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Abstract
Loss of intestinal barrier function after burn injury allows movement of intraluminal contents
across the mucosa, which can lead to the development of distant organ injury and multiple organ
failure. Tight junction function is highly regulated by membrane-associated proteins including
occludin and zonula occludens protein 1 (ZO-1), which can be modulated by systemic
inflammation. We hypothesized that (1) burn injury leads to gut barrier injury, and (2)
phosphodiesterase inhibition will attenuate these burn-induced changes. Male balb/c mice
undergoing a 30% steam burn were randomized to resuscitation with normal saline or normal
saline + pentoxifylline (PTX; 12.5 mg/kg). Intestinal injury was assessed by histological diagnosis
and TNF-α levels using enzyme-linked immunosorbent assay. Intestinal permeability was
assessed by measuring the plasma concentration of fluorescein isothiocyanate–dextran after
intraluminal injection in the distal ileum. Occludin and ZO-1 levels were analyzed by
immunoblotting and immunohistochemistry. Thirty percent total body surface area (TBSA) burn
results in a significant increase in intestinal permeability. Treatment with PTX after burn
attenuates intestinal permeability to sham levels. Burn injury resulted in a marked decrease in the
levels of tight junction proteins occludin and ZO-1 at 6 and 24 h. The use of PTX after burn
significantly decreases the breakdown of occludin and ZO-1. Pentoxifylline also attenuates the
burn-induced increase in plasma and intestinal TNF-α. Confocal microscopy demonstrates that
PTX attenuates the burn-induced reorganization of occludin and ZO-1 away from the tight
junction. Pentoxifylline attenuates burn-induced intestinal permeability and decreases the
breakdown and reorganization of intestinal occludin and ZO-1. Therefore, phosphodiesterase
inhibition may be a useful adjunct strategy in the attenuation of burn-induced gut barrier injury.
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INTRODUCTION
Severe burn injury can result in a systemic inflammatory response syndrome (SIRS) leading
to distant organ injury and multiple organ failure (MOF). Due to the high mortality
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associated with MOF, intensive research efforts have been ongoing, investigating ways to
modulate the inflammatory response after trauma and burn. It has been hypothesized that the
gut may play a central role in the development of SIRS after shock (1). Bacterial
translocation across the intestinal mucosa and into the portal vein was initially believed to be
the inciting event in distant organ injury (2). However, studies were unable to document the
presence of bacteria or endotoxin in the portal vein (3). Recent research indicates that gut-
derived proinflammatory mediators, which travel through the intestinal lymphatics, may be
responsible for amplifying the systemic response (4).

An intact intestinal epithelium is required to maintain an effective barrier against luminal
bacteria and endotoxin that normally inhabits the gut. The tight junction is a highly regulated
structure that defines the overall permeability of the intestinal epithelium. Disruption of the
tight junction results in increased intestinal permeability, allowing luminal products to
access normally protected layers of the intestine. The intestinal tight junction is maintained,
in part, by the structural proteins occludin and zonula occludens protein 1 (ZO-1).

Occludin is a 65-kd protein containing four membrane-spanning segments that extend into
the extracellular space, connecting adjacent cells at the tight junction (5). The cytoplasmic
extension of occludin interacts with the tight junction protein ZO-1 and links it to the actin
cytoskeleton (6). Proinflammatory stimuli have been shown to increase permeability at the
tight junction and are associated with downregulation and altered localization of occludin
and ZO-1 (7, 8). Burn injury has previously been shown to decrease intestinal occludin
protein levels, whereas the effects of burn on ZO-1 levels and the cellular localization of
these tight junction proteins are unknown (9).

Phosphodiesterase inhibition with pentoxifylline (PTX) has previously been shown to
decrease histological gut injury and intestinal proinflammatory cytokine synthesis in models
of hemorrhagic shock (10, 11). We have also observed that phosphodiesterase inhibition
prevents the breakdown of the tight junction proteins occludin and ZO-1 in an in vitro model
of immunostimulated intestinal epithelial cells (unpublished data). In this study, we further
our investigation into the effects of phosphodiesterase inhibition on tight junction structural
proteins. We postulate that phosphodiesterase inhibition with PTX will decrease gut barrier
injury by attenuating the breakdown and altered localization of the tight junction proteins
occludin and ZO-1 in a murine model of severe cutaneous burn injury.

MATERIALS AND METHODS
These experiments were approved by the University of California Animal Subjects
Committee and are in accordance with guidelines established by the National Institutes for
Health.

Experimental model
Male balb/c mice (20–24 g) were purchased from Jackson Laboratory (Sacramento, Calif).
A 12-h light-dark cycle was instituted. Animals were anesthetized using inhaled isoflurane.
The dorsal fur was removed using an electric clipper. A template was made to estimate a
30% total body surface area. Animals were then placed in the template and were subjected
to a steam burn for 7 seconds. After burn, animals were randomized to receive an i.p.
injection of PTX (12.5 mg/kg; Sigma, St Louis, Mo) dissolved in 500 μL normal saline (NS)
or NS alone. All animals received a subcutaneous injection of 1.5 mL NS with
buprenorphine in a nonburned area for fluid resuscitation and analgesia. Sham animals
underwent induction of anesthesia, clipping of dorsal fur, i.p. injection of NS, and
subcutaneous injection of buprenorphine in NS but were not subjected to burn. After the
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experiment, animals were returned to their cages and allowed to recover from anesthesia.
They were provided food and water ad libitum.

Tissue procurement
At 2, 6, or 24 h after burn, animals were once again anesthetized with isoflurane. Animals
were exsanguinated using an axillary artery transaction, and blood was collected into
Eppendorf tubes and placed on ice. Serum was centrifuged at 10,000g for 10 min, and the
plasma was removed and stored at −70°C. The distal ileum was immediately harvested
through a midline laparotomy, snap frozen in liquid nitrogen, and stored at −70°C for later
analysis. Samples of ileum were also preserved in both formalin and optimal cutting
temperature embedding media (Sakura Finetek, Torrance, Calif) for later histological
analysis.

Histopathologic evaluation
Segments of distal ileum (n ≥ 3 per group) were stored in 10% phosphate-buffered saline
(PBS)–buffered formalin and embedded in paraffin blocks using an automated processor.
Seven-micrometer sections were cut and placed onto glass slides and stained with
hematoxylineosin (Richard-Allan Scientific, Waltham, Mass). A pathologist (P.W.) blinded
to the experimental groups evaluated each sample for presence of intestinal injury. Images
were obtained using an Olympus IX70 light microscope (Olympus, Melville, NY) at 20×
magnification with Q-imaging software (Q-imaging, Surrey, British Columbia, Canada).

In vivo intestinal permeability assay
An in vivo intestinal permeability assay was performed based on the method previously
described by Chen et al. (12). Four hours after burn, animals from each experimental group
(n ≥ 5) were anesthetized with isoflurane. A midline laparotomy was performed, and a 5-cm
segment of distal ileum was isolated between silk ties. Care was taken to ensure adequate
blood supply to the isolated segment of intestine. Two hundred microliters of PBS solution
containing 25 mg of 4.4-kd fluorescein isothiocyanate (FITC)–dextran (Sigma) was injected
intraluminally. The intestine was returned to the abdominal cavity, and the skin was closed.
Thirty minutes after injection of FITC-dextran, blood was obtained via cardiac puncture and
placed on ice. Blood was centrifuged at 10,000g for 10 min, and the plasma was removed.
The plasma was then analyzed for FITC-dextran concentration using a SpectraMax M5
fluorescence spectrophotometer (Molecular Devices, Sunnyvale, Calif). A standard curve
was obtained by diluting serial concentrations of FITC-dextran in mouse serum.

TNF-α levels
Plasma and intestinal TNF-α levels (n ≥ 4 per group) were measured 2 h after burn injury
using a commercially available sandwich enzyme immunoassay technique (enzyme-linked
immunosorbent assay [ELISA]; R&D Systems, Minneapolis, Minn). Intestinal TNF-α was
measured from whole-cell protein extracts from the distal ileum. TNF-α levels were
measured in picogram per milliliter.

Immunoblotting
Samples of distal ileum harvested at 2, 6, and 24 h after burn (n ≥ 4 per group) were
homogenized in 500 μL ice-cold tissue protein extraction reagent with 1% protease inhibitor
and 1% phosphatase inhibitor (Pierce Biotechnology, Rockford, Ill). Homogenates were
centrifuged at 10,000g for 5 min. Supernatants were collected, and the protein concentration
of each sample was determined using the bicinchoninic acid protein assay (Pierce) using a
microplate reader protocol. Samples containing 10 μg of protein were suspended in sodium
dodecyl sulfate (SDS) sample buffer (Invitrogen, Carlsbad, Calif) and were boiled at 100°C
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for 5 min. Proteins were separated by sodium dodecyl sulfate–polyacrylamide gel
electrophoresis using 6% (ZO-1) or 8% to 16% (occludin, β actin) Trisglycine
polyacrylamide gradient gels and subsequently transferred to nitrocellulose membranes
(Invitrogen). The membranes were blocked with 5% bovine serum albumin (BSA) in Tris-
buffered saline (TBS)/Tween 20 for 1 h. Primary antibodies specific for ZO-1 (1:500;
Zymed, Carlsbad, Calif), occludin (1:500; Santa Cruz Biotechnology, Santa Cruz, Calif), or
β actin (1:500; Cell Signaling, Danvers, Mass) were incubated with the membranes
overnight at 4°C in 5% BSA with Tris-buffered saline/Tween 20. Membranes were washed
and incubated for 1 h at room temperature with the secondary antibody horseradish
peroxidase–linked antirabbit IgG (1:2000; Cell Signaling) prepared in blocking solution.
After thorough washing, the Pierce Supersignal West Pico Chemiluminescent Kit was
applied for antibody detection with x-ray film (Amersham Biosciences, Piscataway, NJ).
Mean pixel density was estimated using UN-SCAN-IT Gel Digitizing software (Silk
Scientific, Orem, Utah). Data are expressed as the relative band density from Western blots.
Relative band density was calculated by dividing the pixel density of each sample by the
mean pixel density of sham samples.

Confocal microscopy
Samples of distal ileum from each experimental group (n ≥ 3 per group) were fixed in OCT
and stored at −70°C for later analysis. Ten-micrometer sections were cryosectioned using
the Reichert-Jung Cryocut 1800 (Reichert Microscopes, Depew, NY). Sections of ileum
were fixed onto the glass slides with 3.7% paraformaldehyde (Electron Microscopy Series,
Hatfield, Pa) for 10 min. Glass slides were washed with PBS, then cells were permeabilized
with 0.01% Triton X-100 (Sigma) in PBS for 1 min. After washing with PBS, sections were
blocked for 1 h using 3% BSA. Sections were incubated overnight with the primary
antibody (1:100) in 1% BSA. After washing with PBS, the sections were treated with the
secondary antibody, Alexa Fluor 488 (1:100; Invitrogen), in 1% BSA for 1 h. Cover slips
were placed onto glass slides after the addition of Prolong Fade (Invitrogen). Glass slides
were allowed to cure overnight in the dark. Images were viewed using an Olympus
Fluoroview laser scanning confocal microscope (Olympus) at 60× magnification with a 2.3×
zoom.

Statistical analysis
Values are expressed as the mean ± SEM of n observations, where n represents the number
of animals in each experimental group. Each assay was performed in duplicate where
appropriate. The statistical significance among groups was determined using ANOVA with
Bonferroni correction. A P < 0.05 was considered statistically significant.

RESULTS
Histopathologic evaluation

Samples of distal ileum harvested at 6 h after burn were stained with hematoxylineosin and
were reviewed by a pathologist blinded to the experimental conditions (Fig. 1). The
histopathologic appearance of the distal ileum of burned animals given NS demonstrated
marked blunting and necrosis of the intestinal villi. Burned animals treated with PTX
exhibited a histological appearance similar to sham, with minimal damage to the villi and no
necrosis.

In vivo intestinal permeability assay
Intestinal permeability was assessed 4 h after 30% TBSA burn by measuring the systemic
plasma concentration of intraluminally injected 4.4-kd FITC-dextran (Fig. 2). Compared
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with sham, there is a significant increase in intestinal permeability in burned animals
receiving NS (237 ± 31 vs. 27 ± 9 μg/mL; P < 0.001). Treatment with PTX after burn
reduces intestinal permeability to sham levels (38 ± 11 μg/mL; P < 0.001 versus burn).
There was no increase in intestinal permeability in sham animals that received PTX (43 ± 13
μg/mL).

Plasma TNF-α levels
TNF-α is a proximal mediatory of the inflammatory cascade that increases rapidly after
proinflammatory stimuli. Therefore, plasma TNF-α levels were measured 2 h after burn
(Fig. 3). Burned animals treated with NS had a rapid increase in plasma TNF-α levels (66.4
± 20.8 pg/mL; P < 0.02 versus sham). Treatment with PTX after burn resulted in a 70%
decrease in plasma TNF-α compared with burned animals treated with NS (P < 0.05), with
TNF-α levels similar to sham.

Intestinal TNF-α levels
TNF-α from distal ileum extracts was assessed 2 h after burn to analyze the local
inflammatory conditions affecting the intestinal tight junction (Fig. 4). Intestinal TNF-α
levels were significantly increased in burned animals given NS (50.9 ± 4.9 pg/mL; P < 0.001
versus sham). Treatment with PTX decreased intestinal TNF-α levels by 35% compared
with burn alone (26.0 ± 1.6 pg/mL; P < 0.001 versus burn). Minimal TNF-α was measured
from sham animals (14.8 ± 2.8 pg/mL).

Intestinal occludin levels
Occludin is a transmembrane protein that links adjacent cells at the tight junction and is
involved in regulating permeability. Occludin protein levels from the distal ileum were
measured at 2, 6, and 24 h after burn (Fig. 5). In burned animals treated with NS, occludin
levels decreased 43% compared with sham (P < 0.05) at 6 h after burn. This decrease in
occludin protein remained at 24 h (P < 0.02). Treatment with PTX after burn resulted in a
19% decrease in occludin protein compared with sham at 6 h, which was also seen at 24 h.
There was no significant decrease in occludin protein levels at 2 h in either group.

Cellular localization of intestinal occludin
Confocal microscopy images of distal ileum from sham animals show a smooth, continuous
pattern of occludin staining in areas of cell-cell contact at the periphery of the cell (Fig. 6A).
Burn animals exhibit a more disordered pattern of occludin staining. The continuous pattern
is lost, and occludin no longer clearly delineates areas of cell-cell interaction (Fig. 6B).
Burned animals treated with PTX have a pattern of occludin localization similar to control
(Fig. 6C). Occludin staining in the distal ileum from these animals is much smoother, with a
more ordered distribution at the periphery of the cell.

Intestinal ZO-1 levels
Zonula occludens protein 1 is a 220-kd tight junction protein that links the transmembrane
protein occludin to the actin cytoskeleton within the apical portion of the cell. Zonula
occludens protein 1 protein levels were analyzed from sample of distal ileum at 2, 6, and 24
h after burn (Fig. 7). At 6 h after burn, ZO-1 levels decreased 68% (P < 0.05) in NS-treated
animals, whereas ZO-1 levels decreased by 47% (P < 0.02) in PTX-treated animals when
compared with sham. At 24 h after burn, ZO-1 levels decreased by only 21% in PTX-treated
animals, whereas a significant decrease remained in animals given NS (P < 0.01 versus
sham).
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Cellular localization of intestinal ZO-1
Burn-induced changes in localization are also seen in samples of distal ileum stained for
ZO-1. An organized, smooth pattern of staining at the periphery of the cell is seen once
again in the sham animals (Fig. 8A). Severe burn treated with NS, however, results in
altered localization of ZO-1 away from the tight junction. There is clearly a disordered
pattern of ZO-1 staining, with destruction of the architecture, and loss of staining at areas of
cell-cell contact (Fig. 8B). The intestinal epithelial ZO-1 distribution in burned animals
treated with PTX shows improvement compared with animals given NS (Fig. 8C). There is
an organized pattern of staining seen at the periphery of the cell with fewer areas of ZO-1
breakdown.

DISCUSSION
Burn injury accounts for more than 40,000 admissions per year in the United States, with a
6% mortality in patients requiring burn center admission (13). Although there is clearly
cutaneous damage after burn, injury to multiple organ systems also occurs due to systemic
inflammation. Dermal injury may act as an ongoing stimulus for the inflammatory response
leading to production of proinflammatory mediators, which can lead to acute respiratory
distress syndrome, MOF, and death. Therefore, investigating strategies to limit the SIRS
response may lead to improved outcomes for seriously burned patients.

The gastrointestinal tract has been recognized as a key mediator in the SIRS to burns (14).
After thermal injuries, the injured gut releases biologic factors into the mesenteric lymph
that activates neutrophils, causes endothelial cell injury, and increases endothelial cell
permeability (15). It is believed that the systemic circulation of these gut-derived factors can
lead to distant organ injury (16). In fact, studies have shown that ligation of the mesenteric
lymphatics after shock leads to a decrease in both neutrophil activation and acute lung injury
(17).

Increased intestinal permeability likely plays an important role in the immune response to
shock. The intestine is an important immunologic organ, with approximately 60% of the
total T-cell population located in the small intestine (18). The distal small bowel and colon
are normally colonized by approximately 109 bacteria. The host is normally protected from
developing bacteremia and sepsis by an intact intestinal epithelium, which prevents systemic
spread of bacteria and endotoxin. However, increased intestinal permeability has been
documented after burn and may be the inciting incident that ultimately leads to SIRS and
MOF.

Intestinal permeability is regulated by the tight junction, located at points of cell-cell contact
at the apical portion of the epithelial cell. Tight junction barrier function is highly regulated
by both structural and function proteins that control paracellular permeability. Occludin and
ZO-1 play a critical role in tight junction structure and have been shown to decrease in
sepsis and inflammatory bowel disease (19, 20). Proinflammatory cytokines such as TNF-α
and IL-1β are also known to induce changes in occludin and ZO-1 expression and
localization within the cell, which can lead to increased permeability (7, 8).

In this series of experiments, we show that the use of the phosphodiesterase inhibitor PTX
after severe burn injury results in decreased systemic and intestinal TNF-α levels and
decreased breakdown of intestinal tight junction structural proteins. This study is the first to
show a decrease in ZO-1 protein levels and altered cellular localization of both occludin and
ZO-1 after burn. In addition, we are the first to show that PTX attenuates burn-induced
intestinal permeability, decreases the breakdown of intestinal ZO-1 and occludin, and
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prevents reorganization of these proteins away from the tight junction. Our results also
indicate that treatment with PTX also prevents burn-induced histological gut injury.

Pentoxifylline is a nonspecific phosphodiesterase inhibitor that has been studied as an
immunomodulator after shock due to effects on inflammatory signaling. Pentoxifylline has
been used in the clinical setting as a treatment for peripheral vascular disease because of its
ability to improve microcirculation (21). In our laboratory, we have extensively studied the
effects of PTX on distant organ injury and inflammatory signaling in models of hemorrhagic
shock and sepsis. We have previously shown that treatment with PTX decreases
proinflammatory mediator synthesis, including TNF-α. Our studies also indicate that PTX
attenuates lung, gut, and liver injury after shock (10, 11, 22–27).

These results shed light onto the time course of tight junction breakdown after burn. We
found no significant change in occludin and ZO-1 levels at 2 h after burn. By 6 h, there was
a significant decrease in occludin and ZO-1 in burned animals, which was attenuated in
animals treated with PTX. This time point for breakdown of the tight junction is supported
by a study by Horton (28), who found a decrease in intestinal blood flow and an increase in
intestinal permeability that peaked at 5 h after burn. Our data also indicated that the
breakdown in occludin and ZO-1 persists at 24 h after burn. After burn injury, the injured
skin likely serves as a proinflammatory stimulus that persists until excision of the burned
tissue. Pentoxifylline may exert its effects through its ability to modulate inflammatory
signaling, thus decreasing distant organ injury caused by the burn.

Phosphodiesterase inhibition with PTX significantly reduced the burn-induced increase in
plasma TNF-α at 2 h. TNF-α is a proximal mediator of inflammation which peaks early
after burn and regulates the subsequent synthesis of several cytokines and adhesion
molecules (29, 30). TNF-α is known to cause downregulation of occludin and ZO-1;
therefore, attenuation of circulating TNF-α levels may be 1 mechanism by which PTX
modulates tight junction breakdown. Pentoxifyl-line may also prevent tight junction failure
through its ability to decrease activation of the proinflammatory transcription factor nuclear
factor κB (NF-κB) (26, 31). Nuclear factor κB inhibition can have significant effects, as
several proinflammatory mediators (including TNF-α and IL-1β) contain NF-κB binding
sites in their promoter regions. Al-Sadi (8) and Ma et al. (32) have shown that NF-κB
activation is required for the TNF-α–induced downregulation of intestinal epithelial
occludin and ZO-1 levels and increases in intestinal permeability. These findings indicate
the importance of NF-κB activation in regulating occludin and ZO-1 and give insight into a
key mechanism by which PTX is able to prevent tight junction breakdown.

Pentoxifylline may also prevent changes in occludin and ZO-1 by inhibiting signaling within
the intestinal epithelial cell. The intestinal tight junction is regulated by several signaling
pathways involving calcium, cyclic adenosine monophosphate, protein kinase A (PKA), and
protein kinase C (PKC) (33). Protein kinase A activation has been shown to modulate ZO-1
localization to the tight junction (34). As a phosphodiesterase inhibitor, PTX is known to
increase intra-cellular cyclic adenosine monophosphate and has been shown to exert its
effects in both PKA-dependent and -independent mechanisms. Protein kinase C has also
been shown to regulate intestinal permeability and tight junction protein assembly (35).
Pentoxifylline has been shown to inhibit PKC activation and may prevent
immunomodulatory signaling to the tight junction (36).

Treatment with the phosphodiesterase inhibitor PTX prevented the burn-induced decrease in
intestinal occludin and ZO-1 protein levels and prevented changes in the cellular localization
of these proteins. Importantly, we also observed a decrease in burn-induced intestinal
permeability after treatment with PTX. Phosphodiesterase inhibition may serve as a
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beneficial adjunct in the treatment of severely burned patients because of its ability to
attenuate gut barrier injury and potentially limit the SIRS response.
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Fig. 1. Histological gut injury after burn
Samples of distal ileum were harvested 6 h after 30% steam burn (n ≥ 3 per group). A,
Normal-appearing distal ileum from sham animals. B, Distal ileum from burned animals that
received NS. Destruction of villi and epithelial necrosis is visualized. C, Distal ileum from
burned animals treated with PTX. Note the similar appearance to sham animals with normal-
appearing villi. Images viewed at 20× magnification.
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Fig. 2. Phosphodiesterase inhibition with PTX attenuates burn-induced intestinal permeability
Intestinal permeability assessed by measuring FITC-dextran in the systemic circulation after
intraluminal injection of 4.4-kd FITC-dextran 4 h after 30% TBSA burn (n ≥ 5 per group).
There is a significant increase in intestinal permeability in burned animals treated with NS.
Treatment with PTX decreases intestinal permeability to sham levels. *P < 0.001 versus
sham; †P < 0.001 versus burn.

Costantini et al. Page 11

Shock. Author manuscript; available in PMC 2012 September 18.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 3. Effects of PTX on plasma TNF-α levels 2 h after burn
TNF-α concentration determined using ELISA (n ≥ 4 per group). Data are presented as
percentage of TNF-α levels in animals receiving NS after burn. Pentoxifyl-line resulted in
70% decrease in plasma TNF-α levels compared with animals treated with NS. *P < 0.02
versus sham; †P < 0.05 versus burn.
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Fig. 4. Pentoxifylline decreases burn-induced increase in intestinal TNF-α levels 2 h after burn
TNF-α concentration from distal ileum intestinal extracts determined using ELISA (n ≥ 4
per group). Treatment with PTX after burn resulted in a 45% decrease in intestinal TNF-α
levels compared with burned animals treated with NS. *P < 0.001 versus sham; †P < 0.001
versus burn.
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Fig. 5. Intestinal occludin levels after burn
A, Representative Western blots for occludin at 2, 6, and 24 h after burn. B, Graph
represents relative band densities from Western blots of distal ileum after burn (n ≥ 4 per
group). Results from the 6-h group in dark gray and the 24-h group in light gray. Occludin
levels decreased approximately 50% in burned animals given NS. Decreased intestinal
occludin protein breakdown was seen in burned animals treated with PTX. *P < 0.05 versus
sham; †P < 0.05 versus burn at 6 h; ‡P < 0.002 versus sham; §P < 0.02 versus burn at 24 h.
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Fig. 6. Confocal microscopy images of distal ileum stained for occludin (n ≥ 3 per group)
A, Representative image from sham animal showing smooth, even distribution of occludin
at areas of cell-cell contact. B, Burn injury alters the localization of occludin, with a more
disordered appearance (arrow) and decreased staining at the periphery of the cell. C,
Pentoxifylline improves the burn-induced alteration in occludin staining, with a more
organized distribution at areas of cell-cell contact. Size bar = 20 μm.
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Fig. 7. Intestinal ZO-1 levels after burn
A, Representative Western blots for ZO-1 at 2, 6, and 24 h after 30% TBSA burn. B, Graph
represents relative band densities from Western blots of ZO-1 protein at 6 h (dark gray) and
24 h (light gray) after burn (n ≥ 4 per group). Treatment with PTX after burn results in a
12% and 26% improvement in gut ZO-1 levels compared with NS at 6 and 24 h,
respectively. *P < 0.05 versus sham; †P < 0.02 versus sham; ‡P < 0.01 versus sham.
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Fig. 8. Confocal microscopy images of intestinal ZO-1 localization after burn (n ≥ 3 per group)
A, Section of distal ileum from sham animal stained for ZO-1. Distribution of ZO-1 is
clearly seen at the periphery of the intestinal epithelial cell, with an even distribution at areas
of cell-cell contact. B, ZO-1 distribution in distal ileum of burned animals is altered (arrow),
with loss of staining at the periphery of the cell. C, Treatment with PTX results in an
improved appearance of ZO-1 staining. Zonula occludens protein 1 staining has a smooth
appearance with localization at the periphery of the intestinal epithelial cell, with fewer
areas of breakdown. Size bar = 20 μm.
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