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Purpose: The aim of this study was to determine the effects
of bilirubin in experimental small intestinal ischemia/reper-
fusion (I/R) injury in rats.

Methods: Thirty rats were divided into 5 groups (n 5 6). In
group S, saline and in group B, bilirubin, 20 mg/kg were
infused via the jugular vein without an additional procedure.
In groups S-IR, saline, B1-IR and B2-IR, 10 and 20 mg/kg/h of
bilirubin were infused for 2 hours, respectively. In these
groups, an I/R procedure was done after infusions by occlud-
ing the superior mesenteric artery for 45 minutes followed by
1 hour of reperfusion. After reperfusion, the small intestines
were resected for histopathologic and malondialdehyde
(MDA) assessments. Mucosal lesions were scored between 0
and 5. Malondialdehyde levels and histopathologic grades
were analyzed statistically.

Results: Mucosal injury was severe in S-IR (grade 4 to 5),
mild in B1-IR (grade 0 to 3) and none in B2-IR group (grade 0).
Grades of group S-IR were higher than those of B1-IR and
B2-IR statistically (P ,.05). Tissue MDA levels of the S-IR
group were significantly higher than those of B1-IR and B2-IR
groups (U 5 36, P , .05). Bilirubin levels correlated inversely
with MDA levels (r 5 20.94).

Conclusions: Bilirubin effectively prevents intestinal I/R in-
jury in rat. This observation is consistent with the hypotheses
regarding bilirubin as an antioxidant, having a role in the
body defense.
J Pediatr Surg 36:1764-1767. Copyright © 2001 by W.B.
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I T HAS BEEN suggested that the reactions caused by
reactive oxygen species (ROS) make the common

and terminal pathway that results in tissue damage in
certain conditions such as cancer, aging, cardiovascular
disease, bronchopulmonary displasia, emphysema, reti-
nopathy of prematurity, and ischemia/reperfusion (I/R)
injury.1 I/R injury in the small bowel defines the produc-
tion of ROS and consequent tissue injury caused by the
restoration of blood circulation after an ischemic phase
arisen as a result of systemic factors (such as hypovole-
mia, hypoxia, hypotansion) or local factors (such as
mechanical obstruction of intestine or splanchnic ves-
sels).1-3 There exist intra- and extracellular enzymatic
and nonenzymatic antioxidants against ROS.4 Bilirubin,
the end product of heme catabolism in mammals, gen-
erally is regarded as a potentially cytotoxic, lipid-soluble
waste product that needs to be excreted. Recently, it has
been shown that bilirubin is a strong antioxidant and
could play an important role in the defense of the body

against ROS.4-8 In light of this suggestion we aimed to
study the effects of bilirubin on small bowel I/R injury.

MATERIALS AND METHODS

Ethical permission was obtained from the Ethics Committee of Gazi
Univercity Faculty of Medicine. Thirty 8-week-old male Wistar-albino
rats (150 to 200g.) were divided into 5 groups (n5 6). Rats were fed
standard feedings and fasted overnight before the operations. All
procedures were done under ketamine HCl anesthesia (50 mg/kg,
intramuscularly) with sterile techniques.

In groups B and S, bilirubin and saline were administered, respec-
tively, followed by intestinal tissue sampling without I/R. In groups
B1-IR and B2-IR, different doses of bilirubin, and in group S-IR, only
saline were administered. Intestinal I/R was accomplished consequent
to the infusions. These formed the I/R groups of the study. Group S
served as the negative control and group S-IR as the positive control.

Bilirubin (Sigma, St Louis, MO; B-4126, 100 mg) was dissolved in
25 mL 0.1 N NaOH and diluted with 75 mL of 0.055 mol/L phosphate
buffer, which yielded a solution containing 1 mg/ML bilirubin (95%
bilirubin IXa, 5% bilirubin IIIa, 5% Bilirubin XIII a) at pH 8.0.

In all animals a 1-cm-long right cervical incision was made above
the clavicle, and the jugular vein was catheterized with a 20-gauge
cannula to be used for bilirubin and saline infusions and blood sam-
plings. Bilirubin solution was administered at a rate of 20 mg/kg/h in
groups B and B2-IR and 10 mg/kg/h in group B1-IR for 2 hours. Equal
volumes of saline were infused in groups S and S-IR over the same
period.

At completion of the infusions, midline laparotomies were made. In
I/R groups (B1-IR, B2-IR, S-IR) superior mesenteric artery was oc-
cluded above the right colic artery with a vascular clip for 45 minutes.
At the end of this period, the SMA was unoccluded, and mesenteric
pulsations were observed to be returned. The intestine was reperfused
for 1 hour.
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sitesi Tip Fakültesi, Çocuk Cerrahisi AD, 58140 Sivas, Turkey.
Copyright © 2001 by W.B. Saunders Company

0022-3468/01/3612-0007$35.00/0
doi:10.1053/jpsu.2001.28816

1764 Journal of Pediatric Surgery, Vol 36, No 12 (December), 2001: pp 1764-1767



Blood samples were obtained to determine the bilirubin levels at the
beginning and the end of the study. In all groups, 30 cm of small
intestine was resected from 10 cm proximal to the iliocecal valve, and
animals were killed. Intestinal tissues were cleaned of debris. Five
centimeters of the specimen was fixed in 10% formaline for histopatho-
logic studies, whereas the rest was wrapped in aluminum folios, placed
in liquidified nitrogene, and kept at230°C for biochemical determi-
nation of malonaldehyde (MDA).

Serum Bilirubin Determination

Serum bilirubin levels were studied as an end-point by Falcor 300
autoanalyzer according to Jendrassik-Graf method. Results were deter-
mined as milligrams per deciliter.

MDA Determination

Small bowel tissue was homogenized 1:10 in 1.15% KCl, and MDA
levels were determined according to tiobarbituric acid method.9 This
yielded MDA levels as nanomoles per gram-tissue.

Histopathologic Evaluation

Paraffin blocks were cut in 5 microns and stained by H&E. The
specimens were coded appropriately and studied blindly by one pathol-
ogist in random order. Intestinal tissue injury was graded from 0 to 5
as was described by Chiu et al10; grade 0 refers to normal mucosa,
grade 1 to development of subepithelial space usually at the tips of the
villi, grade 2 to more extension of the space with epithelial lifting at the
villus tips, grade 3 to epithelial lifting along the villus sides, grade 4 to
denuded villi, and grade 5 to loss of villus tissue.

Statistical Analyses

Mann-Whitney U test was used to compare MDA and bilirubin levels
between the groups. Histopathologic grades of groups were compared with
x2 test.P values less than .05 were considered significant.

RESULTS

Serum Bilirubin Levels

Average base serum bilirubin levels obtained from
all groups were 0.6 mg/dL. Bilirubin levels reached
(mean6 SD) 6.916 0.98 mg/dL in animals that re-
ceived 10 mg/kg of bilirubin for 2 hours (group B1-IR)
and 11.056 1.36 mg/dL and 12.36 0.82 in those
receiving 20 mg/dL of bilirubin (Group B2-IR and B,
respectively; Table 1).

MDA Levels

Mean MDA levels are shown in Table 1. They were
lower in groups B1-IR and B2-IR compared with levels in
group S-IR statistically (U5 36, P . .05; U 5 36, P .
.05, respectively). MDA levels were different between

groups B1-IR and B2-IR, also (U 5 33, P , .05). A
significant inverse relationship was found between bili-
rubin and MDA levels (r5 20.72 in groups S and B, r5
20.94 in groups S-IR, B1-IR, and B2-IR; Fig 1).

Histopathologic Grades

Histopathologic grades of groups B1-IR and B2-IR
were significantly lower than those of group S-IR. No
difference was detected between groups S and B statis-
tically. Average grade of B1-IR was 1. Mucosal histology
of the B2-IR group was normal except one rat with grade
1 injury (Table 2).

DISCUSSION

Physiologic role of bilirubin in body defense has first
been suggested by Najib-Farah.11 Later Bernhard et al.12

observed that small quantities of bilirubin stabilize vita-
min A toward autoxidation and prevent the air or ultra-
violet light-induced autoxidation of unsaturated fatty
acids in vitro more effectively than tocopherol (vitamin
E). The hypothesis that bilirubin might be a biologically
significant antioxidant recently has been reviewed inde-
pendently by Blyuger et al13 and by Stocker et al.6 It has
been shown that bilirubin acts as a scavenger against
ROS in a series of studies. This action of bilirubin
especially increases in low oxygen concentrations recip-

Table 1. Mean Levels and Standard Deviation of Serum Bilirubin

and Tissue MDA of the Groups

Groups Bilirubin Levels (mg/dL) MDA Levels (nmol/g-tissue)

S 0.63 6 0.25 25.73 6 2.67
B 12.3 6 0.82 17.63 6 5.35
S-IR 0.7 6 0.32 45.3 6 1.69
B1-IR 6.91 6 0.98 30.56 6 3.5
B2-IR 11.05 6 1.36 25.56 6 2.66

Fig 1. Linear regression relating serum bilirubin levels and tissue

MDA levels in B1-IR, B2-IR, S-IR groups (r 5 20.94).

Table 2. Histopathologic Grades of Groups

Groups

Rat No. SF SF-IR B B1-IR B-IR2

1 1 5 0 1 0
2 0 4 0 2 0
3 0 4 3 0 0
4 0 5 0 0 1
5 0 5 0 1 0
6 0 4 2 1 0
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rocal to intracellular levels, exceeding that of vitamin E
as an antioxidant.6,7

Intestinal tissue is considered to be very sensitive to
I/R injury because of high levels of enzyme xantine
dehidrogenase, located especially in the villus tips.3 The
ROS produced as a result of conversion of this enzyme to
xantine oxygenase, attack their main targets, the mem-
braneous structures of the cell, to oxidize the unsaturated
fatty acids, causing production of peroxylipid radicals
and destruction of the membranes. Lipid peroxidation, in
turn, results in production of conjugated dienes and
MDA.1-3 Thus, MDA level is considered to be a reliable
indicator of an ischemia-reperfusion event, increasing
with the severity of the injury.14 In the current study, the
significant low tissue MDA levels in groups B1-IR and
B2-IR compared with S-IR (U5 36,P , .05), show that
bilirubin prevents lipid peroxidation in intestinal I/R.
These results also clearly show that more preventive
effect could be obtained by increased bilirubin levels, a
fact suggested by statistically different MDA levels be-
tween groups B1-IR and B2-IR (U 5 36, P , .05).

Damage on intestinal tissue increases with the sever-
ity of I/R injury, resulting in higher histopathologic
grades.10,15 In the S-IR group, grade 4 to 5 injury was
detected, whereas serum bilirubin levels of 6.91 mg/dL
reached by 10 mg/kg/h of infusion significantly lowered
the mucosal injury to grade 1, and levels of 11.05 mg/dL
reached by 20 mg/kg/h of bilirubin infusion prevented
the injury completely in all but one animal with grade 1
(Table 1). This observation shows the preventive effect
of bilirubin in I/R injury histopathologically. Statistically
lower mean MDA levels observed in groups B1-IR and
B2-IR compared with group S-IR (P , .05) together with
lower histopathologic grades shows that the intestinal
mucosal protective effect of bilirubin to be caused by
prevention of lipid peroxidation. Results of in vitro
studies have shown the preventive effect of bilirubin on
oxidation of low-density lipoprotein and on free radical
chain oxidation of linoleic acid. This inhibitory action of
bilirubin has been attributed to its ability to react with the
lipid peroxyl radical by competing with the lipid to result
in its own oxidation.6,7 So, the observations of the current

study is consistent with the literature stating the action of
bilirubin as an inhibitor of radical chain reaction.7

Benaron and Bowen16 have reported a slower increase
of bilirubin in newborns with diseases associated with
increased production of ROS compared with newborns
who have diseases unassociated with ROS production.
They have proposed this observation to be related with
consumption of bilirubin as a result of reacting with
ROS. Serum bilirubin has an important contribution to
total antioxidant capacity in newborns, especially in
premature babies.4,5,17 Cowley et al18 have shown that
plasm antioxidant potential is lower in newborns with
sepsis compared with healthy ones; however, it is higher
in survivors compared with nonsurvivors.

I/R injury could arise as a result of intestinal obstruc-
tion.1 Clinically, high jejunal and dudenal atresias and
congenital hypertrophic pyloric stenosis frequently are
associated with hyperbilirubinemia. The bilirubin levels
in these patients are slower to decrease with photo-
therapy with an inclination to increase again.19 It is
known that heme-oxygenase, the heat-shock protein-II
(HSP321), the enzyme that catabolyzes heme to biliver-
din, is activated by oxidative stress leading to increase in
bilirubin production.20 This increase in bilirubin could
be a revelation of the aim of the nature protecting
the organism against the hazardous effects of oxidative
injury.

In recent years, approach to neonatal hyperbiliru-
binemia has changed owing to less frequent occurrence
of conditions, such as kernicterus and bilirubin toxicity,
than considered and as a consequence of studies that
show antioxidant and anticomplement effects associated
with useful roles in the body defense.21-23 In the absence
of an associated blood-brain barrier disorder, it could be
better if aggressive approaches are not undertaken to
lower the bilirubin levels in neonatal hyperbilirubinemia.

We found out that bilirubin has a dose-dependent
protective effect in the rat small intestine I/R injury by
preventing the lipid peroxidation. These observations
support the hypotheses suggesting the role of bilirubin as
a potent antioxidant in the body defense.
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37:306-313, 1954

13. Blyuger AF, Dudnik LB, Maiore AY, et al: Role of bilirubin as
a natural antioxidant in regulation of intencity of lipid peroxidation in
acute virus hepatitis. Bull Exp Biol Med 99:193-196, 1985

14. Czyrko C, Steigman C, Debra L, et al: The role of reperfusion
injury in occlusive intestinal ischemia of the neonate: Malonaldehyde-
derived fluorescent products and correlation of histology. J Surg Res
51:1-4, 1991

15. Parks D, Granger DN: Contributions of ischemia and reperfu-
sion to mucosal lesion. Am J Physiol 250:G749-753, 1986

16. Benaron DA, Bowen FW: Variation of initial serum bilirubin
rise in newborn infants with type of illness. Lancet 338:78-81, 1991

17. Bélanger S, Lavoie J-C, Chessex P: Influence of bilirubin on the
antioxidant capacity of plasma in newborn infants. Biol Neonate
71:233-238, 1997

18. Cowley HC, Bacon PJ, Goode HF, et al: Plasma antioxidant
potential in severe sepsis: A comparison of survivors and nonsurvivers.
Crit Care Med 24:1179-1184, 1996

19. Tan KL, Lim SC: Phototherapy for neonatal jaundice in infants
with intestinal obstruction. Pediatr 103:471-473, 1983

20. Maines MD, Mayer RD, Ewing JF, et al: Induction of kidney
heme oxygenase-1 (HSP321) mRNA and protein by ischemia/reperfu-
sion: Possible role of heme as both promotor of tissue damage and
regulator of HSP321. J Pharm Exper Ther 264:457-462, 1993

21. McDonagh A: Is bilirubin good for you? Clin Perinatol 17:359-
369, 1990

22. Nakagami T, Toyomura K, Kinoshita T, et al: A benefical role
of bile pigments as an endojenous tissue protector: Anti-complement
effects of biliverdin and conjugated bilirubin. Biochimica et Bio-
physica Acta 1158:189-193, 1993

23. Editorial: Moderate neonatal hyperbilirubinaemia. Lancet 338:
1242-1243, 1991

1767EFFECT OF BILIRUBIN IN ISCHEMIA/REPERFUSION INJURY


