40

BiRBES 9928
PR — PSRN a . KY"SZA8R2 7 5 KRS I B85 2150

BhBrsEE &R B2 (BRKE¥E EFR B AmFRE)
ERBFRE R R (RRKYE EFE B EIFERE)

T4 PR - PGSR Na 2 A AARIEREERICERE A REZRB L TVA I LR
ELT R, ZOHEGROROBITFHRABONERETH D, EOEIEZEPETS 3,
F7- IR IR, BRE, BHEK, AREESAEThTHS, LA L, FIIR-
FE4EIS Na 2 A0 Na BAMEEICE L TIRKR2ZH S 2 Thvy, PR - IFREEE LT 0S
FRICTEET 2 Na'2ASRL LT, hEH LU macula densa (Na'ZFHEWIKDIELLS
CIDAR) X@bnTH D, £hZh amirolidesensitive Na* channel ¥ & U Na'K* 2CI
cotransporter L Na'MBf & BT 5 Z L AAM b TV 5. FIlR - AFlRiES Na'R&E&H S
RIS S, NaBidEE AT LT, Nao s BRIL TV 386D LEALbND, -T, &K
WMEODBNIZZDEHAE»DBZETHS, & 6I0, HFFRART Na*RANFEREIC Na* K 2CT
cotransporter A5 LTWBZ LA ICAD, ZORER/IZ KREFL L TH THE
WAR & i, BT, % 2 O BMIZPIR - FFRES K2EFOLENRAERET T2
ETh B,

L TDEERIZNY FILE & —LFEEFD Sprague Dawley 7 v P #FHWTHE I k-7,
FFFIIRAIIC 0.75 M NaCl B4 555 &, FROMRED I35 ]IRFHISEML 72,
Amiloride % X 0% SITS BB R ROMREHIEEIERARELE A 22 5720,
ouabain, furosemide, bumetanide BTALE I & V) FFHER.OHRRIE SIS Z 13 A B EICHIH] -
XNFm, 72, TOMRIZFFIIRASIE KCI + NaCl SR EICH L T8 KIREKFEICH
BEESAEML, ZOMEE S bumetanide FIAEIC & D HEKREFHICHRIE hiz, #€-T,
PR - AFIRAEIIC Nat, K'SESBNEEL, TOBMAMEEIC Na® K 2CT cotransporter B85
LTnwaeiflxnsg, 612, Pk - FEES KSEEDORE 2FANS 720, 50mM KCl +
100 mM NaCl AR5 ICHT 3R KHEME 2 TAEIRNZE & FFIIRAERS & TR L
720 FFFIRMIE SRS X FTABRAKRSHOREICLL, ARICKELS, L2EZOR
IR, BIITHD, BERTH 30 A THRSRELIZEELY KadRlE iz, ZON
PRI B 1o i B R KPR RS IS B IR T bR Ic kK D il e iz, 8- T, FFFINR
150 mM KC1 + 100 mM NaCl 512 & 5 /R KPRt EREMIEEE, FIk - PR K
SRBENETIEICIDEIERIEhALELAONS,

M EDRERY S, PR - FFH4ESIC bumetanide-sensitive Na*, K* receptor 2fFE L, I
BRI D Na*, KNBEAEMNT 2 &, B 50 Na*, KHREAEMT 307 - BRHEVFE
TRZERGhot, ZORAGROEE LML, FIFHEHIFOHAMED 20~25 2 ThHdE
WHZ L Thd, foT, BRICKBFFRMP Na*, KNREDEMIL, AEERRICES L
15 ICEMEE N3, MICE AT, PIIR - FFRER KREFIEBRRICHFETIRESD 5
EORET KEEELERMTAILATESLEELLNS., L L, ZORERIEIMNK
M Na*, KEEASBL, RIEERO Na*, KEEZPHEILT, #SiL T30, #AH
BENEUL S, ZOEIBBRERZLVHELRAH VAR THEIAX AT AT - T4 —-FNy s
FHRICE VAT ENBZDTHA 5,
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BRER 9928
PR —AFIEREIRN a *, KYS2 8 88% I3 5 BGRB8 3 5 15t

BIRRASeE - FRE B2 (BRKTF EFM B BRI
ERBIEE PR R (KRR EER B ARERE)

(772 H 1Y)

1965 4F Haberich % (1) (=&, PR - FERBSEIICIRBIE R B S HMFET 5 WTREMEA W10
THE XN TSR, ZONFICETEELDOMENE SN TERL, TOKBR, REE, ME
WE, A4y, Zra—2, 7IVBEIIHT 2L OREABENFETZELHL 2L
D, X<mbonTwAIRHE, ME, WEEEe L ToOMBIE»D Th, REGEGL LT
OO REINFEH Eh TS (2,3,4)

PR - FFIRAEIR IS 2R B AFET AFME LT, UTD 2 @A o N5 !

o RIMEHLE R7-MEE, B TN &, AIEBRICE % RIS 9 PR - IFRGEE A B
BT 3, foT, ZOEBOZERIEBRERAOMAMIZE DK 5 FIZHERENBHIOR
WIRE OB ABAT 5 Z Lk,

o ZOBEICESX, ARIERRORENENT HHIIC, BIERROKKDORELZ TRIL T
RAEOKELH@ET 22 LAk s, Tabd, EHEOTMHESL B VIERHT 47 -
74— K7 47— FEBIEA TR % 5.

INBOT L AFEIAN, IR - IR 5REH05 5 NeRERENT S
PR PR ROV T, Tk DL TOBE £ > TR 2,

1 PR - RS Na'2% % & R 5 &, Bl 50 Na RIS R & h, s 60
Na'lR A xn 5 (56) o

2. ROBIZAFIHROMETH D, ZOMRIZIERINFE K OREKE, SURTHOBHEK
BEUHE LIRS T2 (7) . ' ‘

3. BOMKIEENEFNERRMARE, BE0a) vEEEETH S (56,8) .

L CORERERD K S HEEIRES KO RO RE AT S EH L, RS
FICEEARE AR LTS (9,10,11) ‘

5. FFHZETIE, ZOREDOREMET L, AREEEEFOBEN/EI 2 (12,13) .

LA U, PR - BFISSEIR Na 2880 NaBAEEIIRATS 5, IR - IFRsES LIS O
BRCTEET 5 NaZAR L LT, BhE B LU macula densa (Na"ZF&H & WD &3 L
2 CIZAR) MMohThh, ZNZN amirolide-sensitive Na* channel # KU Na' K 2CI
cotransporter %7 L Na'lRJE & BT 5 Z L ARG S h w3 (14, 15) o PR - ATREAR
Na'ZABEARICA S 20 NalitiE42 LT, Na' 2 BRHIL TS 8D LEALND,
Mo T, TR 11 FEEHRFOMERME ZORIAHE,I DL I LTHS, X610, WHizuRE
T Na' B ANEEREIC Nat K 2CT cotransporter 2SR5 L CWB Z MBS Tk D, ZOREE
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2 KREHRE LTSRS RSN, #-5T, B 2 OHNEPIK - FEER KREH
DABMRE R THILTH S,

(555007 |
ETDHEEBRIFIARY b)VLE 4 — LEEE T O Sprague Dawley 5 v b (fAE 300~360 g,
n=73) FAWWTHE Ik >/, ERIZAXREEEZSHED “Guiding Principles for Care and Use
of Animals in the Field of Physiological Science” 1Z%#€ - THT - 7z,

FARR - BN FER Na ' FEE0HERE 12 351 B Nalik o 1%E] (16)

BERENRY b2 E 2 — )L (50 mg/kg) EHHZ K DREEL 727 v b O FKEFIRIC, BREE
BMAD S T =T LEHFAL -, ERRER, FPARS T -7 L&A L, FEIRRERO T
AR A FIHEL , WURERGR &G U, MREOHRKMANIREERL, T, & 0RO VErAETEE) 722
IAFERTE B LI L, R LOEMRIL 2 WRAMDO V) avickpalEiEL 7,
FAREENL 50 Hz~1 kHz D23V F/R8Z - T AL Z —&FDOT7 Y I THIRL =%, AD %£#
#% (100 samles/s) #4/ LT, Ao —4 LIZidgkL =,

0.75 M D &8k NaCl @k #% 0.1, 02, 0.5, 1.0 ml/kg FFFIARAICHE S U 7= & & OFBEKO
AR B D ISE % AFE Na'Fins R F R PIRR GATR TR L7z, BAFHEL L TUILTO
6 #8%H © amiloride (n=6, 30, 300 umol/kg) , ouabain (n=6, 1, 10 umol/kg) , SITS (n=6,
3, 30, 100 umol/kg) , furosemide (n=6, 3, 30, 300 pmol/kg) , bumetanide (n=6, 3,
30, 100 pmol/kg) , chlorothiazide (n=6, 3, 30, 100 pmol/kg) % f\ 7z, FFHEsR/O b
EBOERILD22, HEFEELG IO 0.75 M NaCl ¥ 1.0 ml/kg 5 OIBE % 100 %& L
T, ZOMDILEESERL 7=,

PR - AR GESR K2 A (17)

PR - AFIREIRIC K ZBEELTET 22 E I » 2L D 5720, D 3 THE K
DFREERE) £ WE L & 5, PRS2 ORREED KCL + NaCl @il &15 L7z (n=6) .
% 7z KC1 + NaCl B 51339 2 FFhfsR ORI 855 21 bumetanide 512 & 0 £ Dk
WEEZT A0 EFANS2®, 50 mM KCI + 100 mM NaCl &% 51253 2 FFHRR O i b
BB % bumetanide AFFIIRIZ SATH THEE L - (n=7)

&5z, BliA o0 KHPMFAESIZ 1 5Pk - FFIEER K'REGOREEHANS 720,
AR EICIRRAA T — T A EFHALZT v M2k WT, PR (n=8) & %\ \dF K&K
(n=8) #*& 50 mM KCl + 100 mM NaCl ¥4 % 50 pl/kg/min ® 2 & — R T 30 /5L,
Rep KPR EZREL 7=, & 610, IR ABRERELZT7 v b (n=8) 2T, FFFIR

PR 5 EER % 1T 5 72,
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[r7RER] ,
PR - FFREGES, Na B AHE 12 3513 5 Na' it it o 5%%] (16)

Figure 1-A IZAFFIRA 0.75 M NaCl W S5ICKT 5, TSRO RIE BN G & 0D BRG] %
AY . 0.75 M NaCl BWEAFFIIRNIZ 5% VIEREO R, 5 BIRAAFAME AR ORI S 23
BMU 7z, FFBESROMHREEEID NaCl S5 12 2 I0E I3FFIRA amiloride #5142 & D

FEA T 572 (Figure 1-B) , bumetanide £5-12 & D FHEMKRIFMEICHIHI & 77z (Figure
1'C) o
A: Dose Response to 0.75 M NaCl B: Amiloride

5
0.1 ml/kgv I 0 pmol/kg V

aCl0.5ml/kg

300 pmol/kg

0.2 m]/ki' | '“|

0.5 ml/kg'

C: Bumetanide

0 pmol/kg

(VS

100 imol/ki I I

Figure 1 : Original records illustrating hepatic afferent nerve activity in response to intraportal bolus
injection of 0.75 M NaCl (shown by the arrowheads). (A) shows the dose-dependency of the hepatic
afferent nerve activity response to 0.75 M NaCl solution. (B) shows the effects of amiloride
pretreatment (300 pmol/kg into the portal vein) on the hepatic afferent nerve activity response, while
(C) shows the effects of bumetanide pretreatment (3 and 100 pmol/kg into the portal vein).

EHEO Na' @R EEIHFEEOERO B LFERED T — £ % Figure 2 1277,
Amiloride % XU SITS BTAVE 3 HFIsk OB B2 1 R A B A 5.4 25 20 o 7220,
ouabain, furosemide, bumetanide, chlorothiazide TIZAFIESROFRRIEEICE S HIH] X 7=,
LA L, Z DI I chlorothiazide & ftaBERAI & T4 R 5Nz, T4b%, ouabain,
furosemide, bumetanide TIZHEKFEIIDE SR &, ZhZh 10, 300, 100 umol/kg
DR TS 35S HE X Nzh, chlorothiazide Tid 3, 30, 100 umol/kg L{&k5 &%
BWmxeTy, WHORERENLL kh o7z,

PR - ATHEGE, K2 A& e (17)
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Amiloride Quabain SITS
150 - 150~ @ ¢ pmol/kg B
o 1 pmolkg
0 10 pmol/kg
g 100 - ;f, 100 g 100 |-
<
2 z z
8 s g so 2 sof © 0 pmol/kg
@ 0 pmol/kg O 3 umolkg
O 30 umolkg O 30 pmol/kg
O 300 pmal/kg 4100 pmol/kg
0™ 1 1 1 L ] 0 05 L L L 1 )
00 02 04 06 08 10 00 02 04 06 08 1.0 00 02 04 06 08 10
0.75 M NaCl (mlkg) 0.75 M NaCl (ml/kg) 0.75 M NaCl (mb/kg)
Furosemide Bumetanide Chlorothiazide
150 o Vk 150 - 150 -
0 pmolkg ® 0 pmolikg © 0 pmolkg
O 3 pmolkg o 3 mol/ O 3 pmolkg
O 30 pmolkg umoV/kg O 30 pmolkg
. A 300 umolkg - 100 | 0 30 pmol/kg 100 & 100 pmolk;
S \ ® A 100 pmol/kg s pmolkg
< < <
-4
] Z Z
50 - o S50 m 50
0= T 1 ! 1 ? 0 L| ) 1 1 1 | [ 1 1 1 i J
00 02 04 06 08 10 00 02 04 06 08 1.0 00 02 04 06 08 1.0

0.75 M NaCl (mVkg)

0.75 M NaCl (mVkg) 0.75 M NaCl (ml/kg)

Figure 2: Summarized data showing responses of hepatic afferent nerve activity to intraportal bolus
injection of 0.75 M NaCl before and after intraportal infusion of amiloride, ouabine, SITS, bumetanide,
or chlorothiazide.

A 750 mM NaCl, 0.5ml/kg B 250
200
25 mM KCI + 125 mM NaCl, 0.5 mi/kg
—_
L & 150
N
‘lﬂ"‘\www\m %‘Wm M"W“‘ L <
Z
50 mM KCI + 100 mM NaCl, 0.5 ml/kg :ﬁ__( 100
50
100 mM KCI + 50 M NaCl, 0.5 ml/kg

10 pV

0.0 02 04 06 08 1.0

(ml/kg)
Figure 3: A: original records illustrating hepatic afferent nerve activity responses to intraportal bolus
injection (arrowheads) of 750 mM NaCl, 25 mM KCI + 125 mM NaCl, 50 mM KCI + 100 mM NaCl,
or 100 mM KC1 + 50 mM NaCl. Summarized data for 6 rats are showm at B. ®, 750 mM NaCl; @,
750 mM LiCl; ¥, 25 mM KCI + 125 mM NaCl; B, 50 mM KCI + 100 mM NaCl; A, 100 mM KCI +
50 mM NaCl. *P < 0.05: responses to other combinations of KC1 + NaCl are significantly different
from those to injection of 25 mM KCI + 125 mM NaCl.
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H@w}AKWWWWEﬁNMH%ﬂiéwu%%KO+N&H%WE%KﬂT5H%*@W
RBHIGE QMBI &R, FFFIRAERS %58 OO BRSO S i 3smL , &8
BIEOV RS, 6 ILOFYHBREEED T — 5 % B 1oRd. ZORFRERIEEE LCl
OFFFIRNEEEIZIZEL IS LA, Bk NaCl » 2 WIdE5E KCl + NaCl I Ricx L i
AEKEN, KEBERFEICHRISEHSEML 72, #->T, ZOMRIIFFIIRESD Na'k
FUKBREINSETSLELOND,

Figure 41250 mM KCl + 100 mM NaCl & % 50 pl/kg/min O X ¥ — F T 30 k5 L
P ORIR ML P RIS b5 £ OIR BAAL AR T, IFPIRAIE 2 0 — 7 & T AR S
ZL—7EERMA K, Nat, CHEERAEBLEER S ko7, Lo L, FFEERmRES
L—TD ClIEERLTrENERE ERER L, REZETOS L - T THREELI
RE B oH, FPRIES 20— 7 Tl EIHER 2 R 6 hiz,

4.5 ¢ 150
S S
7] (%]
g 4.0 | g
+ + s
% 2 145
g 35 g
-} 7]
= 8
By Ay .
3.0 Lt L 1 140 Lt 1 )
Control Infusion 30 min Control Infusion 30 min
115 5600 -
= %
3 g
.g 110 | 3
3] o 400
« g
g 105 .-:-’
k| S
By L .g
100 Lt . ! 5 200 Lt L . .
Control Infusion 30 min Control Infusion 30 min 60 min

Figure 4. Plasma K*, Na*, and CI' concentration and urine volume responses to infusion of 50 mM KCI
+ 100 mM NaCl solution into the portal vein (@), the inferior vena cava (W), or the portal vein in
hepatic denervated rats (). *P<0.05: the response is significantly different from that in the control.

Figure 5 ®_FEXICIRA K*, Na*, CIRE, TEUCIZRPIREEZR T, Ko KRBT
BRI E 2L — 75 K OCHFRRR R 2L — 7 CIRRAERGEER T 6 52 5 =, FFIRA
W57 - T THMIMERNES 2 800, ARAELTEE» o7, L L, R KHRE
LREOETH 3RH KPFMEIIFFIRAES 70— 7 TREREEMERL 2. —77,
FAEIRAIHE S 2L — 75 & ORFRRBRAE 7 L — 7T Z ORI R 5 b 572, 158
BT 3P EREDEIA % Figure 6 1273, AFPIIRAIRSE- 20— 7 Tid 30 M OHRS
RICHEMEBED 45 + 10 %, 51 6050 T 154 + 18 %D KAkt & iz, o7 —7T
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1351 60 5 TH0%TRED K LAaPR S Nk h -7z,

250 - 40 - 100
P IS ~
= &
g >
E:ZOO E 30 E 75
= )
& 150 g kS
g 5 20 g 50
g &
5 100 g g
=) =3 =
10 - 25
O sof f: S
[~ 3]
=} % =]
0= I 1 1 0=y L 1 ) 0= 1 I ]
Control Infusion 30min 60 min Control Infusion 30min 60 min Control Infusion 30min 60 min
= 100 s 20 - ~ 60
£ E £
8 g 8
Q75 W 15 | Y
& M 2wl
g T ||
E 50 = 10 =
2 =
=2 g ~§ 20
g 8 2
g 25 ;:l 5F 2
-frm *a ‘Lﬂ
M 3
2 0N 1 1 | & ol 1 ! | P 0k 1 ] )
Control Infusion 30min 60 min Control Infusion 30 min 60 min Control Infusion 30min 60 min

Figure 5. The upper panels show of urinary K*, Na*, and CI' concentration responses to the infusion of
50 mM KCI + 100 mM NaCl into the portal vein (@), the inferior vena cava (¥), or the portal vein in
hepatic denervated rats (). The lower panels show of urinary K, Na*, and CI" excretion responses to
the infusion of 50 mM KCI + 100 mM NaCl into the portal vein (@), the inferior vena cava (¥), or
the portal vein in hepatic denervated rats (). *P<0.05: the response is significantly different from
that in the control.

R 200 ”

=] Figure 6. Cumulative K" excretion as a
]

S percentage of the total loaded K'. @:
14 150 - portal venous infusion, ¥: inferior vena
- caval infusion, B: portal venous infusion
§ in hepatic denervated rats. *P<0.05: the
& 100 responses are significantly different from
)=

£ those in the inferior vena caval infusion
§ ] group.

a S0

|~

[

=

3 of

-B L 1 1 - 1

E Control Infusion 30 min 60 min

[F#]

FFAE RIS RN < 1 BRSO Na Bk e 3 2 L ailiiiE < T3 (18-21) o Na'
K* ATPase I & D 1E D H & n7-Milamst O NaREBKEIZ KD, 2 6 O NaBisfig 2 L,
Na* 2SI A %, Na*/H* exchanger & Na* HCO; cotransporter (3% 4 amiloride & SITS
THHE & 7, FAINEO pH FAMIZBIS L T 3 (20, 21) , Na* K* 2CI cotransporter (4 furosemide
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THZEN, FHOBEBEAHICEE L T3 (1820) . #-> T, AMETIIAFMRANS
iR NaCl W5 IS 2 TR OMBREEE MO E 2 Zh 6 OHFERICL D EDRRICE(L
THENEHRNT,

=9k NaCl &I FIRPAIR 51204 2 AP IR O AR s 88 IS 213, furosemide 12k 0 FH
BT MEICHIN & 17z, Furosemide i Na* K* 2CI' cotransporter % FHE 3 5 —F T, Na* CI
cotransporter BFHF T H Z LA 6N TW5, - T, Na* K* 2CI' cotransporter & Na* CI
cotransporter D & D KRN LPAESH, TH 5 bumetanide & chlorothiazide % L 7=, FFfERO
HARIEEISE X bumetanide 1 & D FARMKAFMICHIHI &, 100 pmolkg THEAIZHIHI & hi-
A3, chlorothiazide Ti& 3~100 pmol/kg THIFIDRE IZEL L hr o7z, & 512, FFMIRILH
KHEBEBEIMZ 9 5 PR O RGN Y bumetanide 12 X D HIEI X N7, #->7T, Pk -
FFIREIR D Natds KO8 K2 AHEMEIC Nat K* 2CI cotransporter 23 F B REIZ R LT3 L
Bbhs,

Na*# KU KHREDMA Na* K* 2CI cotransporter &7 L, E DR/ IS X D IGE)E R
RAELWI)EXNAZEMICEBE N2 2B L TS RIOMETIEIAHTDH 24, XD 2 D
DOHEELPZEZObN S, &2k, FMRAUERMAIC Nat K* 2CI cotransporter 23{FIEL, %
DRI SRR AT L T B LW S AT H 5, Na* K* 2CI cotransporter 13 AF#llE
DEBEREHL C0BZeh o, MEBEMO Natd 5\ E KRE2EINT 5 &, Na* K* 2CT
cotransporter % 7" UAFHR@AIZ WA L, US> TRAFTRA L, RO B IEMT 5,
BRI & 0 MERma RN, MESEHE LTHE, PR OMEIES NS 5

EVWIETH S, 5021, FRKRIGEKRIC Nat K 2CI cotransporter 23 FEL , Na‘*dh B
W K OMBEARAIC K OB L, IFESROMRIEE BN 2 LS5 Th 5, EF,

F AR R do L OSSR RIE R O Mk s K OBHIRZEH-EIC Na* K 2CI cotransporter HITFE{E L T
VBRI EHABEINTNS (22)

AHFE TIEATBIRFE O iE e 2> & MR & FUBE L, SROMREE) A FC8k L 72, Z DR
FEPIIR LR O Na*, KBRS IS 520, BBBIE, Lit, CHEERIMICIZIE L -
7o PR - AFIRGEIR Na*RB&OKRENIONVT, BRABELOMEET>TELH (2, 3,
5,6, 9-11) , KREFIIOVWTEIAHTH o7z, PR - AR KRESOREIEHANS
7z%, 50 mM KCI + 100 mM NaCl /AR5 1234 2 R KRR & T AE RS & A
PRAEE S & THE L 72, AFFIIRAIIR G B DI X T AEFIRAE G ROISEICI L, FRICK
gL, L2 ZOIREEEE, MATHD, 5K THR 30 7 THRERELIZITF LWL K'H
PEtt X Nz, ZORFFIIRAIIR 510§ 2 /R o KR DTS 2 i AT iR R ic K D #fl & h
7zo #5C, AFFIMRA 50 mM KC1+ 100 mM NaCl Wi 512 & 3 R KRt B Ie &1,
PR - FPRRGESR K2 B a2 T 2 FIc L DElERI chLBEI6h 3,

PR - FFARGESR K2 e, AREBRING KR AN 2 A1ISE 2 2 FFFIRMO Kk
BIMZISE L, REMEICRS KPRt 2 8ms 25, ZORGRAOEE 2 mid, KR
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DIMED 20~25 % ThBENIT L THB, HoT, HFMRIMLF KBEEOERIZL S
i, REBERICES L 15 IKEBE NS, WSS AL, PR - IR KA I3 RIER
RIEGHETHRAERD 5 FOBET KBEELARMTEIL24TES, LML, ZOR
ERIIFNRMS KREESREL, RERERO KRELTRILT, A LB, F
MmN U B, BB, AERICKEVTIFFRMIZRESH# 60 4 THRE KBD 1.5 50 K2kl
XN, ZOES HBREZLOMELFAGHNETHBERHT 47 - 74— F2¥y JEER
KEDFAMENEDTHS D,

SO HRE]
FIRR - AFIRSEIR Na*, K'RABIIOWTUTO/RERLMICT 2720, HREMEH TH
%,
1. Na*K*2CI cotransporter DFENB ML TH 5 DA ?
2. B Na*f, & KREHICE PR - RS Na*, K2EHROBE S KU Na* K* 20T
cotransporter O mRNA FHiA & DR & EHi% 1T 5 DH ?
3. Na*B LU KRB DRMA Na*t K* 2CI cotransporter & 9L, £ DRRARITFIC & D IEEE
MFAE L W) BRI AEMIZER I LD, ?

[zik]

1. Haberich FJ, Aziz O, Nowacki PE: Uber einen osmoreceptorisch titigen Mechanismus inder
Leber. Pfliigers Arch 285: 73-89, 1965.

2. EBZ  SEBOEETR PR - FFRES Na ZEBEIC L2 PRSI Na 5%
PeHERE, B (Membrane) 24: 64-71,1999.

3. Morita H, Matsuda T, Tanaka K, Hosomi H: Role of hepatic receptors in controlling body fluid
homeostasis (review). Jpn J Physiol 45: 355-368, 1995.

4. Sawchenko PE, Friedman MI: Sensory functions of the liver: a review. Am J Physiol 236: R5-
R20, 1979.

5.  Morita H, Ohyama H, Hagiike M, Horiba T, Miyake K, Yamanouchi H, Matsushita K, Hosomi
H: Effects of portal infusion of hypertonic solution on jejunal electrolyte transport in anesthetized
dogs. Am J Physiol 259: R1289-R1294, 1990.

6. Morita H, Nishida Y, Hosomi H: Neural control of urinary sodium excretion during hypertonic
NaCl load in conscious rabbits: role of renal and hepatic nerves and baroreceptors. J Auton Nerv
Syst 34: 157-170, 1991.

7. Morita H, Yamashita Y, Nishida Y, Tokuda M, Hatase O, Hosomi H: Fos induction in rat brain
neurons after stimulation of the hepatoportal Na-sensitive mechanism, Am J Physiol 272: R913-

R923, 1997.

_9 6_



10.

11.

12.

13.

14.

15.

16.

18.

19.

20.

21.

22.

11 13 3

Morita H, Ishiki K, Hosomi H: Effects of hepatic NaCl receptor stimulation on renal nerve
activity in conscious rabbits. Neurosci Lett 123: 1-3, 1991.

Morita H, Matsuda T, Furuya F, Khanchowdhury MR, Hosomi H: Hepatorenal reflex plays an
important role in natriuresis after high-NaCl food intake in conscious dogs. Circ Res 72: 552-559,
1993.

Morita H, Chen Q, Hosomi H: Role of hepatic nerves in long-term control of NaCl homeostasis
in Wistar-Kyoto rats. J Auton Nerv Syst 54: 9-15, 1995.

Morita H, Tsunooka K, Hagiike M, Yamaguchi O, Lee K: Role of the liver in long-term control
of drinking behavior, Na balance and arterial pressure in Dahl rats. Am J Physiol 274: R1111-
R1118, 1998. |

Tanaka K, Matsuda T, Morita H, Hosomi H: Depressed sensitivity of the hepatoportal NaCl
receptors in rats with carbon tetrachloride-induced liver cirrhosis. Am J Physiol 269: R1390-
R1395, 1995.

Matsuda T, Morita H, Hosomi H, Okada M: Response of renal nerve activity to high NaCl food
intake in dogs with liver cirrhosis. Hepatology 23: 303-309, 1996.

Lindemann, B: Taste reception. Physiol Rev 76: 719-766, 1996.
Schlatter, E: Effect of various diuretics on membrane voltage of macula densa cells, Whole-cell

patch-clamp experiments. Pfliigers Arch 423: 74-77, 1993.

Morita H, Fujiki N, Hagiike M, Yamaguchi O, Lee K: Functional evidence for involvement of
bumetanide-sensitive Na* K* 2CI cotransport in the hepatoportal Na* receptor of the Sprague-
Dawley rat. Neurosci Lett 264: 65-68, 1999.

Morita H, Fujiki N, Miyahara T, Lee K, Tanaka K: Hepatoportal bumetanide-sensitive K*-sensor
mechanism controls urinary K* excretion. Am J Physiol 278: R1134-R1139, 2000.

Dahl SV, Hiussinger D: Bumetanide-sensitive cell swelling mediates tﬁe inhibitory effect onb
ethanol on proteolysis in rat liver. Gastroenterology 114: 1046-1053, 1998.

Fiegen RJ, Rauen U, Hartmann M, Decking UKM, de Groot H: Decrease of ischemic injury to
the isolated perfused rat liver by loop diuretics. Hepatology 25: 1425-1431, 1997.

Graf j, Hiussinger D: Ion transport in hepatocytes: mechanisms and correlations to cell volume,
hormone actions and metabolism. J Hepatol 24: 53-77, 1996.

Renner EL, Lake JR, Scharschmidt BF, Zimmerli B, Meier PJ: Rat hepatocytes exibit basolateral
Na'/HCOj cotransport. J Clin Invest 83: 1225-1235, 1989.

Plotkin MD, Kaplan MR, Peterson LN, Gullans SR, Hebert SC, Delpire E: Expression of the Na*-
K*-2CI cotransporter BSC2 in the nervous system. Am J Physiol 272: C173-C183, 1997.

_9 7_



11 13 3

HEPATOPORTAL BUMETANIDE-SENSITIVE
Na’- and K*-SENSOR MECHANISMS

Hironobu Morita and Shigeru Nakashima
Department of Physiology and Biochemistry, Gifu University School of Medicine,
40 Tsukasa-Machi, Gifu 500-8705, Japan

Summary

We have demonstrated that Na* receptor exists in the hepatoportal region plays an
important role in regulating body fluid homeostasis. The afferent pathway is the periarterial
hepatic nerve, the efferent pathway is the renal sympathetic nerve, and the central pathway
involves nucleus solitary tract, area postrema, periventricular hypothalamic nucleus,. and
supraoptic nucleus. However, sensing mechanism of Na* has been unclear. To investigate
mechanisms involved in hepatoportal Na* sensing, responses of hepatic afferent nerve activity
(HANA) to intraportal hypertonic NaCl injection were measured before, and after, intraportal
infusion of inhibitors of Na” transport systems. HANA increased in response to the intraportal
injection of 0.75 M NaCl in a dose-dependent manner. The HANA response was not affected
by amiloride or SITS, but was suppressed in a dose-dependent manner by intraportal infusion
of ouabain, furosemide, or bumetanide. These results indicate that the hepatoportal Na*
receptor senses the Na* concentration via the bumetanide-sensitive Na* K* 2CI" cotransporter.
Although the linkage between the Na* K" 2ClI" cotransporter and the increased HANA is
unclear, two possibilities can be considered. Firstly, an increase in hepatocellular volume,
induced by Na® influx via the Na* K* 2CI" cotransporter, might stimulate the connected nerve
terminal. Secondly, the nerve terminal itself might bear the Na* K* 2CI" cotransporter and the
increasing Na* concentration might depolarize the nerve terminal. If either of these is true, the
possibility exists that the bumetanide-sensitive Na* K* 2CI" cotransporter also senses the K*
concentration in the portal vein. Accordingly, to determine whether a K*-sensor mechanism
exists in the hepatoportal region, HANA responses to intraportal injection of KCl were
examined in anesthetized rats. Hepatic afferent nerve activity increased in response to
intraportal injection in a K" concentration-dependent manner and the increase was attenuated
by inhibition of the Na" K" 2CI cotransporter by bumetanide in a dose-dependent manner.
These results suggest that a bumetanide-sensitive K*-sensor mechanism exists in the
hepatoportal region. Stimulation of this mechanism by intraportal KCl infusion elicited an
immediate and powerful kaliuresis with no significant change in the plasma K* concentration;
this was significantly greater than the kaliuresis induced by intravenous KCI infusion and was
attenuated by severing the periarterial hepatic nervous plexus. These results indicate that a
hepatoportal bumetanide-sensitive K'-sensor mechanism senses the portal venous XK*
concentration and that stimulation of this sensor mechanism causes kaliuresis, which is
mainly mediated by the periarterial hepatic nervous plexus.
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