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Protective mechanism of heat shock protein for energy regulation
during sepsis
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Abstract

The present study was designed to
investigate the role of mitochondria activity
in heart in influencing the outcome of sepsis
modulated by previous heat shock treatment.
Sepsis was induced in rats by CLP method.
Rats of heated group were heated by
whole-bodily hyperthermia 24 before CLP
operation. Mitochondria from freshly heart
muscle were collected 9 hr and 18 hr after
CLP as carly and late sepsis, respectively.
The expressions of Hsp72, Grp75 and
mitochondrial complex I ~ complex II -
complex III ~ complex IV were evaluated by
Western blot and immunochemical analysis.
Mitochondrial enzyme activity of NCCR,
SCCR and COO were measured following
the reduction or oxidation of cytochome ¢ at
550nm by spectrophotometer. The results
showed that mitochondrial enzyme activity of
NCCR, SCCR and COO were apparently
suppressed during late stage of sepsis.
Previously treated by heat shock, late-sepsis
rats emerged high  preservation of
mitochondrial enzyme activity, while Hsp72
was over-expressed. Moreover, ATP content
decrease during sepsis is also prevented by
heat shock pretreatment. In conclusion,
decrease of mitochondrial enzyme activity
and ATP content showed correlation with the
deterioration of sepsis, while heat shock
response could contribute to maintain or
regulation the energy metabolism during late
sepsis.
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Introduction

Despite significant advances in the
management of sepsis, its sequelae (such as
septic shock and multiple organ failure) are
still main causes for morbidity and
mortality in the intensive care unit.
Although much effort has been focused on
the mediators released in large quantities
following sepsis, blockade of mediators
such as proinflammatory cytokines has not
yet resulted in a successful therapy.
However, as more studies are forthcoming,
the mechanisms responsible for cell and
organ dysfunctions following sepsis are
becoming better understood, and promising
new therapeutic approaches are currently
being evaluated. In order to understand the
precise mechanisms responsible for cellular
dysfunction and consequently irreversible
organ damage and multiple organ failure, it
1S important to  correlate  various
pathophysiological changes with mediators
and signal transduction pathways at the
cellular and subcellular level.

Recently, knowledge about a family
of protective proteins seems to offer a novel
therapeutic or prophylactic strategy to
sepsis. Since first mentioned by Rittosa in
1962, it is well accepted that living cells,
from plant to human, react to heat and other

function during sepsis by detection the
expressions of Hsp (Grp75, Hsp72,), the
changes of activity of mitochondrial
electron transport complex, the intracellar
ATP content in experimental sepsis animal.
We hope that this study, through the
understanding of the relationship between
Hsps and mitochondrial function, may offer
a successful management in achieving the
goal to treat a severe infection.

Result

Fig 1: Activities of mitochondrial enzyme in
hearts of septic rats.

Mitocohindrial was collected from freshly
heart muscle. Mitochondrial enzyme activity
of NCCR, SCCR and COO were measured
following the reduction or oxidation of
cytochome ¢ at 550nm by spectrophotometer.
Enzyme activities are given as units/gram
protein. Data as means*SD. S: sham
operation, E: early stage of sespsis, L: late
stage sepsis, HE: early stage of sepsis with
previous heat shock treatment and HL: late
stage of sepsis with previous heat shock
treatment Significant difference to sham
control (*) or late stage of sepsis (+), P <0.05
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the onset till late phase of sepsis in
CLP-induced animal models although a
number of adverse metabolic alterations
similar to that in septic patients were
present. The basis for this phenomenon
remains a mystery, however, it is
reasonable to consider that the absence in
Hsps induction may correlate with the poor
outcome in the disease entity. In fact, the
clinical outcome in rats, using protective
potential of Hsps, seems promising.

The aim of this study is to evaluate the
possible mechanisms of heat shock protein
induced by hyperthermia to regulate the
change of mitochondrial structure and

Fig 2: heat shock pretreamt prevent the ATP
content depletion during sepsis in heart.

Data as meanstSD. S: sham operation, E:
early stage of sespsis, L: late stage sepsis, HE:
early stage of sepsis with previous heat shock
treatment and HL: late stage of sepsis with
previous heat shock treatment Significant
difference to sham control (*) or late stage of
sepsis (+), P<0.05
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Fig 3: Expression of mitochondrial enzyme
in heart during sepsis.

Detection of mitochondrial enzyme complex
in the heart by Western blotting and
immunochemical study. Equal amount of
cellular extract was loaded to each lane. S:
sham operation, E: early stage of sespsis, L:
late stage sepsis, HE: early stage of sepsis
with previous heat shock treatment and HL:
late stage of sepsis with previous heat shock
treatment
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Fig 4: heat shock induces the Hsp72
over-expression in heart.

Detection of Hsp72 in the heart by Western
blotting and immunochemical study. Equal
amount of cellular extract was loaded to each
lane. S: sham operation, E: early stage of
sespsis, L: late stage sepsis, HE: early stage
of sepsis with previous heat shock treatment
and HL: late stage of sepsis with previous
heat shock treatment Beta-tubulin was
co-reacted as the internal standard.

Fig 5: heat shock pretreatment increase the
Grp75 expression in heart.

Detection of Grp75 in the heart by Western
blotting and immunochemical study. Equal
amount of cellular extract was loaded to each
lane. Bands ofGrp75 and [-tubulin, acting as
the internal standard, were quantified using a
densitometer. Samples from preheated rats
were statistically compared with those of
non-heated rats. Upper panel:
immunochemical study. Lower panel
statistical analysis of relative content of
Grp75 (ratio of ODHsp72/tubulin). S: sham
operation, E: early stage of sespsis, L: late
stage sepsis, HE: early stage of sepsis with
previous heat shock treatment and HL: late
stage of sepsis with previous heat shock
treatment. Significant difference to sham
control (*) or late stage of sepsis (+), P<
0.05
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Conclusion
Decrease of mitochondrial enzyme

activity and ATP content showed correlation
with the deterioration of sepsis, while heat
shock response could contribute to maintain
or regulation the energy metabolism during
late sepsis.



