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Introduction

Obstructive jaundice results in a series of biochemical
and pathologic changes which are associated with in-
creased postoperative mortality and morbidity despite
improvements in anesthesia and perioperative care.1–4

Most frequent are postoperative infections and renal
failure.5 Based upon the clinical observations and ex-
perimental findings, it is also well known that the im-
paired wound healing and incisional herniae are much
more common in obstructive jaundice. Wound dehis-
cence occurs in 2%–4% of jaundiced patients6,7 and
incisional herniae in 10% and 12.5%.8,9 In various ani-
mal models, jaundice lowers the bursting strength of
abdominal wounds10–12 and adversely affects the migra-
tion of fibroblasts into experimental granulomas.13

High plasma bile acid levels, high plasma bilirubin
levels, associated malignancies, and an impairment of
the nutritional status were all suggested to be possible
causes, but were not found to be involved in the patho-
genesis of these complications due to obstructive jaun-
dice. Especially in the last decade, another factor which
was thought to play an important role in the pathogen-
esis of the enhanced morbidity and mortality in obstruc-
tive jaundice is the systemic and/or portal endotoxemia
which is frequently observed in these patients.14,15

Endotoxemia in patients with obstructive jaundice
results from an increased absorption of gut-derived
endotoxins16 and a reduction in their clearance by
the liver, thus permitting spillover into the systemic
circulation.17

It has been demonstrated that the oral administration
of lactulose18 and bile salts16 prevent the development
of endotoxemia and subsequent death in experimental
obstructive jaundice, and also reduces the incidence of
postoperative renal failure in patients with jaundice.19

Furthermore, it has also been shown that perioperative
bile salt administration resulted in a significant increase
in abdominal wound strength.12 Such evidence supports
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the hypothesis that endotoxemia may be the cause of
the high morbidity, mortality, and delayed wound heal-
ing observed in patients with obstructive jaundice.

On the other hand, tumor necrosis factor α (TNF-α)
or cachectin is a cytokine that is produced mainly by the
macrophages and monocytes20,21 and is thought to be the
most important mediator responsible for the endotoxin
effects.22 Endotoxin remains the most potent stimulus
known to induce TNF-α production and release from
macrophages and monocytes.23 Because of the regula-
tory effects of TNF-α on multiple different host defense
mechanisms and inflammatory processes, it has been
concluded to be a strategic and regulatory cytokine of
the inflammation by some authors.23

The wound healing response can be divided into
three distinct but overlapping phases: hemostasis and
inflammation, proliferation, and maturation or remod-
eling.24 The failure or a prolongation in one phase may
result in either a delay of healing or a nonclosure of the
wound.25 Although there are some differences between
the wound healing response of skin or soft tissue and
the intestine, many components of the healing process
are common to all tissues, such as the initial inflamma-
tory response after injury, the deposition of new col-
lagen, and the eventual maturation of the scar.26 It is
well known that obstructive jaundice causes a delay in
the wound healing of an abdominal incision. However,
only a few experimental studies on the healing of
intestinal anastomosis in obstructive jaundice have been
reported in literature. It was recently shown that ob-
structive jaundice in rats resulted in an impairment of
anastomotic wound healing of the small intestine, which
thus made it possible to decrease the endotoxemia, and
also improve the intestinal wound healing with the ad-
ministration of oral sodium taurocholate.27 The present
study investigated the effects of obstructive jaundice on
the healing of intestinal anastomosis, and is the first
study to investigate the effect of pentoxifylline on the
healing of intestinal anastomosis in rats with obstructive
jaundice.

Material and Methods

The study protocol was approved by the Ethics Com-
mittee of Gazi University Hospital. An experimental
investigation was set up using Sprague-Dawley rats
(Medical Research Laboratory of Gazi University)
weighing 200–250 g. All of the operative procedures
were performed under sterile conditions using intrap-
eritoneal ketamine-HCl (Ketalar, Parke Davis, Morris
Plains, NJ, USA) as the anesthetic agent (30mg/kg body
weight), and via a standard upper midline incision.

The rats were divided into four groups each of which
consisted of 14 rats. Groups 1 and 2 were designed as

obstructive jaundice groups, while groups 3 and 4
were established as control groups. In group 1, a bile
duct ligation was performed; 4 days later, intestinal
anastomosis was performed 30min after 0.5 ml of iso-
tonic saline solution was administered intraperitone-
ally. In group 2, a bile duct ligation was performed;
4 days later, intestinal anastomosis was performed
30 min after pentoxifylline (Trental, Hoechst, Istanbul,
Turkey) was administered (50mg/kg body weight) in-
traperitoneally. In group 3, a sham operation was
performed; 4 days later, intestinal anastomosis was per-
formed 30 min after 0.5ml of isotonic saline solu-
tion was administered intraperitoneally. In group 4,
a sham operation was performed; 4 days later,
intestinal anastomosis was performed 30min after
pentoxifylline was administered (50 mg/kg body weight)
intraperitoneally.

The bile duct ligation was performed according to the
method of Lee13 in groups 1 and 2. In the sham opera-
tion a silk ligature was placed around the common bile
duct and then removed in groups 3 and 4. All intestinal
anastomoses were performed in the standard manner.
The small intestine was completely transected with a
scalpel at a distance of 15cm from the ileocecal valve
without affecting the vascular supply. The bowel was
anastomosed with eight inverting, single-layer, full-
thickness sutures of 7-0 polypropylene. A magnifier was
used while performing the anastomosis. The abdominal
wall was closed in two layers. Postoperatively, the rats
were allowed food and water ad libitum.

In each group, 14 animals were followed clinically,
and the blood parameters and the parameters concern-
ing the quality of anastomotic healing were measured
on the fifth and tenth postoperative days of anastomotic
healing.

Bursting Pressure of Intestinal Anastomoses

The bursting pressure of intestinal anastomoses was
tested with sutures in place and without dissecting the
adhesions, while the animals were under anesthesia.
After the duodenum was transected completely, a sub-
clavian catheter was placed into the duodenal lumen
and tied with a silk suture. The terminal ileum was
clamped just above to the ileocecal valve. Next, isotonic
saline solution was infused at a rate of 2 ml/min into the
lumen of the small intestine through the subclavian
catheter by the use of an infusion pump with a digital
pressure manometer (IVAC 770 Syringe Pump, Alaris
Medical Systems, San Diego, CA, USA). While the
saline solution was being infused, the intraluminal pres-
sure of small intestine was observed on the screen of the
infusion pump as millimeters of mercury. The highest
pressure just before it started to decrease was recorded
as the bursting pressure of intestinal anastomosis. The
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mean 6 SEM (standard error of the mean) value of the
bursting pressure was calculated for each group.

Hydroxyproline Content of Intestinal Anastomosis

After the bursting pressure was tested and the blood
samples were taken, the intestine was dissected along
the mesenteric border and freed of any adhesions. The
edges of anastomosis were excised, each strip being
approximately 5mm wide. The hydroxyproline content
was estimated by the method of Jamall et al.,28 and
expressed as µg/g wet intestinal tissue.

Biochemical Investigations from the Blood

During the first operation in which the common bile
duct was ligated, blood samples (0.5ml) were taken for
a TNF-α assay. On the fifth and tenth days of anasto-
motic healing, blood samples were taken for TNF-α,
bilirubin, and triglyceride assays. The serum TNF-α
concentrations were measured using the rat TNF-
α enzyme-linked immunosorbent assay (ELISA) kit
(Cytoscreen Immunoassay kit, BioSource Interna-
tional, Camarillo, CA, USA), which is commercially
available. The assay had a lower detection limit of
15 pg/ml TNF-α.

The total serum bilirubin concentrations were mea-
sured by the method of Jendrassik-Graf and the trigly-
ceride concentrations were measured by the method
of glycerol-phosphate-oxidase (Technicon DAX-48
Random Access autoanalyzer, Miles, Tarrytown, NY,
USA). Both of these parameters were expressed as
mg/100ml serum.

Statistical Analysis

We then determined whether or not any significant dif-
ferences existed in all parameters between the groups
on each postoperative day of anastomotic healing using
Kruskal-Wallis one-way analysis. After that, if any sig-
nificant differences were detected, the group showing
the significant difference was analyzed by the Mann-
Whitney U-test for the parameters. P , 0.05 was consid-
ered to indicate significance for all of the analyses.

Results

There was no weight loss in the postoperative period in
the rats subjected to bile duct ligation. Two deaths were
observed on the fourth day of anastomotic healing in
group 1. Both anastomotic leakage and generalized
peritonitis were found at necropsy in these rats. Two
new animals were added to this group. No deaths were
observed in groups 2, 3, or 4. All animals with bile duct

ligation were obviously jaundiced within a few days of
the operation. In addition, the jaundice was confirmed
by measuring the serum bilirubin concentrations on the
fifth and tenth days of anastomotic healing (Tables 1
and 2). No TNF-α was detected in the blood samples
which were taken from the rats at the first operation.

Bursting Pressure and Hydroxyproline Content of
the Anastomoses

The mean bursting pressure and the mean hydroxypro-
line content of the intestinal anastomoses in each group
are shown in Tables 3 and 4. The bile duct ligation
significantly lowered the bursting pressure and the hy-
droxyproline content of intestinal anstomosis both on
the fifth and tenth days of anastomotic healing in group
1. The use of pentoxifylline resulted in a significant
increase in both the bursting pressure and hydroxypro-
line content on the fifth and tenth days of anastomotic
healing in group 2, when compared with group 1. De-

Table 1. Plasma bilirubin, triglyceride, and tumor necrosis
factor α (TNF-α) concentrations that were measured on the
fifth day of anastomotic healing

Mean Mean Mean
bilirubin TNF-α triglyceride
(mg/dl) (pg/ml) (mg/dl)

Group 1 5.03 6 0.29a 155.20 6 67.87b 169.57 6 13.28c

Group 2 5.10 6 0.17a 2.52 6 2.52 95.57 6 14.33
Group 3 0.84 6 0.11 3.84 6 3.84 61.71 6 4.35
Group 4 0.87 6 0.19 0.0 6 0.0 67.57 6 3.52

Values are mean 6 SEM. Bile duct-ligated animals were significantly
jaundiced. Plasma TNF-α and triglyceride concentrations were
significantly elevated in group 1. With the pentoxifylline administra-
tion, plasma TNF-α and triglyceride concentrations were significantly
reduced in the bile duct-ligated group (group 2)
a P , 0.002, b P , 0.05, c P , 0.006 by Mann-Whitney U statistical
analysis

Table 2. Plasma bilirubin, triglyceride, and TNF-α concentra-
tions that were measured on the tenth day of anastomotic
healing

Bilirubin Mean TNF-α Triglyceride
(mg/dl) (pg/ml) (mg/dl)

Group 1 6.59 6 0.27a 194.39 6 65.45b 185.43 6 17.64a

Group 2 6.03 6 0.21a 2.91 6 2.91 72.43 6 5.09
Group 3 0.90 6 0.12 2.19 6 2.19 65.14 6 4.51
Group 4 0.79 6 0.17 0.0 6 0.0 75.00 6 5.21

Values are mean 6 SEM. Bile duct-ligated animals were significantly
jaundiced. Plasma TNF-α and triglyceride concentrations were
significantly elevated in group 1. With the pentoxifylline administra-
tion, plasma TNF-α and triglyceride concentrations were significantly
reduced in the bile duct-ligated group (group 2)
a P , 0.002, b P , 0.02, by Mann-Whitney U statistical analysis
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spite the fact that the use of pentoxifylline resulted in an
increase in both the bursting pressure and the hydrox-
yproline content of anastomoses in rats undergoing a
sham operation, the differences between groups 3 and 4
were not statistically significant.

Biochemical Investigations from the Blood

The mean values of the serum triglyceride and TNF-α
concentrations from the blood samples which were
taken on the fifth and tenth days of anastomotic healing
are shown in Tables 1 and 2, respectively. On the fifth
day of anastomotic healing, TNF-α was detected in four
blood samples of the rats in group 1 (at concentrations
between 55.70 and 386.40 pg/ml), in one blood sample of
the rats in group 2 (at a concentration of 17.67pg/ml), in
one blood sample of the rats in group 3 (at a concentra-
tion of 26.86 pg/ml), and in none of the blood samples in
group 4. On the tenth day of anastomotic healing, TNF-
α was detected in five blood samples of the rats in group
1 (at concentrations between 44.79 and 395.59pg/ml), in
one blood sample of the rats in group 2 (at a concentra-
tion of 20.38pg/ml), in one blood sample of the rats in
group 3 (at a concentration of 15.31 pg/ml), and in none
of the blood samples in group 4. The mean blood con-

centrations of TNF-α in group 1 were significantly
higher than those in the other three groups on both the
fifth and tenth days of anastomotic healing.

The mean serum triglyceride concentration in group
1 was significantly higher than in the sham-operated
groups on the fifth and tenth days of anastomotic heal-
ing. The administration of pentoxifylline to the jaun-
diced rats lowered the serum triglyceride concentration.

Discussion

There have been numerous clinical and experimental
studies done on the relationship between wound heal-
ing and jaundice. Although it is well known that ob-
structive jaundice causes an impaired wound healing of
abdominal incisions, so far only a few studies have been
done regarding the relationship between the healing of
intestinal anastomosis and jaundice. Many components
of the healing process are common to all tissues, such as
the initial inflammatory response after injury, the depo-
sition of new collagen, and the eventual maturation of
the scar.26 That is why the biochemical and pathologic
changes that cause the impaired wound healing of ab-
dominal incisions in obstructive jaundice may also re-
sult in an impaired healing of intestinal anastomosis.

The bursting pressure and the hydroxyproline con-
tent of intestinal anastomosis are objective parameters
for evaluation of the quality and quantity of wound
healing.29 The results of a recent experimental study27

demonstrated a reduction in the bursting pressure of
intestinal anastomosis and tissue hydroxyproline con-
centration after a ligation of the bile duct in rats. The
results of our study confirm these observations, but
showing a significant reduction in the bursting pressure
of the intestinal anastomosis and tissue hydroxyproline
content in rats with jaundice on the fifth and tenth days
of anastomotic healing when compared with those in
the sham-operated groups. Our study is the only one
thus far to investigate the effects of obstructive jaundice
on the healing of intestinal anastomosis using a two-step
experimental model. At the first operation, bile duct
ligation was performed. Four days after this operation,
when the jaundice became significant, intestinal anas-
tomosis was performed. Thus, all the components of
healing of intestinal anastomosis occurred in the signifi-
cantly jaundiced rats.

Although the total amount of collagen present is not
the only factor in the development of wound strength,30

it is a valuable parameter that reflects the balance of the
collagen metabolism in wound milieu.29 In addition, the
strength in healing wounds has been shown to correlate
with increases in the amount of collagen.31 Obstructive
jaundice has been shown to reduce the number of fibro-
blasts present in healing wounds11 and also reduces the

Table 3. Mean bursting pressure and hydroxyproline content
values of the anastomoses on the fifth day of anastomotic
healing

Mean bursting Mean hydroxyproline
pressure content
(mmHg) (µg/g wet tissue)

Group 1 84.85 6 4.07a 6.43 6 0.49b

Group 2 112.57 6 6.14 8.66 6 0.58
Group 3 112.86 6 4.35 8.29 6 1.01
Group 4 130.86 6 5.60 9.64 6 1.02

Values are mean 6 SEM. Both the bursting pressure and hydroxypro-
line content values of anastomoses were significantly lower in group 1
when compared with the other groups
a P , 0.006, b P , 0.05, by Mann-Whitney U statistical analysis

Table 4. Mean bursting pressure and hydroxyproline content
values of the anastomoses on the tenth day of anastomotic
healing

Mean bursting Mean hydroxyproline
pressure (mmHg) content (µg/g wet tissue)

Group 1 111.43 6 5.74a 7.79 6 0.66b

Group 2 195.14 6 14.16 13.18 6 1.51
Group 3 211.71 6 15.32 15.06 6 1.29
Group 4 206.73 6 9.86 15.80 6 1.65

Values are mean 6 SEM. Both the bursting pressure and hydroxypro-
line content values of anastomoses were significantly lower in group 1
when compared with the other groups
a P , 0.002, b P , 0.004, by Mann-Whitney U statistical analysis
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migration of reticuloendothelial cells and fibroblasts
into the wound.13

Some researchers have tried to explain that impaired
wound healing in obstructive jaundice is related to vari-
ous factors such as high plasma bile acid levels, high
plasma bilirubin levels, associated malignancies, and an
impairment of the nutritional status. However, espe-
cially in the last decade, another factor which is thought
to play an important role in the pathogenesis of the
enhanced morbidity and mortality in obstructive
jaundice is the systemic and/or portal endotoxemia fre-
quently observed in these patients.14,15 The relationship
between obstructive jaundice, endotoxemia, and vari-
ous postoperative complications is well known. For
example, several clinical studies have suggested that
endotoxins are related to the renal impairment fre-
quently observed in jaundiced patients.4,32 These obser-
vations were also confirmed by experimental studies.16,33

Similarly, endotoxemia in rats with obstructive
jaundice decreased, and the impairment of abdominal
wound healing was corrected by sodium taurocholate
taken orally.12 Such evidence suggests that the meta-
bolic derangements which are related to endotoxemia,
and resulted in such postoperative complications as
renal failure, may also possibly be a cause of impaired
wound healing in obstructive jaundice.

Endotoxins mainly stimulate the macrophages and
monocytes to synthesize and release a cytokine which is
called tumor necrosis factor type α.20,21 After the injec-
tion of endotoxin, TNF-α appeared in the circulation
within minutes, and reached peak levels after 2h.34,35 It
has been shown that TNF-α administration to the rats
resulted in similar clinical, matabolic, and histopatho-
logic derangements, which were seen in the rats with
endotoxic shock.22 As a result, TNF-α is thought to be
the principal cytokine for most endotoxin effects.

Recent evidence shows that TNF-α has a number of
regulatory effects on the inflammatory processes and
different cells which also play important roles in the
wound-healing reaction.36–44 In addition, the implanta-
tion of TNF-α in the rabbit cornea evoked an intensive
inflammatory response which showed a large number of
infiltrating leukocytes.45 Based on such evidence, TNF-α
is thought to be a strategic and regulatory cytokine of
the inflammatory response.23

In conclusion, TNF-α evokes and enhances the in-
flammatory response, and the net effect of it on the
collagen metabolism appears to be a downregulation.
On the other hand, the detection of significant levels of
TNF-α in the wound fluid46 suggests that this cytokine
may also play an important role in normal wound heal-
ing. Because of the various regulatory effects of TNF-α
on inflammatory cells, and the detection of TNF-α
within the healing wound during the first 3 days after
being wounded, it was suggested that TNF-α might be

an important mediator during the early phase of the
healing process.46

Bemelmans et al.47 reported that the majority of the
mice undergoing an experimental bile duct ligation de-
veloped high circulating levels of TNF-α until the end of
the study. In the present study, high levels of circulating
TNF-α were detected in rats with obstructive jaundice
on the fifth and tenth days of anastomotic healing. High
concentrations of circulating TNF-α might result in
an enhancement and prolongation of the inflammatory
phase of healing, an increased collagen degradation by
enhanced collagenase activity, a decrease in the degree
of new collagen synthesis, and fibroblastic activity
within the wound milieu, which thus might be the cause
of impaired wound healing.

One of the clinical effects of TNF-α is the inhibition
of systemic lipoprotein lipase activity, thus resulting in a
hypertriglyceremia.48 It was furthermore shown that
TNF-α stimulates the de novo synthesis of triglycerides
in the liver.49 Some difficulties remain regarding the
measurement of plasma endotoxin and TNF-α levels
because of their very short plasma half-life.34 Because
plasma triglycerides remain elevated for at least 17h
after TNF-α stimulation,49 they offer an indirect way to
further study the possible involvement of endotoxins
and/or TNF-α. This finding was supported and a rela-
tionship between the plasma triglyceride levels and
mortality in rats with obstructive jaundice was also re-
ported in another study.50 In our experiments bile duct
ligation resulted in higher levels of serum TNF-α and
significantly higher plasma triglyceride concentrations
in comparison with those in sham-operated rats. This
finding supports the hypothesis that the measurement
of the plasma triglyceride levels may be useful as an
indirect parameter reflecting the TNF-α activity and/or
endotoxemia.

Pentoxifylline is a methyl xanthine derivative which is
currently approved in the United States for the treat-
ment of patients with intermittent claudication due to
chronic occlusive arterial disease. Our study is the first
to investigate the effects of pentoxifylline on intestinal
wound healing in rats with experimental obstructive
jaundice. The mean bursting pressure and the hydrox-
yproline content of intestinal anastomosis were both
significantly higher in the pentoxifylline-administered
rats with obstructive jaundice than in the saline
solution-administered ones. As a result, the administra-
tion of pentoxifylline to the jaundiced rats, just before
intestinal anastomosis was performed, resulted in a bet-
ter wound healing of anastomosis. It was reported that
pentoxifylline effectively abolished the endotoxin-
induced TNF-α production and release, in vitro51–53 and
in vivo.53,54 There is evidence based on preclinical data
that the sequelae of events provoked by endotoxin can
be overcome, at least partially, by pentoxifylline.55 This
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drug directly inhibits various leukocyte functions such
as neutrophil activation, superoxide anion production,
and lysozyme degranulation.56,57 In vivo, it was reported
that pentoxifylline protected against the lethal effect of
endotoxin53,58 and also from endotoxin-induced lung in-
jury59 in different animal models of endotoxemia. These
results were attributed by the authors to both the inhibi-
tor effect of pentoxifylline on endotoxin-induced TNF-
α production from mononuclear phagocytes and the
neutrophil stabilizator effects of the drug. Because
pentoxifylline administration to the jaundiced rats de-
creased the circulating TNF-α levels effectively and the
plasma triglyceride concentrations were also signifi-
cantly lower in comparison with those in the jaundiced
rats not administered pentoxifylline, as an indirect indi-
cator of the decreased TNF-α activity, the same mecha-
nisms may also play a role in the improved healing of
intestinal anastomosis in pentoxifylline-administered
jaundiced rats.

Pentoxifylline is an approved drug for the treatment
of various disorders in man. Since pentoxifylline inhibits
the endotoxin-induced TNF-α production and release
from mononuclear phagocytes, the efficacy of this drug
on endotoxic shock is still being investigated in a num-
ber of studies. Because one of the causes of high post-
operative complications in patients with obstructive
jaundice might be due to increased endotoxemia and
high circulating TNF-α levels, it should be kept in mind
that pentoxifylline may have a beneficial effect in pre-
venting such complications. We found that pentoxifyl-
line improved the healing of intestinal anastomoses in
rats with obstructive jaundice. Further studies to inves-
tigate the effects of pentoxifylline on other compli-
cations which are more common in patients with
obstructive jaundice, such as renal and pulmonary com-
plications, are thus called for.
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