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Abstract: Ipomoea imperati (Vahl) Griseb., Convolvulaceae, is used in traditional
medicine for the treatment of inflammation, swelling and wounds, as well as to
treat pains and stomach problems. This work evaluates the anti-oxidative activity
by ESR (Electron Spin Resonance spectroscopy) and the preventive and curative
actions of /. imperati in gastric ulcer animal model. [pomoea imperati (200 mg/kg,
p.o.) prevented the formation of gastric lesions in 78% (p<0.05) when compared
with the negative control tween 80. Lanzoprazole, prevented in 85% the gastric
lesions formation induced by ethanol (p<0.05). Therefore, the oral administration
of 1. imperati one hour before the ulcerogenic agent prevented the ulcer formation,
conserving the citoprotection characteristics of the gastric mucosa and assuring the
integrity of gastric glands and gastric fossets. The healing activity of /. imperati
(200 mg/kg, p.o.) evaluated in chronic ulcer experiments induced by the acetic
acid, was 72% (p<0.05). The positive control, ranitidine, healed 78% of the gastric
lesions (p<0.05). The histological analysis confirmed the recovery of the mucosal
layer and the muscle mucosal layer harmed by the acetic acid. Experiments in vitro
with DPPH (2.2-diphenyl-1-picrylhydrazyl) of anti-oxidative activity demonstrated
that 1. imperati presents an IC50 of 0.7340.01 mg/mL.

a jalapinolic acid tetra- or penta-glycoside, in which the
sugar moiety is partially acylated by organic acids and also

Many species of Ipomoea are still used in folk
medicine in different parts of the world (Austin, 1975).
Ipomoea imperati (Vahl) Griseb., Convolvulaceae, is used
in traditional medicine for the treatment of inflammation,
swelling and wounds, as well as to treat pains after childbirth
and for stomach problems (Fosberg & Sachet, 1977).
Pharmacological studies on extracts of many species of
Ipomoea have reported anti-inflammatory, antimicrobial,
analgesic, spasmogenic, anti-spasmolytic, hypotensive,
psychotomimetic and anticancer effects (MacLeod et al.,
1997). Chemical investigations have shown that indole
alkaloids and resin glycosides are the most common
biologically active constituents in the Convolvulaceae
(Noda et al., 1994; Noda et al., 1998). The same authors
isolated twelve stoloniferins 1 (1)-XII (12) ether-soluble
resin glycosides from Ipomoea stolonifera, related that
all resin glycosides previously isolated, are monomers of
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combined with the carboxy group of the aglycone to form
a macrocyclic ester structure.

In previous studies, I. imperati inhibited the
topical and systemic inflammation in a concentration-
dependent manner. /. imperati had a significant inhibitory
activity against phospolipase A2 enzyme from bee venom
(Paula et al., 2003). The same authors also demonstrated
that in chronic inflammation experiments (cotton pellet
granuloma test), no gastric mucosal lesions were observed
after 6 days of treatment by oral route in rats. These results
indicated a probable action mechanism in ciclooxigenase
II (COX-2) enzyme.

Paula-Zurron et al. (2010) recently related that
I imperati showed analgesic and antiedematogenic
properties. Additionally, the analgesic effect can be related
to the opioid system, showing central analgesic property.

According Ene-OjoAtawodi & Onaolapo



(2010) other specie of Ipomoea, I. asarifolia presented
antioxidant activity. 1. asarifolia individually or in
combination with other herbs is used for the treatment
of gastrointestinal disorders and/or diabetes.

Oxygen-derived free radicals have been
postulated to play an important role in the pathogenesis
of acute gastric mucosal injury induced by ischemia-
reperfusion, stress, ethanol and anti-inflammatory
drugs in rats. Furthermore, it has been suggested that
free radicals generated by neutrophils may be important
factors in delaying the healing of acetic acid-induced
chronic gastric ulcers in these animals (Hamaishi et al.,
2006). It is well known that medicinal plants act as free
radical scavengers, and as antilipoperoxidants and are
helpful in protecting collagen from degradation caused
by superoxide anion radicals (Chen & Ho, 1997). In
the present study we have examined the anti-oxidative
and anti-ulcerogenic activity of lipidic fraction of
Ipomoea imperati in animal model. Because of anti-
inflammatory activity, without gastric irritation and
of mucosa protection, /. imperati may represent an
important clinical alternative both in inflammation and
in antiulcerogenic therapeutics.

Material and Methods
Chemicals and biochemical

Tween, acetic acid, ethanol solution (Sigma
Chemical Sao Paulo, Brazil), lansoprazole (Medley,
Campinas, Brazil), ranitidine (GlaxoSmithKline, Rio de
Janeiro, Brazil), xylazine hydrochloride, ketamine (Pfizer,
Sao Paulo, Brazil). DPPH (2,2-diphenyl- 1-picryl-hydrazyl)
was purchased from Sigma-Aldrich Co. (St. Louis, MO,
USA) and have purity of 95%. All other reagents used for
experiments were of analytical grade.

Plant

The leaves of Ipomoea imperati (Vahl) Griseb.,
Convolvulaceae, were collected by one of the authors
(A.C.B. Paula Zurron) along the seashore of Boraceia, Sao
Paulo State, Brazil, in January and February of 2006 and
2007. The specimens were identified by Rosangela Simao
Bianchini and deposited in the Botanical Institute of Sao
Paulo under voucher number SP 351848.

Preparation of the aqueous and lipidic fractions of 1.
imperati

The air-dried powdered plant material (800 g)
was extracted at room temperature with ethanol during
seven days (repeated three times). After filtration,
ethanol was removed under reduced pressure, producing
260 g (7.8%) of dry extract. The ethanolic extract of
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Ipomoea imperati (EtOH-Ipi, 21 g) was partitioned
with water:dichloromethane (1:1, v/v, 26 g) three times,
and provided both lipidic (LpF, 7.78 g) and aqueous
fractions (AqF, 11.42 g). The pharmacological analysis
was performed using the lipidic fraction.

Animals

All experiments were performed on male
Wistar rats (200-250 g) from the Central Animal House
of Universidade do Sagrado Coracdo (USC). The
animals were fed a certified Nuvilab CR-a® (Nuvital)
diet and had free access to tap water. Mice were kept
in the animal house under a standard 12 h light/12 h
dark cycle, 50% humidity and temperature of 24+1 °C.
Experimental protocols were approved by the Ethics
Committee of USC and were conducted according to
recommendations of the Canadian Council on Animal
Care (Olfert et al., 1993).

All experiments were performed in the
morning, according to current guidelines for laboratory
animal care and ethical guidelines for the investigation
of experimental inflammation in conscious animals
(Szelenyi & Thiemer, 1978).

Ethanol induced-ulcer

Wistar rats (200-250 g) were subjected to an
Ethanol-induced ulcer assay (Morimoto et al., 1991).
Rats were fasted for 24 h (free access to water) before
the experiment. The animals then randomly received oral
Tween 80® (10 mL/kg, n=7), lansoprazole Prazol® (30
mg/kg, n=7) or Ipomoea imperati (200 mg/kg, n=7). One
hour after treatment with the Tween, lansoprazole and 1.
imperati, | mL of ethanol solution was orally administered
to the rats. Thirty minutes later, the animals were killed by
cervical dislocation and their stomachs were removed to
determine ulcer index (Szelenyi & Thiemer, 1978).

Acetic acid-induced gastric ulcers

Wistar rats (200-250 g) were randomly
allocated into one of three treatment groups, in which
ulceration was induced by acetic acid (Takagi et al.,
1969). Rats were then treated with 1. imperati (200
mg/kg, n=7), ranitidine (Antak®) (100 mg/kg, n=7)
or Tween 80, as a vehicle (10 mL/kg, n=7). Rats were
anesthetized with xylazine hydrochloride (50 mg/kg)
and ketamine (180 mg/kg) for the application of 50
pL of 30 mL/L acetic acid solution into the subserosal
stomach layer of each animal. Two days after surgery,
the respective treatment drugs were orally administered
once daily for fourteen consecutive days. The animals
were sacrificed by cervical dislocation on the day after
stopping drug administration. The ulcer area (mm?) and
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curative ratio (%) were measured (Szelenyi & Thiemer,
1978).

Histological study

For morphological ulcer analysis, rat stomachs
were fixed in Bouin for 24 h, were dehydrated through
ascending concentrations of ethyl alcohol, cleared
with xylene, embedded in Histosec (Merck-11609),
and prepared for microtomy. The 8 um-sections were
then deparaffinized and rehydrated through descending
concentrations of ethyl alcohol. These samples were
stained with hematoxylin-eosin for morphological lesion
analysis, using hematoxylin for 15 min. The samples
were washed in running water for 10 min, with sections
changing color from red to blue. Sections were stained
with eosin for 10 min and washed in water, dehydrated,
placed in 95% alcohol, cleared and mounted in resin
(Milani & Calabro, 2001). Photomicrographs were
obtained with microscope Nikon H550L.

Free radical scavenging tests

A Varian E-4 X-band spectrometer computer
interfaced allowing signal averaging and fast
measurements, equipped with a rectangular cavity
(TE-102, model E-231) was used for the ESR
measurements.

The antioxidant activity of the I. imperati
against the free radical present in DPPH was studied
using ethanolic solutions of the lipid fraction at several
concentrations. Aliquots of DPPH solution (1 mM,
40 pL) and I. imperati solution (40 pL) were mixed,
stirred for 10 s and then transferred to a capillary
tube. The capillary tube was sealed and placed inside
a standard ESR quartz tube (inner diameter 3.00 mm),
which was placed in the resonant cavity (Yokozawa
et al., 1998). This procedure took three minutes and it
was carried out at room temperature. For the reference
measurement, the extract solution was replaced by
ethanol (40 pL). Data were reported as the average of
three measurements.

Statistical analysis

Anti-ulcerogenic results were expressed as
mean£S.E. One-way variance analysis was followed
by Dunnett’s, Scheffe’s and Tukey’s tests. These tests
were run in the Statistical 5.1 software (Stat Soft,
Inc). The level of significance was set at p<0.05. The
experimental data points of ESR signal intensity were
fitted using software Microcal Origin 7.5 (Northampton,
USA) for IC50 calculations and were represented by
mean£SD.
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Results
Ethanol ulceration

The effect of 1. imperati (200 mg/kg) on gastric
ulcers induced by ethanol is shown in Figure 1. In this
acute experiment, animals undergoing lansoprazole
(30 mg/kg) and I. imperati (200 mg/kg) treatment
showed smaller lesion areas: 4.8+0.97 mm and 7.0+1.2,
respectivelly (p<0.05) than the negative control tween
80 (32.3+1.4mm). Thus, lansoprazole and /. imperati
treatment, reduced the gastric lesion area by 85 and
78%, respectively.

35+
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Figure 1. Preventive effect of Ipomoea imperati (200 mg/
kg) and the positive control lansoprazole in ethanol acute
gastric ulcer model. Each value is the mean + S.E.M for seven
animals. ANOVA F P 4.60 for ILU (mm?). Tukey’s test:
**p<0.001.

Morphological analyses also showed severe
lesion of the oxyntic mucosa in negative control group
(pre-treated with tween) and subjected to ethanol
ulceration, with destruction of the surface epithelium,
lack of continuous glandular epithelium and own
lamina formed by connective tissue (Figure 2A). 1.
imperati (200 mg/kg, p.o.) significantly prevented the
lesions formation in the gastric mucosa, showing intact
gastric glands and mucosa, with the continuous coating
epithelium (Figure 2B).

Acetic acid-induced gastric ulcers

The healing effect of I imperati was
demonstrated when the healing of chronic gastric
ulcer induced by acetic acid in rats was accelerated.
Postoperative treatment with ranitidine (100 mg/kg)
and I. imperati (200 mg/kg) for fourteen consecutive
days accelerated the ulcer healing. On day 14 after
surgery, the percentage of rats with cicatrized ulcers in
both experimental groups was significantly higher than
in the negative control group (Figure 3). In chronic
acetic acid-induced ulceration, the lesion area was
smaller in animals submitted to /. imperati (9.2+0.98



mm?) and ranitidine (7.0£0.92 mm2) treatment than
in the tween 80 treatment group (32.3+1.2 mm?). In
addition, ranitidine and /. imperati significantly healed
the chronic gastric ulcer reducing its area in 78 % and
72% (respectively) when compared with the negative
control tween 80 (p<0.05).

Figure 2. Photomicrographs of ulcer treatments induced
by ethanol solution negative control group (tween), with
destruction of the surface epithelium, lack of continuous
glandular epithelium and own lamina formed by connective
tissue (A). Pre-treatment with Ipomoea imperati (200 mg/
kg) showing intact muscularis mucosal layer (MML), gastric
glands and mucosa glands in the mucosal layer (ML), with
the continuous coating epithelium (SE) (B). Magnifications
bars: 400 um to figures 2A e 2B. Haematoxiline & Eosine.

The figure 4A showed animals submitted to
acetic acid gastric ulcer and treated with tween 80 by
14 days. In this figure there are an extensive gastric
lesion showing that the surface epithelium, mucosal
layer and muscularis mucosal layer are destroyed.

The surface epithelium in animals treated with
1. imperati showed an enhance cell proliferation in the
glandular regeneration zone (4C and 4D). There was
an early regeneration with formation of inflammatory
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infiltrate and angiogenesis (initial healing and mucosal
restoration) in animals treated with /. imperati (Figure
4D). In the figure 4B, is possible to note capillary,
disorganized conjunctive tissue, inflammatory cells,
as well as granulation tissue starting the repair.
Nevertheless, there was the presence the necrotic
tissue, reveal a severe lesion caused by acetic acid.
The fibroblast of the conjunctive tissue is secreting
collagen.
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Figure 3. Lesion area due to acetic acid administration in
gastric mucous of rats. The animals were treated by fourteen
days with tween (negative control), ranitidine (positive
control) and Ipomoea imperati (200 mg/kg). Each value is
the mean+SEM for seven animals. ANOVA F 2.84 for
ILU (mm?). Dunnett’s test *p<0.05.

@18

The ESR signal intensity of the central line of
DPPH was measured and plotted as function of plant
extract concentration (Figure 5). Each point represents
the average and standard deviation of 3 spectra. The
IC50 was determined by graphical analysis, fitting the
experimental data with an exponential function. A value
0f 0.73£0.01 mg/ml was founded.

Discussion

The study shows that Ipomoea imperati
possesses antiulcerogenic activity in different
experimental models of gastric ulcer. The mechanism
of this inhibition is not completely understood. In
the gastric ulcers induced by ethanol the lesion areas
of rats undergoing Tween 80 treatment were bigger
than animals undergoing lansoprazole and I. imperati
treatments (p<0.05). The extent of ethanol-induced
gastric mucosal damage in rats correlates with the
number of degranulating mast cells since these cells
are a source of several neuropeptides and inflammatory
mediators, including histamine and leukotrienes
(Cutz et al., 1978). The formation of gastric mucosal
lesions by necrotic agents such as ethanol involves
several gastric mechanisms which reduce the gastric
blood flow, thereby contributing to the development
of hemorrhage and necrosis and to the solubilization
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Figure 4. Photomicrographs of the treatments of chronic ulcer induced by acetic acid solution (A, B, C, D). In figure 4A
treated with tween, there are an extensive gastric lesion showing that the surface epithelium (SE), mucosal layer (ML) and
muscularis mucosal layer (MML) are destroyed. In figure 4B, an early regeneration with formation of inflammatory infiltrate
and angiogenesis. Are possible to note capillary (c) disorganized conjunctive tissue (ct), inflammatory cells (ic), as well as
granulation tissue starting the repair. The presence the necrotic tissue (nt), reveal a severe lesion caused by acetic acid. The
depressed gastric mucosa is regenerated gastric surface epithelium, showing that /. imperati enhanced cell proliferation in
the glandular regeneration zone, angiogenesis and inflammatory infiltration recovering the surface epithelium (SE), mucosal
layer (ML) and muscularis mucosal layer (MML) in C and D. Magnifications bars: 200 um to Figure 4B, D and 400 um to
figure 4A, C Haematoxiline & Eosine.

of mucus constituents in the stomach (Guth et al., Oral administration of ethanol solution in
1984). Besides the damaging effect of acid and pepsin, rats clearly produced the expected characteristic zonal
the role of reactive oxygen species (ROS) in the necrotizing mucosal lesions, decrease on gastric blood
pathophysiology of gastrointestinal injury has been flow, generation of reactive oxygen species and an
focused (Das & Banerjee, 1993). increase in inflammatory mediators, expressed by an
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Figure 5. ESR signal intensity of central line of DPPH as
function of Ipomoea imperati concentrations. IC50 0.73+0.01
mg/mL.

increase on IL-B and TNF a levels (Kwiecien et al.,
2002). This damage may be due to a direct action of the
gastric epithelium causing lipid peroxidation. Ethanol
treatment induces intracellular oxidative stress and
produces mitochondrial permeability transition and
mitochondrial depolarization, which precede cell death
in gastric mucosal cells (Hirokawa et al., 1998).

Based on this information evaluated the anti-
oxidative activity of I imperati by ESR, where in
experiments in vitro with DPPH was demonstrated that
L. imperati presents a significative anti-oxidative activity
(Figure 6). These results suggest that the protective action
of I. imperati against the gastric injury may be due in part
to the scavenging of free radicals produced in the injured
mucosa. Ethanol-induced gastric mucosal injury has also
been indicated to be due to impairments in defensive factors
such as mucus and mucosal microcirculation (Trier et al.,
1987) in addition to free radicals as mentioned above.

It was attributed that the gastroprotective
action of plants to an increased production of nitric
oxide (Freitas et al., 2004). The controlled production
of nitric oxide by constitutive isoforms of nitric
oxide synthase in stomach microcirculation has been
implicated in both protective and beneficial events
during gastric disorders (Wallace & Miller, 2000;
Martins et al., 2001).

Ipomoea imperati as well as the similar specie
Ipomoea pes-caprae, has anti-inflammatory and anti-
oxidative activity. These activities detected in 1. pes-
caprae are due four active compounds: 2-hidroxy-
4,4,7-trimethyl-1(4H)-naphthalenone, mullein, eugenol
and 4-vinylguaiacol. Eugenol is a well-known inhibitor
of prostaglandin synthesis and also possesses anti-
inflammatory activity. Eugenol and guaiacol are also
reported to inhibit leukocyte chemotaxis and prevent
the production of oxygen free-radicals by leukocytes
(Pongprayoon et al., 1991a). Others chemical studies
related that [ pes-caprae contains phenolic and
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terpenoid substances that must to assure the anti-
oxidative activity (Pongprayoon et al., 1991b). I
cairica in its turn, showed that di-O-caffeoylquinic
acids also present antioxidative effects (Ferreira et al.,
2000).

Wound healing is a highly ordered and well
coordinated process that involves inflammation, cell
proliferation, matrix deposition, tissue remodeling,
collagenation and epithelialization (Harish et al.,
2008). So Ipomoea imperati also showed healing
activity in acetic acid gastric ulcer model. In Figure
3, postoperative treatment with ranitidine (100 mg/kg)
and I. imperati (200 mg/kg) for fourteen consecutive
days accelerated the ulcer healing in 78 and 72%
(respectively) when compared with the negative
control tween 80 (p<0.05). Chronic gastric ulcer is a
deep necrotic lesion that involves the entire mucosal
depth and penetrates the muscularis mucosa. Ulcer
healing is a dynamic process of filling mucosal defects
with proliferating and migrating epithelial cells as well
as connective tissue, resulting in reconstruction of the
mucosal architecture (Sasaki et al., 1998).

Several works focused the antiulcerogenic
process relationed to the healing process and the
participation of the protein of epidermal growth factor.
Growth factors and their receptors play important roles
in cell proliferation and migration, repair of tissue
injury and ulcer healing (Konturek et al., 2001).

The EGF act on its target cells after binding
to specific tyrosine kinase membrane receptors that
been identified in the epithelial cells of the mucosa of
the stomach and small intestine (Murphy, 1998). The
expression of EGF mRNA was detected using reverse
transcriptase polymerase chain reaction in gastric
mucosa of the ulcerated group that received treatment
with medicinal plants (Toma et al., 2004; Paula et al.,
2008).

In chronic acid acetic induced ulcer,
morphological analysis showed that the lesion area was
bigger in rats treated with tween 80 than in those treated
with I. imperati (Figure 4A and figure 3, p<0.05). In
addition, the surface epithelium in rats treated with /.
imperati showed an early regeneration (Figure 4B, 4C,
4D). There was formation of inflammatory infiltrate and
angiogenesis (initial healing and mucosal restoration)
in rats treated with 7. imperati (Figure 4C, 4D).

The depressed gastric mucosa is covered
with initial regenerated gastric surface epithelium,
showing that . imperati enhanced cell proliferation
in the glandular regeneration zone, angiogenesis and
inflammatory infiltration (Figure 4B, 4C, 4D). As
already well documented, angiogenesis, the formation of
new blood vessels from pre-existing microvasculature,
plays an important role in a variety of physiological and
pathological states such as embryonic development,
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wound repair, inflammatory disorders and tumor
growth (You et al., 2003).

Medicinal plants are showing promise for
preventive intervention in the pathogenesis of many
diseases, as well as in their treatment, especially the
ROS-mediated diseases such as cancer, ulcer and others
(Ene-Ojoatowodi & Onaolapo, 2010). The same authors
related that in gastrointestinal disorders such as ulcer,
the strong antioxidant potential of Ipomoea asarifolia
suggest that it is plausible it may exert therapeutic
efficacy in oxidative stress related diseases.

Nitric  oxide (NO), interactively with
prostanoids and sensory neuropeptides, regulates
gastric mucosal integrity in rats (Whittle et al., 1990).
NO participates in the gastric defenses mechanisms by
regulating the gastric mucosal blood flow and gastric
mucus secretion (Whittle et al., 1993). This manner in
this study was possible to verify that [pomoea imperati
showed a preventive and healing activity in gastric
ulcer models, due the controlled production of nitric
oxide in stomach of rats. This fact has been implicated
in both protective and beneficial events during gastric
disorders.
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