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IntroductIon

Gastric mucosal damage is associated with the hypersecretion 
of gastric acid through H+/K+-ATPase action. Remarkably, 
all the gastric secreted biomolecules such as histamine, 
acetylcholine, and gastrin work through the H+/K+-ATPase 
pump to allow the parietal cells of gastric mucosa to produce 
HCl.[1] This implies that one of the major strategies to 
consider in the management of hyperacidity may be the 
use of H+/K+-ATPase inhibitors or proton pump inhibitors. 
Although several synthetic proton pump inhibitors (PPIs) such 
as omeprazole, pantoprazole, lansoprazole, rabeprazole, and 
esomeprazole are available for use to manage hyperacidity in 
individuals with gastrointestinal disorders, most of these drugs 
come with several adverse effects[2,3] which are not tolerated 
by some individual.

Implicitly, there is the need for more research into other 
alternatives with less side effects, relatively less toxic, better 

tolerated, and globally competitive. However, plants are some 
of the most attractive natural sources of new drugs that have 
exhibited promise and also perceived to show fewer side 
effects.

Disso t i s  ro tundi fo l ia ,  a  member  o f  the  fami ly 
Melastomataceae, is used in traditional herbal medicine 
practice in several African countries including Ghana to 
manage diseases such as peptic ulcers.[4-10] The plant is 
reported to contain C‑glycosylflavones, namely, isoorientin, 
orientin, vitexin, and isovitexin.[11] It is evident from studies 
on the plant that it has potential in treating a number of 
disorders such as rheumatism and arthritis, and it is also safe 
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at a dose of 1000 mg/kg.[12-18] Based on its ethnomedicinal 
use in managing peptic ulcer, this study was designed to 
evaluate the in vitro inhibitory effect of D. rotundifolia 
extract (DRE) on H+/K+-ATPase enzyme and assess its 
binding to the enzyme through molecular docking studies 
of reported isolated compounds of the plant extract. This 
study is expected to throw light on the use of D. rotundifolia 
whole plant in the management of hyperacidity disorders 
traditionally.

materIals and methods

Reagents
Adenosine-5-triphosphate (ATP), Nitro blue tetrazolium (NBT), 
phenazonium methosulphate (PMS), naphthylenediamine 
dichloride, phosphoric acid, reduced glutathione, 5, 
51-Dithiobis (2-nitrobenzoic acid), nicotinamide adenine 
dinucleotide (NADH), PMS, and Tris-HCl buffer were 
obtained from Sigma Aldrich, Chemical Company, USA. All 
other chemicals were of the highest analytical grade.

Collection of plant material
D. rotundifolia whole plant was collected and then authenticated 
by a curator. A voucher specimen (No. 107346) was prepared 
and deposited at the herbarium of the University. The whole 
plant was washed thoroughly, shade dried for 3 weeks, oven 
dried at 40°C for 3 h then pulverized into powder.

Preparation of flavonoid‑rich fraction
To obtain a flavonoid‑rich fraction of the plant extract, 
the method described by Ansah et al.[18] was employed. 
The filtrate obtained was concentrated and later dried at 
40°C to obtain a brown coffee-colored residue, which was 
labeled as DRE. The crude DRE was stored at −20°C until 
ready for use.

Isolation of H+/K+‑ATPase enzyme from sheep’s stomach 
tissue
A stomach of freshly sacrificed sheep was obtained from a 
slaughter house and washed with cold distilled water and 
normal saline, after which it was placed in a phosphate-buffered 
saline and transported to the laboratory. The method described 
by Reyes-Chilpa et al.[19] was employed in the isolation process. 
The resultant parietal cells obtained was used as a source of 
enzyme.

Estimation of the inhibitory effect of Dissotis rotundifolia 
extract on H+/K+‑ATPase enzyme activity
The inhibitory effect of DRE on H+/K+-ATPase enzyme 
was evaluated as follows: A volume of about 0.1 ml of 
the microsomes was mixed with 0.1 ml of double distilled 
water/DRE/omeprazole (20, 60, 100, 140, 200 μg/ml) and 
preincubated at 37°C for 1 h. After incubation, 0.2 mL of 
Tris-HCl (20 mM, pH 7.4); 0.2 ml of MgCl2 (2 mM); and 
0.2 ml of KCl (2 mM) were added to the reaction mixture. 
The reaction was initiated by adding 0.2 mL of ATP (2 mM) 
and incubated at 37°C for 30 min. The reaction was stopped 
by adding of 1.0 mL of ice cold 10% trichloroacetic acid 

followed by centrifugation at 2000 g for 10 min. The 
supernatant obtained was used for the determination of 
inorganic phosphorus generated.

The amount of inorganic phosphorus (Pi) liberated from ATP 
in the supernatant was determined using the method described 
by Shyla et al.[20] Results were expressed as mean ± standard 
error of the mean (SEM) on a bar graph.

[ ]( )
[ ]( )

+ +% H / K Pase inhibition

Absorbance control Absorbance [test]
= 100

Absorbance control

−

−
×

Hydroxyl radical scavenging activity
The hydroxyl radical scavenging activity (HRSA) of extract and 
standards – citric acid and EDTA – were determined according 
to the method described by Klein et al.[21] The intensity of 
the chromophore formed was measured spectroscopically at 
412 nm. Percentage HRSA was calculated as:

% HRSA = ([A0–A1]/A0) × 100,

where A0 is the absorbance of the control and A1 is the 
absorbance of the extract/standard.

Superoxide anion scavenging activity
The superoxide (SO) anion radical scavenging activity was 
measured as described by Robak and Gryglewski.[22] The 
absorbance was measured at 560 nm. Percentage SO anion 
radical scavenging ability of plant extract was calculated as:

% inhibition of superoxide radical = (Abs [control] – Abs [test])/
(Abs [control]) × 100.

Where Abs is absorbance.

Nitric oxide radical scavenging activity
The nitric oxide radical scavenging activity was determined 
according to the method described by Green et al.[23] The 
absorbance was measured at 540 nm against a blank.

% NO radical scavenging activity = (Abs control–Abs sample)/
(Abs control) × 100.

DPPH‑radical scavenging activity
The method of Blois[24] was used to evaluate the extract 
scavenging ability of DPPH free radical. The absorbance was 
measured at 517 nm. Percentage DPPH radical scavenging 
activity was computed as:

% DPPH scavenging activity = (Abs control–Abs sample or 
standard)/(Abs control) × 100.

Anti‑lipid peroxidation
A modified thiobarbituric acid‑reactive species assay described 
by Dasgupta and De[25] was used to measure the lipid peroxide 
formed using egg-yolk homogenates as lipid-rich media. The 
absorbance was measured at 532 nm. Percentage anti-lipid 
peroxidation activity was calculated as: ([A0 − A1/A0] × 100), 
where A0 is the absorbance of the control reaction and A1 is the 
absorbance in the presence of the sample or standard. Where 
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Ao is the absorbance value of the fully oxidized control and 
A1 is ([A532 + TBA]−[A532 − TBA]).

Molecular docking studies
Ear l i e r  r epo r t s  i nd i ca t e  t ha t  t he  who le  p l an t 
D. rotundifolia contains potentially pharmacologically 
active C‑glycosylflavones compounds, namely, isoorientin, 
orientin, vitexin, and isovitexin. Molecular docking was 
performed for these reported phytochemicals of D. rotundifolia 
within H+/K+-ATPase enzyme active site. Two-dimensional 
structures for orientin, isoorientin, vitexin, and isovitexin were 
downloaded from PubChem.[26]

The Protein Data Bank (PDB) file for omeprazole was acquired 
from DrugBank.[27,28] The protein structure file PBD ID: 2XZB 
PDB was downloaded from the Protein Data Bank (PDB http://
www.pdb.org)[29] for use as the H+, K+-ATPase receptor.

Ligand files for orientin, isoorientin, vitexin, and isovitexin 
were originally downloaded in Structure Data Format. 
Open Babel[30] was used to convert the ligand files into 
PDB format. The University of California, San Francisco 
Chimera (Chimera) was utilized to prepare the ligand files 
for docking.[31] Each of the five ligands was subsequently 
superimposed using Chimera. A reliable control for docking 
was established in the overlaying of structures and the use 
of the same resultant grid box throughout each docking trial. 
The grid box was restricted to cover the binding site of 2XZB. 
AutoDock Vina (Vina)[32] was subsequently used to execute 
the docking of each ligand within 2XZB.

AutoDock Tools 1.5.6 was utilized to isolate the lowest 
energy pose for each docked structure.[33] Root-mean-square 
deviation (RMSD) was used to compare the differences in 
orientation within 2XZB of the docked poses of orientin, 
isoorientin, vitexin, and isovitexin with that of omeprazole. 
Due to its current therapeutic application, the orientation 
of omeprazole within 2XZB served as the reference pose 
for RMSD calculations. The Bevan Molecular Modeling 
Lab at Virginia Tech wrote the script used to carry out these 
calculations. Successful docking results were governed by an 
RMSD value <2.00 Å.[34]

Analysis of data
All tests were performed in triplicate, expressed as mean ± SEM 
and presented in tables and bar graphs where appropriate. 
The percentage ATPase inhibitory activity of the extract and 
omeprazole was also expressed in terms of 50% inhibitory 
concentration (IC50) value. Results were compared with the 
standard antiulcer drug omeprazole. Data were analyzed by 
Analysis of Variance followed by Dunnett’s test with the level 
of significance set at P < 0.05 using (GraphPad Software Inc., 
San Diego, CA, USA).

results and dIscussIon

Proton-pump inhibitors work mainly by reducing gastric acid 
secretion during hyperacidity. Other drugs also scavenging free 
radicals, block histamine receptors, and elevate prostaglandin 

E-2 levels in the gastrointestinal mucosa. However, the use of 
these orthodox drugs is bedeviled with adverse effects. Plant 
medicine seems to be the preferred choice of treatment by rural 
folks due to its perceived fewer side effects. D. rotundifolia 
is one such plant cherished in the traditional medicine 
system for its numerous health benefits such as antimicrobial 
activity, anti‑inflammatory, antihelminthics, and antipeptic 
ulcer effects.[35] However, the traditional use of the plant for 
gastropathy lacks experimental-based evidence and hence the 
present study. Figure 1 shows a noteworthy H+/K+-ATPase 
inhibition by DRE. At a maximum concentration of 200 μg/
ml for DRE and omeprazole, percentage enzyme inhibition 
was found to be 71% and 83%, respectively [Figure 1]. DRE 
inhibited H+/K+-ATPase activity with an IC50 value of 34.74 
μg/ml, in comparison with omeprazole with an IC50 value of 
8.00 ug/ml. These results suggest that DRE has some inhibitory 
effects on H+/K+-ATPase though about four times lower when 
compared to omeprazole. Quílez et al.[36] have reported the 
antisecretory and H+/K+-ATPase inhibitory effects of vitexin 
and isovitexin isolated from the leaves of Piper carpunya 
plant. Implicitly, the pharmacological role of vitexin and 
isovitexin which has been reported to be present in DRE 
cannot be ignored. The presence of these flavones in the whole 
plant extract of D. rotundifolia may be responsible for its H+/
K+-ATPase inhibitory properties.

Peptic ulcer has multietiopathogenetic factors and is 
generally known that one of the key underlying factors of 
this gastrointestinal disorder is the generation of free radicals. 
There is substantial evidence that oxygen-derived free radicals 
play an important role in the pathogenesis of injury to various 
tissues, including gastric tissue.[37] In addition, involvement 
of oxygen-derived free radicals such as the SO anion and 
hydroxyl radical are well established in the pathogenesis of 
ischemic injury of gastrointestinal mucosa.[38] Implicitly, the 
pivotal role of antioxidants in the prevention and healing of 
peptic ulcer cannot be overlooked.

In this study, DRE was investigated for its antioxidant 
properties to determine whether it can serve as alternative to 
synthetic antioxidants in reducing the free radical that mediates 
diseases such as peptic ulcers. Several in vitro models are 
used, but in this study, OH, DPPH, SO, and NO assays were 
used. Hydroxyl radicals are recognized as the most reactive 
free radical formed in biological systems. They have been 
implicated as highly damaging species capable of damaging 
biomolecules such as DNA and proteins.[39,40] In this study, the 
hydroxyl scavenging ability of the EDTA, citric acid, and DRE 
at 200 μg/mL were 93 ± 2.28, 90 ± 0.32, and 63% ± 1.28%, 
respectively, as shown in Figure 2. The concentrations of 
EDTA, citric acid, and DRE needed for 50% inhibition of OH 
was found to be 15.93, 14.87, and 3.50.8 μg/mL, respectively. 
This means IC5O for DRE is lower than citric acid and EDTA 
which are standards. This suggests that DRE is a more potent 
scavenger of hydroxyl radical than citric acid and EDTA. 
Implicitly, DRE could possess considerable protection against 
hydroxyl free radical-mediated DNA and protein damage and 
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could therefore be considered in developing plant-based drug 
for oxidative stress-related diseases such as atherosclerosis 
and peptic ulcer.

SO anion is also very harmful to cellular components. It is 
produced from molecular oxygen due to oxidative enzyme 
of body as well as through nonenzymatic reaction such as 
autoxidation by catecholamine.[41] SO anion is recognized 
to be involved in the pathogenesis of ischemic injury of 
gastrointestinal mucosa.[42] In this study, the SO radicals 
generated from dissolved oxygen by PMS-NADH coupling 
assay were measured by their ability to reduce NBT. At the 
concentration of 200 μg/mL, percentage inhibition of SO 
anion radical by DRE was observed to be 30.40 ± 1.28, 
in comparison with ascorbic acid and gallic acid with 
percentage inhibition found to be 49.0 ± 2.28 and 49.2 ± 0.32, 
respectively, at maximum concentration [Figure 3]. The IC50 
values of ascorbic acid, gallic acid, and DRE were found 
to be 87.19, 98.90, and 93.66 μg/mL, respectively. The IC50 
obtained for DRE in this study shows that it has a better 
potent scavenging potential for SO radicals compared to 
gallic acid and also gives an indication of its ability to 
prevent oxidative stress-related diseases that are mediated 
by SO oxide species.

Acute exposure to NO is directly toxic to tissues and leads to 
vascular collapse with septic shock, whereas chronic exposure 
triggers various carcinomas and inflammatory conditions such 
as arthritis and ulcerative colitis.[43] The toxicity of nitric oxide 
becomes adverse when it reacts with SO radical, producing a 
highly reactive peroxynitrite anion (ONOO). At 200 μg/mL, 
the percentage inhibition of ascorbic acid, gallic acid, and 
DRE was found to be 81 ± 0.34, 74 ± 0.47, and 56 ± 0.64 
respectively, and their respective IC50 values were 27.07, 85.71, 
and 32.34 μg/mL [Figure 4]. IC50 values calculated using data 
from Figure 4 show that DRE is a more potent scavenger of 
NO radical than gallic acid though not better than ascorbic 
acid. These results indicate that DRE has the potential of 
reducing and preventing oxidative stress-related diseases that 
are mediated by nitric oxide species.

The DPPH test model involves a reaction of specific 
antioxidant with a stable free radical and results in a reduction 
in absorbance which can be measured at 517 nm. At the 
concentration of 200 μg/mL, the scavenging property of DRE 
on the DPPH radical was 83% ± 1.28%, when compared to 
the 98% ± 0.32% and 92% ± 2.28% for gallic and ascorbic 
acid, respectively [Figure 5]. The IC50 values of 12.53, 4.10, 
and 0.398 were recorded for DRE, ascorbic acid, and gallic 
acid, respectively. In the present study, DRE demonstrated 
significant DPPH radical‑scavenging activity. Abdel‑Farid 
et al.[44] reported a DPPH radical IC50 values of 78.18, 78.27, 
76.14, respectively, for Acacia nilotica leaves, flowers, 
and pods, respectively. This generally depicts the fact that 
DPPH-scavenging ability of DRE is higher than some 
previously exploited natural sources of antioxidants and could 
be considered as an alternative to synthetic antioxidants.

Lipids of cell membranes are predisposed to peroxidation. 
In vitro anti-lipid peroxidation was determined by means 
of an assay system which determines the production of 
malondialdehyde and related compounds in egg homogenate . 
Malondialdehyde (MDA) is one of the major degradation 
products of lipid peroxidation used as a marker for oxidative 
stress.[45] In this experiment, at a concentration of 200 μg/mL, 
the inhibitory effect of DRE extract, gallic acid, and ascorbic 
acid in the formation of malondialdehyde was 78 ± 1.28, 
73 ± 0.32, and 88% ± 2.28%, respectively [Figure 6]. The IC50 
values of DRE, gallic acid, and ascorbic acid was observed to 
be 22.11, 50.09, and 6.44 μg/mL, respectively. DRE seem to be 
a more potent antioxidant in preventing lipid peroxidation than 
gallic acid though not better than ascorbic acid. This property 
of D. rotundifolia plant extracts could be attributed to the 
contribution of its flavonoids such as vitexin and isovitexin that 
have been reported to be involved in antioxidative processes.

Molecular docking studies were performed to assess possible 
in vitro binding of orientin, isoorientin, vitexin, and isovitexin 
which are known constituents of D. rotundifolia and that of 
a reference drug  omeprazole (5‑methoxy‑2 – [4‑methoxy‑3, 
5-dimethyl-2-pyridinyl.-methyl-sulphinyl] -1H-benzimidazole) 
to H+/K+-ATPase enzyme. Orientin, isoorientin, isovitexin, 
vitexin, and omeprazole were docked into 2XZB [Figure 7]. 

Figure 1: H+/K+‑ATPase inhibitory activity of methanolic extract of 
Dissotis rotundifolia and omeprazole at different concentrations. Each 
value represents mean ± standard error of the mean (n = 3)

Figure 2: Hydroxyl radical scavenging activity of methanolic extract of 
Dissotis rotundifolia and standards at different concentrations. Each value 
represents mean ± standard error of the mean (n = 3)
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The RMSD values indicate that isovitexin and vitexin docked 
more successfully than either orientin or isoorientin [Table 1]. 
Isovitexin and vitexin bind 2XZB in a similar fashion to the 
current therapeutic drug – omeprazole.

In the docking studies, the RMSD values <2.0 Å indicated 
successful docking. Thus, the orientation of vitexin and 
isovitexin within 2XZB more closely resembles the orientation 
of omeprazole within 2XZB than those of orientin or 
isoorientin. With regard to the current therapeutic utilization 
of omeprazole, vitexin and isovitexin show promise as a 
potential therapeutic.

Calculation of IC50 values affirms the inhibition potential 
for vitexin and isovitexin. Within the stomach, gastrin 
elicits parietal cell acid secretion while prostaglandins and 
somatostatin decrease its acid secretion. In a diseased state, 
gastrin binds with higher affinity than do prostaglandins or 
somatostatin. Selecting agonists that bind with higher affinity 
to H+/K+-ATPase than does gastrin, therefore, inhibits the 
deleterious health effects associated with gastrin binding. 
These nonnative agonists consequently inhibit native agonist 
binding. In this regard, the lower IC50 values indicate a lower 
concentration of an inhibitor necessary to decrease gastrin 
binding. Isovitexin and vitexin were notable in that they had 
lower IC50 values than orientin and isoorientin [Table 1]. The 
comparatively lower IC50 values for vitexin and isovitexin 

therefore suggest their therapeutic potential. Implicitly, RMSD 
values coupled to IC50 values therefore reinforce consideration 
of the therapeutic potential of vitexin and isovitexin.

conclusIon

Overall, the flavonoid-rich fraction of D. rotundifolia 
showed inhibitory effects on H+/K+-ATPase enzyme in vitro 
and also possesses excellent in vitro hydroxyl, SO, nitric 
oxide, and DPPH radical-scavenging activities and profound 
Fe2+-ascorbate lipid peroxidation inhibitory activity. In 
docking studies, it was observed that with regard to the current 
therapeutic utilization of omeprazole, vitexin and isovitexin 
known to be present in D. rotundifolia extract showed promise 
as a potential therapeutic agent for hyperacidity.

Figure 3: Superoxide anion radical scavenging activity of methanolic 
extract of Dissotis rotundifolia and standards at different concentrations. 
Each value represents mean ± standard error of the mean (n = 3)

Figure 4: Nitric oxide radical scavenging activity of methanolic extract of 
Dissotis rotundifolia and standards at different concentrations. Each value 
represents mean ± standard error of the mean (n = 3)

Figure 5: DPPH radical scavenging activity of methanolic extract of 
Dissotis rotundifolia and standards at different concentrations. Each value 
represents mean ± standard error of the mean (n = 3)

Figure 6: Anti‑lipid peroxidation activity of methanolic extract of Dissotis 
rotundifolia and standards at different concentrations. Each value 
represents mean ± standard error of the mean (n = 3)

Table 1: Root mean square deviation and 50% inhibitory 
concentration values of docked phytochemicals

Ligands RSMD (Å) IC50 (nM)
Orientin 3.616 1.350
Isoorientin 3.125 1.350
Vitexin 1.133 0.350
Isovitexin 1.110 0.1504
Lower values are favorable for IC50 values. RMSD: Root mean square 
deviation, IC50: 50% inhibitory concentration
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