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clearly resolvable. The other resonances arise from the methyl-
phosphonate (MeP) and from 2,3-bisphosphoglycerate (DPG),
which is converted to inorganic phosphate and ATP in glycolytic
reactions.

While both the decline in substrate and increase in product
resonance can be measured, conservation of peak area (sub-
strate -+ product = constant) is not observed, because the inor-
ganic phosphate is consumed and released in a variety of endo-
genous reactions (e.g., ATPase activity, production of glucose
6-phosphate for glycolysis and the pentose phosphate pathway,
phosphorolytic reactions, etc.). Hence, an accurate estimate of
P5N activity may only be obtained by observing the decline in
CMP resonances. The PSN activities (umol/L of packed cells/
min) obtained for red cells of patients and normal controls were
36 + 2.9 and 32 + 2.7, respectively. A t-test for unequal sample
sizes™ showed that the two sample populations were not sig-
nificantly different at the level of p < 0.005. As expected, cyto-
sine and cytidine each inhibited the P5N, as can be seen by
comparing figure 2A with figures 2B and 2C.

The quantitative analysis of the assay using '"H-NMR spectros-
copy did not yield good results for the following reasons. The 'H
spectrum exhibits greater coraplexity and is less resolved than
the 3'P spectrum. This arises from the J-coupling phase modula-
tion in spin-echo spectra®, the larger number of proton nuclei
present and the inherent small chemical-shift difference between
substrate and product resonances. In the aromatic region, the C5
and C6 protons of the pyrimidine ring appear at 5.890 ppm and
7.828 ppm, respectively. Product resonances appear at slightly
lower frequencies and are partially obscured by nicotinamide
and hemoglobin-histidyl spectral lines. This complicates con-
siderably the computer integration of the peaks and subse-
quently the determination of P3SN activity.

The 3P NMR method would be suitable for use in lower field,
less expensive, spectrometers. Further, it considerably simplifies
and expedites in situ assay of P5N and hence the diagnosis of
P5N deficient subjects.

Although anomalies in P5N activity have been reported in other
myelin associated disorders, there is no apparent change in the
red blood cells of multiple sclerosis patients.
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Chronic hydrogen peroxide intake and peroxide metabolizing enzyme activities in some tissues of mice and rats
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Summary. Chronic daily intake of 0.5% H,O, in drinking water decreased Se-dependent glutathione peroxidase (Se-GSHPx) activity
in rat skeletal muscle, kidney and liver. Non-Se GSHPx activity decreased in kidney. Deprivation of drinking water decreased
Se-GSHPx activity in kidney and non-Se GSHPx activity in kidney and liver. H,0, intake decreased activity of catalase in rat skeletal
muscle. H,O, intake or water deprivation caused no changes in these enzyme activities in mice.

Key words. Hydrogen peroxide intake; glutathione peroxidase; catalase; lipid peroxides; antioxidants.

Certain chemicals e.g. CCl}, ethanol* or phenobarbital® may
cause the formation of lipid peroxides and other organic hydro-
peroxides in biological tissues. It is observed that H,0% or
cumene hydroperoxide® can initiate lipid peroxidation in vitro.
Glutathione peroxidase (GSHPx) and catalase are the two main
enzymes responsible for the enzymatic decomposition of H,0,.
The GSHPx activity can be divided by different substrates into
two activities®: H,0, is the substrate for the selenoenzyme, Se-
dependent GSHPx only, and cumene hydroperoxide is the sub-
strate for both the Se-dependent and the Se-independent (non-
Se) GSHPx activities. The non-Se activity arises from a group of
glutathione S-transferases’. The detoxification of H,0, is not
affected by the antioxidant vitamin E®,

In rat liver, lipid peroxidation increases as a result of an excess of
dietary iron. This increase is potentiated by a deficiency of Se

and/or vitamin E°. The increase in lipid peroxidation is reflected
by a shift in the two activities of GSHPx; the Se-dependent
GSHPx activity decreases with the increase of iron concentra-
tion. The decrease is additionally enhanced by the simultaneous
deficiency of Se or vitamin E. This effect is partially compen-
sated by an increase of the non-Se activity. Lee et al.® also
observed the increase of liver catalase activity as a response to
the increase of dietary iron, which increase also was potentiated
by the deficiency of Se and/or vitamin E. The purpose of this
study was to find out whether oral H,0O, intake could provoke an
oxidative stress in some tissues of mice and rats as reflected by
changes in the levels of catalase and glutathione peroxidases.
Knowledge of possible enzymatic adaptations would be useful in
studies on the role of scavenger systems in tissue injuries.
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Materials and methods. Male NMRI mice (1 month old at the
beginning of the experiment) and male Wistar rats of the same
age were used in the experiment. The experimental animals were
housed under similar conditions with free access to food pellets
(Hankkija, Finland). Eight mice and eight rats received 0.5%
(v/v) H,0, added to the drinking water. Equal numbers of freely-
water-drinking animals served as controls. All animals were
weighed weekly during the experiment and the daily consump-
tion of drinking water or the H,0, solution was measured. The
loss of H,0, from the water was about 15% during a day. The
solutions were prepared daily.

After 1 week it was evident that the animals in the H,O,-supplied
group drank less than the control animals. Therefore we estab-
lished a new group of animals, to which the same volume of pure
water was given as the H,0,-supplied group had drunk the day
before. These water-deprived animals were of the same age,
strain and sex as the others. The mice were killed 40 days and the
rats 56 days after the beginning of the experiment. The heart, the
proximal red part of the quadriceps femoris muscle (MQF), the
kidneys and the liver were removed for biochemical analysis.
The activities of catalase'’, Se-dependent’! and non-Se® GSHPx
and B-glucuronidase (f-GU)'? were measured. The protein con-
tents of the tissue homogenates and supernatants were measured
by the method of Lowry et al.'*. The significance of the differ-
ences between the group means was measured using Student’s
t-test.

Results and discussion. The growth of the rats was delayed in the
water-deprived and in the H,0,-supplied groups as seen in figure
1A. The most probable cause for this effect was the smaller
consumption of drinking solutions in the H,0,-supplied and
water-deprived groups compared with the control group
(fig. 1B). The phenomenon was similar with the mice, but the
group differences were not statistically significant. In the mice
the only significant (p < 0.05) change due to H,0O, adminis-
tration was an increase in the weight of the kidneys (117 = 5 mg
in the H,0, group compared to 99 = 3 mg in the control group).
Catalase, Se-dependent GSHPx and §-GU activities were unaf-
fected (data not shown). In the H,0,-supplied rats, the activity
of catalase in MQF was 0.90 £ 0.05 U-g!, which is significantly
lower (p < 0.001) than that of the control group (1.59 £0.16
U-g™"). The other tissues showed no changes with respect to
catalase activity. The results concerning GSHPx activity are
given in figure 2. The Se-dependent activity in the rat MQF
decreased in the H,O,-supplied group. A decrease was also ob-
served in kidney and in liver but not in heart. The non-Se
GSHPx activity decreased strikingly in kidney, but was unaf-
fected in other tissues (fig. 2).

Surprisingly, water deprivation also caused a decrease in the
activity of Se-dependent GSHPx in the kidneys of rats, but not in
other tissues, and a decrease in the activity of non-Se GSHPx in
kidney and liver but not in muscular tissues (fig. 2). The activity
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Figure 2. Activities of Se-dependent and Se-independent (non-Se) gluta-
thione peroxidase (GSHPx) in rat MQF, heart, kidney and liver at end of
experiment. Activities of GSHPx are given as mkat-kg™! supernatant
protein. Values are means of 8 rats £SE. White columns (control group),
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Figure 1. 4 Weight of rats during experiment. Values are means for 8 rats
+ SE. B Amount of water or H,O, solution consumed per rat per day.
Values are 3-day moving averages. Continuous line (control group), bro-
ken line (water-deprived group) and dotted line (H,O,-supplied group).
After 2 weeks, values for H,O,-supplied and water-deprived groups dif-
fered significantly (p < 0.001) from those of control group.

of B-GU in rat liver decreased (p < 0.05) in the water-deprived
group (38.6 £ 0.8 pkat-kg™' compared to that of the control
42.4 £ 1.2 pkat-kg™"). The §-GU activity of the H,O,-supplied
group was unaltered (41.6 = 1.1 pkat-kg™). The protein content
of the rat liver was higher (p < 0.05) in the water-deprived group
(184 + 3 g-kg~") than in the control group (174 £ 3 g-kg™). The
protein content was lower (p < 0.05) in the hearts of the H,O,-
supplied group (192 & 2 g-kg™*) than in the comparable control
group (199 + 3 g-kg™"). The protein contents of the other tissues
were unchanged.

The catalase and GSHPx results of the present experiment show
a discrepancy from those of Matkovics and Novak'®. They
found that the catalase activity increased significantly in heart,
kidney and liver with response to the H,0,-intake. The only
similarity with our results was the decrease in the catalase activ-
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lined columns (water-deprived group) and black columns (H,0,-supplied
group). a:p < 0.05,b:p < 0.01 and ¢c:p < 0.001 compared with respective
control group values and A: p < 0.05 and B: p < 0.01 compared with
water-deprived group values.
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ity of the skeletal muscle. Matkovics and Nowak'* also found
that the activity of the peroxidase assayed (EC 1.11.1.7) was
higher in the H,0,-supplied group in kidney and skeletal muscle
whereas our results from the assay for Se-dependent GSHPx
(EC 1.11.1.9) showed a decrease in the enzyme activity of kid-
ney, liver and skeletal muscle. The experimental design of Mat-
kovics and Novak'¥ was similar to ours but they used the CFY-
strain of rats and they had no water-deprived group similar to
ours.

The GSHPx inhibits lipid peroxidation in vitro'. Selenium is
necessary for the H,0, decomposing activity of Se-dependent
GSHPx and various organs contain different amounts of Se and
Se-dependent GSHPx activities. For example, rat kidney con-
tains Se 1.45 mg-kg™", liver 1.29 mg-kg™, heart 0.37 mg-kg™!
and muscle 0.16 mg-kg™' . The activity of Se-dependent
GSHPx changes logarithmicaily in several tissues of rat with
respect to the Se concentration in the diet'”. The liver and kid-
neys are the organs most susceptible to degeneration induced by
Se deficiency, whilst abnormalities in heart are rare'®. H,0, as an
oxidizing agent could have an effect on the oxidization of the
biologically effective organic selenium compounds of the food to
inorganic derivatives which are not so bio-available'®. This re-
duces the Se intake and causes a decrease in the activity of
Se-dependent GSHPx. Smith et al.”® found a reduced activity of
GSHPx (cumene hydroperoxide as substrate) in kidney, red cells
and liver in Se deficiency. The effects of Se deficiency, as well as
those of oral H,O,-supply, are highly selective in various tissues,
which suggests tissue differences in antioxidant regulation.
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Altered KX* movement in liver mitochondria from alloxan diabetic rats

R.A. Garrick

Fordham University, The College at Lincoln Center, Division of Science and Mathematics, 113 W. 60th Street, New York (New York

10023, USA), 28 October 1985

Summary. Potassium movements were monitored in liver mitochondria from control and alloxan diabetic rats with a cationic
electrode. There was net accumulation of K* after Ca’* addition to the mitochondria with the diabetic but not with the control.
Key words. Diabetes; K*; mitochondrial permeability; energy metabolism.

Liver mitochondria from alloxan diabetic rats were used to
assess cellular energy production in the diabetic state'-2. Stimu-
lation of respiration by addition of adenosine diphosphate
(ADP) and Ca?* to the mitochondria and the production of ATP
or accumulation and retention of Ca?* by mitochondria are
standard methods for evatuating mitochondrial energy produc-
tion®, The diabetic mitochondria are less efficient in energy pro-
duction than mitochondria from untreated rats' and the accu-
mulation and retention of Ca?' in the diabetic mitochondria is
lower than in normal mitochondria®. Changes in the ionic com-
position of the medium helped to elucidate these differences and
indicated that a description of the interaction of K* with the
mitochondria could help explain the altered pattern in the dia-
betic mitochondria?.

In an earlier study the ionic content of the mitochondria was
measured after a set incubation time using a flame photometer?.
In that study changes in respiration were followed continuously
and indicated that a continuous monitoring of changes in mito-
chondrial K* would be informative. Consequently the studies
reported here were performed with continuous monitoring of
net K* flux in mitochondria with a K™ clectrode. The patterns of
K* flux in normal and diabetic mitochondria before and after
Ca?* stimulation are reported here. The purpose of these studies
was to determine the pattern of K* movement in the diabetic
state compared to control animals and to correlate these, if
different from normal, to changes reported in the diabetic
animal.

Methods. Care and preparation of the rats and preparation of
the mitochondria (in 0.25 M sucrose) were described previously’.
Potassium movements were monitored continuously with a
Beckman cationicelectrode (No.39137) and an Orion 701 digital
pH meter and recorded on-a strip chart. The response of the
electrode to various incubation medium components and to pH
changes was evaluated to confirm that the changes monitored
were those due to K* levels only. Mitochondria were incubated
in 6 ml of medium containing: 100 mM choline chloride, 50 mM
Tris HCI (tris(hydroxymethyl)aminomethane), 5 mM Tris suc-
cinate, 4 mM KCl, and 6-7 mg of mitochondrial protein/m] with
a total osmolarity of 300 mosmoles. After equilibration, 0.5 mM
CaCl, (80 nmoles/mg protein) was added and continuous
recordings made for at least 5 min to monitor the changes in

“medium K after Ca?" addition. It should be noted that net K*

movements are monitored in this system and increased influx
and efflux of K" is measured only if there is a net change in
medium content of K* due to these movements.

Volume changes in mitochondria as reflected by changes in
absorption®, which have been described as phase 1 or low ampli-
tude changes, were monitored with a Perkin-Elmer Spectropho-
tometer at 520 nm and recorded on a strip chart. The incubation
medium of 3 ml contained 225 mM sucrose, 20 mM Tris HC, 5
mM succinate and 1 mg mitochondrial protein/ml. These vol-
ume changes occur as a normal part of the cycle seen in stimu-
lated and resting mitochondira and are reversible®. After equili-
bration calcium or phosphate was added and the changes moni-



