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ABSTRACT
Background: Gastric ulcers are a worldwide health problem and their 
poor healing is one of the most important causes for their recurrence. 
Several species of Spondias are used in traditional medicine for the 
treatment of gastrointestinal diseases, infections, and inflammation, 
among other conditions. Objectives: The aim of this study was to 
investigate the antioxidant properties in vitro and gastroprotective effect 
in mice of the methanolic extract of branches of Spondias tuberosa (MEB). 
MEB was screened for antioxidant activities using different methods. 
Materials and Methods: Measurements of total phenolic compounds, 
flavonoids, and tannins were also evaluated. The profile of phenolic 
compounds of extract was performed by high‑performance liquid 
chromatography  (HPLC). MEB was investigated for acute and chronic 
toxicity and gastroprotective effects against ethanol‑induced lesions in 
Swiss mice. Results: The extract showed antioxidant activity in vitro and 
high content of phenolic compounds, flavonoids, and tannins. The HPLC 
results identified the presence of gallic acid, chlorogenic acid, caffeic acid, 
and t‑ferulic acid. The MEB showed no acute and chronic toxicity and in 
doses of 50, 100 and 200 mg/kg, v. o., reduced the area of ulcerative 
lesions induced by ethanol in 73.74, 72.02, and 72.40%, respectively. 
Conclusion: The oral treatment with the extract of S.  tuberosa 
branches (MEB) showed gastroprotective and antioxidant activities.
Key words: Antioxidants, gastroprotective, medicinal plants, Spondias 
tuberosa, umbu

SUMMARY
•   The gastroprotective activity and acute and chronic toxicity of extracts from 

the branches of Spondias tuberosa were evaluated by means of an in vivo 
study in Swiss mice, however, the MEB showed no toxicity and at doses of 
50, 100 and 200 mg / kg v.o. reduced the area of ulcerative lesions. A profile 
of phenolic compounds was carried out and evaluated by HPLC and the ex‑
tract showed high levels of phenolic compounds, flavonoids and tannins. The 
study indicates that the MEB of Spondias tuberosa showed gastroprotective 
activity in acute gastric lesions, with no signs of toxicity.

Abbreviations Used: HPLC: High‑performance liquid chromatography, 
IPA: Agronomic Institute of Pernambuco, MEB: Methanolic extract of 
branches of Spondias tuberosa, NSAIDs: Nonsteroidal anti‑inflammatory 
drugs, ROS: Reactive oxygen species, 
S. tuberosa: Spondias tuberosa, 
ULA: Ulcerative lesion area.
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INTRODUCTION
Gastric ulcer is a very frequent disease in the clinical practice and 
a challenge in the gastroenterology research, which is considered 
a global health problem which affects approximately 14.5 million 
people worldwide.[1] Its occurrence is related largely to genetic, 
endogenous  (pathophysiological disorders), and exogenous 
factors  (Helicobacter pylori infection, stress, smoking, alcohol 
consumption, and use of nonsteroidal anti‑inflammatory).[2,3] The 
progression of this condition is attributed to an imbalance between 
aggressive and protective factors of the mucous membranes.[4]

Moreover, the body has defense mechanisms  (mucus–bicarbonate 
barrier, phospholipids, epithelial surface coating, lipoprotein layer of 

the membrane, blood flow, synthesis of prostaglandins, nitric oxide, and 
antioxidant system) protecting the mucosa from injury.[5] Several factors 
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culminated in the development of ulcers, including alcohol consumption, 
which leads to severe damage to the gastric mucosa directly and indirectly 
through mediators such as reactive oxygen species (ROS) and cytokines.[1]

Due to the growing interest in natural products and alternative 
therapies, extensive research is being conducted on herbs to discover 
and identify remedies and key compounds for the management of peptic 
ulcers.[6] There are numerous secondary effects associated with drugs 
used to treat ulcers, including arrhythmia, impotence, gynecomastia, 
and hematopoietic disorders. Therefore, new approaches have been 
sought to improve the efficiency of current drugs or to discover new 
potential agents that are more effective, are less expensive, and have 
fewer side effects associated with the health of the currently treatments 
used.[7] Among the numerous secondary metabolites that are associated 
with ulcerative process reduction are tannins, phenolic, and flavonoid 
compounds, which are considered compounds with high antioxidant 
activity, which protect cells and tissues from oxidative damage and 
chronic disease.[8]

Spondias tuberosa Arruda (Anacardiaceae), known as “umbuzeiro,” is a 
tropical plant that plays an important role in the northeast of Brazil, being 
an important nutritional resource.[9,10] This species has a great ecological, 
social, and economic importance. In folk medicine, the plant is widely 
used for its antioxidant,[10] antibacterial,[11] and anti‑inflammatory 
activities.[12] S. tuberosa is rich in phenolic compounds and flavonoids 
which are a group of naturally occurring secondary metabolites and 
have numerous pharmacological effects evaluated  (anti‑inflammatory, 
antimicrobial, and gastroprotective).[13]

In view of traditional reports on healing potential, this study aimed to 
evaluate the chemical composition and antioxidant activity in vitro and 
investigate the gastroprotective effects of methanolic extract from the 
branches of S. tuberosa (MEB) against gastric ulcers induced by ethanol 
in mice.

MATERIALS AND METHODS

Plant material and preparation of extract
The plant was collected in Catimbau National Park, Pernambuco, 
Northeastern Brazil  (coordinates: 8°36’35”S and 37°14’40”W), being 
identified and authenticated in the Herbarium of the Agronomic 
Institute of Pernambuco (IPA), with under code number 91090.
The MEB was prepared using the branches, which were oven dried at 45°C. 
The material was pulverized using a mill (Tecnal/Willye mill/ET‑650) to 
obtain the powder. The extract was obtained in an accelerated solvent 
extractor  (ASE 350 Dionex®), equipped with a hermetically sealed 
stainless‑steel extraction cell and 22 mm  ×  50 mm paper cartridge, a 
rinse flask, and 250 mL. The extract was concentrated under a stream 
of nitrogen in a heating block at 60°C. Twenty grams of powder was 
transferred to each cell and was extracted with methanol and then dried 
at 50°C using a rotary evaporator.

Determination of total phenolic content
The total phenolic content was determined by the method of Krepsky 
et  al.[14] Initially, the extract was mixed with 1 mL of Folin–Ciocalteu 
reagent (1:10 v/v). After 4 min, 800 μL of saturated sodium carbonate 
solution (75 g/L) was added. After 2 h incubation at room temperature 
and protected from light, the absorbance was measured at 765 nm. 
Gallic acid was used as standard. The results were calculated as gallic 
acid equivalent (GAE) per gram dry weight (DW) (mg GAE/g DW) and 
reported as mean value ± standard deviation (SD). All experiments were 
performed in triplicate.

Determination of total flavonoid content
The total flavonoid content in the extract was determined by colorimetric 
method, using quercetin as a standard. Five hundred microliters of 
the diluted sample was added to 500 μL of aluminum chloride (AlCl3) 
solution prepared in 2% methanol. After 30 min of incubation at room 
temperature and protected from light, the absorbance was measured at 
420 nm. The flavonoid content was estimated using a standard curve of 
quercetin  (5–35 mg/mL), and the results were expressed in milligram 
equivalents of quercetin (QE) per gram DW (mg QE/g DW) and reported 
as mean value ± SD.[15] All experiments were performed in triplicate.

Profile of phenolic compounds by 
high-performance liquid chromatography
The chromatographic profile was performed with a liquid chromatograph 
Agilent Technologies high‑efficiency brand model 1260 LC INFINITY 
SYSTEMS (Santa Clara, California, United States of America) with 
quaternary pump, photodiode array detector  (DAD) with automatic 
injector. Data were processed in, Agilent OpenLAB CDS software (Santa 
Clara, CA, United States of America). (EZChrom Edition). Vers. A.04.05. 
Zorbax SB C18 column  (250  ×  4.6 mm, 5 μm) with a mobile phase 
gradient of 0.3% acetic acid  (solvent A) and acetonitrile  (B) gradient: 
0 min: 92 (A) % and 8% (B); 15 min: 65% (A) and 35% (B); 17–20 min: 
92% (A) and 8% (B). The flow was maintained constantly at 2.4 mL/min 
and detection was carried out at 256 to acquire ultraviolet spectra in the 
range of 200–400 nm. The column temperature was set at 30°C ± 0.8°C 
and pressure at 400 bar.

ABTS radical-scavenging assay
The methodology described by Uchôa et al.[10] was used in this analysis. 
The ABTS radical was formed by reacting 7 mM ABTS stock solution 
with 140 mM potassium persulfate. All experiments were performed in 
triplicate. The percentages of oxidative inhibition were calculated and 
plotted against the reference antioxidant concentration (Trolox) and 
expressed as trolox equivalent antioxidant capacity in the unit (μM).

2,2-diphenyl-1-picrylhydrazyl radical-scavenging 
assay
Free radical scavenging activity was measured by 
means of hydrogen donation using the stable radical 
2,2‑diphenyl‑1‑picrylhydrazyl  (DPPH).[16] All experiments were 
performed in triplicate. The DPPH scavenging effect was measured 
using Equation 1:

% = 100( ‑ )A A
A

c s

c

×

where Ac is the absorbance of the control and As the absorbance in the 
presence of the extract.

Phosphomolybdenum assay
The activity was performed according to Sharma methodology,[17] based 
on the reduction of molybdenum  (VI) to molybdenum  (V), in the 
presence of antioxidants in acid pH. All experiments were performed in 
triplicate. The activity (%) was calculated using Equation 2:

% = 100( ‑ )A A
A

aa s

aa

×

where Aaa is the absorbance of ascorbic acid and As the absorbance in the 
presence of the extract.
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Animals
Swiss male mice (Mus musculus) weighing 25–30 g, obtained from the 
Immunopathology Laboratory Keizo Asami  (LIKA)‑UFPE was fed with 
Presence® diet and free water access, under standard light‑dark cycles (12/12 
h), humidity  (60  ±  1%), and temperature  (21°C  ±  2°C). Before the 
experiments, animals were subjected to fasting for 16 h and housed in fasting 
cages to prevent coprophagy. The experimental protocol was approved by 
the Animal Ethics Committee of UFPE (No. 23076.052951/2015‑71).

Acute and chronic toxicity
The animals were subjected to fasting 12 h and divided into four 
groups (n = 6). The groups received vehicle (0.9% NaCl) as the negative 
control, or a MEB single dose of 500, 1000, and 2000 mg/kg, v.o. In 
order to assess the behavioral changes as well as the occurrence of death, 
behavioral parameters were noted during the first 24 hr and once a day 
until complete 72 hr.[18] During the 14 days of observation, the animals 
were measured daily water consumption, feed, and weight and were 
sacrificed at the end of the period.

Ethanol-induced gastric ulcers
The animals were divided into five groups (n = 6) and were subjected to 
fasting for 16 h and divided into groups pretreated orally. Group I served 
as negative control which received only vehicle (0.9% NaCl, v. o.); Group 
II served as positive control and received lansoprazole (30 mg/kg, v. o.); 
Groups III, IV, and V received MEB in the doses 50, 100, and 200 mg/kg, 
v.o., respectively. After 50 min, 0.2 ml of an absolute ethanol (damaging 
agent solution) was administered orall and 1 h later, the animals were 
euthanized. The stomachs were removed, opened along the greater 
curvature, washed, and photographed to determine the ulcerative lesion 
area  (ULA‑mm2)[19,20] using computerized planimetry and software 
ImageJ. The percentage of inhibition was calculated using Equation 3:

% = (ULA negative control ‑ ULAtreatedgroup)
(ULA negative contrrol)

100
�

�
�

�

�
� ×

Statistical analysis
The results were expressed as mean ± SD, and analysis of variance was 
used followed by Dunnett’s posttest and analyzed with GraphPad® Prism 
version 5.0 (San Diego, California, United States of America).

RESULTS
The yield of MEB was 26.33%. The MEB is rich in phenolic componds, 
with flavonoids, as shown in Table 1.
From the chromatographic analysis of the MEB, it was possible to identify 
the presence of gallic acid, chlorogenic acid, catechin, caffeic acid, 
rutin, and ferulic acid  [Table  2]. All these compounds are considered 
to have antioxidants and health benefits.[21] In the present work, these 
compounds showed promising results for gastroprotection.
The results obtained in the gastric ulcer model induced by absolute 
ethanol showed that MEB significantly decreased gastric lesions when 
compared to the control group.
Figures 1 and 2 show that lansoprazole (30 mg/Kg; 73,84 %) and MEB at 
doses of 50, 100, and 200 mg/kg protected the gastric mucosa in 73.74%, 
72.02%, and 72.40%, respectively, compared to the group pretreated with 
0.9% NaCl solution.
The results obtained indicate that MEB is a source of bioactive compounds, 
being promising in studies of new natural antioxidant and gastroprotective 
agents, serving as a basis for the development of new drugs with possible 
application in the prevention and treatment of various diseases.

DISCUSSION
The presence of phenolic compounds and flavonoids has been positively 
associated with antioxidant activity with potential beneficial health 
effects, such as stress oxidation reduction, cancer prevention, blood lipid 
control and related diseases, and prevention of cardiovascular problems 
and complications of diabetes.[21] This activity is due to its ability to 
eliminate and neutralize free radicals.[22]

Studies show that the consumption of phenolic compounds found in 
MEB prevents diseases. Sato et al.[23] showed the antioxidant activity of 
chlorogenic acid in vitro and in vivo and its main role without protective 
effect against ischemia‑reperfusion injury. Catechins has been described 
as a strong gastroprotective agent, as in the study by Sato et al.[23] who 
found that this flavonoid has a protective effect on gastric mucous cells, a 
protective effect on the gastric mucosal barrier, and an inhibitory effect on 
gastric acid secretion. Gallic acid has been described with antimicrobial 
activity against H. pylori and antiulcerative activity.[24] Rutin is one of 
the phenolic compounds found in abundance, which has anticancer, 
antioxidant, antibacterial, and antiulcerative activities.[25] Studies 
show the antibacterial activity of caffeic acid against H. pylori, and it’s 
antiulcerative activity.[24,26] Ferulic acid has antibacterial, antioxidant, 
and anti‑inflammatory activities.[27] All compounds found in MEB 
indicate its great potential in the fight against gastric ulcer formation, 
among other diseases.
Free radicals are constantly generated in living beings and can cause 
maximum damage to biomolecules, leading to different types of disease. 
An alternative solution of this problem is to produce natural antioxidants 
from plant products. Many phytochemical compounds are known to 
support bioactive activities and thus responsible for the antioxidant 
activity.[28,29] The elimination capacity of the radical cation ABTS of MEB 
was evaluated, presenting a value of 2145.56 ± 10.18 μM Trolox/g DW. 
The extract showed antioxidant activity dependent of the concentration 
with IC50 103.75 ± 0.50. The antioxidant activity of the MEB determined 
by the phosphomolybdenum method was 34.98  ±  0.06% compared 
to that of the ascorbic acid, which was considered to be 100%. The 

Table 2: Phenolics compounds identified in extract of branches of 
Spondias tuberosa (methanolic extract of branches of Spondias tuberosa) by 
high-performance liquid chromatography

Polyphenolic 
compounds

Retention 
time (min)

MEB (µg/mg 
of extract)

Gallic acid 1.81 9.8
Chlorogenic acid 4.24 33.6
Catechin 4.45 25.2
Caffeic acid 5.44 4.8
Rutin 8.20 0.82
t‑ Ferulic acid 8.36 3.22

Values are expressed as mean±SEM of three replicates. SEM: Standard error of 
mean; MEB: Methanolic extract of branches of Spondias tuberosa

Table 1: Quantification of phenolic compounds, flavonoids, and tannins in 
methanolic extract of branches of Spondias tuberosa

Parameters MEB
Total Phenolic Compounds (mg EAG/g DW) 193.95±0.10
Flavonoids (mg EQ/g DW) 21.61±0.70

Values are expressed as mean±SEM of three replicates. EAG: Equivalent of gallic 
acid; EQ: Equivalent to quercetin; EC: equivalent to catechin; DW: Dry weight; 
MEB: Methanolic extract of branches of Spondias tuberosa; SEM: Standard error 
of mean
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antioxidant activity of MEB may be related to higher content of total 
phenols and flavonoids.
Many studies with the genus Spondias have demonstrated the presence 
of compounds, which were responsible for several biological activities, 
such as antioxidant, anti‑inflammatory, antiulcerative and antimicrobial, 
indicating the high therapeutic potential of the species S. tuberosa.[24,30] 
Silva et al.[31] verified that the methanol extract of leaves of S. tuberosa has 
antibacterial activity against Gram‑positive and Gram‑negative bacteria. 
Santos et al.[32] verified antioxidant activity in the MEB, indicating that 
food intake of this fruit can bring beneficial health effects through 
this activity. Cabral et al.[33] found that the leaves of Spondias mombin 
have high anti‑inflammatory activity, and this was associated with the 
presence of chlorogenic acid, which has antioxidant activity.
Medicinal plants have been recognized for their healing power from 
various diseases such as diabetes, cancer, Alzheimer’s, and gastritis. 
However, some have toxicity, making their use unfeasible.[34] MEB 
was evaluated for acute and chronic toxicity in Swiss mice. During the 
toxicity test, when mice were administered doses of 100 and 5000 mg/kg, 
the MEB did not alter the body mass of animals. During treatment, there 
were no clinical signs of toxicity and no death was recorded, as well as 
there was no change in water consumption and animal feed. The results 
show that oral administration of the extract did not produce toxic effects 
in adult Swiss mice, indicating toxicological safety for its use.
There is evidence that ethanol administration promotes oxidative stress 
by increasing ROS and decreasing cellular oxidative defences in a process 
triggered by the activation of neutrophils, causing a sequential induction 
of ROS mediated by lipid peroxidation and protein oxidation.[35] The 
generation of ROS caused by the administration of absolute ethanol 
induces an inflammatory response, which releases several inflammatory 
cytokines such as tumor necrosis factor‑α and interleukin‑6.[36,37] Several 
compounds of vegetable origin  (flavonoids, saponines, tannins, gums, 
and mucilages) show antiulcer activity.[38] According to Potrich,[39] these 
compounds may have both anti‑inflammatory and anti‑ulcer activities, 
an advantage over traditional anti‑inflammatory drugs that are mostly 
ulcerogenic.
MEB was promising for gastroprotection in animal models with 
ethanol‑induced ulcers. This study investigated the potential of MEB 
of S. tuberosa as a protector of the gastric mucosa in gastric ulcer 
model induced by ethanol in mice. The gastroprotection presented 
in this study can be explained by the powerful antioxidant activity of 
the extract. There are several reports in the literature emphasizing that 
the administration of natural antioxidant products can prevent gastric 
lesions induced by ethanol action,[40] including species of Spondias.[41] 
This study proved that the MEB S. tuberosa acts as a natural antioxidant 

with gastroprotective action. This can be attributed to their secondary 
metabolites, such as gallic acid, chlorogenic acid, caffeic acid, and 
t‑ferulic acid. In summary, the in vitro and in vivo studies confirmed the 
antioxidant as well as gastroprotective effect potential of extract of S. 
tuberosa branches and it was comparable with lanzoprazole, a standard 
gastroprotective drug.

CONCLUSION
The results indicate that the MEB of S. tuberosa has gastroprotective 
activity in acute gastric injury models induced by ethanol, which can 
be related to its powerful antioxidant activity, with no signals of toxicity. 
In addition, it contains molecules with great biotechnological potential 
for the development of new drugs with potential application in the 
prevention and treatment of pathologies triggered by the action of free 
radicals.
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