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The Effect of Sodium Orthovanadate on Renal Na-K-ATPase Activity and Renal
Function in Rabbits

I.S. Kim, 8.B. Lee and K.C. Cho

Department of Pharmacology, Catholic Medical College, Seoul, Korea

Vanadium is widely distributed in animal tissues and it is supposed to be a regulator of
Na-K-ATPase activity. The effect of sodium orthovanadate on Na-K-ATPase activity in
rabbit kidney was measured in vitro and compared with that of ouabain. The influence of
sodium orthovanadate on the renal function of rabbits was also investigated.

1) Na-K-ATPase activity was decreased by sodium orthovandate at the concentrations of’
1077, 107%, 10-° and 10~¢ M to 73. 89, 36.49, 6.50 and 4.99% of the control activity respectively.

2) Na-K-ATPase activity was decreased by ouabain at the concentrations of 10-%, 10-% and
1072 M to 69.52, 22.84 and 3.88% of the control activity respectively.

3) Urine volume, urinary excretion of Na*, K* and CI-, clearances of inulin and p-amino-
hoppuric acid were decreased until after 60 minutes following the administration of sodium
orthovanadate 0.5 mg/kg intravenously. Na* reabsorption rate was not changed and mean

arterial pressure was significantly elevated during 60 minutes after the administration of

sodium orthovanadate.
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229 =35 A (Mills & Newport, 1979)9} zoke]
(Larsen et al., 1979)¢] 4 &4 = sodium ortho-
vanadate 7} &4 & WRtF3b A A5hgd pL
T 42 A Fdolx AL b B 4 Yk
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ME B UY
1) A|g2 Na-K-ATPase 40| &3

EANE &Y AN A A4S AEstde 10 vol/wi
2] 5mM EDTA, 0.1% sodium deoxycholate, 30 mM
Tris-HCl ¢ #&-§3t= 0.25M sucrose £ (pH 7.5)
< 75l teflon homogenizer & A}-g3te] 4°Colsl
8] A4 homogenize 514 t}. 7] 4] A ¢ ]2 homogenate
2 279 gauze & o}31g & 10,800 g o4 30E% Y
Axe et AERE Fst o4 39,1002 1A 30¢
7+ QA e stgel. o7 4 gle}x] heavy microso-
mal fraction-& 0.25M sucrose, 5mM EDTA, 30
mM Tris-HC1 -8} resuspension A]# —20°C ¢]&}
o] 23lstqd v} (Katz, 1967). 94 %=] & Hitachi Model
65 P ultracentrifuge & A-&3to 4°C ol A4 A s-g et

Microsomal fraction & A}-&jel] w9 ko] 100
pg/mi 7 B 28 stgon g 242 Lowry
¥ (1951)¢] &1A3g e}, Na-K-ATPase 249 £4¢&
$138 5 mM MgCl,, 100 mM NaCl, 20mM KCl, 10
mM imidazole buffer 7/} & 4F-2 (pH 7.5)¢] 0.3 ml
£] microsomal suspension - A 7}8te] 37°C g2 4
&2 A A 3871 preincubation AJ Q. ol 714l 5 mM
Tris-ATP 0.2ml & 7}3l4 yl-gHe] ko] 5mlst
= A &3 37°C waterbath-shaker o 4] 5%+ uk-2-4]
Aok, LS TRA 57 99 ice-cold 35% trichlo-
roacetic acid 1ml & 718z YAReste @S
ARAL F, A7 felFe] g T FgS
Fiske & Subbarow w4 (1925) o2 22X}, Na-
K-ATPase 84 £¥, 459 Fd Kro] EAT A
g5l Fr1e9) gl Kre] EA181A & 9 3t
¢ wjo] Aastw gM Pi/mg protein/hr 2 K ZF A3}
feh
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T AU A9 FHA Qe
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1mle] &) & FAstgdreh 158 27422 3y A&
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587kl A AW FAsgrh. $E FAF 15
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4 H

1) Al8i3 Na-K-ATPase §H4o| &3

(1) Sodium orthovandate X{x|0ll 2|8t HEl: =
Fo BAES S Na-K-ATPase Z4-& 30.45pM Pi/
mg protein/hr ¢} gl 2= sodium orthwahadate 1077,
107%, 107% 10*M &} xix)ef we} ELBA o] 7 A
272 73.89, 36.49, 6.50, 4.99% 2 AAE AH
of veleh(2¥ 1 #E).

(2) Ouabain X0 2|8t w35}:)FF¢ NaK-
ATPase &4 & 30,12 uM Pi/mg protein/hr ¢] g} 2.
ouabain 10~%, 1072, 10-2M 9] )] wel E4£84
o] H&FY A4 69.52, 22.84, 3.88%E 4 3}A
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Fig. 1. Sodium orthovanadate inhibition of Na-K-
ATPase activity of rabbit renal homoge-
nate(number of experiments=7)

*
wok @
\\
\,
2 a0t
=
>
e
T
¥ eon-
L';
g
% s0b \
oA
]
Y
==
g 2oL
-
D
0]
o)
& ! ! i i
Conirol 1074 1073 1072y

Cuzabain Concentration
Fig. 2. Ouabain inhibition of Na-K-ATPase activity
of rabbit renal homogenate (number of
experiments=6)

Table 1. Effect of sodium orthovanadate(0.5 mg/kg/5 min i.v.) on the renal function in rabbits

Time(min) Uvyor(ml/min) UxaV (¢Eq/min) UxV (¢Eq/min) UV (¢Eq/min)
Control 0.28+0. 06 34.38+8.99 4,25740.51 36,11+£10.45
0~15 0.18-+0. 04** 21.25+4. 73** 3.57+0. 39* 22. 4945, 68**
15~30 0.1970. 05** 22. 2414, 49%* 3. 6410, 48* 24.33+6.03*
30~45 0.18+0. 05** 21. 9246, 15%* 3.68+0.54 25.4747.06*
45~60 0.172+0. 06** 25. 3316, 28* 3.8810.42 26.021£6. 65*

Mean+S.E. * p<0.05, **p<]0.01, Number of rabbits=14

Table 2. Effect of sodium orthovanadate(0.5 mg/kg/5 min i.v.) on renal hemodynamics and mean arterial
pressure(MAP) in anesthetized rabbits

Time (min) Cin(ml/min) Cran(ml/min) Natreab. rate(%) MAP(mmHg)
Control 11.8442.11 32.2016. 06 97.7410.58 112+8.8
0~15 7. 111, 42%%* 23. 7314, 04** 97.8840. 57 13849, 6***
15~30 6. 0712, 86** 20. 77-+6. 24* 95.05+3. 89 121410, 1%*
30~45 7.6541, 32%¥%* 16. 7314, 69%** 97.4141.51 13511, 4***
45~60 7.39+42, 23%* 20, 0246, 44** 97.11%1.22 129-+11. 6%*

Mean=+S.E. * p<0.05, ** p<0.01, *** p<0.001, Number of rabbits=14

A= g (2d 2 3F).

2) M7isa gerel 59

(1) 23t oF Hsi& sjAef : Sodium orthova-

nadate 0.5mg/kg & 52kl A AW FU4 8

Fsb 8% Na*, Clwl 23] 60% AsbAzkA
A dagges], 23 KMAE gA56 308 35
ARAE $8 Aol B G goH(E 1 22),
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(2) MpFHstnt HAlgeto] HE : Sodium ortho-
vanadate 0.5 mg/kg/5min®] F= Fe] o2 608 A
A 7R GFR 3 RPF & 38§t 248 Mg on, 44
Ikl A Z A NatAl FFgol & H 7 ol gl
. {F WYL sodium orthovanadate B 2
604 A=A AR H4 84 FrhEH g (E 2 =),

A

=

Kl

AL 2Hgshe

ok
Mg dosle A% Aol 43 FEate T}

29 AE 21 PRI q
ALA] 3
Az fd¥ 4 do. d-r9Fgeq d43te GFR ¥
RPF & gy 5, AdAegd A 2o g Fg4 F
8 384 Na-K-ATPase 7} ¢fo| 29} ) Ffe] F
L3 9FE s AL gy ¢x3a Ao (Skouy,
1965; Katz & Epstein, 1968).

£ Ad dAdA 2 APl A Az Na-
K-ATPase &4 ¢ vgr vanadium o] A= o] T4
g HE2AQ AAR ¢H A ouabain o] Fahe] w3
mole FE& vl @] 2wl oF 100w} EHo] & Aom
ekt ool #elA vanadium & 44 =3 A A
Na‘*Al F5& AT L2 olnztg8 vebd Aol 7
AE 3, A 4PAAEL 2 FAF o]z}
$2 vebd g £ 4 gos 25 vanadiume] 9t
Na-K-ATPase 4 #l¢l] 7laldte Aoz Amsigdn

E A4 Erle] sodium orthovanadate 0.5
mg/kg/5min FH FYA 258 L33k 2% Nat,
K+, Cl-u) 4 #o] &5 o] vhelytel, vheks] vanadium
< A% s 2FY 44, AR FEd Fesy
3442 4o Aol o 24 ok st (Roman et
al., 1981) Roman £-2 ## o 5mg/kg B2 8
g ol EAE B3toen 30~50 mg/kg B4 EFg

Rl

of S8 AbgghE RAY AR Hof, £ APA 4}

4% 0.5mg/kg FA 2 AT Folk A3} FALo
E Q1§ Re] ol vanadium o] ¢ g el Lo
A 2= et

Vandium 2o 8¢ 233 25 AAY W43
747t GFR 3} RPF & 229l dajste] geojyto
Na*d &2 dlZ2F3) 3folrl glemz o gl gle)
= B Ak A Ze A8 NatAF4 S7hd &
olet] Arehe AR Jol AUHE ALE
BejAlel, Vanadiume] 3 AAAPete] 5L 2w
GFR 5 RPF 9] zhdol A 445 e] vebydel,

Vanadium o] Al74e o] 8t inotropic effect(Akera

et al., 1979; Solaro et al., 1980)%} Hal A== 5§
-7 71 A=EF Z7}(Jackson, 1912; Inciarte et al.,
1980) 4171 22 - B Fole oj2dom 4
BHEFY St & 22y A5y Fobd sgart
I E g Udr 2 329 T4 Ed A=
vanadium & w}35 A9 AETFE gLz onz
ke Ae A or F2PAY AT FI} o Bl
2 &+ gon dLie] AT A Foiw Folz)
84 o} (Inciarte et al.,, 1980). >Jd] A +}(Jackson,
1912) aefoldl A (Larsen et al.,, 1979) vanadium &
AR A5 Agge] FEGEE LGB JdTFE Y
o}, Vandium %o % {859} 474 3429 24
2 Q3 Fgolx Fl vlg 2E s (Inciarte et al.,
1980) ¢} aofe] 413 (Larsen et al., 1979)e]A & &=
et

Vanadium o] /¢ WR459 A5 A o
A g4 wAA gokeh @ Ao vana-
dium o] adenylate cyclase & =}-F-3te] 4] X cAMP
FEE 57HAAIE s cAMP & St HaESR
vt @S oA BB 2R ¢l E ohE  vana-
dium &) g0 24 A E7e] Ca-ATPase & oA 5t
A X Car*BEE F/MIALEA $5Ho] Frg
Aolele B m(Wierichs et al., 1980)% Q= A=
W Ca**5X Frlel] ] 3le] Ca-ATPase o] 3t vana-
dium & 2P ¢l JA 2L o]9]o} Na-K-ATPase &
A Q& AEute) gpZo] Nars: Aalsp s
Cat* efflux 7} Aslgdoemd A 3u Cartxxs}t =5}
A Al g4 49 % 9lo} (Blanstein, 1974).
o8 FEAA Alrlsel wl§ vanadium o FahE 4
HE o AFN A% ol watgo] vehtz, A & P
ool B Ao A A58 Er)e A& gloli Fgo)] @
& ¥ gl o @ Aol mH Y $E5Y 4
B FA0R Qs Ak A Ed dgt vanadium &
Zgo] vebia gA HYdw & 4= gl o), vana-
dium F 2 Q3] L8k 7454w furosemide &
FAbstR agfe] FA3) FriH e Ao ol 4z
A Aol 2 A7 AL ohizy YA

ouabain -2 Na-K-ATPase & oA 5t ALA] ahai A
AANLY AF+E FL£A7 ), ouabaine] A5 &
AL FHAA ATA A5 F4E QF S8
Na*e] ofsh#Fo] Aglsle] A4 ko4 ¢ Na-K-ATP
ase g Ao &7 E3-F ulAl A7) 2R ouabain o] o]
AE AREHA g & 4#A 9o (Churchill &
McDonald, 1974). 3 e]Ale e A, z2oko], E
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7ol A = vanadium o] ouabain 3} §-A5HA] A4 2k
Al 29 Na-K-ATPase oA & g &3 A& 2]
habgRekE Al g APEsLR Qg & Fo ey gl
ZFaAsE g4 2 Jebd o2y ol gL B
oji= AL E Az}

EE AV ¢ £A4519 Na-K-ATPase 242 =4
e 9L s A2 ¢elAl vanadium o] AP
Well A4 Ex] Al&2 0] Na-K-ATPase 24 of vjx]: o
gk &bz, Bl A Falsie Al

¢ ouabain 3} =
153 AAF g v A& EAE FAL A obS
3 7o

1) Sodium orthovanadate 10-7, 10-%, 10~% 10-*M
2] x] A] Na-K-ATPase &4 o] 72 v) T2 73.89,34.
49, 6.50, 4.99% % &A 1A dAFHgl=. Ouabain
1074, 1073, 10-2M 2] ]3] A]e] Na-K-ATPase o] &4
L A2 gl 2F9 69.52, 22.84, 3.88% % A H o]
vhebitet.

2) Sodium orthovanadate 0.5 mg/kg/5min & ¥
24 &%, £3 Nat, K, Cl9j4%, GFR
RPF 7} 608 AsFA7Ix & el o] zaE gl on, ol
B FHEGL Fo A FobE gl ek

u>4-

o=
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