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Effect of Cadmium Intoxication on Renal Glucose Transport System
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Department of Physwlogy
Kostn Mediwcal College, Pusan 602-030, Korea

= Abstract =

Effect of cadmium intoxication on the renal glucose transport
system was studied. Subcutaneous injections of CdCly(2mg
Cd/kg-day) for 2-3weeks induced marked polyuria, glycosuria,
and proteinuna without altering the glomerular filtration rate. In
the renal cortical brush border membrane vesicles isolated from
cadmium-treated rats, the Na* -dependent D-glucose uptake
was markedly attenuated, and this was due to the reducton in
Vmax and not Km. On the other hand, the Na* -independent
uptake of glucose was not apparently altered In the basolateral
membrane vesicles, the uptake and the efflux of D-glucose was
not significantly affected by cadmium treatment.

These results indicated that cadmium intoxication impairs the
Na* -glucose cotransport system in the brush border mem-
brane of renal proximal tubular cell.
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rats Data are mean *+ SE of 4(Control) or
8(Cadmium) determinahons.

%< Sigma Chemical Col(St Lows MO * Significantly  different(p<<0.01)from the control
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panison) & Z ATt Foe dAT) Frkete 1 3(13.2%3.9mg
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Table 1. Effect of Cadmium Treatment on Renal Excretions of Water, Creatnine and Protein

Days of Saline

Cadmium

p
Treatment (N=4) (N=8)

0 22.4+2.0 24.4£2.0 NS
water 7 28 6 2.0 238~ 1.9 NS
(mi/hg - o) 2 S

/ke 14 25.8+72.9 50.1=7.4 ©.01

0 33,6409 35-31 NS

Creatinme 7 3.2+ 5.4 3.5+3.9 NS
. 25 543,
(me/ke 14 32,687 42.9+10.6 NS

0 233+ 13 280 — 21 NS
Proten 7 274 + 37 249 = 21 NS

{

. da - -
(mg/kg - day) 14 276 + 41 622 = 150 0,01
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FEEANA B F e guFy E}“—“;‘fl-z 9ol UNZ  BLMVEIAE a9
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tinineE = (2T A 3.2+0.5mg/dl ; 7+= @d] Gofl B2E o] oYzl dAaAzY=
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2.58}, 2] BBMVEZO)M Na- —K-, 7v 37 Hof ':'“\i &2o] 0o] d e

ATPase®] #4% (424moles Pi/mg pro-
tein-h)7} homogenate @4 =9 oF 2. 2812
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A= Ta¥o] ZHEH D-glucose® ©439)

Table 2. Activites of Na'* -K* -ATPase and Alkaline Phosphatase in Renal Cortical
Homogenates and Membrane Frachons

Alkaline Phosphatase
(King-Armstrong Units/mg Prot - h)

Na*-K*-ATPase
(umole Pi/mg Prot - h)

Homogenate 201 19
BBMV 1610 42
BLMV 502 165
BBMV/Homogenate 8.0 2.2
BLMYV /Homogenate 2.5 8.6
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glucose by renal cortical brush border membrane
vesiclestBBMV)of control and cadmium-treated
rats as a functon of the reciprocal of medium
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Fig. 3. Time course of Na* -dependent D-
glucose uptake by renal cortical BBMV of control
and cadmium-treated rats. Vesicles contaming
100mM mannitol, 100 mM KCl and 20mM
HEPES-Tris(pH 7.4) were incubated in a medium
contaimming 50 #M D-%C-glucose, 100mM man-
nitol, 100mM NaCl, 20mM HEPES-Tris (pH 7 4)
and 2#M vahnomycn at 25°C. Values are ex-
pressed as percentage of D-glucose taken up by
the vesicles after 60 min incubaton(116+£10 p
moles/mg protein in control and 75+6 in cad-
mum group). Each datumn represents the mean+
SE of 7 experiments
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BBMV® Na* -dependent glucose uptake$]

_78_

Uptake

100

(% Equilibrium)

D- Glucose
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Fig. 4. Time course of Na* -independent up-
take of D-glucose by renal cortical BBMV of con-
trol and cadmium-treated rats Vesicles containing
100mM mannitol, 100 mM KCl, 20 mM HEPES-
Tns(pH 7.4)were incubated in a medium contain-
ing 50 #M D-{*C]-glucose, 100mM manmtol, 100
mM KCl, 20mM HEPES-Tris(pH 7.4)and 2#M
valinomycin at 25°C. Values are expressed as
percentage of D-glucose taken up by the vesicles
after 60 min incubation(142+9p moles/mg pro-
tein in control and 108+6 in cadmium group).
Each datum represents the meanxSE of 4 ex-
perniments.
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Fig. 5. Time course of Na~ uptake by renal
corical BBMV of control and cadmium-treated
rats  Vesicles contaming 100mM  mannitol,
100mM KCI. 20mM HEPES-Tus(pH 7 4)were mn-

cubated n a medium contaning 1004M #Na,

100mM NaCl, 100 mM mannitol and 20 mM
HEPES-Tns(pH 7.4) at 25°C Values are express-
ed as percentage of the Na~ uptake after 60min
incubation(203+11 pmoles/mg protemn in control
and 187%+11 i cadmium group) Each datum
represents the mean+SE of 4 expenments
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Fig. 6. Inhal (5 sec) rate of Na' -dependent

D-glucose uptake by renal cortical BBMV of con-
trol and cadmium-treated rats as a function of D-
glucose concentration in the medium Composi-
tions of intra-and extravesicular media, other than
substrate concentration, are the same as de-
scnbed mn Fig.3. Incubaton temperature was
25°C The dashed lne represents the nonsatur-
able component. Values are mean=*SE of 4 ex-
periments
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Fig. 9. Efflux of D-glucose by renal cortical
BLMV of control and cadmium-treated rats Vesi-
cles were loaded with D-"*C-glucose, by incubat-
ing them i a medum contarming 1 #Ci D-[*C)
-glucose/ml, 0 ImM D-glucose, 100 mM man-
nitol, 100 mM KCl and 20 mM HEPES-Tns(pH
7.4)for 60 min at 25°C The mxture was then
diluted(1/50)with a “C-free medium and incu-
bated for vanous perniod The percentage of
radicactivity rermaining 1n the vesicle at the end
of each efflux penod was plotted as a function of
time using a semi-loganthmic plot. The slope of
the line represents the rate of efflux
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