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ABSTRACT

PURPOSE: The Smoke tree (Cotinus coggygria) is a medicinal plant that is traditionally used by the Bal-
kan and Anatolian folk medicine for its antiseptic and anti-inflammatory properties. There are few reports
about the internal usage of ethanol extracts from C. coggygria wood against gastric ulcer. The aim of this
study was to explore the effect of ethanol infusion from Cotinus coggygria wood (EICCW) on indometha-
cin-induced ulcerogenesis in rats and its possible effect on the gastric oxidative status.

MATERIAL AND METHODS: EICCW was applied by oral gavage (volume: 10 ml/kg) as a pretreatment 3
days before a single intragastric administration of indomethacin (dose: 100 mg/kg). Gastric erosions were
evaluated histopathologically. Malondialdehyde (MDA) in blood serum and stomach was measured as a bio-
chemical marker of lipid peroxidation. Gastric necrosis was also evaluated by alkaline phosphatase (ALP)
and uric acid (UA) assays.

RESULTS: EICCW reduced the elevated by indomethacin gastric MDA, ALP and UA levels. Histopatholog-
ical studies demonstrated that EICCW induced a reduction of the depth and severity of indomethacin-in-
duced mucosal lesions.

CONCLUSION: Indomethacin-induced gastric mucosal damage was accompanied by the development of ox-
idative stress. EICCW-pretreatment alleviated the gastric lesions, and prevented the indomethacin-induced
elevation of gastric ALP and UA. It could be suggested that the gastroprotective effect of EICCW was due to
its antioxidant properties as evidenced by the decreased gastric MDA levels.

Key words: Cotinus coggygria, Indomethacin, Gastric mucosal damage, Oxidative stress, Lipid peroxida-
tion, Antioxidant activity

INTRODUCTION

The Eurasian smoke tree, sumac or young fus-
tic (Cotinus coggygria Scop., Anacardiaceae) is a me-
dicinal plant species, widely distributed from south-
ern Europe, the Mediterranean, Moldova, and the
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ache, gastric ulcer, diarrhea, nephritis, anthrax, asth-
ma, cardiac and urinal diseases, and even diabetes
mellitus, due to their antiseptic, anti-inflammatory,
antimicrobial, anti-hemorrhagic, and wound-heal-
ing properties (1,2,3,4,5). There are few reports about
an internal use of ethanol infusions from the wood-
en parts of the plant to treat gastric ulcer (personally
collected data).

Studies on the chemical composition of metha-
nol extracts from C. coggygria wood report the pres-
ence of numerous polyphenols: sulfuretin, fustin (6),
myricetin, quercetin (7), fisetin and methylgallate
(8). The antioxidant activity of extracts from C. cog-
gygria wood was demonstrated in few studies, sug-
gesting the role of their high polyphenol content (7,
9). Although the plant seems to be extremely rich in
biologically active compounds, it has been somewhat
ignored by pharmacological studies because of the
traditionally reported toxicity.

Despite significant medical advances, the gas-
tric ulcer is still a common global disease with in-
creasing incidence and prevalence (10). It is induced
by several factors, including infection by Helicobacter
pylori, emotional stress, smoking, nutritional defi-
ciencies, ethanol consumption and treatment with
non-steroidal anti-inflammatory drugs (NSAIDs)
(11). Ulceration occurs when there is an imbalance
between protective (mucus secretion, blood flow,
prostaglandins, enzymatic and non-enzymatic anti-
oxidants) and aggressive mechanisms in the stomach
(acid-pepsin, leukotrienes and reactive oxygen spe-
cies, ROS) (12).

Indomethacin is known to induce gastric mu-
cosal damage in humans and is considered as an ap-
propriate agent for development of animal models
of NSAIDs-induced ulcerogenesis (13). The non-se-
lective inhibition of cyclooxygenase (COX) and de-
ficiency of endogenous prostaglandins (PGs) is ac-
cepted as a main mechanism implicated in indo-
methacin-induced gastropathy (14). Absolute ethanol
is widely used to induce experimental gastric ulcers
in rats (15). By increasing mucosal permeability and
release of vasoactive products, the absolute ethanol
causes gastric mucosal cell necrosis, which leads to
ulcer formation (16). It is claimed that ROS play a role
in the pathogenesis of acute experimental gastric le-
sions induced by ethanol or NSAIDs (17, 18). Medica-

tions prescribed for the treatment of gastric ulcer are
not completely effective and exhibit many adverse
reactions in addition of high economic burden (19).
This has been the basis for screening of new sources
of bioactive compounds, such as plant extracts.

The aim of the present study was to investigate
the effect of ethanol infusion from Cotinus
coggygria wood (EICCW) on indomethacin-induced
ulcerogenesis in Wistar rats and its possible effect on
the gastric oxidative status.

MATERIAL AND METHODS

Infusion preparation

The ethanol infusion of Cotinus coggygria wood
(EICCW) was prepared following the traditional
recipe for coloring high alcoholic beverages: 2g
dried material from heartwood was placed in 1L
40% ethanol for 20 days. EICCW was diluted to 20%
before each treatment of rats.

Chemicals

Indomethacin (Indo) was obtained from Sigma-
Aldrich (Germany). It was prepared as a suspension
in a vehicle (2 drops of Tween 80 per 5ml of distilled
water). All chemicals used for the biochemical
analyses and histopathological examinations were
of analytical grade and were obtained from Merck
(Germany).

Experimental design

Male albino Wistar rats (2-2.5 months old; 220-
250g) were kept under the standard conditions of
the animal house with 12-h light-dark cycle (light
7:00-19:00) at a temperature 23-25°C. They were
fasted 24 h before the indomethacin administration
but had free access to water. The cohort comprised
of three experimental groups each of eight rats: I.
20% Ethanol Control; II. 20% Ethanol + Indo; III.
EICCW + Indo. The rats were orally pretreated
(volume: 10 ml/kg) by direct stomach intubation
(orogastric cannula) with 20% Ethanol (groups I and
II) or EICCW (group III). Three days later, the rats
were treated by a single intragastric administration
of indomethacin (dose: 100 mg/kg). All procedures
concerning animal treatment and experimentation
were conducted in compliance with the national laws
and policies and in conformity with the international
guidelines (EEC Council Directive 86/609, IL 358, 1,
December 12, 1987).
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Blood serum and tissue preparation

The animals were anaesthetized with diethyle-
ther 4 h after the indomethacin treatment. Blood was
collected from the sublingual veins in heparinized
tubes. Samples were centrifuged at 2000g rpm for 10
min and serum was obtained and stored at 20°C un-
til biochemical assays of uric acid (UA), malondial-
dehyde (MDA) and sulphydryl groups (SH-groups)
concentrations. After the decapitation of the animals,
the stomachs were removed immediately, opened
along the great curvature, gently washed in physio-
logical salt solution and stored at -20°C until further
homogenisation in 1:5 w/v 50mM phosphate buffer
(pH 7.4) at 4000g rpm for 10 min. The homogenate
was centrifuged at 800g rpm for 15 min to discard the
sediment and the supernatant was taken for biochem-
ical analyses: activity of alkaline phosphatase (ALP);
concentrations of UA and MDA. All manipulations
were performed at 4-8°C. MDA, ALP and UA were
determined immediately after thawing the samples.

Histopathological study

Pieces of the stomachs were fixed in 10% neutral
buffered formaldehyde. The further processing
included routine techniques for dehydratation, clearing
and embedding in paraffin. The prepared sections (3-5
pm) were stained with hematoxyllin/eosin.

Biochemical assays

Membrane lipid peroxidation was monitored by
MDA in blood serum and stomach homogenates us-
ing the method of Porter (20). Determination of SH-
groups was performed spectrophotometrically in se-
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rum according to the method of Ellman (21). Activi-
ty of ALP in stomach homogenates was measured by
the standard kit of BioSystems S.A. (Spain). UA levels
in blood serum and homogenates were measured by
the standard kit of HUMAN liquicolor (Germany).

Statistical analyses

Data were analyzed by one-way analysis of
variance (ANOVA) followed by Dunnett’s multiple
comparison post-test. Each two independent groups
were compared also by Student’s t-test. A value of
P<0.05 was considered as statistically significant.
Data are expressed as mean + SEM. GraphPad Prism
v 5.00 statistical software was used.

RESULTS

Biochemical assays

The gastric MDA and UA levels of 20% Etha-
nol + Indo-group were higher than the 20% Etha-
nol Control (Fig. 1A,B) and a significant increase
(P<0.01) of ALP was registered for 20% Ethanol +
Indo group (Fig. 1 C). EICCW decreased significant-
ly (P<0.05) the concentration of gastric MDA in com-
parison with the 20% Ethanol + Indo-group (Fig.
1A). The same decrease was observed in gastric UA
and ALP levels (Fig. 1B, C). No significant changes
were found in blood serum levels of MDA, UA and
SH-groups (Fig. 2).

Histopathological evaluation

In the 20% Ethanol Control group, significant
destructive epithelial changes of gastric mucosa were
observed. They were localized at the outer 1/3 layer of
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Fig. 1. Results from biochemical analyses of stomach homogenates from rats, treated in a model of indomethacin-in-

duced ulcerogenesis: A. Malondialdehyde (MDA); B. Uric Acid (UA); C. Alkaline phosphatase (ALP).
Legend: **P<0.01 vs. 20% Ethanol Control; °P<0.05 vs. 20% Ethanol + Indomethacin
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Fig. 2. Results from biochemical analyses of blood serum from rats, treated in a model of indomethacin-induced
ulcerogenesis: A. Malondialdehyde (MDA); B. Uric Acid (UA); C. Sulphydryl groups (SH-groups).

the mucosa, but erosions were not found (Fig. 3A). In
the 20% Ethanol + Indo group, there were multiple
erosions, reaching to the inner 1/3 mucosal layer. The
erosions were filled with blood and necrotic epithelial
cells (Fig. 3B). In the group, pretreated by EICCW
before the indomethacin administration, the gastric
erosions were more superficial and the necrotic areas
were smaller. Focal epithelial desquamation and
small bleeding were only observed in some cases
(Fig. 3C).

endogenous PGs synthesis due to the non-selective
inhibition of COX (14). Some authors (22) concluded
that the complete inhibition of COX leading to de-
crease in PGE, content probably consumed a much
longer time and did not occur 6 h after a single dose.
In regard to these findings, we may suppose that the
inhibition of the PGs secretion is not the main patho-
biochemical mechanism of ulcerogenesis in the cur-
rent experimental model. Another possible mecha-
nism of ulcerogenesis could be the increased muco-

Fig. 3. Microscopic appearance of a rat stomach following the administration of: A. 20% Ethanol; B. 20% Ethanol + Indo;
C. EICCW + Indo

DISCUSSION

It is generally accepted that the ulcerogenic ac-
tivity of NSAIDs is related to their ability to inhibit

sal permeability and release of vasoactive products,
caused by the ethanol (15,16,17). The presented re-
sults showed that the pretreatment with 20% Etha-
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nol for 3 days did not induce erosions, and only de-
structive epithelial changes of gastric mucosa were
observed (Fig. 3A). On the other hand, indomethacin
in combination with 20% Ethanol caused deep mul-
tiple erosions, bleeding and necrosis (Fig. 3B).

There are data that ROS are involved in the de-
velopment of mucosal damage by NSAIDs or ethanol
(17,18), and that they increase lipid oxidation, an im-
portant cause for cellular membranes damage. In our
study, the involvement of lipid peroxidation in indo-
methacin-induced gastric mucosal damage was evi-
denced by the increase of gastric MDA levels (Fig. 1A)
in agreement with the results obtained by some oth-
er authors (23), who studied the peroxidation of lip-
ids in a similar experimental model. They reported
that the concentration of MDA in the gastric muco-
sa and blood was significantly increased 4 h after in-
traperitoneal administration of indomethacin. In this
study, no significant changes were found in blood se-
rum levels of MDA, UA and SH-groups (Fig. 2). Most
probably, the intragastric administration of indo-
methacin could not change the oxidative status of the
blood within the next 4 hours. The presented results
demonstrated that the EICCW significantly reduced
the oxidative stress (Fig. 1A) and the related histo-
morphological signs of indomethacin-induced gastric
mucosal damage (Fig. 3C). One possible mechanism
of this effect is the antioxidant activity of EICCW
(7,9), due to its polyphenol content, predominantly of
sulfuretin, fustin, methylgallate and myricetin (6,7,8).
Another possible mechanism of the gastroprotective
effect of EICCW could be the anti-histamine activity
demonstrated for some flavonoids (24).

Alkaline phosphatase (ALP) activity has been
reported as a biochemical marker in bone, liver and
gastrointestinal lumen diseases (25). The release of
this enzyme is related to the mechanisms of tissue
necrosis (26). The results from the biochemical anal-
yses showed that indomethacin increased signifi-
cantly (P<0.01) the ALP activity in gastric tissue (Fig.
1C). The pretreatment with EICCW decreased sig-
nificantly (P<0.05) the gastric ALP levels (Fig. 1A),
suggesting a protective effect of Cotinus coggygria
wood infusion that was also confirmed histopath-
ologically (Fig. 3C), and by the significantly low-
er (P<0.05) gastric UA concentrations of EICCW +
Indo group (Fig. 1B). Higher UA levels in 20% Etha-

nol + Indo group could be associated with the degra-
dation of nucleotides due to elevated necrosis caused

by Indomethacin.

CONCLUSIONS

The present study demonstrated a protective
effect of ethanol infusion from Cotinus coggygria
wood against indomethacin-induced  gastric
ulcerogenesis. Based on the results discussed above,
we suggest that the most probable mechanism of this
beneficial effect is the significant decrease of lipid
peroxidation, due to the antioxidant properties of the
plant investigated.
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