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Introduction

Despite developments in surgical techniques and sup-
portive care, sepsis and its sequelae continue to be one
of the main causes of morbidity and mortality in the
intensive care unit. Mortality rates range from 16%–
64%, depending on the status of host factors, the origin
of the sepsis, the degree of infection, and the conditions
of intervention.1–3 Sepsis, doubtlessly, shows a severely
poor prognosis and high mortality rates when it is asso-
ciated with multiorgan dysfunction. Kidneys are one of
the organs most affected by sepsis,4,5 and the corruption
of renal function, which is essential for maintaining ho-
meostasis, causes additional sepsis. One reason for the
occurrence of renal dysfunction in sepsis is oxidative
strees.6,7 The overproduction of reactive oxygen species
(ROS) or an antioxidative defense deficit, for example,
in superoxide dismutase (SOD) and catalase (CAT)
activities, can cause oxidative stress. Both may occur in
sepsis.8

High mortality rates have stimulated the search for
new approaches to sepsis treatment to supplement the
conventional treatments. Among these, an interesting
method is hyperbaric oxygen (HBO) treatment, which
is based on 100% oxygen exposure at a level of pressure
higher than normal atmospheric pressure. HBO treat-
ment is very beneficial in diseases with infectious
processes, including refractory osteomyelitis, problem
wounds, and necrotizing fasciitis,9 and its effects on sep-
sis in some experimental models are being investigated.
HBO treatment has been shown to have a beneficial
effect in sepsis10 and sepsis-like zymosan-induced shock
models.11 Thom et al.10 observed that HBO treatment
resulted in declining mortality rates in sepsis cases.
Luongo et al.11 applied HBO to zymosan-induced shock
cases and observed no mortality at the end of a 72-h
period, while also noting a significant decrease in the
peritoneal leukocyte count and the amount of perito-
neal exudation.

Abstract
Purpose. To investigate the effects of hyperbaric oxy-
gen (HBO) treatment on renal functions and damage in
septic rats.
Methods. The animals were divided into four groups,
each containing ten animals: control, hyperbaric oxy-
gen, sepsis, and sepsis/hyperbaric oxygen. One milliliter
of saline containing live Escherichia coli cells (2.1 ¥ 109)
was injected intraperitoneally to induce sepsis. The
groups treated with HBO were given five sessions of 2
atmospheres absolute of 100% oxygen at intervals of
6h. Blood, urine, and tissue samples were then col-
lected, and the functional renal parameters, malondial-
dehyde (MDA) levels, and superoxide dismutase
(SOD) and catalase activities were examined.
Results. The reduced glomerular filtration rate and
urine flow returned to normal levels after HBO treat-
ment; however, the increase in fractionated sodium ex-
cretion continued. The increased MDA levels in the
renal cortex and medulla also decreased to the level of
the control group. In the sepsis group, both the SOD
and catalase activities decreased in the renal cortex,
while a reduction was observed only in the catalase
activity in the medulla. The reduced enzyme activities
significantly increased in the sepsis/hyperbaric oxygen
group.
Conclusion. HBO treatment has a beneficial effect on
renal dysfunction in sepsis. The probable reason for this
effect is the reduction in oxidative damage because of
the increase in antioxidative capacity.
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The key point of HBO treatment is the elevated pO2

levels reached in the plasma and tissues. The normal
alveolar pO2 level is reached under 1 atmosphere abso-
lute (ATA; 1 ATA = 760mmHg, which is the normal
atmosphere pressure at sea level), and higher pressures
cause an increase in the level of oxygen dissolved in the
plasma. It is possible to increase the level of oxygen
dissolved in plasma from 0.3% ml to 6% ml by exposure
to 3 ATA with 100% oxygen, the maximum limit for
HBO treatment.9 This level leads to a 10- to 15-fold
increase in tissue oxygenation. The inhalation of oxygen
in greater than typical concentrations can stimulate
ROS generation in several cell types; however, the re-
sults of studies are conflicting. Some studies of HBO
treatments show that oxidative damage in several cell
types increases,12–15 while others conclude the oppo-
site.16–19

The effect of HBO treatment on renal function in
sepsis is unknown. In this study, we investigated
whether HBO improved functional renal parameters
such as the glomerular filtration rate (GFR), urinary
sodium excretion (UNaV), fractional excretion of so-
dium (FENa), tubular sodium reabsorption (TNa), and
urine flow in sepsis-induced rats. Furthermore, we also
investigated the effect of HBO treatment on the levels
of oxidative damage and antioxidative defense mecha-
nisms in the kidneys of septic rats.

Materials and Methods

Male albino Wistar rats weighing 220–300g were used.
The animals were kept in stainless steel cages and main-
tained on laboratory food pellets and water ad libitum.
The rats were randomly divided into four groups. One
group of animals was treated with 1ml physiologic sa-
line solution (0.9% sodium chloride) by an intraperito-
neal (IP) route and served as the control group (n = 10).
HBO and saline were administered to the second group
of rats (HBO group) (n = 10). In the third group, sepsis
was induced by IP Escherichia coli injection (SEP
group) (n = 17). In the fourth group, HBO was adminis-
tered following sepsis induction (SEP/HBO group)
(n = 11). Seven rats in the SEP group and one rat in the
SEP/HBO group died during the experiment after E.
coli inoculation. The surviving ten rats in each group
were included in this study. All experiments were per-
formed in accordance with the guidelines for animal
experimentation of Kirikkale University School of
Medicine.

Experimental Sepsis Model

The rats in the SEP and SEP/HBO groups received an
IP inoculum of 1 ml of saline containing viable E. coli

cells (2.1 ¥ 109). The E. coli was isolated from the blood
of a septic patient who was hospitalized in the Gülhane
Military Medical Academy Hospital.

HBO Treatment Procedure

Hyperbaric treatments were done in a steel animal hy-
perbaric oxygen chamber. It was flushed with 100%
oxygen at the beginning of the treatment, and chamber
pressure was increased to 2 ATA in 10 min. For all
groups receiving HBO, five sessions of HBO treatment
were performed in total. The interval between sessions
was 6 h, and each session lasted 90min. The first session
was held 45 min after either the physiologic saline or E.
coli injection. Gradual decompression to normobaric air
at the end of the each session was completed in 5min. A
temperature of 22°–26°C and an airflow of 15 l/min were
maintained in the chamber for a period of 90 min.

Surgical Procedure

All animals were subjected to the same surgical proce-
dure. At 45 min after the last HBO session, the rats were
anesthetized with a mixture of ketamine and xylazine
(100 and 10 mg/kg intramuscularly, respectively). The
trachea was exposed and cannulated to ensure an open
airway. The right femoral artery, right femoral vein, and
bladder were catheterized for arterial blood pressure
monitoring, blood infusion, and urine sampling, respec-
tively. The right femoral artery cannula was connected
to a pressure transducer (P23 XL, Statham; Statham
Instruments, Oxnard, CA, USA) for blood pressure
monitoring with a Nec Sanei (Nec-Sanei, Tokyo, Japan)
polygraph. The right femoral vein cannula was con-
nected to an infusion pump (May 9601 infusion pump,
Commat, Ankara, Turkey) set at 0.060ml/min, and infu-
sion was started immediately. After 30min of stabiliza-
tion following the completion of all surgical procedures,
urine samples were collected for 30 min. Next, the kid-
neys were removed and blood samples were collected.
The kidneys were frozen in liquid nitrogen, and blood
samples were centrifuged immediately for plasma sepa-
ration. All samples were stored at -68°C until they were
used.

Biochemical Analysis

Proteins in tissue homogenates and plasma and urine
creatinine and sodium were determined by an Olympus
A800 (Olympus Optical, Tokyo, Japan) autoanalyzer
using kits from Olympus.

Malondialdehyde levels (MDA) were measured as a
thiobarbituric acid-reactive material. The renal cortex
and medulla were carefully separated. All tissue
specimens were homogenized in ice cold physiologic
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saline. The MDA levels in homogenates were measured
spectrophotometrically as described previously.20

Tetramethoxypropane solution was used as the stan-
dard. The MDA values determined in this way were
expressed as nanomoles per gram protein in the renal
cortex and medulla.

The CAT activity was determined using the
method of Aebi.21 Briefly, slices of renal tissues ob-
tained as before were transferred to tubes containing
50mM phosphate buffer and homogenized. The
homogenates were centrifuged at 700g for 10min. The
supernatant was diluted 50-fold with phosphate buffer,
and 200ml of the diluted supernatant was added to
2.8ml of 30mM H2O2. The change in absorbance was
read at 240nm. The rate constant of a first-order reac-
tion (k) was used: k = (2.3/Dt) ¥ log (A1/A2), where Dt is
a measured time interval (30s) and A1 and A2 are the
absorbances at the initial and final measurement times,
respectively. The CAT activity was expressed as k/mg
protein.

The SOD activity was determined using the
method of Paoletti et al.22 Briefly, the renal tissues
were homogenized in triethanolamine-diethanolamine
(25mM/25 mM) buffer. The homogenates were cen-
trifuged at 108800 g for 60min at 4°C. After 800ml
triethanolamine-diethanolamine (100mM/100 mM)
buffer, 40ml nicotinamide adenine dinucleotide
(NADH) solution (7.5mM), 25ml ethylenediaminete-
traacetate/MnCl2 solution (100mM/50 mM), and 100ml
supernatant were mixed thoroughly and read against air
at 340nm for a stable baseline, 100 ml mercaptoethanol
solution (10mM) was added and mixed. The decrease in
absorbance was recorded for 20min. The curves thus
obtained were compared with the SOD standard curves.
For this purpose, a least-squares linear regression analy-
sis was used. The SOD activity was reported as U/mg
protein.

Functional Kidney Parameters

Urine flow, FENa, UNaV, TNa, and GFR were calculated
using appropriate formulas.23 Creatinine clearance was
used as an indicator of GFR.

Histopathological Procedures

Kidney tissue specimens were harvested from the dead
animals, and fragments from the tissues were fixed in
10% neutral formalin solution, embedded in paraffin,
and then stained with hematoxylin and eosin. The
preparations were evaluated by a bright field micro-
scope and photographed (Nikon Optiphot 2, Tokyo,
Japan).

Statistics

A statistical analysis was performed using SPSS statisti-
cal software (version 8.0). The results are expressed as
means ± SE. The data were not normally distributed, so
differences among multiple groups were assessed using
the Kruskal-Wallis test and those between two groups
with the Mann-Whitney U test. A value of P < 0.05 was
considered to be significant.

Results

Blood Pressure

Mean arterial blood pressure (MAP) was 115.8 ±
2.8mmHg in the control group. MAP values of the
other groups were significantly lower than those of the
control animals (P < 0.05; Table 1). Although the mean
blood pressure of the SEP/HBO group was lower than
that of the control group, it was significantly higher than
that of the SEP group (P < 0.05). The mean blood
pressure of the HBO group was also higher than that of
the SEP group; however, the difference was not statisti-
cally significant (P = 0.052).

Renal Functions

We observed a decline in urine output, which is widely
seen in sepsis. The urine flow was significantly lower in
the SEP and HBO groups as compared with the control
group (Table 2; P < 0.05). In contrast, the urine flow in
the SEP/HBO group was significantly higher than those
in the HBO and SEP groups.

Table 1. Mean arterial pressure (MAP) and plasma sodium and creatinine levels (means ± SE) in all experimental groups

Control HBO SEP SEP/HBO

MAP mmHg 115.8 ± 2.8 93.7 ± 2.8a 80.0 ± 5.2a 95.1 ± 2.7a,c

Plasma sodium mmol/l 145.7 ± 0.8 146.4 ± 1.1 151.7 ± 1.0a,b 153.1 ± 2.6a,b

Plasma creatinine mg/dl 0.35 ± 0.01 0.38 ± 0.02 0.82 ± 0.16a,b 0.36 ± 0.03c

HBO, hyperbaric treatment group; SEP, sepsis-induced group; SEP/HBO, sepsis-induced and hyperbaric treatment group; MAP, mean arterial
blood pressure
a P < 0.05 vs. control group
b P < 0.05 vs. HBO group
c P < 0.05 vs. SEP group
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Similar to the urine flow, GFR was also found to be
lower in the SEP group (P < 0.05). Similarly, GFR in the
HBO group was lower than in the control group (P <
0.05). Interestingly, while the GFR values in the SEP
and HBO groups were lower, the GFR value in the
SEP/HBO group was higher than in those in the HBO
and SEP groups (P < 0.05).

When we examined the UNaV values, we observed a
significant decrease in the SEP group versus the control
group. In addition, the UNaV values in the SEP/HBO
group were significantly higher than those in the SEP
group (P < 0.05).

FENa, another functional renal parameter, was found
to be higher in the SEP and SEP/HBO groups than in
the control group (P < 0.05), but the high level of FENa

in the HBO group was not statistically significant.
The TNa values in the HBO group were lower than

in the control group. The TNa value in the SEP group
was considerably lower than in all of the other groups
(P < 0.05).

Plasma Sodium and Creatinine Levels

The plasma sodium values were higher in both septic
groups (P < 0.05). There was an increase in the plasma
creatinine levels in the SEP group compared with the
control and HBO groups (P < 0.05). However, the
plasma creatinine levels in the SEP/HBO group
were significantly lower than those in the SEP group
(Table 1).

Oxidative Damage in the Kidney

The MDA levels, an indicator of oxidative damage,
increased in the renal cortex and medulla in the SEP
group (Fig. 1). However, this increase did not occur in
the SEP/HBO group.

CAT and SOD Activities in the Kidney

The CAT activities of the control, HBO, SEP, and SEP/
HBO groups were, respectively, 0.123 ± 0.013, 0.108 ±
0.006, 0.064 ± 0.006, and 0.120 ± 0.014 k/mg protein in
the cortex, and 0.161 ± 0.010, 0.167 ± 0.022, 0.085 ± 0.006

Table 2. Functional kidney parameters (means ± SE) in all experimental groups

Control HBO SEP SEP/HBO

Urine flow ml/min 11.98 ± 1.77 7.55 ± 0.99a 5.31 ± 0.51a 13.05 ± 1.81b,c

GFR ml/min per 100 g  body wt 589.49 ± 31.40 393.61 ± 26.02a 240.26 ± 35.09a,b 671.17 ± 69.81b,c

UNaV mmol/min 0.762 ± 0.117 0.795 ± 0.298 0.429 ± 0.053a 0.993 ± 0.125c

FENa % 0.40 ± 0.09 0.56 ± 0.20 0.61 ± 0.12a 0.52 ± 0.05a

TNa mmol/min 0.207 ± 0.017 0.146 ± 0.013a 0.083 ± 0.012a,b 0.184 ± 0.019c

GFR, glomelular filtration rate; UNaV, urinary sodium excretion; FENa, fractional excretion of sodium; TNa, tubular sodium reabsorption
a P < 0.05 vs. control group
b P < 0.05 vs. HBO group
c P < 0.05 vs. SEP group

Fig. 1. Kidney cortex and medulla
malondialdehyde (MDA) levels in
all experimental groups. Bar heights
are the means; error bars indicate
± SEM. HBO, hyperbaric oxygen
group; SEP, sepsis induction group;
SEP/HBO, sepsis induction and hy-
perbaric oxygen group; a, P < 0.05 vs.
control group; b, P < 0.05 vs. HBO
group; c, P < 0.05 vs. SEP group
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and 0.199 ± 0.043 k/mg protein in the medulla (Fig. 2).
As mentioned before, the MDA levels, a sign of oxida-
tive damage, clearly increased in both the cortex and
medulla in the SEP group (Fig. 1), and were accompa-
nied by a concurrent decrease in CAT activity, which
is an important component of antioxidative capacity.
However, the CAT activity in the SEP/HBO group was
significantly higher than that in the SEP group.

Similarly, a considerable decrease was observed in
the renal cortex SOD activity in the SEP group (Fig. 3).
Although the renal cortex SOD activities in the control,
HBO, and SEP/HBO groups (respectively, 40.93 ± 5.89,
41.62 ± 5.68, and 48.96 ± 9.56U/mg protein) were simi-
lar, the SOD activity in the SEP group (19.16 ± 4.53 U/
mg protein) was significantly lower than in the other
groups. However, we could not find such a difference in

the medulla SOD activities. The SOD activities in the
medulla (as U/mg protein) were 49.77 ± 4.63 in the
control group, 43.92 ± 2.86 in the HBO group, 53.91 ±
8.67 in the SEP group, and 47.68 ± 9.72 in the SEP/HBO
group.

Histopathological Findings

The control and HBO groups showed normal histologi-
cal results (Fig. 4A,B). The most consistent findings in
the histological sections of renal tissues of rats in the
SEP group stained with hematoxylin and eosin were
severe degenerative changes, with shrunken tubules
and glomerules of the renal cortex. There was also
severe mononuclear cell infiltration with congestion
among glomerules and tubules in the renal cortex (Fig.

Fig. 2. Kidney cortex and medulla
catalase activities in all experimental
groups. Bar heights are the means;
error bars indicate ± SEM. a, P <
0.05 vs. control group; b, P < 0.05 vs.
HBO group; c, P < 0.05 vs. SEP
group

Fig. 3. Kidney cortex and medulla
superoxide dismutase (SOD) activi-
ties in all experimental groups. Bar
heights are the means; error bars in-
dicate ± SEM. a, P < 0.05 vs. control
group; b, P < 0.05 vs. HBO group; c,
P < 0.05 vs. SEP group
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4C). In the SEP/HBO group, the histology of the kid-
neys of three rats was completely normal. The severity
of degenerative changes in the glomerules and tubules
of the renal cortex of the kidneys of the other rats in
SEP/HBO group were considerably lower than those in
the SEP group. Although the degree of congestion (ac-
tive hyperemic fields) slightly decreased, mononuclear
cell infiltration was still severe (Fig. 4D).

Discussion

The results of this study showed that renal dysfunction
in sepsis was attenuated by the use of HBO, and that
this improvement was accompanied by a concurrent
decrease in the MDA level in renal tissue, an increase in

the SOD and CAT activities in the renal cortex, and an
increase in the CAT activity in the renal medulla. The
corruption of organ functions by sepsis makes treat-
ment difficult and increases the mortality rate. Because
the kidneys play an essential role in maintaining ho-
meostasis, they are among the most often affected or-
gans in sepsis. All of the functional renal parameters
included in this study were corrupted in septic rats.

The substantial increase in the plasma creatinine
level and the decrease in GFR indicate that renal failure
was generated in the SEP group. FENa, UNaV, and TNa

were indicators of tubular function in this study. In-
creased FENa and decreased TNa in the SEP group as
compared with the control group indicated tubular
damage. The histological sections also clearly illustrated
tubular damage (Fig. 4).

Fig. 4A–D. Kidney histology in all experimental groups (he-
matoxylin and eosin; 360¥). A Control group; B HBO group.
C SEP group: focal, intense interstitial mononuclear cell
infiltration, severe degenerative changes, and shrunken tu-
bules and glomerules of the renal cortex are observed. Con-

gestion of the vessels is dominant. D SEP/HBO group: the
severity of degenerative changes in the glomerules and espe-
cially in the tubules of the renal cortex was less than that in the
SEP group. Although the active hyperemic fields slightly de-
creased, mononuclear cell infiltration was still severe

A

C

B

D
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It is known that cellular oxidative damage plays a
crucial role in multiple organ dysfunction in sepsis.24

Renal dysfunction in rats in septic shock has been re-
ported to improve in the presence of free radical scav-
engers.6,7 ROS show their pathophysiological effects by
directly attacking lipids25 and proteins26 in biological
membranes, causing their dysfunction in cases of ROS
overproduction or ineffective ROS scavenging. MDA is
produced by lipid peroxidation caused by ROS in bio-
logical membranes, and it is a reliable indicator of oxi-
dative damage. Renal dysfuction occurs together with
increased oxidative damage in experimental models of
cyclosporin nephrotoxicity27 and glycerol-induced acute
renal failure.28 The administration of antioxidative
agents in these studies ameliorated renal dysfunction. In
our study, too, corrupted renal functions were accompa-
nied by a significant increase in MDA levels in the renal
cortex and medulla in the SEP group. In sepsis, it is
well known that oxidative stress increases, causing
antioxidative defense mechanisms, including SOD and
CAT activities to become inadequate because of the
overproduction of ROS.8 We also observed a decrease
in SOD and CAT activities, indicating a reduction of
antioxidative capacity. As a result, the oxidative dam-
age increased in the SEP group. Although SOD activi-
ties in the renal cortex of rats in the SEP group did not
decrease, there was a decrease in CAT activities; there-
fore, the increase in the oxidative damage may be attrib-
utable to the relative inadequacy of the break-down
process of the hydrogen peroxide generated by the ac-
tion of SOD.

However, in the SEP/HBO group, we observed that
the level of MDA stabilized, and indicators of renal
function improved, except for FENa. High FENa values
occur in the late stages of endotoxemia and are consid-
ered an indicator of tubular damage.29 In this study, we
found that, although the UNaV and TNa values of the
SEP/HBO group were not significantly different from
those of the control group, FENa values were higher,
suggesting that tubular function was not completely re-
stored by the HBO protocol we used. Additional stud-
ies using a longer treatment protocol need to be carried
out in order to find out whether HBO can restore tubu-
lar functions impaired by sepsis.

Although there was no improvement in tubular func-
tion, we observed complete recovery of plasma creati-
nine, GFR, and urine output levels, indicating the
restoration of renal function. This improvement was
accompanied by the development of degenerative
changes in the histological sections (Fig. 4D). ROS di-
rectly cause vasoconstriction in kidney microcircula-
tion. Furthermore, they are indirectly affect vascular
tone by affecting the action or production of other
agents that modulate vascular tone. They also affect
medullary blood flow and the liquid and electrolyte bal-

ance.30 When the balance between ROS formation and
the defense mechanisms changes, kidney function is in-
evitably negatively affected. In fact, Wang et al.31 deter-
mined that the reduction of GFR in endotoxemia
recovered considerably after administration of an SOD
mimetic. In another study, Leach et al.6 concluded that
kidney damage in endotoxemia was a result of an in-
crease in the formation of superoxides and other ROS
and the inadequacy of defense mechanisms. The level of
oxidative damage in the kidneys is closely related to
SOD and CAT activities.32 Because the SOD and CAT
activities in the renal cortex of the SEP/HBO group
were significantly higher than those of the SEP group,
the improvement in renal function was apparently re-
lated to an increase in antioxidative capacity and a cor-
responding decrease in oxidative damage.

It is known that hyperbaric oxygen treatment can
change SOD and CAT activities. It has been shown that
SOD activities are increased by HBO treatment in rat
extensor digitorum longus muscle,33 in pancreas and
erythrocytes of rats with induced acute necrotizing pan-
creatitis,16 and in the lungs of rats and guinea pigs37 and
in the erythrocytes of human patients with multiple scle-
rosis.35 Similarly, CAT activities increase in rat heart36

and in the erythrocytes of human patients with multiple
sclerosis.35 The increase in the myocardial CAT activity
was determined to be caused by HBO, which increases
CAT mRNA by a pretranslation effect. Furthermore, a
200% increase in mRNA by three sessions of HBO
treatment reached a level of 600% after five sessions.36

However, some studies have shown that CAT activities
in rat soleus muscle33 and in brain and lungs34 decrease
after HBO treatment. However, different HBO proto-
cols were used in these studies. In addition, regarding
the renal cortex and medulla SOD activities in the SEP
group in our study, it is reasonable that SOD expression
differs depending on tissue type. No previous study has
reported changes in renal SOD and CAT activities from
hyperbaric oxygen treatment, so we could not compare
our results with those of other studies.

One conclusion of this study is that the effects of
HBO treatment were not limited by the length of the
HBO sessions. This can be clearly seen by looking at the
mean arterial pressure (Table 1) and functional renal
parameters (Table 2) of the HBO group. Although we
began recording these parameters 45min after the last
HBO session, there were clear differences compared
with the control group. Nitric oxide synthesis, which is
very effective in regulating renal hemodynamic vari-
ables and arterial pressure, has recently been shown to
increase as a result of HBO treatment. Thom et al.37

showed such an increase in the perivascular part of the
rat aorta, and Elayan et al.38 showed it in the rat brain.
Furthermore, No levels remained high for several min-
utes after the end of HBO treatment in both studies.
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However, further investigations are needed to clarify
the relationship between HBO treatment and nitric
oxide.

In our research, we included a group that was treated
only by HBO (HBO group) in order to examine the
effects of HBO treatment on not only septic kidneys but
also healthy ones. UNaV values were observed to be
higher in the control, HBO, and SEP/HBO groups than
in the SEP group (Table 2). The reason for this seems to
be the high urine flow values in the control and SEP/
HBO groups. Even though, the UNaV level of the group
treated with HBO alone is close to that of control
group, the urine flow rate of the HBO group was signifi-
cantly lower than that of the control group (Table 2). In
this case, HBO seems to have a natriuretic effect. In
fact, the FENa and TNa values of the HBO group suggest
natriuresis as well. The effects of HBO treatment on
healthy kidneys are unknown. Detailed studies should
thus be carried out to elucidate how tubular function
and renal hemodynamics are affected by HBO.

The most surprising result of this study is the mean
GFR value in septic animals treated with hyperbaric
oxygen. Even though HBO treatment (HBO group) or
sepsis (SEP group) separately showed a decreased GFR
when the two treatments were applied together they
showed an increased GFR. Therefore, hyperbaric oxy-
gen treatment seems to have different effects on healthy
and damaged kidneys. We speculate that the decreased
GFR in the HBO group resulted from hemodynamic
changes generated by the decrease in blood pressure,
because the status of the HBO group was not complex
and did not involve mediators such as sepsis. In addi-
tion, oxidative damage was not different from that in
the control group. However, in the SEP/HBO group,
numerous sepsis-caused cytokines, which probably af-
fect renal function were present. In the SEP group, the
oxidative stress faced by the kidneys also causes dete-
rioration of their status. In the SEP/HBO group, we
could show that there was less oxidative damage. How-
ever, it is also known that HBO treatment affects
cytokines.39 Therefore, the additional effect on GFR in
the SEP/HBO group is a complex problem to explain.

The glomerular filtration determinants, which are
damaged in sepsis, were improved by HBO treatment.
The GFR, urine output, and plasma creatinine values in
the SEP/HBO group also indicate recovery from renal
failure. Kidney inefficiency considerably increases
mortality rates in diseases such as sepsis, which cause
serious corruption of the patient’s general health.40

Therefore, the use of HBO treatment in septic patients
who develop renal failure appears to be useful. How-
ever, it HBO does not reduce tubular damage in sepsis.
In spite of the wide use of HBO treatment for many
diseases, the effective mechanisms are still not well un-
derstood. In our study, the prevention of renal oxidative

damage by HBO treatment may have ameliorated renal
dysfunction in sepsis. The increase in the antioxidative
capacity (SOD and CAT activities) by HBO treatment
may have played a role in decreasing oxidative damage.
The effects of HBO should be clarified in complicated
conditions such as sepsis, in which various physiologic
regulatory mechanisms are involved. By taking into
consideration the findings of previous studies, it may be
stated that HBO treatment considerably improves
survival from sepsis and sepsis-like zymosan-induced
shock.9,10 Although, HBO demonstrated a beneficial ef-
fect on renal dysfunction according to our findings, nu-
merous studies much still be performed before HBO
treatment can be recommended as an effective treat-
ment modality for sepsis.
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