
http://www.biotaneotropica.org.br

Antiulcerogenic activity of Indigofera truxillensis Kunth

1Departamento de Fisiologia e Biofísica, Instituto de Biologia, Universidade Estadual de Campinas (UNICAMP),
Campinas, SP, Brazil.

2Departamento de Fisiologia, Instituto de Biociências, Universidade Estadual Paulista (UNESP), Botucatu, SP, Brazil.
3Departamento de Química Orgânica, Instituto de Química, Universidade Estadual Paulista (UNESP), Araraquara, SP, Brazil.

4Departamento de Fisiologia e Biofísica, Instituto de Biologia, Universidade Estadual de Campinas (UNICAMP), CP 6109,
CEP 13083-970, Campinas, SP, Brazil. Phone 55-19-3788-6192, Fax: 55-19-3788-6185. E-mail: abrito@unicamp.br

Abstract
Cola-Miranda, M; Barbastefano, V.; Hiruma-Lima, C.A.; Calvo, T.R.; Vilegas, W. and Brito, A.R.M.S. Antiulcerogenic activ-

ity of Indigofera truxillensis Kunth. Biota Neotrop. Sep/Dec 2006 vol. 6, no. 3 http://www.biotaneotropica.org.br/v6n3/
pt/abstract?article+bn01006032006 ISSN 1676-0611

The genus Indigofera (Fabaceae) is used in folk medicine to treat gastrointestinal pain. In this study, we investigated
the antiulcerogenic properties of Indigofera truxillensis Kunth. Oral administration of MeOH extract did not produce any
signals of acute toxicity. The antiulcerogenic activity was assessed in different models of acute gastric ulcers (100%
ethanol, piroxicam 30 mg.kg-1, hypothermic restraint stress and pylorus ligature) in mice and rats. The animals were treated
with the drugs lanzoprazole (30 mg.kg-1) or cimetidine (100 mg.kg-1) as positive controls depending on the performed model.
In another experiment with ethanol-induced ulcers in rats, N-ethylmaleimide (NEM), a sulfhydryl group blocker, was also
used. The MeOH extract, at doses of 250, 500 and 1000 mg.kg-1, inhibited the gastric lesions in all experiments: a) by 62%,
69% and 32%, respectively, in piroxicam-induced lesions, b) by 43%, 71% and 98%, in ethanol-induced lesions, c) by 69%,
64 and 89%, in hypothermic-restraint stress-induced lesions, d) by 73%, 82% and 84%, in pylorus ligature lesions. Signifi-
cant changes in the total gastric acid levels were also found after intraduodenal administration of the MeOH extract in the
ligated pylorus model. Pre treatment with NEM reduced partially the antiulcerogenic activity of the MeOH extract in ethanol-
induced gastric lesions. This result indicates an increase in the levels of non-protein sulfhydryl groups by MeOH extract in
the gastric mucosa. These results indicate that the MeOH extract has antisecretory and citoprotective effects that may be
related to the presence of flavonoids detected by phytochemical analysis.
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Resumo
Cola-Miranda, M; Barbastefano, V.; Hiruma-Lima, C.A.; Calvo, T.R.; Vilegas, W. and Brito, A.R.M.S.Atividade altiulcerogênica

de Indigofera truxillensis Kunth. Biota Neotrop. Sep/Dec 2006 vol. 6, no. 3 http://www.biotaneotropica.org.br/v6n3/pt/
abstract?article+bn01006032006 ISSN 1676-0603

O gênero Indigofera (Fabaceae) é utilizado na medicina tradicional para distúrbios gastrintestinais. Em nosso trabalho
foi investigada a propriedade antiulcerogênica da Indigofera truxillensis Kunth. A administração oral do extrato metanólico
(MeOH) não produziu efeitos tóxicos. A atividade antiulcerogênica foi avaliada em diferentes modelos agudos de úlcera
gástrica (etanol 100%, piroxicam 30 mg.kg-1, estresse por retenção e frio e ligadura do piloro) em camundongos e ratos. Os
animais foram tratados com lansoprazol (30 mg.kg-1) ou cimetidina (100 mg.kg-1), que foram utilizados como controle positivo
dependendo do modelo testado. Em outro experimento com úlcera induzida por etanol em ratos, N-etilmaleimida (NEM), um
bloqueador dos compostos sulfidríla, também foi utilizado. O extrato metanólico, nas doses de 250, 500 e 1000 mg.kg-1, inibiu
significativamente as lesões gástricas em todos os experimentos: a) 62%, 69% e 32%, respectivamente, nas lesões gástricas
induzidas por piroxicam, b) 43%, 71% e 98%, nas lesões gástricas induzidas por etanol, c) 69%, 64% e 89%, nas lesões
gástricas induzidas por estresse por contenção e frio, d) 73%, 82% e 84%, nas lesões gástricas induzidas por ligadura de
piloro. Alterações significativas foram observadas na concentração total de ácido gástrico após a administração via
intraduodenal do extrato MeOH no modelo de ligadura do piloro. Pré-tratamento com NEM reduziu parcialmente a atividade
antiulcerogênica do extrato MeOH na úlcera induzida por etanol, o que sugere um aumento nos níveis de compostos
sulfidríla pelo extrato MeOH na mucosa gástrica. Os resultados indicam que o extrato MeOH possui um efeito antisecretor
e citoprotetor, e que tais efeitos podem estar relacionados com a presença de flavonóides detectados por análise fitoquímica
no extrato MeOH.

Palavras-chave: atividade antiulcerogênica; Fabaceae; Indigofera truxillensis Kunth; plantas medicinais; compostos
fenólicos.
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Introduction
Numerous plants and herbs are used to treat gas-

trointestinal disorders in traditional medicine. There has
been renewed interest in identifying new antiulcer drugs
from natural sources (Brito et al. 1997). Before introduction
of potent antiulcerogenic agents, i.e. H2-receptor antago-
nists, proton pump inhibitors, etc. plant remedies were widely
employed for the treatment of various symptoms of peptic
ulcer (Gurbuz et al. 2002).

The genus Indigofera (Fabaceae) contains herba-
ceous and shrub species found in tropical and subtropical
regions, mainly in Africa (Lewis 1987). Indigofera truxillensis
Kunth, commonly known as “anileira”, was first recorded
by Bentham (1859) in the state of São Paulo, Brazil. This
species is typical of the “cerrado” or Brazilian savannah,
and has been used to treat gastrointestinal disorders such
as gastrointestinal pain (Roig 1988). This species is known
to be a rich source of flavonoids, alkaloids, steroids, pro-
teins and carbohydrates (Leite et al. 2004).

The aim of this study was to evaluate the antisecretory
and cytoprotective activities of a crude methanolic extract
(MEOH) of I. truxillensis in four models of gastric lesions in
mice and rats. We also assessed the acute toxicity of the
MeOH extract and its influence on the mucosal content of
non-protein sulfhydryl groups.

Material and Methods
1 Animals

Male Swiss albino mice (25-35 g) and male Wistar
rats (200-250 g) from the Central Animal House of the
Universidade Estadual  de Campinas (CEMIB/
UNICAMP) were used. The animals were housed in
cages with raised floors of wire mesh to prevent co-
prophagy and were fed a certified Nuvilab CR-aÒ

(Nuvital) diet with free access to water under standard
conditions (12 h dark-12 h light, 60% humidity at 21 ±
1oC). The animals were fasted before all assays. The
drugs and MeOH extract were administered orally (by
gavage), subcutaneously or intraduodenally using 0.9%
(w/v) NaCl (10 ml/kg) as the vehicle. All of the experi-
ments were approved by the Institutional Committee for
Ethics in Animal Research (protocol 616-2, CEEA/IB-
UNICAMP).

2 Plant material and extract
The aerial parts of I. truxillensis were collected along

the Domingos Sartori highway, at Rubião Junior, Botucatu,
São Paulo, Brazil (22°52’20’’S, 48°26’37’’W), in June 2003,
and were authenticated by Dr. Jorge Tamashiro of the Insti-
tute of Biology at UNICAMP. A voucher specimen (UEC:
131.827) was deposited in the Herbarium of the State Uni-
versity of Campinas.

2.1 Extract preparation
The aerial parts (230 g) of I. truxillensis were air dried

(7 days at 40oC) and powdered. The powdered aerial parts
were exhaustively extracted with methanol at room tempera-
ture (3 times, 72 h each), and the extract was concentrated in
vacuum to yield 40 g of residue.

2.2 Chromatographic analyses of the MeOH ex-
tract

The chemical constituents present in the MeOH
extract were screened according to the method of
Wagner et al. (1996). The chromatographic analysis was
done by TLC (Fluka silica gel on glass plates, 20 cm x 20
cm x 0.25 mm) developed with n-butanol/acetic acid/
water (BAW, 4:1:1, v/v/v). Approximately 10 mL of the
MeOH extract was spotted onto the TLC plate. Alka-
loids were detected by spraying the plates with
Dragendorff’s reagent and iodoplatinate. Anthraquino-
nes were detected using 10% potassium hydroxide so-
lution in methanol. Flavonoids were detected by their
intense fluorescence in visible or UV light when devel-
oped with a natural product/polyethylene glycol (NP/
PEG) reagent. General phenolic compounds were de-
tected after exposition of the plates to ammonia vapors
and immediately observing the fluorescent spots under
UV light. Saponins and triterpenes were detected with
anisaldehyde-sulphuric acid reagent which produced a
range of colors after heating for 5 min at 100oC. Tannins
were detected with 5% ferric chloride solution in metha-
nol and with 1% gelatin solution and iodine vapours.
Standard solutions of (+)-catechin, rutin, isoquercitrin,
quercetin, kaempferol, yohimbine, galic acid, tannin acid,
lupeol and friedelin were prepared in methanol. The de-
gree of glycosylation was assessed by the Rf of the
spots detected in the MeOH extract compared to the
available standards.

3 Drugs
The following drugs were used: cimetidine,

lansoprazole, piroxicam and NEM (N-ethyl–maleimide) were
obtained from Sigma Chemical Co. (St. Louis, MO, USA).
All of the reagents were of high purity. The MeOH extract
obtained from the aerial parts of I. truxillensis was dissolved
in a 0.9% (w/v) NaCl solution. All reagents, drugs and MeOH
extract were prepared immediately before use.

4 Acute Toxicity
The acute toxicity of the MeOH extract was assessed

in mice as described by Souza Brito (1994). A single high
dose of the MeOH extract (5000 mg.kg-1 body weight, p.o.)
was administered to a group of 10 animals after a 12 h fast.
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5 Acute gastric mucosa lesions
The gastroprotective activity of the MeOH extract was

assessed at doses of 250, 500 and 1000 mg.kg-1 p.o. in four
models of experimentally-induced gastric ulcers (see below).
Cimetidine or lansoprazole was used as a reference drug, de-
pending on the experiment. All of the animals had free access
to water. After each experiment, the animals were sacrificed
by cervical dislocation, the stomach removed, opened along
the great curvature, and fixed between two glass plates. The
inner surface of the stomach was examined with a dissecting
microscope (Nikon SMZ800) and the number of gastric le-
sions was counted. The ulcer index was calculated according
to the method of Szelenyi & Thiemer (1978).

6 Gastric mucosal lesions induced by absolute
ethanol

These experiments were done as described by
Morimoto et al. (1991) Rats were fasted for 24 h and MeOH
extract, lansoprazole (30 mg.kg-1) or vehicle (solution 0.9%
NaCl) was administered orally. One hour after treatment, the
animals received an oral dose of one ml of absolute ethanol
and were sacrificed one hour later, as described before.

7 Gastric secretion in pylorus ligature induced
lesions

For this assay, the method of Shay et al. (1945) was
used with some modifications. The mice were fasted for 36
h, but had free access to water. Immediately after pylorus
ligature, the MeOH extract, cimetidine (100 mg.kg-1), or ve-
hicle solution (0.9% NaCl) was administered intraduodenally.
The mice were sacrificed four hours later, the abdomen was
opened and the stomach removed. The volume of gastric
juice (ml), the pH and the ulcer index were determined. The
total acid content of the gastric secretion was determined
by titration to pH 7.0 with 0.01 N NaOH.

8 Gastric lesions induced by nonsteroidal antiin-
flammatory drugs (NSAIDs)

These experiments were done using the method of
Rainsford (1987), with some modifications (Puscas et al, 1997).
Gastric ulcers were induced using piroxicam (30 mg.kg-1,
s.c.), administered to mice after a 24 h fast. The MeOH ex-
tract, cimetidine (100 mg.kg-1) or vehicle (0.9% NaCl) was
administered orally, 30 min before the induction of gastric
ulcers. The mice were sacrificed by cervical dislocation four
hours after ulcer induction and the ulcer index was deter-
mined as described before.

9 Gastric lesions induced by hypothermic-re-
straint stress

For this model, the method of Levine (1971) was used,
with some modifications. After a 36 h fast, mice received an
oral dose of MeOH extract, cimetidine (100 mg.kg-1) or ve-
hicle solution (0.9% NaCl). One hour after treatment, the
mice were immobilized in a restraint cage at 4°C to induce
ulcers. The mice were sacrificed four hours after hypother-
mic-restraint stress and the ulcer index was calculated as
described before.

10 Contribution of mucosal non-protein sulfhy-
dryl groups to cytoprotection

The cytoprotective effect of mucosal non-protein
sulfhydryl groups was assessed by the method of Takeuchi
et al. (1989). Mice were fasted for 24 h and then allocated to
different treatments. The control group received a subcuta-
neous injection of vehicle solution (0.9% NaCl), while the
others received an injection of NEM (10 mg.kg-1) by the
same route. Thirty minutes later, all groups received either
vehicle or MeOH extract (500 mg.kg-1) orally. After one hour,
all animals received an oral dose of 0.2 ml of 0.3 M HCl/60%
ethanol solution. The mice were sacrificed one hour later
and the ulcer index was determined as described before.

11 Statistical analysis
The results were expressed as the mean ± SD. Statis-

tical significance was determined by one-way analysis of
variance (ANOVA) followed by Dunnett′s post-hoc test,
with the minimum level of significance set at P < 0.05.

Results and discussion
The present study was designed to assess the

antiulcerogenic activity of a MeOH extract of I. truxillensis.
The phytochemical screening indicated that the main constitu-
ents of the MeOH extract were flavonoid glycosides. Acute
administration of the MeOH extract (up to 5000 mg.kg-1 p.o.)
did not produce signs of toxicity, and no significant changes
in daily body weight or organ weight occurred during the
next 14 days of observation (data not shown). Thus, this
result probably indicates that the plant extract has no toxic
effect. Based on previous studies with plant extracts
(Gonzales & Di Stasi 2002 and Antonio et al. 2004), oral
doses of MeOH extract (250, 500 and 1000 mg.kg-1) were
initially administered in order to establish a general profile
of the antiulcerogenic activity. The reason for use an  ap-
parently high dose of crude extract is that this is the poso-
logy traditionally employed, i.e., a glass of tea or infusion
several times by day for at least a week. Dose of 1 g.kg –1 of
crude extract presuppose the presence of the active prin-
ciple in concentration of 10% for  substances like cimetidine
(100 mg.kg-1), 2% for those similar to omeprazol (20 mg.kg-1)
and of 0.1% for those like misoprostol (1 mg.kg-1), taking
into consideration the dosage employed in antiulcer thera-
peutics (Brito 1996).
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Szabo et al. (1985) demonstrated the onset of vascu-
lar injury in the glandular mucosa of the rat stomach within
one minute after the intragastric administration of ethanol.
The pathogenesis of the vascular lesions is not known but
may be partly related to a direct effect of ethanol and its
metabolites on endothelial cells.

After ingestion, ethanol diffuses into the mucosa and
stimulates the formation of proinflammatory mediators by
resident granulocytes and/or other mucosal cells (epithelial
and endothelial cells) (Kvietys et al. 1990). Acute treatment
with ethanol increases oxidative stress, DNA damage, xan-
thine oxidase activity and malondialdehyde levels and de-
creases the total glutathione content in gastric mucosal cells
(Marotta et al. 1999).

As shown in Table 1, the MeOH extract significantly
protected, in a dose-dependent way, the gastric mucosa from
ethanol-induced ulcers at all doses (250, 500 and 1000 mg.kg-1,
with 43%, 71% and 98% protection, respectively). Lansoprazole,
substance orally used as a positive control in this experi-
ment, at a dose of 30 mg.kg-1, provided 68% protection against
the gastric lesions induced by ethanol. These results indi-
cated a promising antiulcerogenic activity of the MeOH ex-
tract and suggested that an antisecretory or cytoprotective
action may be involved (Morimoto et al. 1991).

NSAIDs can damage the gastrointestinal mucosa by
local injury, when surface cells are damaged and allow acid
diffusion into the submucosa, and by systemic injury, when
systemic inhibition of prostaglandin synthesis occurs,
thereby reducing gastric mucus production, bicarbonate
secretion, and mucosal blood flow (Bjorkman 1996). NSAIDs
also delay the healing of peptic ulcers, interfere with the
action of growth factors, decrease epithelial cell prolifera-
tion at the ulcer margin, decrease angiogenesis in the ulcer
bed, and slow the maturation of granulation tissue
(Schmassmann 1998).

Table 2 summarizes the results obtained with piroxicam-
induced gastric lesions. The MeOH extract protected the
gastric mucosa at low (250 mg.kg-1, 62% reduction in the ulcer
index) and intermediate (500 mg.kg-1, 69% reduction) doses,
suggesting a cytoprotective mechanism via an increase in
mucous and/or prostaglandin synthesis. The highest dose
of MeOH extract (1000 mg.kg-1) did not protected against
gastric lesions induced by piroxicam. This lack of effect is
typical of extracts rich in flavonoids, since in high levels of
flavonoids show pro-oxidant instead of antioxidant activity
(Galvez et al. 1994, 2000, Sanchez de Medina et al. 1996).

Gastric mucus plays an important role in gastric de-
fensive mechanisms by acting as a protective barrier, mainly
because of its glycoprotein content. The water stored by
these glycoproteins prevents hydrogen ions from reaching
the cell surface (Motilva et al. 1996). Prostaglandins play an
important role in modulating the integrity of the gastric
mucosa in the presence of gastric acid secretion (Curtis et

al. 1995). The systemic inhibition of prostaglandin synthe-
sis reduces gastric mucus production, bicarbonate secre-
tion, and mucosal blood flow (Wallace 1992).

Stress-induced mucosal damage is generally consid-
ered to be the result of an imbalance between aggressive
and defensive mucosal factors (Miller 1987). The hypother-
mic restraint-stress model used here increases acid secre-
tion and decreases the gastric mucosal pH (Murakami et al.
1985). Brozozowski et al. (2000) observed that the exposure
of rats to 3.5 h of stress induced by cold and restraint pro-
duced gastric lesions, and that this effect was accompanied
by a decrease in prostaglandin (PGE2) generation and a
marked fall in gastric blood flow.

As shown in Table 3, oral administration of the MeOH
extract inhibited gastric lesions induced by hypothermic
restraint-stress at the three doses tested: 250 mg.kg-1 (69%
inhibition), 500 mg.kg-1 (64% inhibition), and 1000 mg.kg-1

(89% inhibition). These results suggest that active com-
pounds present in the MeOH extract may act as a regulators
of gastric acid secretion. This antiulcerogenic action of the
MeOH extract could also be related to the recovery of the
gastric mucosal integrity mediated by an increase in mucus
and bicarbonate production or by restoration of the vascu-
lar integrity to maintain the local blood flow under physi-
ological conditions.

The inhibition of acid secretion is the one of most
important factors for the healing of gastric ulcers. In the
pylorus ligature model, the MeOH extract significantly re-
duced gastric acidity [H+] at a dose of 500 mg.kg-1, as did
cimetidine (both given intraduodenally), when compared to
control group (Table 4). These results show that a possible
antisecretory effect is involved in the antiulcerogenic activ-
ity of the MeOH extract. In addition, the ulcer index de-
creased after treatment with the MeOH extract (500 mg.kg-1

and 1000 mg.kg-1), without any change in the volume of
gastric secretions, as also found to cimetidine.

Szabo et al. (1981) demonstrated a significant decrease
in the mucosal levels of non-protein sulfhydryl compounds
in ethanol-induced gastric damage. These non-proteic com-
pounds are important for maintaining the integrity of the
gastric mucosa. Endogenous sulfhydryl compounds medi-
ate the protective effects of prostaglandins against gastric
mucosal injury (Miller 1983). Potentiation of the mucosal
injury by NEM, an SH blocker, may be explained by the
enhanced microvascular permeability in the gastric mucosa
and inhibition of the gastric motility commonly associated
with the prevention of mucosal injury (Takeuchi et al. 1989).

As shown in Table 5, the frequency of gastric mu-
cosal lesions to 113% in mice pretreated with saline + NEM,
whereas mice pretreated with the MeOH extract + NEM
showed an increase of only 77%, thus suggesting that sulf-
hydryl compound were partially, involved with the
gastroprotective effects of this extract.
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Table 1. Effects of lansoprazole and MeOH extract of I. truxillensis on gastric mucosal lesions induced by 
absolute ethanol in rats. 
 

Treatment (p.o) N Dose (mg.kg-1) Ulcer index Number of rats with 
lesions 

Inhibition (%) 

Control 8 10 ml.kg-1 70.0 ± 28.0 8/8 - 

Lansoprazole 8 30 22.0 ± 11.0** 7/8 68 

5 250 40.0 ± 27.0* 5/5 43 

5 500 20.0 ± 4.5** 4/5 71 MeOH extract 

5 1000 1.4 ± 0.9** 2/5 98 

The results are expressed as the mean ± SD. ANOVA F(4,26) = 12.451 (p<0.01 , p<0.05) for the ulcer index. 
Dunnett s test; * p<0.05 and ** p<0.01 compared to the control group. 
 

 
 
 
Table 2. Effects of cimetidine and MeOH extract of I. truxillensis on gastric mucosal lesions induced by 
piroxicam (NSAID)-in mice. 
 

Treatment 
(p.o) 

Dose 
(mg.kg-1) 

N pH 
(unit) 

Ulcer index Number of mice with 
lesions 

Inhibition 
(%) 

Control 10 ml.kg-1 8 2.4 ± 0.7 10.2 ± 3.7 8/8 _ 

Cimetidine 100 8 3.2 ± 1.0 3.9 ± 1.9** 7/8 62 

250 8 3.6 ± 0.5** 3.9 ± 1.9** 8/8 62 

500 8 2.6 ± 0.7 3.2 ± 1.6** 7/8 69 MeOH extract 

1000 8 2.0 ± 0.9 6.9 ± 2.6* 6/8 32 

The results are expressed as mean ± SD. ANOVA F(4,35) = 10.966 (p<0.01, p<0.05) for the ulcer index and 4.275 
(p < 0.01) for the pH. Dunnett s test: *p<0.05 and **p<0.01 compared to the control group. 
 

Table 3. Effects of cimetidine and MeOH extract of I. truxillensis on gastric mucosal lesions induced by stress in 
mice. 
 

Treatment N Dose 
(mg.kg-1) 

Ulcer index Number of mice 
with lesions 

Inhibition (%) 

Control 8 10 ml.kg-1 13.5 ± 12.2 8/8 _ 

Cimetidine 8 100 5.5 ± 4.5 8/8 59 

7 250 4.3 ± 3.1* 6/7 69 

8 500 4.7 ± 3.6* 6/8 64 MeOH extract 

8 1000 1.5 ± 1.1** 5/8 89 

The results are expressed as mean ± SD. ANOVA F(4,34) = 4.071 (p<0.05, p<0.01) for the ulcer index. Dunnett s 
test: *p<0.05 and **p<0.01 compared to the control group. 
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Table 4. Effects of cimetidine and MeOH extract of I. truxillensis, administered intraduodenally, on gastric juice 
parameters in pylorus ligature-induced gastric mucosal lesions in mice. 
 

Treatments N Dose (mg.kg-1) pH 
(unit) 

Gastric Volume 
(ml) 

[H+] 
(mEq/ml/4h) 

Ulcer Index Inhibition 
(%) 

Control 13 10 ml.kg-1 3.2 ± 0.7 1.2 ± 0.7 6.4 ± 2.6 4.6 ± 1.3 - 

Cimetidine 5 100 5.6 ± 1.1** 1.3 ± 0.6 1.2 ± 1.1** 0 ± 0** 100 

5 250 3.6 ± 0.5 1.2 ± 0.4 3.3 ± 1.9* 1.2 ± 0.4** 73 

5 500 4.2 ± 1.1 1.0 ± 0.5 1.6 ± 0.8** 0.8 ± 0.4** 82 MeOH extract 

4 1000 3.7 ± 1.5 0.5 ± 0.1 3.5 ± 0.9 0.7 ± 0.5** 84 

The results are expressed as mean ± SD. ANOVA F(4,27) = 5.074 (p<0.01) for pH, 1.661 for gastric volume 
(p>0.05), 38.76 for the ulcer index (p<0.01), and 9.289 for [H+] (p<0.05, p<0.01). Dunnett s test: *p<0.05 and 
**p<0.01 compared to the control group. 
 

Table 5. Effects of N-ethylmaleimide (NEM) and the MeOH extract of I. truxillensis (500 mg.kg-1) on 
HCl/ethanol-induced gastric mucosal lesions in mice.  
 

Treatments N Dose (mg.kg-1) Ulcer index Change (%) 

Saline (s.c.) + Saline (p.o.) 8 10 ml.kg-1 27.6 ± 10.5 - 

Saline (s.c.) + MeOH extract (p.o.) 8 500 2.9 ± 1.9** - 

NEM (s.c.) + Saline (p.o.) 8 10 59.0 ± 20.0** + 113% 

NEM (s.c.) + MeOH extract (p.o.) 8 500 49.0 ± 19.0* + 77% 

The results are expressed as mean ± SD. ANOVA F(3.28) = 22.262 (p<0.01) for the ulcer index. Dunnett s test: 
*p<0.05 and **p<0.01 compared to the saline + saline group. 
 

Phytochemical analysis revealed the presence of fla-
vonoids in the MeOH extract. These compounds, which
are important for the normal growth, development, and
defense of plants (Cody et al, 19861986), also exert a
gastroprotective action in mammals by increasing endog-
enous prostaglandin levels, decreasing histamine secre-
tion, inhibiting Helicobacter pylori, and scavenging oxy-
gen-derived free radicals (Park et al. 2004). This
gastroprotection has been reported for various flavonoids
including rutin, naringin, quercetin, kaempferol,
sophoradin and luteolin (Lewis 1992, Di Carlo et al. 1999,
Harborne & Williams 2000, Borrelli & Izzo 2000). Rutin re-
duces the levels of lipoperoxides and increases the activ-
ity of the anti oxidant enzyme GSH-Px (La Casa et al. 2000).
Then the protective action of flavonoids may be assessed
by the stimulation of mucus and bicarbonate secretion

(Cristoni et al. 1989, Gracioso et al. 2002) and by their in-
hibitory effect on the proton pump of parietal cells (Beil et
al, 1995).

In conclusion, the results of this preliminary study
indicated that the MeOH extract of the aerial parts of I.
truxillensis has a gastroprotective action in several models
of gastric lesions. This action is probably mediated by fla-
vonoids. New series of experiment is in progress using a
flavonoid rich fraction obtained from the MeOH extract of I.
truxillensis as well as the isolation and identification of the
flavonoids present in this fraction.
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