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ABSTRACT: The fustin plant-derived bioflavonoid obtained from a
common plant known as lacquer tree from family Anacardiaceae, formally
known as Rhus verniciflua Stokes, is known to exert a variety of therapeutic
properties. The current investigation proved the anti-ulcerative property of
fustin on ethanol-induced gastric ulcers in an experimental animal model.
The fustin 50 and 100 mg/kg was studied in an experimental rat model by
performing an 8 day protocol. The ulcer index, pH, total acidic content, and
biochemical parameters such as glutathione (GSH), superoxide dismutase
(SOD), catalase activity (CAT), malondialdehyde (MDA), interleukin-1β,
prostaglandin E-2, tumor necrosis factor-α (TNF-α), myeloperoxidase, and
nitric oxide (NO) in serum were measured. The gastric parameter such as
ulcer index, pH, and acidic content was maintained in the fustin groups
compared to the ethanol control group. Clinical presentation of gastric
ulcers includes a significant increase in serum levels, GSH, SOD, and CAT and decreased MDA, TNF-α, interleukin-1β, and
prostaglandin E-2 parameters in contrast to normal groups. The treatment regimen with fustin has significantly restored all serum
parameters in test groups. The current study helps to develop reasonable phytochemical options for the innervations of chemical-
induced gastric ulcers.

1. INTRODUCTION

The clinical imbalance, which arises between physical,
chemical, and psychological factors associated with gastric
protective factors, leads to the occurrence of local lesions along
with multiple etiologies, which is known to develop laterally if
untreated in the gastric.1 Chronic alcohol consumption,
tobacco chewing, excessive NSAID consumption, Helicobacter
pylori infections, and excessive stress are the most common
aggravating factors that adversely affect the normal GI
functions.2 According to the recent research investigations,
the most common cause of gastric mucosa damage is excessive
uncontrolled alcohol consumption.3 As a result, the ethanol-
induced experimental animal model will be the most
commonly used protocol for screening anti-ulcer activity.4

Even though there are numerous synthetic agents commer-
cially available for the innervation of various human diseases,
there is a global movement to recognize the importance of
alternative and traditional medicinal systems for curing human
ailments.5 Medication interactions, increases in the expense of
pharmacological therapy, microbial resistance, and adverse and
hazardous events connected with their usage are only a few of
the challenges that have plagued accessible drug therapy.6

Previous research suggested that the gastric mucosa is

segmented into several layers, and any damage to this layer
causes abnormal gastric acid secretion, along with nitric oxide
(NO) synthase formation of free radicals, and lipid
peroxidation.4 Research data suggested that Stress, alcohol
and cigarette usage, sedentary lifestyles, irrational medicine
use, chronic illness conditions, and bile salt reflux are the
primary pathogenic variables related to the development of
gastric ulcers.5 Line of research also explored that gastric cell
necrosis, vascular damage, and the development of gastric
ulcers altogether are molecular mechanisms related to ethanol-
induced GI pathogenesis.3,4 Similarly, prolonged ethanol use
activated specific biomarkers linked with inflammation, such as
pro-inflammatory cytokines, as well as molecular modification
of pathways such as NO.4 Trefoil factor family 2 (TFF2) is a
peptide found mostly in the gastrointestinal system, especially
in mucosal neck cells and epithelial cytoplasm, and is known to

Received: March 6, 2022
Accepted: June 14, 2022
Published: June 30, 2022

Articlehttp://pubs.acs.org/journal/acsodf

© 2022 The Authors. Published by
American Chemical Society

23245
https://doi.org/10.1021/acsomega.2c01341

ACS Omega 2022, 7, 23245−23254

https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Sadaf+Jamal+Gilani"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="May+Nasser+Bin-Jumah"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Fahad+A.+Al-Abbasi"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Muhammad+Shahid+Nadeem"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Syed+Sarim+Imam"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Syed+Sarim+Imam"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Sultan+Alshehri"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Mohammed+Muqtader+Ahmed"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Mohammed+M.+Ghoneim"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Muhammad+Afzal"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Muhammad+Afzal"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Sami+I.+Alzarea"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Nadeem+Sayyed"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Imran+Kazmi"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/showCitFormats?doi=10.1021/acsomega.2c01341&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.2c01341?ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.2c01341?goto=articleMetrics&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.2c01341?goto=recommendations&?ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.2c01341?fig=abs1&ref=pdf
https://pubs.acs.org/toc/acsodf/7/27?ref=pdf
https://pubs.acs.org/toc/acsodf/7/27?ref=pdf
https://pubs.acs.org/toc/acsodf/7/27?ref=pdf
https://pubs.acs.org/toc/acsodf/7/27?ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://pubs.acs.org?ref=pdf
https://pubs.acs.org?ref=pdf
https://doi.org/10.1021/acsomega.2c01341?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://http://pubs.acs.org/journal/acsodf?ref=pdf
https://http://pubs.acs.org/journal/acsodf?ref=pdf
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://acsopenscience.org/open-access/licensing-options/


perform therapeutic action against stomach ulcers by
stabilizing the mucin gel layers.6,7 Tumor necrosis factor
(TNF-) and interleukin-6 (IL-6) have been shown to elicit a
range of immunological and inflammatory responses.8 One of
the transcription factors (NF-κB), which are released as
proinflammatory biomarkers from ulcer tissues, results in the
overproduction of various biomarkers such as cytokines,
certain growth factors, as well as chemokines.9 In the current
scenario, the implications of phytoconstituent as an alternative
in clinical interventions for prophylaxis and treatment have
been accepted globally.10,11 Recent investigations on active
components (oxyresveratrol) of plant Artocarpus lakoocha
revealed its efficacy in the ethanol-induced gastric acid
model,12 previous studies on the plant constituent demon-
strated its potential as anti-asthmatic, anti-inflammatory,13 anti-
oxidant,14 neuroprotective,15,16 and ability to inhibit tyrosi-
nase.17

For centuries, mother earth has been the initial source for
researching the wide collection of agents originating from plant
sources.18,19 Phytoconstituent consists of secondary metabo-
lites with medicinal properties that are known to efficiently
cure-all gastric ailments together with gastric ulcers. Recent
results on plant-derived elements proposed that secondary
metabolites found in medicinal plants have a gastroprotective
effect. The clinical relevance of plants with an abundant
number of tannins as anti-ulcerative qualities has been
empirically proven; this analysis also proved to carry out
molecular pathways implicated in therapeutic efficacies. The
mechanism through which tannins exert antiulcer activity
involves a protective layer formation to stomach tissue
damages due to ulceration, which protects tissues from further
damage and speeds up the healing of tissues.20−24

The common habitat plant is locally known as lacquer tree
from the family Anacardiaceae formally known as Toxicoden-
dron vernicifluum or Rhus verniciflua specifically obtained from
East Asia as China and Korea are traditionally opted as an
herbal local medicament or as crucial food supplements.25 The
stokes R. verniciflua are known to contain certain important
bio-constituents such as flavonoids, alkaloids, and polyphe-
nol.25−27 The heartwood of the plant R. verniciflua contains an
active chemical constituent from the flavone group, that is,
fustin (3′,4′,7-trihydroxyflavanol). The heartwood is devoid of

urshinols, which are identified as an allergic component and
mainly found in the stem bark and anciently have food and
medicinal properties. Recent research has also shown that the
plant species R. verniciflua has anti-inflammatory and anti-
tumor properties.26 Similarly, an additional number of studies
look into the effect of fustin, an active component. Previous
data also explored that R. verniciflua heartwood possesses
antimutagenic and anti-rheumatoid properties that are
mediated via the antioxidant capacity of fustin.28,29 The
previously reported findings also identified a similar phenolic
constituent which was preliminarily isolated from the heart-
wood of R. verniciflua similar to fustin that is butein (3,4,2′,4′-
tetrahydroxychalcone).30,31 Similar to fustin published data
also demonstrated the role of butein to exert a variety of
biological activities in experimental animal model protocols
which includes antimicrobial, anti-inflammatory, and antiox-
idant.32 Recent investigations demonstrated the presence of
active phytochemicals such as flavonoids and Gallo-tannins
which is responsible for exerting various biological properties.
In line with previous studies, the effects of fustin were
comparable to EGb761 (standard ginkgo extract) on (1-42)-
induced anxiety and passive avoidance behaviors. Fustin
significantly reduced (1-42)-induced drop in acetylcholine,
and ChAT activity.33−36 The experiment was aimed at
assessing the anti-ulcerative property of fustin on ethanol-
induced gastric ulcers in the experimental animal paradigm.

2. MATERIAL AND METHODS

2.1. Animals. Male Wistar rats (200 ± 20 g) were
randomly bred and acclimatized to standard laboratory
conditions. Procured animals were analyzed for their health
and approx. Two month old rats were considered for present
investigations. The polypropylene cages equipped with steel
stop grill and feed grill with nozzle orifice along with
autoclaved husk as bedding materials were utilized for housing
experimental animals. During the investigation, a 12hr/12hr
light/dark cycle with room temperature range 23−28 °C and
relative humidity 45−65% were maintained throughout
experimentation. Experimental animals were regularly supplied
with a standard pellet diet and access to water ad libitum. The
experimental protocol had the approval of Institutional Ethical
Committee (RKDFCP/IAEC/2020/33).

Figure 1. Experimental design.
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2.2. Chemicals. Ethanol was obtained from Merk Pvt. Ltd.
India. Fustin and other chemicals (MRL, India) were acquired
from local sources and were of standard grade.
2.3. Experimental Protocol. The experimental design for

the current investigation is based on the earlier reported
studies with some alterations in a well-connected manner.
According to a previously reported study, gastric ulcers in rats
were induced by administrating a single injection of ethanol
(1.5 mL/rat) after 24 h of fasting through gastric gavage on
day 8.4 The rats were segregated into five groups (n = 6) such
as group 1 (normal control); group 2 (ethanol control); group
3 (standard treated ranitidine 30 mg/kg); group 4 (fustin 50
mg/kg); and group 5 (fustin 100 mg/kg).
Before induction of gastric ulcer on day 8 by acute

administration of 1.5 mL ethanol to all experimental groups,
2, 3, 4, and 5 all animals were administered the perse and
scheduled dose, group-wise before ethanol administration for
days 0 to 7 (Figure 1). The standard drug-treated group
receive (30 mg/kg p.o.) ranitidine; whereas the treatment
group received (50 and 100 mg/kg/day p.o.) fustin, the
control group received vehicle only. The rats were fasted
overnight and supplied orally with absolute ethanol (1 mL).
The rats were sacrificed, and stomachs of each group of
animals were excised and gastric contents were collected for
further analysis. The gastric contents were subjected to
centrifugation and checked for pH using a pH meter. Tissue
was further put for estimation of ulcer index followed by
histopathological studies and biochemical estimations were
also performed to confirm clinical abnormalities associated
with gastric ulcers.
2.4. Biochemical Analysis. 2.4.1. Ulcer Index. On the 8th

day of the protocol, animals were euthanized and subjected to
the assessment of ulcer index by using the formula

XUlcer index (UI) 10/=

where X = Indicated total area under ulceration or total
mucosal area. The ulcer index was scaled up by using ulcer
scorings which present as follows 0 = absence of ulcer, 1 =
shallow mucosal erosion, 2 = profound ulcer or transmural
necrosis, 3 = penetrated or perforated ulcer.
2.4.2. Measurement of pH. The gastric content from all

animal groups was taken and further subjected to centrifuga-
tion, and the gastric juices from supernatant liquid were
analyzed by using a digital pH meter as per standard protocols.
2.4.3. Determination of Total Acidity. Total acidic content

was measured as per previously reported methods,37 in which
the addition of 1 mL water with 1 mL centrifuged gastric
content in a round conical flask (50 mL) was carried out. In
the flask, later on, a few drops of phenolphthalein indicator
were added, and the mixture was put for titration by using
NaOH (0.01 N) until the solution developed with pink
coloration. The volume of titar (NaOH 0.01 N) required was
measured. For the assessment of total acidity following formula
is used

ntotal acidity 0.01 36.45 1000= × × ×

In the abovementioned formula, n is denoted as the consumed
volume of NaOH, 0.01 is denoted NaOH normality, and 36.45
is indicated as NaOH Mol. Weight 1000 is the equation factor
(expressed in liter).
2.4.4. Determination of Pepsin Activity. The stop-point

bioassay of the denatured hemoglobin hydrolysis method was
performed for the measurement of pepsin activity based on

previously reported methods. In 2 mL of acetonitrile, 10 mg of
p-nitrophenyl sulfite was dissolved. The solution was kept on
ice for 3 h. To carry out the assay, 100 IL l of the stock
solution was pipetted into a buffer containing 0.01 M glycine
hydrochloride, pH 1.9 at 26 °C, resulting in a final
concentration of 1.5 X 0- 4 M. A pH value between 1.8 and
2.0 optimally stimulated enzymatic hydrolysis. pH 1.9 was
selected for this study. Slight turbidity suggested that the
substrate has not yet been hydrolyzed, so it can be utilized for
the assay. The sample cuvette is subsequently added to the
reference cuvette, and 3 mL of the same substrate solution was
added quickly to the reference cuvette. Complete hydrolysis of
this working substrate solution was seen in 8 min. In addition
to pepsin, a sample cuvette is immediately placed in a dual-
beam spectrophotometer at 25 °C. From 1 to 10 units of
pepsin (5 to 100 units of the gastric specimen) are added to
the sample cuvette. (It was performed using a Beckman DBG
and a Hake temperature-controlled water bath). Using the rate
of change in absorbance at 320 nm, Anson (1938) measured p-
nitrophenol liberated during substrate degradation only caused
by enzymatic hydrolysis.

2.4.5. Estimation of Biochemical Indicators of Gastric
Ulcers. The biochemical estimation of samples collected from
all animals was carried out according to previously reported
studies. According to data from recent investigations, excised
stomach tissues were stored at −80 °C in all experimental
groups. The prepared powdered tissue (50 mg approx.) was
homogenized by using PBS buffer (500 μL) and subjected to
centrifugation. The supernatants obtained from stomach
homogenate were subjected to various biochemical analyses
by employing a microplate reader and various commercially
available ELISA kits such as glutathione (GSH);38 malondial-
dehyde (MDA) by TBARS;39 catalase activity (CAT);40 and
superoxide dismutase (SOD).41

2.4.6. Estimation of Myeloperoxidase Activity in Gastric
Tissue. In a recent investigation by modified methods, Bradley
et al. postulated the presence of a marker of neutrophil
infiltration, known as myeloperoxidase (MPO). Precisely, the
method involves the resuspension of pellets that are obtained
from gastric tissue homogenate in PBS (50 mM) having pH
maintained at 6.0 incorporated along with hexadecyl trimethyl
ammonium bromide (0.5%). The finally prepared mixture was
subjected to a freeze cycle along with sonication by employing
a sonicator. The final obtained suspension solution was once
again put for centrifugation (4 °C/10 min/25000 rpm), and
finally, the obtained supernatant was analyzed at 460 nm for
estimation of MPO activity using o-dianisidine dihydrochloride
and 0.005% hydrogen peroxide.42

2.4.7. Estimation of NO. The assay of NO is based on a
previously reported study on diazotization reaction (Griess), in
which by measuring nitrite as a result of formation from NO
oxidation, the concentration was measured.43

2.4.8. Estimation of Inflammatory Cytokines. The ethanol
and other treatment group’s responses were taken as an
expression of biomarkers for proinflammatory mediators such
as IL-1β (interleukin-1β); IL-6; IL-10; PGE2 (prostaglandin E-
2); and TNF-α. The commercially available ELISA kits were
employed for the estimation of levels of different proin-
flammatory biomarkers from homogenate obtained from rat
stomach tissues.

2.5. Histopathological Investigation. The previously
reported investigations obtained the procedure for histopatho-
logical investigations by performing various specimens among
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all animal groups. In this, procedure the glandular section of
the stomach from all groups was used to prepare tissue
specimens and placed in a neutral formalin buffer (10%)
throughout the night. The hematoxylin and eosin stain was
used for staining and preparing 3 μm tissue block sections, and
after cutting blocks were subjected to the histopathological
investigations.44

2.6. Statistical Analysis. The data obtained from the
present investigation were assessed by using license version
software, that is, 5.02 version Graph Pad Prism. The results
were expressed as mean ± SEM. The level of significance was
plotted by employing the statistical method of analysis of
variance one way (ANOVA) between different variables
among each experimental group followed by a post hoc test
(Tukey’s test). In statistical analysis, the p-value indicated the
level of significance, whereas a p-value < 0.05 indicated a
significant value.

3. RESULTS
3.1. Determination of Ulcer Index. In this investigation,

the perse ethanol-control group recorded a significant elevation
of the ulcer index as compared to normal treatment groups (p
< 0.01). The group which received ranitidine as standard drug
treatment before induction of ethanol demonstrated a marked
downfall in the index of ulceration (p < 0.001). The higher
dose of the fustin treatment group with 100 mg/kg (p < 0.001)
and lower dose 50 mg/kg (p < 0.01) significantly decrease the
ulceration among respective animal groups (Figure 2).

3.2. Estimation of pH. Figure 3 indicates the effect of
fustin treatment on pH estimation in ethanol-induced gastric
ulcers in rats. In this investigation, the control ethanol group
recorded significant acidic pH on the 8th day as compared to
normal treatment groups (p < 0.01). Similarly, the animal
groups which received ranitidine as standard drug treatment
before induction of ethanol demonstrated significance in
restoring the pH in alkaline mode as compared to ethanol
control groups (p < 0.001). The fustin treatment group with
100 mg/kg and lower dose 50 mg/kg (p < 0.01) demonstrated
significance in restoring the alkaline pH similar to the normal
treatment group (p < 0.001).
3.3. Determination of Total Acidity. 3.3.1. Effect of

Fustin on Total Acidity in Ethanol-Induced Gastric Ulcer in
Rats. In this investigation, the ethanol-treated group recorded
significantly higher levels of total acidic content on the 8th day
as compared to normal treatment groups (p < 0.001).

Furthermore, the group which received ranitidine as standard
drug treatment before induction of ethanol demonstrated
significance in restoring the total acidity as compared to
ethanol-control groups (p < 0.001). Fustin (50 and 100 mg/
kg) moderately lowered the total acidity among the treated
group as collated to ethanol-control groups (p < 0.01) followed
by a post hoc test (Figure 4).

3.3.2. Effect of Fustin on Pepsin Activity in Ethanol-
Induced Gastric Ulcer in Rats. The ethanol-treated group was
significantly higher levels of pepsin activity as collated to
normal treatment groups (p < 0.001). The ranitidine and fustin
(50 and 100 mg/kg) were significant regained the pepsin level
in comparison to ethanol-control groups (p < 0.001) followed
by a post hoc test (Figure 5).

3.4. Biochemical Indicators Assessment. 3.4.1. Effect of
Fustin on Biochemical Indicators of Ulceration in Ethanol-
Induced Gastric Ulcer in Rats. Figure 6a−d shows pre-clinical
demonstration at the end of the experiment, which
demonstrated the effect of fustin treatment on biochemical
parameters of ulceration in ethanol-induced gastric ulcers in
rats. The ethanol group recorded markedly higher levels of
MDA (p < 0.001). Subsequently, lower levels of SOD, GSH,
and CAT (p < 0.001) in the ethanol-control group as
compared with normal treatment groups were observed. The
ranitidine group demonstrated significant increases in the
serum levels of SOD, GSH, and CAT (p < 0.001) and
decreased serum levels of MDA as compared to ethanol-
control groups (p < 0.001). 100 and 50 mg/kg of fustin

Figure 2. Determination of the ulcer index.

Figure 3. Measurement of pH.

Figure 4. Determination of total acidity.
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moderately increase the serum levels of the SOD, GSH, and
CAT among the treated group and moderately decrease the
serum MDA level as compared to ethanol-control groups (p <
0.01) followed by post hoc test.
3.5. Determination of MPO Activity in Gastric Tissue.

Figure 7a shows pre-clinical demonstrations at the end of the
experiment, which indicated the effect of fustin treatment on

MPO activity in ethanol-induced gastric ulcers in rats. The
ethanol-control group recorded remarkably higher levels of
MPO activity as collated with normal treatment groups (p <
0.001). Furthermore, the groups which received ranitidine as a
standard drug and fustin (50 and 100 mg/kg) treatment before
induction of ethanol demonstrated significant restoration of
the MPO activity by decreasing its serum levels as compared to
ethanol-control groups (p < 0.001).

3.6. NO Assay. In this investigation, the ethanol-treated
group showed a significant decrease in levels of NO in
comparison to normal treatment groups (p < 0.001). The
animal groups which received ranitidine and fustin (50 and 100
mg/kg) before induction of ethanol demonstrated significance
in restoring the normal levels of NO as compared to ethanol-
control groups (p < 0.001) [Figure 7b].

3.7. Determination of Inflammatory Cytokines. In the
assessment, the ethanol group recorded markedly higher levels
of TNF-α, IL-6, IL-10, and IL-1β (p < 0.001). Subsequently,
lower levels of PGE2 (p < 0.001) in the ethanol-control group
as compared to normal treatment groups were observed. The
group which received ranitidine and fustin (50 and 100 mg/
kg) before induction of ethanol induction demonstrated a
marked increase in levels of PGE2 (p < 0.001) and decreased
serum levels of TNF-α, IL-6, IL-10 and IL-1β as compared to
ethanol-control groups (p < 0.001) [Figure 8a−e].

Figure 5. Determination of pepsin activity.

Figure 6. (a−d) Effect of fustin on biochemical indicators (SOD, GSH, MDA, and CAT) assessment in ethanol-induced gastric ulcers in rats.
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3.8. Histopathological Procedure. The photo-micro-
graphic examinations of excised stomach tissues revealed the
protective effects of fustin against ethanol-induced ulceration.
The hematoxylin and eosin stain was used for staining.
Furthermore, the normal control-treated group (Figure 9A)
demonstrated the intact villi with no markings associated with
exfoliations. The ethanol-control group exerts significant
markings associated with lesions to villi along with signs of
hemorrhages marked with a black arrow (Figure 9B). In
standard drug treatment, Ranitidine offers significant protec-
tion to gastric villi by preventing cellular necrosis associated
with ethanol administration (Figure 9C). A lower dose of
fustin 50 mg/kg (Figure 9D) was able to restore the normal
histo-morphology by preventing the further necrosis associated
with ethanol administration as compared to 100 mg/kg of
fustin (Figure 9E).

4. DISCUSSION

The prime cause of gastric ulceration worldwide has been
considered significant because of chronic uncontrolled
consumption of alcohol. Recent investigations explore the
relevance in humans by performing various preclinical
investigations in animal models for the assessment of gastric
ulceration by induction of ethanol. Simultaneously, a group of
researchers also identified the significance of evaluating the
plant-derived compounds in antiulcer activities as novel
therapeutic approaches.4 Ethanol induction in animal models
through the oral route revealed severe damage to the stomach
tissues over the period. The molecular mechanism involved in
damage includes the probable involvement of gastric
mucosa.45,46 The characterizations of gastric lesions have
been extensively carried out by the presence of hemorrhage,
mucosal loss, submucosal edema, and injuries to gastric villi in
humans.47,48

The present investigation elucidated the novel application of
fustin in the assessment of antiulcer activity against ethanol-
induced gastric ulcers. The study offers multiple comparisons
and analyses between normal control and ethanol-control
groups in rats, which postulated that ethanol-treated group
animals significantly exert symptoms of gastric ulcerations,
such as increased numbers of the ulcer index, increased level of
total acidic content, and MPO activity, and simultaneously,
ulceration is also indicated through certain abnormal levels of
biomarkers such as SOD, GSH, MDA, CAT, TNF-α, PGE2,
IL-6, IL-10, and IL-1β from serum levels. Moreover, acute

induction of absolute ethanol resulted in histopathological
changes in the stomach as a result of a remarkable increase in
the lesions to gastric villi. Previous findings demonstrated that
ethanol toxicity to lab animals is associated with hemorrhagic
cellular changes followed by interfering with the serum levels
of several pro-inflammatory biomarkers.48 Furthermore,
ethanol induction in animal models is also associated with
necrotic coagulations of the gastric mucosa.49

Similarly, another set of experiments postulated that
induction of ethanol showed a remarkable increase in the
ulcer index after scarification was made at end of protocol on
day 8th after acute administration of ethanol, which signifies a
relative animal model for gastric ulceration. This pre-clinical
elucidation helps the present study to select a proper model for
the assessment of fustin against ethanol-induced gastric
ulceration. Earlier investigations have identified the significance
of plant-derived flavonoids in increasing the pH of gastric
content which is attributed to the gastro−protective activity of
plant-based flavonoids.50,51 The current study showed the
significance of fustin as flavonoids in relative modification in
gastric pH and its implications in gastro-protection. The results
present study revealed that administration of fustin before the
ethanol induction in the fustin-treated group significantly
increases the pH and total acidic content similar to the effects
produced by ranitidine. Moreover, the ethanol-control group
has a significant elevation of pepsin activity as collated to the
normal control group ethanol, similar to the previous
investigation that postulated abnormal peptic activity in the
presence of chronic ethanol consumption.52

In the pathogenesis of gastric ulcers, injury to gastric mucosa
played a crucial role which is mediated through certain
inflammatory responses characterized by aggregation of certain
proinflammatory cytokines in stomach linings as a result of
ingestion of ethanol.53 Some of the important contributing
cytokines include TNF-α, IL-6, IL-10, PEG2, and IL-1β, which
are released from macrophages during inflammation.54 Based
on that finding, the present study includes the estimation of
this proinflammatory cytokine in ethanol-induced rat models
and investigates the role of fustin against this cytokine, where a
higher dose of 100 mg/kg proved to be significant in all the
abovementioned parameters.
Some other investigations also demonstrated a significant

contribution of ROS production in the generation of
neutrophil-associated gastric mucosal damage and the
molecular mechanism involved in the pathophysiology of

Figure 7. (a,b) Determination of MPO activity and NO assay in gastric tissue.
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ethanol-induced antioxidant depilation.55,56 Similarly, few
investigators also highlighted the role ROS in lipid
peroxidation resulting in the abnormal occurrence of certain
biochemical markers.57,58 Our study data postulated that the
presence of biomarkers of lipid peroxidation in the ethanol-
control group such as increased levels of MDA is observed in
the ethanol-treated group, whereas there is a marked downfall
in the SOD, GSH, and CAT levels in ethanol-induced gastric
ulceration which clinically indicated the role of ethanol in lipid
peroxidation. Furthermore, the treatment with fustin (50 and
100 mg/kg) demonstrated similar effects as Ranitidine where

both are elucidated to decrease the MDA activity and
simultaneously restored GSH, SOD, and CAT levels in
experimental groups.
The recent investigation also heightened the role of enzyme

MPO as a biomarker for infiltration of neutrophils; based on
that, the present study data postulated that ethanol
administration results in an abnormal rise in the MPO activity,
which is counteracted by fustin in experimental animal models.
Gastric mucosal integrity is maintained by the endogenous

mediator derived from NO synthase known as NO.59 Previous
investigations explored this ability of NO because of its vitality

Figure 8. (a−e) Determination of TNF-α, IL-6, IL-10 IL-1β, and prostaglandin E-2.
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in decreasing neutrophil infiltration.60 Our data postulated that
ethanol administration leads to a decrease in the NO activity
which is counteracted by fustin in the animal model.

5. CONCLUSIONS

The present study explores several clinical proofs that claim the
significant gastro-protective activity of fustin and its ability to
reduce acidic content, proinflammatory biomarkers, and
elevated biochemical parameters. This may help to develop
economical phytochemical alternatives for the innervations of
chemical-induced gastric ulcers..
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