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ABSTRACT

Objectives: Zanthoxulym armatum fruit is traditionally used as carminative, anthelmintic, stomachic, and to relieve
gastritis. It is commonly found in Nepal, Uttarakhand, and the Himalayan region of India. Tribal peoples used
this fruit for various purposes and also as a spice ingredient. The present study aims to investigate the antiulcer
potential of the fruit extract, and its isolated compounds.

Materials and methods: Fruits were extracted with successive extraction methods with hexane, ethyl acetate, and
butanol. All the fractions were evaluated for phytochemical investigations. Further, the ethyl acetate fraction,
tambulin, and ombuin were tested for antiulcer activity induced by ethanol and pylorus ligation-induced
methods. The IL-15, TNF-q, and IL-6 cytokines were also studied followed by histopathology.

Results: It has been demonstrated that the ethyl acetate fraction possesses a major class of secondary metabolites.
No acute toxicity was observed, as all the organs (heart, kidney, lung, stomach, and liver) were found in normal
range and no significant weight variation was found. The antiulcer activity was performed at two different doses
of all samples. Tambulin possesses the most significant activity at the dose of 50 mg/kg. Ulcer index and percent
ulcer inhibition of tambulin were found to be 2.8 + 0.6 mm? and 69.5 + 0.18 % in pylorus —ligated model
whereas 5.2 + 0.7 mm? and 70.2 + 0.15 in the ethanol-induced model. Histopathology results also support the
above-mentioned data.

Conclusion: Tambulin, a flavonoidal compound isolated from fruits of Z. armatum was found to be useful in the
management of ulcers. Ethylacetate extract and ombuin also possess dose-dependent activity.

1. Introduction

addition to allowing patients to experience significant discomfort,
disruption of their regular lives, and emotional distress (Hamedi et al.,

A frequent gastrointestinal illness that affects numerous individuals
is peptic ulcer. Generally, this involves a damage in the outer layer of
digestive tract’s membrane lining. Disturbance in normal equilibrium
leads to enhancement in aggressiveness or reduction in mucosal resis-
tance causing ulceration. It might be brought on by consistent drug use,
strange eating patterns, stress, and other factors (Vimala et al., 2014). It
is a non-fatal condition that mostly manifests as periodic indications of
epigastric pain, which are frequently eased by meals or alkali, in
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2015). Although the prevalence of peptic ulcer has decreased recently,
the condition still has a significant economic burden and causes
morbidity and death. Proton pump inhibitors, histamine —2 receptor
blockers, and prostaglandin analogs are effective medication families for
treating peptic ulcers (Bhajoni et al., 2016). Plants and their components
have long been utilized in folklore medicines across the globe to heal a
variety of illnesses and disorders. Today, herbal therapy is supplanting
synthetic medications sold commercially as an effective alternative for
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managing and curing peptic ulcers (Andrade et al., 2007). Modern
healthcare seeks traditional systems to discover treatments and cures for
many disorders. In many countries, specific plant components have been
used for decades to treat illnesses. The quest for novel medications has
switched due to the numerous adverse effects associated with utilizing
mainstream antiulcer medications. Currently, several plants and their
components have been investigated. The utilization of herbal medicine
has increased dramatically during the past several years. Due to their
natural origins and lack of negative side effects, this sector has become
more popular in developing and developed nations.(See Fig. 1).

Zanthoxylum armatum DC. is a pungent, aromatic, entirely glabrous,
and small tree situated in hot valleys of subtropical Himalayas in India
while in Pakistan it spread in Swat, Hazara, and Poonch hills. The plant
is also popularly known as ‘Nepali Dhania’, ‘Tomar’, ‘Timoor’, and
‘Timbar’. The seeds and bark are employed as an aromatic tonic to treat
fever, cold, indigestion, and cholera.

The fruit along with its stems and thorns, is used as a fish poison, as
well as a stomachic and carminative (Phuyal et al., 2019). In last few
years, many chemical compounds have been investigated and reported.
The twig is traditionally used for teeth cleansing, also toothpowder was
prepared. Apart from this, various other pharmacological activities are
also reported in the literature (Singh et al., 2011), Many indigenous
medical systems have employed various Z. armatum components,
including the fruits, roots, leaves, and bark, to treat gastric problems,
fever, and as appetizers. It works well to reduce swelling, dental pain,
and stomach discomfort. Due to its pharmacological benefits, it is in high
demand in domestic and international markets (Rafique et al., 2023).
Timur has long been utilized for treating many illnesses, including
irritation, chills, headache, and stomach discomfort (Nooreen et al.,
2019). Alkaloids, flavonoids, tannin, resins, glycosides, and other groups
of compounds are found in the Z. armatum fruit, and pharmacological
activities like antiplasmodial, cytotoxic, anthelminthic, antifungal,
antibacterial, hepatoprotective, antioxidant, and larvicidal, have been
reported (Negi et al., 2011). Z nitidum root water extract inhibits
H. pylori urease in dose-dependent manner which is necessary for the
survival of bacteria at ICs5¢ 1.29 mg/mL (Lu et al., 2020), while ethanolic
extract of root bark of Z. zanthoxyloides reduces gastric ulceration
induced by indomethacin by 71 % and 85 % at a dose of 250 and 500
mg/kg, respectively (Boye et al., 2012). Traditionally the plant is re-
ported to be used for stomachic, carminative, and anti-inflammatory
profiles. The Ayurvedic Pharmacopoeia of India (API) reported that
the plant is useful for treating stomach-related problems, dental care,
balance vata, and Kapha roga (Anonymous, 2016). The present work is
proposed to investigate the ulcer protective potential of the plant extract
and the isolated compounds (flavonoids). Here, we selected the two
compounds tambulin and ombuin,as they are present in a higher amount
than other components.

2. Material and method
2.1. Chemical and reagent

All the solvents were purchased from Merck. The biochemical
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assessments were done in triplicate, and the results were expressed as
mean =+ standard deviations.

2.2. Plant material collection and preparation

The Zanthoxylum armatum fruits were purchased from Lucknow,
Uttar Pradesh, and authenticated by the Botany and Pharmacognosy
department in CSIR-CIMAP, Lucknow, with the specimen number ZA/F/
14.

2.3. Extraction and isolation

Dried powder was extracted by methanol and further processed with
hexane, ethyl-acetate, and n-butanol. Compound tambulin and ombuin
were previously isolated from the hexane fraction. The isolation pro-
cedure comprises successive column chromatography and is further
elucidated with the help of NMR, IR, Mass Spectroscopy, and HPLC
methods. The detailed isolation procedure of both compounds is
mentioned in Nooreen et al., 2017.

2.4. Phytochemical analysis

To know the major groups of chemicals such as flavonoids, saponins,
phenols, steroids, tannins, glycosides, and alkaloids present in the ex-
tracts, confirming qualitative phytochemical examinations of plant
materials was carried out using established techniques (Dubale et al.,
2023).

2.4.1. Test for alkaloids
Hydrochloric acid (5 mL) was individually mixed with each sample
before filtering and then used to examine further.
e Mayer’s Test
A few drops of Mayer’s reagent were added with a 2 mL of the su-
pernatant (sample) in a test tube and the colour change of the precipitate
was observed indicating the presence of alkaloids.
e Wagner’s Test
2 ml of the filtrate was combined using a couple of droplets of
wagner’s reagent in the test tube,a mixture of iodine in potassium io-
dide. The reddish-brown precipitate confirms the presence of alkaloids

e Hager’s test

2 ml of filtrate and 2 to 3 drops of Hager’s solution were added to the
test tube and it was noted that the precipitate seemed yellow

2.4.2. Test for tannin and phenolic compounds

e Ferric Chloride Test

Tambulin

Ombuin

Fig. 1. Chemical structures of compounds.
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The existence of phenols and tannins is shown by the production of a
bluish-black colour when the sample was treated with a few drops of
ferric chloride solution.

e Gelatin Test

Gelatin (1 %) solution with sodium chloride (10 %) was treated with
the sample. The emergence of a precipitate shows the existence of
phenols and tannins.

e Iodine Test

When the sample was mixed with dilute iodine solution, a transient
red colour appeared, this confirms the presence of phenolic and tannin
molecules.

2.4.3. Test for flavonoids
e NaOH and Acid Test

A small amount of sodium hydroxide was added in the sample, and
an intense yellow colour appears and becomes colourless by adding a
few drops of dilute HCI confirming the existence of flavonoids.

e Lead Acetate Test

The sample is added with a solution of lead acetate. After a few
minutes yellow precipitate was observed that indicates the existence of
flavonoids.

2.4.4. Test for glycosides
e Borntrager’s test

1 gm of sample with 5-10 mL of HCL was heated for 10 minutes in
the water bath. A similar amount of CCly and ammonia mixture was
incorporated after getting the filtrate with continuous stirring. The
assessment was made to turn the pink solution into red

Modified Borntrager’s test.

1 gm sample was heated with dilute 5 mL HCL and 5 mL ferric
chloride. The solution was then cooled and filtered. Take filtrate and add
1 mL of each ammonia and benzene solution. The pink colour changes
into red, indicating the presence of glycosides

2.4.5. Test for carbohydrate
e Molisch's test
Some droplets of Molisch reagent have been mixed with 2 mL of the
sample’s water-based extract. Slow addition of 1 mL of H,SO4 (Conc.)
was done by the side wall of the test tube to create a layer. The comment
was made depending on the purple colour intensity.
e Barfoed’s test
The test solution was heated for 2 min in the water bath after adding
Barfoed’s reagent. The occurrence of red precipitate served as the basis
for the finding.
2.4.6. Test for saponin
e Foam test
In a graduated cylinder, 20 mL of water and 1 gm of sample were

combined. It was agitated for fifteen to twenty minutes. Based on the
development of a stable form, an assessment was concluded.
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2.4.7. Test for steroids
e Salkowski test

Carefully mixed 3 mL conc. Sulphuric acid to a 5 mL sample and 2 mL
chloroform, to demonstrate that terpenoids were present, and a reddish-
brown colour at the interface appeared.

2.5. Animals

Male Wistar albino rats weighing between 170-220 gm were ob-
tained from the animal house of PSIT, Kanpur by the Institutional Ani-
mal Ethics Committee (IAEC Before the studies animals were housed for
one week at 26 + 2 oC in the departmental animal house with light and
dark cycles of 10 and 14 h, respectively. The animals were fed a normal
rat pellet diet (Amrut, India) and the food was removed 18-24 h before
the experiment; however, water was available ad libitum (Sini et al.,
2011; Somagari et al., 2014). The experiment has been performed with
the permission and approval of CPCSEA approved (Reg. no. 1273/PO/
RE/09/CPCSEA), Government of India.

2.6. Acute toxicity

Ethyl acetate fraction of methanol extract (here onwards called as
ethyl acetate extract) and isolated pure compounds (Tambulin and
Ombuin) were assessed at the highest doses, orally. The dose of ethyl
acetate extract (2000 mg/kg) and pure compounds (150 mg/kg) were
selected for acute toxicity study. Health problems i.e. weight variation,
eye redness, and behavioural changes were recorded up to 48 hrs of dose
administration. All the vital organs (heart, liver, stomach, lung, and
kidney) were closely evaluated and weighed during the autopsy. The
water as the vehicle is administered to the normal control group, and the
above-mentioned doses to the treated groups (Beaufay et al., 2017).

2.7. In-vivo antiulcer activity

This study aimed to evaluate the protective potential of ethyl acetate
extract and isolated pure compounds against stomach ulcers caused by
pylorus-ligation and ethanol-induced ulcers. The researchers induced
gastric ulceration in animals by administering ethanol (1 mL/200 g b.
w.) orally and by pylorus ligation using pentobarbitone (35 mg/kg i.p.).

2.7.1. Ethanol-induced ulcer

Disease control (ethanol), positive control (ranitidine) and, test
samples {ZA/Ea, ethylacetate extract (250 mg/kg); ZA/EDb, ethylacetate
extract (500 mg/kg); ZA/1a, tambulin (25 mg/kg); ZA/1b, tambulin (50
mg/kg); ZA/2a, ombuin (25 mg/kg); ZA/2b, ombuin (50 mg/kg)} were
given to the rats twice a day orally for 5 days prior to ulcer induction.
According to the method described by Hollander et al., 1985, rats were
administered with ethanol orally on 6th day (1 mL/200 g, 1 h) to induce
uniform gastric ulcers and ranitidine was given as positive control at the
dose of 50 mg/kg, orally. After the rats were euthanized, their stomachs
were examined along the greater curve to assess the presence of ulcers.
To determine the ulcer index, the length and width of ulcers in the
glandular part of the stomach were multiplied (mm?/rat). This method
provides a reliable and efficient way of analysing the effects of ethanol
on the development of gastric ulcers in rats. Ulcer index protection was
determined by the following formula:

%Ulcerinhibition = (Ulcerindexcontror — Ulcerindexres)

x 100/ Ulcerindexcontrot

2.7.2. Pylorus ligated- ulcers

Disease control (induced due to accumulation of hydrochloric acid),
positive control (ranitidine) and test samples, {ZA/Ea, ethylacetate
extract (250 mg/kg); ZA/Eb, ethylacetate extract (500 mg/kg); ZA/1a,
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tambulin, (25 mg/kg); ZA/1b, tambulin (50 mg/kg); ZA/2a, ombuin
(25 mg/kg); ZA/2b, ombuin (50 mg/kg)} were given to the rats for 5
days, and then they were kept in a cage for 18 h without food. Pento-
barbitone (35 mg/kg, i.p.) was used for sedation of animals. The belly
was then opened and the pylorus was tied off without hurting the ani-
mals’ blood supply. It was carefully brought back in place, and the wall
of the belly was closed in two layers with stitches that were broken so
often. After the surgery, the animals were not given any water (Shay
et al., 1945). After 4 h, the animals were sacrificed, and the stomach was
carefully taken out and cut along the larger curve. It was then carefully
washed with 5.0 mL of 0.9 % NaCl, and ulcers were scored in the
glandular part of the stomach by someone who wasn’t part of the
experiment. The ulcer index was estimated by adding the number of
ulcers on each stomach and how bad each ulcer was. The method given
by Sanyal et al. (1982) was used to figure out the ulcer score for the
whole group.

2.8. Measurement of inflammatory cytokines

2.8.1. IL-1p, TNF-a, and IL-6

Were measured using an ELISA kit within 2 hrs, and the concentra-
tion was calculated by following the standard procedure. Leukocyte
infiltration was observed in the deep mucosal layer. A homogenate was
prepared from the detached scarred fraction. The supernatant collected
from the homogenate was used for further studies of interleukins
(Almasaudi et al., 2016).

2.9. Histopathology

Histopathology was examined by rats’ stomach which were fixed in
10 % neutral formalin, then embedded in paraffin blocks. The eosin and
hematoxylin stains were used for the section visibility. The degree of
stomach damage was determined using the standard procedure
mentioned in MICRON desquamative changes, mucosal defects of
varying depths, and the degree of infiltrative changes.

2.10. Gastric wall mucus measurement

Corne et al. (1974) developed a method for measuring gastric wall
mucus in ethanol-induced ulcerated mice. Glandular segments from
stomachs were isolated, weighed, and then incubated for 2 hina 1 %
Alcian blue solution (0.16 M sucrose in 0.05 M sodium acetate, pH 5.8)
in test tubes. After centrifuging (100 g) the Alcian blue binding extract
for 10 min, the absorbency of the supernatant was determined at 498
nm. The amount of Alcian blue taken from the glandular tissue was then
determined (ug/g of glandular tissue).

2.11. Statistical analysis

The obtained data were processed to determine the significant dif-
ference between the groups. Standard mean and error were optimized.
To summarise the results, a one-way analysis of variance (ANOVA) was
employed. Version 5.01 of GraphPad PRISM® (GraphPad Software, Inc.,
USA) was used. The value p < 0.05 was regarded as a significant
indication.

3. Results
3.1. Phytochemical investigation

The freshly prepared hexane, ethyl acetate, and butanol extracts of
Z. armatum fruits were subjected to chemical tests for alkaloids, tannins,
flavonoids, glycosides, carbohydrates, saponins, and steroids. It is found
that the extracts possess a wide range of phytochemicals in all the above
mentioned three extracts as mentioned in Table 1.
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Table 1
Phytochemical investigation of Zanthoxylum armatum fruit extract.
S. Phytochemical Observations
No Tests
Hexane Ethyl acetate Butanol
extract (ZA/ extract (ZA/E) extract (ZA/
H) B)
1. Test for alkaloids
Mayer's test - +
Wagner's test - + -
Hager's test - +
2. Test for tannins
Ferric chloride test + - +
Gelatin test + + _
Iodine test - +
3. Test for flavonoids
NaOH and Acid test ~ + + +
Lead acetate test + —+ +
4. Test for glycosides
Borntrager’s test — + +
Modified - + +
Borntrager’s test
5. Test for carbohydrates
Molisch’s test + + +
Barfoed’s test - + +
6. Test for saponins
Foam test — - -
7. Test for steroids
Salkowski test - - +

-Negative; + Positive.
3.2. Extraction, isolation and characterization of compounds

Tambulin and ombuin mentioned in Fig. 1 were isolated from
Z. armatum fruits as mentioned by Nooreen et al. (2017).

3.3. Estimation of acute toxicity

The results of the acute toxicity study witness no behavioural
changes and no significant weight variation of vital organs at the highest
doses (2000 mg/kg of extract and 150 mg/kg dose of pure compounds)
tested for the purpose. This confirms that the extract (2000 mg/kg) and
the compounds (150 mg/kg) are safe to use up to the above-mentioned
tested doses. The results details are given in Table 2 and Fig. 2.

3.4. In-vivo anti-ulcer activity

3.4.1. Ethanol (EtOH) —induced ulcer and pylorus ligated (PL)- caused
ulcers

It has already been reported that the ethanol induced ulcers located
in the glandular region of the stomach enhance the production of leu-
kotrienes, secretory products, mast cells (Oates and Hakkinenet al.,
1988), and reactive oxygen species (Peskaret al., 1986). All the above
factors are mainly responsible for the gastric mucosal damage in the rats.
Tambulin considerably reduced the loss of gastrointestinal mucus
caused by ethanol. Gastric mucosal autodigestion and barrier disinte-
gration are blamed for pylorus ligation-induced ulcers (Sairamet al.,
2002). Both ethanol and pylorus ligation-induced ulcers were prevented
by the tambulin (ZA/1b) at 50 mg/kg by 70.20 % and 69.50 %

Table 2

The acute toxicity of the sample at a single dose of 2000 mg/kg of Zanthoxylum
armatum extracts (ZAE), 150 mg/kg of tambulin (ZA/1), and ombuin (ZA/2).
The average weight of the vital organs of rats was recorded in grams.

Sample Heart Liver Stomach Lung Kidney

Normal 1.03+0.1 7.25 £ 0.2 3.30 £0.1 1.28 £ 0.1 1.12+ 0.2
ZAE 1.11 £ 0.1 712 +1.1 3.25+0.1 1.29 £ 0.2 1.26 £ 0.1
ZA/1 1.15+0.1 6.95+1.3 3.23+0.2 1.13£0.1 1.25 £0.2
ZA/2 1.01 £0.1 7.43 £1.2 3.33+£0.2 1.39 £ 0.2 1.13 £ 0.2
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Fig. 2. Weight of normal vital organs and treated rat’s organs showing the effect of, Zanthoxylum armatum extracts (ZAE), tambulin (ZA/1), and ombuin (ZA/2). Data

indicated mean + SD, n = 6.
respectively as mentioned in Table 3 and Table 4.

3.5. Measurement of IL-1f, TNF-a, and IL-6 level

The experiments involved an analysis of inflammatory cytokines IL-
1B, TNF-a, and IL-6 in both ethanol and pylorus-induced ulcer models.
The cytokines were estimated from the supernatant within 2 hrs using
ELISA kits following the given instructions. The results were then
compared to negative control, positive control, and treated groups. A
significant increase was observed in the toxin group. However, the
extract and compound showed a dose-dependent reduction in inflam-
mation, as shown in Figs. 3 and 4. The compound tambulin at a dose of
50 mg/kg (ZA/1b) exhibited marked protection of ulcers and maximum
inhibitory activity of cytokines in ethanol-induced and pylorus ligation-
induced ulcers. The levels of TNF-a, IL-6, and IL-1f were found to be
307.4 £ 5, 138.8 £+ 2, and 46.4 £ 0.2 pg/mL, respectively in ethanol-
induced ulcers whereas in pylorus-ligated ulcers it was estimated as
326.4 £16,134.2+ 9, and 39.2 + 3 pg/mL for the tambulin (50 mg/kg,
ZA/1b), as mentioned in Table 5 and Figs. 3 and 4.

3.6. Histopathology

Histopathological research was conducted on the stomachs’ slices of
rats (Fig. 5A) to study the effects of pylorus-ligated ulcer as it showed
maximum inhibition in the treatment groups of tambulin. The stomach
slices from the control group showed normal anatomy with all layers
intact. However, in negative and treated groups, it caused a decrease in
the thickness of the mucous layer due to the erosion of the top epithelial

Table 3
Effects of ethyl acetate extract of Zanthoxylum armatum (ZAE), tambulin (ZA/1)
and ombuin (ZA/2) on ulcer index in Ethanol induced ulcer.

Group Treatment Ulcer index mm? % Ulcer inhibition
1 Normal control — —

I Negative control 26.5 + 0.02 —

jiig Positive control 2.4 +£0.13 78.5 £+ 0.06

v ZA/Ea (250 mg/kg) 17.4 £ 0.13 49.3 £ 0.13

v ZA/Eb (500 mg/kg) 13.6 + 0.14 56.4 + 0.12

VI ZAla (25 mg/kg) 8.5+ 0.2 64.1 £0.13

VII ZA1b (50 mg/kg) 52+0.7 70.2 + 0.15

VIII ZA2a (25 mg/kg) 9.4+ 0.6 59.3 +£0.18

X ZA2b (50 mg/kg) 7.3+0.2 67.5 + 0.13

Table 4
Effects of ethyl acetate extract of Zanthoxylum armatum (ZAE), tambulin (ZA/1),
and ombuin (ZA/2) on ulcer index in Pylorus ligation induced ulcers.

Group Treatment Ulcer index mm? % Ulcer inhibition
1 Normal control — —

I Negative control 18.4 £ 0.16 —

jiig Positive control 25+0.2 75.5 + 0.12

v ZA/Ea (250 mg/kg) 8.4 +0.15 47.4 + 0.09

v ZA/Eb (500 mg/kg) 5.2+ 0.3 58.6 + 0.13

VI ZAla (25 mg/kg) 5.2+ 0.1 63.3 +0.11

vii ZA1b (50 mg/kg) 2.8+ 0.6 69.5 + 0.18

VII ZA2a (25 mg/kg) 6.3 + 0.4 59.4 + 0.15

X ZA2b (50 mg/kg) 42+0.3 62.6 + 0.12

cells. This led to the dysfunction of stomach glands in the mucosal layer,
significant swelling, infiltration of inflammatory cells in the submucosa,
and thinning of the muscular layer. On the other hand, tambulin was
found to have a beneficial effect on the stomach of the animals. Histo-
pathological findings revealed a normal glandular pattern with mild
submucosal swelling in animals given tambulin (50 mg/kg). Moreover,
when tambulin (50 mg/kg) was given to ulcerated mice, their stomachs
were better protected than when they were given ombuin (50 mg/kg).
The stomachs in this group showed almost normal structure with no
epithelial loss, submucosal swelling, or leukocyte infiltration. The
mucosal, submucosal, and muscle layers also returned to normal thick-
ness as seen in Fig. 5B.

4. Discussion

The proposed study was based on the evaluation of the anti-ulcer
potential of tambulin and ombuin, extracted from Z. armatum fruits.
This fruit is commonly used as a toothache remedy and found in the
subtropical Himalayan region of India, China, Bhutan, Malaysia, Japan,
and Pakistan. According to various literature studies, the plant is safe
and effective for pharmaceutical use (Ranjana et al., 2019). As described
by Bandyopadhyay et al., 2001, peptic ulcers occur when there is an
imbalance between endogenous aggressive factors (e.g.pepsin, leuko-
trienes, hydrochloric acid, and refluxed bile, etc.) and cytoprotective
factors (e.g.mucus-bicarbonate barrier, enzymatic antioxidants, growth
factors, cell renewal, and migration, etc.). It is now well known that
nonsteroidal anti-inflammatory drugs such as aspirin and piroxicam
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Fig. 4. Effect of samples on inflammatory mediators in pylorus ligation induced ulcer model. Data presented as mean + SEM; n = 6 *Normal versus disease control,

*Disease control versus treated, ANOVA, p < 0.05.

have several detrimental effects on the gastrointestinal system. How-
ever, several flavonoids have been found to have curative properties for
peptic ulcers without any adverse effects (Lira Mota et al., 2009).
Polyphenols, a class of flavonoids present in plants, have been found
to have gastroprotective properties against peptic ulcers in both in-vitro
and in-vivo studies. The probable mechanism is the stimulation of the
defense mechanisms (such as the production of mucus and

prostaglandins) and protection against potentially harmful substances
through their antioxidative, anti-inflammatory, and antibacterial prop-
erties. Flavonoids have shown cytoprotective and rehabilitative effects.
Although, there are currently few controlled clinical trials have reported
that flavonoids demonstrated promising preventive and therapeutic
potential for peptic ulcers (Zhang et al., 2020). Studies have also shown
that flavonoids reduce stomach acidity in peptic ulcer patients. Citrus
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Table 5
Estimation of pro-inflammatory mediators in samples of ethanol and pylorus
ligation-induced ulcer model.

Samples  Ethanol-induced ulcer Pylorus-induced model
TNE- IL-6 IL-1B TNF- IL-6(pg/  IL-1f
a(pg/ (pg/ (pg/ a(pg/ mL) (pg/mL)
mL) mL) mL) mL)

Normal 288.4 + 130.6 46.6 + 264.2 + 127.6 + 44 £ 0.5
11 + 4 1 5 2

Disease 516.2 + 373 + 99.2 + 510.2 £ 376.4 £ 103 +
o5### gH## 16#*# 1.5### 0. 5#H#

Positive 318 + 125.4 42.2 + 298.2 + 132.2 + 44.6 +
15 +2 2 11 5 0.5

ZA/Ea 423 + 234.8 69.6 + 440.8 £ 247.6 £ 83.8 =
17 +2 5 11 4 1.2

ZA/Eb 427.2 £ 201 +2 60.8 = 415.6 £ 196 + 4 69.8 +
15 3 14 1.6

ZA/1a 363.8 £ 154.6 56.4 + 358.2 + 151.2 + 51.2+3
5 + 4 1.4 7 3

ZA/1b 307.4 + 138.8 46.4 + 326.4 + 134.2 + 39.2 +
5% + 2% 0.2* 16* 9% 3"

ZA/2a 351.2 + 151.8 56 + 351.4 + 157.2 + 50.2 + 4
7 +2 1.7 16 3

ZA/2b 346.2 + 147.6 48.8 + 338.4 + 144.6 + 44.2 +
5 + 1.5* 1.1 21 3* 2%

Data are mean + SEM; N = 6, Normal verses toxin, # Toxin verses test samples
(ANOVA; Tukey test), p < 0.05.
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fruits contain a rich source of flavonoid called hesperidin, which was
found to significantly reduce stomach ulcers caused by indomethacin in
rats when added to gastric juice. In a model of hypothermic restraint
stress-induced stomach ulcers, hesperidin at doses of 300 and 400 mg/
kg considerably reduced the ulcer index, decreased the overall acidity of
gastric juice, and raised pH (Bigoniya et al., 2014). Isorhamnetin,
quercetin 3,7-dimethyl ether, and kaempferol 3,7-dimethyl ether, iso-
lated from Cistus laurifolius, and irisolidone, tectorigenin, and genistein
from the flowers and rhizomes of Pueraria thunbergiana, inhibited the
growth of H. pylori in in-vitro studies (Bae et al., 2001). Musa sapientum,
a plant, contains monomeric leucocyanidin, a naturally occurring
flavonoid that appears to possess anti-ulcer properties. When adminis-
tered prophylactically at doses of five milligrams and fifteen milligrams
per day, it demonstrated protective properties towards aspirin-induced
gastric damage, resulting in a significant reduction in the ulcer index
(Lewis et al., 1999). In a restraint stress paradigm, it also lowers plas-
matic corticosterone and lipid peroxidation. This flavonoid preserves
the stomach mucosa in chronic models of ulcer formation and promotes
the healing of gastric ulcers caused by acetic acid, a chronic model of
ulcer induction (Motilva et al., 1992). The preliminary phytochemical
analysis of hexane, ethyl-acetate, and butanol extract was assessed and
found that the ethyl-acetate fraction possesses maximum secondary
metabolites as compared to hexane and butanol extracts. Based on
phytochemical and preliminary screening for biological activity ethyl
acetate extract was selected for in-vivo study.

During the study, the ulcerated animals showed characteristic his-
topathological changes, such as a reduction in mucosal thickness,

Fig. 5A. Pictures showing the effect of samples on stomach sections of pylorus ligated Wistar rat (a) Normal control, (b)positive control, (c) disease control (d)

tambulin 25 mg/kg (ZA/1a), (e) tambulin 50 mg/kg (ZA/1b).

Fig. 5B. Histopathology of samples on stomach sections of pylorus ligated Wistar rat (a) Normal control, (b) disease control, (c) positive control (d) tambulin 25 mg/

kg (ZA/1a), (e) tambulin 50 mg/kg (ZA/1b).
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weakening of the muscle layer, erosion of the surface epithelial cells, loss
of integrity in the stomach mucosa, submucosal edema, and infiltration
of inflammatory cells. The tested compounds (Tambulin & Ombuin)
showed dose-dependent protection of ulcerated mice but tambulin at 50
mg/kg showed significant protection as compared to ombuin. The
overall effectiveness of tambulin over ombuin might be related to
structural activity relationship and an additional methoxy group at
carbon eight (C-8) of chromene nucleus may be responsible for better
antiulcer effect of tambulin but it needs further investigations to confirm
this hypothesis.

5. Conclusion

The study found that the ethyl acetate extract contains a high amount
of bioactive phytomolecules such as glycosides, flavonoids, tannins, al-
kaloids, and carbohydrates that have medicinal properties. The fruit of
Z. armatum can potentially prevent stomach ulcers caused by ethanol
and pylorus ligation. In the pylorus-ligated model, the ulcer index and
percent inhibition of tambulin are 2.8 + 0.6 mm? and 69.5 + 0.18 %,
respectively, while in the ethanol-induced model, the values are 5.2 +
0.7 mm? and 70.2 =+ 0.15 %. The study also observed a reduction in the
level of inflammatory cytokines (IL-1p, TNF-a, and IL-6), indicating that
the plant has antiulcer activity. The compound tambulin, at a dose of 50
mg/kg, demonstrated significant activity which is additionally sup-
ported by histopathological findings.
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