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together with the products of cecal microbial digestion dur-
ing the period of low Na-transport for a second passage
through the gastrointestinal tract.
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Summary. D-glucose increases O, uptake by cerebellum mitochondria. This effect is abolished by D-glucose-6-phosphate and
D-mannoheptulose. It is proposed that the phosphorylation of D-glucose as catalyzed by bound hexokinase directly affects

mitochondrial respiration.
Key words. Mitochondria; respiration; D-glucose.

In several cell types, e.g., in brain cells, a large fraction of
hexokinase is bound to mitochondrial porin! ~3. Bound
hexokinase may use mitochondrial rather than cytosolic
ATP as a substrate for D-glucose phosphorylation* °. It was
recently proposed that such a process may represent a novel
pathway for the direct coupling of hexose phosphorylation
to mitochondrial respiration®. In the present study, the
validity of the latter proposal was assessed by examining the
effect of D-glucose on O, uptake by isolated brain mitochon-
dria.

Groups of two cerebella removed from fed albino rats were
weighed (400-500 mg wet weight), minced and homoge-
nized in Potter-Elvehjem tubes (20 strokes) with 2.2 ml of a
Hepes-KOH buffer (10 mM, pH 7.4) containing sucrose
(250 mM), KCI (20 mM) and EDTA (0.2 mM). After a first
centrifugation for 5min at 1000 x g and 4°C, an aliquot
(2.0 ml) of the supernatant was removed and centrifuged for
20 min at 4300 x g and 4°C”. After removal of the superna-
tant, the pellet was washed twice and eventually resuspended
in 0.5 ml of the same buffer. Aliquots (usually 0.1 ml each)
were placed in the incubation chamber of a Gilson oxygraph
in 1.6 ml of a Hepes-KOH buffer (40 mM, pH 7.4) contain-
ing KCI (100 mM), MgCl, (5 mM) and KH,PO, (10 mM).
The oxygraph was equipped with a YSI Clark oxygen elec-
trode (Gilson Medical Electronics, Middleton, WI). Respira-
tory activity in the mitochondrial suspension was measured
in the closed and magnetically stirred chamber at 37°C, and
was found to be proportional to the volume of mitochondri-
al suspension with a reproducibility of 4.6% (n=12).
Metabolites were added by introducing small volumes (20—
40 ul) of appropriately concentrated solutions and the O,
uptake measured over the ensuing 10 min. Calibration was
performed over 30— 60 s at 37 °C using freshly dissolved p-D-
glucose in the presence of glucose oxidase, as described else-
where 8. All results are expressed as the mean (+ SEM) to-
gether with the number of individual observations (n). The
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statistical significance of differences was assessed by the use
of Student’s t-test.

Mitochondria were incubated in the presence of malate and

glutamate (2.5 mM each). The addition of ADP (0.5 mM)
increased O, uptake by 68.9 + 10.1% (paired comparison;
n = 22; p < 0.001). In the presence of ADP, the respiratory
rate averaged 19.1 + 1.9 pmol of O, per min and per mg wet
weight of cerebellum tissue (n = 15). In the presence of ADP,
the addition of D-glucose (0.13 mM or more) further in-
creased O, uptake by 22.8 4+ 3.1% (paired comparison;
n = 59; p < 0.001). The magnitude of the latter increase was
little affected by the concentration of D-glucose in the 0.13 -
8.0 mM range, which is in large excess of the K, for the
hexose of mitochondrial brain hexokinaseS. The relative
magnitude of the hexose-induced increase in O, uptake was
inversely related, however, to the ADP concentration (0.1 to
1.0 mM), decreasing (p < 0.01) from 35.2 4+ 2.4% (n = 3) at
low ADP concentration (0.1 mM) to 12.2 + 4.9% (n = 6) in
the presence of 1.0 mM ADP. When D-mannoheptulose
(10.0 mM) was added to mitochondria already exposed to
both ADP (0.5 mM) and D-glucose (0.13 mM), the rate of
0O, uptake was decreased by 15.3 + 3.5% (paired compari-
son; n=23; p <0.05) and, hence, became close to that
recorded prior to the introduction of D-glucose (fig.). Glu-
cose 6-phosphate (3.0 mM) exerted an inhibitory effect com-
parable to that of D-mannoheptulose (data not shown).
Moreover, when either mannoheptulose or D-glucose 6-
phosphate were present in the medium together with ADP
prior to the addition of D-glucose, the hexose failed to stim-
ulate respiration (paired change: + 0.3 £1.5%; n=6;
p > 0.8). In the presence of ADP but absence of D-glucose,
neither mannoheptulose nor glucose 6-phosphate inhibited
O, uptake (n = 6).

The present results document that D-glucose increases state
3 respiration in brain mitochondria. In a prior study®, an
effect of glucose upon O, uptake by brain mitochondria had
been observed after but not during ADP stimulation. In the
present work, the effect of D-glucose appeared to be related
to the capacity of the hexose to act as a substrate for mito-
chondria-bound hexokinase since it was suppressed by D-
mannoheptulose or D-glucose 6-phosphate ® 1°. Incidental-
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ly, the fact that the response to D-glucose was inhibited by
D-glucose 6-phosphate and modulated by the concentration
of ADP strongly suggests that it indeed results from the
stimulation of mitochondria rather than contaminating
synaptosomes. Further work is required to assess such items
as the concentration-relationship of the response to D-glu-
cose; its stoichiometry relative to both ADP and hexose
phosphorylation as well as substrate oxidation; its anomeric
specificity; its possible simulation by other substrates (e.g.
glycerol) susceptible to be phosphorylated by porin-bound
kinases such as glycerol kinase 1!, and its physiological rele-
vance.

Meanwhile, our findings are compatible with the view that
the phosphorylation of glucose as catalyzed by bound hex-
okinase may directly affect mitochondrial respiration
through the consumption of ATP and concomitant genera-
tion of ADPS.
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Enhanced toxicity of the immunosuppressant ovalicin upon application to the skin
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Summary. The non-myelotoxic immunosuppressive sesquiterpene ovalicin, of fungal origin, is much more toxic when applied
to the skin of animals than when injected 1.v., the LD-50 in guinea pigs being 0.2 in the first case and 7 mg/kg in the second.
It elicits aphagia and adipsia. It is assumed that ovalicin effects are due to slow, tissue-specific, metabolic toxification.
Key words. Ovalicin; immunosuppression; toxicity; metabolic toxification; skin.

Screening fungal broths for cytostatic activity, using mouse
mastocytoma P-815 cells, had already led to the finding of a
number of interesting compounds like phomin (cytochalasin
B), verrucarins and anguidine (see Stidhelin ') when, in 1962,
culture filtrates of the fungus Pseudeurotium ovalis Stolk
were found to inhibit proliferation of mastocytoma cells.
The metabolite responsible for this effect was then isolat-
ed? 3 and turned out to be a sesquiterpene with two epoxy
groups. The compound, which was given the name ovalicin,
exhibited potent cytostatic activity against P-815 cells in
vitro with an ID-50 below 1 ng/ml. Despite its comparatively

low toxicity it did not inhibit the growth of P-815 tumor cells
in mice, but reduced the spleen weight of the treated animals.
For this and other reasons, the compound was tested for
immunosuppression and turned out to considerably decrease
the formation of hemagglutinins in mice immunized with
sheep erythrocytes. Further evaluation showed ovalicin to be
a quite effective immunosuppressant in a number of tests
(skin transplantation, experimental allergic encephalomyeli-
tis and others) without reducing the number of granulocytes
in the blood of the treated mice and rats* ~ 7. In other stud-
ies, a high in vitro potency of ovalicin as inhibitor of



