13 15 3

45
PEES 0145
| PEREEIC X 5 B ALRAVE A O A ARETG & 1 A WA RE

BImRBTFEE  REEYR (BRERRFERAR)
kFERSEE - EEEE (BRERRETRAM)

mdriafk Omdr1b%ERE L=< Z(KO) & DEERT T X (WD DIEALRMES2
A2 hEcollapse LR ETER L, PEEREOMEAEAS ICB T 2&RE
ZRALEZ. MEROESBE%300% 5180 mOsm/keH,OIE T TES &, i
FEIIWT, KOWTH 5—iBMEO BB ICHS HEARELS RVD 2R®z. WI, KO
T. 2O0P-gpDEEZ (verapamil cyclosporin AV T T EEBEREZ A
THRVDIIFLE TH - 7=, KOImannitollz & 3 &EEFE#IE (500 mOsm/kgH,0)
2INZ 5 &, PSR EEORD BICREEAREEN RVDZR DN, WIT
ISR IR L EE T, RVIREFR Lz o7z, WIT, 2DDP-gpDEEE
BAE F Cmannitollc & 5 BEE FRZ MA 5 ERVISHBE LR, AR AIFT >~
BTE AR (D FE 2= #(tetraethylammonium) % 7€ F Cmannitolic & 2 wi& % E R # 2 i
Z THRVIFEZ 5t oz, KOTIE, HIEAENakRE S Na/HR#i#x FNHE)
O RAYRE 2= 2 (ethylisopropylamiloride, EIPA)RINC L V. mannitolic K2 & &
BEABTHE L ARVIIESICHEE LA, WITIR, P-oplEREET T
mannitolic & % mEEER# 21T o F2RICHER LARVIE, MRS R NaBREEIPA
FACE D ZR2E Lk, BUEXY., DY EMREMETIE, P-epidEREE
R BT ARVDICIZREES L7z, 2)P-gpiEEHEFFAE F T, mannitolic K 2
EEBEERETRVIMNEZ 22, P-epiEHFET TIHIEZ 5720, NEEBERE
THETBRVIE, MEMEONHEZAL TRIS, TENBLMIRT,
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BIpiESE 0145
—EEEEIC LA IR SO MR b A A R D FIE

BIRkbtsEE | BRER (BRERKRFTRAR)
HEFFE EH=EE (BRERNRFERAR)

IR ASEN

ZHMEERE THAP-EEREC-gIZ. ATPOKBEO IR F—2FHL T
EW) EREERICERT 2R T, TOEEFIZE N TIERMDRI, ¥ X TII2EE,
mdrlakOmdrlb, A543, B, ME. 2 ERSHMLTWS Q). B TR
REHE O ERABICER L TRENB SN Z02-6)4, ERICEY 2HHLTY
ERESIHTATS oz, ZOEMITH U, B4V, BEmdrlakUmdribz K18
LR TAKO)EZDOHAERT T ZWDDIEMRME2EE - #ERL, P X
BT, BXEFET drhodamine-123(R-123)2 AW T, EPHHgERKT L. KOT
IER-123DEEM N LI HE TN T WS T &, WITIEP-gpDEZ TH Sverapamil
®cyclosporin Az 59 2 ER-1230EEM M T 31, KOEE<FARDEARN A
ENBZEZHENILED., £, KOOB T, &5 digoxinBWTIZEE U
ERICERTAHIEDHRELTVB(T). —F, P-epidBEBEAK TEL Lz
HEAE ORI R 3 TS AR 2 (regulatory volume decrease, RV D) D7 R
F. RVDOHBRIZED > TW BCIF v+ XIVOFHERF ThH 5 2 &9 P-ep 2 BEFRR
TR EEEME THRE SN TN S6-10), Lo L, intact/ziE i RMeE L EdiE T
DE|ETIZV, T, SERBEEER TG L MBI EE OFRICE S AHESR
I (regulatory volume increase, RVDIZP-gpMBEEEL TWANE S MBARHAT
BB, TIT, FHETIE, LEEEOTY AT REEE B, MEAEE K
BEEEIIHEEEARICE L I OHIATER S8F 285 L, P-epOMiia s
BRI BT A REZHENTT B I ER2ERNET S,

2. BIRTIR

2.1. B

FFFETER LIZKORTDWTY 7 X id, Schinkel5 1DIC&> TRE I NLH D
T, KETaconictt LD EA L,

2.2. RAEH/NER

BEOKORUWIN TR XD, AAMRBES2ET A2 M EEE L, Dellasega®
(12) DFEICHE > Tceollapse L7zRE T, HCO, %2 FVEEFE EHE (300 mOsmol)

—147—



WCTERL, NEAZ2REBEAREICISEEERRICERL L. A LLER
DR ETable 1IZRT .

2.3. REERORE :
REREEZ30DEIA00ETEERE L. AMRMEZAREARTE, €0
AR
V =n(d/2’L
TEIN3, 22T VEIRHESE JIRMEONE. LIRMEOESTSH
%5, REBEEBLVCEEBERR TES T — %3, EESEBRROK ORME
AEF100% ELTERLE. '

2.4. #st
F— Y IEEELEEEZTEL, tREE/AIIFisheriiic X 0, pfEDN0.0580F

EERELE.

3. BHFEER

3.1. EEBERBITH T o MlaAsREEL

QBED T XA FRAE % 110 mM ONaClz & D58 B IE A W (solution 1, Table
DTERE, 50 mMONaClE120 mM @mannitol% & 112855 E K (solution 2,
Table DIZ10 MR LAY, MRAEBRIFAETH o/, KRIZ, WIT, solution 20D
SR EE VO RS, solution 3OEEBEAR(180 mOsmol, Table DIZT5 &,
MRARII133% WML, T ORBRICTIHD L10HBICIZ116%IC 20k, T7abb,
RVDAH B L 7= (Fig. 1A), &I, KOT®, solution 20EZFE EEEN» 5
solution 3DEEBEAE W (Table DICZEET 3 &, MlEAREIISBICEML, 129.5
%ERL, TOB, BONCHS L, 1098BICIZ111.8% E725 7= (Fig. 1B), KIC,
29 OP-gpflE#E (verapamil, cyclosporin AFTE F T, KEBEFBZEINATZRD
MRASEA LR BEL -, WI. KO#Iz, verapamil, cyclosporin A5 5i# T i
MARIIFETH -7z (Fig. 2), Th SEEAEE T T, solution 3OEEBEEK
BINZ 3 &, MEARKI—BEOEMNE, RVDERDE(Fig. 2).

3.2. BEBEREICE T 5 MRAREZLIL

WTG, solution 1(Table 1)D% 25 F Ak THERE. solution 40 mannitol % 7
ML 7= BB BEAERK(G00 mOsmoDITEET 3 &, MIEARII82. 1% LER X
T, 109BALETH - /= (Fig. 34). —7F, KOTIE. mannitolic & % &EEERE
BNA D&, MRART —@EICT9.9% ICH R, HRaIEN U100 RICIE8T.7%
IEL7, T7abB, RVIZRDE(Fi. 30).

urealz X 2 EEBERIE TIE. mannitol&ide < B o MRERALER L,

==

WT., KOZ:iz, solution 10EE3E FAR CERMME . solution 5Qureall L2 &=
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%&E%?@(SOO mOsmol, Table DIZEET 5 &, HIEAERIIETNETN88.5%. 87.0
BB E, 2.5 RICHMEICE - /= (Fig. 3B, 3D). solut10n1 CRT &
%IHH@.@?’E IZovershoot BERSL N ITHIEICE L 7z,

Wiz, P-gp DREE MBI mannitollz & 2 E&EE ERRE 2 1 2 /=R O/ &
B E2ER L=, WITHE. Verapamil cyclosporin AFTULE IZmannitoliz & %
EEBEREEMAZSE, MRAEBII—BEOREDBRVIZRD 2 (Fig. 4A, 4B).
—7%,. KOTIE, verapamilZ 7z idcyclosporin AI" £ R T EFE T EAERRICRVI
WNHIR L= (Fig. 4C, 4D).

WTTIX, BEOFF D EiERDEEETH 5tetraethylammomum (TEAEETF
T. mannitolic X 3EEBEMBEMNZ TS, WASEIEDS LizE £ TRVIZH
B L 7ah o = (Fig. 5).

KT, BEBTREEICHRTARVICESL TWa 1 F VEEEZ2FET 2720
M A DO Nafg =, Na/HZ # s £ NHEO HF ZE W E F# O
ethylisopropylamiloride (EIPAJRMIC & 2 Ml BB A ZEER Lz, WITIE,
verapamil, cyclosporin A7E#E F Tmannitolic & 3 & BRI ZE N A 72k iCHE
L7=RVIIZ. #pas & NafkEFig. 6A. 6B)°EIPAGM (Fig. 7A. 7B) KX DZEE
&L=, KOTH., MBS E Nakk % Fig. 8), EIPAGM (Fig. 10X D,
mannitollc & % EEBEFIM THIHR L ZRVIEZEEICHIHE S 7.

4, B8

4.1 KBS EREI T 5 MRS EE

SEORA O TR, WHERRMAEIEEBEABZMAS &, MBRARD—

BEEQEMBICRVDIHE T3 Z ENBRENE. AROFTRIE. EERZTYFE
RHREIE (13, 14). I EREE12, 15, 1) TH®EINTWVS, Vaverdeb
(10)1Z. mdrla%#EA L7=Chinese hamster ovary cell Tid, EKEZERIFTRVD
NHFT 2, P-gp2REL TWARWHIBTIERVDAEZ 572wl Lz2HELTHY
%, Roman Q) %, P-gp&FEBEL TWBHTC-Rhematoma cell TRV DAL
ZHIP-gpDIAEE T % SverapamilD 512 ko THH SND ZEZHELTY
3, ChL0HELD, RARKOTREBBEMB TCRVDAEI S AN L2 T
B2, HBRIZZOFREITAE BRD, WIERAKICRVDOE L. fEo T,
< R RS Tl P-gp Y BB E RS I HE T SRVDICIZE S L Tlnian &
EAVHIBAL 2, |

4.2. BEBERBICNT 2MEAsEE L ,

WTOEALRME TiE. mannitollc X 5 &E35 ERlEE UL THRVIFHER LR -
7=, FROFRIR, EE7YIEMmHREEQS. AMERMEQD THHRESNT
W5, —%., KODEMREMETIE, mannitollc &5 &85 ERE TRVIZHERL 7.
=512, WITIEP-gpD HEFEEFE T TmannitoliZ c]:ém&férﬁﬂ{%i%bﬂz%&
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RVIAHET 24, TEABFEF THRVINRZ bado7, MU ELD, P-gpiEks
P-gpFEZEZ I L DAMEICHIHI L /=384, P-gpiEE% mdrla, mdrib@&FoKiE.
R OMEIL =56 WIN b mannitolil X 2 BEEZEFRE TRVIAHR T3 &
DS M &S . A

ErER Ecollapse L7 RETER 2T L TVAOT, FEMAETIIR<, mEH
DA F 28R ENRVICES L TWa I ENFEINA, ERIC, #ESENaR
EREIPARINC L U, RVINELICHELAEZ LD, NEAEONHENRVIIZZ
BELTW3 T &AM L=, '

mannitol& [T BRI, ureal & 3 HEEEAMICKH T 3 M AR IIE< B
‘o TWwz, WI, KO#*iZ, —EEOHMBEAROE R, EONITTOERICE S
7=, Ureafsf F T OMIE FEL {Lidsimple diffusionDFER TH V. ML ASEHE
KEBBDTIIARANIENEZSNE, £, ureald X2 BEBERE KT 3 M
TR (Cidp-ep& IFEBRTH 5 ZE BN .,

5. 5B 0ORE

M EQEONHEM mannitolic X 2 &&3E ERE TEAS ITEERLIN 200, 58
BEfLzWEBZTWD, £, NHEOHRERNT 7+ > J O#F & L Tprotein
kinase COEELAMBOR TEEINTBD, ZORXDVTHRIATETH 5.
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Cell volume regulation by P-glycoprotein in mouse proximal tubule

Shigeaki Muto, Yukio Miyata
Department of Nephrology, Jichi Medical School

Summary

The role of P-glycoprotein (P-gp) in cell volume regulation was examined in isolated
nonperfused proximal tubule S2 segments from wild-type (WT) mice and those in which both
mdrlaand mdrlb genes were knocked out (KO). When the osmolality of the bathing solution
was rapidly decreased from 300 to 180 mOsmv/kgH, O, the tubules from both WT and KO mice
exhibited regulatory volume decrease (RVD) by a similar magnitude after the initial cell
swelling. The peritubular addition of two P-gp inhibitors (verapamil, cyclosporin A) to either
group of the tubules had no effect on RVD. When the tubules from the WT mice were rapidly
exposed to a hyperosmotic solution (500 mOsm/kgH,O) including 200 mM mannitol, they
abruptly shrank to 82.1% of their control volume but remained in a shrunken state during the
experimental period, indicating a lack of regulatory volume increase (RVI). The addition of the
two P-gp mhibitors, but not the inhibitor of the renal organic cation transport system, to the
tubules from the WT mice resulted in RVI. Surprisingly, when the tubules from the KO mice
were exposed to the hyperosmotic solution, they abruptly shrank to 79.9% of their control
volume, and then gradually swelled to 97.7% of their control volume, showing RVI. However,
exposure of the tubules from the WT mice to the hyperosmotic solution in the presence of the
two P-gp inhibitors had no effect on RVI. When the tubules of the WT mice were exposed to
the hyperosmotic solution including either of the two P-gp inhibitors, in the absence of
peritubular Na or in the presence of peritubular ethylisopropylamiloride (EIPA, the specific
inhibitor of Na/H exchanger), they did not exhibit RVI. In the tubules of the KO mice, both
removing peritubular Na and adding peritubular EIPA inhibited RVI induced by the
hyperosmotic solution. We conclude that 1) in mouse proximal tubule, P-gp modulates RVI
during hyperosmotic stress, but not RVD during hyposmotic stress and 2) basolateral Na/H
exchange partly contributes to the P-gp-induced modulation of RVI under hyperosmotic stress.
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