Physiol. Res. 56: 369-373, 2007

Effect of Combined Therapy with Hyperbaric Oxygen and
Antioxidant on Infarct Volume after Permanent Focal

Cerebral Ischemia

G. ACKA', A. SEN?, Z. CANAKCP, S. YILDIZ®, A. AKIN?%, G. UZUN*,
H. CERMIK’, I. YILDIRIM®, S. KOKPINAR’

'Department of Neurosurgery, Mersin University Medical Faculty, Mersin, *Department of
Aerospace Medicine, 3Neur0surgery Clinic, Turkish Air Force Eskisehir Hospital, Eskisehir,
‘Departments of Underwater and Hyperbaric Medicine, *Departments of Pathology, *Departments
of General Surgery, GMMA Haydarpasa Training Hospital, Istanbul, "Departments of Underwater
and Hyperbaric Medicine, Istanbul University, Istanbul, Turkey

Received November 21, 2005
Accepted March 27, 2006
On-line available June 22, 2006

Summary

The aim of the present study was to evaluate the efficiency of combination of hyperbaric oxygen (HBO) and an
antioxidant on permanent focal cerebral ischemia. Male Wistar rats underwent permanent middle cerebral artery
occlusion (MCAOQ). Then, animals were randomly assigned to one of four groups: the control group (n=9) received no
treatment, HBO group (n=9) was treated for 90 min at 2.5 absolute atmosphere for 3 days, the U-74389G group (n=8)
received single U-74389G injection (3 mg/kg), the HBO + U-74389G group (n=8) received both HBO and U-74389G
treatments. Treatments were initiated within the first 10 min after MCAO. After 3 days, the infarct volumes in rat brains
were measured. The infarct ratios were 25.6+6.5 % for the control group, 21.9+6.4 % for the HBO group, 15.7£5.7 %
for U-74389G group and 12.5+3.8 % for HBO + U74389G group. The infarct volumes were significantly reduced in
rats treated with U-74389G (p<0.05) and combination therapy (p<0.05). HBO failed to reduce infarct volume
significantly. We concluded that 1) U-74389G is more beneficial than HBO on permanent MCAO in rats, and 2)
a combined therapy failed to significantly improve infarct volume more than either single treatment.
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Introduction tissue is highly sensitive to hypoxia, restoring tissue
oxygenation is one of the main strategies in acute stroke

Ischemic stroke is a clinical condition that  treatment. Hyperbaric oxygen (HBO) has been used as a
develops in connection with transient or permanent  primary or adjunctive therapy in several experimental and
blocking of a single intracranial artery. Since the brain  clinical stroke studies (Nighoghossian et al. 1995,
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Sunami et al. 2000, Rusyniak et al. 2003, Schabitz et al.
2004, Giinther et al. 2005, Hjelde et al. 2002, Lou et al.
2004). However, the use of HBO in ischemic stroke
treatment remains controversial (Zhang et al. 2005).

Most of the ischemic stroke cases are caused by
permanent occlusion of cerebral arteries (Christou et al.
2000). Some studies reported that single administration of
HBO reduces infarct volume after permanent middle
cerebral artery occlusion (MCAQO) (Sunami et al. 2000,
Schabitz et al. 2004, Glinther et al. 2005), while others
failed to show a beneficial effect (Hjelde et al. 2002, Lou
et al. 2004). Repetitive HBO treatment is recommended
for optimum dose of HBO treatments (Rogatsky et al.
2003, Jain 2004). A recent study showed that single HBO
does, but repetitive HBO does not, reduce infarct volume
after permanent MCAO (Giinther et al. 2005). Although
underlying mechanisms are not clear, reactive oxygen
species (ROS) induced by oxygen treatment under high
pressure may be responsible for this discrepancy
(Giinther et al. 2005). Repetitive HBO treatments may
cause excessive generation of ROS (Benedetti et al. 2004,
Topal et al. 2004). Neuronal cell membranes are very
sensitive to ROS induced damage due to very rich
polyunsaturated fatty acid composition. Antioxidant
supplementation has been shown to decrease HBO
induced oxidative stress (Etlik et al. 1997, Alleva et al.
2005). The combination of HBO and antioxidants in
acute stroke treatment has not been studied before.

This preliminary study was conducted in order to
evaluate the efficacy of combination of hyperbaric
oxygen (HBO) and of an antioxidant on permanent focal
cerebral ischemia. Lazaroid (U-74389G, 16-desmethyl
tirilazad mesylate) was used for antioxidant
supplementation. Lazaroids are potent inhibitors of ROS-
induced lipid peroxidation (Hall e al. 1994). The primary
aim of this study was to assess the infarct volumes in rat
brains three days after permanent MCAO. The effect of
HBO, U-74389G and combination of both treatments on
infarct volume were therefore evaluated.

Methods

All experimental procedures were performed in
accordance with the National Institutes of Health
guidelines and approved by the local ethics committee.

Experimental groups
A total of 34 male Wistar rats weighing 250 to
350 g were used. During experiments, the animals were

housed in cages with free access to food and water under
controlled temperature and 12-hour light/dark cycles for
at least one week. The animals were randomly assigned
to one of four groups; Control group (n=9) received no
treatment, HBO group (n=9) received repetitive HBO
treatments, U-74389G group (n=8) received a single
U-74389G treatment, HBO + U-74389G group (n=8)
received both U-74389G and HBO treatments.

Surgical Procedure

the wuse of
(60 mg/kg).
During surgery, rectal temperature was maintained at
37°C with a heating pad. Middle cerebral artery (MCA)
occlusion was performed as described by Bederson et al.
(1986). Briefly, the right MCA was exposed under an
operating microscope by a transtemporal approach. After

Anesthesia was provided by

intramuscular ketamine hydrochloride

partly excising the temporalis muscle, a 3 mm burr hole
was drilled 2-3 mm rostral at the fusion of the zygoma
and the squamosal bone. The dura was opened and
retracted to expose the MCA above the rhinal fissure. The
MCA was cauterized with a microbipolar coagulator from
the olfactory nerve to the inferior cerebral vein, and then
cut. The temporal muscle and skin were closed in layers.

HBO and U-74389G treatments

Animals in the HBO and HBO + U-74389G
groups were placed in a steel animal hyperbaric chamber
10 min after MCAO. Before
pressurization, 100 % medical oxygen was flushed

during the initial
through the chamber for 10 min to displace ambient air.
Oxygen pressure was then increased slowly and reached
2.5 ATA in 10 min. The chamber was ventilated during
HBO therapy to avoid carbon dioxide accumulation.
After 90 min at 2.5 ATA the chamber was decompressed
to the normal atmospheric pressure in 10 min.
Subsequent HBO and U-74389G treatments were applied
24 and 48 h after initial HBO treatment. Animals in the
U-74389G and HBO+U-74389G groups received an
intraperitoneal injection of U-74389 in a dose of 3 mg/kg
10 min after MCAO.

Evaluation of infarct area

After 3 days, the animals were reanesthetized
with ketamine hydrochloride and decapitated. The brains
were swiftly extracted and placed into tissue cutters; each
brain was divided into six 2-mm coronal sections. The
sections were incubated at 37 °C degrees for 30 min in a
2 % solution of 2,3,5-triphenyltetrazolium chloride (TTC)
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Fig. 1. Infarct ratios in the studied groups three days after
permanent middle cerebral artery occlusion. HBO; hyperbaric
oxygen, Combination; HBO+U-74389G. Data are expressed as
mean += SD. * p<0.05 vs. control group (one-way ANOVA
followed by Bonferroni test)

(Sigma Chemical Co., USA) in 0.9 % NaCl. The sections
were placed in 10 % formalin for 24 h fixation. At the
end of this process, brain infarct areas remained as
unstained white areas. The brain slices were
photographed with a digital camera. Total area of the
hemisphere and infarct areas were calculated by using an
image analysis program (OSIRIS Imaging Software,
4.18,

Switzerland). The percentage of infarction (infarct ratio)

version University Hospital of Geneva,
was calculated by dividing the infarct area by the total
area of the ipsilateral hemisphere. The analysis was

carried out under blinded conditions.

Statistical Analysis

The results were expressed as mean + S.D. The
differences between groups were assessed using one-way
analysis of variance (ANOVA), followed by Bonferroni
test for multiple comparisons. A value of p<0.05 was
considered statistically significant.

Results

Total infarct ratios were 25.5£6.4 % for the
control group, 21.9+6.4 % for HBO group, 15.7+5.9 %
for U-74389G group and 12.5+3.8 % for the HBO + U-
74389G group (Fig. 1). The infarct volumes were
significantly reduced in rats treated with U-74389G
(p<0.05) and combination therapy (p<0.05). Repetitive
HBO treatment failed to reduce the total infarct volume
significantly.

Discussion

Lazaroids (synthetic 21-aminosteroids) are

potent inhibitors of ROS induced lipid peroxidation (Hall

et al. 1994). U-74389G provides both antioxidant and
anti-apoptotic effects (Zhang et al. 1998). U-74389G also
leads to a visible protective effect on brain edema and
blood-brain barrier defects in ischemia-reperfusion
induced brain injury in rats (Durmaz et al. 2003).
U-74389G prevents the reduction of total and free
sulphydryl groups, superoxide dismutase and glutathione
reductase activities, and decreases thiobarbituric acid-
reactive substances (Farbiszewski et al. 1994). Previous
studies demonstrated that both multiple and single
administration of U-74389G significantly attenuates
neuronal damage after cerebral ischemia (Lee et al.1996,
Tseng et al. 1997, Zhang et al. 1998, Durmaz et al.
2003). The time of U-74389G administration is also
(1998) showed that
neuroprotective effects of U-74389G are more apparent

important. Zhang et al
when the drug is given at the beginning of the focal
cerebral ischemia. However, Lee et al. (1996) showed
that U-74389G is effective in global cerebral ischemia
when it was administered before or 30 min after the
ischemic period. In clinical settings, it is not likely to
predict who will have a stroke and to start drug therapy
before the initiation of cerebral ischemia. In our study,
animals received a single i.p. dose of U-74389G after the
beginning of the ischemic period; U-74389G was highly
effective in reducing infarct volume. This is the first
study to evaluate U-74389G in permanent MCAOQO. Park
and Hall (1994) studied the effects of a different lazaroid,
U-74006F (3.0 mg/kg), in permanent MCAO. The infarct
volume and neurological deficit score was reduced in rats
treated with U-74006F (Park and Hall 1994).

The effect of HBO on permanent cerebral
ischemia is controversial. In animal models, HBO
provided a beneficial outcome by increasing oxygen
supply to the ischemic brain tissue (Sunami et al. 2000,
Schabitz et al. 2004, Giinther et al. 2005). However, in
some studies HBO failed to demonstrate any beneficial
effect on permanent focal cerebral ischemia (Hjelde et al.
2002, Lou et al. 2004). The timing of HBO treatments
and infarct volume evaluation as well as HBO protocols
vary among these studies. Most of the experimental
studies have used a single HBO treatment regime in
permanent MCAO (Zhang et al. 2005). There is only one
article reporting repetitive HBO treatments in a
permanent MCAO model (Giinther et al. 2005). They
demonstrated that single HBO had an effect, but
repetitive  HBO did not reduce infarct volume in
permanent MCAO (Giinther et al. 2005). In our study
repetitive HBO did not reduce cerebral infarct volume.
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As we know, this is the first study evaluating the
effect of combined therapy with HBO and an antioxidant
on permanent MCAO as well as showing the beneficial
effect of U-74389G on permanent focal cerebral
The combined therapy with HBO and
U-74389G did not reduce infarct volume significantly

ischemia.

compared to single treatments with either HBO or
U-74389G. This may be due to the fact that U-74389G
saved most of the damaged tissue alone and therefore the
combination of both treatments failed to improve the
results.

There are limitations in our study. The first is
that the neurological scores of rats after permanent focal
cerebral ischemia were not evaluated; therefore we do not
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