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Abstract
AIM: To investigate the individual and combined 
effects of allopurinol and hyperbaric oxygen (HBO) 
therapy on biochemical and histopathological changes, 
oxidative stress, and bacterial translocation (BT) in the 
experimental rat acute pancreatitis (AP). 

METHODS: Eighty-five Sprague-Dawley rats were 
included in the study. Fifteen of the eighty-five rats 
were used as controls (sham, GroupⅠ). AP was induced 
via intraductal taurocholate infusion in the remaining 
seventy rats. Rats that survived to induction of acute 
necrotizing pancreatitis were randomized into four 
groups. Group Ⅱ received saline, Group Ⅲ allopurinol, 
Group Ⅳ allopurinol plus HBO and Group Ⅴ HBO alone. 
Serum amylase levels, oxidative stress parameters, BT 
and histopathologic scores were determined.

RESULTS: Serum amylase levels were lower in Groups 
Ⅲ, Ⅳ and Ⅴ compared to Group Ⅱ (974 ± 110,  
384 ± 40, 851 ± 56, and 1664 ± 234 U/L, respectively,  
P < 0.05, for all). Combining the two treatment options 

revealed significantly lower median [25-75 percentiles] 
histopathological scores when compared to individual 
administrations (13 [12.5-15] in allopurinol group, 9.5 
[7-11.75] in HBO group, and 6 [4.5-7.5] in combined 
group, P < 0.01). Oxidative stress markers were 
significantly better in all treatment groups compared to 
the controls. Bacterial translocation into the pancreas 
and mesenteric lymph nodes was lower in Groups Ⅲ, Ⅳ 
and Ⅴ compared to Group Ⅱ (54%, 23%, 50% vs  100% 
for translocation to pancreas, and 62%, 46%, 58% vs  
100% for translocation to mesenteric lymph nodes, 
respectively, P < 0.05 for all).

CONCLUSION: The present study confirms the benefit 
of HBO and allopurinol treatment when administered 
separately in experimental rat AP. Combination of these 
treatment options appears to prevent progression of 
pancreatic injury parameters more effectively.

© 2007 WJG. All rights reserved.
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INTRODUCTION
Acute pancreatitis (AP) is an untreatable condition with 
a wide clinical spectrum ranging from a mild, self-limited 
disease to severe organ failure[1]. Translocation of  enteric 
bacteria is the most important cause of  infection in the 
pancreatic tissue, and subsequent events such as sepsis 
and related complications[2,3]. Currently, several treatment 
options have been proposed for the septic complications 
of  AP. 

Hyperbar ic  oxygen (HBO) therapy has  been 
investigated in several experimental and clinical conditions 
which cannot be treated with currently available medical 
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or surgical options[4,5]. HBO has been shown to have 
bactericidal activity against anaerobic bacteria[6]. In 
addition, HBO reduces the incidence of  bacterial 
translocation[7]. It also lowers nitric oxide production and 
enhances several activities including bactericidal action 
of  neutrophils, angiogenesis and wound healing[8]. Lin 
et al showed that repeated HBO therapy in endotoxic 
rats reduced inflammatory mediators and free radicals, 
as well as mortality[9]. In a rat model of  tourniquet-
induced ischemia-reperfusion skeletal muscle injury, HBO 
attenuated the reperfusion-induced increase in catalase 
activity and malondialdehyde (MDA)[10]. These studies 
demonstrated that HBO treatment, especially when 
administered in repeated doses has antioxidant rather than 
oxidative effect.

Xanthine oxidase plays an important role in the 
migration of  microorganisms from the intestinal lumen 
to intra-abdominal spaces in pathological conditions, an 
event termed bacterial translocation (BT)[11,12]. Allopurinol 
(ALPL) has antioxidant properties, and previous studies 
have shown that antioxidant therapy reduces tissue injury 
and bacterial translocation in experimental pancreatitis[13,14]. 

The present study was carried out to investigate the 
individual and combined effects of  ALPL and HBO on 
biochemical and histopathological changes, oxidative stress, 
and BT during the course of  experimental rat pancreatitis.

MATERIALS AND METHODS
The study was approved by the Institutional Animal Use 
and Care Committee of  the Gulhane Medical Academy 
and performed in accordance with the National Institutes 
of  Health guidelines for the care and handling of  animals.

Animals
Eighty-five male Sprague-Dawley rats weighing from 
280 to 350 g were obtained from Gulhane School of  
Medicine Research Center (Ankara, Turkey). Before the 
experiment, the animals were fed standard rat chow and 
water ad libitum and housed in metabolic cages with 
controlled temperature and 12 h light/dark cycles for at 
least 1 wk.

Induction of pancreatitis
Anesthesia was induced with Sevoflurane (Sevorane®  
Liquid 250 mL, Abbott, Istanbul, Turkey) inhalation. 
Laparotomy was performed through a midline incision. 
The common biliopancreatic duct was cannulated with a 28 
gauge 1/2 inch, micro-fine catheter. One microaneurysm 
clip was placed on the bile duct below the liver and another 
around the common biliopancreatic duct at its entry 
into the duodenum to avoid reflux of  enteric contents 
into the duct. One mL/kg of  3% sodium taurocholate 
(Sigma, St. Louis, MO, USA) was slowly infused into the 
common biliopancreatic duct, with the infusion pressure 
maintained below 30 mmHg, as measured with a mercury 
manometer[15]. When the infusion was finished, the 
microclips were removed, and the abdomen was closed 
in two layers. All procedures were performed using sterile 
techniques.

Study protocol
Fifteen rats had a sham operation and served as the 
controls (GroupⅠ). AP was induced via intraductal 
taurocholate infusion in the remaining seventy rats. Five 
of  seventy rats died during the 6 h induction period. All 
surviving animals were randomization into four groups, 
six hours after the induction of  pancreatitis. Group Ⅱ  
(n = 17) received saline (1 mL/kg, bid, sc), Group Ⅲ  
(n = 16) ALPL (200 mg/kg per day, bid, sc)[16], Group Ⅳ  
(n = 16) ALPL plus HBO (2.8 atmospheric pressure, bid, 
90 min each, total 4 sessions)[17] and Group Ⅴ (n = 16)  
HBO alone. Five rats in Group Ⅱ, three rats each in 
Groups Ⅲ and Group Ⅳ, and four rats in Group Ⅴ 
died during the treatment period. Fifty-four hours after 
induction, all the surviving animals were killed with an 
intracardiac injection of  pentobarbital (200 mg/kg). Data 
was collected on serum amylase levels, oxidative stress 
parameters [MDA, superoxide dismutase (SOD) and 
glutathione peroxidase (GSHPx)], bacterial translocation 
and histopathologic scores.

Laboratory tests
Blood samples were taken from the heart before the 
animals were sacrificed for serum amylase levels. A Hitachi 
917 auto analyzer (Roche Diagnostics, Germany) was used 
for the amylase assay. Amylase level was expressed as U/L.

Histopathologic analysis
A portion of  the pancreatic tissue from each rat was 
fixed in 10% neutral buffered formalin and embedded in 
paraffin. One paraffin section, stained with hematoxylin 
and eosin, was examined from each animal. Two 
pathologists who were blinded to the treatment protocol 
scored the tissues for edema, acinar necrosis, inflammatory 
infiltrate, hemorrhage, fat necrosis, and perivascular 
inflammation, in 20 different fields. The scores for each 
of  the histologic abnormalities were added up, with a 
maximum score of  24, as defined by Schmidt et al[18].

Quantitative cultures and bacterial identification
The areas of  the pancreas showing macroscopic necrosis 
and visible mesenteric lymph nodes were excised, weighed, 
and homogenized. The homogenates were diluted serially, 
quantitatively plated in duplicate on phenylethyl alcohol 
and MacConkey Ⅱ agar, and incubated aerobically at 37℃ 
for 24 h. The bacterial counts were expressed as colony-
forming units (cfu/g tissue), and counts of  1000 cfu/g 
or higher were considered to be indicative of  a positive 
culture. Gram-negative bacteria were identified with the 
API-20E system (BioMerieux Vitek, Hazelwood, MO, 
USA). Gram-positive bacteria were identified to the genus 
level by means of  standard microbiologic methods[19,20]. 

Evaluation of oxidative stress
Pancreatic tissue samples were homogenized in cold KCl 
solution (1.5%) in a glass homogenizer on ice. The samples 
were centrifuged and the supernatant was used for the  
assays described below.

Tissue MDA concentration was estimated by the 
method of  Ohkawa et  al [21].  The supernatant was 
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resuspended in 4 mL water, 0.5 mL glacial acetic acid and 
0.5 mL 0.33% aqueous thiobarbituric acid solution. The 
mixture was heated for 60 min in a boiling water bath. 
After cooling, the complex formed by thiobarbituric acid 
reactant substances was extracted into an n-butanol phase, 
and the formed chromogen was measured at 532 nm by 
spectrophotometer. A standard absorption curve for MDA 
was prepared using tetramethoxy propane solution. MDA 
levels were expressed as nmol/g tissue.

For the measurement of  SOD activity, the supernatant 
was diluted 1:400 with 10 mmol/L phosphate buffer, pH 
7.00. Twenty five µL of  diluted supernatant was mixed 
with 850 µL of  substrate solution containing 0.05 mmol/L 
xanthine sodium and 0.025 mmol/L 2-(4-iodophenyl)-3-
(4-nitrophenol)-5-phenyltetrazolium chloride (INT) in a 
buffer solution containing 50mmol/L 3-cyclohexylaminol-
1-propanesulfonic acid (CAPS) and 0.94 mmol/L 
ethylenediamine tetraacetic acid (EDTA) at pH 10.2. 
At this stage, 125 µL of  xanthine oxidase (80 U/L) was 
added to the mixture and the absorbance increase was 
followed at 505 nm for 3 min against air. Twenty five 
microlitres of  phosphate buffer or 25 µL of  various 
standard concentrations were used as blank or standard 
determinations. SOD activity was expressed as U/g 
tissue[22]. 

For GSHPx measurement, the reaction mixture 
consisted of  50 mmol/L tris buffer, pH 7.6 containing 
1mmol/L of  Na 2EDTA, 2  mmol/L of  reduced 
glutathione (GSH), 0.2 mmol/L of  reduced nicotinamide 
adenine dinucleotide (NADPH), 4 mmol/L of  sodium 
azide and 1000 U of  glutathione reductase (GR), Fifty 
microlitres of  supernatant and 950 µL of  reaction mixture, 

or 20 µL of  supernatant and 980 µL of  reaction mixture 
were mixed and incubated for 5 min at 37℃. The reaction 
was initiated with 8 mmol/L H2O2, and the decrease in 
NADPH absorbance was followed at 340 nm for 3 min. 
The enzyme activity was expressed as U/g tissue[23]. 

Statistical analysis
The results of  parametric tests were expressed as mean ±  
SE. Nonparametric values were expressed as median 
(25-75 percentiles). The significance of  differences in 
the histopathologic scores and serum amylase levels was 
assessed by the Kruskal-Wallis test. Subgroup analyses 
were performed by the Mann-Whitney U test or t-test as 
appropriate. The significance of  differences in oxidative 
stress parameters was determined by Oneway ANOVA test 
and Tukey HSD procedure as post hoc test. Probabilities 
less than 0.05 were considered significant. All statistical 
measurements were made using SPSS PC ver. 11.05 (SPSS 
Inc. USA).

RESULTS
All rats except those in GroupⅠdeveloped acute 
pancreatitis, demonstrated by macroscopic parenchymal 
necrosis, and abundant turbid peritoneal fluid (Figure 1). 
Histopathological scores were significantly lower in all 
treatment groups (Group Ⅲ, Group Ⅳ and Group Ⅴ) 
compared to Group Ⅱ (13 [12.5-15], 6 [4.5-7.5], 9.5 
[7-11.75], 18 [14.5-19]; P < 0.01, P < 0.001, and P < 0.001, 
respectively). The most favorable results were seen in the 
combination treatment group (Figure 2, Table 1).

Serum amylase levels were lower in Groups Ⅲ, Ⅳ and 
Ⅴ compared to Group Ⅱ (974 ± 110, 384 ± 40, 851 ± 
56, 1664 ± 234 U/L; P < 0.05, P < 0.001, and P < 0.02, 
respectively, Table 1). Oxidative stress markers showed 
significantly lower levels in all treatment groups compared 
to the controls. Tissue MDA levels in Groups Ⅲ, Ⅳ, and Ⅴ 
were significantly lower than in Group Ⅱ (18.2 ± 0.4, 16.4 
± 0.4, 20.1 ± 0.5 nmol/g, vs 28.3 ± 0.7 nmol/g, respectively, 

Table 1  Serum amylase levels, oxidative stress parameters, 
bacterial translocation, histopathologic scores, and mortality 
rates in the different study groups

Group Ⅰ   
(n  = 15)

Group Ⅱ
(n  = 12)

Group Ⅲ
(n  = 13)

Group Ⅳ
(n  = 13)

Group Ⅴ
(n  = 12)

Amylase (U/L)  278 ± 44 1664 ± 234 974 ± 110  384 ± 40  851 ± 56
Oxidative stress
   MDA (nmol/g) 12.3 ± 0.4  28.3 ± 0.7 18.2 ± 0.4 16.4 ± 0.4 20.1 ± 0.5
   SOD (U/g)  395 ± 7   254 ± 6  345 ± 16  282 ± 8  300 ± 9
   GSHPx (U/g) 51.6 ± 2.0  30.8 ± 0.9 35.8 ± 1.5 48.4 ± 0.7 45.6 ± 1.4
Bacterial
translocation
   MLNs 2 (13%) 12 (100%)   8 (62%) 6 (46%)   7 (58%)
   Pancreas 2 (13%) 12 (100%)   7 (54%) 3 (23%)   6 (50%)
Histopathologic
score

2 (1-3) 18 (14.5-19) 13 (12.5-15) 6 (4.5-7.5) 9.5(7-11.75)

Mortality 0/15
(0%)

  5/17
(29%)

3/16
(19%)

3/16
(19%)

4/16
(25%)

MDA: Malondialdehyde; SOD: Superoxide dismutase; GSHPx: Glutathione 
peroxidase; MLNs: Mesenteric lymph nodes.

Figure 1  Light microscopy showing 
extensive necrosis (star) and relatively 
normal acinar structure (arrows) between 
the necrotic areas in the control group 
(HE, × 200).

Figure 2  Light microscopy showing 
interlobular edema (star) and necrotic 
area (arrows) in the combined treatment 
group (HE, × 200).
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P < 0.01 for all, Table 1). Tissue SOD activity in Groups Ⅲ,  
Ⅳ, and Ⅴ was significantly higher compared to Group Ⅱ 
(345 ± 16 U/g, 282 ± 8 U/g, 300 ± 9 U/g, vs 254 ± 6 U/g; 
respectively, P < 0.01 for all, Table 1). In addition, GSHPx 
activity in Groups Ⅲ, Ⅳ and Ⅴ was significantly higher 
than in Group Ⅱ (35.8 ± 1.5 U/g, 48.4 ± 0.7 U/g, 45.6 ± 
1.4 U/g, vs 30.8 ± 0.9 U/g; respectively, P < 0.01 for all, 
Table 1). BT to pancreas and mesenteric lymph nodes was 
reduced significantly in the three treatment groups (Group 
Ⅲ, Ⅳ and Ⅴ) compared to the control group (pancreatic 
tissue: 54%, 23%, 50%, vs 100%; P < 0.02, P < 0.001, and P 
< 0.002, respectively; MLNs: 62%, 46%, 58%, vs 100%; P < 
0.05, P < 0.01, and P < 0.05, respectively, Table 1). Bacterial 
growth was seen in all tissue specimens obtained from the 
pancreas and MLNs in the control groups. Of  the three 
treatment groups, combination treatment (Group Ⅳ) was 
most effective in preventing BT (3/13 [23%] to pancreatic 
tissue, and 6/13 [46%] in MLNs). The best results in terms 
of  amylase levels, histopathological score, oxidative stress 
markers and BT were seen in rats receiving the combination 
treatment, compared to animals receiving a single 
treatment and the control group. Five rats in Group Ⅱ,  
three rats each in Groups Ⅲ and Ⅳ, and four rats in Group 
Ⅴ died before the 54th h of  induction of  pancreatitis. 
Mortality rates between groups, except the sham group, 
were statistically not significant. 

DISCUSSION
Pancreatic infection is a serious complication of  acute 
necrotizing pancreatitis. The failure of  gut barrier 
results in bacterial translocation and subsequently 
septic complication of  pancreatitis[2,3,24]. For this reason, 
prevention of  contamination of  the necrotic pancreatic 
tissue is very important, and the new generation antibiotics 
are of  significant advantage in this respect. Although in 
experimental and clinical studies, the use of  antibiotic has 
been shown to be beneficial[2]; in a randomized, controlled 
study prophylactic antibiotic therapy was found to have no 
effect on the mortality[25].

Although the potential role of  xanthine oxidase in the 
presence of  barrier failure and translocation of  bacteria 
across the gut lumen has been shown in a previous 
study[14], the degree to which such a mechanism is involved 
in the pathogenesis of  pancreatic infection is not known, 
and whether an inhibitor of  this enzyme has a preventive 
effect is not clear[11,12]. The role of  HBO therapy in the 
prevention of  infectious complications, mainly through the 
reduction of  oxidative stress and bacterial translocation 
in experimental acute pancreatitis has been reported 
previously[7,26]. Our group had previously investigated the 
efficacy of  individual administration of  allopurinol and 
HBO in preventing bacterial contamination of  pancreatic 
tissue.  In the present study, we examined the impact of  
combining allopurinol and HBO therapy[7,14].

We observed that both allopurinol and HBO had 
beneficial effects on the biochemical and histological 
abnormalities, oxidative stress and bacterial translocation. 
The present report represents the first study examining 
the effects of  a xanthine oxidase inhibitor plus HBO 
therapy in acute pancreatitis. The individual effects of  the 

two treatments on amylase levels were nearly the same.  
However, HBO treatment resulted in greater reduction in 
the histopathological scores, while allopurinol alone did not 
produce satisfactory histological recovery. The histological 
abnormalities in the combined treatment group were 
significantly less compared with the use of  allopurinol and 
HBO alone, indicating a potentiation of  effect. Allopurinol 
also decreased the oxidative stress parameters, as it has 
been reported previously[13,14,27,28], although allopurinol was 
found to have no effect on the incidence and severity of  
endoscopic retrograde cholangiopancreatography (ERCP)-
induced pancreatitis in studies on human subjects by 
Budzynska et al[29]. When allopurinol was co-administered 
with HBO at the same doses, the overall antioxidant effect 
did not increase. These results correlate well with the 
histological recovery seen in animals treated with individual 
drugs and combination therapy. However, when the data 
regarding oxidative stress was examined, it was interesting 
to note that combination therapy was more effective in 
increasing the anti-oxidant system. These findings suggest 
that the improvement in pancreatic morphology was related 
to the increase in the anti-oxidant system. 

Bacterial translocation was very similar in the individual 
treatment groups. Again, bacterial contamination of  the 
pancreatic tissue was significantly less in the combined 
treatment group, indicating a potentiating effect. Although 
xanthine oxidase, an important source of  endothelial 
cell-derived superoxide and hydrogen peroxide, plays 
a primary role in ischemia-reperfusion injury, which 
contributes to the failure of  the intestinal barrier[11], it can 
be postulated that even with the addition of  antioxidant 
activity of  allopurinol, inhibition of  xanthine oxidase 
was not superior compared to the use of  HBO alone. 
However, a combination of  these two agents may produce 
remarkable inhibition of  bacterial translocation, perhaps 
through different mechanisms including not only xanthine 
oxidase inhibition and antioxidant activity but also direct 
antibacterial, immunological, angiogenic and cellular-
subcellular effects.

Finally, the present study confirmed our previous 
observations on the efficacy of  HBO and allopurinol 
in experimental acute necrotizing pancreatitis and also 
demonstrated that a combination of  these treatment 
options prevented more effectively the progression of  
pancreatic injury. Nevertheless, the activity and potency of  
xanthine oxidase, the importance of  blocking its activity, 
and the detailed effects of  HBO on this enzyme in the 
intestines and in the pancreas in acute pancreatitis need 
further examination. 

 COMMENTS
Background
The severity of acute pancreatitis may range from a mild, self-limited illness to a 
catastrophic disease with multiple potentially severe complications and risk of death. 
Translocation of bacteria from the intestines is one of the most important factors in 
the development of septic complications and mortality in acute pancreatitis

Research frontiers
Most of the experimental and clinical studies designed to reduce morbidity and 
mortality in acute pancreatitis are focused on minimizing the extent of necrosis and 
the prevention of bacterial contamination of necrotic pancreatic tissue. 
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Innovations and breakthroughs
Several studies have assessed the effect of allopurinol and hyperbaric oxygen 
on bacterial translocation, oxidative stress, and histology in experimental acute 
necrotizing pancreatitis. The present study was carried out a rat model to evaluate 
the effect of combined allopurinol and hyperbaric oxygen treatment on bacterial 
translocation, oxidative stress and the course of acute necrotizing pancreatitis.

Applications 
If these results are confirmed on further studies, combination treatment with 
allopurinol and hyperbaric oxygen can be applied clinically in patients with acute 
necrotizing pancreatitis to prevent oxidative stress and bacterial translocation.

Peer review
This paper examines the effects of allopurinol and hyperbaric oxygen on 
taurocholate infusion-induced acute necrotic pancreatitis in rats. It was observed 
that both treatments improved the pathological abnormalities, and combination of 
the two modalities provided further improvement.
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