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The effect of sevoflurane on rat liver mitochondrial respiration
has been investigated with a Clark type oxygen electrode at 25°C,
pH 7.4. The higher susceptibility of NADH-linked substrate (gluta­
mate) oxidation (with respect to succinate oxidation) to the damages
by sevoflurane has been confirmed. (Key words: sevoflurane, rat liver
mitochondria, oxygen consumption)
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Text

Some inhalational anesthetics are
known to induce alterations of the
mitochondrial energy-converting pro­
cesses which consists of the elec­
tron transport system and oxydative
phosphorylat.ion", The former one is
further divided into four submitochon­
drial complexes. Complex I is termed
the NADH dehydrogenase system and
fascilitates the flow of electrons from
NADH to coenzyme Q. Complex 11
is the succinate dehydrogenase system
and transfers electrons from succinate
to coenzyme Q. Complex III consists
of cytochromes b and Cl and permits
transfer of electrons from eoenzyme Q
to cytochrome c. The terminal complex
IV enables electrons to pass from cy­
tochrome c to molecular oxygen. In the
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respiratory chain there are three sites
where the pumping of protons and the
production of ATP (oxidative phos­
phorylation) occur. Site 1 is between
NADH and coenzyme Q, site 2 is be­
tween cytochrome b and cytochrome c,
and site 3 is between cytochrome c
and oxygen. Each of these sites yields
one ATP via proton pumping. The oxi­
dation of NADH yields three molecules
of ATP per atom of oxygen reduced (a
phosphorylation/oxygen uptake ratio:
P /0 ratio, of 3), but succinate de­
hydrogenase produces FADH2 , which
reacts with eoenzyme Q with a P /0
ratio of 2.

Regarding the volatile anesthetics,
halothane, for example, inhibits the
state 3 respiration of glutamate and,
also, at the lesser degree, of succinate/.
This indicates that halothane proba­
bly acts on NADH-dehydrogenase3 ,4 .

Miller et al. 5 also confirmed the in­
hibition of the ADP-stimulated res­
piration in the presence of N AD­
linked substrates by halothane, but
not in the presence of succinate.
Moreover these authors reported an
alteration of membrane permeability
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in the presence of halothane. Depres­
sion on the NAD-linked substrate ox­
idation has also been demonstrated
with volatile anesthetics such as di­
ethylether, methoxyflurane, enflurane
and isoflurane'v".

In view of the reported results,
sevoflurane seems to extert the same
effects as other volatile anesthetics on
the mitochondrial respiration. There­
fore, the effects of sevoflurane on the
mitochondrial respiration were investi­
gated and the following results were
obtained.

Male Wister strain rats were killed
by decapitation. The liver was im­
mediately removed and mitochondria
were prepared using the method of
Schneider et al. 9 • The protein content
of mitochondrial pellet was assayed
according to Lowry et al. 10 The mi­
tochondrial oxygen consumption was
measured with a Clark type oxygen
electrode-! in the medium which con­
sited of 0.3M sucrose, 20 mM Tris-HCI
(pH 7.4), 20 mM MgCI2 , 20 mM K­
phosphate, and 5 mM glutamate or 5
mM succinate at 25°C.

The figure illustrates the effect of
sevoflurane on mitochondrtal respira­
tion. The arrows indicate the additons
of mitochondrial pellet (MT) and 0.16

Fig.

mM of ADP which initiate maximum
oxygen consumption of mitochondria
(ADP-stimulated respiration). ADP­
unstimulated respiration occurs when
ADP is completely consumed and usu­
ally follows ADP-stimulated one.

When glutamate was employed as
the substrate, inhibited and prolonged
ADP-stimulated respiration was ob­
served in the presence of both 2
mM and 8 mM sevoflurane as com­
pared to the control one. On the
other hand, employing succinate as the
substrate, ADP-stimulated and ADP­
unstimulated respiratory curve in the
presence of 2 mM sevoflurane was
simular to the sevoflurane free respi­
ratory curve. In 8 mM sevoflurane,
ADP-stimulated respiration was en­
hanced and ADP-unstimulated respi­
ration was uncoupled. This means that
the respiratory control ratio was re­
markably declined and a general un­
coupling of oxidative phosphorylation
was obtained. Our results were not
in accord with the inhibition of succi­
nate respiration reported by Snodgrass
et al. 2 but with Vincenti et al. s. As
demonstrated by the decline of gluta­
mate oxidation, a marked depression
at NADH-dehydrogenase level was ob­
served. The high rate of respiratory
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control with succinate in the presence
of sevoflurane suggests that the ATP­
synthetase and the electron transport
of complexes 11 and III are still work­
ing well.
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