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Trapidil, an Inhibitor for Phosphodiesterase and
Platelet-Derived-Growth Factor, Ameliorates Corrosive
Esophageal Burn in Rats
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— Corrosive esophageal burn is a common health problem in the pediatric age group and
causes serious esophageal injuries. The medical treatment in acute phase of corrosive
esophageal injury is of particular importance for prevention of esophageal stricture. We
therefore aimed to investigate the possible beneficial effect of trapidil (triazolopyrimidine),
an inhibitor for phosphodiesterase and platelet-derived-growth-factor, during acute phase
of esophageal corrosive injury. Wistar albino rats were randomly allocated to untreated,
treated, and sham-operated groups (n = 10 for each group). Corrosive esophageal burn
was generated with 10% NaOH solution. The rats were left untreated (untreated group) or
treated with trapidil as a single dose of 40 mg/kg intraperitoneally after one hour of the in-
jury (treated group). Abdominal esophageal segment was isolated and tied in sham-control
group. The studied esophageal segment was removed from each animal after 24 hours.
Malondialdehyde (MDA) and nitric oxide (NO) levels were measured in the esophageal
tissues. The ulcer depth was graded by histopathologic examination. MDA and NO levels
were significantly higher in the untreated group than in the treated group. Namely, trapidil
treatment significantly decreased MDA and NO levels in the injured tissues, the levels of
which are similar to those in the tissues of control animals. The grades of ulcer depth were
significantly improved in the treated group. These results indicate that the reactive oxygen
radicals increase in the early phase of corrosive esophagitis and cause tissue damage. We
suggest that trapidil treatment may be useful in acute phase of corrosive esophageal injury.
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Infants and young children often accidentally rosive substances leads to serious upper aero
ingest corrosive substances. Ingestion of corro- digestive and esophageal injuries. Corrosive
sive substance is a common health problem in the esophageal burns are the most common cause of
pediatric age group. Accidental ingestion of cor- esophageal stricture development (Haller et al.
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1971). Corrosive esophageal burns are caused by
alkali in 90% of cases and by acid substances in
10%. Esophageal injury is observed in 24% of
children who have ingested alkali substances, and
serious esophageal stricture can be seen in 12% to
35% of these children (Bautista et al. 1996).

Development of esophageal stricture is relat-
ed with the severity of the initial injury. Thus,
initial treatment plays an important role in corro-
sive esophagitis (Capella et al. 1992). Acute
necrotic phase is seen at the injury region in the
first 1-4 days (Rothstein et al. 1986). It has been
known that post-ischemic tissue damage appears
to be caused by formation of reactive oxygen rad-
icals (Miller et al. 1988). Reactive oxygen radi-
cals have been found to be increased in early
phase of corrosive esophagitis in a rat model
(Gunel et al. 1999).

Although several drugs and enzymes have
been used for treatment of corrosive esophagitis
and prevention of esophageal strictures in experi-
mental studies, trapidil has not been used
previously. Trapidil (5-methyl-7-diethylamino-
s-triazolopyrimidine), an inhibitor for phosphodi-
esterase and platelet-derived-growth-factor, was
originally developed as an antianginal drug.
Trapidil has effects of nitroglycerin like
vasodilatation, inhibition of platelet aggregation
via blockage of thromboxane A2 (TXA2) and
reduction of lipid peroxidation, interleukin 6 and
12 (IL-6 and IL-12) and procoagulant activity by
inhibiting the CD 40 pathway in monocytes
(Heinroth-Hoffman et al. 1987; Neider et al.
1995; Block et al. 1998; Zhon et al. 1999).

We investigated the beneficial effects of
trapidil and explored the involvement of free oxy-
gen radicals in the acute phase of corrosive
esophageal injury in a rat model.

MATERIALS AND METHODS

Wistar albino rats (body weights 190-210 g) were
used. The animals were housed in a temperature and
light controlled room with ad libitum access to water and
rat chow. All animals received humane care in compli-
ance with the European Convention on Animal Care.
The study was approved by the Kirikkale University
School of Medicine Ethical Committee. All surgical pro-

cedures were performed under general anesthesia by 40
mg/kg Ketamine HCI (Ketalar, Eczacibasi, Istanbul,
Turkey) intramuscularly. Animals were divided into 3
groups, each containing 10 rats. Standard esophageal
corrosive burn was generated in the untreated and treated
groups, as described by Gehanno and Guedon (1981).
Median laparotomy incision was performed, and a 1.5-cm
abdominal esophageal segment was isolated and tied
both upper and lower point with 2-0 chromic catgut su-
ture in all groups. One ml of 10% NaOH solution was
instilled through the isolated segment via 24 F intrave-
nous cannule for 3 min, then esophagus was rinsed for 1
min with distilled water in the untreated and treated
groups.

In the treated group (n = 10), corrosive esophageal
burn was produced and then trapidil (Rocarnal,
Rentschler-UCB GmbH, Kerpen, Germany) was admin-
istered in a single dose of 40 mg/kg intraperitoneally
after one hour, as described previously (Gocer et al.
2001). In sham control group (n = 10), median laparoto-
my incision was performed and 1.5-cm abdominal
esophagus segment was isolated and tied both upper and
lower point with 2-0 chromic catgut suture.

All animals were harvested after 24 hours surgical
procedure and the studied 1.5 cm abdominal esophageal
segment was removed from each animal in all groups
and then specimens were prepared for biochemical anal-
ysis and histopathologic study. All animals could be
evaluated at the end of the experiment.

Biochemical analysis

Esophageal tissue samples were stored at —70°C for
biochemical study. The frozen tissue samples of esopha-
gus were homogenized (Art-Micra D-8, Menheim,
Germany) in 2 ml 0.02 M EDTA. Samples were kept in
an ice bath during the study and centrifuged (5,000 g for
10 min) after homogenization. The supernatant was used
for all the analysis. The protein content of the superna-
tant was measured by using urinary/csf protein kit
(Olympus, Tokyo) in Olympus AU 800 autoanalysor.
Shimadzu UV-1601 spectrophotometer (Auburn, Austria)
was used for measurement.

Malondialdehyde assay

Malondialdehyde (MDA) levels were measured as
an indicator of free radical generation. The principle of
the method is the spectrophotometric measurement of the
color generated by the reaction of thiobarbituric acid
(TBA) with MDA (Yagi et al. 1976). Results were calcu-
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lated as nanomoles per gram (nmol/g) protein.

Nitric oxide assay

Nitrate and nitrite were measured as oxidized stabile
end products of nitric oxide (NO). Total nitrite level in
the sample was determined by Griess reaction after ni-
trate was reduced to nitrite by Vanadium CI; (VCl,)
(Miranda et al. 2001). Results were calculated as gmoles
per gram (umol/g) protein.

Histopathologic study

Tissue samples were inflated and fixed with 10%
formalin. Then tissue samples were embedded in paraf-
fin. Tissues were sectioned in 4 ym pieces and stained
with routine hematoxyline-eosine stain. The specimens
were examined by same pathologist who was blind to the
study. Depth of the ulcer and polymorphonuclear leuko-
cyte (pmn) infiltration were evaluated. The injury was
graded according to the depth of the ulcer as grade O (no
ulcer); grade I (ulcer involving only the epithelium);
grade II (ulcer involving epithelium and muscularis mu-
cosa); grade III (ulcer proceeding to submucosa); and
grade IV (ulcer proceeding to inner circular muscular
layer and full thickness ulcer development) (Ozel et al.
2004).

Statistical study

Kruskal-Wallis test was used to detect differentia-
tion among groups. Mann Whitney’s U-test was used to
detect differentiation between two groups. A p value of
less than 0.05 was considered as statistically significant.
All statistical analyses were performed with the
Statistical Package for the Social Sciences (SPSS, ver-
sion 12.0, Chicago, IL, USA).

RESULTS

MDA levels (nmol/g protein) and NO levels
(umol/g protein) in esophagus tissues of the
trapidil-treated and untreated rats are summarized
together with the levels in sham control esopha-
gus tissues (Table 1). The MDA level in the
untreated group was significantly higher than in
the treated and sham control groups (p < 0.001
and p < 0.05, respectively). There was no signifi-
cant difference in MDA levels between the treated
and sham control groups (p > 0.05). Likewise,
the NO level in untreated group was significantly
higher than treated and sham control groups (p <
0.05). Again, no significant difference was found
in NO levels between the treated and sham con-
trol groups (p > 0.05).

Histopathologic examinations revealed that
grade of ulcer increase in the injured esophagus in
untreated group (Fig. 1) and decrease by trapidil
in treated group (Fig. 2). Histopathologic exami-
nations revealed the increased PMN infiltration in
injured esophagus of untreated group (Fig. 3) and
the decreased PMN infiltration by trapidil in treat-
ed group.

The results of histopathologic examination
are summarized in Table 2. The grades of ulcer
depth were significantly higher in the untreated
group than the treated group (p < 0.05). PMN in-
filtration was 60% (6/10) in the untreated group
and 20% (2/10) in the treated group.

TABLE 1. The levels of MDA and NO in the untreated, treated and sham control groups

(Means + s.E.M.)

Groups MDA (nmol/g protein) NO (umol/g protein)
p (Means =+ s.E.M.) (Means = s.E.M.)
Untreated group 2.32 £0.05 5.52+0.18"
Treated group 1.50 £0.15™ 3.32 047"
Sham control group 1.78 £ 0.18# 3.10 £ 0.58#

I p <0.001 for MDA.
“I# p <0.05 for MDA.
/" and "/# p < 0.05 for NO.
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Fig. 1. The view of deep ulceration in untreated
group in histopathologis examination. Arrows
shows deep ulceration (HE x 40). Scale bar is
10 ym.
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Fig. 2. The view of superficial ulceration and only
epithelial necrosis in the treated group in histo-
pathologic examination. Arrow A shows
superficial ulceration. Arrow B shows only
epithelial necrosis (HE x 100). Scale bar is
10 yum.

DIScusSION

Chemical substance ingestion may result in
corrosive esophagitis. Corrosive esophageal inju-
ry depends on concentration and nature of the
substance, the amount of the swallowed substance
and the contact time (Day 1989). Since alkali
substances penetrate deeply into the muscle layers
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Fig. 3. The view of intensive PMN infiltration in in-
jured esophagus in the untreated group. Arrow

shows intensive PMN infiltration (HE x 100).
Scale bar is 100 ym.

TABLE 2. The grades of ulcer depth in the
untreated, treated and sham control

groups
Ulcer depth
Groups (Means + s.E.M.)
Untreated group 2.50 £0.27"
Treated group 0.40 £ 0.15™
Sham control group No ulcer

I p < 0.05 for grades of ulcer depth.

by liquefaction necrosis, they are highly destruc-
tive (Aschcraft and Padula 1974). Acute necrotic
phase is seen over the first 1 to 4 days (Rothstein
1986) and is characterized by decreasing the per-
fusion of the tissue and increasing the breakdown
of cellular membranes by lipid peroxidation and
hydrolysis at the injury site (Cadranel et al. 1993).
Hydroxyl radicals directly react with polyunsatu-
rated fatty acids and lead to lipid peroxidation
with the cell membranes. Reactive oxygen radi-
cals indirectly trigger the accumulation of neutro-
phils within the affected tissue initiating on in-
flammatory process and lead to severe mucosal
damage (Gunel et al. 1999).

Experimental studies on corrosive esophagi-
tis are generally performed to investigate the late-
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term stricture development. Corticosteroids and
pentoxyfilline were previously used in experimen-
tal and clinical studies to show the decrease in
scar formation during the phase of collagen syn-
thesis. However, enough preventive effects were
not found (Cakmak et al. 1997; Ulman and Mutaf
1998). It was also reported in experimental model
that estradiol and progesteron, ketotifen,
Caffeicacid Phenyl Ester (CAPE), Epidermoid
Growth Factor (EGF) inhibited collagen synthe-
sis, but, these have not been used in clinic
(Demirbilek et al. 1994; Koltuksuz et al. 2001;
Yukselen et al. 2004).

Very few studies were found to investigate
the acute phase of corrosive esophagitis (Gunel et
al. 1999; Ozel et al. 2004). Gunel et al. (1999)
showed that tissue oxygen radicals were signifi-
cantly increased within first 24 hour in corrosive
esophageal injury. The release of reactive oxygen
radicals has been detected in thermal burns and
has extended the degree of tissue damage (Till et
al. 1989). Mutaf et al. (1996) have shown that
reactive oxygen radicals are responsible for the
early phase of corrosive esophagitis and increas-
ing tissue damage. Mutaf et al. (1996) have
shown that the prognosis of corrosive esophageal
burns and esophageal stricture are determined at
the time of corrosive substance ingestion and the
severity of the initial lesion also.

Various studies were done to understand the
effect of NO in different tissues previously
(Whittle 1994). NO is a highly reactive free radi-
cal with a multitude of organ specific regulatory
functions. NO plays a major role in many organ
systems and deranged NO synthesis causes a
number of pathological states (Ferguson and
Granton 2000). NO can cause mucosal hyper-
emia with vasodilatation and leucocytic transloca-
tion to the extra vascular area and increase tissue
edema (Whittle 1994). Ozel et al. (2004) sug-
gested that leucocytes, vascular endothelium, free
oxygen radicals, NO and endothelin may be
responsible for the early effects on the corrosive
injury of esophagus.

Trapidil has effects of nitroglycerine-like
vasodilatation, inhibition of platelet aggregation,
facilitation of the biosynthesis of prostocycline,

reduction of phosphodiesterase, reduction of pro-
duction of interleukin 6 and 12 (IL6 and12)
(Heinroth-Hoffman et al. 1987; Neider et al.
1995; Block et al. 1998; Zhon et al. 1999).
Previous studies have shown that trapidil signifi-
cantly reduces cellular damage and edema in the
injury site. This finding is explained by the mem-
brane stabilizing effect of trapidil by inhibiting of
TXA, synthesis (Gocer et al. 2001). It was
reported that trapidil has a marked protection
against ischemia-reperfusion injury in peripheral
nerves (Bagdatoglu et al. 2002). It was reported
that trapidil has positive effect on anastomotic
healing due to its preventive effects on inflamma-
tory response and lipid peroxidation (Colak et al.
2003). Therefore, we aimed to determine the
tissue levels of reactive oxygen radicals and to in-
vestigate the beneficial effects of trapidil therapy
in corrosive esophagitis.

Gunel et al. (1999) found that MDA levels
increase in the early phase (first 24, 48 and 72
hours) of corrosive esophagitis. Ozden et al.
(2004) used MDA as an indicator of free radical
generation in their study. We found that MDA
level significantly increased in early phase of cor-
rosive esophagitis (first 24 hour) and significantly
decreased by trapidil treatment. These findings
suggest that trapidil reduces lipid peroxidation
and free oxygen radicals in the injured tissue.
Reactive oxygen radicals, NO, endothelin were
found to increase in the early phase of corrosive
esophagitis in an experimental study by Ozel et
al. (2004). We found that NO levels significantly
increase in the untreated group and significantly
decrease by trapidil in the treated group. These
findings suggest that free oxygen radicals and NO
may be responsible for the early phase of corro-
sive esophagitis. In addition, the present study
has shown that trapidil decreases PMN infiltra-
tion in acute phase of corrosive injury and reduces
cellular damage, ulceration and edema in injured
tissue.

In conclusion, leucocytic infiltration, free
oxygen radicals and NO may be responsible for
the early phase of the corrosive injury. Trapidil
usage at early phase of corrosive esophagitis may
ameliorate corrosive esophageal injury and reduce
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the stricture formation in the healing of corrosive

esophageal burns.
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