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SUMMARY
Objective: The main objectives of this study were to access whether the plasma levels of
uremic toxins (UTs) are predictable in hemodialysis (HD) patients and to investigate the
effects of a variety of UTs on the renal transport of drugs.
Method: Plasma levels of indoxyl sulfate (IS), indoleacetic acid (IA) and 3-carboxy-4-
methyl-5-propyl-2-furanpropionic acid (CMPF) were determined in twenty outpatients
undergoing HD at the Sapporo Higashi Tokushukai Hospital. Correlations among plasma
levels of these three UTs and between their plasma levels and serum creatinine (Scr), blood
urea nitrogen (BUN) or estimated glomerular filtration rate (eGFR) were evaluated.
Binding ratios of IS, 1A and CMPF to human serum albumin (HSA) and their effects on the
pravastatin binding to HSA were also investigated using ultrafiltration method. Moreover,
the effects of various UTs on the uptake of drugs into rat renal cortical slices were
evaluated.
Result: Mean plasma IS levels in HD patients were much greater than plasma CMPF and
IA levels. Although mean plasma IA level before HD was 2.2-fold greater than that of
healthy subjects, its mean plasma levels immediately after HD decreased to similar level of
healthy subjects. Mean plasma level of CMPF before HD was 5.2-fold greater compared
with that of healthy subjects, and the value did not change after HD. When evaluating
correlations between plasma levels of these UTs and laboratory values, good correlations
were obtained between IS and Scr or eGFR. Pravastatin binding to HSA was inhibited
markedly by IS and 1A not by CMPF, indicating that pravastatin binds to site Il on HSA.

IS and IA significantly inhibited the uptake of meropenem (MEPM) and methotrexate

(MTX) into rat renal cortical slices. However, MTX uptake was not affected by MEPM,
implying that different transporters are involved in the uptake of these two anionic drugs.
Biapenem (BIPM) uptake into rat renal cortical slices decreased in the presence of IS, 1A
and CMPF, all substrates of organic anion transporters (OATs). However, methylguanidine
(MG), an inhibitor of organic cation transporters, did not modulate BIPM uptake.
Guanidine (GU) and MG inhibited metformin (MET) uptake, but IS and guanidinosuccinic
acid (GSA) failed to do it. Although creatinine (Cr) significantly inhibited the uptakes of
MEPM, MTX and BIPM, Cr did not influence MET uptake.
Conclusion: It was suggested that IS highly accumulated in HD patients and that plasma IS
levels could be predictable based on Scr or eGFR. UTs are capable of modulating drug
binding to HSA, and affecting the renal transport of drugs. The mechanisms by which UTs
interfere with drug transport are diverse.
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BIPM : biapenem, E 7 R A

BSA : body surface area, A& fifH

BUN : blood urea nitrogen, Ifi. 91 R 3 %2 3%

CKD : chronic kidney disease, 12 & g7

CMPF : 3-carboxy-4-methyl-5-propyl-2-furanpropionic acid, 3- 77 /L 7R &% 2 =4~ A F)L--5-
T -2-7 77 et R

Cr : creatinine, 7 L' 7 F ="

DPBS : Dulbecco’s phosphate buffered saline, % /LX» 2D U - BEFRE IR

eGFR : estimated glomerular filtration rate, #E& RER{A 2 it &

ESRD : end stage renal disease, A HBAR4

GSA : guanidinosuccinic acid, 77 =¥/ a7 g

GU : guanidine, 77 =

HD : hemodialysis, L% HT

HEK293 : human embryonic kidney cell, & I IRR i >kl fa ik

HMG-CoA : 3-hydroxy-3-methylglutaryl coenzyme A, 3-t R ¥ -3-X F /L7 /L2 Y

IVAHE SR A

HPLC : high-performance liquid chromatography, &#iEK7 o~ 77 7 ¢ —

HSA : human serum albumin, & ~iyE7 /L7 I >

IA : indoleacetic acid, A > F— /L kR

IS : indoxyl sulfate, f > R /L fiifig

MATE : multidrug and toxin extrusion protein, Z#|HEH % > X7 &

MDCK : Madin-Darby canine kidney, A X & &M% b 5z ffaik

MEPM : meropenem, A 7R A

MET : metformin, X /L3I >

MG : methylguanidine, 2 F /L7 7 =T

MPP : 1-methyl-4-phenylpyridinium, 1- X F/L-4-7 = =)L B Y =7 A

MRP : multidrug resistance associated protein, Z&#/ifif4: R E# 7 o 3 7 &

5-MTHF : 5-methyltetrahydrofolate, 5- X /L7 b 7 & K o g

MTX : methotrexate, X ~ h L — |

OAT : organic anion transporter, 57 = 74 g s HH K

OATP : organic anion transporting polypeptide, G#§7 =4 > kAR U X7 F K

OCT : organic cation transporter, 1% 77 774 > g s fH K

PAH : p-aminohippuric acid, /X7 7 X / JEJRER

PCG : penicillin G, ~> I _X=1



P-gp : P-glycoprotein, P-§§ % > /37 &

RFC : reduced folate carrier, &yt 7% 3 ik i 105 FH K

Scr : serum creatinine, Iy~ L7 F =

TEA : tetraethylammonium, 7 7 =F /L7 U E=1T A
UTs : uremic toxins, JR#IEME

UV : ultraviolet, 4&4M5
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Fig. 1. Transporters Expressing on Renal Proximal Tubular Cells
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3-Carboxy-4-methyl-5-propyl-2-furanpropionic acid

Fig. 2. Chemical Structures of Indoxyl Sulfate, 3-Indoleacetic Acid and

3-Carboxy-4-Methyl-5-Propyl-2-Furanpropionic Acid Used in This
Study
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FLIE BRAEUN 23993 e Ll BE R oD iR AT R 36 L OV 5 g BR & LTk L T, FTE D
R S T2 CE 2O THI RO EF L EAFRORE OV THHA LT, [FE
DEFELNTBHE 204 (B 104) CEEFEERFES L (Ba4, L14) 2xtgl
Lz, BED D ORMITBHEEE 2 STV, BRI X OB & TEZO MRS 4
mL Z~/3U > AV iM% (Becton Dickinson Co., Franklin Lakes, NJ, USA) (ZH£:Hu#%,
=0 B (2,6009, 5 47, 5°C) L, IMAEEI4y & 15F7-. 15 6407 Mt 50 pl 12 A BRI IR
50 ub BE A K /7 —)b 200 ub ZH0 % CTOKEG T 10 sy MHE Uitk =05 B
(5,350g, 1047,5°C) L, o/ EiEFR O UTSIEBE 2 H11E L=, 728, AHFFEITALIE
RN SR M EE R R OKRBEZG, BIERZ v 7 OO TIZFE L.

3 A FEIIVEREE, A > R—EBRB L WN3-H LR F T -4- X F)L-5-T7'n
ENL-2-T7 T 7a et U BOE R
IS, 1A 3 X OV CMPF O JE & (X3 T HPLC-UV {EIZ Tt BB K JIlE L
o, T DSt % Table LIT/R L7z,



Table 1. HPLC Conditions for UTs Assay

Apparatus : Shimadzu LC-10AS (Shimadzu, Kyoto, Japan)
Detector : Shimadzu SPD-10A (Shimadzu, Kyoto, Japan)

Indoxyl sulfate

Column : Cosmosil 5C1g AR-II (5 «m, 4.6 mmi.d. x 150 mm, Nacalai Tesque Inc., Kyoto,
Japan)

Column temperature : 50°C

Wave length : 280 nm

Mobile phase : 0.05 M KH,PO, : CH;CN =95:5
Flow rate : 1.0 mL/min (retention time : 18 min)

Indoleacetic Acid

Column : Cosmosil 5C1g AR-II (5 «m, 4.6 mmi.d. x 150 mm, Nacalai Tesque Inc., Kyoto,
Japan)

Column temperature : 50°C

Wave length : 282 nm

Mobile phase : 0.05 M KH,PO, :CH;CN =9:1

Flow rate : 0.8 mL/min (retention time : 20 min)

CMPF

Column : Inertsil ODS-3 (5 um, 4.6 mmi.d. x 250 mm, GL Sciences Inc., Toyko, Japan)

Column temperature : 40°C

Wave length : 261 nm

Mobile phase : 0.08 M CH;CO,Na + 1% CH;CO,H (pH 4.5) : CH;CN : CH;CO,H
=65:35:05

Flow rate : 1.0 mL/min (retention time : 13 min)

MAEF UTs 2 EE O RIERE R I%, FHE HEGAZE (mean = S.E), 7o I13HE#E
2 O TR LTz, MBS O@EFTHiE To M UTs IRE DA EZORIEIT
paired t-test (2 C, IMEHNTEE I I O #5RE O AEH UTs RIS LHAE
ZDOMEIL Dunnett test |2 TV, p<005 2 HL - THEEDHY & LT



o3 HT BRI
L A 2 R UEREE OBHTHIRIC IS T 2 4 R A

20 4 D IR ZAT B OZATHIS L ONEHTERZ BT 5 1S O TR E % Fig. 3A
(2, ZHTHTI L ONENTEZ IS 2 i R A % Fig. 3B IZR L7z,

BHTHTO B KAEF L O /IMIE1E 358.4 uM, 8.9 uM, BT O i KIEFR & O/
fE1E 240.9 uM, 6.8 uM T - 7=, IS O I HE PR X BEHTAT 157.9 + 19.9 um, BHT
B 103.8+13.3uM TH Y, MKBHIC LV IS OMBEFERETERICEK T L, —
7, BEEBREICB O T 44 0mEF S IS ITRE ST, D 14 TH 3.8uM
EREER LT,

BATHIR O MAE PR D HH L2 1S OFBTEREZRIZ 32.8+£21% TH - 7=,

A B
400 r 200 - il
Z 300 | 2 150 | }
o [
3 3
»w 200 t @ 100 t i
©
£ £
ki 3
o 100 r al 50
0 0
before after before after
HD HD HD HD

Fig. 3. Plasma Levels (A) and Mean Plasma Levels (B) of Indoxyl Sulfate in
Hemodialysis Patients
Open circles represent the individual data of patients before hemodialysis.
Open squares represent the individual data of patients immediately after
hemodialysis.
Closed circles represent the mean with S.E. (n = 20).
*** pn < 0.001, significantly different from ‘before dialysis’.
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s L.
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B/ IMIEIE 2.6 uM, 1.0 uM T > 7= IA DO FHJ I S i 1T BTRT4.3 £ 0.5 uM, BATE
#%23+0.3uM, FEFEHBRFICHE WV TIZ20£03uM TH o 7o, IADIMBEFEE L, M@
WHEATIC L VABIIRT L, @EiE cB 5 EHmE hEE & ZIFE L UL
(272 o T BATRIEE O ) MAE R R 2 S FH L7 BHTBR 531X 46.6 £ 2.0% T -
7-.
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< c
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before after before after healthy
HD HD HD HD subjects

Fig. 4. Plasma Levels (A) and Mean Plasma Levels (B) of Indoleacetic Acid in
Hemodialysis Patients and Healthy Subjects
Open circles represent the individual data of patients before hemodialysis.
Open squares represent the individual data of patients immediately after
hemodialysis.
Closed circles represent the mean with S.E. (hemodialysis patients: n = 20, healthy
subjects: n =5).
** p < 0.01, significantly different from healthy subjects.
*** < 0.001, significantly different from ‘before dialysis’.
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BT 5 MmAE R

20 4 O MK BT BE OB XL OEITE R IZI 1T 5 CMPF O I i L 4 Fig.
5A I, BT L ONBHTE %, 725 ONCEF RS (IS BT 5 8 MmE P i % Fig.
5B IZ~r LTz,

BT D e KA L O/ IME T 139.1 uM, 29.5 uM TH Y, BITEZICBIT DK
8 L O/ M 1T 155.1 uM, 30.7 uM T o 7o, fEF PR I B WV Tt KR LY
Be/IMETX 18.1 uM, 5.1 uM T - 7=. CMPF O X M i 2 1%, TR 63.0 £ 6.3 uMm,
ZATE %6512 6.7uM TH Y, EFHERFE TIlX120+23uMm Th o7, £7o, ENTHEI
BOMBEFIRENOFEH LB RERIL-3.9 £ 23% TH Y, CMPF [LIMLiEKZETIZ
FoTIEEALERESINRNZ EDBRINTZ.

A B
200 100 ook
‘ **%k
Z 150 | 275
© ‘©
3 3 % {
o 100 | B 50 |
= =
) 3)
® ©
e =
2 50} 3 25
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]
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before after before  after healthy
HD HD HD HD  subjects

Fig. 5. Plasma Levels (A) and Mean Plasma Levels (B) of 3-Carboxy-4-Methyl-5-
Propyl-2-Furanpropionic Acid in Hemodialysis Patients and Healthy Subjects
Open circles represent the individual data of patients before hemodialysis.
Open squares represent the individual data of patients immediately after
hemodialysis.
Closed circles represent the mean with S.E. (hemodialysis patients: n = 20, healthy
subjects: n =5).
*** n < 0.001, significantly different from healthy subjects.
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UTs DIEN~OERORREL, RFT 5 BHRESCEITHIE, £EEREIckoT
RELEHTLHEEZOND. KETOHER KLY, CMPF I LIS D1 #E i
JEIT MBI BE R TOENKE <, CMPF TIXBHTRNC BT D I KIBEE & /N
JEDZENATE IS TIEZ D EN S HIZKE L, FRIBEITR/NEE & g L T 40.3
EEVMEA R LT (Figs. 3 &5). £72, IS OBHTRIIC I T 2 F i #E i1 %, 4 Al
WELZIFEUTs O ThrbEVMEEZ R L, £O—F TR HEIRF 1BV TIL, S
ZH A% OMBFEF NGNS BRI SN2 o 7= 2 &b, IS ITIMRENT B DOIRNIC
HRELLTWEHR IR, — 7, IA OFEHATES MEPIRE X CMPF B L OVIS &
g U TR <, RS & ik L7256, ARZAITRRD bz b DD, 1S CMPF
IZBWTHALNTZL I RRERETRN ST ZEND, MIRBITBEIZBIT S IA
DERBMEFENERERLOTIEHRWEE X DN (Fig. 4). SRBF LT =4
ME UTs 1220 THE, BAREWNIZE W TS, BEHUHIX S H 3 1 X oD 2 5 BE ~C 1 ik
BT A 2T T D CKD EEREFE IR COMBHIREIZOVWTRENRINT
WBNI SEORERREIZERSOWE L IFIE-HLTEY, IS, IA BIV
CMPF O I E IR EEITIE, HBOEWZ KD REREITRWVWEEZ L.

% UT OFBATRI O MAE IR Z ik U726, CMPF CIXIRBEZ LT & A E R
LI Do T2 Z L r Db, CMPF OB R EFRIFMRO TIRWZ En3mShviz, — 4, IS
DA, BATEZ O MBEFREILENATNCHE_RTHERICEK T LR, ThThis
fEEPEBRE TR T 273 @V ME 2R Lz, 2 L, LA o I 55 A B 13 1 i %5
T4l 46.6%8/0 L, fE 9 L IZITRIFLE DR & 7o o 72,

PIEX D, 1SS CMPF i, 1A &bl L TSN ChirE S e <, £72 IS 13 fE
HHBRE AT 0 mOIRE TR ETBRE O MBEPICHFET 22 EBRRS
iz, £z, IS OMmMEPREICIIEARBZE D BO TREWZ &b, EYOIKN
BB KT 2 BICOWTIIRICEEDSLE L Ebivs . 1IS1E, KY CKD B I2E
WTEBHREIR T2 TRIT5~—h—L AR5 2 L biEHan Tk 1S omifghje
FEoe=4) 7I3HEKR FEEREREFOLEZEZI 6N
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HLE S

FAEICB T 2ET, MBI BE ISR 5 IS O M iR E T E R 38
WD TRENWZ ERHGNTR -7z, MEEFR UTs IREO EHOREX, HirT 5%
WRRICIKGF T2 EZ20NDH 2 L, UTs [MOIMFEFIREIZIXSH 5 FEEE OFHBE M
MHBHLND ETHIND, 2 TH 2 BCTEHET, AiETHELNZ IS, 1A BLWY
CMPF O MAE IR Z T, ZiuH UTs [ O AHBIM: 2 34 L 72,

T2, B 1 BOBRICESTIE, BRICBOTESEHITRF IR S DRk~ 72
RN ORNETE~D UTs DB AR T 51218, BEFITEIT D UTs DI RE %
DI ENMAELERD., LPLERL, FimCTbid 72X 512, ZODIZIXER
FERIIC HPLC 22 EDOMIEIEE 2 2, TOPNERIM LI AL v 7 2 Mird 52 &
MLBNZ/2 %, LeN-C, X fifEicmiEd UT IBEZHEET 25 E2 A+ 2
ENTENRR, BEEREKENTOERAENEED Z EXRMFFaNS. EiRko L9 IZ

B UT IO BRI, BHEEOK TAERICEE TS LA ENDZ b,
ARETIEIS, IA B L CMPF O IMEFIRE &, BHREDIRIE L SN2 IMiE7 LT F
=& (Scr), MFRFEEF (BUN), HEEREKEAHEE (eGFR) & OFHBEMHEIZ DV
THETZIN& 7.

28 EBRGIE
F1H ERARMEEOMA
ARG & 7p o T IRE AT B d KOt #BR2E  Scr, BUN, eGFR % Table 2 35

L O Table 3 (278 L7z, B4R, Scr, BUN B L OV L7 2 ViREIZEBE I LT LY

R L, eGFR 130 (1), X (2 BLW X @) ITit-» TR L.
(REHFE (BSA) = (AH “®X & 97 x0.007184 (1)
eGFR (1) = 194 X Scr %% x Age 9" X BSA/1.73 (2)
eGFR (%) = 194 X Scr 9% x Age %87 X 0.739 X BSA/1.73 (3)
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Table 2. Laboratory Values of Twenty Hemodialysis Patients

Scr BUN albumin

patients age eGFF_Q (mg/dL) (mg/dL) (gaL)
(mL/min)  before  after  before  after  before  after
HD HD HD HD HD HD
1 72 3.8 10.8 4.5 59.8 22.1 4.0 4.7
2 73 6.4 6.7 3.0 53.2 19.2 4.0 4.8
3 57 4.1 11.1 4.8 51.4 18.9 3.9 45
4 53 12.6 4.2 2.4 57.5 32.1 4.0 41
male 5 62 5.2 8.5 3.4 42.8 13.9 3.6 3.9
6 72 5.2 9.4 4.3 57.4 22.9 4.0 3.8
7 92 22.6 2.3 1.3 41.2 19.0 4.0 4.0
8 76 41 9.9 4.1 47.3 16.4 3.5 3.4
9 62 4.2 10.9 5.1 63.1 24.7 4.0 4.0
10 73 6.7 6.3 2.6 48.1 15.3 3.3 3.9
11 57 3.4 10.1 3.9 43.1 13.8 3.7 3.9
12 74 3.8 7.9 3.3 45.4 14.8 3.9 3.8
13 67 2.4 10.9 4.1 63.8 17.3 3.8 4.2
14 48 2.8 115 3.0 59.9 11.1 4.1 45
15 73 2.9 9.8 3.4 53.3 14.3 3.9 4.0

female

16 46 3.4 115 51 66.7 24.8 3.6 4.3
17 73 3.4 9.5 3.9 84.1 22.8 3.9 4.7
18 71 3.1 9.5 4.0 81.1 26.6 4.1 4.3
19 46 2.8 12.1 4.5 66.3 19.5 4.1 4.8
20 79 3.9 6.7 2.1 58.5 141 3.9 3.9

Abbreviation: HD, hemodialysis.

Table 3. Laboratory Values of Five Healthy Subjects

healthy eGFR Scr BUN albumin
subjects (mL/min)  (mg/dL)  (mg/dL) (g/dL)
1 26 97.8 0.8 11.8 4.7
2 28 81.8 1.0 13.4 5.1
3 41 78.0 0.8 10.9 4.9
4 25 85.3 0.9 9.2 5.1
5 27 126.3 0.6 8.6 4.4
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UTs o ifi 45 5 B2 [ 72 & QNS M3 UTs IR & BRI O M BITE O gt i = 27
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o 3HT AER
BA1TH MRS BRFE BT D MER A RS U URER, > F—/LEEERK LY 3-
ANRF Vb= AFN-5-T 0 N-2-7F 70 v ERIEEE DB

20 4 D IMEEHT B B 2 BATHITE O M IS, 1A 35 L OV CMPF 2 [ A1
Bt A e U, FATATm AR iR I 35 1) 2 A BAGREE, IS vs. IA T
-0.03 (p = 0.91), IS vs. CMPF T 0.02 (p = 0.92), IA vs. CMPF T 0.11 (p = 0.63) T& ¥,
WTROEHA LA EZ2MBEITERD b/~ 7- (Fig. 6). —J7, BIFEZICBITS
I 55 R B R oo FH AR 20X, 1S vs. IA T 0.04 (p = 0.88), IS vs. CMPF € 0.06 (p = 0.79),
IA vs. CMPF T-0.03 (p = 0.90) TH Y, #MEZOMAFREIZISNTH AR
BAIX A D7 o 7= (Fig. 6).
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Fig. 6. Correlations among Plasma Levels of Indoxyl Sulfate, Indoleacetic Acid and
3-Carboxy- 4-Methyl-5-Propyl-2-Furanpropionic Acid in Hemodialysis
Patients before (A, C and E) and Immediately after Hemodialysis (B, D and F)
Each point represents the individual data from hemodialysis patients.

r: correlation coefficient.
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H2M  IMEGENTRE OMEF A 2 R OURREE, A 2 R—/VEEERS L OV 3-H LR
XA AT N-5-TaN-2-T7 T 7 n A UERRRE & B ERERAE O
FRBEME

IS, IA L7213 CMPF O iR &, BHEREDHELE Td % Scr, BUN E 7213 eGFR
EOMBEAMERF LizE 25, BHTHIK E HIZ IA BLO CMPF DI g RE &,
BUN, Scr 3 XU eGFR & DRICHEMEITRO b oTz. £z, BTtz o i
OISR & BUN & ORIC L AERFMBIZRRD bivZedh -7 (Fig. 7) 28, MmAEH IS
B L Ser OBIZITA B2 EDOMBE (Fig. 8) 23, F7= Fig. 9 lZ/nd X 5 izfiEsd 1S
JRIE & eGFR ORICITA B RAOHBENA L. EHrFITE L OSEHITEZICB T 5
FHBEIFASIX, IS vs. Scr TIXZE N Z 4 0.643 (p = 0.002), 0.744 (p < 0.001) TH Y, IS vs.
eGFR TIZZ N Z1-0.558 (p = 0.011) ¥ L 11-0.645 (p =0.002) T -~ 7=.

T, OB IS BEZXIKET LI EICL S TELIZREFERD, FEHTHI
BRLOEITERIZIBIT SIS & Scr ] OMHBIRENLZ I £410.799 (p < 0.001), 0.829 (p
< 0.001), IS & eGFR [ TiZ# N +h-0.863 (p < 0.001), -0.909 (p < 0.001) & 72 ~7=
(Fig. 10).
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Fig. 7. Correlations between Plasma Indoxyl Sulfate Levels and BUN before (A) and
Immediately after Hemodialysis (B)
Each point represents the individual data from hemodialysis patients.
r: correlation coefficient.
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Fig. 8. Correlations between Plasma Indoxyl Sulfate Levels and Scr before (A) and
Immediately after Hemodialysis (B)
Each point represents the individual data from hemodialysis patients.

r: correlation coefficient; line: linear regression curve.
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Fig. 9. Correlations between Plasma Indoxyl Sulfate Levels and eGFR before (A) and
Immediately after Hemodialysis (B)
Each point represents the individual data from hemodialysis patients.
r: correlation coefficient; line: linear regression curve.
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Fig. 10. Correlations between Plasma Indoxyl Sulfate Levels and eGFR before (A) and
immediately after Hemodialysis (B)
Each point represents the individual data from hemodialysis patients.
r: correlation coefficient; line: linear regression curve.
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A B

ARETIZET, IS, 1A 3 L OV CMPF O 1 A 22 ] O FR B ME 2 514l L 7. UTs o 1fn.
BEHIRE D ERICBD DFIC OV TE T ICEIA S TWh R0 A, BEEOKT
M—DODERTH D T LILEEV 7R,

IS BLOIA FSEICARFME N 7 h 7 7 U BAERSLS UTs TH 5.3 HIR S
Nz h )7 77 CFIENMEIC L > TA v R—= VoSN THE D BRI S
b, 0%, FIZBWTA > R— A BREBREEZ50, IS DEKRT I EZ 6N
TS, RS, IA BIBENTERLIZA V F—AhbakEansEEZ LT
520539 cnbomEPEEORMICITEH DFREDOHBEMERA SN D & Tl S
Nz, L LR LA RO TIEEDO X S i RITGEonziro7 (Fig. 6).

FIETRINTZ LI, SRRG L i@ BE 2B T 2R KIEBER LUK
INEFEZS, 1S T1E 358.4 uM, 8.9 uM, TA TIZ 101 uM, 1.2 uM & KE S Bip > TRV, ML
BN BEDOENTERINDIBEICRERENDEH D Z ENHBERO—D LHELE
SN o, BINICEDRELROBEBNHEREICEHD TWHEEZX LN, —H,
ISRIA & B2V CMPFIZENTITAII R EIZEEN 2 Y VIBEICHKRT 27T
TEMFIR ORHI & LTAEKR S NS ) L2 - T, Mg B o /B EOE N
IS B ELUIA & CMPF OIZHBEMENR A LN T2 BK O —D2>THbH EH LB
7= (Fig. 6).

S5, RETIX 3 FE UTs o MmAEHIRE & BEREDTEE THh 5 BUN, Scr, eGFR
EDFHEAMEIZ DWW T HEHI L 72, 2 OfER, 1A 3 XU CMPF o i R B & & BBk
BERMAAL & OMICA B RMABEMEIIRO bz o 7=, 2L IS AT,
BUN & O RIZIEA E 72 F8 B ME 352 w%h@wot%@@@m7)&r@%0
eGFR L DMIZZENEFNIER LA DOHBENRD b, £, 2T b OB
éﬁ%@@%%mé:&hi@é%ﬁﬁ%ﬁﬁotGwss&gyé%ﬂ,@ﬁ#
|s%£%ﬂﬁkbk%ém,:h%@ﬁ%%ﬁ@é%ﬂ%ﬁ%%bt(ﬁgm)

INLORERD L, mMEF ISR L eGFR OMIZFRD b vz B i 7o/l B
WTIE, eGFR 23 Ser E AR EEZ W TR SN TWD Z &6, MiEf ISIRE &
Scr & OFERIC TS ROERTHD EEZOND. 22T, MmiEH IS RE L
Scr @ BAFRAHBAME D AT DWW TEL LT,

FFTISEL 7 LT F =" (Cr) OPEMREIRICER Lz, MR O ISIEE D KEBS D
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PRAVCHENE S 2 28, JRANE /0 WAE L C MR 2 & B R A bR MR N~k S
HERIZ OATL B L NOATI NG5 & SN TW5.® —J7, Cro it I 1Ic 4
ERIR AU K> THEATT B 03, Criz—#2 OCT O RLE & L TIRME W a5 2
ERHEENTHAEY &5, Crid h F AU HILEmTH DI H b 53, OATIC
K o TR & JRE ERRNICE®E IS Z EbREn TS, ZoflE L
T, Eisner 5 2 |3~ T ZOFEARNIZ T T 2 BIREE (PAH) 25 LI-8A1C Cr
DAY RE LY L2 L a®/E LTS, E512, Vallon 5 *) (%, 0at /
TJT IR ARAEBER < ZIZBWNC Cr 7T T RAEAXY T VT T A
b L7z 2 A, WA ATIE Cr 7 VT 72 AN EEA R L7223, Oat
w7 T R ATIEIZOMBERITRD b hol=Z Lavd, Oat 23 Cr O P
WCHETDHEMEL TS, 2D X I, Cr DRPHMEEF IR 0 EMETH 5 7=
D, 1S & Cr OYEMEAREE 2> & AT IS PR & Cr O OB & MR 32 = & 1A
Thr LB bNI.

ZZTCWIZ, ISB LU Cr OFiBEMEIZER Lz, Bk L7 K 912, IS ORIERAIT
RNV Z 770 ThHaY 0, Cr ORIBKIZZ LT F LTy, 2 LT F 3T
ANE=2, JUTVBRLOAFA=UNOAKEND M Zhbidkke R BWICE
FNDTI VB THLID, BMEEBRT 22 LICE->TIS KR Cr ORI
BN 273, BHBENIER 23 dc 7 2V BofEm & L TR ~HRitSh 5.
LU s, MRETBREICBWTIBEHENE LK T L TS0, IS Cr
REDUTS IZENIZERET 2. 2O X572 1S & Cr oflE A4 EofE RICEET 5
EEZBNDD, 1S & Scr D OHBERED EHTHT 0.643 72 HEATIEE 0.744 ~ &
FRUAERICE L CHMRBEB AT TH Y, mIEF ISHEE & Scr OFE 721
PEICEAD LT ICONWTIEA BRI BITHRANLETHS. L, KETOMKR
5, Scr & eGFRIZMAEF ISIRE A THIT 2 ETHHR/NT A —& —IT72 5 AlRetED
IR ENT-Z LD, Ser & eGFR DA% HLIZ IS I L D AEKRA~DADEEL THIT 5
ZEIZEBRDEEBE LN,
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H3E T =AUVEIRFIEME OMBE S 8T A R

FLHET RS

MEHFITIET VT IR0 a RIS X E R EomEs T ERIFEL,
a3 LA T2, £72, EYoOmES X BEA~OFRGIIHRTH L7290
B CTHAMRERNEZ Y, MIEX 7 BICH LT VROEREZ AT 5
FMZ Lo TEBEEIND., KRB ARBEFOMETICEET 2 UTs oFich, MmiE
SN BITEWBIMEZ R T O ONFEL, B 1E, F2ETHRHILEIS, IAL
L UCMPF & & 2 37 5B TR UTS ISP B ST 5 34399540 o35 T, i & v
RUBITHEG LT3 Izt T A EHIZI N OO UTs IZX-Thal&iRZshbd 2
ERTRSND.

Framlc B8\ T, ETEEER O — 2 Th D PR O G OHEICHERFEBIEN & 0,
BAE CIRME B EADFIREBOE (a2 55 2 & D Zal~7=28, 18 LB i
(CKD) B CIIAEEEHRO —DOTHARERFEZIFR L TV EHEAE 7L<
ﬁmme%%ﬁ4F74me”?@,m%ﬁKMifﬁgéﬁ@EE@K%L
THEREINTHEY, ZHUHLAPHEDIREDTZHIZ CKD BEITIEZE < DIEAIR &
HIanTns

BIE, IREBRFIEOHBICKBILASN TV DX, 7INRNREF U Ethb LT
HARFURIETH D, AL F U REOPRIII @ ILIEY X7 fEARE T HO
WD, AXTFURBITBEED THDL ZENLEICT AT IVICHEET DI EEX
BIVOW, TVT IV TF EOEDY A MIHEAET 2T ONTLZNETHL
ST, Z U RTFEEMEUTs OFRIZIEZT V7 IO A M TICHAGT DB
D, VA4 FNICKHETD2LONRHEET DL END, AXTFUREOIMSEX X7 §E
BB EZRIET UTs ZHO NI T2 2 L FBAR FEEEEZOND.

FTIZTHEIETII,UTsOT VT I U ~DOFEEME, RN A X F 2RI i
YRTFEEINTR T DI OV TRl T 2 72012, R AEZ VTS, IA B XL
tﬁmmF@tbmm7w7iy(mmymmﬁa$%wmﬁékk%m,:n%s
EUTs IETFICHIT DT T RRAEF D HSA ~DFEAROELIZHOW TR LTz,

24



H20 FEERTIE
1 R L ORI
AREBRITH T HNTCRERIILL T OB TH D,
TITNAETFF b U T AEEKFIY (Sigma-Aldrich Co., St. Louis, MO, USA)
TT Iy, b MIERR (FOEME T, KEK)
FEEBRIHER L7 7 " 22 F o ofgiEX% Fig. 11 1217
T DOMEAEI X OBIE, 3~ THi i O KRS & 2 V72,

Fig. 11. Chemical Structure of Pravastatin Sodium
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Rl
N
-
/

RO ASUIEIZ K DA > B Uiz, A > F—/VERE KON 3-T /LR & &
L-AFN-5-T b N-2-T T F RO MET VT I D
(1) FEMsik oY

IS, CMPF ¥ X " HSA 1%, #ifb s v v A% & F 72\ Dulbecco’s phosphate
buffered saline (DPBS, pH 7.4) |Z¥&fi# L7=. DPBS MO#fk A Table 4 {27k L7z, I X
IS 33 & 08 CMPF 100 uMm, HSA 8% (w/v) & L7z, A > F— VEEERIZKIZENR D=9,
FPTEH =ML CRREFR L, g Lo DPBS TAVIR L T 100 uMm &
L7z 728, =X ) — L ORKEEX 0.5% (v/v) LT & L7z, SIEIRIZERERTIZ
pH & & 7.4 | 7=,

Table 4. Composition of DPBS without CaCl,

NaCl 137 mm
KCI 3 mm
Na,HPO, 8 mm
KH,PO, 1.5 mm
MgCl- 6H,0 0.5 mm

(2) & MIJET VT I v ~DA v REIAREE, A v R— R L O 3-H /LR F
VA AFN5-TaEN-2-T7 T T a A RO GEORE

IS, IA F£ 7213 CMPF &k & HSA iR % 1:1 TiRA L, 37°C T30 oA v F =X
—hL72. A Fa_X— MNFOREITT =4 2 UTs 50 uM, HSA 4% (w/v) & L7-.
£ F 2— MEDOER 0.5 mL % Nanosep® 10K OMEGA centrifugal devices (Pall
Life Sciences, Port Washington, NY, USA) @ iz Feis L C.O 40 (12,000q, 10 47,
20°C) L7=. £7=, & UTsIA® (100 um) & DPBS % 1:1 CiRA L, Ak & [AARICI=
DBEAEIT o 72, BT AWK 100 ul (2 A & 7 —/1 100 ul Z 02 Coke T 10 43 [
JE Lz, =m0 BE (54000, 10 43, 5°C) L, BB o UTsiEEZHIE Lz, Fh
FNOREZEHERES L ORIBEEL L, X 4) 126> T HSA ~Ofi&RZH N
L7z, 723, SEIHWIZIRI AE~OWERIL, m.O00BER O UTs RETH D
50 uM % 100% & L, 2 (5) (29t~ CHH L7z,
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HSA ~DfE & (%) = (Faik E — EBER FE) /MR IR EE X 100 (4)
[RAN AiEEE~DWE 2R (%) = (50— # = E)/50 X 100 (5)

B3 b MNUETANTIVADTTNRAZF UFEGITHT DA v R ¥ VLR,
AV R—=NVEIRB L O3-INVARFT-4-AF N5 )-2-77 7
NG 0k 2

(1) FEMpiik o 78

WAL I N T DG EIRNDPBS LU ATF AR FY RO L VIR E AW T

800 uM D IS, 1A £ 721 CMPF & 100 uM D F TR A X F o DIRATRIK Z il L 7-.

HSA I3IE(L v o0 L% 5 £ 720 DPBS ICIME L, IREIL 4% (w/v) &L=, Zh

b DIRTRILEBRERTIC pH 2 7.4 2% L.

(2 1 REIMEE, A R—AEBETIL - VARFT-4-AF)L-5-7F v
2-7 7 7uabAUBEETICBT O NIET LTIV A~DT T NRNAZF O
A EORE

IS, IA £721L CMPF & 7T N R ZF L DIRGTRIRZ 4% (W/v) O HSA K & 1:1
TIRAGL,37°C T30 A ¥ aX— L7k, H1E H3% H28H H2H (2
ICHERLL TR AR EITV, T I NRREZF U ORGREEH L. nk, KKBEE
(L7 F N A& F 50 uM, UTs 400 uM, HSA 2% (w/v) TH 5.
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WATH TIONRNAKZFUDER
TG NAEZ T DEREIT HPLC-UV 1EIC T ERRIEIC L 01T o 7=, 05t
% Table 5 [Z R L7-.

Table 5. HPLC Conditions for Pravastatin Assay

Pravastatin

Apparatus : Shimadzu LC-10AS (Shimadzu, Kyoto, Japan)

Detector : Shimadzu SPD-10A (Shimadzu, Kyoto, Japan)

Column : Inertsil ODS-3 (5 ¢ m, 4.6 mmi.d. x 250 mm, GL Sciences Inc., Toyko, Japan)
Column temperature : 40°C

Wave length : 238 nm

Mobile phase : 2.5 mm CH;CO,NH, : CH;CN =7:3

Flow rate : 1.0 mL/min (retention time : 8 min)

%55 I At ALE

HSA ~DOFE &I EWE + HEHERZE (mean = S.E) TrrL7-. UT E7ETF, FEdt
FETICBTDLDTTNRNAZF DRI FEEROAEZDREIL Dunnett test (2T
TV, p<0.05 2 b > THEZDHY & LTz,
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o 3HT AER
FL1E b MUET VT I ~DA > R¥VELEE, 12 R—/VEHRE L O 3-H v
RX VA4 RATFN-S5-TabN-2-T7F o Tab’ F U BOEER

RN ABIEIC T, ISB L IADHSA~DFEAREZR B L= 2 A, ThX64.8
+1.2%, 29.0 £ 2.1% CTH - 7=. —J7, CMPF [ZRA Al X 2 APz &< i &
ol Z LD, CMPF O HSA ~DO & 3RITIFIX 100% TH 5 L fllr sz, 723,
Alalfl L 72BN AiEE~O 1S, IA 8 L N CMPF O3 1%, £ 12.1%LL T,
0.6%LL T, 0% CTHh - 7=,

72, FUT O HSA ~DOFERL, H1EICBWTHEE LB REROFMEELR
BEHEHLEZEZA,-0970 TH- 7= (Fig. 12).

[EnN

D (o8] o

o o o
T T o

I
o
T

Protein binding (%)

N
(@]
T

0 10 20 30 40 50
Hemodialysis filtration ratio of UTs (%)

o

Fig. 12. Correlation between Binding Ratio to HSA and Hemodialysis Filtration
Ratios of Indoxyl Sulfate, Indoleacetic Acid and
3-Carboxy-4-Methyl-5-Propyl-2- Furanpropionic Acid
Each point represents the mean with S.E. (n = 3).

Error bars are hidden behind symbols.
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F2W AV RFRUAEE, A2 F—AFHRB L O 3-UNVARF -4-AF/-5-Tn
E-2-7 o7 u A UoIETICBIF A MIET VT I v ~D T T
INALF v DfEH DAL

R ABIEIC T T T RARF L DR I ESRERELZE 25, 23.4 + 05%

Tholz. TOfEIZ IS 17T T 2.8+1.1% (B3 :88.1%), IA A7 T T 16.6 +2.4%

BV 2 29.0%), CMPF 147 T 20.6 + 0.8% (J#i) 3% : 12.0%) (2% F L7=. CMPF &

FFICBWTAHABREFTRO LN >T2b 0D, IS E2IFIA 2 7 S 5451001

BEEZNRO LT (Fig. 13).

30 r

25 r

20 B **

10 -

*k*k

0 B

Pravastatain + CMPF + |A + 1S
alone

Protein binding ratio of pravastatin (%)

Fig. 13. Effect of 3-Carboxy-4-Methyl-5-Propyl-2-Furanpropionic Acid, Indoxyl
Sulfate and Indoleacetic Acid on the Pravastatin Binding to HSA
Each column represents the mean with S.E. (pravastatin alone: n = 6, with UTs: n
=3).
**p <0.01, *** p <0.001, significantly different from pravastatin alone.
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A B

2 OBRMEEYOFESGIZEL LT VT I 0L, ZOMERICYA M1, ¥4 M,
YA P E LIENDEMFESTNMNEZALTCND. ZNHENLET LT I U~DfE
BOREITEY T LITRR>TEBY, #AREROBEWED DT VT I ~DfEE I,
FEABEDOROWIEMIZ Ko TEB I F, IS L0 Mk, BR324 5%
BUE, ULVT7 7 DRV T ERLREDEDIIMZ T, Y ALESR L-TFrF v
72 EONREMEMER, CMPF B X OEREEZR ED UTs 7 V7 I Ik GTEE R T
ZENRE SN TNAA Fi, MR TSR B UEEEIRIIER I, TV T I L ACHE
HLTWD UTSIZH LT, EEEMNREREIXT VT I v EOREBAEG A MC
e 52 LI ko THEMIZ UTs OB AR S, ZRICE->TUTs E T v
RV EDOREETA BRI —THLIEHOT VT I EDORBEENERIND Lo
FREEFLMESNTNSDY® 20k 512, UTs 1T M i I 51 T % 3 oo Wi i %
HMEE5ZLI2k - T, 2D DIEERCENERHBL e SICB 4 R+ b
WEZHLND., TICHBRRIZ LT, CKD BEDOAIHEE LTEL ALNDHEAD
—ODICEERFEIEN DD, EDOIREEE LTT I NRALZF 72 8D HMG-CoA iE
TR EEPTNOND. A TFUREEIBUEEDTHY, TAT I LRET
HA[RBMENRZ Z bNDEN, TNAT I a1 EORETHAMIZ OV TIEZNE TH L
272> TRV, & 2 TARETIL, IS, 1A B XU CMPF @ HSA ~Dif &M %t 3
HEEHIT, TINARZF U 2ETNEYE LT, HSA ~OFEGITT 52 b 3
Fl T = M UTs DRZEIZ OV TG LTz,

[RAAAIEIZE Y s 3T =4 M UTs O HSA ~DfEAREFH L= & 2
AHA L ISIEEN I 29.0 £2.1%, 64.8 £ 1.2% & HH SN 7= DIk L, CMPF XA
HIZES BB ENZN o722 20D, ZOX 7 FEGRITIFIE 1000 TH D & f
Wr 7z, CMPF <2 IS DBEMTBREFRDOREZER & LTH T fEERPER ST
WHR KR TS 2RO T =AUk UTs DX X7 3R EBITERER L O
IZBAF 72 A DB (r=-0.970) N&RH L= (Fig. 12).

ARETOEBREFMEICBIT D7 T NRALZTF O HSA ~DFEA 1T 23.4 + 0.5%TH
572, ZOfEIX CMPF £E T CTldb T D LB E 2o 7= (A ER - 12%
FEEE) 25 IASE TR XIS FE T CIXA R Lz, & 2 COEERM AT,
ISR NA HAFE FITHIT D HSA DT T N A F 2 OfEG RN CMPF 3547 FIZH T
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RKEIEFLEZZETHD (Fig. 13). £72, 7T RNAXF O HSAFEARDOIK TIX
IS TLVBEEE o7z, Z U R TFEEERDKE NV CMPF X IS 73 HSA ~DEMiE & %
PHEST L2 LIZoWnWTE, TREThHEARBRER RSN TS, FlzlE, 7et
I RTIHIARISIAET LV & CMPF L AE TIZI W T & 2 ISR IR B A3 N4
55 F7-, ULT 7 U D HSA ~OfEAEMET S CMPF XX v ¥ ray v
D HSA FEAITIT BT, I L ISIE, Y7 7 U d HSA ~DfE & 1341k
SEP, XU AP aL O HSATEA ZRL S5 2 oEWIE, CMPF A
HSA ®% A h 112, =5 IS IZH A FHICEWBAMEE AT 5 Z LICERT S & &
TN LER-T, KETELNEZAMRICESITIE, 7932 FF 13 HSA
DY A FIMITHEET D LRI,

LSEIOBSTIL, 7T RXRAZF D HSA EOFEEY A FEHLMNIL, 72, 7
TNRNZAZF D HSA FEEICHT 5 3 F UTs OFHENR ORI Z i3 5 72012
UTsIREZ —H 400 uM, 7T NAZ F U JREZ 50 uM & L, UTs IS 8 1% i W\ S
TIZTRIN A E TSIz, TITNRAEZF DA A 2—T 3 —ALIT1%, T T/XA
ZF 20 mg kA HEG Lo E o m mEFIREIE 0.07 £ 0.04 um LR STV
5. FT, 8 1 BEOME L MRENTEECBIT D 1S OFHAmEc R M R Ix
358.4 uM ThH o722 &b (Fig. 3), MIEENTEF DOENIZE T 5 ISIREL, 77
NAZF L TR ERECHFET 256085, L) > T, MikKEHT
BEDENICEBNT, 772X F O HSA FERIZ L VEEFIC IS IC Xk » TEHR S
DT ENHEINT, MORZTFURIEDZ R IFEERITT T ANALZF LY
L, YN REF L 95%LL |, TANARKEF L 95~97%, 7 RN R X F L 80
~90%, X NAXTF L QU LHEINTND (A FEa2—T4—LL1D). =
NHDAZF U RIEE T T NALZTF L LERRIC HSA O A FTICHEAET D&%
BNBN, FITNRALZF UL LT, WOy G IEEMENE <, W LR
WENERDLT-0, 5%, TNODREZF U RIED X X7 FERITHT 5 IS O
WZDOWTEHMITHRFT L TWS LERH 5.
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52 U 2 HMan ik o6 D Hl 4 SR AEREY) E O R

T NEREATAANDT =4 MR OB AT D IREBIEME
DN BT 5 et

FLHE S

B hE OGN, BUCIEAR 2 RN EBL L, RIS LER Y EOW
IR0, ARICRERYE (RY) OPMic EEREHI 2 > T D, BIRME 55 W
2BV T, MR 26 B IRAME LRGN ~D Y JA Z @ 6 L OV RS B
HAREL PN 20> & JRABAE e 1~ O HE HE TR 3 AR e Bk AR DB 5 I L T3 5. =
95, b hOBIRME ERARN SO JAZEERIZ B3 2 R EM e itk L
LT, AT =F kil (OAT) SBGHI T4 v ikfiis (OCT) Az b
L. IO OEEHARICIEY T XA TREFEEL, BIZIZENLEN OATL B LW
OAT3 & OCT2 AEICHFKEHL L TV 5.2 FRkIZ, T v b OB R b RHR o Rl
2% Oatl, Oat3 B L N Oct2 BRBLL TE Y, T b OEHKOBITIS T 5 HHE
X, B FEIBERETHD L ENTNS D 5y FNBIZIE Octl b RELT 2 A,
FHEIT Oct2 LB LTHRNWS Zo Xk 5z, B EEMBEORERIC 345 @
EHAOEEICE e Ty NETREREBEWVDR W &0, MM B IRME
R RN~ D IR EEAE A RET T 272018, BIETH T v MERE AT A Ak
ﬁﬁwﬂé%LTW\éF”‘w

H IR T ([ZHE SN D EEEM N LGFT 256, BRENREENEZ S
Bl 21X, OAT BEMARZ HWMETT, 77y ook 74Ty oot ”
7 RARY VRPUEWESS, VATV, TITNRRZF N, OAT OEEHRME L
THOLNTWDLANT T I EREE (PAH) RS X ho VRO IAZZ KT &
HIENHESH TS 2oL 5 RN ~DOIR Y AHZOMENE TH| X
SN HE, WEAE SN O SEIE U, ERERSCRIER RSB 5]
xfZENn5.

BHERE N IEH 223555 12, UTs 1T A2 L TR LA~ s PRttt S 5.
ZIVET, OAT3 ZRBLSE7=7 7 U Y A T VIR 2 W= EhHo B8V T,
ISOEY IABN T TR RROPAHIZ L » TIHE SIS Z &P OAT F BN %
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WZBRFHZ B W T, IS DA X OATL 8 L NOAT3 295 L, CMPF Ok 2 133+
ICOAT3IMRET52: 7y NBEREATA 2% AV EZRFHNTE VT, CMPF O
B0 AZAS PAH JEAF T CIREERFMICIET T2 28 B A BRESh V5. &
, UTs s R 2/ L7233 liE 2 HET 2 2 &b Mmb T b, Zoflé L
T, CMPF " xu~A v >ORFKT =4 ik V) X7 K (Oatp) =4 L7z
Z v MFHIIE~OIR Y A Z RIS RN T ESE 5 2L ISR IA, FX L=
fig, p-7 LY — L7z E28 OATP1B1 35 L O OATPIB3 (2 L % Ml (25t UBHLENE
MERTZEN RERBEEN TS, 2D X HIT, UTs DEIRAE bR~
BV AT R OB 595 2 L R0, HFEV IAZIZ B D 2 kK 2 A L7 M A
ERPHE SN TND Z LD, UTs BNEMOBEPEMIZ L THEEL RIFT &
MBZEZHND, LLRND ZNET, IRMEZWNCEIT 23 & IREIEYE O
HAERIZOWTIE, +aRBEneshTIrrolz.

Z ZCARTETIE, MmAERD S B IRME R ~D Y A S & ST 5 KR
ETNAELTCHAEIND T v NEERE AT A AEIZT, Oat EEHEY OV IAHIZ
*9 25 IS, 1A, CMPF OB LZRF Lz, fg3me LTiX, A b FH—1
(MTX) &, OATIC Lk » Tk &N D Z ENWESHTVD A B~k A (MEPM) *
ZREH L.

a@
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%28 FEBRITIE
%5 1IH YR L ONK
RETHIZICHWEZER LB L ORBEEIUTO®@EY TH 5.
AR RMLEP— b (FEMiEk T3, KR)
p-7 X/ EIRIE (FOBMEE T3, KBk)
A AR AR (A a® KA AR, KK)
2B OMIERE Fig. 14 17T, £ ORI L OBEEIS, T X THiROFEE
L i LAY

NH,
O H  cooH
NH, H COOH
N
-z N
)N\)I \j/\l C — NHCH, — COOH
N = CH
H,N N N 3 g
Methotrexate
p-Aminohippuric acid
O
H CH,
\\ N/
I
COOH
NH CH,
(0] N ||
N S H
H3C 1 \ H
- ( * 3H,0
HO |l| H H CH3 2

Meropenem trihydrate

Fig. 14. Chemical Structures of Methotrexate, Meropenem and p-Aminohippuric Acid
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F2H Ty FNEREATA A E WY AL FEER
(1) FEBREY

EERENY 2 1% Sprague-Dawley RHEMEZ ~ b (200~660 g, &~ 27 K—, FLIR) % ff
M U7, @ 28R A i E ER R F 3 2Rt o 7 — ORR 7z 15, LB ER R
i EBRIRFEIHE > TIT» T2,

(2) HEWisik DR

PRI O TR 1L, Table 6 (Z7% L7= incubation buffer (pH 7.4) & fEH L 7-.
incubation buffer (213 & & 72> U %) 1 KRS T A (95% O : 5% COp) Z ik I H7-.
M E 1T MTX 50 uM, MEPM 100 uM & U, SEWERTRITSEBRATIC pH & 7 7.4 1279

LT,

Table 6. Composition of Incubation Buffer

NaCl 84.8 mm
KCI 40 mm
MgCl, - 6H,0 0.74 mm
NaHCO; 25.2 mm

() 7 v NBREAT A A~DOEY AHRFER

Cross & 0 OFIRICHERL, T FNBRERT A ZAEHB L. 2 FLE X
— b N U U AOERERNE G (40 mg/kg) B LA Y 7T O AT L o TR
L7 v Mg U= e 5 B g2 ok L7z 0.02 M KCI-0.13 M NaCl #&#ik T4,
Stadie-Riggs microtome * TEEKIS50mg LR 5L HICATA AL, BONT-E A
T A A YRR 3mL HIZIR L, IREH A (95% 0, : 5% CO,) Ailk T 37°C 44t
TTAYFaX—hFLT 2B, 4% 2= MEHIX MTX15 57, MEPM30 43 & L
7o, DK%, AT A AZEY H L, K 0.02M KCI-0.13 M NaCl ¥R IZ THEE L 7=
#, 1 mL @ incubation buffer ZMx TRV Fa L ®c LV RED T A XL, #ELoHE
(5,400g, 10 47, 5°C) L7=. #5724 E ¥ % — b ki 100 uL |2 incubation buffer 100
ul & MTX DAITIZA Z 7 —/1 200 ul, MEPM O412120.1% b U 7 /L4 o JEfg
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200 uL 0 %, K T 10 43 fiiE L7=%%, =078 (5,400g, 1047, 5°C) L, 55647
S OEYIRE 2 RE L.

Fio, FA—DOEENSHOLNTZBERLEA T A A AW THEROIEIF TV
WCHFETFIC TRV IALRERZIT o726 DIZHOWTIE, FEAIFELTE T TOME % %
& LT, FEAAFA T TORYIALEOEIGZHE T L.

H3E HEPYOER
MO EEILT TN T HPLC-UV EIZTITo72. MTX B LT MEPM D43t %

Table 7 |2/ R L 7=,

Table 7. HPLC Conditions for Methotrexate and Meropenem Assay

Apparatus : Shimadzu LC-10ATp (Shimadzu, Kyoto, Japan)
Detector : Shimadzu SPD-10A» (Shimadzu, Kyoto, Japan)

Methotrexate

Column : Cosmosil 5C1g AR-TI (5 «#m, 4.6 mmi.d. x 150 mm, Nacalai Tesque Inc., Kyoto,
Japan)

Column temperature : 35°C

Wave length : 300 nm

Mobile phase : 0.05 M KH,PO, :CH;CN =9:1
Flow rate : 1.0 mL/min (retention time : 5 min)

Meropenem

Column : Inertsil ODS-3 (5 ©m, 4.6 mmi.d. x 250 mm, GL Sciences Inc., Toyko, Japan)
Column temperature : 30°C
Wave length : 310 nm

Mobile phase : 0.05 M KH,PO, : CH;OH=285:15
Flow rate : 0.8 mL/min (retention time : 13 min)

4T ML
I E £ FEUERASE (mean + S.E) TR LT-. Ak, AEZEMEIL Dunnett
test & 7= 1% Student’s t-test 2 H N TITV, p<0.05 2 b o TAEEDHV & LT
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o3 HT BRI
FH1H Ty NEREATAASNDA N LT Y — MO IALZEE)
FPTMIXDT v FNEREAT A ZA~DERY IARIZET 5 Oat D F 572 6 UNTAR
FW7p Oat FHE 2 HF S HA D MTX OB AR BED AL ORRJE & R4 5 72
DI, MTX T PAH Z 3L/ S8, TV AL EREZIT - 72
ZORER, Ty NEEEATA A1 mgH7=H D MTIX OELY AL EIE 399 + 1.7
pmol TH Y, Z OV AL EIFZIMM E21X2mM D PAHIETE T C, 11 70.5%
44.9% F THEIZIK T L7z (Fig. 15).

125

g 100 " I **

a

S 75} [

"5 J_ Hkk

L 50 r

g

S 25 |

0

MTX + PAH + PAH
alone (2 mM) (2 mM)

Fig. 15. Effect of p-Aminohippuric Acid on the Uptake of Methotrexate by Rat Renal
Cortical Slices

Each column represents the mean with S.E. of 3-34 experiments.
**p <0.01, *** p <0.001, significantly different from MTX alone.
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F2H Ty FBREATAASNDA N M LFRY— MRV IARIIKT DA FEy

VIR KO o R — LR O

B Y8R
A

AIEICBWT, v NBEERE AT A 2~ MTX Y A2 PAH L5 T CTHEIC
KT L, Oat DR ENFER TE /226, WRIZIS 21T IA ZFESE MTX By

AH DAL & BT L7z,

FOFEE, MTX OB AIIIASEIHANW IS BXNIA OEEICIKFEL T, Wi
DEAELAEEICE T L (Fig. 16). £72,1mM D IS £721% 1A :FE FI2B W T MTX
DELY IAIRTZENEIN 52.5%, 58.0%F T F L7722 &5, 1 UTs OFLERRIXIF

ERFREE & A p STz,
125 ¢
. 100 I
S
575 b
> KRR kkk
©
L 50 t
S
(=
)
25
0

Hi

**

**k*

+ 1S

+ 1A

OMTX alone
00.1 mM
E0.5 mM

mEl mM

Fig. 16. Effect of Indoxyl Sulfate and Indoleacetic Acid on the Uptake of Methotrexate

by Rat Renal Cortical Slices

Each column represents the mean with S.E. of 5-34 experiments.

**p <0.01, *** p <0.001, significantly different from MTX alone.
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H3IE Ty NBREAT A ZA~DA TN AT H A RE LR,
AV R—LVEBB LN I NVARF T 4- AT N-5-Ta'nN-2-77 7 n
v A iR D B

WAFFEEIZ BT 2mEDOKRHF T, MEPM (0.1 mM) ® T v NBEE AT A A~D
U0 AZIZHRT LT PAH (1 mm) 235 &7 8 25, MEPM O AR BT 14
pmol/mg wet tissue 7> 5% 6 pmol/mg wet tissue ~ & HEIZIK T L7, 2D &b,
MEPM O IfiL i 8l 7> & B R A RGN ~Oligik 12 1% Oat NP 595 Z & 3 HEER &
Niz. £ Z TAETIEL IS, IAEZIZCMPFEFEFICBIT ST v NBREAT A A~
® MEPM OHLY iAFZEDEALIZ OV TG L7z,

ZORER, Fig. 17 IZRT X DI, ISEZITIAE0.1,05 1 mMOBEETHRFIED
&, MEPM O HL Y A IAEIZIL T L=, 0.5 mm @ IS 3647 FIZ BT %5 MEPM O HLY
ABEIL, ImMMOISHEFET I b RELSBOT MM AR LD, ZRHOMICH
BEEITRO LN ho7. £, 01 mM O CMPF Z S EEHAEICBOTY
MEPM D H v iAA&EIF K E < B L7z (Fig. 18).
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OMEPM alone

**k*k

D0.1 mM

**k*k

%% B0.5mM

mE1l mM

+ 1A

Fig. 17. Effect of Indoxyl Sulfate and Indoleacetic Acid on the Uptake of Meropenem
by Rat Renal Cortical Slices
Each column represents the mean with S.E. of 3-4 experiments.
***p <0.001, significantly different from MEPM alone.

Uptake of MEPM
(pmol/mg wet tissue)

30 ¢
20 f
10 + KAk
0
MEPM alone + CMPF
(0.1 mM)

Fig. 18. Effect of 3-Carboxy-4-Methyl-5-Propyl-2-Furanpropionic Acid on the Uptake
of Meropenem by Rat Renal Cortical Slices
Each column represents the mean with S.E. of 4 experiments.
*** p < 0.001, significantly different from MEPM alone.
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HA4H Ty NEREATAA~DA RN ML FH— FRVIARIZHTDH A BARR L
D5
MTX B L UMEPM D7 v NERBE AT A ZA~OIY AKLENR, IS I LA HAF
TTHEIETLEZ LS, MTX & MEPM (34t o fifi 26K A% 2/t L C IR 4y
WEZ\T 5 EHELEINT.
IO EEMERTHDIC, ImM £721E 5 mM O MEPM % 347 S C MTX O it
VIABERZAT o7z, L LR S, WTFo MEPM IRIEIZBW TS MTX BV 1A
HEICHE RIS e n - 7= (Fig. 19).

125
;
__ 100 ¢ : .
S
= 75t
=
©
QL 50
©
=3
2 25 |
0
MTX alone + MEPM + MEPM
(1 mM) (5 mM)

Fig. 19. Effect of Meropenem on the Uptake of Methotrexate by Rat Renal Cortical
Slices

Each column represents the mean with S.E. of 3-34 experiments.
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A B

U ETIIZINET, 7 v NEREAX T A A~0 MEPM BV JAZ &7 OAT O
HELLTHOND PAHOYY SETFTBEIONISHETTABICKTTD LW I R
EGTE 2, £ 2 CTARETIE, B0 Oat EIEM OB PEIIZHRF 5 UTs D%
T 272012, MTX & MEPM ZHWT T v NERE AT A ARD ABREREZIT
ST,

FT, MTX 27 v NERME BRI OMEBICHEL T 2 Oat 12 X > THik S
N2 L ZWHRTHO,PAHEIGFSEZLEED0T7 v NEEREAT A4 ZA~D MTX
B ABBEDECIZOW TR L. ZOFEE, 1mMm £721% 2 mm @ PAH 17 i
BWTMIXEY AL EIZABEICIKEEZ /R LTz (Fig. 15) Z &5, MTX OELD iA A
IZ Oat DR H-9 2% Z L3 HER I NT-. £72, 1 mm PAH 347 T2k 175 MTX BV A
B % PAH FEILAFE T OBV AL ED 70.5%I2MK F L7z (Fig. 15). —J7, 4HFFE=RD
WEOKFTIEL, 1 mMm PAH Z 347 S 72554, MEPM O BV JA 2 575 50%LL F b
THEVIRERNBBONTND, 2D MG, PAH X MTX &g L T,
MEPM (2 L TRV REQREBa2 L3 wReEnEx bz, £72, MTX & MEPM @
IR b BRI 331 B Wi e o BRIME 2 i3 5 72012, MEPM 3677
TTOMIXEDIAAREREIT-T2 & Z A, MEPM 1T MTX OELY iA L % 2 L S H 72
WZ EARENT (Fig. 19). Z OFEFIX MEPM & MTX O HLY iAAIZBE 3 5 ik i
KINRIe D Z LR LTz,

PAH |3 OAT3 & b LC, OATLIZxF L CTL U mWE 23 2 & e S
TW52 LT, BEOHET, 1 mMm PAH EFETFICBWT T v FNERE XS
A ZDIY ABEDKI S0%LL T £ THD L7z MEPM® T, OATL 0% 523 %t
FIZREWEHER SN2, —TF7, MERM» 6 BIRME LN ~D MTX #kil
X OAT DMIZE TTHRIEERS N T > AR —F — (RFC-1) NEET2Z L3 mbnTwn
%. ZhIZHOWT Nozaki 5 27 1%, Madin-Darby canine kidney (MDCK) II iz
RFC-1 #RBLIE-5HE, MTX ORVIAHZENSRKE SEMT 52 &0, MTX 28
RFC-1 ORRIPFEETHD 5-AF N7 M T & RaZEEE (5-MTHF) OV AL % [H
EFTLHZEERE L., £, 7y NEREATA A2 HWIZRFHIRBW T, Eig
R 5-MTHF 728 MTX DIV JAZ %K) 30%IX T S 722 &, OAT3 DIEEIEY Th 5
YINN=T Yy (PCG) ICL-TTy NBEREAT A A~DOEY AZDHK) 50%(K
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TLEZE, SHITOATLICX L TX Y sRWHEEM AR PAH (2 X - T 20~30%
EF Lz et sni ZnoofER» L, MTX ikICE ) 5 RFC-1 B L O
OAT3 DHEHIZZNZENHK 30%, 30%~50% L AL 5N TS, Lzi-> T, Kk
FHZFBW T PAH X° MEPM |2 & » T OAT1 2 [E & =#H4 TH, MTX [X RFC-1 &
OAT3 IZ Lo Th= R X < B ERMAa~E Y A E N 25728, PAH X° MEPM |2 X 5522
MEEGH NS SBINTEFTREME RN Z X D, ZHITK L, MEPM O34 13 PAH & 3t
WOEARTH D OATLIZ L > TEICHIE S ILD 720, PAHIZ L 8L R %
F 7= L HEER S 72, Fig. 20 12, MEPM & MTX O FRAME B BRI ~DEL Y 1A Z2 12 B
bbb EHERE SRR O W TR L.

Blood vessels Proximal tubular cells

oaTt Y=

9

PAH

OAD-

Fig. 20. Possible Transporters Involved in the Uptake of Meropenem and

Methotrexate in the Renal Proximal Tubular Cells

T4 UTs TH D IS 12T 1A ZHFESHETMEPM BLOMTIX O v K
BERE AT A AS~ORY IABEOECEZRFILIZE 25, IS BIY A [TWFho
RETHMEPMB L OMTIX OV AL E&ZAEICIK T S /7 (Figs. 16 &17) Z &
M5, MEPM B XN MTX Offikix 7 =4 M UTs ICk o TILE SN D Z LAVURE
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Niz. &5, MEPM OELY AR X, 0.1 mM CMPFIEE FIZBWTHLAEITIE T L
(Fig. 18), FRED IS £721F IA OIAFETITEIT H MEPM OV iAA & & thifg L T
ROEVVEZ R L2 005, CMPFIZ IS IA X VW & MEPM #6512 % 9 % FLEE
ARV EEZ N, 72, 1mM D IS £721F 1A 27 S E 78546, MTX OHY
AT B DK FIEH 50%72 - 7= DI *E L, MEPM BV IAZ &35 30% £ TR F L TW
DT END, ZNHO UTs I3AET =4 ik b 2 B o E Mk Z ES 5
ZENRBIZOLNTEH DD, MEPM ik lZxt L TR Y REREEL RITT LHRIN
o, ZOERE LT, BITRRZE 912, MTX OHY IAAZIZIX OATL, OAT3 B &
ONRFC-1 72 EEH OB AN E 35729, IS X 1A 1T L 55280 MEPM & thifg
LT/hEDP-TZ R ISBLXOIANOATLIZH L CTL VW HEERZ T Z &
NE Z BT (Fig. 20).

B LERER 1 BT, MIREHT B O M IS RIS DWW TG L7223, 2 i
YR EELE, BEHTAN 157.9 £ 19.9 um, BATE % 103.8 £13.3uM TH Y, - BHTAIDE
Wi 18T B A KAEIL 358.4 um Toh ~ 7= (Fig. 3). 1 HH 3 EIZTCHE LIS
D HSA ~DFEA 31T 64.8%TH Y, Z Ofiz HWCIIEF IS JEOWERERE 2R
B35 L, BTAIOBITEEICRK T 2R KMEIT 1262 uM TH o 7. AETIE, ISD
RIKEEZA 01 mMm & LT MTX £721% MEPM (407 S8 THUD AL FER AT - 72
EZA,01 mM IS IZHEEDOIR Y AL &L AEIIERTIEL. LR -> T, ks
Hrid& OENIZBWNT IS 03 & EERICH AR Z o & 23 aEiE R oIcd
HERWSNDZ EDD, IS ITXDEYOBEHEHA~DOEEIZ N T, FIZFEMITHR
MEBEDOLVENH D LB BN,
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F28 WA T MEPET NRLDT y NEREARAT A AR ALK T HIRE
TEWE O B2
FLHET RS

b NERME LRI ORERIZREBL T 5 OCT2 1%, W F A MW EZEE L L
THIFI PN ~BET 2 25 %24 5 5% Burger & 1%, v A 7S F o044 75
F 272 EOH4ARAIN OCT2 %388l S 72 HEK293 Mgl L » THVWiAE N5 Z &
R0, AXVVTITFUOWMDIARN OCT RETHDHT NI ZF AT UE=T L
(TEA) X° 1-AFN4-T =LY T=0UL (MPP) ODHFFTHEIZIKTLEEZ
EEHELTWA. £, Nies 5 % 13, OCT1, OCT2 5 L TN OCT3 & L FNFEH &
H7ZHEKAIAZIZ A RV (MET) REVIAEND Z &, ELICEDOE@EN T 1
KR THEERDO A AT T =R T RXT T — LI Lo THEINZZ &%
WEL TS,

AT CTHWZ IS, IAB X O CMPF 1L, Wt 7 =4 MotEs A+ 5 UTs
ThHoON, UTs IIZHTF A MO EEZET LD BELFETDH. DL LT
CAFNTIVRMNIAFATIVREDT IV, AL I URANLI VY,
TRy R EORY T I VEREND D0, KNEIRRIC OCT 5752 &
NHIHNTWS UTs & LTIET T = JbBMnEF ons 3 77 =2 /{4
WMD—>Ths 77 =V (GU) TiE, OCT2 Z RIS WM ~D Y A Z ML
HEINDHZ LR, GU B MPP O IARZR T SED Z &0 h, GU Okl OCT2
NEETZEEZLN TS, 72, GU LEHOBEE2AT 27 1L T7F =2 (Cr)
A GU L FBEIZ OCT2 ICE > TVWIAEND Z ERME SN TND D Lzn-T
77 = LA WIT OCT21C & - Tk S 2 M O JRABE /3B % RIE§ 2
ERTRIEND. YRR TR, B SR ARFUEWE ORNEIREZ I 5
2T HHBT, WA 4 HEEEZ AT HET R (BIPM) T v NEREA T
A ASNDORIABRZET ZBRF L2 L 25, BIPM OBV AZD TEAIZ L - CTHEX
Ni=Z Lnn, BIPM OB I 1X—# Oct 8 53 2 alagtt 2 R L CT& /. =2
TARTETIX, WA A MY OB IRME BRI~ Y IAZIZxTT 5 UTs DFE
IZOWTHRTT 272012, 7= WERIhF4A oo UTs 2 FESETT v b
BB AT A A~D BIPM BV ARk D58 % ik L7

<
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H20 FEERTIE
1 R L ORI
ARETH AW ER LS XL ORIEEIIU To@Y Th 5.
BT AR L (FAT T, WA, HR)
AFNT T = WY (Sigma Chemical Co., St. Louis, MO, USA)
b ofEEA % Fig. 21 1R
Z DM ORI L OV BT T~ T HIR O Rl RS dn 2 N 7.

NH
H,N NHCH,
+ HCI
Biapenem Methylguanidine hydrochloride

Fig. 21. Chemical Structures of Biapenem and Methylguanidine

B2 Ty NEKEERATA A EZHWZERY AL LR
(1) EBREM

FERENY)IZIL Sprague-Dawely RHEM:Z >~ & (350~650 g, A&7 F—, FLIR) A
H L.

(2) FEMEEIE O L
SR O MBI 2 6 1 28 52 () ICHEHLL, BIPM ORE R
100 um & L7z,

() BB AT A A~DEY AT FEBR

IV IAHERITHE 25 FH 15 FH28H H2H () ITHEMLZ. 723, BIPM O A
xR aX— ME30 oM E Lz, 72, AT Y% — b _EIEIC incubation buffer 100 uL
BLU01% ~ Y 7 v o RS 200 ul 2002 7.
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FI3E ETXRLDOTEE
BIPM D E &% HPLC-UV JEI2TIT - 7=. BIPM O 454754k % Table 8 IZ7= L 7-.

Table 8. HPLC Conditions for Biapenem Assay

Biapenem

Apparatus : Shimadzu LC-10AT,p (Shimadzu, Kyoto, Japan)

Detector : Shimadzu SPD-10Ap (Shimadzu, Kyoto, Japan)

Column : Inertsil ODS-3 (5 um, 4.6 mmi.d. x 250 mm, GL Sciences Inc., Toyko, Japan)
Column temperature : 30°C

Wave length : 310 nm

Mobile phase : 0.05 M KH,PO, : CH;0H =97 :3

Flow rate : 0.8 mL/min (retention time : 12 min)

%4 At
MEHALELIZSE 2 50 5 1 & 55 2 8 55 4 HEICYEMLL /.
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53T FEEE R
1H v NEEREATAASNDET XKL ALK T HA 2 R TIUER,
AV R=IERBRB IR 3 INARF 4 AT L-5-Tat'N-2-77 7 n
v A iR D B
MEPM & 6] U< VAN A RGUVEWEICRT % BIPM I, = O IR
L OB ET DEMEAET Dl A A MEEYTH D, =2 TET, BIPM OB R
A BRI IREE XD T =4 UM UTs OB 2 MRatd 5729012, 1S, 1A £720%
CMPF % 77 &4, BIPM OV AL FEER %47 - 72
ZDOFREFR,BIPMD T > NERBE AT A ZA~DORY AT E ML mgdH7- 0 55+
0.7 pmol TH 728, 0.1 BLX WL mM D IS 2347 S84, TOMHEITAZICKT
L7z (Fig. 22). —J5, EHRE D 1A Z3{E S E 7254, BIPM OEY JAZIT 1A DOYREE
EENCIE T T 2A2 R L 00, WTFNOBEEOHAICEBNTHLAEEITR
b oHNeho7z (Fig. 22). £72,0.1mM @ CMPF Z 32 X ¥7-84 %, BIPM OHY
I HEIMET L7 (Fig. 23).

10
8t OBIPM alone
()
>
E-g 00.1 mM
m. 6 r T I '
5 2 BE I
Lo E0.5 mM
=
sE 4
shre}
3\% mlmM
2 L
0

+1S + 1A

Fig. 22. Effect of Indoxyl Sulfate and Indoleacetic Acid on the Uptake of Biapenem by
Rat Renal Cortical Slices
Each column represents the mean with S.E. of 6-16 experiments.
*p <0.05, ** p <0.01, significantly different from BIPM alone.
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0 = wok

Sz 4 ¢
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S E

S5 27

g
0

BIPM + CMPF
alone (0.1 mMm)

Fig. 23. Effect of 3-Carboxy-4-Methyl-5-Propyl-2-Furanpropionic Acid on the Uptake
of Biapenem by Rat Renal Cortical Slices
Each column represents the mean with S.E. of 4-16 experiments.
** p <0.01, significantly different from BIPM alone.

F2WH Ty MNEREATAASNODET XX AR AR T DA TFNT T =2
o

HFFNMEUTsO 7T =V JAELEMIZIZCGURA T LT T = (MG) 72 80D
L. ZHUHITEBROIK IS o TIEFIREN LR T 228, 2ThorT7=v0
EEHOHFIZIE OCT I K 2HEZAEFET 2 HONFMET D2 ERMES LT
%5508 F- fikoo X oz, YMFREICE TSI v VEEERAT A AEICLHiEE
DOFEFT, BIPM X Oct DEFIT72 5 Z B HERINTWD, Lo T, 77 =Y
JAEAEIE OCT ZFLET 5 Z L2k > T BIPM DR e 22 % RT3 rlREME
MEZ BTz, £ 2 TRIZ, MG 2 {Z S, BIPM OBV AL TR Z1T - 7.

ZDOFER, Fig. 24 1273 X 912, 0.1 mM MG 7% F T BIPM BV AR BDOHE 72
A RRO BN DD, 05 mM MG 17 FORER S EDOED &, BIPM kx4
5 MG DEBITZNIZEREZ 2L O TIHRW S,
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5 25 ¢

0
BIPM + MG + MG
alone (0.1 mM) (0.5 mM)
Fig. 24. Effect of Methylguanidine on the Uptake of Biapenem by Rat Renal Cortical
Slices

Each column represents the mean with S.E. of 3-23 experiments.
* p <0.05, significantly different from BIPM alone.
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A B

Hasegawa & 2 |3, OAT1 5 X U8 OAT3 FEHAMIAIZI 1T D PAH DY AT DU
THEFS L, PAH 7% OAT1 FELHIIGIZIZE Y A £ 5 A%, OAT3 FEBLHIIL TILE Y A

MBDONRNZ L EHEL TS, £, YWRETOMEDOKRITT, 7 v M
JZ'E AT A A~ BIPM OHLY AT Oatl FE ThHh 5 PAH % 17 S B2 545121F
ENEBE LRV DIZRL, TEA #3547 SH 725561215 BIPM BUY IAZENF EIC
BT DLV MAEZHFTTND., Zhb a5 &, BIPM O JRMAE LI ~D
B v A , Oct (2 X 28tz C, Oat3 |2 & B8t b B H LT\ 2 aEENMES,
Qatl D& G- D/NS W Z LR S iz, £ D7), BIPMIZUTs #7385 Z &1
Lo T, AIEICBWTHE Lz MEPM 2 MTX & IZ B2 588522105 Z LTl
STz, EZTET, T=A M UTs ICKD2EEELZH LT H7201T, BIPM (2
BRx IR D 1S, IA L7213 CMPF Z3fF S8, BRE A T A A~D BIPM BV A
BEOEIZOWVWTHRF Lz, ZO/E, WToORED IS 2 FSE75HE4TH
BIPM D HL Y A A &I L7z (Fig. 22).

Enomoto 5 ®® |3, OAT %7213 OCT JELMIIN %2 W /- MEHZ IR W T, 1S 1 OATL
IZE 5D PAH DLV AZ & OAT3IZ L B 2 b 1 U HREE DLV JA Jx % 2 BE A B TR
TEHDHMN, £TDO—JTOCTL & OCT2IZ L2 TEA DELY IAZITITHELE MIFT S 7
Mol Z e EWME L TWD, 2k ~7= K 512, BIPM OB JRME EEZAIR~DEY
IAFIZIE, Oct 12N 2T, 0at3 H 595 & B2 5115 M, Fig. 22 IS 472 IS DR
EHFIL Oat3 |2 K 5 BIPMEGEICK L TR Z » T2 LRI IAZIFESE
7236, BIPM OHUY iAZE, 1A REICHEAF L TR T3 MM %z~ L7z (Fig. 22) 73,
BREETBDOONGR N2 L5, BIPM ©OF7 v NBRE AT A ZA~DEDY A
2T % 1A OEEIT NI WE BRI NT.

Deguchi & ) 1%, HEFFTT v N BEIR~FHKD$ 5 21T 9 kidney uptake index #
IZE DT, ISB LV CMPF X a3 DEEHY Th H X U=V » (PCG)
DY A Z B EIAE T &, FI1Z CMPF X PCG OHLY A% 35% % TR &
THZ L, ZHIUZK L, IAILZPCG ODE D IAZIZK L THERENRZ RS RN
EEREL TS, ARFHCBWTYH, CMPFE TFIZBIT 5 BIPM O T v FERE
AT AASNDRY IAFZEIL, FEED IA EEFETICBT2WMVIALELY HIEMEE
AL, IS ZHAFIELLE ERBE TH o7 (Fig. 23). 72, AIFEIZBWVT, MTX
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& MEPM IZ IS, 1A £721X CMPF 2 L7 &8 T v NBEREA T A A~DOR Y AL &
@ﬂ“4h%tt$§*ﬁ§#bf:7ﬁ, INHOT =AM UTs 1, WThoBRE cHESE2
BBV TH, BIPM &g LT, MTX 38 L N MEPM OHLY iAA &% L 0 BHFEIC
X F &7 (Figs. 16-18). Z M EK & LTI, IS, IA 721X CMPF #7572\ T
Oat APHE XN T, JLicib~7= X 512 BIPM (% Oat3 (212 T Oct 12 Xk » T & ik
SNDT2H, MEPM ° MTX (ZHERTEEDN /NS o T 2 ENRFZ BT,

RIZ, FEW OB IRME LG ~DE Y AT 5 0 F A M UTs OREIC
OWTHFT 572012, 77 =Y {tBEMD—>ThDH MG #IfFEXHT, 7 v b

ERE AT A A~D BIPM UV AR ERZIT 572, ZDOFEHE, 0.1 mm MG 347 T
BWTHEZNRD SN, 0.5 mM MG 17 FIZEB W T BIPM O Y JAZ B
HEREACITZRD 5o 7= (Fig. 24). MG 1%, hOCT1 £ 7213 hOCT2 # R HL &+
7o HEK293 i e 2 FH N2 BRFHZ B W T, k8 RIC L 2 TEA OHY IAZITH L T
BLEMEMZRT 2 ENME SN TWD F72, BRANE bR ol E R
OCT2 NREHL TWDH 7, BHEENMET Licha, AMRNICERM LT MG I OCT2
ENLTCHEYEMABEREZSISREZTZENEZLNT. LILAERD, SEOMK
A CIE MG /72T T BIPM IV AZTE T oMM Z2 R L7I2b DD, ZOEITKR
ERLEOTIE 2oz, IR _7= L 512 BIPM OHLY IAAIE, Oatl OHEE TH D
PAH® JL1E F T bEF, 7z, Cat3 ZET 5 IS LU CMPFY HfE FTHEIS
KTT5. Liz2i->T, MG DEENBENTH>-ERNE LT, Oat3 |2 L B kD
HHENRENZ ENEZ LN,

PLEX Y, WA 4SO BIPM 1L, Oat3 35 X T Oct (2 & » Tl & o & B R
HE LRI A~E D IAE N DD, ZFOEHEILT =4 M UTs @ IS X° CMPF |2 X -
TEVHMSLEEIND Z LRS- (Fig. 25). ARHITIE T v NEEE AT A4 A
~O BIPM BV AT T D MG DOREITRE 2 D TiEAR)-7272%, Kl CKD
BEO LI, MEHFIZEE O UTs BEEFET 2354121, oo UTs I8 K- T ik
HENAEI N D AJREME D M TE 2V, BB, 7T T T =V, J==7
T =Y Ui EMG EHEOREERFO 7T = /LA OCT1L I LT OCT2 (2t
LCHEERZRT 2 L0l ST 0, BIPM @ X 512 OAT 3 L 1Y OCT Dk
B L DY) T, MR 5B IRME EEHEA~OR Y IAZIBRIZBWT, 7=
F UM UTs B LI T4 U UTs OB E [FIRFIZZ T 2 AlREERN B 5.
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Blood vessels Proximal tubular cells

IS
CMPF

Fig. 25. Possible Transporters Involved in the Uptake of Biapenem in the Renal

Proximal Tubular Cells

54



HFA NI A FHENLI DT v NEEE AT A AR IAFIIXRTT D IR
FIEYE O

Rl
w
il

HLIHE RS

AT £ TOMG T, 7 =4 3P D MEPM CliA A4 L 1E3EY © BIPM O F » K

AEEAT A ASNDEYABN, ISR CMPE 72 8O =4 % UTs IZ & » TIE X
NDHZEBHONTRoT, L LR, 7T =4 M UTs 280 F 4 U MESEY) O

FIFTHEBIZOWTL, TRETIFEAERESIN TR, 2, T4
P UT O—FETH 25 MG IE BIPM OEEIC KX B %2 RIS ooy, hF 4
MEUT BT A MY ORI T 28I T, FFMle &I E T
F B IVTUNRLY,

Z ZCARETIE, FERFIREERO—2>THDH A MFNVI Y (MET) 20 F 4 4%
HEYOETNEL, Ty NBREAT A ZA~D MET BUVIARIIKT DT =4 1M
RN HF A M UTs OB DWW TR LT, 7ok, RETII A F A M UTs
ELTMG EGU, BLUOZHD EHLMEELZAT LT = a7 (GSA) &
BEH L=,

20 FEERTIE
F1E Y L O
ARETHTAZHWERAIRIIUTOEY TH S.
A MRV UHEEEYE (MP Biomedicals, LLC, Santa Ana, CA, USA)
T R FNT =Y LAY (FOEMEE TR, KB)
77 =3 (Sigma Chemical Co., St. Louis, MO, USA)
77 = ) a7 (Sigma Chemical Co., St. Louis, MO, USA)
b ORER % Fig. 26 (2R
Z OMFRFEI LOWBIT, 3 Tl O Rk B & & v 7z
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NH  NH cr
N
NN N
| H

NH, NS >
- HCI
Metformin hydrochloride Tetraethylammonium chroride
NH ll\llH (|300H
)]\ H,N —C — NHCHCH, —COOH
H,N NH,
- HCI
Guanidine hydrochloride Guanidinosuccinic acid

Fig. 26. Chemical Structures of Drugs and UTs Used in This Study

F2H Ty NEFEREAT A A EHWTIY A H ISR
(1) FEBrEY

FEEREN 213 Sprague-Dawley AMEMET »~ & (250~500 g, &2 R—, fLIR) % fif
AL,

(2) HEWTEHR DR
TSR OTENTEE 238 1= FE 26 H2H 2) ITHEML, A FFLIVD
EEEIZ 100 um & LTz,

(3) B AT A AELY IA T FEBR

IV IALFERIIF 2 FH1E FH2H H2H 3) ICHERL. ik, A PR
YDA FaX— MNI105M E Lz, £72, AE YR — F_EjFIZIEincubation buffer
100 ul B L TR0.1% kU 7 /A4 v iR 200 ul % 00 % 7=
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W3 A FNEAAIVBIVETXRXLDER
MET 3 X O BIPM @ & &1 HPLC-UV {EIZ TiT->72. MET D015 % Table 9
W2 L72.BIPM 1355 238 55 2 % 25 2§ 25 3 IH Table 8 ® HPLC SFICYEHL L 7=,

Table 9. HPLC Conditions for Metformin Assay

Metformin
Apparatus : Shimadzu LC-10AT\p (Shimadzu, Kyoto, Japan)
Detector : Shimadzu SPD-10A\p (Shimadzu, Kyoto, Japan)
Column : Cosmosil 5C1g AR-TI (5 «m, 4.6 mmi.d. x 150 mm, Nacalai Tesque Inc., Kyoto,
Japan)
Column temperature : 50°C
Wave length : 234 nm
Mobile phase : 0.04 M NaH2P04* :CH;CN=9:1
“1-Octanesulfonic acid sodium salt was added at 5 mm.
Flow rate : 1.0 mL/min (retention time : 6 min)

%4 At
WERTALEEES 2 80 55 1 E 9 26 55 4 THICHERL LT
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o3 HT BRI
HFLIH Ty FBERERATAASD A MRV OED AL ZEE)

Ty NEREAT A ZA~D MET D IAZIZXT 2 UTs DB L I+ 572901
X, AP DOEBREME T TOctZ N L7 METHIEZFHMEI C& 5 2 & 2R D 045
NdbH, £ZTET, Oct2 ODREWEE THLT N T =F L7 =7 L (TEA)
ZF ST MET O IALFEBRZIT o 7.

Z DGR, MET OBV AL BT B B HL# 1 mg H72 Y 111.6 + 4.5 pmol TH -
=y, ZOMEIZ0ImMTEA GFE I Lo b 00,05 mMm 721X 1mm D
TEA HF T TIEZENEI 65.7%, 47.2%F THEIIK T L7 (Fig. 27). Z OfERIT,
MET 7% Oct2 IZ L » Tk SN D Z & &R LTz,

125

100

HH
—

~
()]
T

**k*k

Uptake of MET (%)
al
o

N
()]
T

MET alone  +TEA + TEA + TEA
(0.1mM) (0.5 mM) (1 mM)

Fig. 27. Effect of Tetraethylammonium on the Uptake of Metformin by Rat Renal
Cortical Slices
Each column represents the mean with S.E. of 3-36 experiments.
**p <0.01, *** p <0.001, significantly different from MET alone.
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H2HH T MNBEEATAANDA MRV VEVIARIRTEH T T =0, A
FNTT =D BILRTT =2 any oz
ATE T, TEA A TIZHBNWT, 7y MNEREA T A ZA~O MET IRV AL BEPAE
WA LT Z & s, MET O ML & B RIS b BRI ~D HL Y JA 71T Oct D B
42 Z LR EINT. £ ZTRIZ, ZOMETEEICKT D HF 4 HEUTs D
BEHOMNCT B0, 3D 7T =2 (L&Y (MG, GU, GSA) ZitfFESH, 7
v NERE AT A A~D MET BV AR BED L 2 /iF L.
GUBXIOMGOEEZ01ImMMBLU05mME LTEHELEEZ A, MET O
AZ BT 0.1 mM D GU £7213 MG H{F T IR W TENZE L 83.4%, 74.0% % TR
Tl F£72, 05 mM® GU £721% MG /7 T W TITZLER 66.2%, 61.8% F
THEIZKTLE. L2ALRRE, GSA T T, WTFNoOREIZEWTE MET
DHY IATZ KT D BITFR D b hr o 7= (Fig. 28).

125

100 + s T s
g *
[ | *kk Sk
w OMET alone
=
©
o 50 - 00.1 mM
V4
8 m0.5 mM
o
2 25 L

0

+ GU + MG + GSA

Fig. 28. Effect of Guanidine, Methylguanidine and Guanidinosuccinic Acid on the
Uptake of Metformin by Rat Renal Cortical Slices
Each column represents the mean with S.E. of 3-36 experiments.
*p <0.05, *** p <0.001, significantly different from MET alone.
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BI3H Ty MNEEEATAASNDRA MR VEY AR T DA RF LR
Bt 0 38

W2ETOMFIBWT, v FERERT A Z~0 BIPM DLV AL 1S 475
TTHREIZIKE T L (Fig. 22) Z &5, BIPM & IS 1@ ORI L » T8 L
BRI ~E D IAEN D Z RSz, £/, TEAHAFE T, BIPM B8 X OYMET D Ht
DABENILTIK T2 2 205, BIPM & MET Ofgiikic b @ oMENE 545
EEZ LN

ZZTCISERFSEIEGAEDOMETO T v NEKEAT A ZA~DRY AL EDLE
EIZ DWW THRET L7223, Fig. 29 1ZR 3 X 912, 0.1 mM £721£ 0.5 mMm @ IS /7 F T,
MET D7 v NEREAT A ZA~DORY AL EICHEERZEITFRD b nroT.

150

125

100

H

\]
a1
T
——

Uptake of MET (%)
A
o

N
(&)
T

MET alone + IS + IS
(0.1 mMm) (0.5 mMm)

Fig. 29. Effect of Indoxyl Sulfate on the Uptake of Metformin by Rat Renal Cortical
Slices

Each column represents the mean with S.E. of 3-36 experiments.
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HATH Ty NEREATA A~DA MR UBIOE T R LD R A F
DR

F2EFHIHBIOHE 2HETRLELIIC, Ty NEREAXT A A~ BIPM ©
BLOAAIL IS HAFFICBWTCHRIZIK T L7z (Fig. 22) 23, MG #£F T Tz A
EEERRBO LivZe o7z (Fig. 24). —F, REFE2HBLIOEIHTRLELD
2, 7 FNBREAT A ZA~D MET OB AL, ISHAFE T TIZE A EZ{LL72
STZDIZXF L, MG HfFTFICBWTHREIZIKTLE. 202056, BIPM 8L O
MET O Y A LT ISB I OMGIZEN TN R D HEELE KIFT 2 & AURE
Ihiz. £Z T, MET B LU BIPM OFRAME - BHIIE~DHL Y A BB 2D\ T
X HITHFTT 272912, BIPM IZxF LT MET %, MET IZ%F L C BIPM ZZ it
23T IABZE) 2 i LT,

ZORER METIZRLTImMm E72E2mm @ BIPM #3872 & 2 A, MET Bt
DIAAEDOELIZIFE E A ERD L7 > 7= (Fig. 30). ZiuZxfL,BIPM®Z v k
BREAT A A~ORY iAH L, 05, 1 F721L2mm O MET 7 Ntk W Tznz
. 56.8%, 31.3%3F5 L 1 40.8%~ & A EIZIE T L= (Fig. 31).
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o 50

X
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5 25 |

0

MET + BIPM + BIPM
alone (2 mM) (2 mM)

Fig. 30. Effect of Biapenem on the Uptake of Metformin by Rat Renal Cortical Slices
Each column represents the mean with S.E. of 3-36 experiments.
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Uptake of BIPM (%)

N
(]
T

BIPM + MET + MET + MET + MET
alone (0.1 mM) (0.5 mM) (1 mM) (2 mM)

Fig. 31. Effect of Metformin on the Uptake of Biapenem by Rat Renal Cortical Slices
Each column represents the mean with S.E. of 3-23 experiments.
***p < 0.001, significantly different from BIPM alone.
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A B

AREETIE, BIRAE BRI 3510 2 ik x4 2 1 74 o UTs ©
MEBICONWTHLMNITH20IC, OCT IZL-oTHESNDE Z ERMbR TN D
METZET LY L LT, $THDIC, OCTERETHDITEAKGFE FTT v NBEE
AT A A~D MET BV AR ZRFE L2, £ OREE, MET BUY IAZ 21X TEA ORE
RAFICHERBICICT L (Fig. 27), ZOFEEN S, MET OB RME R AL~ OB%
(Z1% Octl F7-1% Oct2 B35 2 & Mg S iz,

W, BBENE T LEHBGICEPICHENT 22 ERRESNTWE 7T =
D AEAW D GU, MG £ 7213 GSA*?) % Jtff &4, MET ~D B2 >\ THigT L T2
(Fig. 28). B F 4 M UTs TH 5 GU & MG DIAFE T IZHBWT MET OBV AR ITH
BEAE T L7223, GSA 2 3LfF S B 7= 84121%, MET BV IAAL BICH B 2 A 135380
S o 7=, Kimura & °7 %, hOCT1 % 7213 hOCT2 % 8l & ¥ 7= HEK293 fifim~
D TEA BV IAZITH W T, GU (X FEIT hOCT2 12 L S i@k #BHE L, —J MG & GSA
I3 hOCT1, hOCT2 D FIZ[FIFEE OHEMEM 273 2 & 2 #i5 L7-. —J7, Toyohara
50 1% 5/6 BEIKRT v MTIIT D GSA O ML P 1L BB AT & it L C B R
%73, SLCO4CL #H A L7=7 v MIEEOBYIBRZ i L 7354, e GSARE O
FRIZEBEICHIHI SN S Z & &R L, SLCOACL A GSA DR FRANGE 4y Wit (2 B 5-
THZEERH L, 20X 91T, GSA Okl iX OCT LA Dl K H B 575
72, 7y NEREAT A ZA~D MET BV IAAIZXTT 5820, GU B LTUIMG &
e U C/ANE o e EHEE S, ZORRIE, 77 =Y M THLOCTIZL D
Y OEEIZK L TRESEELRETTHOLHEVZEZRITIRNEDONH
HT L hERMELT,

FLARETIE, F2ETT v FEREAT A ZA~0 BIPM B A (23 L THLE
TEHZ R L7 1S Z L 7 &8, MET UV IAZICXH T BB A2 MET L7223, IS 1% MET
B iAHEIZHERZ G X 70> 72 (Fig. 29). IOWNWTIH, Elcik~7- ko
OATL |2 X % PAH ik <> OAT3 |2 L A= & ko U Hilgla s 2 BE(EM 27~ L, OCTL
F721L OCT2 12X D TEA Sk IIZ B L RES R 2 ERBE SN TN 5S.%®
RETOBRIZIZOREL KT 20 LB EN5.

552 BT, MG {7 FIZHE W T BIPM BV AR EIFBA T 28 a R~ L7Zd DD,
ZTOREFIIRENTH D Z LRIz (Fig. 24). —J7, KEIZBWT, MET B9

63



A B MG A5 T CIRERFMICIL T L7 (Fig. 28). MET & BIPM | TEA #£745

IZBWTZORVIALENAEREIIK T LD E0b, mEYIL Oct 12 L - Tk X
NDEWVWHIFERME NI H D 5T, OCT I L AHkioxt L CHEEM 2R
MG®" H:77 FI2351F % MET 3 L O'BIPM DLV A DB 1T R/ B /857 — o %o
L.

% Z T, MET & BIPM Ok DWW T I HICHMETT 572012, 7 v NEERE
AT A A~D BIPM BV IARIZKT D MET OB L 7y NBFREAT A A~D
MET BV JAZIZ KIS % BIPM Os2 84 bk L7z, £ OfE R, BIPM (X MET O HLY 1A
K E AL S22 o 7= (Fig. 30) 2%, MET X BIPM O HE Y AR % K& < &8
7= (Fig. 31). Z OFEFIE, MET OBk lZ1X BIPM & @ OB % T, BIPM & 1%
R D HENEES T 52 L 2R L. TEABKXOMET OBV IAAIZIZ OCTL R &
COCT2 DS % Z ENFMBNTVNS.D —J5, MG %, OCT1 £7213 OCT2 % £
ZNFHB I ET-HIZIBNT TEA OV IALZIHEST L Z & RHE STV DD,
TNENORBAMILZ AWz TEA OV IAHRIZE T 5 trans-stimulation %) 5 1%
OCT2 ¥EMIEIZE N TOARBD LN LD, MG OEVIAZIZITEL LT
OCT2 NG THZLBRHMESNTNDEN F9 NEEEATA AD X HIZ Octl B
L O Oct2 MRAET 2 5F-liR D% 4, MG 12 X 5 OCT IV iAZFREIEM (Fig. 28) A3
Octl, Oct2 D EL L ~DFAEZ ML TWDNIERE TX 220, £72, BIPM (X Oct
IZEoTlksng LHEEINTbDOD, ZZIZHEET % Oct OV 7 Z A FIZo0

THHFSICBWTAHATH 5.

—J7, MET Ok (21X, OCTL Ll L COCT2 DHGDOREI W LR ST
W50 B RAIAE bR I~ DHEL Y SAFA T IV T, MET 1213 OCT2 73, BIPM (21
OCTL BZENENHEGT 284, AFEICBWTHE LI X 51T, BIPM B D ARIZ
95 MG OFET, TEASC MET ICX 2Bl L TS D ETHIEND
(Fig. 32). L L7223 b, ZOZEEHLNICT HDITITIHERDIMENMLETH
2.
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Fig. 32. Possible Transporters Involved in the Uptake of Metformin and Biapenem in

the Renal Proximal Tubular Cells
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BAE Ty NEREARTAASOEYER Y AT 57 VT F =2 DR

HLIHE RS

ZINET, YO IRME LRI ~DELY IABNZKET D 1 F A M UTs D %28
ERRETT 5701 GU R MG 077 =V ke e S TERZIT- 2.
BEORIE LS LTHYWLNTWD Cr 8 77 =Y k&Moo —o>ThH Y, KEHE
REBECIRFEBE TREBRENKE KT L2EAICmEES Cr BEFELL E
FU, fEHHE LU TI0/BU EE T REEZRTSALH 5.3 £, Cro
PEMI IR RN A 36 L OURMAE W02 Z MBI TR Y, JRAME 55T
B AT L Cldkk 2 285235 5. Grindemann & ®® (3, Octl <2 Oct2 %
FEHL X7 HEK293 Ml & W 72 Mt ¢, Oct2 FEEUHIARIC X % Cr B Y JA & &3 Octl
BT LAWY IARELD b RKEWVWZ L A2RE LTS, —J5, Shen 5 ™3,
HEK fifid % W 72 BREHZ 3B T, OAT2 Z R BL S 72385518 Cr O HL Y IAZ N K X <
WNT 528, SHICVAFUURA VY RAZL Y, TAEANVKRTZ LA 72 E,
OAT2 Z[HET D LEX LN TV AEME G ST AICARICK T LI L%
WELTWS, 20Xk, CrizhFA MHoEErA+T5ICbBbLT, T0F
PRAE b AN~ D#E 21X OCT A 72 53, OAT ARG T L InTWnWb. £
D7z, Cr i TR TUAFTET 256, B2 72388 O R RARE 73wt LT
WAL RITTRREENRE XL NS, L LR, Cr i X2 Mgl o & IRME -
BZAHERe ~D P ER Y SAT KT 2 5B T 2 WA 134 72 <, Cr OB ST
RE 72 W2,

Z 2 CARETIE, MER ETHEY O RME 5 BE-3 2 sk ~0 Cr O
WEZIAONCTHAMT, 7y FERERT A Z~D MEPM, BIPM, MTX L
MET O IAFIZxET % Cr DA Et L7z,

66



528 EBRTIE
1 Y LU

ARETHIZITHWZ Cr (Fig. 33) (FADEMBE T (KIR) LA L. Zofth
OFIEE L ORENE, X THi R O FERBIRS &L & 7z,

!
L
H

Fig. 33. Chemical Structure of Creatinine

O

F2WH T v NEREEHWEERY AL ERR
(1) FEErE

FEREN) 21X Sprague-Dawley R#EMETZ »~ b (240~400 g, &7 F—, FLig) Zff
H L.

(2) Wit DI
WS OFIEUTH 2858 9 1% 5B 28 5 2H (2) ICHEL L7z,

(3) BEA T A AELY A FEER
IRV IAAHFBITH 28 B 1% F 28 %28 3) (SR

H 3T MO FE R

YD E BT HPLC-UV I TIT > 7. MEPM B L OYMTX X5 288 132 2
i %5 3T Table 7 ® HPLC £:f4:(2, BIPM (355 2 &0 45 2 3 45 2 fi %5 3 14 Table 8
? HPLC &1, MET 1355 2 6 25 3 % %5 2 ffi %5 32 Table 9 ® HPLC &fFIC£h
THHERLL 7.

o ATH EHLE
WRTALEITHE 2 5 0 L& G 2 6 5 4 TICHERL L 72



o3 HT BRI
13 Ty NEREATAASNDABNRLABIRA N MLFH— MO AL
x5 7 LT F = DR
F7, OAT IZ L » Tk S5 MTX 38 L O MEPM Z HWC, Cr 3645 T £ 72139k
HAFETICBIT OV IAAGE LI LTz, 7nds, RERICIIT D CriRAElL, REER
FICBWTHE SN TWD Y FmiEp iR (13.6 4.6 mg/dL, £1.2mM) & f
MAEFEE (240 mg/dL, 2.1 mM) 2&5E&|(Z L THRE LT,

MEPM D B V) 3A Fx B X HUMFF AR 1 mg 729 7.6 £0.6 pmol TH o728, Z D
fEIZEEAF3 5 Cr OREITET L TR L, 2 mm Cr 3547 FIZB W T HEMEE O
57.0%F CHEIZIKT L7z (Fig. 34). 7z, Bfik1mgH 7= 0 O MTX DY iAZ T
58.3 = 5.7 pmol TH-722%, 1 mM £721X 2 mm @ Cr 2 HfF S H AN Th
56.1%3 KON 71.7% £ THEIIK T L7z (Fig. 35).
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T T
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Uptake of MEPM (%)
N
(6]

MEPM +Cr + Cr + Cr
alone (0.5mM) (1 mM) (2 mM)

Fig. 34. Effect of Creatinine on the Uptake of Meropenem by Rat Renal Cortical Slices
Each column represents the mean with S.E. of 7-30 experiments.
*p <0.05, *** p <0.001, significantly different from MEPM alone.
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ﬁ **k

S 75

o 50 |

Y4

g

5 25 ¢

0

MTX + Cr + Cr
alone (1 mM) (2 mM)

Fig. 35. Effect of Creatinie on the Uptake of Methotrexate by Rat Renal Cortical
Slices

Each column represents the mean with S.E. of 5-8 experiments.
**p <0.01, *** p <0.001, significantly different from MTX alone.
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55 2 11 Y NEREATA ASNDET XA LW IABIIHTH7 VT F =D

NI

S
N

i3

Wz, BIRME ERMa ~D#tc Oat BE O Oct NG T25 2 RN REhi-
BIPM (Zxt LT Cr 2z {758, 7 v FNERE X T A A~ BIPM H Y A & DZAL,
e L7,

ZOFER, BIPM B JA A F X Cr O E AT L TR F 9 2 Z 7~ L, 2mmCr
HAFT TIX54.6%F THEIZKT L7 (Fig. 36).
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— |

S 100 | T I

=
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o)

o 50 I

X

g

5 25 ¢

0

BIPM + Cr + Cr + Cr +Cr
alone (0.1 mM) (0.5 mM) (1 mM) (2 mM)

Fig. 36. Effect of Creatinine on the Uptake of Biapenem by Rat Renal Cortical Slices
Each column represents the mean with S.E. of 6-23 experiments.
*** p < 0.001, significantly different from BIPM alone.
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B/ I3WH Ty RNEREATAANDA NKNLVIVERYIARIZHTHI LT F=

D %‘,—5 259

% 3 ETOMGITIHWT Oct DEEIZRD Z &R I N MET Z W T, Cr

DB 2 FARIC R L7z,

ZOREFR, MTXS°BIPM & %720 ,0.1,0.5,1 £721F 2mMm @ Cr 2 L7 S 7124545,
MET BV SAB BT WD CrifEICB W T HARBRREIITED Lo 7= (Fig.

37).

Fig. 37.

150 r
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g T
= 100 | = |
L
Z 75 ¢t
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Q
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g
> 25t
0

MET +Cr + Cr + Cr + Cr
alone (0.1 mM) (0.5mM) (1 mM) (2 mM)

Effect of Creatinine on the Uptake of Metformin by Rat Renal Cortical Slices
Each column represents the mean with S.E. of 6-23 experiments.
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A B
F BB TIC o TR PICERT 5 2 &0 b, BIRICBW TEERED

L LCTHWOLIRTWD., LMLAERG, —f&IZ UTs & L CORFEITILL, Cri
KDY BE~OEBICHT I HEITITEAERIN TRV, CridE 3E=ETHW
T2 F A M UTs D GU ° MG EERIDEIEL AT 52 L0nh, Zhb ERKIZY
T =V LA EE NS, lC bk 7= K 912, CriX OCT iE220 T72 < OAT
ICE o THIEEND Z ENMEIN TS O™ X5z, Oatl F7-1% Oat3 % FHi
ERET 7V IV AT VRIS Cr BRIV IAEN, 7o_RRY RICk->TE
DOV IAHZNIHFE S D Z X2, 0at3 K~ 7 A 2B W T Cr DM IREN A EIC
ML, Cr V7 0 AMA XY 7 VT T AERBEICETHD LIz L
PG S F, Cr OB PR Oatl 38 LN Oatd 3545 L RAShTnD . £7-,
Lepist & '@ |%, OCTs 35 & N OATs 2 A L 7= MDCK II {2 f\ N 7= 85, Cr i
OAT2, OCT2 3 L TNOCT3IZ & - THiiik =4, 1 TH OAT2IZ K 2 Hiik N BHE CTh -
722 &, OAT2 12X 5 CriffiiidA v RAZ UL CIEEND Z E2HE LT
W5, ZOX DI, BIRME ERMIRMIERIZ I D Criligié I3 EE O fE R AR 2
BllooTWH Z &G, EYORPPEIZRTT 2 Cr ORI ONWTHLNIZT S
LR EEECTHD. I CTARETIE, EYORME SWITKT D Cr DI
BT 2 BN R 25572012, ZhE TOMRFHTHWZ MEPM, MTX, BIPM % 7=
X MET IZ Cr 275, 7y NBEREATA ZA~DORY IAHBEDEAIZ DOV TR
L7

FT, T =AY OB IRME EEHENA~OEIEIZRT S Cr OREE G
PICT D7D, MTX & MEPM IZ Cr 2 /7S TT v NBREA T A A~DRY
IWAEBREITo T2, ZOFEE, 1 mm £721% 2 mm Cr 3547 FiZB W T MTX & MEPM
DI IAHEITHEICIK T L7z (Figs. 34 & 35). 2 E TOMHFIZL Y, MEPM ©
Bs21E Oat ARG 5 Z &, —J7 MTX DigiklZix, Oat 35 L O RFC-1 3B 595
TLEMNREBENTNDS. Criz 2 s MEPM X2 MTX DY A Fx (2 B 59~ 5 dig 6 HH (A
DOHFT, Oatl & Oat3 12 k> Tk s 5. £72, BRME FRGMI ORI 1%
OAT2 BRI L TV AN, FELAMIAZ AW -MF2 5, Crid OAT2I2 L - T b i
BEEN, ZOHFEOREIZOCT2°0OCT3 L b REWVWZ EARE S TWNS. M
Sekine & ™ %, OAT2 Z RIS W27 7 U BV A F = VIR 2 W - Rahc s
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W, PAHSCMTX, 7B F LY U FABNROAT2OEE THHZ L2 HEL TV,
i EDOKRFHZFB VT MEPM OELY 3AZ 28 PAH S{F FICB W TR F L= 2 & 20
TEZ2 5L, MEPM OELY IAZIZ1E Oatl 72 5 ONC Oat2 23 592 mTeEME H & 2 6
niz. 20X 51, MEPM X MTX % L T Cr OB RS b Rz AR EE 2 381 5 i
%1%, Oatl X° Oat2, Oat3 72 & O Dk IkZ I L THITT 2720, T bt
FIZEVBEREART A ANDORY IABBEOEADAE Uz EHEZ S LTz (Fig. 38).

Blood vessels Proximal tubular cells

Fig. 38. Possible Transporters Influenced by Cr in the Renal Proximal Tubular Cells

IREFIEAB T3 2 MU CriR IR LT, Py i i 7% 13.6 mg/dL (9
1.2 mM), f R AEH R AS 24,0 mg/dL (9 2.1 mM) &\ 9 @i D 3 5. AREHC
BWTT7 vy NEEE AT A A~D MEPM & MTX OELY AZ TV F L 1 mm Cr 3k
FFTAHEIRTLEZZ & D, OAT 24T L 7=3EM D JRABE 73 WA k3 5 Cr D524
IR BFIERE DERNTHIICEZ VD LSS,

WA, BIRANE LR HIEN A~ IZ OCT 23 592 o x4 5 Cr o %

BH O NCT 27201, CriEFETFIZHB I 5 MET B AL EO AL 2 754l L 7. MET IX
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OCTL BXU'OCT2 IZ L » Tt &4, £72F DA 52OV TIX OCT2 23 OCTL &
DRENZ ERHEESNLTNS.D —J5, Crid OCT2 12 L » Tk &, OCT2 24t
L7- TEABRREICK L CHEMRER 2R/ T 2 LR HME SN TS La-> T, Cr
HETHBE, Ty FBERE AT A ZA~0D MET BV IALNED TS5 EFHENT-.
LWL 5, CrizMET OBV IARITIZEE A EREBE RIT S - 7= (Fig. 37). =
DFEFIE, Cr 2 Octl 3L Oct2 1IZxt L CHFERAZIZE A LRI RN & 2R
LTHEY, ZNETORELEFETLHHOE 7. ZOHEBIIBR A TIIRATS
D, SHOBRFBLETHD.

ZDO—JT,Crix7 v NBEE AT A ZA~D BIPM BV A 2% L CIEBLERDH
L CW5b (Fig. 36). BIPM OiigiklZid Oat & Oct WG 5 LA I DN,
MET OfERAZEET 5 &, ZOMAEERAIZOCatZ# N L TEI>TnHEE2x 65
(Fig. 38).

UEDRERIY, Crizh T4 LCoEEZRTHICHLEb LT, JRME YW
WHET OAT OEE LR Y DR ZRET 2 Z &N I, £D—F5T,
OCTIZ ko THE SN DY~ DB/ NI W EHERE I . Cr L OMEIEEH
THUTs L LTMGRGSADBETONLIN, ZNHD 7T = J{LEMIT OAT X
OCT # /1 L7 MMkl Z e 2 WL RITT Z L bR ENT=Z &0 n, EYOIR
NEIREIZKT 2 2D UTs ORBIC OV T, FERLERONENRIIRTHD.
T, RETIE, Ty NEREATA A2 AT, BIRME ERHE O MR
LT D EEIRA~D UTs OFEZ G L2y, BIRMAE ERMRIZIE, MEBRED
A7 59, TERIEMRNIZ B P-gp <° MRP2, MATE 7 X OBt KNI I L, 3R Ok
WZBE LTS, 26 OlgkRE A L UTs O30, UTs (2 X 2 3EMilisk~
DEBIRATHLED, TNBICONTHABBRH LT BER DS,
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i

ZA
[&liii}

AEIOWEN BN MREUTFICE LD,

MEBITERFICB T AT =4 M UTs O isEFERE 2>V T

1.

MEENTEEIZ BT 2 M IS I, RIRFICRIE L7z IAX° CMPF & i L T
mVMEZ R L7e, £72, RSN B IR T 2 RIRE & i/ NMREDEN I IC
REL, FEEMETHORE NI ERHL NIRRT 1S FMEENTIC K-> TH
RWNRESND OO, BITHE THREFHEERE &L TH2RD mMEZ R L,
MEFENTEE DENICER LT W LR ST,

. CMPF D AR BE X, @EATHITRIZ IV TREF R &t L TR 5 i W ME &

RUTz. 72, MIRBITIC L > TUTE A EREINLWZ LD, MRSBHTBRE
DIERNIC—EERBTHEBRELICS WUT ThHZ LRIy,

A DO MEFREEIZISSOCMPE X0 HA6L<, BTaNE, EEFEERE L L CTHE

WCEWETIEH - 7220°, BITERICB T D RE LM ghERE & FRE O %2R
L7z IAEBITIC L > THRESNSCT L, EEENMENUT THDH Z ERRIEX
iz,

IS, IA 1 X O CMPF @ A iR FEEICHBMRITR O b 72 £, IAB LW
CMPF O i #EHiFE &, Scr, BUN 35 X TF eGFR O RIC HAHBAMEIZER® S22 o
7=, —77, IS OMmIEF IR X Ser B LN eGFR & BAFRMHBEMEEZ R L2 &b,
IO OBEHIEREMEE AW IS OMMETREZ THIT 22 ENARETH S &
Bz LT,

7 =& M UTs D HSA ~DFEEErEIZ >\ T

1.

HSA IZ%I3 2 UTs DFEARIZCMPF > IS> A DJIEE 720, £7=, % UTs D HSA
FEORLEMAGENIC L DRERLE OMICEGRAOHBEMENRD Sz &
5, IMEH LRI A~OFEG ORREN, MEENTIZ X D UTs DR EROREE
K& 72l 2 L AR S .
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2. I NRRAAZF I MJET AT IOV A FICHEAS L, ZORAIZ IS IA
WL TEBIND Z ERREBINT-.

B RANAE b SRR RN Z 35 1 D A L RS il 4 UTs DRI DT
1L 7=F M UTs TH 2 IS, IA 1 LU CMPF 3, OAT1 =° OAT3 238 5.3 % H Wi
EEHEST DL ENRBR SN,

2. 77 =V bEMFHAR UTs ®H 5, GU & MG X OCTs 241 L 7= gk o st LT
PREVEM 277928, GSA R L Crid OCTs 2/ L 7= Sl |13 B 2 K IF &/
WZ EDRBE N, £, % OATs %4 L7 itk 2kt U CHEEH 2=
FTHREMEDS R ENTZ, LT - T, 7=V 7 {bAWH UTs TR OS2 A4

ZH b TREE RIT TN R D e R S .

AL LD, RPBAEEZ BT UTs 13 & v X7 G O FLE B RS
DUWDMEREZN L THEYBIREICRA REEBZRITETEBENOSH D Z ENRE
ALz, UTs 3B 2 AAMEM 2 THl (e 357201203, i UT IREZHIET 5
TEMEELRDH, AL THE LZ UTs OF T, BEOMIEHICEREIZFE
LTCWAISIE, Scr°eGFR # V% Z & T EIZ M E 2 TR 5D Z & N AHE
HLZEDBHLNETR ST,

IRHOMRE, BHEENE LK FLEZARFICEY 2 & 595812, UTs 12X
DIEMBRE~DHBELZBE L, MUK GEELZRETHOO-BERHLEEZL
b, £z, THET UTs OREfRICK 3 28I oW T, kR z B s
MR E AW RER RSN TE R, ZRL0MEL, 7y NEEREAT A AL
WAL LGOI, —H—H LR bA bl fx3E Yo
RNENRBIZ X9 2 UTs DR ELH I T 5720I121E, B D HHROMEN R K
ThdbEEDLND.
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