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Abstract--The pre-incubation with sodium selenite reduces the respiratory index in guinea-pig cardiac 
mitochondria when lu-ketoglutarate and glutamate are used as substrates. This decrease is dose- 
dependent. On the other hand, no modification in respiratory index is measured with malate or malate 
plus pyruvate. The effect on sodium selenite is prevented by CoA administration. Moreover, 25 PM 
sodium selenite reduces the Km and If,,,,, 
with variable amount of CoA. 

of cu-ketoglutarate dehydrogenase measured at steady-state 

Selenium is an essential element [l]; in fact there are 
numerous selenium-dependent enzymes [2-4]. This 
element was previously found to be of biological 
importance because of its toxic properties [5], but 
despite the extent of selenium poisoning in animals 
little information is available on the pathogenetic 
mechanism of toxicity. Our previous work in vitro 
and in viuo has in fact demonstrated that sodium 
selenite produces myocardial mitochondria damage 
in guinea pig, these lesions being characterized by 
swelling, disruption of cristae and marked cavitation 
of space [4-g]. Sodium selenite-induced myocardial 
mitochond~a alterations are dose-dependent, rapid 
in onset and long-acting [8]; they are prevented in 
viuo and in vitro by pyruvate administration [6,7]. 
It therefore seems interesting to evaluate the effect 
of sodium selenite on isolated mitochondria. 

MATERIALS AND METHODS 

Male guinea pigs were killed and the heart immedi- 
ately removed, immersed in an ice-cold isolation 
medium (250 mM sucrose, 1 mM Kz EDTA, 50 mM 
Tris, pH7.4) and the blood removed. For each 
experiment ventricular myocardium obtained from 
two to six hearts was pooled to isolate mitochond~a. 
The isolation was carried out at 4”, according to 
Sobel et al. [9]. Finally mitochondria were suspended 
in 0.25 ml of isolation buffer/g tissue and the con- 
centration of protein was estimated by Lowry et 
al.‘s method [lo]. Oxidative and phosphorylation 
processes in the isolated myocardial mitochondria 
were measured using a polarographic method involv- 
ing an oxygraph with a Clark electrode at 25”. Mito- 
chondrial protein (0.81 mg) was incubated in 2 ml 
of medium containing 250 mM sucrose, 1 mM K2 
EDTA, 50 mM Tris, 7.5 mM potassium phosphate 
buffer and 1% of fatty acid-free bovine albumin 
previously dialyzed. The substrates were: glutamate 
(10 mM); ~-ketoglutarate (5 mM); malate and mal- 

ate plus pyruvate, 5 and lOmM, respectively. 
Finally, ADP (300 PM) was added to the vessel. 

The following parameters were calculated: (1) res- 
piration of mitochondria (QOJ: in state SJ, the 
consumption of oxygen is expressed in n atoms 02/ 
mg protein/min, after addition of ADP to reaction 
vessel; likewise in state S4 without ADP; (2) Res- 
piratory Control Index (RCI) is the ratio of QO, in 
state S3 to QO* of mitochondria in state S4 and (3) 
coefficient of oxidative phosphorylation (ADP/O,) 
is the ratio of nmoles ADP added to n atoms of 
oxygen consumed in state Ss. 

When the effect of sodium selenite was tested, 
the mitochondria were pre-incubated with different 
concentrations of sodium selenite for 10 min before 
addition of substrate and ADP. All analyses were 
performed in parallel samples. Means and standard 
errors were calculated for each group. Differences 
in the means of control and experimental groups 
were assessed using Student t-test. A P value of 0.05 
was accepted as statistically significant. 

In order to measure cu-ketoglutarate dehydro- 
genase activity ((r_KGDH), mitochondria were pre- 
pared as previously described and were resuspended 
in potassium phosphate buffer (0.1 M), pH 7.2 and 
subjected to freezing and thawing twice. The thawed 
suspension was centrifuged at 18,OOOg 30 min 
according to Garland [ll]. The supernatant fluid was 
removed and assayed for (u-KGDH activity. The 
overall activity cr-KGDH complex was determined 
by spectrophotometrically monitoring NADH for- 
mation at 340 nm and 25”. The assay medium (1 ml) 
contained 0.107 mg protein, 50 mM NAD and CoA 
at different concentrations; after 5 min of pre-incu- 
bation the reaction was started by adding 2 mM LY- 
ketoglutarate (control experiment). The effect of 
sodium selenite on the enzyme activity was tested 
after 5 min pre-incubation with sodium sefenite 
25 PM. The activity is expressed as nmoles/mg 
protein of NADH fo~ed/min evaluated as initial 
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reaction rate. NAD, reduced glutathione and CoA 
were purchased from Boehringer (Mannheim, 
F.R.G.); ~-ketoglutarate acid and sodium selenite 
were obtained from Merck (Darmstadt, F.R.G.); 
malic acid from BDH (Poole, U.K.); fatty acid-free 
bovine albumin, I_-cystein and glutamic acid from 
Sigma (St. Louis, MO, U.S.A.). All other reagents 
were of analytical grade. 

RESULTS 

The decrease in RCI induced by sodium selenite 
with a+ketoglutarate is dose-dependent (Fig. 1) and 
can be attributed to reduction in respiration during 
state 5s (Table 1); ADP/O is not, however, modified. 
The effect of IOm4 M sodium selenite has been studied 
as a function of incubation time. The addition of 
sodium selenite immediately before or soon after 
the administration of substrate produces the same 
inhibitory effect on the rate of oxygen consumption 
as 5 min of pre-incubation. While 10 min of pre- 
incubation before the addition of a+ketoglutarate 
produces a 20% increase in the inhibitory effect of 
sodium selenite. The addition of sodium selenite 
during state 53 does not modify the rate of oxygen 
consumption. Also in the presence of glutamate as 
substrate, sodium selenite pre-incubation dose- 
dependently reduces the RCI, becoming significant 
at 10d6M of sodium selenite (0.05 3 P 3 O.Ol), but 
reaching 47.2 + 7% with 10s4 M sodium selenite 
(data not shown). 

It is known that c+ketoglutarate dehydrogenase 
utilizes NAD and CoA during the reaction [12], 
thus it seemed worthwhile to evaluate whether the 
addition of CoA and NAD is able to prevent the 
inhibitory effect of sodium selenite. Ten minutes of 
pre-incubation with 1 mM NAD does not alter the 
inhibitory effect of 10e4M sodium selenite on RCI 
measured in isolated mitochondria. On the other 
hand, the addition of CoA, dose-dependently, pre- 
vents the decreases in RCI induced by lOA M sodium 
selenite, as shown in Table 2, the RCI value obtained 
with the highest doses of CoA in the presence of 
sodium selenite being over the control value in the 
absence of CoA. Other sulphyd~l compounds, such 
as glutathione and cysteine have been tested in order 
to determine if the protection of CoA is specific or 
merely reflects a reaction of sodium selenite with SH 
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Fig. 1. Effect of sodium selenite on RCI. The experiments 
are performed in mitochondria isolated from guinea-pig 
heart in the presence of 5 mM cu-ketoglutarate. Results are 

mean + SE. of four experiments. 
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Fig. 2. The time dependent inactivation of acketoglutarate 
dehydrogenase complex. 0.2 mg/mI protein are pre-incu- 
bated for 5min with different concentration of sodium 
selenite. NAD is 5 mM, o-ketoglutarate 2 mM and CoA 

285 PM. 

Table 1. Effect of sodium selenite lo-’ M on oxygen cons~ption of guinea-pig heart mitochon~a in presence of various 
substrates 

Substrate N Q&(4) QQ2(3) RCI ADP/O 

Malate 10 mM + pyruvate 5 mM 5 85.5 It 11.0 336.0 t 38.8 
Malate 10 mM + pyruvate 5 mM + Na,SeOs 5 80.6 rt 11.3 303.6 ? 42.9 
Malate 5 mM 6 37.8 + 4.4 125.7 2 13.4 
Mahte 5 mM + Na,Se03 6 42.7 It 5.3 126.0 + 17.9 
Glutamate 10 mM 5 32.2 * 4.9 217.0 r 18.5b 
Glutamate 10 mM + Na$eO, 5 46.7 It 4.8” 146.9 % 26.2b 
eKetoglutarate 5 mM 4 40.0 + 1.5 142.4 + 9.3c 
a+Ketoglutarate 5 mM + NarSeOr 4 34.5 I?r 1.3 56.5 rf: S.5” 

* n atoms of oxygen/min/mg protein. 
N = number of experiments. 
Values are mean i S.E. Statistical analysis: a, P < 0.01; b, P C 0.05; c, P < 0.001. 

4.1 t 0.2 
3.8 + 0.1 
3.4 + 0.2 
2.9 + 0.1 
5.9 + 0.3* 
3.1 ? 0.Y 
3.5 * 0.3c 
1.5 2 0.1” 

2.4 2 0.1 
2.5 c 0.1 
4.0 f 0.5 
4.2 + 0.5 
2.5 + 0.3 
2.3 f 0.2 
2.9 -+ 0.1 
2.7 ? 0.1 
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Fig. 3. The effect of 25 N sodium selenite f”) on ac 
ketoglutarate dehydrogenase activity with different con- 
centration of CoA. For details see Materials and Methods. 

groups. 10e4 M Cysteine is ineffective while 10m4 M 
glutathione very partially reduces the effect of 
sodium selenite. Subsequently, the effect of sodium 
seleuite on (u-KGDH activity was investigated in 
relation to time. 

As shown in Fig. 2, pre-incubation of the enzyme 
with different concentrations of sodium selenite 
(6.25-100 &I) in the presence of 285 @f of CoA 
measured enzymatic~ly according to Garland [ll] 
produces an inhibition of the initial reaction rate and 
reduces the final NADH formation, this effect being 
dose-dependent. 

The effect of 25 &I sodium selenite on steady- 
state kinetics of (u-KGDH was then investigated with 
variable amounts of CoA. The simple analysis of the 
Lineweaver-Burk plot shows that the K, is 58.2 m 
and 18.3 @I in the absence and in the presence 
of sodium selenite, respectively, while the V,,.,, is 
321 nmoles NADH/m /min in control conditions, 
and 52 nmoles NADH B mg/min after sodium selenite 
incubation. 

DISCUSSION 

The mitochondrial function measured as RCI is 
reduced after preincubation of cardiac mitochondria 
with different concentrations of sodium selenite, but 
this reduction is dependent on the substrates tested, 
and in fact it is present with glutamate and a-keto- 
glutarate, while there is no modification with malate 
or malate pius pyruvate. On the other hand the 
ADP/O ratio is not modified by sodium selenite. 

These differences among different substrates could 
be ascribed to alterations in the metabolism of the 
Krebs cycle; in fact, it is well known that glutamate 
must be metabolized in cY-ketoglutarate in order to 
enter into the Krebs cycle [13]. It must be pointed 
out that malate and pyruvate can also be metabolized 
in a different pathway [14]. The decrease in RCI 
while the ADP/O ratio is unaffected could be due to 
a change in the rate of production of electrochemical 
gradients [15] rather than to the uncoupling activity 
of sodium selenite. In fact, the effect of sodium 
selenite is more marked on the rate of state S3 of 
respiration and this rate tends to approximate to the 
rate of spontaneous dissipation of electrochemical 
gradient (state S4) [16]. These results strongly surest 
the possibility that &KGDH could be inhibited by 
sodium selenite, and this has been demonstrated in 
Figs. 2 and 3. 

&KDGH is a complex of enzymes [ 171. The reac- 
tion requires multiple steps as described in [17] and 
[18]. Therefore the steady-state kinetics studies per- 
formed in this paper are not sufficient to identify the 
step in which sodium selenite is involved but surely 
the complex is inhibited in a dose-dependent way 
and probably the sodium selenite interacts with a step 
that involves CoA utilization. In fact, preliminary 
experiments show that at the end of the reaction the 
addition of new CoA starts the reaction up again. 
CoA also prevents inhibition of the mitochond~al 
respiration, while other sulphydryl compounds such 
as glutathione and cysteine do not mimic the action 
of CoA. These results suggest the possibility that the 
effect of CoA is rather specific. Moreover the effect 
of sodium selenite is slightly influenced by incubation 
time. The K, for CoA of enzyme obtained in our 
experimental conditions are consistent with those 
reported in literature [12]. This inhibition is of a 
mixed type for CoA, indicating a complex interaction 
among sodium selenite, CoA and (u-KGDH. The 
inhibition of this enzyme, that plays a pivotal role 
in the regulation of the mitochondrial metabolism, 

Table 2. Effect of CoA on oxygen consumption of guinea-pig heart mitochondria in presence of 
NarSeOr 10e4 M with cz-ketoglutarate 5 mM as substrate (mean * SE. of four samples) 

Q&t (4) QQ2t (3) RCI ADP/O 

Control 27.6 + 4.7 124.7 f 25.8 3.4 It 0.2 3.7 2 0.2 
CoA 5 x 1O-4 M 35.7 2 3.5 213.5 2 19.2 5.0 2 0.4** 4.0 + 0.3 
NarSeOr + CoA 5 X 10m5 M 24.0 + 2.0 45.5 f 2.5 1.7 2 0.1* 3.4 f 0.1 
NarSe03 + CoA 10v4 M 26.5 f 2.7 61.0 2 4.5 2.0 -r- 0.1* 3.7 -c 0.2 
Na2Se03 + CoA 5 x 10e4 M 35.2 2 5.3 155.2 2 9.3 4.0 r 0.5 4.1 * 0.3 

Statistical difference from the control: *P < 0.001; **P < 0.01. 
t n atoms of oxygen/~n/mg protein. 
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could be the mechanism of mitochondrial toxicity of 
sodium selenite, although other interactions with 
other mitochondrial components cannot be ruled 
out. 
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