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Abstract

Background: Medicinal plants from the Brazilian Cerrado are used in folk medicine to treat several 
diseases such as gastric disorders. 

Purpose: The present work evaluated the antiulcerogenic and antimicrobial effects of the ethanolic 
extracts obtained from leaves of two Cerrado plant species.

Methods: The action of ethanolic extracts of Spiranthera odoratissima (SOL) and Annona coriacea 
(ACL) were evaluated in experimental in vivo models in rats that simulated this disease in human gastric 
mucosa. Additionally, a pharmacological study to test antimicrobial activity against Staphylococcus aureus, 
Escherichia coli and Pseudomonas aeruginosa were also evaluated by microdilution methods.

Results: The pretreated with SOL (100, 200 and 300 mg/kg, p.o.) promoted signifi cant inhibition of 
mucosal injury (93, 99 and 98% inhibition; respectively). This inhibition also was detected in ACL treatment 
(50, 100, 200 and 300 mg/kg; 67, 52, 48 and 67% inhibition, respectively). The both extracts SOL (100 mg/
kg) and ACL (50 mg/kg) also reduced signifi cantly the formation of gastric lesions induced by indomethacin 
(73 and 63%, respectively) when compared to animals treated with respective vehicle. The phytochemical 
profi le from SOL and ACL indicated the presence alkaloids as a main constituent of these extracts. ACL but 
not displayed antimicrobial activities in vitro.

Conclusion: Spiranthera odoratissima and Annona coriacea species present gastroprotective activity, 
supporting previous claims that its traditional use can treat gastrointestinal disorders.
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Introduction

The peptic ulcers are a common disorder of the entire 
gastrointestinal tract that occur mainly in the stomach and 
the proximal duodenum. Traditionally, a hypersecretory 
acidic environment together with dietary factors or stress 
were thought to cause most peptic ulcer diseases, however the 
Helicobacter pylori infection and the widespread use of non-
steroidal anti-infl ammatory drugs (NSAIDs) are considered 
the main cause today [1]. 

Numerous natural products derived from plant sources have 
been evaluated as therapeutics for the treatment of various 
diseases, including peptic ulcers. In fact, several studies have 
been shown antiulcerogenic activities of medicinal plants [2-
4]. 

Spiranthera odoratissima A. St.-Hil., (Rutaceae) is popularly 
known as “manacá” and used in folk medicine in the Brazil, 

for the treatment of several diseases such as renal and hepatic 

diseases, headaches, rheumatism and stomachache [5,6]. 

Annona coriacea Mart. (Annonaceae), popularly known 

as “marolo”, has been used as folk medicine for treating 

parasitoses, infl ammation processes and ulcers [7,8].

Although, ethnopharmacology studies reveals that folk 

medicinal practices have been used to treat many illness, 

many still have not been subjected to scientifi c study to 

confi rm their effectiveness [9]. Taking into account current 

concerns over the side effects that are often inevitable and 

limit clinical utility to treat gastric ulcer [10], the screening 

of potential new antiulcerogenic agents as therapeutic 

alternatives is an important issue. Therefore, we aimed to 

explore gastroprotective effects promoted by ethanolic extracts 

obtained from two species, used in folk medicine. Additionally, 

we undertook evaluation study of the antimicrobial activity.
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Materials and Methods

Animals

Male Wistar rats (n = 7, 150–250 g) from Central Animal 
House of the Federal University of Uberlândia (CEBA-UFU; 
Uberlândia, Brazil) were used. The animals were fed a certifi ed 
Presence (Purina®) diet with free access to tap water under 
standard conditions of 12 h dark – 12 h light, humidity (60 ± 
1.0%) and temperature (21 ± 1°C). Fasting was used prior to 
all assays because standard drugs or extract treatment were 
always administered orally (by gavage). Moreover, the animals 
were kept in cages with raised fl oors of wide mesh to prevent 
coprophagy. The experimental protocols were approved by 
the Institutional Animal Care and Use Committee of Federal 
University of Goiás (CEUA/UFG, no. 001/14).

Material plant

Both species were collected and identifi ed by Dr. Helder 
Nagai Consolaro of Universidade Federal de Goiás (UFG). The 
Spiranthera odoratissima leaves (SOL) were collected in Julio 
Garcia Road (Brasilia, DF, Brazil) in June 2003, a Cerrado region, 
and a voucher was deposited under the number UB 5114 at 
Brasília University Herbarium (Brasília, DF, Brazil). The Annona 
coriacea leaves (ACL) were collected in the dependencies of the 
Federal University of Goiás, in June 2003, which is situated in a 
Cerrado region. The voucher was deposited under the number 
47919 at Federal University of Goiás (Goiás, GO, Brazil).

Preparation of the extract and Nuclear Magnetic Reso-
nance (NMR) analysis 

The leaves from S. odoratissima (2.3 kg) and A. coriacea (0.62 
kg) were dried carefully by forced air at 45 °C and reduced to 
powder. The powdered dried leaves were extracted with EtOH 
(3×9L, 7 days each) at room temperature and fi ltered. The 
fi ltered material was concentrated to yield the crude leaves 
extracts (270 g SOL and 57.5 g ACL).

The ethanolic extracts from leaves of S. odoratissima and 
A. coriacea were prepared with deutered solvent for nuclear 
magnetic resonance (NMR) analysis. The 1H NMR spectrum 
was obtained using Bruker DRX-500MHz spectrometer with 
dimethyl sulfoxide –d (DMSO-d) using TMS as internal 
standard.

Drugs and chemicals

The following drugs were used: Tween 80® (Sinth, SP, 
Brazil), absolute ethanol (Merk, Darmstadt, Germany); 
cimetidine, carbenoxolone and indomethacin were from Sigma 
Chemical Co. (St. Louis, USA). The chemicals used in the buffers 
and other solutions were all of analytical grade. All drugs and 
reagents were prepared immediately before use.

Antiulcerogenic activity

Ethanol-induced ulcer: After fasting for 24 h, the 
experimental groups were submitted to the treatments (p.o.) 
with vehicle (Tween 80 or saline; 10 mL/Kg), carbenoxolone 
(100 mg/Kg; positive control), SOL and ACL (25, 50, 100, 200 and 

300 mg/Kg) 1 h before induction of gastric injury by absolute 
ethanol. Animals were euthanized, by CO gas, 1 h after ethanol 
administration (1mL); the stomachs were opened along the 
greater curvature, pressed onto a glass plate, and scanned. So 
that the lesions could be counted aided by the AVSoft program 
[2]. The results were expressed as total ulcerated area (mm2) 
[11].

Nonsteroidal anti-infl ammatory drugs (NSAID)-induced 
ulcer: Animals were fasted for 24 h. The gastric injuries were 
induced by oral administration of indomethacin 30 mg/Kg in 
male rats. The treatments (p.o.) with vehicle (Tween 80 or 
saline; 10 mL/Kg), cimetidine (100 mg/Kg; positive control), 
and SOL (100 mg/Kg) and ACL (50 mg/Kg) were carried out 30 
min before administration of the NSAID. In this model, only 
the most effective doses of each species were tested. Four hours 
after the NSAID administration the animals were euthanized by 
CO gas and the stomachs were removed for lesion quantifi cation 
[12].

Antimicrobial activity 

Microbial susceptibility assays of the SOL and ACL using 
the Minimal Inhibitory Concentration (MIC) by microdilution 
in broth, was described by Clinical and Laboratory Satandards 
Institute [13]. The extracts were sterilized by fi ltration in 
nylon syringe fi lter 33 mm 0.45 μm and tested for successive 
1:2 dilutions range 0.25 to 1024 μg/mL. The S. aureus ATTC 
29213, E. coli ATCC 25922 and P. aeruginosa ATCC 27853 were 
incubate in inoculated microdilution trays at 35±2°C for 16 to 
20 hours. The MIC is the lowest concentration of antimicrobial 
agent that completely inhibits growth of the organism in the 
microdilution wells. 

Statistical analysis

Results were expressed as mean ± S.E.M. and statistical 
signifi cance was determined using the graphed Prism Software 
version 7.0 (GraphPad Software, Inc., San Diego, CA) by one-
way analysis of variance followed by Tukey’s test with p < 0.05 
defi ned as signifi cant.

Results and Discussion

Natural products have been a rich source of compounds 
for drug discovery and the interest in natural products derived 
from medicinal plants has increased signifi cantly worldwide 
[14,15]. Medicinal plants have made many contributions to 
commercial drug preparations manufactured today including 
ephedrine from Ephedra sinica, digitoxin from Digitalis purpurea, 
salicin from Salix alba and reserpine from Rauwolfi a serpentina 
[16].

The animal models are useful to understand the 
pathogenesis of gastrointestinal tract and also to identify 
potential therapeutic agents, including for gastric ulcer. The 
two models used here, Ethanol and NSAIDs, are relevant 
because they mimic the ulcers present in humans.

The effects of the SOL and ACL on gastric ulceration 
induced by different necrotizing agents in gastric mucosa are 
summarized in fi gures 1,2.
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Ethanol causes necrosis of superfi cial epithelial cells on 
gastric mucosa and erosion. In addition, it promotes damage in 
the mucosa result of decreased of the mucus [17,18].

The effects of SOL and ACL on ethanol model were 
tested in rats, and carbenoxolone, a stimulatory agent of the 
gastric mucus secretion, was used as a positive control. Oral 
administration of absolute ethanol led to severe lesions in the 
gastric mucosa in rats. On the other hand, in the SOL (100, 
200 and 300) and ACL (50, 100, 200 and 300)-treated groups, 
protect the gastric mucosal lesions by inhibiting 93, 99 and 
98% respectively 67, 52, 48 and 67%. Compared with the 
control group, the carbenoxolone group reduced the gastric 
lesions (65%). 

Considering that the pathophysiology of this model is 
involved cytoprotection [3,11], SOL and ACL may increase the 
secretion levels of mucin in the stomach. 

The gastric cytoprotection, which consists of mucus and 
bicarbonate secretion to the gastric lumen; the prostaglandins 
mediate various physiological aspects of this mucosal defense. 

Thus, its suppression in the stomach is a critical event to 
development of mucosal injury after administration of NSAID. 
The gastric damage is attributed to decreased mucus secretion, 
mucosal blood fl ow and bicarbonate secretion, enhanced acid 
back-diffusion, and inhibition of mucosal injury repair [2,3]. 

In NSAIDs-model, the lower effective dose for both species, 
SOL (100 mg/kg) and ACL (50 mg/kg) signifi cantly reduced 
ulcer occurrence in the NSAIDs induced model (73 and 63% 
inhibition; respectively), supporting its cytoprotective effect, 
which may be mediated by prostaglandin production (Figure 
2). Other species of the genus Annona (Annona muricata L. and 
Annona squamosa) were active against gastric ulcers, increased 
the mucus secretion and PGE production [19,20].

The identifi cation by 1H NMR of secondary metabolites 
classes present on the ethanolic extracts from leaves of 
S. odoratissima and A. coriacea was based on characteristic 
chemical shifts (ppm) of them and literature data of isolated 
compounds from these species.

The qualitative phytochemical tests revealed the presence 
of alkaloids and nitrogen heterocyclic as a main constituent 
from ACL (Figure 3) and alkaloids, nitrogen heterocyclic and 
terpenoids from SOL (Figure 4). It is important to mention that 
several alkaloids present anti-ulcer activity [21]. Toma et al. 
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Figure 1: Effects of ethanolic extract from leaves of S. odoratissima (A) and A. 
coriacea (B) on models of gastric lesions induced by ethanol. Results are mean ± 
S.E.M. ANOVA followed by Tukey’s test. *p<0.05, **p < 0.01, ***p < 0.001 represents 
signifi cant difference from the control group.
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Figure 2: Effects of ethanolic extract from leaves of S. odoratissima (A) and A. 
coriacea (B) on models of gastric lesions induced by NSAID. Results are mean ± 
S.E.M. ANOVA followed by Tukey’s test. *p<0.05, **p < 0.01, ***p < 0.001 represents 
signifi cant difference from the control group.
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[22], showed that the alkaloids present in Senecio brasiliensis 

are able to increase mucus secretion and prostaglandin 

production in gastric mucosa. Zanatta et al. [23], also showed 

which alkaloids from Galipea longifl ora were able increase of 

mucus secretion. 

There is a high prevalence of the non-H. pylori bacteria 

concurrent with H. pylori infection, and the non-H. pylori 

bacteria may also play important as-yet-undiscovered roles 

in the pathogenesis of stomach disorders [24]. E. coli infection 

promotes increased apoptotic activity of gastric cells [25]. 

Additionally, the most common intestinal infections that 

induce acute watery diarrhea in approximately 80% of people 

are caused by Escherichia coli and Staphylococcus aureus [26]. 

In this study, we also evaluated the in vitro antimicrobial 

activity of SOL and ACL. The antimicrobial assays showed that 

the ethanolic extract from leaves of S. odoratissima does not have 

antimicrobial activity presenting inhibitory concentrations 

≥1000 μg/ml for the Gram-positive and Gram-negative 

bacteria. On the other hand, the ethanolic extract from leaves of 

A. coriacea showed antibacterial activity against Gram-positive 

bacteria (MIC = 256 μg/ml against Staphylococcus aureus) and 

Gram-negative bacteria (MIC = 512 against Pseudomonas 

aeruginosa) and (MIC = 512 against Escherichia coli) (Table 1). 

These results are in agreement with that found in the literature 

with other Annona species, Castillo-Juárez and collaborates 

(2009) showed that the Annona cherimola species has a high 

inhibitory effect of Helicobacter pylori.

Conclusions

The data obtained from ethanolic extracts from leaves of S. 

odoratissima and A. coriacea confi rmed the traditional medicinal 

uses for the gastrointestinal disorders. These results further 

suggest the potential use of both species for its gastroprotective 

activities, probably by the action of alkaloids present in the 

composition that activated the defense mechanism of the gastric 

mucosa against aggressive factors. In regard to antimicrobial 

activity, only ACL was able to inhibit the growth of important 

bacteria in the pathogenesis of stomach disorders. In view of 

our results, more investigation of their function could provide 

insight into the mechanism of gastric cytoprotection and the 

role of active compounds presents in SOL and ACL.
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