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Investigation of the expression control of

renal aquaporin 2 using diabetes-model mice
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AL TIL, LT OEZRWT,

AC : adenylate cyclase

AQP : aquaporin

BSA : bovine serum albumin

BUN : blood urea nitrogen

cAMP : adenosine 3, 5-cyclic monophosphate
Ccr : creatinine clearance

CM : crude membrane

CRE : cAMP-response element

CREB : CRE-binding protein

DMSO : dimethyl sulfoxide

DNA : deoxyribonucleic acid

ECL : enhanced chemiluminescence system
EDTA : ethylenediaminetetraacetic acid
GFR : glomerular filtration rate

GLUT : glucose transporter

Ig : immunoglobulin

IV : intracellular vesicle

Li2COs3 : lithium carbonate

NKCC : Nat-K+-2Cl cotransporter

PKA : protein kinase A

PM : plasma membrane



PMSF : phenylmethanesulfonyl fluoride
PVDF : polyvinyliden difluoride

PXR : pregnane X receptor

RNA : ribonucleic acid

RT : reverse transcription

S.D. : standard deviation

SDS : sodium dodecyl sulfate

SGLT : sodium/glucose cotransporter
SMIT : sodium myo-inositol transporter
STZ : streptozotocin

TauT : taurine transporter

TBS : Tris-buffered saline

Tween 20 : polyoxyethylene (20) sorbitan monolaurate

UT : urea transporter
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FE, FHF Yy RZAL LT, 7277 ET Y (AQP) BRER SN, ZHIEKF ¥ *
WERRT, AENOKOBENCEEREEZH-TWHLEZLN TN D, TEK,
AIRERELZ 331 A K DEgEIL, IEEIZ X > TIThbId EEZX LN T W, & Z AN, M
R IIEE —EMECTH DI HED LT, RMERD X 5 2@ kgt 2 A4 5 e
BERGEETAHZ b, L OMAEIZL > TKEBRMICERIEDES VX7
THHKRT ¥ RXNVOFENREZ BN TV D, 1992, Agre HIZ XL > T, #FIHTHK
MERFE S KF ¥ RADBFEREN D, TOERIZ, ErxRDICK>TERINLHD
KF ¥ RN ZNOHDE U BIXENEN AQPL BLAQP2 g S
oo EOH%, WFRITES, AQP OFTEIIMEM N CEMITE 2 )JAVEIF TR &N T
BY., b MIBWTIZ AQPO 225 AQP12 £ TO 13 EN X RIgES ISR - o
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FRZ, KOBENRZVEIBIZIZZED AQP 77 IV —2REH L TEY, Aok
NEOREZIT->TVD, PTHEAEETIE, TMROEERBKICIE TS AQP2
&L EREIZRELT 5 AQP3 BL U AQP4 (2 X - T, KAEHEMIH S &R~ L F
RS, RARHES NS (Figure 2) 9, ZOEREGEICHIT HKOBRINENRE
ZRETHEEADLNTVD, ELWERATTEERAEICS N T, AQP2 D ¥
NIBOERD D WVIFEBBEOBVPROHbND 6 D2 Ehb, AQP2 IFEAEICE
FTHEKOBFBRMUZIBNT, RBEERREEZRLLTWEEEZ LR TNA,

MR/ R

Figure 2 FBEAE ETHIRIZEIT D AQP %4 L7z /KDFKH)

EMIZ DEE. BRI L > TEMTH D720, AR SN-EYITEY 72
BRI AN HR S D Z E N E LW, BPOEL A HEREO—o1c, Bk
WD D, EYOBHMITRERAERE, RAEIW, REELSLOESE BT LH
UL &V 5 —EHOMEBBORIME LThHbbhd, 2055, WO BWRILRM
BRIOCESEEENDLOKOBRIUT L > T, BENOIM A ~FED 5 EYORE

DEHBTEE S L. ZHDBBE ) L 72> THEITT 5, L7cddo T, EMOIREHESS T
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YA ARFRINOXERF L7725, —FH. BRICEEEZ RIETEBRORT & LT
X, R (R&) RFRO pH 8365, —iRIZ, RMEDIE L, ERER O FKY
BE L MEBRIOEDRBEZNEIT 720, BRNEIMET T2 ER8mbhTng,
FERIFICAE 5 IR, FIRFEAR AR, EMOBIWERIC LV ZRBE LB E R LT3,
BRI RBAT 5720, EYOENEENERT 5 Z LiTmbh T3 935, [RAE
BLOEAFICRBT 2 KOBENCEET 25M72 A0 = X ABRRHAR 0, AL MITR
BIEBRONDGEZRE, EYPOURNBRBICRIETHRNOEZEIIEHRINT
Zhhots, LoLeRs, Vaxv R loX s CBRINOEELZ T HEY T,
0, R PRESRSROWEYT, KOBRIIIEE 2 KIETHERETF2AMICT 5
VERH D, T THAFRTIE, REEBLUVEAET BT HKOBEICETS AL
ZALERAONICTH L 2RAT, AV RALERAICEL X, KT L OES
BICBOWTCAKOBBNICEEREF 2o TC0ET7 77 RY > (AQP) IZEB L., 2R
EETIOHREZHEMEE L, REOE® L AQP ORBLEE & OFEKREZ LT OFIE
THET LTz,

1. 2BBERFET L KRKAy v~V 22 VT, REOEEI L AQP ORBEEE OREE
MR LT,

2. Ehgo AQP ORBELFRNIETERLIREEY F 7 L5 (LizCO3) ZHWT,
REDEEIEIT S AQP DEEREZWREIZ LT,
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FERBIIZORAICEY 1 BB IO 2 BIIHEEIND, BRFEBEDOANITHRE,
ATETIE L HEBEOEICHED, IO—@ &2~ > T3, i 2 BERBEOR
EFRII£ <2025 FIZITHRPTIHBAULIZET LI THA S LHEINTVD 9,
FERBICRNT, BMIFERERFRT 2 L. BRRPO I NV a—2ABERHEMT 5, FUR
PN a— R IEMNRAEIZBNT, Fva—R T AR —Z— (glucose
transporter; GLUT) %41 U CREBNRIICHRIN SN D, Lo T, Fva—RBEE
ﬁ%“k\ﬁ&ﬁﬁ%K%WTfW:~XF?VXﬁ~5~ﬁ@ﬁT5tb\ﬁw:
—ZANERNENENTIC, BRECS L a— 22 ERRERVREERIUESE Y
BT, RELTHM SN Z L122d, ZOLHIRBE, FROBBENEL 257
D, REEBLCEAFICBIT A2 KOBRINAEA L, BRERD 10,

AETIL FERF TOZRBEICEIT 5 AQP2 ORBE L REOCBIRERINTAZ &
WY, BlRICRT 2KOBENIZET 5 AQP2 DERELZ BIREIC LT,

9. BERROET L FIRICB T 5 AQP2 RHE L OBRIC OV TR, KIZ,
AQP2 DREBELIRE L OBMREZHARIZT 5 HI T, KKAy vV AL VR Y &2
5L, ZRESUEICEOBR AQP2 OB LI >V TRE LTz,
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2-mercaptoethanol. bromophenol blue. copper (II) sulfate pentahydrate.
dimethyl sulfoxide (DMSO). Folin & ciocalteu’s phenol reagent, polyoxyethylene

(20) sorbitan monolaurate (Tween 20). sodium dodecyl sulfate (SDS).
2-amino-2-hydroxymethyl-1,3-propanediol (Tris) % . Wako Pure Chemical
Industries, Ltd. (Tokyo, Japan) 7>HEEA L7z, Anti-rat aquaporin 2 antibody i
Alomone Labs, Ltd. (Jerusalem, Israel) 7> 5B A L 7=, Anti-rabbit antibody coupled
to horseradish peroxidase. bovine serum albumin (BSA). ethylenediamine
tetraacetic acid ( EDTA ) . leupeptin trifluoroacetate salt F X W
phenylmethanesulfonyl fluoride (PMSF) iZ, Sigma-Aldrich Corp. (St. Louis, MO,
USA) »5BEA L7-, Enhanced chemiluminescence system (ECL) plus western
blotting detection reagents X, GE Healthcare (Chalfont St. Giles, UK) 2>5EA
L7z, Skim milk powder {% Snow Brand Milk Products Co. Ltd. (Tokyo, Japan)
MNHEEA L7, RNeasy Mini kit 1%, Qiagen Inc. (Valencia, CA, USA) »»HEEAL
7. High Capacity cDNA Reverse Transcription Kit %, Applied Biosystems (Foster
City, CA, USA) M HEEA L7, 1Q SYBR Green Supermix 33 & ) RNase-free water
Z. Bio-Rad Laboratories (Hercules, CA, USA) & L7=, Tris EDTA Buffer
Solution (TE buffer; pH 8.0) iX. V74 7 A 7 %kHX St (Tokyo, Japan) 25
ALTz, &7 T A <—1X Invitrogen (Tokyo, Japan) L VEALZ, Ea—<) v
&N U-100 i2BARA —F 4 U U —# A2t (Hyogo, Japan) NHHA L, £0
ORFEIFRINTHEIHON, BT L— RORMWBZEA LT,
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HEtE CBTBL/6S ~ 7 28 L OEtE KKAy ~ 7 2 &\ 91 b 4 #lH T CLEA Japan,
Inc. (Tokyo, Japan) KVMEA L, vV XX 14— 1LEL, 5, 9, 12, 18,
24 BB CHEBRICH LT, BEITIEE 2441 °C, 1B 5545 %DMk ICB W THRE L.
BRI 8:00 R, 20:00 HAT DM T TRE L7z, 728, IBEIHE MF (Oriental
Yeast Co., Ltd., Tokyo, Japan) 3B XUBKAKIZBEBEERE L7z, ZhZho~T R |Z
DOWTERIICHE, BAEBRLID 24 BRREZHE L7, 24 REREOREIL,
KH— (Natsume Seisakusho Co., Ltd., Tokyo, Japan) %\ T 11:00~%H
11:00 OFIZAT> 72, 5. 9. 12, 18, 24 D C57BL/6J v~V X B L KKAy < v
2 % ethyl ether Rt T, EDTA - 2Na ZEEFHBE 2 AW TESKEIR) > 2K %
BB L7z, £, BB IOMEHBHL, F74 74 2B LOREERZ FV TR
WE L, —80°CTRIFELT,

AEERIT. ERBHOBELRFERAB LOERIZOVTED bz BEMAFEK
FIERBYY A T4 BT T, RIKESERIES CITbhiz,

ARy REFE

11 B D KKAy <7 AZA AV > 401U/kg (4mL/kg) % 1 B 218 (8:00 % k&
20:00) 7HRE, RT&EGL, A RV ViEHL L, —7F, REOABEREK
BRE L% control BEE L7z, A VR Y VRGBS 4 HBICEAEBRIURES
R —VE2HCTHEL., &5 8 A BICHILE LUK, MofH 21T 72,

ARMmMEREBONE
B U 72 ik, 008 (1,000%g for 15 min at 4°C) 12 & Y Mm% %2438 L | assay



ET—80CTHRIF L7z, MiEH I /L= —XREEIRS LU blood urea nitrogen (BUN)
1%, Glucose CII-Test Wako (Wako Pure Chemical Industries, Ltd.) & XU'BUN
B-Test Wako (Wako Pure Chemical Industries, Ltd.) ZFHWCHIE L7~ MmiEf 1
VA Y L. Mouse Insulin ELISA Kit (Shibayagi, Gunma, Japan) %\ C
BIE LT,

R D 43 B 5
BROE X Marples b DX ik WEHE L TTo7, BRFGE LB 5. K

LCRERNEESBEL. % dissecting buffer (0.3 M sucrose, 25 mM imidazole,
1 mM EDTA, 8.5 uM leupeptin, 1 uyM PMSF; pH 7.2) 2BV T, XK ETEHEET T A
X (1,250 rpm, 5 stroke, HOM, As One Corp., Osaka, Japan) L7z, FHEI R
— F&ELSBE (4,000%g for 15 min at 4C) L. o= b (EFE A) 75 crude
membrane (CM) E4r, plasma membrane (PM) 433 X O intracellular vesicle

(IV) B a8 L7z, Li§ A Z&E.078 (200,000xg for 60 min at 4°C) L7z,
EEZBRE L, LRI dissecting buffer % 1z, BEF 4y E4E (UH-50, SMT Co., Ltd,
Tokyo, Japan) iZ & D S ¥7e, ZOWK%E  Hla 2D % & e crude membrane
EyE Lz, £/, B A 2R 008 (17,000xg for 30 min at 4°C) L7=%& D EiE

(L B) # 4y L 7=, thEZ dissecting buffer /I X BE R S EHEIC LV S8 S E,
Z % plasma membrane #EEIZE&Tr PM B4 & Lz, E5IZ, EEB ZELD
HE (200,000xg for 60 min at 4°C) L., EFEZERE L7, HEIC dissecting buffer %
Mz BERE ST L0 B EE, 2% intracellular vesicle Z 8 E 25T IV
e Lz,
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BERKBB LY TR F TRy T 4 7k

&N BREDOREIZIZ, Lowry i D2 AWz, BEEMIZIT BSA Z#HVW:,

BEXUKENL, Laemmli i BIZESWT T2, ENENDEIZ % loading buffer

(84 mM Tris, 20% glycerol, 0.004% bromophenol blue, 4.6% SDS, 10%
2-mercaptoethanol; pH 6.3) (ZMZ 5 oEAEBL, 125% RV T 7Y ALT I RFL
\Z 4 pgllane 27 /54 LTz, EXIKkEI%., DBEESNZZ 7B XEI RIS T
v T 4 7 EE (ATTO Corp., Tokyo, Japan) Z T, PVDF X 7L VIZERE
L7, 1.0% skim milk powder T 1 B§f#] 7' 0 v % 7 %47 /=% anti-rat aquaporin
2 antibody (1:1,000) & 1 BB S8~ A7 L% TBS-Tween (20 mM Tris,
137 mM NaCl, 0.1% Tween 20; pH 7.6) % B\ T{i##%. anti-rabbit antibody
coupled to horseradish peroxidase (1 :5,000) & 1BFBIRIGE BT, ATV i%E
%1% . ECL plus western blotting detection reagents & RS, VI ) A A—
7+ A ¥ —LAS-3000mini (FUJIFILM, Tokyo, Japan) T&EY L. Xz
v RE&fRir LT,

i & D RNA OfhH

W7 & 23 Bl U 7-1RPK T#/> & RNeasy Mini Kit % fAvvT RNA ZHiHH L7-, RNA
711, RNeasy Mini Kit fHBDO 7 1 b a2 — L fE> TIT o 72, BbhBKR%E
TE buffer Z VT 25 AR L. o XHEEE (U-2800, Hitachi High-Technologies
Corporation, Tokyo, Japan) {ZC 260 nm 33 LT 280 nm O HEERIET D LT

ME OB LU RNARE (pg/mL) OBEHEIToT,
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Real-time RT-PCR

RNA 1 pug »>5 High capacity cDNA synthesis kit # VT ¢cDNA &K L7z, =
% TE buffer 12T 20 {£# W L. cDNATE buffer ik L Lz, 774 v—&ERL
real-time PCR ZATWH B FOREBEZHBHE L=, §72 5, PCR Plates D& well
~1Q SYBR Green Supermix 25 uL., HBBIEF D Forward primer (5 pmol/uL) 3
uL. Reverse primer (5 pmol/ul.) 3 uL. cDNA TE buffer #A# 4 pL. RNase Free
Water 15 pL % 1 2 7=, IR EE 413 denaturation temperature & LT 95°C T 15 fb.
annealing temperature & LT 56°C T 30 ¥, elongation temperature & LT 72°C
T 30 i L7z, HIgEEDOHEAHEL My iQ™ Single Color Real-Time PCR
Detection System (Bio-Rad Laboratories) (2 LV E=X Y 7 L1z, T4 <—i
LT DOEFID Y O %E - 7=, vasopressin: forward; 5-gccaggatgctcaacactacg 3,
reverse; 5’-tctcageteccatgtcagagatg-3’ . 18S rRNA: forward;
5’-gtetgtgatgecettagatg-3’, reverse; 5 -agcttatgaccegeacttac-3’, 18S rRNA Z/N77 R
¥—Y v VBB FICHV, vasopressin mRNA & 18S rRNA mRNA DOIEBIRE DL
EEH L,

MHFHORTERERE
ERE I EHEAERZE (meantS.D.) & LTERLE, HFENEEEREIZ
iZ. Dunnett #& 5\ X student’s #test 2 AV 7,
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3. R

KKAy < 7 2 OEZ £ 5 WiR 04k

FERFRERIELRVERF~Y AL LTCS7BL6I ~ U A%\, C57BL6I <7
BT, M CEVEENEEISEML, 24 Hig <X 5 Blsick~ 1.8 &
IRole, Flo, KKAy v U 22BN T HMEIZHEVVERIIRE ML, 24 AT
X5 EImIZlE R 21 L 72 o7 (Figure 3A),

C57BL/6J = 7 ZIZRWTiT, MERIZHE D BARBEOEMIZR O ehoTe, T
xt L. KKAy 0 2RI 2EAKEIL, 12 Bl T 5 B 2.4 [EHEEIZHM
LTW7= (Figure 3B), C57BL/6J = 7 ZIZBWTid, MEHZLES 24 BEREDOE
fLIZR oo l=oizxt L, 12 B D KKAy <~ 7 XZEBI1T 5 24 FFER &I, 58
EiCl~ 88 EAEICHEML 7 (Figure 3C),

C57BL/6J = 7 AZE WV Tid, MNEIZfE O AR ESR L O mEgEdh 1 2 U R
EOREREMTIR OGN o7, —F, KKAy U R ZEiT 5 aRRFmAEEIX, 12
BT 5 HERICHA~NFRICELS. EERBERKBEZ 2L T\ e (Figure 3D), ¥7z,
KKAy =7 ZADOMEHA 2D RET, &ML (Figure 3E), 12 ##
ZRN T 5 BEICHNFRICRELZ R LTV,

FERA T CIIREOEITICHEVEREELRZ T2 EB8mbh T2 W T, Bk
DEEL LTBUN ZBIE L, ZOfREHR, C57BL6J v 7 2B LR KKAy v 7 R &

HIZ, MERIZEE S BUN O 2Lz b hvie oo 7= (Figure 3F)
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Figure 3 Changes with aging in body weight (A), water intake (B), urinary
volume (C), plasma glucose concentration (D), plasma insulin concentration (E),
and BUN (F) in C57BL/6J mice (O) and KKAy mice (@)

C57BL/6J mice and KKAy mice at the ages of between 5 and 24 weeks were bred,
and changes in body weight, water intake and urinary volume were measured.
Blood samples were taken to determine the plasma glucose concentration, plasma
insulin concentration, and BUN. Data are expressed as mean£S.D. of six mice
per group. Dunnett’s test: *p<0.05 vs. 5 weeks; **p<0.01 vs. 5 weeks; ***p<0.001
vs. 5 weeks.
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KKAy = U 2 DIRIBOETIZHE S Bk AQP2 DRBE(L
AQP2 i3 29 kDa ffif & 40—50 kDa fHiftiz /N> FORRH S vz, BUE ISR

AL TRV AQP2 THY, HBHEIIHEHSHES L AQP2 THHLEX LTV
15.16), FEEHOEE D AQP2 DL EMECHAENEXICEE T3 Z EBREHIL TV
15,16) 73 AKDOFBEHITHEREOF EIKE LRV I L3 bAaro TWA 1D, KRR Tl
IR RoFaz AW T AQP2 REE AT LT-,

BB ENE CM BE3I28T 2 AQP2 0¥ L3 7 BRBIEIX, C57BL/6d = 7 X |Z
BOTIE, MEZENARIIED Lz, —F. KKAy v 7 2 2BV Tz ENE
BlZHEMUT, ZRAFED N 12 882815 KKAy <7 20D AQP2 D & %7
HRBEEIL, 5 EBMICHATH 2.5 (FEM L7 (Figure 4A), C57BL/6 ~ 7 RAIZH
FAEBBEENED PMESBLIRIVEZIZEIT 5 AQP2 07 X BHBE RO
X, MESIZEVRD T AERBR b, Ukt LT, KKAy ~ 7 RZBW T,
Z DM HEVERICHEM L7 (Figure 4B),
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Figure 4 Change with aging in inner medullary AQP2 protein expression in
C57BL/6J mice (O) and KKAy mice (®)

From the renal inner medulla of C57BL/6J mice and KKAy mice at the ages of
between 5 and 24 weeks, the crude membrane fraction was prepared, and the
AQP2 expression levels in the fractions were determined using western blotting
(A). The plasma membrane (PM) fraction or intracellular vesicle (IV) fraction
from the renal inner medulla was also prepared, and the AQP2 expression levels
were determined using Western blotting. The ratio of AQP2 protein expression
in the PM fraction to that in the IV fraction was calculated (B). Data are
presented using the mean for 5-week-old mice of each strain as 100%.

Data are the meantS.D. of six mice per group. Dunnett’s test: *p<0.05 vs. 5
weeks; **p<0.01 vs. 5 weeks; ***p<0.001 vs. 5 weeks.

16



KKAy < U 2 DIRBOEITICHE 5 K T &8 vasopressin DFHEL

C57BL/6J ~ 7 2R DRIR T ERIZI31T B vasopressin @ mRNA FEIREIZB VT, N
B D BIIZR bR ode, —H KKAy =7 RTEWTiE 12 @8I E cmL .
TOHObEMEE R LTz, 128EIZ81T 5 vasopressin @ mRNA FEE1L. 5 BRI
A~ 2 FEEICHEML (Figure 5).

300

200

100

(% of 5 weeks)

0

Relative mRNA expression

0 5 10 15 20 25
Age (weeks)

Figure 5 Change with aging in hypothalamic vasopressin expression in
C57BL/6J mice (O) and KKAy mice (@)

The hypothalamus was removed from C57BL/6J mice and KKAy mice at the ages
of between 5 and 24 weeks, and the hypothalamic vasopressin mRNA expression
was measured by real-time RT-PCR assay. As a housekeeping gene, 18S rRNA
was used. Data are presented using the mean for 5-week-old mice of each strain
as 100%. Data are the meantS.D. of six mice per group. Dunnett’s test:
*p<0.05 vs. 5 weeks; **p<0.01 vs. 5 weeks.
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KKAy v 7 A~DA VA Y VBB X DHRBOEL

KKAy < RIZA VR U2 BEELTYH, FEOB(IZR LN o7 (Figure
6A),

KKAy =7 ZADBAEIX, 41 AV OFEIZE D, control BEDOK) 48% F THE
(2B L7z (Figure 6B), ¥7-. KKAy vV ZDREIZOWTIE, 4 R Y D5
{2 &Y control #EDHK) 29% F THEIZHEA L7z (Figure 6C).

KKAy = U 2D MFEEIZA VAV COFEEICE D FEIET L7 (Figure 6D), —
B, MEH A RY CREIR, A VAV CBREIZEVELIBMLE (Figure 6E),

AR v OEEICE D BUN OZBIZR 6 7ed o7 (Figure 6F),
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Figure 6 Changes after insulin treatment in body weight (A), water intake (B),
urinary volume (C), plasma glucose concentration (D), plasma insulin
concentration (E), and BUN (F)

Insulin (40 IU/kg) or physiological saline was subcutaneously administered to
11-week-old KKAy mice twice a day for 7 consecutive days. After insulin
treatment was completed, body weight, plasma glucose concentration, plasma
insulin concentration, and BUN were measured. Water intake and urinary
volume were measured on the fourth day of treatment. Data are the mean+S.D.
of five mice per group. Student’s ftest: **p<0.01 vs. control; ***p<0.001 vs.
control.
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KKAy < 7 ADA VR Y EEIZHE D Bl AQP2 B X UK T &8 vasopressin DR H,
ik

KKAy v U A~DA A Y OBREIZLY  BIBEEEANBICE T 5 AQP2 D& 3
7 BB B control BED 55% F THEIZHEA L7z (Figure 7TA),

PM E4y & IV EAICBIT S AQP2 O & L 7 BRBREDOHIX, KKAy 7 A~D
A RY L OBEIZLY control BED 52% % THEIZEA L7z (Figure 7B),

RE TEHIZ R 5 vasopressin @ mRNA ¥EHEIX, KKAy vV A~DA VR Y v

DOEIZ XY control BED 60% £ THEIIHEA Lz (Figure 7C),
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Figure 7 Changes in the expression level of AQP2 in the renal inner medulla and
the hypothalamic vasopressin mRNA expression level after insulin treatment

Insulin (40 TU/kg) or physiological saline was subcutaneously administered to
11-week-old KKAy mice twice a day for 7 consecutive days. After insulin
treatment was completed, the crude membrane fraction was prepared from the
renal inner medulla of the mice, and AQP2 expression levels in the fractions were
determined using western blotting (A). The plasma membrane (PM) fraction or
intracellular vesicle (IV) fraction from the renal inner medulla was also prepared,
and the AQP2 expression levels were determined using Western blotting. The
ratio of the AQP2 protein expression in the PM fraction to that in the IV fraction
was calculated (B). The hypothalamus of the brain was removed, and the
vasopressin mRNA expression was measured by real-time RT-PCR assay. As a
housekeeping gene, 18S rRNA was used (C). Data are presented using the mean
for 5-week-old mice of each strain as 100%. Student’s #test: **p<0.01 vs. control.
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4., EBE

AR THWZ KKAy 7 R i3, RN LHIZEL > T KK vV R & Ay w7 &
(C57BL/6J-Ay =7 ) Z#iFTAbE5 - LICXVER ST 19, KKAY =7 AT
BN OEELZIER - SIEEZREL, 1 XY VEREETRTZE LD, 2 BIEER
WETLE LTERENTND 1920,

BRIC BT D AQP2 D F Ly BRBER L UM/ b & M~ DT
X, MR Lo TRV T2 Z LB E STV 2129, KB To C57BL/6S <&
AZBIT LRI, Zhoo@REE —B L (Figure 4), —F. KKAy ¥ 7 ATt
NESIZ 5 AQP2 IR ER L OEERAIE~DOBITORMBERD LT, HIZHE & b
BmL7- (Figure 4), 2D Z & kv, KKAy v 7 RIZEKI} 5 AQP2 DRHAE(LIL,
WTHOERBOREDOETICLI LD THD EEZLND,

EaFEMIICIT 5 AQP2 ORBUL, K T# C& M S iz vasopressin (2 & -
THIE S TWS 2, BIRESEFEMREOMERICHEI T 5 Ve ZEAIZ vasopressin
BEET D2 LT, AQP2 DEENRET D, £, Vo BFROIEMEIZE > T, H
RPN/ TFTE T D AQP2 i3, BREMIBE~ 2 BAT LAF ¥ 2 LTHEIL 329, BN
\Z31) % vasopressin @ mRNA ¥H & L M 4EF vasopressin IEE IXIZIFHE TS Z
EBE BTN S 20, BERFEHEA IZ B\ T vasopressin DS WESEINT 5 Z & 254
BTV A 2627, BNIZ 31T B vasopressin @ mRNA FEH &1, C57BL/6J <7 R
RV TIIIENCAE D BLIER SRR o 2 0ixt L, KRAy < 7 2B W TR
ROEITICHENEML 7 (Figure 5A), L EDZ 205, 2 BIBERFE T /L KKAy <
AT, ZRIBIZBNT, REZRED &85 72T vasopressin DG EDRRE
BHEML, ZHICHEOER AQP2 HERESHEMNT 5 Z LR I hiz,

IhET, BIRESEETMIAZ AV 72 in vitro BRERICEB W T, A4 VA U 2% AQP2
OEBEZEMIELZ LRBEINTWS 28, 11 B0 KKAy v 7 R A A Y
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YEERELREZA REOREA, MERA A VBEDO R, BIKRTHICBTS
vasopressin ® mRNA HEEZDOR D, BRIZBIT 5 AQP2 O ¥ LRI BRBBEDR,
. AQP2 OEBITORABR 617z (Figure6and 7), ZhbnZ L X b REMN
B35 &, FNITfE> T vasopressin (L&, ZOEHEE TH 5 BRICB
T, AQP2 ORBEBZE(ITHZ LiITLV, REZREL OB AEERTEEh
7o

AQP [T X 2 KDOBEEE L, MIENADRFZEEZLY b LA, MlaXKED AQP
DEBRBIUKFETDHZLAMONTND 29 30, B TOREEIIFEMEY & 0LE
RIDFBEIZEN 2D, BiED AQP ITEFHEM A & MER~& KEBRINGFA~EB
#3595, BEETIC, FRIRIEAZRT IR I AVaLF ol ROZEEREBEY N
ZRER L, T OB ZRIICBIRIZK T 5 AQP2 HEESMT 5 Z LSS h
TW5 30, Filz, ZREREZTT STZHRE 1 BERKET VI v P TR, BiRick
75 AQP2 ORBLENSEMT S Z &iTmbi T 5 3239, AFRICL Y, AQP2 23
JREZ 22 ha— L TWABKRLE L ThD vasopressin DI BT DHERESTF T
HDZEMN2EFERIRET N~ RABWT bR I Nz,
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[ —#%]
RERY F 7 A B AQP OREE L REOBR

1. %

]

I, STZ #F%H 1 WERBTT LVBMICIBWTERAAECEIC, Bigo AQP2
OREBENEMT 5 Z L B3@E I 8230, £/, F—EIIBWT, 2BERKFET
NV KKAy =7 A&, 2 BIFERFOIRBOEITIZAVIRE IR LT vasopressin 773
ENIML ., Zh L R RO AQP2 OFEBMENNT 5 Z L B3bho7z, L L,
AQP2 73 vasopressin DHERESS FTH A1 E 5 IIBAREIZ e > TWRW, M2 T, B
R RT 5 BB AQP2 OFEBBEMITLIRBEIC T D BATEIR Z BT 5 7200
HEBRETHAI EEZDON TV 23R ZOAEBEMEEIMKARTATH S,

i, IREEY F U A (LigCO3) < RIBETDHZ LICE D, RBAEET VHME
FRCE D Z LG sz 3630, ENICRILE N7z LieCOs ik, 1XiE 100% 23R b
e LR L VIBBIND, VF UL, EEBILELBBLTNE ST ) UL
FRXNVICEVESEFTHRANCEMOAEND 39, RVIAENTY F U LT,
adenylate cyclase (AC) DIEHEZMEIT 5 Z & T cAMP 2B/ X8, AQP2 BLT
AQP3 DERE R X UMEBAT O Wik & BE 9 5 35.36.39),

FZTARETIE, 2O LigCOs%HERAL T, ROBEELZEZXTIZ AQP2 OXEBRE
DH WD S ERREEBE L, ZOERRICBITHREL AQP2 OEBE LT~
HZEITEY, BMEREER -7, BEMICIE, STZH% L BERKFET VU A
LT, LigCOs%BETHZ LI LY, BHOERZREZERL, REL BIKAQP ©
HEE L OBRRY HEBRT LT,
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R
2-mercaptoethanol, bromophenol blue, DMSO, Folin & ciocalteu’s phenol
reagent, Tween 20, SDS ¥ J T Tris ¥, Wako Pure Chemical Industries, Ltd.
(Tokyo, Japan) 2 58 A L 72, Anti-rat AQP1 antibody. Anti-rat AQP2 antibody.
Anti-rat AQP3 antibody 33 L TF Anti-rat AQP4 antibody /% Alomone Labs, Ltd.
(Jerusalem, Israel) G A L7=, Streptozotocin, anti-rabbit antibody coupled
to horseradish peroxidase, BSA. EDTA, leupeptin trifluoroacetate salt 3 X
PMSF X, Sigma-Aldrich Corp. (St. Louis, MO, USA) n»5HEEA L7-, ECL plus
western blotting detection reagents (%, GE Healthcare (Chalfont St. Giles, UK)
LA L7z, Skim milk powder i% Snow Brand Milk Products Co. Ltd. (Tokyo,
Japan) /N 5EEA L7z, RNeasy mini kit X, Qiagen Inc. (Valencia, CA, USA) 7>
5 A L7z, High capacity cDNA reverse transcription kit /%, Applied Biosystems
(Foster City, CA, USA) S L7-2.1Q SYBR green supermix 3 . () RNase-free
water {%. Bio-Rad Laboratories (Hercules, CA, USA) mHEEA L7-, TE buffer
. T T4 7 X7 BERXEH (Tokyo, Japan) MHEA L, EES T 1 <—iX
Invitrogen (Tokyo, Japan) L VEEA L7z, ZOMORIEIIFREINTHDHDN,
RO L— FOmOEEA L,

STZ EFN< 17 A DIER

6 BERTEME ICR < v 2 % Sankyo Labo Service (Tokyo, Japan) X YVEEA L7z, B
PITIBRE 2441 °C, MBI 5555 % DORERRIZBWCHAE L, BRFE&MAF1X 8:00 A&, 20:00
HITOSEMT CTHE Lz, KB ERIT, EREBHOBEERMEMNLS IOEFRIIOWT
B b BB RZEELEREY T A T A L T, ARFEYERMEHR T
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fThhi-,

12 BRI A%, STZ B 5-8EICI1L STZ- 7 — VERRRENK (pH 4.5) & REFIRNE S L
7= (150 mg/kg), 5 2 @EZICIRERD 2TV, MEEEDS 500 mg/dL LA Eo<=v
AEEBICAWEE, 2y b — AR = UBEERE REIRAERE LT,

Li2COs # 5.5 ¥

Normal <V 2B KXW STZ v v XKL (MF, &V = Z VEERRA ) |
Li2C030.1% & 53 0.2% 2 F AL % 10 HR B MERS ¥, &5 7 R BICHE
AKERB IO 24 KEREZAIE L7, 24 RRIREOHEIX. R — Y2 HWT 11:00
~%H 11:00 ORIZfTo 7z, BEKTH, V=F L o—T LEREET T, BEEHAEIR X
DAY CERAGCTRMEIT 72, BREME L, REERLZAOTHRIFGHEL, —
80°C TRFEFEL T,

MEE, PRSI CRF 7 VT F=REDRAIE
BRE L 7= ik i, 3040 BE (1,000xg for 15 min at 4°C) 12 L Y 8% % 2538 L. assay

FT—80CTHREFEL, Rik., EL7BE (1,000xg for 15 min at 4°C) L., EFEZH
Wi, MEF 7N a—2BERSIORP IV a—RBEIX Glucose CI-Test Wako
FRAVTHE Lz, R 7 L7 FoVREBIORP 7 LT F =V RER
Creatinine assay kit (BioVision, Inc., Mountain View, CA, USA) % W\ CTHIE L7z,
glomerular filtration rate (GFR) O#EL LT, 7V 7F =27V 75 A (Cer)
ZUTOREZHNTEE L 39,

Cer=(Cu/Cp)xV

Cu: RPZVT7F = BE Cp: i 7 L T7F=VBE V. RE
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AHRR 2> B D RNA OHiH

B 4B H 5 RNeasy mini kit 2 AV T RNA ZHiH U7z, RNA fiH 77 ik,
RNeasy mini kit fHBD 71 b a2 —iZi->TiTo72, B 5N EK% TE buffer %
AWT 25 fEFAIR L. 2RI T 260 nm 35 XU 280 nm OWREEZRET S Z
ECTHEOHERB IO RNARE (ug/mlL) OBHZIToT,

Real-time RT-PCR

RNA 1 pg »*5 High capacity cDNA synthesis kit # A\ T cDNA 2 &k L7z, Z
N % TE buffer 12T 20 fZ#F R L. cDNATE buffer ik & L7z, 714 ~v—%1ERK L
real-time PCR 2{TWHBERTOEBELBH L7, J72b5, PCR Plates D% well
~iQ SYBR Green Supermix 25 uL., HHBEET D Forward primer (5 pmol/uL) 3
pL. Reverse primer (5 pmol/uL) 3 uL. ¢cDNA TE buffer %&#% 4 uL.. RNase Free
Water 15 pL % % 7=, IR Z&{4 1% denaturation temperature & LT 95°C T 15 #,
annealing temperature & LT 56°C T 30 ¥, elongation temperature & L T 72°C
T 30 & Lz, MIBERBOKRNLHESY My iQ™ Single Color Real-Time PCR
Detection System (Z XV E=F VY 7 L=, R LT T A ~—% Table 2 IZ:7,
18S rRNA Z N7 A% — 7B FICHV, 18S rRNA mRNA OREBBEO L%
BH L7,
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Table 2 Primer sequences of mouse mRNA

Target Forward primer (5' to 3" Reverse primer (5' to 3"

SMIT AGGAGTCCTTGGGTTGGAAC ACTGCAACAAGGCCTCCAG
TauT GTTCTGGGAGCGCAACGT ACCGAACACCCTTCCAGATG
NKCC2 GTCTCGGTGTGATTATCATCGG ATCCGTTTGTGGCGATAGCAG
UT-Al AAGGAGATGTCTGACAGCAACA  GGGCTGGGTGTGTATCCTG
GLUT2 CTGGAGCCCTCTTGATGGGA  CCAGTCCTGAAATTAGCCCACA
SGLT2 TGAGTGGAATGCGCTCTTCG CTTGCGGAGGTACTGAGGC
18S rRNA GTCTGTGATGCCCTTAGATG AGCTTATGACCCGCACTTAC

SMIT; sodium myo-inositol transporter, TauT; taurine transporter, NKCC2;
Na+-K+-2Cl' cotransporter 2, UT-Al; Urea transporter Al, GLUTZ2; glucose

transporter 2, SGLT2; sodium/glucose cotransporter 2

TR B 5 T 5 ¥
EWOTE X Marples H D% WESRE L T{To7z, BBEGRERLEZFRN L, K
ETCHENEBRBIOEELZ OB L., Z % dissecting buffer (0.3 M sucrose, 25 mM
imidazole, 1 mM EDTA, 8.5 uM leupeptin, 1 uyM PMSF; pH 7.2) #HWT, ¥
oK ETHRETDFA X (1,250 rpm, 5 stroke) L7z, HEHREIR— b EEmLOBEE
(4,000xg for 15 min at 4°C) L7, EiFEZE OB (17,000xg for 30 min at 4°C)
L7tk EiEZERELR, LEIT dissecting buffer % I 2 BE R S EAEIC L 0 458X

. Zh#% plasma membrane #EEIZ ST PM EL & L,
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DRIy T 4 Tk

Z o7 EREORIEIZIL, Lowry i D2 AW, BEEMIZIEIBSA # AW,

BEXUkENE, Laemmli & BDIZESHTITo 72, FNENOESTIZ loading buffer

(84 mM Tris, 20% glycerol, 0.004% bromophenol blue, 4.6% SDS, 10%
2-mercaptoethanol; pH 6.3) /x5 pREIEBHL, 125% NI T 7 U AT I K5
\Z4pgflane 27 75 A Lic, BRKE®R, HBESh I VI EIZEIFTA T
w5 4 v EBEZHWT, PVDF X 7 L UIZEEE LTz, 1.0% skim milk powder T
1 Bl 7 vy ¥ 7 &21To7-%. rabbit anti-AQP1 (1:500). rabbit anti-AQP2

(1:1,000) . rabbit anti-AQP3 (1:500) & %\ iX rabbit anti-AQP4 (1:500) & 1Kf
BRIG&Sw, A7 L% TBS-Tween (20 mM Tris, 137 mM NaCl, 0.1% Tween
20; pH 7.6) & H\T¥ei# % . donkey anti-rabbit IgG (whole molecule) horse radish
peroxidase conjugate (AQP1 and AQP3; 1:2,000, AQP2 and AQP4; 1:5,000) & 1
BRREISEEZ, A7V 2%E#%. ECL plus western blotting detection
reagents & G SH, VI ) A A—TT 7 A P —LAS-3000mini TEH L., BRHX
iz REfgdT LTe,

AN HEERE
KRBT FHEHEERE (meantSD.) & LTHRFR LIz, MEAFRAREREIC
(¥, Tukey #EZ AWz,
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3. MR

EE, RE. BARBBIGZ VT F=07 U7 7 RACKIET LisCOs DEE

Normal < 7 A D MAEEIZHF 200 mg/dL TH -7, LieCOs &5 & 5 MbEEHE
fLIXR SN2 oTz, STZ ~ U AOMMEMEITA 800 mg/dL, TH Y . REEIL 3 g/day
Td o7, LizCO3 % 0.1%3 5T 0.2%REFHR 5 L7z STZ < U A D MBEEF L VR
FEIX, STZ v X LIEE UL TH o7 (Figure 8A and B),

Normal =V AD 1 BH72 0 OREITMN 1 mL TH Y, LieCO3DH|EIZ LY 7T mL
WM L7e, STZ=DU A0 1 B OREITH 36 mL Th o7z, Li2COs 2 EL
7z STZ = U ADREIT, LizCO3 KRG STZ ~ U RTHATHEICHM U2, T,
LizCO3 0.2%4L& STZ ~ 7 A DR &L STZ = 7 AT 2 f5& <. 70 mL TH
-7z (Figure 8C),

Normal ~V 2D 1 BH 7z OFKEIZIH 2mL TH Y| LizCO3DEREIZEL VA 6
B2z, STZ~7AD 1 Y70 OfEAEiL 50 mL/day Tdh o7z, LieCOs3 %
BE5 L7 STZ~ U A DBAKEIX LieCO33EHR 5. STZ < U R~ THEICHEM L=,
K2, Li2CO3 0.2% 40L& STZ < A DEAKEIL STZ IZH~TH 1.6 fFm <. 80 mL
ToH 7= (Figure 8D),

Normal =7 2 ® Cer i, # 0.3 mL/min T ¥ | Li2CO3 8 EIZ & 5 Cer DEALIT
Roninotz, LiCOsz#HE L=~ T A Cer 1, Normal v~V AL STZ <
URALIZERBECH-7 (Figure 8E),
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Figure 8 Changes in plasma glucose level (A), urine glucose level (B), urine
volume (C), water intake (D), and creatinine clearance (E) following treatment of
normal mice and STZ mice with lithium carbonate

Normal mice and STZ treated mice were provided with control chow, chow
containing 0.1% or 0.2% Li2COs for ten days, ad libitum. Seven days after
administration, water intake and 24-hour urine volume were measured. After
ten days, plasma glucose and urine glucose level were measured. Plasma and
urinary creatinine concentrations were determined to calculate creatinine
clearance. Data show the mean + S.D. of six mice per group. Tukey’s test:
***% p<0.001 vs. normal mice; ##p<0.01, ##p<0.001 vs. STZ mice.
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R % E R BE R G T I RIE T Li:COs DR
EHFIIBITHROBFHELZFNSL HT, BRBEREHBEER G T ORBEEL RE
U7z 4043 STZ < 7 A® sodium myoinositol transporter (SMIT) @ mRNA &
B, Normal =7 2 IZHATH 2 A RICE D272, Normal = 7 X 2B\ TH STZ
< T AZBNTH, LieCO31d SMIT ORBEIZHESL KIE X720 o 7 (Figure 9A),
¥ 7=, taurine transporter (TauT) ® mRNA ¥EEHEIZHOW\TH, SMIT @ mRNA

BEE L RFEOMEMmE R L (Figure 9B),
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Figure 9 Changes in the mRNA expression levels of sodium myo-inositol
transporter (SMIT, A) and taurine transporter (TauT, B) in the renal outer
medulla following treatment of normal mice and STZ mice with lithium carbonate

Normal mice and STZ treated mice were provided with control chow, chow
containing 0.2% Li2COg for ten days, ad Iibitum. The kidneys of the mice were
removed, and the mRNA expression levels of SMIT and TauT in the renal outer
medulla were measured by real-time RT-PCR. 18S rRNA was used as a
house-keeping gene, and the averages of values derived from the un-treated
normal mice were expressed as 100%. Data show the mean + S.D. of six mice per
group. Tukey’s test: **p<0.01 vs. normal mice.
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BB TEDTPIVAR T AR—F— REBFF AR —F—BIUEFT R
R—F —DORBRIZRIET Li2COs DHE

EEEL2ZAUKBMENBIZBITST NI VAT AR—F— (NKCC2;
Na+-K+-2Cl cotransporter 2) . [R3% b 7 > AR — & — (UT-Al; Urea transporter A1)
BLUSE N7 v AR—Z— (GLUTZ2; glucose transporter 2, SGLT2; sodium/glucose
cotransporter 2) @ mRNA BB EXHIE L7~ (Figurel0),

STZ <~ v AD NKCC2 ® mRNA EHEITX Normal 7 R L IZERIBE TH -7,
—75 . Normal = 7 Z{ZEBNTH STZ < U RZEBWTH, LizCOz AT L W .NKCC2
O mRNA EREOE(LIIR -7,

STZ =v A2® UT-Al, GLUT2 # LT SGLT2 ® mRNA 3B &iZ, Normal v 7
ANZHARTEEIZEM LU, —7, Normal =7 2 {ZBWTH STZ <7 RZBWTh,
ZiH O mRNA BEHET LisCOs B EIC L WA L,

34



A NKCC2 B UT-A1
g
g 200r - 400r1
H £ aoo]
5 g 180f o £ 300/
3o g 8 i
% £ 100 < § 200f
£ g @ S i
E [=
8;2 50 | <5 1007
0oL < i
X ¥
0 =% o2 o 0.2 979 02 o 0.2
Nomal  $TZ + Li,COa (%) Nomal  STZ+ Li,CO, (%)
Li,CO4 (%) L,CO3(%)
C GLUT2 D SGLT2
200( » 20C
.é = 2 .5 **
g & 150 48 150
g9 a6
¢35 53
< E 100 - < F 100f e
% ?_ % ] *
Eg 50 N5 50
i =3
o ]
0 ™% 92 o0 ez2 0™ % 02 0o o2
Nomal  $TZ4 Li,CO: (%) Normal  $TZ + Li,CO, (%)
LigCO: (%) LiaCO4 (%)

Figure 10 mRNA expression levels of sodium, urea, and glucose transporter in
the kidneys

Normal mice and STZ treated mice were provided with control chow, chow
containing 0.2% Li2COs for ten days, ad Iibitum. The kidneys of the mice were
removed, and the mRNA expression levels of NKCC2 (A), UT-A1 (B), GLUT2 (C)
and SGLT2 (D) in the inner medulla were measured by real-time RT-PCR. 18S
rRNA was used as a house-keeping gene, and the averages of values derived from
the un-treated normal mice were expressed as 100%. Data show the mean +S.D.
of six mice per group. Tukey’s test: *p<0.05, **p<0.01 vs. normal mice; #p<0.05,
##p<0.01, #H#p<0.001 vs. STZ mice.

35



B30T 5 AQP1, AQP2. AQP3. AQP4 DFBUZRIET LiaCOs DR

N RAME L2 ELRED PM BB AQP1 X RV ERBER U

ABTa T 4 THETHN Lz, AQPL 1T 2 BO Ny FAKRH ENT (Figure
11A), 25 kDa fHED /32 FIIHESHMHEE L TV AQPL, 35-45 kDa fFED /S
FITEEPES LTW5 AQPL ThH 5, HEHOFEIT AQP OREMELERBITIZEE
LT3 1519003 KOBREIIZEEN 2N 1D, LEN-T, AHETIEX, N F
OEE%E AQP1 ORBE L L THIT LTz, STZ <V AD AQP1 OF U 7 EHRE
%, Normal =7 X L IZIERIBE TH -7, Normal v 2B L OSTZ <7 R{ZHBW
T, LiCOs LEIZ £ 5 AQP1 DREBREDOE(LIIR 6h R0 T,

BEEEEZFUERMENEO PM HSIZEITD AQP2 0¥ VI BDNV K
1%, 29 kDa & 40-50 kDa i 7z (Figure 11B), STZ < 7 AW T,
AQP2 D/ RDEFEHD, Normal =7 AZHARTH 2.7 FEEIZHEM L 72, Normal
TYUABIOSTZ =V 22BN T, LioCO3 LEIZ L ¥ AQP2 DRBEITH EIZR D
L7z,

HEAEEEZBUERBEENE O PM BSICRBIT5 AQP3 0¥ LI BDONV R
X, BESEAFEA LTV AQP3 28 27 kDa I, BEENRES L7 AQP3 78 33-40
kDa fHiTizl &z (Figure 11C), STZ <7 RIZBWTIX, AQP3 DOFEEMN
Normal =7 2 ZE_THEIZEM L 72, Normal < 7 AR I OSTZ <= 7 A ZHBWT,
LieCOs ALEIZ L © AQP3 OHRBEEIIFEEIIHA LT,

BEBE L FUBRBBEENEDO PMESIZEBIT 5 AQP4 D ¥ /37 E 11,33 kDa
fHECBE 23 K3k &7z (Figure 11D), Normal =7 & & STZ ~ 7 AT,
AQP4 ORBEIZELIIR. 6o 7, Normal ¥ 7 AR L OSTZ =7 R 2BV,
LisCOs MBI & 5 AQP4 DFEBREIZEIIR bh R o7,
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Figure 11 Protein expression levels of AQP1 (A), AQP2 (B), AQP3 (C), and AQP4
(D) in the kidneys

Normal mice and STZ treated mice were provided with control chow, chow
containing 0.1% or 0.2% Li2CO3 for ten days, ad libitum. After completion of
administration, the kidneys were removed and the renal cortex and inner medulla
were separated. Using the plasma membrane fraction separated by
centrifugation, protein expression levels of AQP1 in the renal cortex and of AQP2,
AQP3, and AQP4 in the renal medulla were determined by Western blotting.
The averages of values derived from the normal mice were expressed as 100%.
Data show the mean + S.D. of six mice per group. Tukey’s test: ***p<0.001 vs.
normal mice; ##p<0.001 vs. STZ mice.
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4., BE

<O R STZ 2BETH5ZLICLY . KR 8 MlarBEEsh, 1 RY VOX
ZO0AET, MBEEOEMES L ORENHERT 5, Flo RIEOHBIC KV LRBAELL,
FRICHEWERBE LMNT 2 2 LG ST\ 5 49, RBFSE Tt BEERERKZ
ZLTWE <Y REFEBRIZA WV (Figure 8), LieCO3 L& STZ ~ ¥ 2 D i EE RS &
DURBEIL, STZ <V AL IZERBE TH o720, REBIUCEAKEIEEICHEML

(Figure 8), i O DFERMNG, LipCOs IZMMBEEICEEL 5 A TICRELZEMSE
LT EBREINT,

B hOFIETIE 1 B 4729 150 L OKDSRERE Tl S v, BRRDAERT 5, Z
DOFRIE, FEALRME TH 656 %, ~ LV TITHITK 15 %, ZEALRME THK 15 %,
ELHE TR A%P RIS, BEICH 15 LR E LTHRtS D, 2D XK 51T,
REIZFEROAERE L RBER LCESEICBIT 2 KOBRINEIKFELTND 7,
AFFETIHES, FROEKEEZRALEMT, 7 L7 F=VBEBICRD 2
L7 F= BELY Cor ZEH L 39, Cer ITREREEREE (GFR) LEEILT
BY., FROEREBEOEEL RS, STZ v U A2 LizCO3 2 #H%E L Th, Cer 31k
LRWZ ERgholz (Figure 8E), ZDZ & LV, LiCOs x5 L7 STZ<v A
LIHHZE STZ v~ RO T, RREREITEMLBRNWZ LBATRRENT,

WA, RERMIC AQP NEEREFZH- TWH Z LA SNTE 2, AQP1
LM RAE 2 %< ST RE T, AQP2, AQP3 BL U AQP4 IXEAE R E0H
I BB IC B LTV 3 D, AQP2 % LT} AQP3 i, vasopressin (2 X o T
RENFEI N TVD, BRESGEETMROMERIZEE TS Ve ZAEKIC
vasopressin BMfEATH I & T, AC Z1EMILT 5, AC OFEMHIC XV EA SR
cAMP [, protein kinase A (PKA) Z&H(L L 4540 #5iv > T cAMP response element

binding protein (CREB) %V »E{t3 % 4749, CREB © VU VER{kiZ AQP2 B LT
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AQP3 D3EHI L UHIIBE~DBATZRET 5 19 50, —F ., AQP1 BL W AQP4 D
IV EIL, vasopressin (T LV HIE S AW LM BTV 5152, #EREBRER
T UBERIREMIZ B\ T, vasopressin DAFIASHEM L, AQP2 B L TN AQP3 DFH,
BAYINT 5 2 ERMESN TS 26 589, RFRICBNTH, STZ w7 A0 AQP2
B LU AQP3 DOFBEIT Normal =7 X & HE_THEM L7245, AQP1 3 X1 AQP4
IIEL Lo 72 (Figure 11), ZOFRERIT, ZhETOHELDLE—FKTHHLDOT
BV . vasopressin ITESEDOROEMHEII=Z L v a—L L TWAR, B RAEICE
FAROEREITT PR — VL L TWARNWZ EDRTRBRI N, M T, LiaCOs 5
L LREOHEMIZ, RMAEIZHIT 2 KOFBRROBICER L= b0 TiERL, &4
BB 2 AKOFRINOBAIZER L TV 5 ATREME SRR S vz,

BEIZBITHKOBRNEILROBREE L AQP DREBEITEFFL TV 5 54.55),
TP REZREEMIZZ L ba— L LTV AESE TORBLEEZHA 5 BN T, BE
JEFREBIEE 7T D SMIT B LT TauT ® mRNA RHEZHET S & & bic, B
FHERE L5 AR—F—0O mRNA RBREZBIEL-,

SMIT 8 XU TauT i¥, BFEED LFIC LV EBEESHEMT L2 LBMONTND
1043 RBFFEICBNT, STZ v 7 RIC Li2COs 2 H 5 LT HBIREEN B RT3
SMIT # & U TauT @ mRNA BB EIZIL, BTRLARP-7 (Figure 9), Z0
T enb, LigCOs DHEEIZL Y| BBESEADRBEEIIZML TV kol b
DR E Tz,

BHEBIBITLREETIT NI VL REBLIOEREICEIVRESND, £ T,
Li;CO3 B NRESENDOT M) UL REBIOWED 5 VAR —FZ—IZRITTH
BIZOWTHRE L, 7RI TA RS RAR—FZ—Th % NKCC2 ® mRNA ¥HE
I3 LiegCOs ALBIZ LD BLITR OGN o, —FH, RRMFVAR—F~ThD
UT-Al, ZVva—RA SV AR—F—ThH% GLUT2 L1V SGLT2 ® mRNA R,
BITAEBIET L7z (Figure 10), 26D &2h, LigCOs OEIZEIDF Y
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TV AOERREIIEDOT, REBLUHEOBERINENET L T3 AIREMESRIE X
iz, Normal =7 RZBWTH, STZ v RZHBNTH, LioCOs LB DA IR
R, EEEETHELLLFEROEIIR—TH 2 LIRET S &, Li2CO3 LE <Y
AR REBEMT 20 TROBEEIXMETT2b0EE2 605, Ll
EEDOLZ A, SMIT BL U TauT oB{IZR b oTz, FERLY, T HI D
AOWIIZIZIEEBR ST, BRERL/ N a—ADBNAIE T L7722 & 25, LisCOs
DREIZEIVREFEMLUTHESEOBRBENEILL RN BAL L TEZD
nd, UEORKRLIY, LiCOs 2HBELTH, EATTORBERIELEVEOD
EHER X7z,

RIZ,. BREZZ<FUEBBEENBICLZ < BEAL TV 2 AQPIORBAELZ Y = X
gorayr 4 X VRIE L, STZ ~ U 2AOBIBEEENE PM BEIZBT 5
AQP2 B L UVAQP3 D ¥ L BRBEIX, Normal v 7 AR THRICEVVES
R L7z (Figure 11B and 11C), ¥7z, FBEENED AQP2 B X AQP3 D & /3
7ERBEX. WTY LioCOs DEEIZ L VB L7z (Figure 11B and 11C), =
Db, BEO AQP2 BL U AQP3 ORBENEL T2 L. RENSHEMNTS 2
LB RE T (Figure 8C, 11B and 11C), AQP IZEFEEABLUZ L7223 o TK L HiE
THZERMONA TG 5, £z, EREORROREELD . LEMRDRFBE
DSEICE < CKITERBEMD O MERICBHEIND Z ERMLNTND 8, L= T,
FERFRRFOZRIRBIZBWT, £5F D AQP2 BX W AQP3 OB EHIMIKOE
IR % {1 LT 5 FTREME DS I8 < R S T,

TIZT, BERFEICLDBEEFARICER UREE AQP2 31T AQP3 IZRRE L
TREEHET D LUTOL TS, T7hbb, AQP2 B LTNAQP3 DRBEN(F
— T, BEEVPRELRD 2 FOHE (0.2%LieCOs 5 L7z STZ vV A & 0.2%Li2CO3
#5.U 7z Normal ¥ 7 2D, Figure 8C, 11B and 11C) 206, ¥ERIRFIC L HIZBE
FIRICER LZREIIN 63 mL (70 mL-7mL) s#ESNhD, —F, BREENE—
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T, AQP2 BL UM AQP3 38 2% 2 FOE (0.2%Li2COs 5 STZ ~ 7 & & K
5. STZ =7 A D%, Figure 8C and 9) 7» 5, STZ ~ 7 A B} 5 AQP2 3 L N AQP3
WCERE U772 REITA 34 mL (70 mL-36 mL) (HEEIND, L7edo>T, STZ~<v
ADOHEGRN2REXHEHT S & 30 mL (1 mL+63 mL-34 mL) &79, STZ <%
DOREDEAME (36 mL) Lirlic/zs, ZOZ &b, FERFEREO AQP2 B W
AQP3 DA, BAEEIZHIT ZKOBFRINZBIMS B, OWTITBAER % B84
H7eHTHDLZ RO,

LisCO3 {FBERIZIBW TIHRMHEREEDIFRE L LTHWOLN D, ZNET, FRE
Thde FeraaF7 P R, UFULABEERBET v FOFRIZIIT 5 AQP2
DL R ERBRBROBADEZMGI L. RIAELZRET D ZEPREENTWVD ), L
L., ARFEIZBNT, LipCOs 5 STZ ~ 7 A DR &iT LizCOs %45 Normal < =7
ZNZHARTE L&D o2 (Figure 8C), ZDOHEFIL., FERBBHFITH LT LioCOs
ERETHE, SORDZEREFIEHEITARBERNDHDZLEZTRTHEDOTHY | BR
REED LisCOsERITITEBZET 26D L Bbivd,

ZHhET, 18 2BE2MbT. BRHOZRKEBIZEBVT, Bl AQP2 HHEIX
REOHEMEMEET S Z LAMEINTND 323, KEDOHERLY . HERKEDCE
RIREE T, EAFICEBIT 2 AQP2 B LV AQP3 ORBLERMIL, KOFRIL (&
EL, ERKSTEBOBAZH O MEREE LTEHVTWD Z BRI TRR I N,
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[#4E]

EOE T YRR O— 17, BHE D B 5, BHEM LR EREIEGE , RAE 5315,
RAERS LOCERSEICRIT 2FRINE WS —EOMEBBIOKIME LThbbis,
— AT, PRITEAE MG & BRI 0 iR B & i BRI O YR E RS 5720,
HRINEIIET T2 2 LBMbN T2, BERFICHED LR, FIRERAR, £y
DEHWERIZ LV ZRPAECTZHE R LT, BRNABDT 2720, EyoikNhiE
BEETLZ LITMONTNDED, RMEB X OEGE BT 2 KOBEICET 5#
R AT = A LBFRART2D, HLNICREBECEEBRONDIBEZRE, EHoHk
NENREICRIETHRNOEEBTER I TIRhole, LALARL, PIFF i
ED XD ICHRRDOEEEZ T 2EMT, >0, BHMABEIRPBTNESIL, KD
BRICER Y RTTHEEFEZHBECTOLERD D, €2 TRMETIE. REER
FUOEABEIIBOWTKOBENIET A A=A LEZHLNTTH70IC, REEIZE
WCAKROBEICEEREEIZH-TWET 7 7HRY » (AQP) IZEH L, ZREZET
LIRETHOHERFET VEMER ., Bt L7z, £7. REDOEH L AQP OFEHR
258N D BhEMEIC OV T 2 RBER B E T L KKAy = 7 2 & IV TRET L7, & OFE 8,
KKAy = 7 2B W TIIHRBOETITHEV, JREB LU vasopressin O WA N
L. 2 & FRICER AQP2 ORBENBEINT 5 Z L NbhoTe, RIZ, BiED AQP
ORBEXFROETIES LiCOs ZAVWT, REOEHHICEITS AQP 0ER
IZOWTRE L7z, ZOREE, Bigo AQP2 DR BB B < DA DBFRIN % (2
L. REZBVEEDFMIHREL TWAHZENALNE RoT,

ABRTH LN R EZ U TICERNT 2,
KE—E>
1. KKAy <7 Rid, 2 BIERFOREBOEIT L & HIZERMEL, 2T, F
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BHEENE AQP2 DRBEENHMNT L5 L BHLMNE 2o, F72, HlAN/NE
7> O MIRERE A~ DT AR L 7,

KKAy ~ U A DREOETICHE, HETEIZE T D vasopressin © mRNA %
WENSHEML. Bif AQP2 ORBLE L IEDHBENFED b7,

REEPEITL TS KKAy vV RIZA VR Y VU ERETHZ LIZRY, REPE
DL, B AQP2 0EBEOERTBIUBRBITOMHP R 6, /2, KT
=BT % vasopressin O mRNA ZHE LK T L7z,

KE_E>

1.

FRENHEM L 72 1 BRERFBE T L STZ ~ 7 X2 R\ T, BIREEE PN & W E 2
D AQP2 B X NAQP3 D F XV EREBEENHIML TWAHZ LR T,
STZ =7 AZERAQP2 B LN AQP3 DRBEZ KT X5 LioCOs 25 LT
BROREIL. Li2COs BAE ~ U RIZH~THE LML,

Li2CO3 AL STZ ~ 7 ADREDOEMIL, REREERE, TARME TORRIX
BEBICRMERZECITER T, BBESE TD AQP2 B3 LU AQP3 DHE
BEETICERLTWA Z ERbhoTlz,

AIFEDOFER S ZRIRBIZBN T, BigO AQP2 OB ENREDOHEIN

WMT 22 ERALNE o (B—8), £7-. ZOHEMIBR TOKOBRILE:
RAHE L, SR APKERZEBET 72D OME#EE L LTV TWHDE Z &5
MR EN (BB,

L

IHNET REQHEMIME> THRAENEMT 2EEE BT 5 AQP2 OHAEICE

Tk, #ER DA R o7z, ABFSEIC LY. AQP2 DI BUENNH KD FFRIN % 85

MT 2720 ThHDZ EPRAMIZIR T2, LizCOs 2B LW ONDOEMRESED

AQP2 ORBICEEL»RITT Z ERMOENTWVWS 8589, “NoHDEYLTIFT
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RERFATIERICE., VXV OERINBESTHAREENH D0, BESE
B3, 5%, EYomEEFERIZBNT, BiED AQP IZEE 2 RIFTEMCEL T
HbEBRL T LERSLD EE 2D,
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(3]

AR L., RGBUIRLEEE, HEELZBY £ L-EERRFEEHFEHE
il JF BIRICRSBEHEE L T L0z, EATHEILR L EFEd,
FFRIZHIZ0 . ZHOHEE, HBERCEHBAZBY E L-FEE %4
AR BB LET &L, L #ELE L ETFET,

A HIZ 0 BEOREE. HHAHEZBY ELZAREE EHEAGE BFEC
DR VELE L ETET,

AR HIZ 0, By OB LS LBV L ERBHF A EREHNRDEESE
M= GHEEREX ZBORICERESERLET LR, E<HLPLETET,
AR HIZY |, BAOEEH N, HBELH £ L EERRZEBFEHE FH
HRX K, REHFRFELDEDBEEHEE THREIT KRICEJEHBELET,
AFRIZHT0 R 2\BH N r@EE L-MERE K. HIHBFE K& B
& K. DAREESR KR K EMB RICEHELET,

RIS, AR ZZITTDICHTY ., e DEE, HBEZBHY £ LI-E2ERK
FRBFHEOHRICEBHELET,
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