &,
KHBB, Glucose # £ 111 170mL, 170mL, 0.43g JN 2 CEMICEERML, KT
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EEH AT V7 7 4)VF — (Nipro) 2 W2 8B 24T » TIMEBEEB L L7z, oM
BB RIEIZKRD (3) LBV,
(3) BRADRN

MERFEI 475mL (Z 8FED 7 I /BR. Creatinine, Mannitol Z7{ML., £E%
500mL \[CFAB L CEBRTHATHERBE L, Ba 2 LIS Table 4-2 12
RLUT20 BIZCOEREIIC, B BEWTOES Inulin EZHELVEESIIRZL LI
FEFEFR Inulin 2R 7, EFREERZATHIBICIE, BIZIRIIMA T, 5%
HOEWBREFEREFOEYBELEL (LB LH T, ZOEYL EREIZRM
L 72 Mannitol% Bg < MBI T XTHEBEIC L. AV T TV - 7 4% —(0.22um,
Millipore) % A\ TIRE L AT 2 o 72 TR BE AT L 72,

Table 4-2 The basic composition of the perfusate

Bovine Erythrocyte 10-20  viv%
BSA 5 %

Amino acids

Methionine 0.5 mM
Alanine 2.0 mM
Glycine 5.0mM
Serine 20 mM
Arginine 1.0 mM
Proline 2.0 mM
Isoleucine 1.0 mM
Aspartic acid 3.0mM
Glucose 5.0mM
Creatinine 0.1 mg/mL
Mannitol 10.0 mg/mL
KHBB ad 500 mL

4 BEROAN
ZEWILIKHBB £ IR L, SNIIHREBESZNEN 5%, 3.5 mg/mL T

%1  EHInulin OBATY ML) ZOMIZR%E A5, 4 HoInulin % B\ 254121 60mg/L, “C-Inulin
PHWLBACII 0mgL BETH D,
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% % X 9|2 BSA U Evans Blue (LA FEB)2 IR 7o F/z, HEWHFIT MY F U AE
BEE 3TkBq KUY — R VEE#E % 3.7 kBq DEA THAESEGEIC, WAV
FlL—arvhory TEHELREEME (N F U LADFEEEL 45%. 37kBq=1x
10°cpm & LCEHE) BN B0, THICESEREBRIOERYBEE L, LER
/NERODOREREIE Y \ZFEAE RS & N 2 T, Tetraethylammonium (TEA) DAL 1mM,
p-Aminohippurate (PAH) D354 13 0.1 mM (ZFAE L 72,

5 MRRGOHE L EREHFORR

VETLRAE X, HEFEDTITIT 120-200 mmHg & SR FEE AT 50-200 pL/min O &iFH
WCINFE Y, BOEREEEHH°5-6 mL/min BEIC2 5 L) ICHAK L, T-THEH
RIS Z 1 FRXA AT Y Y FICERIL . REPFTE DHHICKEI LTS Z
EERBERLIRICERY B Lz, BREITERBBERICERI LT ZKE% B
WTHHE L7z, ERERRDOREBIIMRNOBEEIIMZ TT v MIORTFITELR &
N5, DEBREONT Y INHDI L 2RHRICER TR ILEND S, o
THEEREZ Creatinine DR HHEHRE 2 HE L CRERGBEAEE 2 HE L, B2
NaA—=ZRF YT AR TICKOBIRNE 2 ZRIIMZ T, EBREHVRIFIED
DHEFREEL L7z, TNODMIZERRGRIOR pH R THROBTEER., EITHER
BWONT 7))y MERT NV 7TI ViBEDS ERBICHE L7ze THOPREMEELR
LA, FOERL VELNEIXBITOBICEN L 72,

6 HERAERRUENDEHORKRS

WHRIETH, 200 FHHMEB A, BAE - RIESOERIGEIRE
L7 2R LI L TEYOBEBER RN L 2o F-EWEEKGERDR
BERF Y 2 SRR LTIV T — AR TS Y & A BRNEERHO¥ > 7
EL7ze RpHRIRES 7 — 7 VOB EZRDOHE pH % pH HAERMK ( BTB type,
MR type, 7 FNXV 7 v JRE) 2HWTHE L7z, BICERMIBOR# 2 [, #ER
WE)F—NLDEERBRL AT v MEZBIE L, 2MEOFEHZHEL DE
BIZBUFAAT b2 )y MEE Lz, T3 iR R I B 2588 L7
MBEOEHET EREFMO 1 55 TRLTRDZ, T/—HT, BEFIHERETHRK
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SN BRET Y SVOBB L) FORAICB A EREELRENL T, ERH
D EEREE O BB R S L 7o RIS ERAGE 1 HEICHEL 2o AREREE
BRI ERBEGEHROY F— NhERKE . EREBEMNENCISBEORY V7
JVH®D Creatinine 188 % Hl%E L TKD 72,0

SEAFEIRR T %, EEEIE T O N 2R GERAL & D BAIES S B BRI
~NHEA L. RS SOUL % 25EIX 5 B & IR ERARI A R OSSR ORI B e
Lz EBREIMIZ1 54 & L. RiZ 108, FA8RAENL, R5ERIT 1IBEC,
DUSEERIES 28, 58, 158, 1OLETTH Yy ) Y7 eiThol, Eil
FEICHAVWBREIL, ERETRICERY FELE RS ERVWTFFELL, €0
%20 w9 REVR— P RERAZACTHARL, BRARWEERY v TrE L
Fre BRY Y TVIREFNFNHELASEDER Do TRIBEL Lz, IEER
VRV ILE o ARE (19 50uL) (272 2 WERY ¥ FLic o TR, EBAEKD 5V ILHE
BKEFBEBRM L CHEUHE Lz, RY ¥ 7VEEE T CHRAERF L 2o #IRHAY
v FIVIEEEEL 12,000 rpm x 2 min, 5 WIZEAE WD DIZDW T 3,000 rpm X
10 min DE&AETELL. LiEHS EELT I A< R 20 L TEWERIH
L7 V7Y Y I FORE LA 2 0F 2— 7 (Eppendorf) & H\V2 72,
 BIRETHE R ORMRE RSB, R Y TN 2 THRORYRE T
S#ME%y 1 & L7-{. Bl® Fraction of dose / mL THEIC L 720 FRAEWHHERE L
[E4%(Z Fraction of dose / min T/R L 72,

7 EBE
(1) EREMOEE

[*H]-Inulin, [*C)-Tetraethylammonium, [*C]-p-Aminohippurate DEEITHEMAE Y v
FlL—ayv - -bIuvIrRCTiT 2ol etERMIGAE ST L L, ¥ FL—
SavEY Y TIIVEBUTOL ) CHARL:, /57X <, R BREVR—MR
UBSHEPEEAFR L. &4 50uL 234 TVIZHR LA, THIT 0.5mL @ NCS
tissue solubilaizer (Amersham Laboratories) % 1z TH—%E# E L. JHIC TmL O
vFlL—3av - #25 ) (POPOP 0.5 %, PPO 0.03 % Toluen Solution ) %11 2 "Cll
SEGYTNE Lo SNy 2757 FAY Yy MIEBRRBINCGRRLLTFX
< EBEEK FCCHOT Y FOBIVREABLFEVA - PAVTHIE L
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FohbidRic, 79X, R, XEVA-MORY U SVEOr U F TR
EEHPEL, (DX THEMREFPEMBICG 2 HEER, EBBLLAER LIV F
YT EDBEBRIIET A FRIRE 2T R o T, FERIIHTIHERBZER L7,
WL FL—ary - horvIRT TNV Y IUTERLR, BIb g A
VEF—BeVETZ M) FULHEDDDEL L, FNINBIANVF—DIDITH —
ﬁym%wémtbf%MLtoit:@%%ﬂ—ﬁym%wmmqumﬂﬁﬁ
MIFOALY VTREINGZD, FOI— KRV EBIMLEWORE T TIVL VY
THEL, COHFEIZP)FIAL VI THEIND RROEAZKRD T I D spill
over IZXI T R IERE L RO/, HY ¥V TIVOREEIX Z DETHIE L,
(2) EBOEE
10uL F7213 S0uL D77 X< ¥ 7IVICHERK 1 mL 22 72, 610 nm O
G = JE L7z,
(3) Creatinine DER
TNVAY - €7 L— MEICL D FEE S 520 nm ORIEE 28E L7,
TIRXRH Y TVOEE, 02mLDY TV, BEK, ¥V AT VB
MU A (10%). 238 EDHEEE £ 0.6mL,0.2mL,0.4mL HIZ THEZEL, 10
TEOZERA ¥ F 2= 3 YO, 12,000 rpm x 10 min DFEL%FT% o T LES
WL 720 SO EE% Creatinine EER M L 72,
(4) Ja—=, FRUTLEVICTIVTIOFER
TVIA—AEIZBELTEITFROT7T vy L F v b (0- VAT ¥ - 13 BEE,
FNVA—=AT AL - Ta—, FHAMELHE) tHAVWE, &4 7udod b)Y va
REET )Y AEE CESEIERT) 2HVTHEL, 7TVT7IVEYaly MR
ok AWV TaERTllE L7,
(5) PAH XHEDORE |
PAH DEREIZBITA2RHEIFEIHE > T, BFERGE O~ 75 7 THl
Bl TTEREREICHELT 0.1 mM PAH 25UERETS v NERE 1 5%
MERL 77 A RRERM L 2o Z2OHES > TV OWRE 275nm 2B HR%
BZHEL. PAH L ZOR#EHWTH S N-acetyl- PAH 2 EE L7 BEHIZ 10%
Methanol - 90% Phosphate buffer (10 mM pH 7.0 with 10 mM Tetrabutylammonium bromide)
& L. #& 1.0mL/min THW/2, % F A4 reversed-phase Chemcosorb 5-ODS-H % i
HL7,
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(6) FROEANDOEMNBITHEDRE
SRk UIEEEY* AV CRKERE 0.1 mM (2% 5 &) ICHEFR B+~ PAH
RIS TEA 2L 5OBDOA v Fax— a3 vyORIGELTERITRV., 185
Nz EERAMRSEOREMEZ FNEND TV b L TROEFRNO EYHTEER T
B2, 2ORKR. MEPOMBRSELRIL 1% UTTHY, BHTZLIID LY
LA
(7) 22NV EXEDRATE
KHBB WO TNV T I ViR 5% O&MT, EWRE 0.1 mM (281} %5 PAH
H N TEA D F 7 EAHEL | BRLEW 2 B BiNEEEIC L V#lE L 72
ENH YV | mL % Micropartition System, YMT-membrane (Amicon) (Z#/H L. =
BT 1500 rpm x 10min DFELREZ T & 12 & o T, AR VFHEEETEH 2 1F.
MEDEYWROHELBEL 2

8 &

[*H]-Inuline (104 GBg/mmol) {& New England Nuclear (Boston, MA) & ), ["*C]-
PAH (2.13 GBg/mmol) # & ¥ [“C]-TEA (137 MBg/mmol) i3 Amersham Laboratories
(Buckinghamshire, UK.) & DA L7z, 77 3~ (fi3E) (3 Bovine Serum Albumin
(LU FBSA) # vy, Zhid Organon Teknika (Boxtel, Holland) Db D EEH L7z, £
7= Heparine (1000unit/mL) (I/NE - /KA Y FA M) —DbDERH Wz, ZOMDE
HEIITRTE R, ELRIVEMHEOLORFRALA, BT, RERIRFIIREHY
ZWVRRY AR E RV,

9 F—2BEMECICHETLE

EERFERIL Mean+ SE. TER L7, METMARERDHINEAT R - 1211
Student t-test ¥ VTR L, ERE 5% UT2UTEELEH ) LHE L. AEE
CBT AERE P RIS * HVWT, JRELEOENED *p<0.05, **p<0.01,
#kxp<(),005, ¥***p<0,001 & HK—MITER L,
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FUE AR TV ERY O EBEORBT

1 EHERBOBE
E1E (El) CH¥LL, DTHICEENLZWIERY | EBRFEITTTES
IZPEo 720

2 BHRAOAN
(1) BRADORN
AEEL1H 1 -a OFBKFHEORE, TICKEE 2HOBEEROEYE
BIORETICBNTIR, FI1EOI L TERBOFARZITo72. F1H1-bDE
WERMEICBIT DERERTIE, ERETOIFER TEA H 53 PAH OBE S
BBRPLEEFELL RS L) IC, BILTEY I HEERE 0.1 mM KRME N5 L) I,
ERBEFDOEMEDORKBRELERET LI LR IRAERAEL T,
(2) R pH DR
REREBE DM (BRYEAL) X EEEOERB AR LK, B2 415 0 ~
BRZKFEF F ) U A NaH,PO, K&EWE TmL HRML72d DR W72,
REEEEORL (TVh)1b) 3 EROEBRELHARL 2R, 59D REKE
F MY 7 A NaHCO, KiE#% 7 mL mML72d D &AW, ThoDRMERIL.
FOFEME o TEFED pH LB L 2\ & 512, F¥ KHBB DFEEHRERHRETL
T®RE L7

3 BEBOAN

BEHWIIERBEIEDO4 IR THB L, $/-F 18 1-bTik TEA $ 53
Vi PAH DR SEBTBREI 01 mM %5 &) ICHARL -, E2H0a%ix5E
ERTid TEA, PAH D5 WP EEIZFNFN ImM, 0.1mM IZFRB L 72,

4 EBRIVEREET v FOMER
Uranyl Nitrate ® 10 mg/mL B EHEKABRZFHEL, 7 v PEBWETICZ
Z 10 mg/kg DAETHRG L TEEELZELE L2, SR, 205 v F2HWT
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RENEERR L BET 2R L VBB L Tk, CORORFPICRBLL 18
WP S HOBL | X EORHRIC | BEREOREND D, I 2BITEEEOMAH
PEERTIC SN BRES v b OAESR LV LRI L, BEEOETEIERET

57O BHEEDIRETSH 5 M PIREEE BUN & [LF Creatinine ##BE D W%E I L 720

5 EBE
(1) OFREZRDEE
REREDEEIL diacetylmonoximeE £ 4 KDL AV TIT o 72, BB,
diacetylmonoxime 6.0g/L, tiosemicarbazide 0.3g/L D K& 20 mL & 34% ') > E& 100mL
LIRALZ-DOREBEARL, S 20l 22k 3mL Mz, 2 05 MOERIC
L 2 BEBfE0%, RIGEE 540nm TE&Y > TV 2 RfE L7,
(2) mMi& Creatinine D EE

w1ED 7TERZE ® (3) Creatinine DEE I[THEL Tz

6 %
B RO WERE, Rk, RE, ZOMICOVTIHEIEITEL,
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FWE 7I7)al FRIEWEHOBEEEEICRBT HRE

1 HHEBREOME
EIEICEL S,

2 kil - RO

BIED2DEBRUTEREIC, L TFICBRRLZETOXEEMZ 72db0% Hw
2o WTFNDEHRBOBELTHOL LA ELEIE220000THY, HAMBICS
WTY— A WEDOBEEE CHREN LRI RD Ok oz,

FLUBEAE, EROBORTFROUBBREESICT 57-DII8BEBOBHE
Mo 8 THb, TV —NERYRY - R TEDMIZAT Y 2 T4 VT —
(Nipro) * B L., K TOBEZ AV IFTA VARE LT, CRIZEDLWREED T A
YTANEY =3B L, T T v TR L O KRBOLOIZEEL, TE
WHOBRE T+ —F—Tx 7y bHRE Lz, BIEBEFAFHHR L L THESILE
R FOEL yHZER (KPFI9OM, =L M I V) 2 AV HFEZHRA L. BRFUE
g 51l e A

L) ERICEWREH T ILEBT A7 010, 2FERSOBICE L BH5HD
WREEAH LESERE LD 6 IGEDIT 57012, EODYFELHWIHESHR
CHRET. BT 16 (H ERE) 2 B B IS EEE RS * 4R L.

3 BRAOHAN

ERBFIRAT MR FE2BAOR -0 AR LML Lz, TTE
BDEIZRAT Y7 74 NVF — % ERBBEICHRARATZA V54 Vv FROBKFiE
BB ZEML 7, B BSABROPYFNVICOVWTHERL, —BEFEEN
ML 7-8W % FLEE 1.2, 045, 0.22um DAY 75~ - 74 )% — ( Millipore-Filter,
typeRA, HA, GS, Millipore ) Z AW CTIERIEE L7z, F1ED 3 1CHE L 22 B EH
BEICHET L LT LT

$-ERME S, BELIRKELHEET 572012, Mannitol DEE & 5K
RET 1% 26 3% ZEE L7, COERICL Y- HYWEOBRENEN 2T
3B LN o7z,
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IR pH ZEIROEYEFORETIE, FUNED 2OFFEICE L TITR o7

BYFEI VNV BEOBRNEEROE /3 — FEERRIZ, Thi2BREE
10mM THERBICEF IS, BEERICHE L,

EHREEBRCTHER L&D T2 /%7 E I TN Tobramycin 13, HHEKIBE
100pMTEF N TN Z E B ICEF 372, Lysozyme OB A2 13, EICHRKEE
IUMLIOUMICTRAB L - ERBEDHE L 720 EERBICB T2 ERBEIMNERTER
SOERKTIET, COBRBTAVTERINS,

4 BE5ROAN

AEMERTERE THo 727 I /7 a3 FRVUAEWE OREHEREIL, Y
LoThM)F 7 LEBEK, HE2NVEIH—KVEBRTH 12720, < —AIWHEL L
THW: Inulin OBSHEBRFT, RTE27I /70 2y FREWES M) F
LEBBETHLHEIEIA— KT, I— R VEBEDOHEITII MY F7 A TER
SN bDERENERA VT,

FLEIEICBNT, BEWEFHIT Inulin DFEFE ORBOATTHSITHL S
N5 EAREN, EB-albumin OEFHZ LT LOILEL L2 TH LW EHHS
PEBY, IBEEGEFPDEBICLHEBIEET LI LY F Y T2 5 EET
LERDPL, RETT o ERTREKSWHDOEBRELERDFFTD 1.75 mg/mL
L7z, ENTHEBEZAEML-KE 2 BHI, ERFEELZOFRIIIVRSRD
EYEEFOBMELRHENICRZ A LPULETH 7206 Th b,

BEKTER CTORSEIT LRICKEL | EREWICHERED MR THE
BEICHRL 72, ERAEOLLAVTHRETE 2 ZEYORAEN L REIRE X,
Tobramycin 7.4uM, Isepamicin 0.1mM, Arbekacin 10mM TH o> 72, N L DREIIH
ROMTIL—H—@EHL VY bO— VBB L KR L,

AEHEERTIE, BEAEY L 100mM OBRE CIR5HHICF S, 8
L Kanamycin 3 Z DBBEOHK 25K 63 mM DBHE CHEERT2o71, Z
? Kanamycin /&3 Ames TDA Tobramycin assay kit (¥4 V& - =) HW, #ii
HORERBLABHLTHE LMETH S, T 72EYWREFEMH TD Tobramycin D 5
YR REERIBIROTICELTHEL, 7— I BITOBROZERRL L7
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Lysozyme (2 & B2 EFERDZ AL, BREOMB L, H5EHD Lysozyme
BEE 100uM TR EHEHBETH-7DT, FARITRLESEETH LY
10uM TRIERSEBREIT 2 o 72,

BOFES VN EBERIIHER TH 5 E/ 3 — FEEBIZ, EREICOLR
MmyasZeel. BYORBPHRSURCENMT AL 28T L0112, Ihzdk
SWAPiiIdmmL o7z,

5 ZEMEEHORE

BIREIFE D > 7Y 7 - o b avk—IERE L7z, BibE—2X b -
NIGA—=—FDHEMICIIS T E TCOREBETTTTHI720, TOBRETITOF YT
VY7 - FabraVidEkEB)E L. FNLED L 55T TOERMBIGERIZ—
FELTHED, DNFEHFECORCHNE I L L Lz, REFERSO b I VRTFZDM
DFIEIIFEIED 6 IZHEL 72,

FEEBED L HERBORMLEERICB VT, FEEEH Tobramycin D
1 mM ORGHEBEARL, TTIOHRESW S0uL 2 BEOFETEERS Lz, #
LT3 0%%& <d5 5% T4 Tobramycin % & A 7IE 1mM DOBEOHS W HE
REDNBEEG L, 155N AT BERZ 8B L7,

RALEREERR, FTEE 1BV L] EROBAICE. P L —H —#EDTobramycin
CEALRKRSEEEE LB CREKRELH, 308, 347213 5 0%8%I1C
JEAR#& Tobramycin DB 50mM D% 58 S0uL % FRRICIR G L7z SDBPEDY
TYVYT - 7abaANVRPFOMOFIEIITRTEELFEALDDE Lz,

2B, INH 2EDOERIZOVWTIIFHRETH 2 MEEIERL, TRRELE:
FUETERPITLONTERBERMOENP R VNSV EBTFHEN20, EB
BIBE & 1BE LTIT R o 72,

6 ERE
BREYOEEBELE IS VNI BEAEOPUERIEIEDTICHEL 1, 77
Tobramycin D MEIRBITHELZ R LA LA, ZOEIRAERFRUTTH -7,
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7 HE

[’H]-Tobramycin (181GBg/mmol) (¥ Amersham Laboratories (Buckinghamshire,
UK. L hBA L7, 7 [H]-Arbekacin (17.6MBg/mmol) {ZBHIARE (Bk) (Tokyo,
Japan), ¥ 72 [*“C]-Isepamicin (888MBg/mmol) (X3 EEE (Bk) (Shizuoka, Japan) (3
JEALEL) OMIFEIZ L HVIREX N DO EMER L7z, H]-Inuline (13.1GBq/g) KT
[Methoxy-"*C]-Inulin (380-620MBq/g) & New England Nuclear (Boston, MA) & ) AF L
7zo FFERFD Tobramycin, Gentamicin, Neomycin, Kanamycin {3 Sigma Chemical Co.
(St.Louis, MO) Db D EfEA L, F 7-FEEEFE Isepamicin |IEE B A FERR IR ERED, S
frEx i Az, £/ 3 — FEEER R U8 3B1t Lysozyme (refined) I3 Nacalai tesque
(Kyoto, Japan). o-Lactalbumin (Enzymatic Hydrolysate) (& Sigma Chemical Co. & V) €4
FREBALZ, COMEFEERITRTHEREC R LIV EHEDOSDEFERA L2,

8 fWE

FIZE - FHNELORBICBVWT, FMECTIERTRRNEOELE ICERY
BLDLBbNEAYLEZY y MEOETOLBRAIROLN, ZOMEIIH 17% AT
PRULTe WS FEOEEIZE L > T —IWE Inulin OFIRA Y@
MDD bze CODERO—BEOEEIC L ) EYEEEH1ZT 58
DRESIZPET L7012, FIHOERFEEREKE T Inulin X U PAH (0.1mM) D57
HERTEB LA, EBIEOEBTIRFNFI09710.02,748+£094 TH D |
FUEDDNDTIZ057+0.03,58+08 Tholz, DL ICERFELETHED
EREICE D %) ANEROEAS, MEERICHIBREOFEL RITT 20, ME
TOWEEZ EELRT 2BICIREOHESVLETH S,
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Moment Analysis of Drug Disposition in kidney: Transcellular
Transport Kinetics of p-Aminohippurate in the Isolated Perfused Rat
Kidney

Journal of Pharmaceutical Sciences 77: 471-476, 1988

Moment Analysis of Drug Disposition in kidney II: Urine pH
Dependent Tubular Secretion of Tetraethylammonium in the Isolated
Perfused Rat Kidney

Journal of Pharmaceutical Sciences 79: 692-697, 1990

Moment Analysis of Drug Disposition in kidney III: Transport of
p-Aminohippurate and Tetraethylammonium in the Perfused Kidney
Isolated from Uranyl Nitrate-induced Acute Renal Failure Rats

Journal of Pharmaceutical Sciences 79: 249-256, 1990

Renal Handling of Tobramycin in the Isolated Perfused Rat Kidney
Journal of Pharmaceutical Sciences 83: 723-726, 1994
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