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Abstract

Background/Aim. Dysfunctions at the cellular, tissue, and
organ level, which can result in death, are caused by metabol-
ic changes and affection on the regulation of gene transcrip-
tion and micro- and macrocirculation. The aim of the present
study was to assess the impact of hyperbaric oxygenation
(HBO) on isolated heart as well as on the oxidative status of
rats with sepsis. Methods. The investigation included male
Wistar albino rats classified into three groups: the first group
was a control group (CTRL); the second group included ani-
mals exposed only to the induction of sepsis without HBO
treatment (the Sepsis group), while the third group included
animals treated with HBO after the induction of sepsis (the
Sepsis + HBO group). For the induction of sepsis, fecal peri-
tonitis model was used (3 mL/kg of fecal suspension admin-
istered intraperitoneally). After the induction of sepsis, the
rats were exposed twice a day (on 12 hours) to HBO treat-
ment at 2.8 atmospheres absolute (ATA) for 90 minutes over
a period of 3 days. 72 h after the confirmation of sepsis, the
animals were sacrificed and the hearts were retrogradely per-
fused on the Langendorff apparatus at a gradually increased
coronary perfusion pressure (CPP = 40-120 cm H>O). The

Apstrakt

Uvod/Cilj. Disfunkcija na nivou éelije, tkiva ili organa, koja
moze imati za posledicu smrtni ishod, javlja se usled
metabolickih promena i poremeéaja regulacije transkripcije
gena i mikro- i makro cirkulacije. Cilj ove studije bio je da se
proceni uticaj hiperbari¢ne oksigenacije (HBO) na izolo-
vano srce, kao i na oksidacioni status pacova sa sepsom.
Metode. Istrazivanjem su obuhvaceni muzjaci Wistar albi-
no pacova klasifikovani u tri grupe: prva grupa je bila
kontrolna grupa (CTRL), drugu grupu su cinile Zivotinje

following parameters of heart function were continuously
recorded: maximum and minimum rate of left ventricular
pressure development (dp/dt max, dp/dt min); systolic and
diastolic left ventricular pressure (SLVP and DLVP); heart
rate (HR). Coronary flow (CF) was measured flowmetrically.
Following oxidative stress markers were measured: nitrites
(NOz2"), superoxide anion radical (O27), hydrogen peroxide
(H202), index of lipid peroxidation (TBARS), activity of su-
peroxide dismutase (SOD) and catalase (CAT) and the level
of reduced glutathione (GSH). Results. There were no sig-
nificant differences in dp/dt max, dp/dt min, SLVP and HR
between the groups. CIF was statistically significantly higher (p
< 0.01) in the sepsis group. The values of all cardiac oxidative
markers were lower in the sepsis + HBO group (» < 0.05),
while systemic pro-oxidative and antioxidative parameters
were unchanged. Conclusion. Our results showed that HBO
treatment was not associated with improved cardiac function
and coronary perfusion, while expressed promising beneficial
effects on cardiac oxidative stress.

Key words:
hyperbaric oxygenation; oxidative stress; sepsis; heart;
rats.

izlozene samo sepsi bez HBO tretmana (grupa Sepsa), dok
su u trecoj grupi zivotinje tretirane HBO nakon indukcije
sepse (grupa Sepsa + HBO). Za indukciju sepse koriséen je
model fekalnog peritonitisa (3 ml/kg fekalne suspenzije, in-
traperitonealno). Posle indukcije sepse, pacovi su bili
izlozeni dva puta dnevno (tokom 12 sati) HBO tretmanu sa
2,8 apsolutnih atmosfera (ATA) tokom 90 minuta u periodu
od 3 dana. 72 h nakon potvrdivanja sepse, Zivotinje su
Zrtvovane, a srca su retrogradno perfundovana na Langen-
dorfovom aparatu, pri postepenom povecanju koronarnog
perfuzionog pritiska (CPP = 40-120 cm H;O). Sledeéi par
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ametri sr¢ane funkcije su kontinuirano mereni: maksimalna i
minimalna stopa promene pritiska u levoj komori (dp/dt
max, dp/dt min); sistolni i dijastolni pritisak leve komore
(SLVP i DLVP) i sr¢ana frekvenca (HR). Koronarni protok
(CF) je meren floumetrijski. Odredivani su slede¢i markeri
oksidacionog stresa: nitriti (NO2 ™), superoksid anjon radikal
(O27), vodonik peroksid (H203), indeks lipidne peroksida-
cije (TBARS), aktivnost superoksid dismutaze (SOD) i kata-
laze (CAT) i nivo redukovanog glutationa (GSH). Rezulta-
ti. Nije bilo znac¢ajne razlike u dp/dt max, dp/dt min, SLVP
i HR izmedu grupa. CF je bio statisticki znacajno veéi (p <

0,01) u grupi sa sepsom. Vrednosti svih sr¢anih oksida-
cionih markera bile su nize u grupi sepsa + HBO (p < 0,05),
dok su sistemski pro-oksidacioni i antioksidacioni parametri
bili nepromenjeni. Zaklju€ak. Nasi rezultati su pokazali da
HBO tretman nije bio povezan sa poboljsanom funkcijom
srca i koronarnom perfuzijom, dok je ostvario obecavajuci
korisne efekte na oksidacioni status u srcu pacova.

Kljucne reci:
hiperbaricka oksigenacija; stres, oksidativni; sepsa;
stce; pacovi.

Introduction

A life-threatening organ dysfunction caused by a dis-
rupted response of the host organism to infection is sepsis, a
condition whose global epidemiological significance is diffi-
cult to assess, and which places a heavy financial burden on
health systems. Dysfunctions at the cellular, tissue, and or-
gan level, which can result in death, are caused by metabolic
changes and affection on the regulation of gene transcription
and micro- and macrocirculation ¥3. Much progress has been
made in the knowledge of the pathogenetic mechanisms
mentioned above in the last few decades, but extensive trials
are still needed to implement newer modalities of therapy in-
to sepsis treatment.

In addition to immune and metabolic disorders, cardio-
vascular disorders develop. The two manifestations of cardi-
ac dysfunction are the hyperdynamic (warm shock) and the
hypodynamic (cold shock) phase * 5. The hyperdynamic
phase is characterized by the elevated vascular tone and low
cardiac output, while in the hypodynamic phase we have a
reverse situation — decreased vascular tone and increased
cardiac output, and a difference in the form of manifestation
in adults and the pediatric population was observed 5. Tests
on the isolated cardiomyocyte revealed that with the passage
of time from the onset of sepsis, an increase in heart rate was
observed, as well as a decrease in the maximum and mini-
mum rate of left ventricular pressure development and a de-
crease in diastolic pressure in the left ventricle 7. The basis
of these changes is the production of cytokines, whose indi-
rect influence is reflected by the increased production of
vasoactive mediators 5. The association of Ca?* receptors,
which control Na*/K*-ATPase function in cardiomyocytes,
with the onset of cardiac dysfunction in sepsis in an animal
model has also been demonstrated .

Hyperbaric oxygenation (HBO) is the process of expos-
ing the whole organism to 100% oxygen at elevated pressure
[greater than 1 atmosphere absolute — ATA (760 mmHg)] at
different time intervals. The effect of this treatment, whose
effects can be divided into primary and secondary, is based
on the principles of Henry and Dalton's law. The primary ef-
fect is the percentage increase in dissolved oxygen in the cir-
culation, while the secondary effects are vasoconstriction,
neovascularization, and a decrease in gas volume &2, Vaso-
constriction leads to an increase in vascular resistance and
arterial pressure, and an increase in pressure in the left ven-

tricle, an increase in the maximum and minimum rate of left
ventricular pressure development, bradycardia and a de-
crease in cardiac output * 2. The mechanisms underlying
this cardiovascular response are linked to baroreceptor-
mediated regulation .

HBO is a potential intervention for the prevention of
septic shock and can also be used in the treatment of severe
pancreatitis, diabetic foot ulcer, carbon monoxide poisoning
and other conditions **. Studies addressing the use of HBO in
the treatment of sepsis have primarily addressed the benefits
of HBO in the domain of cytokine production, especially
about the increased expression of interleukin (IL)-10 and the
decreased levels of IL-6 . More importantly, due to its
mechanism of action, HBO can affect the production of oxi-
dative stress biomarkers and thus change redox homeostasis
in sepsis, which could be responsible for the potential posi-
tive impact of this procedure 4.

Having in mind that there are almost no studies that in-
vestigate the effects of hyperbaric oxygenation on cardiac
function and coronary circulation during sepsis, we aimed to
assess the potential impact of this therapeutic approach on
isolated heart as well as on cardiac and systemic oxidative
status of rats with sepsis.

Methods
Animals and study design

The study was carried out on eighteen male Wistar albino
rats, 8 weeks old, body weight 200 + 30 g. The animals were
kept in an artificial 12-h light-dark cycle (8:00 a.m-8:00 p.m.)
at room temperature (22 + 1°C). Water and food were availa-
ble ad libitum. The animals were housed in their respective
groups in a collective cage and received water and standard la-
boratory chow. The animals were classified into three groups.

The first group (n = 6) was the control group (CTRL).
The second group (n = 6) included animals exposed only to the
induction of sepsis without HBO treatment (the Sepsis group),
while the third group (n = 6) included animals treated with
HBO after the induction of sepsis (the Sepsis + HBO group).

Ethical standards

This research was carried out in the Laboratory for Car-
diovascular Physiology of the Faculty of Medical Sciences,
University of Kragujevac, Serbia. The study protocol was ap-
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proved by the Ethical Committee for the welfare of experi-
mental animals of the Faculty of Medical Sciences, University
of Kragujevac, Serbia. All experiments were performed ac-
cording to EU Directive for the welfare of laboratory animals
(86/609/EEC) and the principles of Good Laboratory Practice.

Sepsis induction protocol

Firstly, fresh feces were collected from a heterogeneous
group of rats. The feces were then dissolved in saline and
this mixture was homogenized and filtered through gauze to
obtain fecal suspension. Animals were anesthetized by intra-
peritoneal administration of ketamine and xylazine (10
mg/kg, 5 mg/kg, respectively) and 3 mL/kg of fecal suspen-
sion was administered intraperitoneally. For the confirmation
of sepsis, the previously established clinical rat scoring sys-
tem (Table 1) was used for each animal as well as rectal
body temperature and biochemical indicators of sepsis [C re-
active protein (CRP) and procalcitonin (PCT) values]. Ani-
mals from both groups were monitored for the next 72 hours
before sacrifice .

Table 1

Clinical rat scoring system for the confirmation
of sepsis and the severity of sepsis

Characteristic Scoring range

Hunched 0-1
Bloated 0-1
Conjunctival injection/mucky eyes 0-1
Piloerection 0-1
Lack of movement 0-2
Lack of alertness 0-2

Legend for scoring: absence (0), presence (1) or
marked presence (2).

The total score of 0 to 3 denotes mild sepsis and
> 4 severe sepsis.

HBO treatment protocol

HBO treatment was carried out in a specially construct-
ed hyperbaric chamber for rats (HYB-C 300). After the in-
duction of sepsis, the rats were exposed twice a day (on 12
hours) to 100% O, at 2.8 ATA for 90 minutes for 3 days. To
avoid the effects of diurnal rhythm variation, the HBO ses-
sion started at the same time, each day °.

Ex vivo assessment of heart function

72h after the confirmation of sepsis, animals from all
groups were anesthetized with short-term narcosis induced by
intraperitoneal application of ketamine (10 mg/kg) and
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xylazine (5 mg/kg) and sacrificed by decapitation. The hearts
were then rapidly isolated and retrogradely perfused on
Langendorff apparatus (Langendorff apparatus, Experimetria
Ltd, 1062 Budapest, Hungary) through the ascending aorta at a
gradually increased coronary perfusion pressure (CPP = 40—
120 cm H;0). The hearts were perfused with Krebs—Henseleit
solution, while a transducer was inserted in the left ventricle to
continuously record the following parameters of myocardial
function: maximum and minimum rate of left ventricular pres-
sure development (dp/dt max, dp/dt min), systolic and diastolic
left ventricular pressure (SLVP and DLVP), and heart rate
(HR). Coronary flow (CF) was measured flowmetrically. The
perfusion started at CPP = 70 cm H,O and hearts were allowed
to equilibrate until HR and contractility reached steady-state.
After stabilization (approximately 30 min), the CPP was grad-
ually increased from 40, 60, 80, 100 and 120 cm H,O to esti-
mate coronary autoregulation. At each value of CPP, the coro-
nary venous effluent was collected for the determination of ox-
idative stress parameters.

Evaluation of systemic oxidative stress

At the moment of sacrificing animals, blood samples
were collected from jugular vein in order to estimate follow-
ing pro-oxidants in plasma: nitrites (NO2"), superoxide anion
radical (O2"), hydrogen peroxide (H.0), index of lipid pe-
roxidation (thiobarbituric acid reactive substances, TBARS)
and parameters of antioxidative defense system in erythro-
cytes samples: activity of superoxide dismutase (SOD and
catalase (CAT) and the level of reduced glutathione (GSH).
All parameters were measured on the spectrophotometer ap-
paratus (Shimadzu UV 1800, Japan).

Evaluation of cardiac oxidative stress

The coronary venous effluent from each value of CPP
(40-120 cm H0) was collected for the determination of oxi-
dative stress parameters from the isolated rat heart. The fol-
lowing oxidative stress parameters were determined spectro-
photometrically: NO;~, Oz, H,0, and TBARS.

Markers of oxidative stress

Nitric oxide decomposes rapidly to form stable metabolite
nitrite/nitrate products. NO;~ level was measured spectrophoto-
metrically at a wavelength of 543 nm and used as an index of ni-
tric oxide (NO) production using the Griess reagent as previous-
ly described by Green et al. '. The measurement of H,O, is
based on oxidation of Phenol Red by hydrogen peroxide, in a
reaction catalyzed by horseradish peroxidase (HRPO) at 610
nm, as previously described by Pick and Keisari 8. The index of
lipid peroxidation was estimated by measuring of TBARS using
1% thiobarbituric acid (TBA) in 0.05 NaOH incubated with the
plasma as previously described 1°. The concentration of O,~ was
measured by Nitro Blue Tetrazolium (NBT) reaction in hy-
droxymethylaminomethane (TRIS) buffer with a plasma sample
at 530 nm as previously described by Auclair and Voisin 2. The
whole analysis was determined using the spectrophotometrical
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method (UV-1800 UV - Vis Spectrophotometer by Shimadzu
Scientific Instruments Inc).

Antioxidative enzymes

For the determination of antioxidant parameters, isolat-
ed erythrocytes were prepared according to McCord and Fri-
dovich 2. SOD activity was determined by the epinephrine
method described by Misra and Fridovich 2. A 100 pL lysate
and 1 mL carbonate buffer were mixed, and then 100 pL of
epinephrine was added. Detection was performed at 470 nm.
CAT activity was determined according to Beutler %. Ly-
sates were diluted with distilled water (1:7 v/v) and treated
with chloroform-ethanol (0.6:1 v/v) to remove hemoglobin
and then, 50 uL CAT buffer, 100 puL sample, and 1 mL 10
mM H,0, were added to the samples. Detection was per-
formed at 360 nm. The level of reduced glutathione (GSH)
was determined based on GSH oxidation with 5.5-dithio-bis-
6.2-nitrobenzoic acid, as previously described by Beutler 24,
Measuring was performed at 420 nm.

Determination of CRP and PCT values

Serum CRP and PCT were detected using specific en-
zyme-linked immunoassay kits according to the manufactur-
er’s instructions %.

The measurement of rectal temperature

The rectum temperature was continuously monitored
using a digital thermometer (PIC solutions, Artsana S.p.A.,
Grandate, Italy).

Drugs

All kits, reagents and substances used in the study were
purchased from Sigma-Aldrich Chemie GmbH Eschenstrasse
5, 82024 Taufkirchen, Germany.

Statistical analysis

IBM SPSS Statistics 20.0 Desktop for Windows was
used for statistical analysis. The distribution of data was
checked by the Shapiro-Wilk test. Where distribution between
groups was normal, statistical comparisons were performed
using the one-way analysis of variance (ANOVA) tests with a
Tukey’s post hoc test for multiple comparisons. Kruskal-
Wallis test was used for the comparison between groups when
the distribution of data was different from normal. Values of p
< 0.05 were considered to be statistically significant.

Results

Confirmation of sepsis and scoring of sepsis severity

The distribution of the septic score was presented in
Table 2. Of the septic animals surviving to sacrifice (n = 12),
22% were scored mild and 78% severe sepsis (Table 2). In-

addition, a whole group of animal’s biochemical parameters
of sepsis, as well as rectal temperature confirmed the state of
sepsis (Table 3).

Table 2

Average clinical rat sepsis score for
the whole group of animals (n = 12)

Animals with sepsis (%) Score
22 3 (mild sepsis)
78 4-6 (severe sepsis)

Table 3

Average rectal temperature and values of biochemical
indicators of sepsis for the whole group of animals before the
induction of sepsis and at the moment of sacrificing (n = 12)

At the moment

Before sepsis

Parameter of sacrificing
mean + SD mean + SD
Rectal temperature (°C) 36.9+0.4 38.6 +0.8
CRP (ng/mL) 32574 £23.46  527.86 + 20.67
PCT (pg/mL) 76.35 + 10.84  200.54 +38.21

CRP — C-reactive protein; PCT - procalcitonin.

Cardiac function ex vivo

Cardiodynamic parameters for the assessment of car-
diac function in ex vivo model are presented in Figure 1. As
it can be seen, there was no significant difference in dp/dt
max during all CPPs among the groups. Dp/dt min was
higher in the control group (CPPs = 60 — 100 cm H;0) than
in the Sepsis and Sepsis + HBO group but without statisti-
cal significance. The SLVP and HR values were almost
similar in all groups, while the DLVP was insignificantly
higher in the control group. On the other hand, CF was sta-
tistically significantly higher (p < 0.05) in the Sepsis group
than in the Sepsis + HBO group and also in the control
group in comparison to other two groups at almost all CPPs
(60-120 cm H0).

Cardiac oxidative stress

Biomarkers from coronary venous effluent as indica-
tors of cardiac oxidative stress are presented in Figure 2.
The values of O, were significantly lower in the Sepsis +
HBO group compared to the Sepsis group (at CPPs = 40,
60 and 80 cm H20, p < 0.05), while between the control
and the Sepsis + HBO group there were no statistical dif-
ferences. Similarly, the H,O, values were lower in the Sep-
sis + HBO group compared to the Sepsis group with strong
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Fig. 1 — Parameters of cardiac function ex vivo (data are presented as mean values + standard deviation)

dp/dtmax — maximum rate of pressure development; dp/dtmin — minimum rate of pressure development;

SLVP - systolic left ventricular pressure; DLVP — diastolic left ventricular pressure; HR — heart rate; CF — coronary flow;
CPP - coronary perfusion pressure.

Statistically significant differences (p < 0.05) among the groups at the same coronary perfusion pressure (CPP) are marked

as follows: a — comparison between the control group (CTRL) and the group of rats with sepsis (the Sepsis group);

b — comparison between the control group (CTRL) and the group of rats with sepsis treated with HBO (the Sepsis + HBO

group); ¢ — comparison between the group of rats with sepsis (the Sepsis group) and the group of rats with sepsis treated
with HBO (the Sepsis + HBO group).
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Fig. 2 — Parameters of cardiac oxidative stress (data are presented as mean values + standard deviation).

Oz~ - superoxide anion radical; H202 — hydrogen peroxide; NO2™ - nitrites; TBARS — thiobarbituric acid reactive substances
(index of lipid peroxidation).
Statistically significant differences (p < 0.05) between the groups at the same coronary perfusion pressure (CPP) are marked as
follows: a— comparison between the control group (CTRL) and the group of rats with sepsis (the Sepsis group);
b — comparison between the control group (CTRL) and the group of rats with sepsis treated with HBO (the Sepsis + HBO
group); ¢ —comparison between the group of rats with sepsis (the Sepsis group) and the group of rats with sepsis treated with
HBO (the Sepsis + HBO group.
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statistical significance at all CPPs (p < 0.01), without sig-
nificant differences between the control and the Sepsis +
HBO group. The same trend in the Sepsis + HBO group
had values of NO; with statistical significance at all CPPs
(p < 0.05). As in previous cases, TBARS values were also
significantly lower in the Sepsis + HBO group (CPPs = 40-
100 cm H2O (p < 0.05)) compared to the Sepsis group
without significant differences between the control and the
Sepsis + HBO group.

Systemic oxidative stress

The values of pro-oxidants from plasma of both groups
of rats are presented in Figure 3. Unlike cardiac oxidative
stress markers, in the values of all measured systemic pro-
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Sepsis group, while the values of O,” and TBARS were in-
significantly lower in the Sepsis + HBO group. Compared to
the control group, the values of pro-oxidant were significant-
ly higher in both, the Sepsis and Sepsis + HBO groups. In
addition, the values of antioxidant enzymes from erythrocyte
lysate are presented in Figure 4. Although it can be seen that
SOD and GSH values were higher in the Sepsis + HBO
group, there was no statistical confirmation. The CAT values
were also without significant difference between the Sepsis
and the Sepsis + HBO group, but compared to the control
group, the values of this antioxidant enzyme were signifi-
cantly lower in the Sepsis + HBO group.
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Oz - superoxide anion radical; H202 — hydrogen peroxide; NO2™ — nitrites; TBARS - thiobarbituric
acid reactive substances (index of lipid peroxidation).
Statistically significant differences (p < 0.05) are marked as follows:
a — statistical significance difference compared to the control group (CTRL).
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Discussion

The present study aimed to assess the effects of HBO
on cardiac function as well as cardiac and systemic oxidative
state in rats with sepsis. The estimation of pro-oxidative and
antioxidative markers was chosen to estimate a potential role
of oxidative stress in the changes of cardiac function during
sepsis and after HBO pretreatment. The function of the heart
from aspect of cardiodynamics in sepsis and a possible im-
pact of HBO were almost uninvestigated, with poor and het-
erogeneous data in the literature.

Cardiac dysfunction is a consequence of severe sepsis
and is characterized by impaired contractility, diastolic dys-
function, as well as reduced cardiac index and ejection frac-
tion (EF) %. The mechanisms involved in adverse effects of
sepsis on myocardial function are little-known. Inflammatory
mediators through impaired calcium turnover can lead to the
alteration of cardiomyocyte contraction %. Other factors im-
ply diminished B-adrenergic stimulation or reduced ATP
production, which both cause cardiomyocyte dysfunc-
tion 2728,

On the other hand, HBO was introduced in recent years
as a promising tool in the treatment of sepsis. The beneficial
influence of HBO on sepsis is based on the enhancement of
killing capacity of leukocytes, which substantially depends
on the amount of oxygen ?°. Although some studies high-
lighted the positive effects of HBO pretreatment on kidney
and liver injury in a model of rat sepsis %, there are no data
regarding the heart tissue.

In this study we evaluate the function of the isolated
rat heart through the whole set of different cardiac parame-
ters. In that manner, our results showed that dp/dt max, as
an indirect indicator of the inotropic properties of the heart,
was changed neither after sepsis nor after the HBO therapy.
Similarly, dp/dt min, as an indirect indicator of lusitropic
properties of the heart, was also unchanged in sepsis with a
slight improvement after HBO, but still not enough for sta-
tistical confirmation. The same results were noticed with all
other parameters, except CF. Namely, coronary endothelial
response in healthy animals and after HBO treatment was
weaker (Figure 1). However, coronary perfusion was in all
groups in physiological range for this kind of protocol.
These findings pointed out that hyperbaric oxygenation
limited the effect on coronary endothelium and not on car-
diomyocytes. In addition, it can be assumed that the longer
time of exposure or different HBO protocols may achieve
other effects.

The possible explanation for these results could be the
fact that septic animals often develop tachycardia that pro-
gressed, especially in non-survivors. This includes mecha-
nisms such as sympathetic overstimulation, despite the use of
continuous opioid analgesia to manage pain 3. It was previ-
ously reported that stroke volume and heart rate could be
good predictors of the early phase of sepsis in a 3-day rat
model of fecal peritonitis, which is the same design we
used 3,

In the other part of the study we evaluated the possible
impact of HBO on cardiac and systemic redox state during
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sepsis and estimated the role of oxidative stress in achieved
effects. As expected, cardiac oxidative markers were the
lowest in healthy animals indicating correlation between
sepsis and increased oxidative stress within the heart. In
terms of septic conditions, our findings showed the evident
and strong depressed release of all investigated pro-
oxidants in isolated rat hearts (Figure 2) after HBO treat-
ment, indicating powerful protective influence of this pro-
cedure. When considering these results in light of rat cardi-
odynamics, it can be assumed that beneficial effects of
HBO are firstly seen on molecular levels and that for func-
tional improvement, longer time of HBO exposure is need-
ed. The mechanisms of positive HBO impact on the cardiac
oxidative status are not easy to explain. It seems that in the
heart, exogenously derived hyperbaric oxygen is some
which succeeded in suppressing the production of endoge-
nous reactive oxygen species, but this claim is difficult to
prove.

Unlike this, we did not find any changes in systemic ox-
idative status (Figures 3 and 4). However, although insignifi-
cant, noticed trend of increased activity of SOD and GSH
level as well as a drop in the production of O, and TBARS,
pointed out that perhaps for more prominent results longer
duration of exposure to HBO and/or higher ATA could be
applied.

Most of the literature data covering the impact of HBO
on oxidative damages during sepsis are gathered from animal
models focused on liver and kidney. It is previously docu-
mented that hyperbaric oxygen applied at 2 ATA for 60 min
and 1, 4, 9, and 24 h after the induction of sepsis, reduces
synthesis of free radicals and mortality in rats 2. The differ-
ence in comparison with results of our study could be the
fact that authors used a lipopolysaccharide model of sepsis
and a different protocol of HBO therapy. Moreover, we fol-
lowed the animals for 72 hours after the induction of sepsis
with intense and frequent HBO sessions.

Others investigated the effects of HBO on rat renal
damage and oxidative stress markers after the induction of
sepsis with an intraperitoneal injection of Escherichia coli
cells (2.1 x 10% while HBO treatment was conducted
through five sessions of 2 ATA at intervals of 6 h %, It was
found that hyperbaric oxygen increased SOD and CAT activ-
ity and consequently reduced oxidative damages of the kid-
ney induced by sepsis %,

Oter et al. 3 assessed the effects of HBO on liver func-
tion and morphology as well as oxidative status in rats with
sepsis caused by intraperitoneal application of Escherichia
coli cells (2.1 x 10°). In that study, HBO (which applied as
six sessions at 2 ATA for 90 min at 6h intervals) in combina-
tion with cefepime reverses sepsis-induced both histopatho-
logical and functional changes of liver potentially through
improved antioxidant activity.

Interestingly, the newest researches support the ap-
proach that for the best antioxidative results in sepsis, HBO
should be used along with antibiotic therapy *. All of these
studies partially correlate with the present investigation
along with the fence that studies differ in sepsis model and
HBO protocols.
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Conclusion

To the best of our knowledge, this is one of only few
studies that estimate the influence of hyperbaric oxygena-
tion on cardiac function and coronary circulation during
septic conditions. In that sense, the findings of the present
research may be an important basis for designing future ex-
periments, as well as clinical investigations. In the present
study, we showed that HBO treatment was not associated
with improved cardiac function and coronary perfusion,

while it expressed promising beneficial effects on cardiac
oxidative stress. A deeper assessment of this topic includ-
ing underlying molecular mechanisms requires further in-
vestigations.
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