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Abstract Treatment with hyperbaric O, (HBO) amelio-
rates ischemia-reperfusion (I/R) injury. Since tumor
necrosis factor-o (TNF-a) plays an important role in I/R
injury, we hypothesized that the effect of HBO in I/R
injury may be due to its ability to inhibit TNF-« pro-
duction. In this study, one group of rats received HBO
during 60 min of ischemia (HBO group, n=9), while
control rats endured the same procedure but did not
receive HBO (non-HBO, n=9). A group of sham-oper-
ated control rats (SHAM, n=6) underwent laparotomy
without occlusion of the artery and HBO treatment.
Intestinal I/R led to an increase in serum TNF-o con-
centration to [mean (SEM)] 165 (32) pg/ml (P <0.01 vs
SHAM rats). HBO attenuated this increase [34 (9) pg/
ml; P<0.05 vs non-HBO group]. Intestinal I/R also
resulted in a marked increase in lung myeloperoxidase
content [0.62 (0.04) U/g vs 0.17 (0.02) U/g of SHAM
rats, P<0.01]. HBO suppressed this increase [0.40
(0.04) U/g, P<0.05 vs non-HBO rats]. HBO amelio-
rated the injury to the intestine and lung. The number of
neutrophils sequestered in the lung was reduced in HBO
rats compared to non-HBO rats [6.4 (0.9) neutrophils/
per oil field and 10.9 (2) neutrophils/per oil field,
respectively; P <0.05]. These findings demonstrate that
HBO inhibits TNF-o production during intestinal I/R,
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and this reduced TNF-o production may be attributed
to the beneficial effects of HBO.
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Introduction

Hyperbaric O, (HBO) is a therapeutic modality that has
beneficial effects on selected clinical disorders, such as
decompression sickness, carbon monoxide poisoning,
smoke inhalation, gas gangrene, and refractory osteo-
myelitis (Hampson 1999). HBO enhances restoration of
the circulation and function of injured limbs (Marucha
et al. 1991), it improves healing of skin grafts and flaps
(Zamboni et al. 1993a), promotes functional recovery of
injured peripheral nerves (Zao 1991) and limbs
(Bouachour et al. 1996), and ameliorates lymph-
adenopathy, hypergammaglobulinemia, butterfly rash
and protenuria of patients with systemic lupus erythe-
matosus (Inamoto et al. 1991). In animal studies, it has
been shown that HBO reduces post-ischemic edema
(Nylander et al. 1985), stimulates aerobic metabolism to
preserve energy-rich compounds (Nylander et al. 1987;
Yamada et al. 1994), reduces venular neutrophil adher-
ence and inhibits progressive adjacent arteriolar vaso-
constriction of ischemic muscle (Zamboni et al. 1993b),
accelerates the recovery of crush injured peripheral
nerves (Bradshaw et al. 1996), rescues fibers from
ischemic degeneration (Kihara et al. 1995), and salvages
testes from torsion (Kolski et al. 1998). HBO reduces
lung neutrophil sequestration in rats with intestinal is-
chemia-reperfusion injury (Tjarnstrom et al. 1999), and
suppress inflammatory processes (Inamoto et al. 1991).

Reperfusion of an ischemic tissue or organ, such as in
acute pancreatitis (Guice et al. 1989), sepsis (Brigham
et al. 1979) and intestinal ischemia-reperfusion injury
(Caty et al. 1989), may cause acute lung injury. Intestinal
ischemia-reperfusion injury is accompanied by a high
complication rate, which is characterized by adult



respiratory distress syndrome, hypotension and renal
failure (Wilson et al. 1987). The fact that restoration of
blood flow can save the intestine, but results in multi-
organ dysfunction and death (Klass 1953) has led to
extensive clinical and experimental studies. The in-
volvement of neutrophil in intestinal ischemia-reperfu-
sion-induced lung injury is important (Caty et al. 1989;
Schmeling et al. 1989; Tjarnstrom et al. 1999).
Neutrophils are activated during intestinal ischemia, and
their adhesiveness and rigidity increase. During reper-
fusion, activated neutrophils are trapped within the lung
and adhere to endothelial cells, generating oxidants and
proteases (Turnage et al. 1994). Many mediators induce
neutrophil activation, including tumor necrosis factor-o
(TNF-0). The involvement of TNF-a in ischemia-
reperfusion injury is evidenced by the facts that (1) the
production of TNF-o increases in intestinal ischemia-
reperfusion injury (Caty et al. 1989; Sorkine et al. 1995),
and (2) the blockade of TNF-« activity reduces intestinal
ischemia-reperfusion-induced lung injury (Sorkine et al.
1995). Strategies for minimizing ischemic damage,
neutrophil activation, sequestration, and inflammation
process have been sought as treatments to prevent
injuries after post-ischemic reperfusion and host-defense
responses (Nighoghossian and Trouillas 1997).

HBO has a beneficial effect on ischemia-reperfusion
injury, and a suppressive effect on immune function.
Based on this, we hypothesized that the suppressing
effect of HBO on TNF-o production contributes to a
reduced ischemia-reperfusion-induced acute lung injury.
This experiment was designed to investigate the impact
of HBO on serum TNF-« production and lung neutro-
phil sequestration during intestinal ischemia-reperfusion
in the rat.

Methods

Animal model

Pathogen-free male Sprague-Dawley rats weighing between 280
and 300 g (Taconic Farm, Germantown, N.Y., USA) were used.
All rats were kept in wire mesh cages for 1 week to acclimate them
to the study environmental conditions: 12 h dark and 12 h light
cycle (light between 6 a.m. and 6 p.m.); room temperature 26 £ 1°C;
45% relative humidity. Rat chow (Diet no. 5008, Ralston Purina,
St. Louis, Mo., USA) and tap water were provided ad libitum. The
proposed study was approved by the State University of New
York, Upstate Medical University, Syracuse Committee for the
Humane Use of Animals, and was in accordance with the guide-
lines established by the National Institutes of Health. All surgical
procedures were performed with the rats under general anesthesia,
which was induced by intramuscular injection of a mixture of
ketamine and xylazine (150:30 mg/ml) at a dose of 0.6 ml/kg.

Surgical procedures

A midline laparotomy was performed. The superior mesenteric
artery was identified and occluded with a Schwarz-microvascular
clip. The ischemia status was confirmed by disappearance of the
distal pulse. The laparotomy incision was closed with 3-O silk
running suture, and the skin was closed with surgical clips. The
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animals from one group of rats were placed into an HBO chamber
to receive 60 min of treatment with HBO during the intestinal
ischemia period (HBO group, n=9). The rats were then removed
from the HBO chamber and the laparotomy incision was reopened
and the clip was removed. Reperfusion was confirmed by the return
of a pulse to the mesenteric vascular arcade. The incision was again
closed and the rat was subjected to reperfusion for 30 min. Control
rats (non-HBO group, n=9) underwent an identical procedure,
except that they were not treated with HBO. Sham-operated rats
(SHAM group, n=6) underwent the laparotomy procedure
without the occlusion of the superior mesenteric artery and HBO
treatment.

HBO treatment

HBO was accomplished by placing the rats individually into a cy-
lindrical pressure chamber (Sechrist Model 1300B, Sechrist Indus-
tries, Anaheim, Calif., USA). Each treatment consisted of 100% of
oxygen for 60 min during the ischemia period at 2.8 atm pressure
(where 1 atm=101.3 kN/m?).

TNF-o assay

A blood sample was obtained from the right ventricle and allowed
to clot for 2 h at room temperature, then centrifuged at 2,000 g for
20 min. The serum samples were stored at —20°C until assay.
TNF-o assays were performed according to the method described
by Pizarro et al. (1993) using the quantitative sandwich enzyme
immunoassay technique (Quantikine M, R&D Systems, Minne-
apolis, Minn., USA). Briefly, the serum sample was diluted at 1:2
with Calibrator Diluent RD5-17 and added to a 96-well enzyme-
linked immunosorbent assay plate coated with a monoclonal
antibody specific for rat TNF-a. The plate was washed and
incubated sequentially with an enzyme-linked polyclonal antibody
specific for rat TNF-a. The enzyme reaction yielded a blue
product that turned yellow when Stop Solution was added. The
result was measured within 30 min using a microplate spectro-
photometer set to 450 nm (SpectraMax 250, Molecular Devices,
Sunnyvale, Calif., USA). The minimum detectable dose of rat
TNF-o was 12.5 pg/ml.

Myeloperoxidase assay

Myeloperoxidase (MPO), an enzyme found primarily within neu-
trophils, is a sensitive marker for quantifying neutrophil content
in tissue. Assaying MPO in the lung is a quantitative method of
detecting neutrophil sequestration.

After the blood sample was withdrawn, the left lung was re-
sected, the surface washed free of blood, blotted dry and immedi-
ately frozen in liquid nitrogen and stored at —20°C until assay. The
thawed sample was weighed and then homogenized in 1 g tissue/
5 ml of 50 mM KH,PO,4 and 5 mM ethylenediaminetetraacetic acid
(pH 7.4) using the Virtis model 45 homogenizer. The homogenate
was centrifuged at 10,000 g at 4°C for 20 min, the supernatant
decanted, and the pellet resuspended in 3 ml of 50 mM KH,PO,
with 0.5% hexadecyltriethyl-ammonium bromide at pH 6.0. The
resulting suspension was frozen at —70°C overnight. The pellet was
then rehomogenized and sonicated (Fischer Model 550 Sonic
Dismembrator, Fischer Scientific, Pittsburgh, Pa., USA) for 5 min
and centrifuged at 10,000 g for 20 min. The final supernatant was
collected for MPO assay.

The assay mixture contained 0.2 ml of 0.4 M KH,POy, 0.1 ml of
16 mM 3,3,5,5, tetramethylbenzidine in N,N,dimethylformamide,
and 0.5 ml of 150 mM KH,PO, in 154 mM saline. Three minutes
after the addition of 0.1 ml of 3 mM H,O,, the reaction was
stopped with 4 ml of 0.2 mM sodium acetate at pH 3.0. Absorbance
was measured spectrophotometrically at 655 nm (Spectronic
Genesys 5, Spectronic Instruments, Rochester, N.Y., USA) and
compared with a standard curve generated from human MPO
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(Sigma) to determine the units of MPO per gram of tissue (U/g, wet
weight).

Morphological analysis
Intestinal injury

A specimen of the small intestine was taken at an equidistant point
along its length. The specimens were immediately fixed in 10%
formaldehyde-saline solution. The fixed tissue was embedded in
paraffin, sectioned, and stained with hematoxylin and eosin by a
pathologist (X.0.). The injury was evaluated according to a mu-
cosal injury score, as defined by Chiu et al. (1970), in a blind
fashion by a pathologist. The mucosal damage was evaluated as:

1. Grade 0: normal mucosal villi.

2. Grade 1: development of a subepithelial space, usually at the tip
of the villus, with capillary congestion.

3. Grade 2: extension of the subepithelial space with moderate
lifting of the epithelial layer.

4. Grade 3: massive epithelial lifting down the sides of villi.

5. Grade 4: denuded villi with lamina propria and dilated capil-
laries exposed. Increased cellularity of the lamina propria.

6. Grade 5: digestion and disintegration of the lamina propria,
hemorrhage, and ulceration.

For easy comparison, damage deserving of a grade greater than or
including 4 was defined as severe damage.

Lung neutrophil sequestration

The right lung was removed and immersion-fixed in formalin.
Fixed specimens were paraffin-embedded, sectioned and stained
with hematoxylin-eosin for light microscopic analysis. All micro-
scope sections were read in a blind fashion by a pathologist. Lung
neutrophil sequestration was quantitated by counting alveolar
septal wall neutrophils. Microscope fields containing other struc-
tures such as airways and larger vessels were excluded. Neutrophil
sequestration is expressed as the mean number of neutrophils per
eight oil fields (OF; magnification x100).

Statistical analysis

The results are presented as the mean (SEM). Statistical analysis
was performed using analysis of variance for repeated measures

and Bonferoni test for post-hoc paired comparisons. The level of
statistical significance was set at P <0.05. Morphological analysis
between HBO and non-HBO rats was performed with a paired
Student’s r-test.

Results
Effect of HBO on intestinal ischemia-reperfusion injury

A 60-min period of intestinal ischemia followed by
30 min reperfusion resulted in a severe damage rate of 84
(7)%, and treatment with HBO reduced this rate to 60
(11)% (Fig. 1).

Effect of HBO on lung neutrophil sequestration
during intestinal ischemia-reperfusion

A 60-min period of intestinal ischemia and 30 min
reperfusion resulted in a marked increase in lung MPO
content to 0.62 (0.04) U/g, compared to 0.17 (0.02) U/g
in the SHAM group (P <0.01, Fig. 2). During the period
of ischemia, HBO attenuated the increase in lung MPO
content [0.40 (0.04) U/g compared to the non-HBO
group]. Neutrophil sequestration in the lung following
intestinal ischemia-reperfusion is evidenced by mor-
phological examination (Fig. 3). The number of neu-
trophils in HBO rats was lower than in non-HBO rats
[5.1 (0.2) neutrophils/OF and 8.7 (1.6) neutrophils/OF,
respectively].

Fig. 1A, B Morphologic examination shows the protective effect of
hyperbaric O, (HBO) on the small intestine. A Severe hemorrhage
of the villi of the small intestine villi in rats that were not treated
with HBO (non-HBO). B Microvilli in the villi of the small intestine
of HBO rats, exhibiting a much lesser degree of hemorrhage than
those in B
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Effect of HBO on Lung Myeloperoxidase Content
during Intestinal Ischemia-Reperfusion
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Fig. 2 Lung tissue myeloperoxidase content expressed as U/g wet
tissue in rats subjected to intestinal ischemia-reperfusion with
(HBO, n=9) or without HBO treatment (non-HBO, n=9). Control
rats underwent sham operation without HBO treatment (SHAM,
n=06). Lung tissue myeloperoxidase content increased significantly
in HBO and non-HBO rats compared with SHAM rats, being
[mean (SEM)] 0.40 (0.04) U/g (P<0.05), 0.619 (0.044) U/g
(P<0.01) and 0.17 (0.02) U/g, respectively. HBO treatment
significantly alleviated the increase in lung myeloperoxidase
content (P <0.05)

Effect of HBO on serum TNF-« concentration
during intestinal ischemia reperfusion

Serum TNF-« concentration was undetectable in all but
one of the sham-operated rats (Fig. 4). Intestinal
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ischemia and subsequent reperfusion resulted in an in-
crease in serum TNF-o concentration [to 165 (32) pg/ml]
compared to the SHAM group. During the period of
ischemia, HBO attenuated the increase in serum TNF-o
[to 34 (9) pg/ml] compared to non-HBO rats.

Discussion

The main findings of this study are that: (1) 60 min of
intestinal ischemia and 30 min reperfusion resulted in
intestine and lung injury, (2) the serum TNF-« concen-
tration was elevated in intestinal ischemia-reperfusion
injury, (3) HBO attenuated TNF-o production, and
(4) HBO alleviated ischemia-perfusion-induced intestine
and lung injury. These data demonstrate a connection
between HBO treatment and alleviated intestine injury,
decreased TNF-a production, and reduced lung injury.

The duration of ischemia in the present study was
determined according to Schmeling et al. (1989),
whereby it can be predicted that once ischemia persists
beyond 60 min, intestinal injury and acute lung injury
will occur. The length of the reperfusion period was
chosen based on observations that the serum TNF-o
concentration reach their highest level during the first
30 min of reperfusion after either 60 min (Sorkine et al.
1995) or 120 min of intestinal ischemia (Caty et al. 1989).
Our data are in agreement with these reports. The
occurrence of maximal TNF-« elevation after a short
period of reperfusion is probably due to: (1) the time
needed for activated inflammatory cells to produce and

Fig. 3A, B Morphological examination revealed the protective
effect of HBO on neutrophil infiltration of the alveolar septa of the
lung. A Small-intestinal ischemia-reperfusion resulted in a marked
increase in neutrophil infiltration in the alveolar septa of the lung.
B HBO significantly reduced the number of neutrophils present
in the alveolar septa. The dark arrow indicates the infiltrated
neutrophils
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Effect of HBO on Serum TNF-o Concentration
during Intestinal Ischemia-Reperfusion
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Fig. 4 Serum tumor necrosis factor-a (TNF-x) concentration
expressed as pg/ml in rats subjected to intestinal ischemia-
reperfusion with (HBO, n=9) or without HBO treatment (non-
HBO, n=9). Sham control rats (SHAM, n=6) underwent sham
operation without HBO treatment. Serum TNF-a concentration
was almost undetectable in SHAM rats. Serum TNF-« concentra-
tion was significantly increased in HBO and non-HBO rats
compared with SHAM rats, being 34 (9.4) pg/ml (P <0.05), 165
(32) pg/ml (P<0.01) and 5 (5) pg/ml, respectively. HBO treatment
significantly reduced the increase in serum TNF-a concentration
(P<0.01)

release TNF-a (Remick et al. 1989), (2) augmentation of
the release of TNF-a oxygen free radicals that are
introduced by the reperfusion, (3) increased TNF-«
production from activated neutrophils and other
inflammatory cells sequestered in the liver and the lung
(Simpson et al. 1993), and (4) a simple “washout” from
the damaged intestine during the initiation of reperfu-
sion. Clearly, the damaged intestine is most responsible
for the induction of TNF-a. HBO decreases TNF pro-
duction during massive hemorrhage, and this is thought
to be attributable to improved oxygenation (Yamashita
and Yamashita 2000). In our study, HBO attenuated
local ischemic damage, thus contributing to a reduction
in TNF-a production.

Ischemia-reperfusion-induced acute lung injury is
characterized by basement membrane disruption, inter-
stitial edema and neutrophil sequestration. In our study,
60 min of ischemia followed by 30 min of reperfusion led
to neutrophil sequestration of the lung, suggesting an
early stage of lung injury. Lung injury occurs primarily
during the reperfusion period (Schmeling et al. 1989),
suggesting that during that time, activated mediators
that target the pulmonary vascular bed are released into
the circulation. Numerous mediators are thought to be
involved, including neutrophils (Simpson et al. 1993;
Vedder et al. 1989). In the present study, increased lung

MPO content corresponded with lung neutrophil infil-
tration, supporting the involvement of neutrophils in
mediating intestinal ischemia-reperfusion-induced lung
injury. The activated neutrophils sequestrate in the lung
and may mediate lung injury by (1) plugging capillaries,
(2) interacting with endothelial cells, (3) generating ox-
ygen-derived free radicals, (4) releasing proteases, and
(5) producing leukotriene and cytokines (Schmeling et al.
1989; Sorkine et al. 1995). The reduction or prevention
of neutrophil activation and sequestration would reduce
the incidence of ischemia-reperfusion-induced lung
injury. This hypothesis has been supported by studies in
which it has been shown that the depletion of
neutrophils ameliorates ischemia-reperfusion-induce
lung injury (Klausner et al. 1988). The beneficial effects
of HBO may be attributable to its ability to reduce
neutrophil activation and sequestration in ischemia-
reperfusion injury. HBO may achieve its beneficial ef-
fects by (1) preserving high-energy compounds (Yamada
et al. 1994), (2) limiting hypoxic-ischemic-induced lipid
peroxidation (Thom 1990), (3) reducing leukocyte
adherence (Haapaniemi et al. 1991), (4) decreasing
sequestration in reperfused tissue (Zamboni et al. 1996),
and (5) modifying the inflammatory process (Slotman
1998). The effect of HBO on ischemia-reperfusion-
induced lung injury has been examined. In one animal
study (Nahum et al. 1991), HBO was observed to reduce
pedicle arterial neutrophil concentration in the blood
flow to the gracillis muscle flap, but HBO did not change
lung neutrophil sequestration. As pointed out by
Tjarnstrom et al. (1999), the ischemic tissue volume in
this model was small and, consequently, the degree of
lung neutrophil sequestration was minor. In an intestinal
ischemia-reperfusion model, the rats underwent 90 min
of reperfusion after 2 h of ischemia. HBO was admin-
istered during the reperfusion period. A significant re-
duction in lung neutrophil sequestration was observed
(Tjarnstrom et al. 1999). The recruitment of lung neu-
trophils started during the period of ischemia and con-
tinued during reperfusion for a prolonged period of time
(Chiu et al. 1970; Kihara et al. 1995). Intestinal
ischemia-reperfusion induces a systemic neutrophil
activation (Nahum et al. 1991; Windsor et al. 1993). The
beneficial effect of HBO on lung neutrophil sequestra-
tion may be achieved when it is administered during
either the period of ischemia or the reperfusion. HBO
may be able to inhibit the activation of neutrophils and
to dislodge the sequestrated neutrophils (reduce adhe-
sion). This is supported by recent studies demonstrating
that HBO reduces neutrophil activation and deregulates
intercellular adhesion molecule-1 (Buras et al. 2000;
Cuzzocrea et al. 2000). Other mediators, for example
reduced TNF-o may also be responsible.

Virtually all intestinal injury is sustained during pe-
riods of ischemia; the incidence of reperfusion injury
appears to be almost negligible (Wilson et al. 1987).
However, damage to the distant organs, such as the
lung, is progressive. Therefore, the attenuation of either
localized ischemic tissue injury or distant-organ injury



may reduce ischemia-reperfusion injury. HBO amelio-
rates local ischemic tissue injury and suppress the in-
flammatory process. Yamada et al. (1994) found that
treatment with HBO during intestinal ischemia resulted
in an improvement in the survival rate and energy
charge of the intestine before reperfusion and intestinal
mucosal injury, and longitudinal muscle degeneration
was ameliorated. Treatment with HBO after reperfusion
had none of these effects. Rossman et al. (1997) reported
that perfusing the lumen of the intestine with oxygen-
ated perfluorocarbon during a period of ischemia re-
duced mucosal injury and associated lung injury. Ueno
et al. (1999) showed that early post-hepatectomy HBO
treatment decreased neutrophil activation and improved
the outcome. Convincingly, HBO should be adminis-
tered as early as possible during ischemia-reperfusion in
order to obtain a favorable effect.

TNF-« is considered to be a primary mediator in-
volved in moderating the cascade of the inflammatory
processes that lead to ischemia-reperfusion lung injury
(Caty et al. 1989; Khimenko et al. 1998; Welbourn et al.
1991). This is evidenced by the facts that:

1. Intravenous injection of low doses of TNF-a causes a
lung injury that mimics that seen in ischemia-reper-
fusion-induced lung injury (Okusawa et al. 1988).

2. Anti-TNF-« antibody has a protective effect against
ischemia-reperfusion-induced lung injury (Colleti
et al. 1990).

3. Concentrations of TNF-o are increased in ischemia-
reperfusion injury.

4. TNF-o activates neutrophils and endothelial cells
resulting in a rapid up-regulation of the adhesion
receptors, which enhances the adhesion of neu-
trophils and endothelial cells (Bevilacqua et al. 1987;
Strieter et al. 1987).

5. TNF-a enhances the macrophage respiratory burst,
which may also lead to oxidative tissue injury (Mayer
et al. 1993; Phillips et al. 1990).

6. TNF-a influences the production of other inflamma-
tory cytokines by neutrophils (Marucha et al. 1991).

7. TNF-o promotes the interaction between sequestered
neutrophils and the vascular endothelium, resulting
in an increase in neutrophil-dependent vascular
permeability (Gibbs et al. 1990).

8. TNF-a may directly injure the endothelial cells.

In our study, elevated serum TNF-a may be respon-
sible for ischemia-reperfusion-induced lung injury.

Macrophages, mast cells, epithelial cells and neu-
trophils are capable of producing significant quantities
of TNF-a (Xing et al. 1993). The likely source of TNF-«
in intestinal ischemia-reperfusion is from activated
macrophages and neutrophils leaking into the systemic
circulation from the ischemic intestine, and from nearly
all organs containing mononuclear cells, including cir-
culating blood monocytes (Beutler et al. 1985; Dubravec
et al. 1990). Since the liver and the lungs have a large
resident population of macrophages, and are the first
organs in the path of recirculation for the translocated
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endotoxin, they may be another major source of TNF-a.
One of the early studies showed that patients with
rheumatoid arthritis who were treated with HBO
achieved a remarkable recovery, suggesting that HBO
has an immunosuppressive effect (Kamada 1985). This is
supported by animal studies in which it was shown that
HBO inhibits interleukin (IL)-1 production (Inamoto
et al. 1991; Saito et al. 1991). One recent study has
shown that HBO attenuates the production of TNF-a,
IL-6, and their respective hepatic mRNAs after massive
hemorrhage (Yamashita and Yamashita 2000). Our data
provide further evidence that HBO inhibits TNF-«
production in intestinal ischemia-reperfusion injury.

In conclusion, intestinal ischemia-reperfusion results
in damage to the intestine and acute lung injury. The
production of TNF-a is enhanced during intestinal
ischemia-reperfusion. A connection exists between
enhanced TNF-o production and lung neutrophil
sequestration. During ischemia, HBO attenuates TNF-o
production and ameliorates intestinal and acute lung
injury. These data suggest that the immunosuppressive
effect of HBO is at least partially attributed to its ben-
eficial effect in intestinal ischemia-reperfusion injury.
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