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Abstract

It is suspected that mitochondrial dysfunction is a major cause of
organ failure in sepsis and septic shock. A study presented in this
issue of Critical Care revealed that liver mitochondria from pigs
treated with norepinephrine during endotoxaemia exhibit greater in
vitro respiratory activity. The investigators provide an elegant
demonstration of how therapeutic interventions in sepsis may
profoundly influence mitochondrial respiration, but many aspects of
mitochondrial function in sepsis remain to be clarified.

In this issue of Critical Care, Regueira and colleagues [1]
report an interesting study of the effects of norepinephrine on
mitochondrial respiration in endotoxaemic rats; it should be of
particular interest to those involved in sepsis research. During
the past decade, failure of energy metabolism at the cellular
level has emerged as one of the potentially most important
pathophysiological aspects of sepsis [2]. Indeed, the results
of a number of experimental and human studies appear to
confirm that mitochondrial function is severely compromised
in sepsis [2-5], in a phenomenon termed ‘cytopathic hypoxia’
[6]. Nevertheless, there probably remain more questions than
answers in this fairly novel aspect of septic disease, and -
from a clinical point of view - the fundamental query is already
apparent. If sepsis is a mitochondrial disease, then should we
search for a mitochondrial therapy?

The elegant study conducted by Regueira and colleagues
may be interpreted as an attempt to address this question.
The investigators did not test any new therapeutic approach;
rather, they studied how norepinephrine - a standard drug
recommended for use in severe sepsis - may directly
influence mitochondrial function independent of its haemo-
dynamic effects. The study was conducted in 13 anaes-
thetized pigs that were receiving endotoxin to simulate human
sepsis pathology. The in vitro results clearly reveal an
increase in respiratory activity in liver mitochondria obtained
from norepinephrine-treated animals as compared with
control animals not treated with catecholamine. Although a

marked decrease in liver perfusion was observed in both
groups after administration of endotoxin, no intergroup
difference in this parameter was observed. Thus, the nor-
epinephrine-related increase in respiratory activity apparently
suggests that this drug exerts a direct and potentially
beneficial action on liver cell respiration.

The results reported by Regueira and colleagues are both
intriguing and important for several reasons. First, the authors
test theoretical reasoning on the effects of catacholamines on
intracellular calcium levels. Specifically (and excellently
reviewed elsewhere [7,8]), the calcium level is known to
increase in myocardial mitochondria after catecholamine
release, and this is believed to stimulate mitochondrial res-
piration. These theoretical mechanisms are entirely consistent
with the findings presented by Regueira and colleagues.
Conversely, however, Linemann and coworkers [9] pre-
viously presented apparently opposing data; they observed
that norepinephrine inhibited oxygen consumption in human
peripheral blood mononuclear cells. If this effect were to take
place in other tissues as well, then this would have rather
detrimental effects, especially in the setting of severe sepsis,
in which energetic metabolism is already compromised.
However, the study presented by Regueira and colleagues
convincingly excludes the possibility that norepinephrine may
exert such potential harmful effects, at least in liver tissue.

To summarize, what is the key message of the study? Does it
suggest that we should give norepinephrine because it is
good for the mitochondria? After all, it appears to ‘improve’
hepatic mitochondrial respiration. With good reason, Regueira
and colleagues are more cautious; their observation of inter-
actions between norepinephrine and mitochondrial respira-
tion is indeed interesting, but the complexity of mitochondrial
physiology renders such conclusions unsound. For example,
the norepinephrine-induced increase in mitochondrial respira-
tion may also lead to increased oxidative stress, as previously
reported in myocardial tissue [10]. Furthermore, despite the
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compelling in vitro findings, the presented data surprisingly
do not reveal any effect of norepinephrine treatment on liver
metabolism in intact animals in either group; for instance,
both hepatic oxygen consumption and hepatic lactate
extraction were equal. Therefore, the advantages of greater
mitochondrial activity in the septic animal in vivo remain open
to question. In this regard, we should not forget that
respiratory activity in isolated mitochondria and in intact cells
may differ significantly, as was studied in detail years ago by
Fontaine [11] and Saks [12] and their colleagues.

Finally, another limitation of the study should be considered;
the study was conducted in an endotoxin-induced model of
sepsis, which has fundamental differences from human septic
shock. As indicated by the data presented by Regueira and
colleagues, endotoxin causes acute pulmonary hypertension
almost immediately after its application is begun. As a
presumable consequence, liver perfusion in the study was
almost halved during the early phase of endotoxin adminis-
tration, and slowly recovered during the course of the experi-
ment, reaching initial values in the final phase only. Clearly,
these haemodynamic effects are typical for endotoxin-
induced sepsis but not for hyperdynamic sepsis, as is en-
countered in patients receiving adequate haemodynamic
support. Organs, and the liver in particular (the main organ
under study), may sustain damage during the initial decrease
in perfusion. Of course, the decrease in hepatic perfusion
occurred in both groups, and therefore the effects of
norepinephrine on mitochondrial respiration were not neces-
sarily affected by this phenomenon. Nevertheless, we do not
know whether maintaining or even improving hepatic per-
fusion, as achieved by other models of endotoxaemic and
bacterial sepsis [13,14], may prevent any eventual deteriora-
tion in hepatic mitochondrial function, thus neutralizing any
beneficial effects of norepinephrine on cellular respiration.

In conclusion, the study by Regueira and colleagues elegantly
demonstrates that therapeutic interventions in sepsis may
profoundly influence mitochondrial respiration. Because it is
suspected that mitochondrial dysfunction is a major cause of
organ failure in sepsis, it should be a primary goal of research
to elucidate the interaction between therapy and mito-
chondrial respiration. However, study results will remain
difficult to interpret while the targets of mitochondrial therapy
are not clearly defined. Efforts in this direction have already
been made [15] and may be among the keys to future sepsis
therapy.
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