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The role of renal vasodepressor and natriuretic systems and ouabain-like factor on the

early phase of hypertension in two-kidney, one-clip hypertensive rats

Takaaki TORII, Nobuyuki URA, Hideki TAKIZAWA, and Kazuaki SHIMAMOTO

Recent studies have shown that not only an enhanced renin-angiotensin system, but also relative
volume retention might contribute to hypertension even in the early phase of a two-kidney, one-clip
hypertensive model. To evaluate the role of renal depressor and natriuretic systems in the development of
high blood pressure in the early phase of this model, we measured urinary excretion of kallikrein (uKAL),
prostaglandin E, (uPGE,), and dopamine (uDA) in male Sprague-Dawley rats instrumented with a 0.2
mm diameter clip on the left renal artery 2K1C) and compared the results with those of sham-operated
rats(sham). We also measured ouabain-like factor (OLF) in the plasma(pOLF) and urine(uOLF) in
both groups. In 2K 1C, systolic blood pressure (SBP) progressively increased and plasma renin activity was
higher than the sham in the 3rd week. UDA and uPGE, were not different between these groups, but
uKAL attenuated in 2K 1C in the Ist and 3rd week compared to the sham. There was a negative correlation
between %ASBP and %AuKAL. On the other hand, uOLF increased in 2K 1C in the Ist, 2nd and 3rd week
compared to the sham. There was a positive correlation between SBP and uOLF. And pOLF was higher
in 2K 1C than in the sham. Furthermore there was a negative correlation between %AuKAL and %AuOLF.

These results indicated that even in the early phase, suppression of the renal kallikrein-kinin system
would contribute to high blood pressure in part, and OLF might play a compensatory role against the
impaired natriuretic system in the kidney. However, OLF might contribute to blood pressure elevation
through vasoconstriction in 2K 1C.
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L = VR RIS R © ORI B ILE DO BRIA
JREZ A I Na-K-ATPase [HERFThH 2 NAEY £ ¥
Y AKKIA T (EDLF) OBSH/RB S, HUHETH Z DT
EPMMEV = UHETE LW EDH LY, 2D XD
2, R OERPHACEEL 2280 EIMEDOKRRE % & L
TWwsbDEFEz BN,

—F, ZRMERILE T & % B IS R U 1 5 U
DOMEEEPGIHEEEOUEEC LV A TRidEL T
W3, FEE D 2 TEIRE LI ED < b O
LTw3 Zers, BIEESEOREOMHb B
FEO—DOThs, TOFEBRET NV ELTHIONT WS 2
B 1 2 ) v 7 (twe-kidney, one-clip ; 2K1C) FIMEZ » b
T, SIMEDOFIES & 0% OHEFFIC R-A RWEE L%
HERlT ZEPHSLTHEH, Thlshc bfEr 0%
WBEELTwd EEZoNTWS, Thbb, IOET
VOFRFEFEEIKAZICED S v =V HTUEIRTE L T2
YbOTHY, VIWRAER T CEYIEEWE TH 5 an-
giotensin Il OEINC L 2 b DTH %5, ZDOFEEHHT
b AR R KRG S, 202 &b 2KICH
MEZ v b OFBAFAEO—ERICBAS L T 5 AIREMELHE 2
5Nb, I TSENL, 2KIC HIMES v ~ TOBMRETE
FIRZTH 2'E DA R, B K-KR, &PGE,RLAER
Th 25U 734 YFRETF (OLF) % FIFICET L, 2KIC
mILEZ v MZB T 2 0AEOEFEO—inz AL L 5
EL7,

MR & EBRHE I
TR T O FEBIGALRERR F B EFHESH I > T
T;:l:‘j 720
1. % &

R 140~160 g @ 5 3 #in D J 4% Sprague-Dawley 7
~ERW, 2KIC HIEZ v b QKICHE, n=9) Z{ER L
7o T/ B, pentobarbital BT Z v N OIEE % IE
IR L, ZABERE B S ¥ CREALIC N 0.2 mm O
70y TREF LI, FROFETHFMREZRTL: O
% STHARE (sham #, n=9) & L THWz,

2. EBRAE

A, FEB7oa ha—nv

TRTOTZY VEEBBAAY RV 7 7r—9(F V7
Yoo XF R v 7 — 650-0100, Nalge £, New York,
USA) Iz, —EZERQSC)T 1 HOHHRE %2 12B/4 > &
LTHBE L, ZOMOEEICIZAEKEHKKT, 7v

~E M MF BpoRETE (NaCl 56 0.6 %, 4V x> 5 Vi
BITEMASH, R0 2RKBHHZ2EL THwe, 20
FHTT, 4 HEOMBREO®RICHE O FM 2 fifTL, %
D 3 AR O KA %2 3 72, WM, FEIHO & HER 2
HEIc A= BW), REUYV), FRE 1 HEOEEER
7 & B tf Na #E it 3 (UNaV), Jg tf kallikrein $E it &
(uKAL), FRh PGE, it & (uPGE,), # & UFJRt OLF
PRt (WOLF), $RIREE 2 HH OHFERRE K2 © IR DA
& (UDA) %, & 512 3% O EEHE T I I pentobar-
bital FRE ™I EEAREIR & D BRIM L Ty = > 3& %
(PRA) B & UFI#E OLF /& (pOLF) 2 WE L, 7z, &
HOE ML CEREZFHIL 72, 35 & BERMKH I
tail-cuff 35 (7 v + BEIIRE - DRAHESLE, KW-210 4,
HE®EA, RE0) I & 0 IGEHME (SBP) Z2 A HIE L
L5E LT RO S BOFHAIOFEHEE v Tz PRREIZT
B2, S D 24 K THRIL, R NaBEIZA 4 &
Mk (B2 ) =h v A F > A —5 —CIM-104/104A #,
B EEUERT, BRI X D HIE L 72,

B, JR kallikrein HEtE (UKAL) O HIE

UKAL @ #I5E 1Z, Shimamoto 57D LT HEVY, T v
b R kallikrein I2 60§~ 2 € / 7 a—F VK 2 v,
radioimmunoassay (RIA) # |2 T immunoreactive 7% kalli-
krein % #ll%E U 7z, AR IE © bR kallikrein, 7 v b R
A, Ty NETHR tonin & O X IF R E 724,
RIA #1031 %4-1E 7 )V 7 2 > % & ¢ phosphate  buffered
saline (0.14 M NaCl, 0.01 M Na,HPO,-NaH,PO,, pH7.0)
% assay buffer & UL CHW/z, LT, 0.2~0.8 u//tube O
REE, H 2 id 0.08~10 ng/tube @ kallikrein = #EY) &
2 assay buffer ZJ[1 2 T 600 u/ & L, Z #IZ assay buffer
THERL 72 54k 100 wf, E3Y'E (2°1-kallikrein, 10,000
cpm) 100 g/ %12 T 4°C T 24 W[H incubation L7z, 2O
# polyethylene glycol % FHVvy, 3,000 rpm 15 435055
Bife, LiEZ2WS| L THuUAR & f5E L7z kallikrein 7% s HER]
DZENEVSHEL, WEYOREHEE% Well type auto-
gammaspectrometer (LKB Wallac 1282 Compugamma, Fin-
land) 12 THIE L 72,

C. R dopamine BEitt iz (uDA) DHIE

UDA [33ERMMET CTERL, 4C I TmAIRER, Hl
FENHEL 7z, WIE R ESALFE RS (ECD) &2 H v 7z e
Wik v~ 277 4 (HPLC-ECD) &%z & Y JigfT L 72,

D. R prostaglandin E,#Ejt&E (uPGE,) O #HIE

UPGE, % methoxyamine hydrochloride % v TZ5E %
methyl oximated PGE,lcZ#al, X\ RIA ¥ (prostag-

esterase
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landin E, ['?°1] assay system, Amersham International plc,
UK) I & 0 JllE L7z, BEYE I
methyl oximated PGE,%, &7z assay buffer {213 0.9%
NaCl, 0.01 % Triton X-100 3 J O} 0.0057 % thimerosal % &
2 0.05M Tris/HCI buffer (pH7.4) Z{EH L7z, $72b b,
REELD U < IEHEY)E 100 4l 12 assay buffer THIRL 72
R FLHTA 100 ul & assay buffer TFFER L 72 25,000~30,000
cpm DO FEFPLE 100 ! = h1Z2, 25°C T 2 K¢ incubation
L 7z, incubation £ 3#EfE2°1-methyl oximated PGE, & $
KRG & 1% 1-methyl oximated PGE, D 53812 13 —HifAs: 2 H
Wiz, Txbb, B EERET 2 HBRE 12250 ul O
Ptk (FI5K A y-globulin BEHHTA) 2 1 2 TEIUR T 15 53
incubation %, 3,000 rpm T 15 /3 MELEEL, 2Tk
51U CUERY O S &2 Well - type
trometer (LKB Wallac 1282 Compugamma, Finland) 1= C |

Buckinghamshire,

auto-gammaspec-

E LT,
E. Mm#tOLF#EE (pOLF)®B X V'R th OLF #E it &
(uOLF) O HIE

POLF ¥ & 1Y uOLF 1% 0.1 % trifluoroacetic acid CTHLEH
L7z 0.5ml Ok} % Sep-Pak C-18 cartridge (Waters, Mil-
lipore, Milford, MA) % Fiv>"C 2.5 % acetontirile ThiH L 72
#%, ¥ 734 Pk (Du Pont, Daiichi Kagaku, Tokyo)
% F\» enzyme-linked immunosorbent assay (ELISA) i1
THIE LTz,

F Iy = 3 (PRA) O HIE

Haber 520 & 312 X D RIA & (Gammer Coat-'?°1-
PRA Kit, Baxter Japan, Tokyo) % FWCHIE L 7z,

G. it FF

FHANE I R TP SRR (mean + SE) TR L 72,
HIE B O H{E (058) & D LR E 12 13 one-way  factorial
measures ANOVA B X ¢f Dunnet @ post-hoc test % i,
sham B & ORI OME I 1Z two-way  repeated mea-
sures ANOVA B X Of Dunnet @ post-hoc test % v 7z,
HIEER OFHES X linear regression analysis 12 L D #E L
720 p<0.05 ZHEAK#EL Uz,

s |

1. 3B PRA L EABES

3% O PRAWE L Tld, 2KICHE T3 37.964+5.22
ngAngl/m//h & sham #£® 15.81+2.59 ngAngl/m//h 1z th
LT BEEEOONEEEER LT, 72, BERAR
KICHDO 7 VoS LI EE131.441£007g L 5 O

22142007 g2tk LB E(P<00DIZ/INT Ho7e —H,
sham BECIXH B O (45 1.96+0.06 g, £ 1.80+0.06 g) 12
ZIIEO o7z,

2. SBP ¥ BW M#XEFHIZE1L

Tail-cuff 212 THIE L 7z SBP & BW O R ZE 1L %
Table 12779, SBP &I D W CIkMER I B (p<
0.05) 7% 72 % A 72, HifE 13 2K1C # T 119.3£3.0
mmHg, sham #£C 121.2+2.6 mmHg & WEEEICE BT
RO o, £, 1HHEHTH2KICH T 1282452
mmHg, sham £ T 127.0+28 mmHg * EEZ 1T D &
molzns, 2KICHE TR 2HEE» S BEIC LA L,
sham BEICH L T A E (p<0.05) 2 EE T, 3HEE X
203.6+14.8 mmHg & sham £ ¢ 133.0+3.4 mmHg i H. L

TERZEEERLUIzo —75, sham B TlX SBP ICHEE R
ZENIFED s oiz, F 72 BW OREFZE LI D W
TlX, BIfE X 2KIC # T 183.8+2.4 g & sham #f 0 181.6
+30g EDMICARBRERRD ST, HifEchl &8
TEHICHEEICHEML 7225, 38% % CHREEMICEETD
Bhrolz,

3. UV & UNaV ORRHZ(L

UV OFERFZEEIC DT Table 18R & 512, HHE
THIfEICHE L 1 EE THEItER 2R L7z, i@t T

B, £/ MEMEOELRD B o7,
UNaV ORRFZLIC D WT ® Table IR T T & <,
HouiEwc L 1 HE CERZ&EME (p<0.05) Z/RL, Z
D HHMEICE L TRfE 2R L72h3, MR Tz I3
OInoTz,

4. uKAL B2 D#ERE

A. uKAL ORREZEL

UKAL O #%i# 13 Table i27R 338 D, MEEEICHEE (p<
0.05) %7 23D Tz, MEEORMEICIZZED 7% L, sham FET
RIS EN B 3D o 1243, 2KIC BETRIE®D 27.0+
2.8 ng/kg/day \z kb U 138 H T 1% 20.8+ 1.3 ng/kg/day, 3
S H T 1% 20.5+2.9 ng/kg/day & A & (p<0.05) 12 & & T
bolz, 7z, shamFEr ot TIX 1:HH L 3:HEHTH
B (p<0.05) 2o Kl %7~ L 72,

B. uKAL & SBP OHES

MiEE D uKAL 02163 (%AuKAL) & SBP 0 Z5 b 2% (%
ASBP) OFIBE 2 #Ef L7z £ 2%, Fig 1 ZRTEVIZIOD
M AR B OHRE (r=—0.285, p<0.05) 2580 7z,

5. uDA, uPGE,niERSHIZ L

MiEED uDA 3 & UF uPGE,DHERS 13 Table 1IR3 X 912
WHEORMEICZ R, £k, ThUBEORBI b ERR
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Table. Time course of each variable in sham and 2K1C
Time course (week)
0 I 2 3
2KIC*  119.3%x 3.0 [28.2+ 5.2 172.0%**x 7.8 203.6%***14.8
SBP(mmHg)
sham 121.2+ 2.6 127.0+ 2.8 125.0+ 3.6 133.0+ 3.4
BW () 2KIC 183.8+ 2.4  240.3***+ 4.6 292.7**+ 4.7 327.3**+ 6.9
& sham 181.6+ 3.0 248.1***+ 3.9 298.4%*+ 5.2 330.9%*+ 7.7
2KIC 55.0*10.4 91.3*+13.8 96.5+19.8 103.5+19.0
UV (m!/kg/day)
sham 59.8* 6.9 94.3+13.9 103.5+13. 1 101.4%15.1
2KIC 3.55+0.38 6.88**+0.88 8.24**+0.50 8.01**+0.50
UNaV (mEq/kg/day)
sham 3.98+0.26 7.90%*+0.48 7.22%*+0.42 6.75**+0.44
2KIC* 27.0%+ 2.8 20.8%**+ |.3 22.8*+ 3.0 20.5%**+ 2.9
uKAL (ng/kg/day)
sham 28.5+ 2.4 32.7+ 2.8 28.4+ 2.5 33.9+ 2.9
2KIC 5.35+0.47 6.54+2.53 8.13+2.58 4.45+0.18
uDA (ug/kg/day)
sham 5.16%0.27 4.08%+0.70 5.09%1.09 5.00%+0.37
2KIC 13.9+ 4.2 23.1% 8.2 2.4+ 3.3 24.7*+ 8.5
uPGE, (ng/kg/day)
sham 5.8+ 2.7 17.6% 3.4 25.2*+ 6.8 33.8+ 8.2
2KIC* 4.23*+1.10 7.99%**+|.83 |l.66%**+3.33 9.96%**+2.02
uOLF (ng/kg/day)
sham 4.15+0.31 4.93+0.59 4.13+0.47 4.97+0.67
*p<0.05 vs sham, **p<0.05 vs 0 week
pOLF
%A {pg/ml)
SBPo,
120 o 200 —
| p<0.05
80
7 150 |
40 |
0 N [}
. . 100 —
40 T T T T T T
-100 0 100 200
%
% A 50 —
uKAL
Fig.1. Correlation between the change in uri-
nary Kkallikrein excretion (%AuKAL) and
the change in systolic blood pressure (% 0
ASBP) in sham and 2K1C Sham 2K1C
3 Week
Fig.2. Comparison of plasma concentration of

ZENI 2 <, MO EREEZZ2ERD o7z,

6. pOLF & & U uOLF DLtE
A . pOLF o Lt#g

ouabain-like

factor (pOLF) between

and 2K1C in the third week

Fig. 2 127 3 338%% @ pOLF |3 2K 1C £ T 140.0+10.9
pg/ml THV, shamFD 107.4+88 pg/m/ Ith L THE
(p<0.05) ZEfE 2 LTz,

B. uOLF D21t
Table [Z7% ¢ uOLF Oz D WwCiE, MR cEE
(p<0.05) s 7= % 7z, 2KIC FETIXBIE D 4.23+1.10
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Fig.3. Correlation between urinary ouabain-like

factor excretion (uOLF) and systolic blood
pressure (SBP) in sham and 2K1C

ng/kg/day 12 Fh L T 1 38213 7.99+ 1.83 ng/kg/day & HE
(p<0.05)WIcHEML, =Dk b EE %R L, 2 D sham
Bt LU C238H, 3HEHTHEE(P<00) ZEHETH-
720 —77, sham FECTIIHERELZIIED Liro Tz,

C. uOLF & SBP D#HE

it T® uOLF & SBP OB At L7z & 2 %, Fig
3R T &I, ZOMBICFERELIEDOHBE(r=0.362,
p<0.05) 2D 7z,

7 . uOLF & uKAL #HES

MW D%BAUKAL & uOLF DZ (b3 (%AuOLF) D FHE %
MEfL7z & 25, Fig 4IRdi@Y, ZOWMBFEZIIHEREY
FLDOHRE (r=—0.324, p<0.05) 2580 1z,

z = I

1934 4£, Goldblatt 5903 1 X DF #HH L, Ko7z 1E
HEOE %m%%ﬁmk&@btﬁ%%rw%ﬁﬂb %
BRI M M BILE OWFFE I iz, Z D%k, —HloBE)
%%ﬁ%b,ﬁﬂ%iﬁﬂ%f%kaMC@%fwT
bEIMMEERFET 5 2 @D oY, 20 2KIC FllE
Zv Mt MNBFMEEEMEOERE T VE LT, SIIE
DRIEL LV Z OMFEEOMFBICH O TW S,
2KICEIIEZ v b OFREOHEFO—2 L LT, BHRD
A XD BRI % L Lb 50%% LD 12,
I AMBEIRMENEMET T2 &, EZEEENL TS
BRABHIN A 5 W EN B L =22 L D —H#D R-A B3R
FALSNAENEL 5, WIHNICIEE I R-A RO T ICE

400

-200 T T T T T T

-100 -50 ] 50 100 150 200
%
% A
uKAL
Fig.4. Correlation between the change in urinary kalli-

krein excretion (%AuKAL) and the change in uri-
nary ouabain-like factor excretion (%AuOLF) in
sham and 2K1C

- < angiotensin IT D572 MENGEER I £ © HE%
7o IS, MEMHA IR O MR & 2 A% - HEAE
EDEE L, "IMEC & 2 EER oS (B B4 U T
B« Na FIRORIED TR L2 D,
dosterone DBEVER & bAHE - THW » Na IR % 5,
IRIZED R-AROIMF V- OVIZIEFICE L, Z ORHY
WCIEFICE DK - Na Rl EE I & 2 flifashga o i
Lo THRMEMER SN EEZONTWE, EZATH
MEFEMIIC S, FTHEL 72 R-A R 1T Tk < M HE
WP LT RN RE SN TV 59, $4hb
L, BTOR-AFRIED A% S, MOAEHE - Na FHHiH
DRFELFLEL, IhH2KICHMEZ v b OFIHHA
**B&'ﬁ’——}bfb%T““‘lih%x 5hb, TZTbhbivbh
i, 2KIC HMEZ v b OFIIREC B0 2 B MR R
Y& T & % uDA, uKAL, uPGE, &, RFE X Th %
pOLF, mmF%@ﬁbtoiﬁ,kaswfiﬁﬁ@
s & FBRICIT . 2 B H 4> » SBP OBH & » 75 _E R SHERR
xh, o, 3BEBICIIPRAZEECEEETL, £F
ERIABEECLL THERCHEAS L Twi, T4hbb,
AWFEICH W2 Ty ME 7V y 7EER, R-AZRPHS
PICTELBIMEZE L Tnw5 2 LRSIz, —
75, BW, UV, UNaV % 2KIC ¥ & sham B THH & 2 7%
X o7z, Leenen 9% Na balance Z #EFRHI1Z L D
FEHCEH L TR YD, ZORETIEYIAD 4 HE £ TlEK
% < positive balance & 7% 2 23, 15ETIEIESTE & %
W8T B EME L TwE, Lo T, AWFROET D
UV, UNaV IZIZZ2BORholceFEz26N5, Fz,

angiotensin I £ al-
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A D Na R 3R Na @ 4~5 BIIN9 5 2 & bR
LTwah, BWHE0 TEHET 2 &, 1.5%HiEOHEM
e EE DR, WA BWOEL IR Rl
EEZoNS,

1. BK-KRNRE

AT ELRHODRFEEZRS BV ) v THEER
LEE T T BHEREERK R TH 5 uKAL (X sham Fi2
LTERCHEA L TED, 38H X TR L, &
72, %AUKAL |3%ASBP t AELAOHME 2R Lz, &
HizZE 2 £, 2KIC OB K-K R I2B L T3 7o % 3
HEeWEayoL, Wl EHRET 255 OBHEPIEL T
BY, BEO—HE2A TRV, JLHEZRET 2 HDIF
R-A ZDILHEZ /- L TH K L 7z aldosterone 73 K-K %
ZILEY S ¥, R-A REMEITEICE D < FECRERIC
EEIL T2 EBELTWw3, —F, MifEHRET 260
FEEARPAZ ICE D { BHERE O K T OB I O (K T2
I & B HBEBRERI B SEE DIk 28 uKAL DA IcEF G L, i
BEO—@EE T EHRILTWVw3, 20X SiEROTRBED
FHRIERBETH Y, BWET IV, H20ITEREEDEN
DB L T BRI E TE R\, F/2, fEROMWME
O KAL HIEZFCBIL T, FrRMEOH 2 GEEE = v
2 HEYTH-7D, FCORBERNHIEEFERAL
RIA Z VT KAL O % = U AERRRERFMEL TV T b, #E
EHIERE OB A XM TH 2 & L HSpfaE o JH R
—HRS L T B AREMDSHE 2 S b, AR TR
FATL TR OB K-KRZNFEHFHLTED, 2O
AEOBFO—IIcRD 55 H 2z 6z,

2. B DA n1REl
AeMEMERECEAL Tk, B DABEEOETHIE
Na HHEDOET 25| S 2 L, ZhIcED AW - KA Na
PR DM A % & 7o T AfREE ARG S, BETIEZ D
E DA ROBBH L EMERELURE VDO ON L I LD
L7220, KSR @ 2KI1C B 54> T uDA Ut sham B
L TERRED NG PoT, LMo T, BDAZR
DAEHIIRTT IFFR D 7223, 7K « Na HEHEF 2 78 1R
HERFThH2E K-KRDETI & 2HEEHEKIIGL T
B DA RBMRMERICEEIL CB 69, 202 & bEE

DHERBO—RICKED 52 LHFE2 65, HDA L an-

giotensin II OFH A IR IZ D T Edington 5223t Mz B
WTHFEL B WFRE O angiotensin Il 2 5. 17 & & 5,
uDAFEA LIz L Twd, TOEFEIRHATHY, *
72 2KIC E TNV TOME X2 WA, 20D &R DA R
TEEIAR 2 —EHG 3 2 RN H D 5 2 L H 2 5z,

3. B PGE,RN1RE!

EHREERR R TH % uPGE, 1k uDA &[RRI HEERT T
EERBD R IO, Liz>T, BPGE,bEK-KHZD
MEhoe U CRIBMCEEI L o7 E § 2 %0 R-A R
TLHEDIRAEIZ D W T McGiff 529938 #@ffJk 12 angiotensin 11
RGBS, BRI PGEMRH S S &L, AR5
DR LMK T 2HER2 L Twb, —Jf, Diz 523% an-
giotensin Il £ 5. T3 PGE, I3 5N 5 D A TR ¥
T, BMUEHO PGEICIEE LI BV ERELTEY, 20
ZERSRIOFBRELRET LD TH-> T, BIRHIETOD
¥ = 3 [H $% phospholipase A, % {E M L L, Z #23 ara-
chidonic acid % ¥ X ¥, PGE,DER % (EH#29 X & 2 73,
ZOE K-K ZDJkFS b & PGE, R DEH) %2 K7z —H &
2z 6Nz,

4. OLF m7%Z|

BT EYIE TNV OMPIZHY T+ ¥ VPR e KX
L, Na-K-ATPase ZH2# L T Na FIR 2 FHE§ 2 W& »
FFAET 5 2 EMIREDI N, T HIZHEME Na-K-ATPase
inhibitor % % \» 1% EDLF L Ebh T\ %, Saitoh 593,
KEEMEE LT B3 Tl EDLF B EfE%R L, 20K
IR « Na P OB 2RV = ARSI B E T
AT, ZHHMAH - Na Bre it U CB Tl E M Ic Kk < Na
FIRZL 3 b DD, IMEEETO Na-K-ATPase {12
X o T B BN O Na B8 % /) L CIEEE Cat %
BRI, REMERTOEART 2 2 ECLVAEICES
EHERIL 720 F 72, 5/6 BT v b OFERERIC b RHI
7 EDLF o#8in»sEi5 L, SIMEE O BN R B K I
»ipb % EDLF OBE O BEESIFEFYSN TV D, &
51z Takada &2%, P T F ¥ UHiRIZ L > TGRS h
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