Control of sepsis with heat shock protein induced
by high PEEP
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Materials and methods
Forty-eight male Wistar rats, weighing 382+ 14g (mean=*SD), were used in this study.
General procedure

The animal preparation method was reported previously. Briefly, after an intraperitoneal
injection of pentobarbital sodium (30mg/kg), ventilation was performed through a tracheotomy.
The femoral artery was cannulated to monitor the blood pressure and to draw blood samples.
Lactated Ringer’s solution containing a muscle relaxant (pancuronium bromide, 0.02mg/ml)
and pentobarbital sodium (0.5mg/ml) was infused continuously at a rate of 10ml/kg/h through
the femoral vein cannula. The rats were connected to a pressure—controlled ventilator (Servo
900B, Siemens-Elema, Solna, Sweden) delivering 100% oxygen at a frequency of

30 breaths/min. After this procedure, the animals were allowed to rest for more than 30min to

stabilize. Baseline HR and systolic arterial pressure (SAP) reading were then performed.

After baseline measurements, all rats were injected intravenously with Escherichia colf
lipopolysaccharide derived from E. co/0111:B4 (Difco Laboratories, Detroit, MI, USA) at
a rate of 15mg/kg over 2min. Then rats were randomly allocated to one of the following four

groups (/=12 per group).

Control column group (group C) Beginning 15min after endotoxin injection, direct
hemoperfusion alone using a control column without CTR was performed for 120min. The

volume of the column was 0.5ml.
Quarter—dose treatment group (group Q)

Beginning 15min after endotoxin injection, CTR treatment was performed for 120min. The

volume of the column was 0.75ml and it contained 0.25ml of CTR.

Half-dose treatment group (group H)
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The CTR treatment was performed as in group Q. The volume of the column was 1.0ml and it
contained 0.5ml of CTR.

Full-dose treatment group (group F)

The CTR treatment was performed as in group Q. The volume of the column was 1.5ml and it
contained 1.0°m] of CTR.

The rectal body temperature was maintained at between 36 and 38° C with the aid of a heating
pad. Arterial blood samples were drawn 2, 4, 6, and 8h after endotoxin injection for the
measurement of pH, PaCO,, and PaO, levels. Additionally, arterial blood samples were drawn
for the measurement of plasma cytokine concentrations 2 and 4h after endotoxin injection. All
cytokine (TNF- a and IL-6) concentrations were measured using ELISA kits (BioSource,
Camarillo, CA, USA). A total amount of 4.75ml of blood was drawn from each animal over 8-h.

Mortality was observed for up to 8h after the endotoxin injection.

No significant differences in baseline HR or SAP were noted among the groups (Fig.1). Four
hours after endotoxin injection, the SAP in group C was reduced, but those in the CTR
treatment groups were not. The mortality rates at 8-h after endotoxin injection were 92%, 58%,
42% and 17% for group C, group Q, group H and group F, respectively (Fig.2). The mortality
rates for the CTR treatment groups were significantly lower than the rate in group C. The

mortality rate of group F was also significantly lower than that of group Q.
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Fig. 1 The systolic arterial pressure (fop) and heart rate (bottom) at baseline and after
endotoxin injection (mean *SD). Open squares, control column group; filled squares,
quarter—dose treatment group; open circles, half-dose treatment group; filled circles, full-dose
treatment group. *p <+0.05 versus baseline value (within—group); #p<+0.05 versus control

column group
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Fig. 2 Survival curves for control column, quarter—dose treatment, half-dose treatment, and
full-dose treatment groups. * and #, p<-0.05

Plasma cytokine concentrations

All baseline values were similar for the four groups (Fig.3). Endotoxin injection increased the
TNF-«a and IL-6 concentrations in all the groups, but the TNF—« concentrations were
significantly lower in the group H and group F than in the group C. The IL-6 concentrations
were significantly lower in the CTR treatment groups than in group C.
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Fig. 3 Changes of plasma TNF-a (top) and IL-6 (bottom) at baseline and after endotoxin
injection (mean *=SD). Open squares, control column group; filled squares, quarter—dose
treatment group; open circles, half-dose treatment group; filled circles, full-dose treatment

group. *p<+0.05 versus baseline value (within—group); #p<+0.05 versus control column group

Blood gases

No significant differences in baseline pHa were noted among the groups. The pHa values in
groups H and F were significantly higher than in group C at 8<h after endotoxin injection. The
PaCO, and PaO, values did not differ significantly among the four groups at any point during

the experimental period.
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Experiment, Part 2

General Procedure. Forty—two 14 1-week—old male Wistar rats were used in this study.
Ventilation was performed through a tracheotomy. The femoral artery was cannulated to
monitor the blood pressure and to draw blood samples. Lactated Ringer’s solution
containing a muscle relaxant (pancuronium bromide, 0.02 mg/ mL) and pentobarbital sodium
(0.5 mg/mL) was infused continuously at a rate of 10 mL/kg/hr through the femoral vein
cannula. The rats were connected to a pressure—controlled ventilator (Servo 900C,
Siemens—Elema, Solna, Sweden) that delivered 100% oxygen at a frequency of 30 breaths/min
with an inspiratory: expiratory ratio of 1:1. After this procedure, the animals were allowed to
rest for more than 30 mins to allow their blood gases and hemodynamic parameters to
stabilize; thereafter, the baseline heart rate (HR) and systolic arterial pressure (SAP) were
measured.

Experimental Protocols. After the baseline measurements, the animals were randomly
allocated to one of three groups, all of which received endotoxin.

Endotoxemic Group (n _ 14). Endotoxemia was induced by a bolus injection of LPS, which was
injected intravenously at a rate of 15 mg/kg over 2 mins.

Control Column Group (n _ 14). Endotoxemia was induced as in the endotoxemic group.
Beginning 15 mins after the endotoxin injection, the direct hemoperfusion (DHP) alone with
control column without CTR was performed for 120 mins.

CTR Treatment Group (n _ 14). Endotoxemia was induced as in the endotoxemic group.
Beginning 15 mins after the endotoxin

The rectal body temperature was maintained between 36° C and 38° C with the aid of a
heating pad. Arterial blood samples (0.25 mL) were drawn 2, 4, 6, and 8 hrs after the endotoxin
injection, and blood pH, PaCO2, and arterial oxygen tension (PaO2) were measured.
Additionally, arterial blood samples (1.5 mL) were drawn for the measurement of plasma
cytokine concentrations at 2 and 4 hrs after the endotoxin injection. A total amount of 5.5 mL
of blood was drawn from each animal over a period of 8 hrs. Mortality was observed up to 8 hrs
after the endotoxin injection. The rats were killed at the end of each experiment by the
intravenous administration of potassium chloride. The lungs of all the rats were then removed,
fixed in 10% buffered formalin, and embedded in paraffin. Three to five thin sections (4 _m) were
cut from each paraffin block, one of which was stained with hematoxylin and eosin and used for
histopathologic examination. These sections were scored in a blinded manner. Neutrophil
infiltration or aggregation in the air spaces or vessel walls of the lungs was scored from 0
(minimal) to 4 (maximal) by a pathologist who was unaware of the groups to which the animals
belonged.

Sample Analysis
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The blood samples used to determine the cytokine concentrations were centrifuged for 10 mins
at 3000g and 4° C. The plasma was then decanted and stored at _70° C until analysis. All
cytokine (TNF-_, IL-1_, IL-6, and IL-10) concentrations were measured with ELISA kits

(BioSource).

Plasma concentration of §l-1bet (%)

Plasma concentration of TNFsalphn (%}
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Conclusion

a novel adsorbent, effectively adsorbed small- to middlesized proteins, such as cytokines,
enterotoxins, and TSST-1 in vitro. Moreover, CTR treatment reduced mortality and had
inhibitory effects on the inflammatory responses in endotoxemic rats. These findings suggest
that extracorporeal blood purification with CTR column may be available to use for patients

with sepsis and/or endotoxemia.
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Effect of PEEP Pretreatment on Changes in the
Mean Arterial Pressure following Endotoxin Administration
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Effect of PEEP Pretreatment on Changes in the
Heart Rate following Endotoxin Administration
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Effect of PEEP Prefreatment on Changes in the
Arterial Po2 following Endotoxin Administration
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Effect of PEEP Pretreatment on Changes in the
Arterial Pco2 following Endotoxin Administration
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Effect of PEEP Pretreatment on Changes in the
Base Excess following Endotoxin Administration
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Effect of PEEP Pretreatment on the Plasma
IL-6 Concentration following ETX Administration
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Effect of PEEP Pretreatment on the Plasma
IL-10 Concentration following ETX Administration
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Plasma DJ-1/PARK?7 in Patients Resuscitated from Cardiac Arrest
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