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Abstract. – OBJECTIVE: In this study, the diagnostic value of serum endothelin-1 (ET-1) levels and the therapeutic effects of bosentan have
been investigated in an experimental appendicitis rat model.
MATERIALS AND METHODS: Twenty-one
male Sprague-Dawley rats were chosen for the
study. The rats were allocated into three groups
as follows: Group 1 (control, n = 7), Group 2 (appendicitis, n = 7), and Group 3 (bosentan treatment, n = 7). At the 6th hour of the experiment,
Groups 1 and 2 received 2 ml saline, and group 3
received 30 mg/kg bosentan intraperitoneally. At
the 24th postoperative hour, all rats were sacrificed and evaluated histopathologically to score
the severity of appendicitis. The plasma malondialdehyde, reduced and total glutathione levels,
serum, and appendiceal tissue ET-1 levels were
evaluated.
RESULTS: In this study, we found that the ET-1
levels were significantly increased with appendicitis (p = 0.018). The administration of bosentan can statistically significantly both decrease
the histopathologic injury in the inflamed appendix and increase the serum total glutathione levels (p = 0.002).
CONCLUSIONS: The increase in plasma ET-1
levels may have a diagnostic value of acute appendicitis. We believe that manifestations that
occur during the acute phase of appendicitis
may be reduced with the administration of
bosentan, which may also help prevent complications.
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Introduction
Acute appendicitis (AA) remains the most frequent cause of acute abdominal pain in children1.
The condition is encountered in nearly 7% of the
overall population2, and appendectomy remains

the most common surgical emergency 3,4. The
pathophysiology of this disease is not fully understood. Following luminal occlusion, inflammatory changes in the appendiceal tissue induce
rapid distention of the vermiform appendix,
which consequently increases the intraluminal
pressure3. An increase in venous pressure leads to
the development of mucosal ischemia, causes the
inflammatory process to progress and increases
the intraluminal pressure, resulting in necrosis of
the appendiceal wall.
Endothelin-1 (ET-1) is a potent vasoconstrictive peptide consisting of 21 amino acids in many
tissues, including those of the gastrointestinal
system, and it is released from inflammatory
cells5. The effects of ET-1 on inflammatory bowel diseases have been studied in detail6. ET-1 increases the superoxide anion products and cytokine release, which contribute to the development of the inflammatory process7,8. It is one of
the important mediators of the systemic inflammatory response and is involved in immune functions9,10. Because of its vasoconstrictive effect,
ET-1 is believed to play a role in the pathophysiology of AA11. The inhibition of this agent can
decrease morbidity by suppressing the development of intestinal injury. Bosentan is the first potent non-peptide endothelin (ET) receptor antagonist approved by the Food and Drug Administration12. An increase in the endothelial tissue has
been demonstrated in colitis-induced rats, and diminished ET-1 activity has been correlated with
an improvement in colitis 13,14. The effects of
bosentan in AA have not been investigated. In
our study, the diagnostic value of ET-1 and the
effectiveness of bosentan are investigated for the
first time investigated in an experimental appendicitis rat model.
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Materials and Methods
Materials
Experiments were conducted in accordance
with the Guide for the Care and Use of Laboratory Animals. The experimental protocol was approved by the local Ethics Committee of the Animal Production and Research Laboratory of
Bezmialem Vakif University. The study subjects
included 21 male Spraque-Dawley rats weighing
between 198 and 265 g. Rats were fed standard
pellets and tap water and kept at room temperature and a humidity-controlled environment. The
rats were randomly allocated to one of the three
groups containing 7 rats each.
Surgical Procedure
Intraperitoneal ketamine hydrochloride (50
mg/kg) (Ketalar, 50 mg/ml, Eczacibasi, Istanbul,
Turkey) and xylazine hydrochloride (15 mg/kg)
(Rompun, 23.32 mg/ml, Bayer, Istanbul, Turkey)
were used for the induction of anesthesia. Approximately 5 min before the operation, the abdominal
regions of the rats were shaved, cleaned with 10%
povidone-iodine solution and covered with sterile
drapes. Using sterile instruments, a laparotomy
was performed through a midline incision. The cecum, which typically measures approximately 1
cm in diameter and 2 cm in length, was identified.
To create and mimic acute appendicitis in the rat
model, a point nearly 5 cm proximal to the tip of
the cecum was ligated with 3-0 silk sutures15.
Group 1 (Control): only laparotomy was performed, and the wound was closed primarily.
At 6 h after surgery, 2 µl of saline were administered into the peritoneal cavity. The abdominal layers were then closed with 4/0 silk sutures.
Group 2 (Appendicitis): following a similar approach for laparotomy, the distal part of the
cecum was ligated. At postoperative 6 h, 2 µl
of saline were administered into the peritoneal
cavity. An appendiceal resection was per-

formed through the re-laparotomy approach 24
h after the procedure.
Group 3 (Bosentan treatment): 6 h after the ligation of the distal cecum, 30 mg/kg bosentan
were administered into the peritoneal cavity.
From all rats, 1 ml blood samples were drawn
preoperatively and at the 24th hours following
appendectomy to measure the plasma ET-1, malondialdehyde (MDA), and glutathione levels. All
post-appendectomy tissue samples were analyzed
to assess endothelin-1 levels.
The rats were sacrificed after 24 h, and their
appendices were removed for biochemical and
histological analyses. Tissue samples were vertically cut into two equal parts. One part was
frozen for biochemical analysis at -80°C, and the
other part was immersed in a 10% formaldehyde
solution for histological examination.
Histopathological Evaluation
The tissue samples kept for histopathologic
evaluation were fixed in neutral-buffered formalin for 24 h at room temperature. After dehydration and clarification, the tissues were embedded
in paraffin wax, and 4-µm sections were collected on slides. After deparaffinization and rehydration, the sections were stained with hematoxylin
and eosin (H&E) and mounted on glass slides.
Sections were examined under light microscopy
(X 400 magnification. Leica DM 1000; Leica
Microsystems, Wetzlar, Germany), and photomicrographs were taken with a high-definition digital camera (Leica DFC 290 HD; Leica Microsystems, Heerbrugg, Switzerland). Histopathologic
examination was performed by a pathologist
blinded to the origin of the specimens. Inflammation was evaluated by a 4-point (0-3) semi-quantitative scale modified from Biert et al16 and Verhofstad et al17,18. The degree of the necrosis and
the extent of the lymphocyte, polymorphonuclear
leukocyte, and macrophage infiltrations were
scored from the lowest to the highest, and total
scores were obtained accordingly (Table I).

Table I. Modified Biert-Verhofstad classification for histopathological evaluation.
Score
0
1
2
3
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Necrosis
None
Small patches
Some patches
Massive

Polimorphonuclear Leukocyte
Normal number
Slight increase
Marked infiltration
Massive infiltration

Lymphocytes

Macrophages

Normal number
Slight increase
Marked infiltration
Massive infiltration

Normal number
Slight increase
Marked infiltration
Massive infiltration
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Biochemical Analysis
Serum Preparation
Blood samples (1 ml) procured from the rats
during the preoperative period and 24 h after
surgery were placed in tubes with a gel separator,
which did not contain any preservative substances. The samples were left at room temperature for coagulation and then centrifuged at 1000
rpm for 15 min to separate their serum portions.
The separated sera were placed in Eppendorf
tubes and stored in a deep freezer at -80°C until
analysis. Serum samples were analyzed for their
MDA levels, reduced and total glutathione, and
ET-1 contents.
Tissue Preparation
Harvested tissue samples were first rinsed with
distilled water and then allocated into 2 groups
for histopathological examinations and biochemical tests. Samples retrieved for histopathological
examination were immediately placed in 10%
formaldehyde solution and sent to a pathology
laboratory. The tissue samples assigned for biochemical analyses were immediately placed in a
freezer (-80°C) until analysis. At the time of
analysis, the samples were thawed and transferred into biochemistry tubes. Tissue samples
weighing 100 mg were left in 10 ml 5% PBS
buffer solution. Then, the cell membranes disintegrated, and the tissues were homogenized mechanically. The resulting homogenates were centrifuged at 5000 rpm for 5 min, and their supernatants were separated. Supernatant portions of
the samples were transferred into Eppendorf
tubes and used for further biochemical analyses.
Analysis of the Serum Samples and
Tissue Specimens
The tissue MDA levels were measured using a
manual method and Biovision (Milpitas, CA,
USA) brand colorimetric commercial kits (K
739-100). The total and reduced tissue glutathione levels were measured using a manual
method and Biovision (Milpitas, CA, USA)
brand colorimetric commercial kits (K 261-100).
The spectrophotometric analysis of these tissue
samples was completed using a Pharmacia LKB
Ultrospec III Spectrophotometer (Houston, TX,
USA).
Serum and tissue ET-1 values were analyzed
using a commercial Cusabio brand ELISA kit
Cusabio (Wuhan, Hubei, China) and ELISA
reader Biotek ELX800 (Winooski, VT, USA).

The results of the tissue analysis were expressed per g of tissue. 20 mg of bosentan (Actelion, Tracleer, Ro 470203-courtesy of Dr. Martine Clozel, F. Hoffman-La Roche Ltd, Basel,
Switzerland) were dissolved in 20 ml distilled
water and added to 20 ml saline for a total of 40
ml and diluted to obtain 1 mg bosentan sodium
in 2 ml. The dose selection was based on the results of the previous studies19,20.
Statistical Analysis
Statistical analyses were performed with SPSS
software for Windows (SPSS, Inc, Chicago, IL,
USA). Values were expressed as the mean ± SD.
The Kruskal-Wallis test was used for the variance
analyses, and the Mann-Whitney U test was used
to calculate the differences between groups. The
Bonferroni correction was performed. Intergroup
rates of categorical variables (PNL, macrophage,
lymphocyte) were tested using the x2 test. p <
0.05 was considered to be statistically significant.

Results
A total of 21 rats were included in this study.
None of the animals had to be excluded from the
experiment. The total histopathological scores
were compared between the groups, and inflammatory changes in the appendicitis group were
significantly more severe about the other two
groups (p < 0.05). However, in the bosentan
treatment group, these manifestations were statistically significantly lower (p < 0.05).
Pairwise comparisons between the groups revealed significant differences for all groups in
polymorphonuclear leucocyte (PNL), lymphocyte, and macrophage infiltrations (p < 0.05).
Histopathological sections and the comparison of
total pathology scores are shown in Figure 1 and
Figure 2, respectively.
Intergroup comparisons of all biochemical data were performed for all groups. The tissue reduced glutathione value (GSH) levels did not
demonstrate significant changes in the appendicitis group (p = 0.848), while the administration of
bosentan increased the GSH levels significantly
(p = 0.013). The tissue total glutathione values
decreased significantly in the appendicitis group
(p = 0.004), while the administration of bosentan
significantly increased this value (p = 0.002)
(Figure 3A-B). However, a statistically significant intergroup difference was not detected in the
tissue MDA (Figure 4), tissue ET-1, or preopera1629
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Figure 1. A, Intense polymorphonuclear leukocytes in the appendicitis group, rare polymorphonuclear leukocytes in the control group and mild polymorphonuclear leukocytes in the bosentan group are observed (H-E × 400).

Figure 2. The comparison of total pathology damage
scores; *p < 0.017, in intergroup comparisons

tive serum ET-1 values (p > 0.05). In contrast, the
postoperative serum ET-1 values were statistically significantly higher only in the appendicitis
group (p = 0.025). When the preoperative and 24
h postoperative serum ET-1 values were compared, significant increases in the postoperative
serum ET-1 values were detected in the appendicitis group (p = 0.018). A statistically significant difference was not found in the comparisons of the same parameters in the control
groups (p = 0.50). In the bosentan treatment
group, a significant increase in the serum ET-1
values was detected 24 h after surgery (p =
0.018) (Figure 5A-B).
The histopathological findings and biochemical values for all groups are shown in Table II.
The comparison of p-values among all groups is
shown in Table III.

Figure 3. A-B, The comparison of reduced Glutathione (GSH) and total Glutathione levels; *p < 0.017, in intergroup comparisons.
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Figure 4. The comparison of MDA levels.

Discussion
Despite the many diagnostic methods used for
AA, difficulties in the diagnosis of acute appen-

dicitis still exist, especially in small children,
young girls, pregnant women, and the elderly,
and the related negative outcomes of emergency
appendectomies and perforations are considerably high21,22. To date, no single diagnostic tool
that establishes the diagnosis of acute appendicitis per se during the preoperative period has been
introduced into clinical practice. In literature reviews, most of the tests performed with the intention to diagnose acute appendicitis have been only recommended because of their inapplicability
in clinical practice. Furthermore, a panacea to be
used for the treatment of acute appendicitis is not
available23. Apart from the conventional inflammatory biomarkers of white blood cell counts
and C-reactive protein, many biomarkers, including 5-Hydroxyindoleacetic acid, procalcitonin,
interleukins, leptin, lipopolysaccharide binding
protein, calprotectin, lactoferrin, mean platelet
volume, and neutrophil gelatinase-associated
lipocalin, have been used for the diagnosis of appendicitis. However, the diagnosis of acute ap-

Figure 5. A, The comparison of tissue Endothelin-1 levels. B, The comparison of pre-op and post-op serum Endothelin-1 levels. *p < 0.05.

Table II. Histopathological findings and biochemical values of all of the groups (value ± SD).

Rat weight (g)
Mean histopathologic score
Reduced glutathione (µg/g)
Total glutathione (ng/g)
Malondialdehyde (nmol/g)
Tissue endothelin-1 (pg/g)
Pre-op plasma endothelin-1 (pg/ml)
Post-op (24th hours) plasma endothelin-1 (pg/ml)

Control

Appendicitis

Bosentan treatment

240.3 ± 20.7
1.00 ± 0.00
0.09 ±0.02
2.24 ± 0.70
2.17 ± 0.52
0.61 ± 0.24
28.13 ± 14.99
31.40 ± 12.37

245.0 ± 25.9
4.14 ± 0.69
0.09 ± 0,03
0.31 ± 0.72
3.02 ± 1.52
0.90 ± 1.25
16.25 ± 12.56
56.67 ± 21.35

236.1 ± 23.0
3.29 ± 1.80
0.13 ± 0.02
5.24 ± 3.28
2.12 ± 1.28
0.51 ± 0.34
19.25 ± 7.84
41.84 ± 12.30

g: gram; SD: Standart Deviation; ng: nano gram; nmol: nano mol; pg: picogram; ml: millilitre.
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Table III. The comparison of p-values among all groups.
Control group
vs.
Appendicitis group
Total pathology scores
Necrosis
PNL
Lymphocytes
Macrophages
Reduced glutathione
Total glutathione
Malondialdehyde
Tissue endothelin
Serum endothelin (preop)
Serum endothelin (postop)

Control group
vs.
Bosentan treatment group

0.001*
Not different
0.004
0.001
0.001
0.848
0.004*
0.259
0.447
0.118
0.025

0.009*
Not different
0.004
0.001
0.001
0.006*
0.064
0.259
0.447
0.118
0.142

Appendicitis group
vs.
Bosentan treatment group
0.016*
Not different
0.004
0.001
0.001
0.013*
0.002*
0.259
0.447
0.118
0.110

p < 0.05 is accepted for statistical significance; *p < 0.017 is accepted for statistical significance (Bonferroni correction).

pendicitis remains challenging for the clinician,
and specific biochemical agents aimed at the diagnosis and treatment of AA is still needed.
Adequate mucosal microvascular blood flow is
critical in establishing the continuum of mucosal
integrity. This blood flow decreases in septic
conditions, leading to bleeding and tissue damage. A potential pathogenetic role of ET-1 in intestinal mucosal damage has been reported. ET-1
exerts its effects by lowering mucosal microvascular perfusion. Local intra-arterial infusion of
low doses of ET-1 leads to the hemorrhagic injury of the gastrointestinal mucosa and widespread ulcerations. In inflammatory bowel disease, increased levels of this peptide have been
observed in the lamina propria and submucosa
with resultant vasoconstriction and intestinal ischemia. Polymorphonuclear leukocytes are important mediators of ET-1-induced intestinal
damage. Oktar et al24 reported that ET-1 caused
the aggregation of polymorphonuclear leukocytes, oxidative stress, and mucosal dysfunction
in the murine guts. The local production of ET-1
in the neutrophils and other inflammatory cells
may be a focal inflammatory manifestation of appendicitis. This finding suggests that ET-1 may
be responsible for vasoconstriction-induced ischemia. In another study, ET-1 infused into the
superior mesenteric artery resulted in the dysfunction of the intestinal mucosa. Some authors
reported a clear correlation between plasma endothelin levels and mortality rates in patients
with sepsis. An endothelin receptor blockade can
partially eliminate these pathologic effects of ET1 by significantly decreasing polymorphonuclear
1632

infiltration and intestinal mucosal damage.
Gonon et al 25 observed that the ET receptor
blockade weakened the myeloperoxidase activity
and decelerated the recruitment of neutrophils.
The beneficial effects of ET-1 receptor antagonists manifested through this mechanism of action have been reported in many diseases.
Bosentan is an endothelin receptor antagonist
and is initially used in the oral treatment of pulmonary hypertension26-28. Potential beneficial effects of bosentan in scleroderma, glaucoma, diabetic nephropathy, atherosclerosis, rheumatoid
arthritis, ovarian ischemia, reperfusion damage,
and sepsis have been reported. As demonstrated
in various studies, it also facilitates the healing of
anastomotic sites by preventing the development
of adhesions29,30.
In our work, a significant increase in serum
ET-1 during the postoperative period in the appendicitis group was observed, suggesting that
serum ET-1 can be used as a diagnostic parameter for AA. Bosentan significantly suppressed the
histopathological findings of AA. Bosentan did
not induce significant changes in the ET-1 ratios.
This result might be attributed to the low number
of experimental animals and/or a mechanism of
bosentan on other endothelin receptors. Further
studies should be conducted on this subject.

Conclusions
The measurement of plasma ET-1 levels will
be useful in the diagnosis of AA. Bosentan has
proven to exert favorable effects on the
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histopathological changes in experimental AA.
However, for the effective clinical application of
ET receptor antagonists, further studies should
be conducted to improve our understanding of
the pathophysiology of this system.
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