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ABSTRACT Obstructive jaundice (OJ) is a severe condition that leads
to several complications. One of the important problems in OJ is the
increased incidence of endotoxemia, which is the result of bacterial
translocation (BT) and defective host immune response. Lipid peroxida-
tion (LP) is an important problem in OJ and sepsis in which nitric oxide
(NO) production and inducible nitric oxide synthase (iNOS) activity
are increased and antioxidative activity is decreased. Formation of
peroxynitrite (ONOO−) anion leads to cellular damage and apoptosis.
In this experimental study, we explore the effect of specific iNOS
inhibitor aminoguanidine (AG) on blood and tissue (liver and renal)
LP and iNOS levels in jaundiced rats with endotoxemia induced with
lipopolysaccharide (LPS). Rats were randomized into six groups; group
A, sham; group B, obstructive jaundice (OJ); group C, OJ + LPS; group
D, OJ + AG; group E, OJ + LPS + AG; group F, OJ + AG + LPS.
Serum malondialdehyde (MDA) and serum myeloperoxidase (MPO)
activity and liver and renal tissue MDA, MPO, and Na+/K+-ATPase
activity levels were detected in biochemical methods. Liver and renal
tissue iNOS levels were examined immunohistopathologically. Serum
and tissue MDA and MPO levels and tissue iNOS expression were
increased significantly in groups B, C, and E, while tissue ATPase
levels were decreased significantly in the same groups. In the group
treated with AG (group D), serum and tissue MDA and MPO levels
and tissue iNOS expression were decreased while tissue ATPase levels
were increased significantly. In group F, if AG was administrated
before LPS, we observed that serum and tissue MDA and MPO
levels and tissue iNOS expression were decreased while tissue ATPase
levels were increased significantly. Thus, our study showed that AG
had a protective effect when it was administrated before LPS, but it
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failed to prevent tissue iNOS expression and LP if
there was established endotoxemia in OJ.

KEYWORDS aminoguanidine, inducible nitric oxide syn-
thase, lipid peroxidation, lipopolysaccharide, obstructive
jaundice

Obstructive jaundice (OJ) is an important
clinical problem that may lead to serious
complications. The systemic consequences

of hyperbilirubinemia and OJ are wound breakdown,
sepsis, coagulopathy, gastrointestinal hemorrhage,
cardiovascular problems, immune depression, and
hepatic and renal failure [1]. There is a very high in-
cidence of morbidity and mortality in patients with
OJ. One of the important problem in OJ is the in-
creased incidence of endotoxemia that results from
defective host immune response [1, 2]. Systemic en-
dotoxemia developed in OJ is the result of the de-
pression in the clearance of lipopolysaccharide (LPS)
and other endotoxins in the portal circulation by
Kuppfer cells in the liver. In OJ, hepatic Kuppfer
cells’ endocytosis is impaired and their endotoxin
clearance ability is decreased. Portal endotoxemia,
which is the result of impaired intestinal barrier, and
systemic endotoxemia, which is developed as a result
of impaired function of Kuppfer cells, lead to sepsis
[1–4].

Lipid peroxidation (LP) is an important problem
in OJ, in which free radical production is increased
and antioxidative activity is reduced [5]. Nitric ox-
ide (NO) formation and increased expression of in-
ducible nitric oxide synthase (iNOS) take place [6].
Portal and systemic endotoxemia enhance the expres-
sion of iNOS and NO formation. The expression of
iNOS can be induced by injection of LPS [7]. NO
reacts with free oxygen radicals, and this leads to the
formation of the most harmful peroxynitrite anion
(ONOO−), and this anion leads to LP, cellular dam-
age, and apoptosis.

Peroxynitrite (ONOO−), free oxygen radicals, and
environment factors lead to DNA strand break-
age, which triggers the activation of poly(ADP-
ribose) synthase (PARS) [8, 9]. PARS is an energy-
requiring enzyme that plays a role in the repair of
strand breaks in DNA. Its activation results in a

substantial depletion of NAD, thus leading to cell
dysfunction [10].

Selective inhibition of iNOS, which is induced by
bacterial LPS, is of value in the treatment of septic or
endotoxemic states, as over produced NO has dele-
terious effects on tissue histology [11, 12]. This can
be achieved by some specific iNOS inhibitors such
as N -(1-iminoethyl)-L-lysine (L-NIL) and 1400W
or by some selective inhibitors of iNOS, such as
aminoguanidine (AG) [13–15]. In this experimental
study, we tried to explore the effect of the specific
iNOS inhibitor AG on serum and tissue (liver and
kidney) LP and tissue iNOS levels in OJ and in
jaundiced rats with endotoxemia induced with LPS.
We investigated the role of oxidative injury and
whether AG exerts any beneficial effect on lipid
LP in OJ and in jaundiced rats with endotoxemia
induced with LPS.

MATERIAL AND METHODS

The experiments described in this article were per-
formed in adherence to National Institutes of Health
guidelines on the use of experimental animals. Forty-
eight male Wistar rats, weighing 150–220 g, were
housed at constant temperature with 14/10-h peri-
ods of light and dark exposure, respectively. Ani-
mals were allowed access to standard rat feed and
water ad libitum with an acclimatization period of
at least 5 days prior to use in these experiments. Ap-
proval of our faculty’s ethics committee was taken
(date and number of approval: March 26, 2003,
B.30.2.MEÜ.0.01.00.00./676). The experiments were
performed in the Animal Experimental Laboratory of
Mersin University Medical School.

We randomly assigned 48 rats into 6 groups:

Group A: sham group (n = 8).
Group B: OJ group (n = 8).
Group C: OJ + 10 mg kg−1 LPS intraperitoneally

(n = 8).
Group D: OJ + 50 mg kg−1 AG intraperitoneally

(n = 8).
Group E: OJ + 10 mg kg−1 LPS + 50 mg kg−1 AG

intraperitoneally (n = 8).
Group F: OJ + 50 mg kg−1 AG + 10 mg kg−1 LPS

intraperitoneally (n = 8).
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Surgical Procedures
Bile Duct Ligation

Rats were anesthetized with intramuscular ke-
tamine at 50 mg kg−1and xylazine at 7 mg kg−1.
The chest and abdomen were shaved and each ani-
mal was fixed in a supine position on the operating
table. The abdomen was cleaned with 1% polyvinyl
iodine; when dry, the operating field was covered
with a sterile drape and median laparotomy was
performed.

Sham operation was performed on the rats in
group A. The sham operation consisted of mobiliza-
tion of the bile duct only. The rats in this group were
sacrificed just after the procedure.

The experimental jaundice was created by ligation
of the common bile duct by the technique described
in detail by Lee [16].

At day 5, the rats in group B, C, D, E, and F were
jaundiced. In group B, we anesthetized and sacri-
ficed the rats at day 5 to reveal the prime changes on
histopathology and LP in the jaundiced rats. In group
C, at day 5, we injected 10 mg kg−1 LPS (Escherichia
coli LPS serotype 055:B5, 100 mg, Sigma Chemi-
cal Co., St. Louis, MO) intraperitoneally into the
jaundiced rats, and after 6 h we anesthetized and
sacrificed the rats to reveal the prime changes on
histopathology and LP in jaundiced rats with endo-
toxemia [17–19].

In group D, at day 5 we started 50 mg kg−1

AG (Sigma Chemical Co., St. Louis, MO) intraperi-
toneally into the jaundiced rats and repeated the
same dose for 5 days, and the rats were anesthetized
and sacrificed at day 10. In group E, at day 5 we
injected 10 mg kg−1 LPS intraperitoneally into the
jaundiced rats, and after 6 h, 50 mg kg−1 AG was
administrated intraperitoneally; the same doses were
repeated daily for 5 days and the rats were sacrificed
at day 10. In group F, we administrated 50 mg kg−1

AG intraperitoneally at day 5 and repeated this daily
for 5 days and at day 10, 10 mg kg−1 LPS was injected
intraperitoneally; then after 6 h we sacrificed the rats.

The rats in groups D, E, and F were sacrificed at
day 10 in order to find out and demonstrate clearly
the histopathological and biochemical changes that
developed when AG was administered in the jaun-
diced rats before or after the establishment of

endotoxemia. These groups were designed to reveal
the protective and therapeutical effect of the drug.

Table 1 shows the groups and interventions per-
formed with motivation of dosage and timing of the
administered substances (LPS and AG).

The rats were anesthetized with intramuscular ke-
tamine (50 mg kg−1), and the blood was taken by
cardiac puncture for serum malondialdehyde (MDA)
and serum myeloperoxidase (MPO) activity. In or-
der to evaluate histopathological examination and
liver and renal tissue inducible nitric oxide synthase
(iNOS) expression, tissue samples were harvested
through a midline incision. The liver and renal tissue
iNOS expression was illustrated immunohistopatho-
logically. The pathologist was blinded on to what
group an animal belonged. In addition, liver and
renal tissue MDA, MPO activity, and Na+/K+-
ATPase activity levels were detected in biochemical
methods.

Lipid Peroxides Assays

MDA Determination

The levels of serum and tissue lipid peroxida-
tion products as thiobarbituric acid (TBA)–MDA
adducts were measured spectrophotometrically by
the method described by Yagi [20]. The results were
expressed as nanomoles MDA formed per milliliter
for serum and nanomoles of MDA per gram for tis-
sue.

Determination of MPO

The determination of serum and tissue MPO
activity depends on the fact that it reduces
o-dianozidine. Reduced o-diazidine was measured at
410 nm by spectrophotometer [21]. The MPO ac-
tivity was expressed as units per liter for serum and
units per gram for tissue.

Determination of Na+/K+-ATPase
Activities

ATPase activities were determined on the result-
ing tissue supernatants by measuring the rate of lib-
eration of inorganic phosphate (Pi) from disodium
ATP. Incubation media were made up as described
previously [22, 23]. Protein content was determined
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TABLE 1 The groups and interventions performed with motivation of dosage and timing of the administered substances (LPS
and AG)

Intervention
Group A
(Sham)

Group B
(OJ)

Group C
(OJ + LPS)

Group D
(OJ + AG)

Group E
(OJ + LPS + AG)

Group F
(OJ + AG + LPS)

Sham
operation, day 1 x — — — — —

CBD
Iligation, day 1 x x x x x

OJ, day 5 — x x X x x
IPS (10 mg kg−1)

Day 5 — — x — x —
Day 6 — — — — — —
Day 7 — — — — — —
Day 8 — — — — — —
Day 9 — — — — — —
Day 10 — — — — — x

AG (10 mg kg−1)
Day 5 — — — x xb x
Day 6 — — — x x x
Day 7 — — — x x x
Day 8 — — — x x x
Day 9 x x x
Day 10 x x x

Sacrifice
Day 1 x — — — — —
Day 5 — x xa — — —
Day 6 — — — — — —
Day 7 — — — — — —
Day 8 — — — — — —
Day 9 — — — — — —
Day 10 — — — x x xa

aSix hours after the administration of LPS, the rats were sacrificed.
bAG was administered 6 hours after the administration of LPS.

according to the method described by Lowry [24],
and bovine serum albumin was used as a stan-
dard. Specific activities were calculated as nanomoles
Pi/per milligram protein/per hour.

Histological Evaluation

Immunohistochemical Assay

The extracted liver and renal tissue were fixed
in 10% phosphate-buffered formalin and subse-
quently embedded in paraffin. Five-micrometer-
thick sections were prepared from paraffin blocks
of liver and renal tissue and were used to quan-
tify the iNOS expression. İmmunohistochemistry
for iNOS, a synthetic peptide derived from the
extreme C-terminus of the human iNOS protein
(Zymed Laboratories, San Francisco, CA, dilution of

1:1000), was performed by using a combination of
the streptavidin–biotin peroxidase method and mi-
crowave antigen retrieval according to manufactur-
ers’ methods.

Morphometric Determination

iNOS protein was observed in the cytoplasm of
parenchymal cells of liver and epithelial cells of kid-
ney. iNOS protein expression in the groups was as-
sessed according to the intensity of staining: score
0: <2%, absent; score 1: 2–10%, weak; score 2: 10–
50%, intermediate; score 3: >50%, strong.

Statistical Analysis

Biochemical values were described as mean ±
standard error of mean (SEM) values. Statistical
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TABLE 2 Biochemical values of each group described as mean ± standard error of mean (SEM) values

Group A
(Sham)

Group B
(OJ)

Group C
(OJ + LPS)

Group D
(OJ + AG)

Group E
(OJ + LPS + AG)

Group F
(OJ + AG + LPS)

Serum MDA 5.5 ± 0.3 14.0 ± 0.6 52.0 ± 1.8 12.1 ± 0.5 16.6 ± 0.6 12.4 ± 0.3
Serum MPO 0.5 ± 0.1 2.8 ± 0.1 4.0 ± 0.3 1.3 ± 0.1 2.5 ± 0.1 1.5 ± 0.1
Liver MDA 7.4 ± 0.3 16.4 ± 0.9 27.2 ± 3.1 13.9 ± 0.9 15.9 ± 1.3 12.9 ± 1.3
Renal MDA 6.5 ± 0.4 14.9 ± 0.8 19.2 ± 0.5 18.0 ± 1.3 13.5 ± 0.5 12.6 ± 1.0
Liver MPO 1.1 ± 0.1 2.7 ± 0.2 3.9 ± 0.1 2.2 ± 0.2 2.4 ± 0.1 1.7 ± 0.2
Renal MPO 1.4 ± 0.1 2.3 ± 0.2 3.2 ± 0.2 2.3 ± 0.4 2.7 ± 0.2 2.0 ± 0.2
Liver ATPase 72.3 ± 0.7 60.4 ± 0.9 31.5 ± 1.4 57.3 ± 1.7 38.3 ± 2.6 44.8 ± 2.4
Renal ATPase 78.8 ± 1.5 48.8 ± 3.7 34.3 ± 1.4 50.8 ± 1.4 42.3 ± 2.4 45.7 ± 1.5

differences for serum and tissue MDA, serum and
tissue MPO activity, and tissue ATPase activity val-
ues were evaluated using one-way analysis of variance
(ANOVA) followed by Tukey’s HSD post hoc test.
Histopatological examinations were presented as me-
dian and 25–75% percentiles in parenthesis. Com-
parisons of iNOS staining scores were analyzed us-
ing the Kruskal–Wallis test followed by Dunn’s test;
p values less than .05 were considered statistical sig-
nificant. Box-plot graphs were used to show medians
of liver and renal iNOS scores.

RESULTS

Biochemical Examination
Biochemical values of each group are presented in

Table 2.
The descriptive statistics of serum, liver, and re-

nal MDA; serum, liver, and renal MPO; and liver,
and renal ATPase are presented in Figures 1, 2, and 3
respectively. The significance levels of pairwise com-
parisons of groups according to Tukey’s post hoc test
are presented in each figure.

FIGURE 1 The descriptive statistics of serum, liver, and renal MDA and the significance levels of pairwise comparisons of groups
according to Tukey’s post hoc test.
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FIGURE 2 The descriptive statistics of serum, liver, and renal MPO and the significance levels of pairwise comparisons of groups
according to Tukey’s post hoc test.

FIGURE 3 The descriptive statistics of liver and renal ATPase and the significance levels of pairwise comparisons of groups
according to Tukey’s post hoc test.
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TABLE 3 Immunohistochemical iNOS expression values of each group described as median, with interquartile range in brackets

Group A
(Sham)

Group B
(OJ)

Group C
(OJ + LPS)

Group D
(OJ + AG)

Group E
(OJ + LPS + AG)

Group F
(OJ + AG + LPS)

Liver iNOS 0 [0 to 1] 2 [2 to 2] 3.5 [3 to 4] 1 [1 to 1] 3 [3 to 4] 1.5 [1 to 2]
Renal iNOS 0 [0 to 1] 2 [2 to 2.5] 3 [3 to 4] 1 [1 to 1] 3 [3 to 4] 1 [1 to 2]

When the serum, liver, and renal MDA of the
groups were compared, there was a significant dif-
ference between groups A and B, between groups A
and C, between groups A and E, between groups B
and C, between groups C and E, and between groups
C and F (p < .05) (Figure 1).

In the comparison of serum, liver, and renal
MPO of the groups, there was significant differ-
ence between groups A and B, groups A and C,
groups A and D, groups A and E, groups B and C,
groups C and D, and groups C and F (p < .05)
(Figure 2).

When the liver and renal ATPase activity levels
of the groups were compared, there was significant
difference between groups A and B, groups A and C,
groups A and D, groups A and E, groups A and F,
groups B and C, groups C and D, and groups C and
F (p < .05) (Figure 3).

Immunohistochemical iNOS
Expression

The statistical analysis of liver and renal iNOS
staining values of each group is presented in Table 3.

Liver

In the immunohistochemical examination of
iNOS expression in the liver of rats (Figure 4) in the
sham group (group A), very weak iNOS staining was
detected in hepatocytes around the central venules
of the lobules. In group B (OJ group), the number
of iNOS stained cells were increased. In groups C
(OJ + LPS group) and E (OJ + LPS + AG group),
there was intense iNOS staining. However, in groups
D (OJ + AG group), and F (OJ + AG + LPS group),
iNOS staining was sparse.

FIGURE 4 Representative sparse and intense iNOS staining in the immunohistochemical examination of liver tissue. ×400.
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FIGURE 5 The differences between medians of groups in the immunohistochemical examination of liver tissue with iNOS
staining. Multiple comparisons between the groups for liver iNOS (p = .05).

There was a significant difference between groups
A and B, groups A and C, groups A and E, groups
A and F, groups B and C, groups B and D, groups B
and E, groups C and D, groups C and F, groups D
and E, groups D and F, and groups E and F (p < .05)
(Figure 5).

The immunohistochemical examination with
iNOS demonstrated that iNOS staining in group A
(sham-operated control group), group D (OJ + AG),
and group F (OJ + AG + LPS) was significantly lower
than in group B (OJ), group C (OJ + LPS), and group
E (OJ + LPS + AG).

FIGURE 6 Representative sparse and intense iNOS staining in the immunohistochemical examination of renal tissue. ×200.
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FIGURE 7 The differences between medians of groups in the immunohistochemical examination of renal tissue with iNOS
staining. Multiple comparisons between the groups for renal iNOS (p = .05).

Renal

In the immunohistochemical examination of re-
nal iNOS expression (Figure 6), it was noted in the
tubular epithelium. There was severe immunostain-
ing in the tubular epithelium, in both the cortical
and medullar region, and prominent in the outer
medulla.

In sham group (group A), very weak iNOS staining
was detected in a few tubular epithelium samples. In
groups B (OJ group), C (OJ + LPS group), and E (OJ
+ LPS + AG group) the numbers of iNOS stained
cells were increased. In groups D (OJ + AG group)
and F (OJ + AG + LPS group), iNOS staining was
sparse.

There was a significant difference between groups
A and B, groups A and C, groups A and D, groups
A and E, groups A and F, groups B and C, groups B
and D, groups B and E, groups B and F, groups C
and D, groups C and F, groups D and E, and groups
E and F (p < .05) (Figure 7).

The tubular epithelium showed statistically signif-
icant and more intense staining in the cases of group
C (OJ + LPS) and group E (OJ + LPS + AG) when
compared to group D (OJ + AG) and group F (OJ +
AG + LPS group).

DISCUSSION

Sepsis is a severe and major complication related
to OJ, and it is also the reason of high morbidity and
mortality [25]. The neutralization and elimination
of the intestinal endotoxin related to the lack of bile
in the intestinal lumen are reduced in OJ [26]. At
the same time, impaired gut barrier function leads to
bacterial translocation [27]. There is also increased
sensitivity to LPS and endotoxins in OJ. The acti-
vation of polynuclear leukocytes, monocytes, and
macrophages in OJ leads to release of many medi-
ators, which contribute to the pathophysiology of
the systemic inflammatory response syndrome, sep-
sis, and multiple organ failure [28–30]. On the other
hand, these mediators bind to the respective cell sur-
face receptors and activate tyrosine kinase and nu-
clear factor kappa B (NFκB). This leads to transcrip-
tion of iNOS protein in different cells and organs
and to overproduction of NO [31, 32]. For this rea-
son, iNOS was expressed in hepatocytes and renal
tubular epithelium in our study.

INOS is not expressed under normal conditions,
but cytokines and endotoxin induce its expression
[6, 33]. In OJ and endotoxemia, activated iNOS (in-
dependently of Ca) leads to excessive production of
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NO [34, 35]. Recently, oxidative stress and formation
of peroxynitrite anion (ONOO−) are recognized as
an important initiator of apoptosis [36]. Increased LP
and formation of peroxynitrite anion lead to oxida-
tive damage in lungs, kidneys, and liver tissue [35].

AG is a nucleophylic hydrazine that selectively
inhibits iNOS expression. It inhibits the inducible
form of NOS 30–40 times more than endothelial
NOS (eNOS) and the constitutional form of NOS
(cNOS).

In our study, we observed that serum, liver, and re-
nal MDA and MPO levels were increased in group B.
We found decreased liver and renal ATPase levels.
This data show that there is increased LP in the rats
with OJ. In the immunohistochemical examination
of iNOS expression in group B, we observed that
liver and renal iNOS expression was increased sig-
nificantly (Figures 4 and 5). Since AG is a selective
iNOS inhibitor, we have administered it to the jaun-
diced rats (group D) to see whether it exerts any ben-
eficial effect on LP and iNOS expression. We ob-
served that serum, liver, and renal MDA and serum,
liver, and renal MPO levels were decreased and liver
and renal ATPase activity were increased in group D
(OJ + AG). These results show that LP and oxidative
stress are prevented with the protective effect of AG.
Since this effect of AG depends on its selective iNOS
inhibitor effect, we examined iNOS expression im-
munohistochemically in group D. We observed that
iNOS staining in group D (OJ + AG) was lower than
in group B (OJ). The level of iNOS staining in this
group was almost near the level of group A (sham-
operated control group). This shows that defective
host immune response in OJ enhances sensitivity of
the host to endotoxemia, which leads to increased
tissue iNOS expression, and AG decreases this ex-
pression. These results are very important because in
patients with OJ, host immune response can be re-
paired by AG and establishment of endotoxemia can
be prevented.

In the second part of our investigation, we admin-
istered LPS to the rats with OJ. We observed that LP
and oxidative stress were exaggerated. We observed
that serum, liver, and renal MDA and MPO levels in
group C were much more higher than serum, liver,
and renal MDA and MPO levels in groups B and

A. We found decreased liver and renal ATPase levels
in group C. In the immunohistochemical examina-
tion of iNOS expression, we found that liver and re-
nal iNOS expression were increased significantly in
group C as compared to sham and OJ groups (Figures
4 and 5). This can be explained by the fact that the
increased sensitivity to LPS and endotoxin in OJ can
lead to exaggerated iNOS expression, LP, and oxida-
tive stress, which may lead to organ dysfunction.

In order to evaluate the protective and therapeuti-
cal effect of AG, we administered it to the jaundiced
rats in which endotoxemia is induced with LPS be-
fore (OJ + LPS + AG group, group E) or after admin-
istration of AG (OJ + AG + LPS group, group F),
to see whether it exerts any beneficial effect on LP
and iNOS expression. We observed that serum, liver,
and renal MDA and serum, liver, and renal MPO lev-
els were decreased and liver and renal ATPase activity
were increased in group F (OJ + AG + LPS). These re-
sults show that LP and oxidative stress are prevented
with the protective effect of AG. Since this effect of
AG depends on its selective iNOS inhibitor effect, we
examined iNOS expression immunohistochemically
in groups E and F. We observed that iNOS staining
was very strong in group E. It was almost equal to
the level of iNOS staining in group C. We observed
that iNOS staining in group F (OJ + AG + LPS) was
lower than in group B (OJ) or group C (OJ + LPS).
The level of iNOS staining in this group was near
the level of group A (sham-operated control group).
This data shows that the enhanced sensitivity of the
host to LPS and other endotoxins in OJ leads to
increased tissue iNOS expression, and AG decreased
this expression if it was administrated before LPS, but
it failed to diminish the deleterious effects of LPS if it
was administrated after LPS. This shows that there is
no therapeutical effect of AG if organ dysfunction in
any kind of endotoxemia is established because of the
second hit model. But if AG is administrated before
LPS as in group F, establishment of organ dysfunc-
tion is prevented by maintaining the host immune
defense to LPS and other endotoxins via reducing
LP.

In this study, we aimed to investigate the delete-
rious effects of OJ and LPS on LP and on liver and
renal tissue iNOS expression in jaundiced rats with
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endotoxemia induced with LPS and the protective
effect of AG in OJ to show whether it is effective
when administered before or after LPS. Our study
had indicated that AG performed a protective role
in OJ by decreasing LP and by maintaining the host
immune defense to LPS and other endotoxins when
it was administered before LPS, but it failed to pre-
vent the tissue iNOS expression and LP if there was
established endotoxemia in OJ. AG can be used in
clinic as a protective agent to protect patients with
OJ from development of endotoxemia.
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