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Effect of Cadmium Intoxication on Organic Cation Transport
System in Proximal Tubular Luminal Membrance
Jong Seo Chei, Yang Saeng Park
Department of Physiology
Kosin Medical College, Pusan 602-030, Korea

=Abstract=

Effect of cadmium intoxication on the organic cation transport system in re-
nal cortical brush-border membranes was studied in adult male Sprague-
Dawley rats. Cadmium intoxication was induced by subcutaneous injections of
CdCl, at a dose of 2 mg Cd/kg body weight per day for 3 weeks. Renal
plasma membrane vesicles were isolated by Percoll gradient centrifugation and
magnesium precipitation, and the substrate uptake by vesicles was determined
by a rapid filtration technique using “C-labeled tetraethylammonium(TEA).

In renal cortical brush-border membrane vesicles of cadmium-intoxicated
rats, the H"-TEA exchange was markedly attenuated, and this was due to a
reduction in Vmax with no change in Km.

These results suggest that cadmium intoxication impairs the H* -organic ca-
tion exchange system in the proximal tubular brush-border membranes by re-
ducing the effective number of carriers, and this may lead to a defect in orga-
nic cation excretion in intact animals.
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tive transport system)7} EA T}, HA=
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of Rulo] who] HA sucrose FFEABCE o yror A4 ]'9&‘:} Z 0.25mge] =
A4ste] 1075 X g2 1082 4w dude ¥Fse i z«-@!" 250 mM
T Azdg FHsd 94 HT % % L i sucrose E£N 2 0.6 mg/ml¥ deoxycho-
H THFraction 1). ol A< ©A] 14,460 X goll late (pH 7.4)7F £ £A 1 mldl ¥& %
A 1587 dA B3t 359 % pellet 25CAlA 3087t preinculbationA] Z T}
& vlgln AEA3 pelletd A FFTE preinculbation®] B¢ ¥ ETFAE 200 # ¢
& o] XolFraction 2) THAl 47,800 X gell A 3t histidine, NaCl 2 KCle] ®£&d
A 3087 AARGSAT oA FFA fl(total ATPase ZAH= Z8E)7 histi-

1} 3129 AL pellet> ¥l 1 fluffy layer?t
2olA 265 mi7t HEE sucrose $¥F &
7}8t Z(Fraction 3) 3.5 ml&} Percoll ¥
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7%HA T g otz EE F EFR
&1 47,800 X goll A 40¥7F Y4 Eelste
9 5 T8l (density gradient)7t A 714 3t
o e AL AMEE FFo2NYH 1
m¥ ZA2HA B ML 04 mle
el 7+ 515 mle 7ASHEHAE
(basolateral membrane vesicle, BLMV) &% 2
2 A% 1630 mie A:=BFFRALE
(brush-border membrane vesicle, BBMV)# &
o2 3stgt. BEBMVEREE 44 EY7
(Sorvall OTD75, Ultracentrifuge)E A+&-3t4
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A 100 mM mannitol,
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sty gz Egdstd GHA FETt 67
mg/mlE £ & 341 25 gauge FAHIS
3 3] ERAA HAx7E AU T2A
EIFEE AT

4) FA & X(marker enzyme)d] EAE FA

Na-K-ATPase &4 =+

Add Haxe

Jorgensen®@} Skou

dine, NaCl 2 ouabain®] X8 & FMg-
ATPase B4 %= &34)°] 2tz 1 mi¥ &
A @#o) 715 5 ATPS Mgcl,7t 2849 &
Ag 747 300 # (A HMEFe A AL
$g MAEEY. o o “‘°9‘1‘ %2 Na",
K*, histidine, Mg**, ATP % ouabain® ¥%
= z+z} 130, 20, 20, 3, 3 2 1 mMelAx
pHE 7.50]912. ¥ incubation &=+ 37CH
t}. 10%37F incubationdt 3?— 6% perchloric
acid 500 # ¢ & 7}5ted whg-& FAAIIL
Al B &9 % %147} 3,500 X g2
15 2 3 A5d Yo e
5 APi)] %S Fiske®} SubbaRow<
T o g 2239 th Na-K-ATPase 84 %=
= & ATPase B4 %A Mg-ATPase 4
TE #4% geoz g

Alkaline phosphatase®] /3 =+ Kind-King
o] wWrei(Wako Technical Bulletin No. 270-
04609 for Serum Alkaline Phosphatase, Japan)
o A o3 ol FRsAYt. F HA
3] A" AlE 504 ¢ E phenyl phosphate
7} 95 mg/dl, 4-aminoantipyrine®] 110 ml/dl
9l =8 ¥ U= 0.05 M carbonate
A= 9(pH 10.0) 2 miol 7}3ked 37T A
Zes T dAMAeKH0.05 M phos-
phate €389 ] potassium ferricyanide”} 2
g/dlel =2 Egd £84)& 20 ml H7L
st Whg-g AAATFIL BAE A F
B2 713897t 500 nmoll A FFE=E &
A3At. ol EFEA YL ZE 50 mg/dlY]
phenol & AH&3H4 T

GAEREY d¥EA FE+= Bio-Rad 4l
okg A}£-3}a] Bradford WY 2 ZA3H
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#8(6-7 mg protein/ml) 50 # £ & 450 # {
incubation8-<#(100 mM mannitol, 100 mM
KCl, 10 mM Hepes-Tris, pH 7.5 2 100 #M
“C-TEA) E&38td 25T Al incubationd}
A AT AR o2 100418 Helo
AZH=Z7t A2 € Milipore AHAZ %3}

53] A#AAYG. g2, 5 mle g
BAGYgoz AAAZE AT T gintilla-
tion vialel @31 Lumagel(Lumac, AC Land-
graaf, the Netherlands) 4 mlZ #7135 % |i-
quid scintillation counter(Packard Tri-Carb
4530)2 “Ce} WAls& EA3YY. AHed
ol 2] = Millipore HAWP(pore size 0.45 #
m)ZA 24A7F B FHF 27 A0

o]Fe 2 AYHE “C Ul 3 HAL 3=
Egth.

6) AH&E AleF

“C-TEA< NEN Research Products(Wilming-
ton, USA)Z ¥, Percoll® Pharmacia Fine
Chemical. (Uppsala, Sweden)Z ¥}, alkaline
phosphatase &8 A% WakoA} (Osaka,
Japan)Z ¥, ouabain, ATP, 283 o429,
Tris, Mes 2 Hepes< Sigma Chemical co.(St-
Louis, MO, USA)E ¥H Fd3Ath.
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Table 1. Activites of alkaline phosphatase and Na-K-ATPase in renal cortical
homogenates and membrane fractions of control and cadmium-treated rats

Alkaline phosphatase Na-K-ATPase
(#mole Phenol/mg protein/hr) ( #mole Pi/mg protein/hr)
Control Cadmium Control Cadmium
Homogenate 275 129 19.6 21.7
BBMV 220.7 819 40.8 369
BLMV 162.7 50.3 120.9 129.0
BBMV/
Homogenate 8.0 6.3 21 1.7
BLMV/ 59 39 6.2 59
Homogenate

Values represent the mean of 3 determinations in renal cortical membrane fractions de-
rived from 8-10 animals in each group.
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Fig. 1 Time course of TEA uptake by renal
BBMVs of control and cadmium-treated
rats. Vesicles containing 100 mM man-
nitol, 100 mM KCl, and 10 mM Mes-
Tris, (pH 6.0) were incubated in a
medium containing 100 mM mannitol,
100 mM KCI, 10 mM Hepes or Mes-
Tris(pH 7.5 or 6.0), and 100 #M *C-
TEA at 25C. Values represent the mean
+ SE of 3 determinations. In the data
point where no vertical line is shown
the SE is less than the radius of the
symbol.
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A 7R 2 b ZAH T TEAY %7
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Fig. 2 Initial(5 sec) rate of TEA uptake by renal
cortical BBMVs of control and cadmi-
um-intoxicated rats. The uptkae was mea-
sured in the presence(pHi/pH,=6.0/7.5)
and absence(pHi = pHy = 6.0) of an out-
wardly-directed H* gradient. Data repre-
sent mean * SE of 3 determinations. In
the data point where no vertical line is
shown the SE is less than the radius of
the symbol.

2% TEAT =7 74 wat 27158 &
| FA4ez F7IAY. A3y H' &
E3A FAAGY 2HELS FToNA BF
L TEAsEO Aoz v sta 2
Ne7E B4tk weEbA H 52734

2N 2RgNN ANPEL A5 H

o]

AHE3 o Lineweaver-
Burk ploto 2 Zlo] Fig. 3ot} o]
T &4 § 31%o] TEAS Hulo]F &
(Vmax)-2 il vls) 7t=EFANA A
3] a4 whd 2ubAle] H3pEHg YeE
= Km2 T 7tel zbojrt fidioh

“TEA m3&

by o
o >
Ml ol

K
2k

7IEg HAAFE0 93 AFe FestA
W= Al B9 E(tubular atrophy), 7+2A
’d - 3Hinterstitial fibrosis) 2 T EZ =g o}9)
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Fig. 3 Lineweaver-Burk plot of H*-driven TEA
uptake. Data are based on Fig. 2. The
unit for Vmax is nmoles/mg protein per
5 sec and that for Km is #M.
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71g0l & ol Al vA= dFE A7)
13t 485 EZ F(Sprague-Dawley) & A}
83l FIEEFES FES T A9F A
% &7 % luminal membrane)-S ¥ 23t Tt
A F(vesicle) & THE TS tertraethylammo-
nium(TEA) ] &A1Y 715S ZABIAY. FF
TEZFES AT 1kg9 2mge FF=H(Cd*)
< CdCLe 3z 3377 wWd 933418}
o FEdgen, Alxue R 2 AA 4
= Percoll gradient 94 &2 2 Mg™* A
AYE AHEsIH L, HAaX =29 TEA ©]
T2 “C-TEAE M3ty F&dahie=
SA3A

FH=EFEd 98 Hlx37r94A ¥ (lumin-
al == brush-border membrane vesicle)$] H*
-driven TEA©] % Z°] dA 3] A HA 0w,
T88d EMZ3  Michaelis&5(Km)ol =
W37t gl HdolFE(Vmax)o] FAE o]
AR

ol 3 A= FIEEFTFA AFY 24
A A a@dggde &4 381 H-TEA anti-
port system®] & F o] f7]golL wjdF
o] AsE F J& AAH.
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