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ABSTRACT

Peptic ulcers are the deep damage of the stomach or duodenal mucosa, extending past the muscularis mucosa. This
occurs when the mucosal defences including prostaglandins, mucus, and sufficient blood flow are altered. Helicobacter
pylori (H. pylori) and the use of non-steroidal anti-inflammatory drugs (NSAIDS) are the two primary causatives linked
with the etiology of peptic ulcer disease. Other causative agents include smoking, ischemia, hydrochloric acid, and
alcohol. Drugs used in the treatment include histamine-2 receptor antagonists, and proton pump inhibitors, which have
been discovered to possess adverse effects. Medicinal plants, however, are beneficial and effective in the prevention,
management, and treatment of various ailments. Therefore, this review highlights common medicinal plants and their
mechanisms of action in preventing or treating peptic ulcers. The websites ResearchGate, ScienceDirect, Google Scholar
and PubMed were searched for relevant articles published between 2019-2023 using the keywords “medicinal plants
and peptic ulcer” and “medicinal plants and gastric ulcer”. According to the research articles, some of the mechanisms

of action include lowered gastric index, inflammation, and gastric lesions, increased gastric pH, protective index, and

antioxidant levels. However, more studies should be carried out to determine the active compounds in these plants.
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enumerated in this review are animal-based studies.

Medicinal
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Human clinical trials are also needed to validate the safety and efficacy of these medicinal plants since most of the studies
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INTRODUCTION

The stomach produces enzymes and acids that break
down food and are resistant to a wide range of harmful
substances such as refluxed bile salts, hydrochloric acid,
alcohol, and other irritants. Several physiological defense
responses are present in the stomach, not only to
prevent damage but also to enhance prompt healing of
the mucosa and to allow the mucosa to maintain high
resistance to injury. A stomach mucosal lesion in the
stomach, such as a gastric erosion or ulcer may form
when these defense systems are overpowered by
irritants [1]. The mucosal barrier is altered by aggressive
factors, which leads to damage to the stomach's
epithelial cells and ultimately results in peptic ulcer
disease (PUD). Peptic ulcer disease (PUD) is characterized
by damage to the duodenum or mucosa of the stomach
caused by gastric secretions [2-3]. Current research
indicates that many variables, such as overproduction of
stomach acid, Helicobacter pylori infection, pepsin,

alcohol consumption, smoking, diet, and genetic factors,

can contribute to the onset of PUD and serve as possible
risk factors for its development [1].

According to epidemiological studies, PUD and H.
pylori infection have a very significant link. Over half of
the global population has a chronic H. pylori infection in
the gastroduodenum, but only 5-10% of this population
eventually develop ulcers. The pattern of histological
alterations, interaction of H. pylori with the stomach
mucosa, homeostatic changes in acid secretion and
gastric hormones, immunopathogenesis, ulcerogenic
strains, and genetic factors influence peptic ulcer
manifestation [4]. Other etiologies of peptic ulcer disease
are histamine, ischemia, steroid medication, radiation,
viruses, eosinophilic infiltration, gastric bypass surgery,
and pharmaceuticals such as chemotherapeutic drugs,
and radiotherapy [5]. Symptoms of PUD include heart
burn, bloating, nausea, and the major ulcer symptom is
burning stomach pain. Diagnosis includes blood, urea
breath, stool tests, gastrointestinal endoscopy.

Treatments for PUD include proton pump inhibitors (PPI),
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H2 receptor antagonists and successive H. pylori
treatment. These treatments can possess adverse effects
such as diarrhea, headache, constipation, abdominal

discomfort.

Pathophysiology of Peptic Ulcer Disease: A disruption in
the equilibrium between defensive and aggressive forces
results in mucosal damage [6-7]. Hence, peptic ulcer is
described as a distortion extending through the
muscularis mucosa in the stomach or duodenal mucosa
and submucosa. In response to cholinergic stimulation or
irritation of the epithelial lining, epithelial cells of the
stomach and duodenum release mucus. Mucus and
bicarbonate produced by the foveolar cells combine to
form a gel layer which is impermeable to pepsin and acid.
This layer is crucial because it stops the stomach from
digesting itself. Additional defenses prevent pepsin and
acid from penetrating the epithelium in the event of
injury. For instance, an increase in blood flow eliminates
acid that diffuses through the damaged mucosa and

adequately supplies epithelial cells with bicarbonate in
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the gel layer. The basolateral region of the cell membrane
of epithelial cells has ion channels which also aid in
maintaining intracellular pH by reducing excess hydrogen
ions [1].

NSAIDs  suppress cyclooxygenase-1  (COX-1)
expression involved in prostaglandin production and are
linked with reduced bicarbonate and mucus secretion,
flow of blood to the gastric mucosa, and inhibited cell
proliferation. NSAIDs also initiate damage to the mucosal
lining (Fig. 1) [5].

Helicobacter pylori, one of the common etiologies
of peptic ulcer causes degeneration and injury of
epithelial  cells, inflammation of neutrophils,
lymphocytes, and macrophages [8]. H. pylori infection is
mediated by cytokines that suppress parietal cell
secretion and is characterized by elevated gastric juice
secretion and decreased somatostatin level. This
increases histamine production, and eventually gastric

acid secretion from the parietal cells [5].
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Fig 1: Pathophysiology of Peptic ulcer by NSAIDs [9].
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METHODOLOGY

Different databases such as PubMed, Scopus, Web of

Science, ScienceDirect, ResearchGate, Google Scholar

were used in this review article with the following

keywords: “medicinal

plants”,

“herbal treatment”,

“gastric ulcer” and ‘peptic ulcer”. The references for this

review were selected based on these criteria: articles

FFS Page 261 of 274

published between 2019-2023, full-text original articles,

and relevance to the review topic.

Herbal Remedies for Peptic Ulcer Disease: Studies have
proven medicinal plants or their bioactive constituents to
be beneficial in treating peptic ulcers and their efficacy is
better or similar to the conventional drugs with fewer
side effects [10].

Table 1: A summary of the modes of action of some medicinal plants with gastroprotective and anti-ulcer properties

S/N Medicinal Plants | Description Outcome References
1 Cucumis melo L. | -25%, 50%, 75%, 100% CUM aqueous - Gastric acidity, ulcer score, MDA, TNF-a, 12-13
extract at 1 ml/kg were administered H+/K+ ATPase were significantly reduced
on ibuprofen-induced gastric ulcer in while PGE2, % inhibition, antioxidants level
rats for 21 days. was significantly increased.
- 200 and 600 mg/kg ethanol extract of | -Both doses reduced the number of lesions
CUM were administered in ethanol- and increased percentage protection.
induced gastric ulcer in rats
2 Lawsonia 200 g/kg nano Lawsonia inermis L. and Levels of total cholesterol, MDA, AST, ALP, 18
inermis L. leaves | Lawsonia inermis L. leaves were creatinine, albumin, total protein were
administered to aspirin-induced peptic significantly reduced with an increase in pH
ulcer in Sprague-dawley rats for 8 and HDL level. Regressed lesions in the
weeks stomach were observed.
3 Dissotis Ethanol-induced ulcer rats were pre- MDA level, ulcer index and gastric ulcer 20
rotundifolia treated with 100, 300 and 500 mg/kg D. | formation were significantly lowered while
rotundifolia for 14 days GSH, CATand SOD levels were significantly
increased in all pre-treated rats. The 300
mg/kg dose had the highest gastric
percentage protection.
4 Punica -In aspirin-induced ulcer rabbits, 250 -Ulcer index and gastric acid volume were 32,34
granatum and 500 mg/kg P. granatum peel reduced with increased pH and percentage
powder was administered for 21 days. gastric protection.
- The effect of 250 and 500 mg/kg P. - The 500 mg/kg had an ulcer inhibition
granatum peels was compared with percentage of 84.6 compared with
omeprazole, a standard drug in H. omeprazole of 24.5%. A dose dependent
Pylori-induced gastric ulcer in rats decrease in the ulcer area was observed
with the 500 mg/kg group having the largest
reduction (125.5mm2) compared with
omeprazole (615.25mm?2).
5 Persea -Aqueous extract, water, and n-hexane - The 500 mg/kg aqueous extract and all the 37,39
americana Mill. fractions of Persea americana seed at fractions showed significant reduction in
(Lauraceae) 250 and 500 mg/kg were administered ulcer index. However, n-hexane exhibited
to ethanol, aspirin and stress-induced the highest ulcer healing potential.
ulcer in rats. -The avocado oil ameliorated the ulcerations
-Virgin avocado oil (1 mL/250 g body in both indomethacin and ethanol ulcer
weight) was pre-administered to models. The ulcer index was significantly
reduced.
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S/N Medicinal Plants | Description Outcome References
ethanol and indomethacin-induced
ulcer in rats for 7 days.

6 Acanthus The anti-ulcer effect of crude extract The aqueous fraction had the highest anti- 43

montanus and n-hexane, ethyl acetate, n-butanol, | ulcer activity. The crude extract, aqueous
(Nees) T. water fractions of Acanthus montanus and n-hexane fractions had gastro-
Anderson at 200 and 400 mg/kg was evaluated in protective effect on the gastric mucosa.
indomethacin-induced ulcer in mice for
7 days.
7 Torilis 100, 200, 300 mg/kg of Torilis All the Torilis leptophylla extract treated 46
Leptophylla Leptophylla were administered in groups had significant decrease in gastric
indomethacin-induced ulcer in rats for juice volume, ulcer index, number of lesions
3 days. and ulcer percentage with significant
increase in pH.

8 Nymphaea lotus | The gastro-protective potential of the -Pre-treatment with the methanol extract 48-49
Linn and methanol extract of N. lotus leaves was | had significantly decreased gastric ulcer
Nymphaea Alba | evaluated in ethanol, indomethacin, indices and lesions in all gastric ulcer
Linn and hypothermic stress-induced ulcer models. The epithelial mucosa was

rats. moderately disintegrated 200 mg/kg treated
- Ethanol extract of Nymphaea alba L. rats, minor hemorrhages were observed in
flower (200, 400 mg/kg) was 400 mg/kg treated rats with no gastric
administered in pylorus ligation and lesions in the 600 mg/kg treated rats.
ethanol induced ulcer in rats - The 400 and 200 mg/kg treated groups had
significant reduction in the ulcer index when
compared to the untreated groups.

9 Morus alba L. The effect of Morus alba L. extract (500 | There was a significant reduction in the total | 51
mg/kg) and Morus alba L. (500 mg/kg) acidity, gastric ulcer index, gastric volume,
extract-loaded chitosan microsphere and gastric lesions while pH level was
was investigated in ethanol-induced significantly increased.
ulcer rats.

10 Magnolis In pylorus litigation-induced gastric There was a significant decrease in IL-6, TNF- | 53

Officinalis ulcer mice, 100 mg/kg water extract of a levels, gastric juice secretion and ulcer
Magnolis officinalis was administered index; increased pH of gastric juice and CB2
for 28 days. gene expression.

11 Triticum Triticum aestivum aqueous extract (50, | There was significantly increased CAT and 57-58
aestivum Linn 100, 200 mg/kg) was administered to NO levels and reduced MDA level.

acetic acid and indomethacin-induced -There was significant reduction in the ulcer
ulcer rats for 2 weeks. index, MDA levels while TAC, CAT and GSH
-Gastroprotective activity of 200 and levels were significantly increased.

400 mg/kg Triticum aestivum extract

was investigated in ethanol-induced

gastric ulcer in rats

12 Basella Alba L. The anti-ulcer effect of 100, 200 and There was a significant reduction in gastric 69
400 mg/kg ethanol extract of Basella volume, ulcer index and acidity while gastric
alba was investigated in aspirin and pH and percentage protection were
pyloric ligation-induced ulcer in rats. significantly increased.

Cucumis melo L. (Cucurbitaceae): Curcumis melo L.

(CUM) also known as honeydew melon or melon has

steroids, cardiac glycosides, flavonoids,

polyphenols,

terpenoids and alkaloids that possess anti-inflammatory,
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antioxidants, and anti-radical potentials [11]. Adebayo-
Gege et al. [12] investigated the antiulcer properties of
25%, 50%, 75% and 100% CUM aqueous extract at 1
ml/kg dose for 21 days in ibuprofen-induced gastric ulcer
in Wistar rats. Ulcer score and index, gastric acidity, MDA,
TNF-a, H*/K*ATPase were significantly reduced with CUM
administration when compared with the untreated ulcer
group. PGE2, antioxidant potentials, percentage
inhibition, CAT, SOD were significantly increased.
Administration of CUM reduced submucosal bleeding
and the severity of mucosal lining erosion. Molecular
docking of Cucumis melo compounds was carried out
against PGE2 and folic acid had the highest affinity to
PGE: receptor followed by codisterol and delta7-
avenasterol. This showed that CUM exhibits its antiulcer
activity via improved antioxidant capacity and
prostaglandin synthesis. Bouaziz et al. [13] investigated
the effect of 200 and 600 mg/kg ethanolic extract on
Cucumis melo Lin ethanol-induced gastric ulcer rats. Both
doses attenuated the number and length of lesion,
percentage ulceration was reduced, and gastric
protection percentage was increased (56.56% and
93.79% respectively) in the 200 and 600 mg/kg CUM
treated rats compared with the untreated rats, however,
600mg/kg dose had the maximum effect. Adebayo-Gege
[14] investigated the antiulcer potentials of methanol
extract of Cucumis melo seeds (50, 100, 200 mg/kg) on
pyloric litigation-induced ulceration in Wistar rats. The
rats were pretreated for 21 days before the pyloric
litigation procedure. The extract significantly reduced the
relative stomach weight, ulcer score, gastric acidity, MDA

level while increasing the level of catalase.

Lawsonia inermis L. leaves (Lythraceae): Lawsonia
inermis L., also known as henna, is used for hand staining
in traditional weddings and hair dyeing. However, it has

been discovered to possess antitumor, antifungal,
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antioxidant, antiproliferative, antiangiogenic, wound
healing, antimalarial, hepatoprotective, antibacterial
activities which could be due to coumarins, flavonoids,
derivatives of gallic acid, triterpenoids, or steroids [15-
17]. Mohammed et al. [18] investigated the effect of
nano Lawsonia inermis L. and Lawsonia inermis L. leaves
for a period of 8 weeks in male Sprague-Dawleys rats
induced with peptic ulcer (500mg aspirin/kg body
weight). The rats were fed with basal synthetic feed
supplemented with 200 g/kg Lawsonia inermis L. and
nano Lawsonia inermis L. leaves. Levels of gastric juice,
total cholesterol, LDL, triglycerides, MDA, total
antioxidant, creatinine, urea, AST, ALT, ALP, albumin,
total protein, and globulin were significantly reduced
while pH level, HDL significantly increased in both the
Lawsonia inermis L. and nano Lawsonia inermis L. leaves
treated rats compared to the untreated group.
Histopathology of the stomach also revealed significantly

regressed lesions and normal gastric layers.

Dissotis rotundifolia (Melastomataceae): Dissotis
rotundifolia (D. rotundifolia) also known as the ‘pink lady’
is a creeping herbal plant with antimicrobial, in vivo
gastroprotective, and in vitro anti-radical properties [19-
20]. Sprague Dawley rats were pretreated with 500, 300
and 100 mg/kg flavonoid-rich extract of D. rotundifolia
for 2 weeks before inducing ulcer using ethanol. The ulcer
index was significantly reduced in all pretreated rats with
300 mg/kg having the higher percentage gastric
protection (95%). Reduced gastric ulcer formation was
also observed in all the pretreated groups. Antioxidant
activities in the gastric mucosa were investigated and the
results showed that there was a significant reduction in
MDA level while CAT, SOD and GSH levels were
significantly increased in the pretreated groups [20].
Adinortey et al. [21] discovered that D. rotundifolia

extract significantly reduced gastric juice secretion and
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H*/K* ATPase enzyme activity in aspirin-induced gastric
ulcer rats whereas gastric mucus content, pH, and mucin

activity were significantly increased.

Punica granatum L. (Lythraceae): P. granatum, also
referred to as pomegranate is a plant that has various
beneficial parts (peels, seed oils, seeds, roots, bark,
leaves, flower) [22]. The seeds improve male fertility and
are used to treat cancer, cardiovascular diseases,
diabetes, and obesity [23-24]. The flowers are used to
manage diabetes, obesity, heart diseases and treat
bacteria [25-26]. The leaves have anti-inflammatory,
anti-cancer, anti-cholinesterase, and anti-diabetic
properties [27-28] and the peels possess antioxidant,
anti-cancer, anti-inflammatory, and anti-proliferative
properties [29-31]. In aspirin-induced ulcer rabbits, 500
and 250 mg/kg body weight of P.granatum peel powder
was administered for 3 weeks. Ulcer index and gastric
acid volume were reduced with increased pH and
percentage gastric protection compared with the ulcer
untreated group [32]. Piracha et al. [33] evaluated the
effect of P. granatum seed and peel in diclofenac-induced
ulcer rats. The rats were pretreated with the peel extract
only (100 mg/kg), seed extract only (500 mg/kg), both
peel (50 mg/kg) and seed (250 mg/kg) extract,
pantoprazole (30mg/kg) and peel extract (50mg/kg),
pantoprazole and seed extract (250 mg/kg),
pantoprazole + peel extract (50 mg/kg) + seed extract
(250 mg/kg) for 15 days and then orally administered
100mg/kg diclofenac on the 17" day. The total gastric
juice volume and ulcer index were significantly reduced
while pH of gastric juice was significantly increased in all
the rats who were administered P. granatum. Muhialdin
et al. [34] compared the effect of Punica granatum peels
(250 mg/kg & 500mg/kg) with omeprazole (20 mg/kg) (a
standard medication used in ulcer treatment) in. H.Pylori-

induced gastric ulcer in rats. The 500 mg/kg dose showed
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an ulcer inhibition percentage of 84.6 compared with
24,5 of omeprazole. There was a dose-dependent
reduction in the ulcer area of rats given the extract with
the largest reduction (125.5mm?) in the 500mg/kg rats in
comparison with the ulcer control group (815mm?) and
the omeprazole-treated group (615.25mm?). There was a
significant increase in the pH (6.3) of the 500 mg/kg
P.granatum-treated group compared to the omeprazole
group (5.5) and the untreated group (3.5) thereby
suggesting that the high dose (500 mg/kg) was more
effective. Ulcer scores were also significantly reduced

after P.granatum treatment.

Persea americana Mill. (Lauraceae): Persea americana is
also known as Avocado tree. The seeds, fruits and leaves
of P.americana possess antimicrobial, antiviral, anti-
hypoglycemic, antihypertensive, anticonvulsant, anti-
inflammatory, antioxidant properties [35-36]. Aqueous
extract, and fractions (water, n-hexane) of Persea
americana seed at 500 and 250 mg/kg were administered
to ethanol, aspirin, and stress-induced ulcers in rats. The
500 mg/kg fractions and aqueous extract showed
significant decrease in ulcer index in all the ulcer models.
N-hexane however exhibited the highest ulcer healing
potential [37]. The aqueous extract of Persea americana
seeds (110, 220, 440 mg/kg) in aspirin-induced ulcer rats
significantly decreased total carbohydrate and protein
levels but increased the pepsin activity in the gastric
juice. The level of MDA was significantly decreased while
CAT, SOD, GSH levels were significantly elevated in
comparison with the untreated group. The extract also
had a protective effect on the gastric mucosa [38]. Virgin
avocado oil (1mL/250 g body weight) was administered
to rats for 7 days before ulcer induction with
indomethacin (100 mg/kg) and ethanol (2 mL/kg) on the

8™ day. Pre-treatment with avocado oil significantly
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prevented ulcer formation with better protection against
ulcer at a percentage inhibition of 39.2% compared to
omeprazole with 17.5% inhibition. The ulcer index was
also significantly reduced. The avocado oil ameliorated
the ulcerations in both ethanol and indomethacin ulcer
models [39]. Athaydes et al [40], investigated the effect
of hydroalcoholic extract of P.americana seeds; its
hexane and ethyl acetate fractions against H. pylori
infection. Ethyl acetate fraction of P.americana seeds had
a higher antioxidant activity with 91.80% inhibition for
DPPH and 99.22% inhibition for ABTS at 6.25 ug/mL,
93.53% for hydrogen peroxide and 71.55% inhibition for
hypochlorous acid at 25 pg/mL. The extracts were tested
against two H.pylori strains; ATCC 43629 and ATCC
43504, ethyl acetate extract showed activity with MBC of
256 pug/mL and MIC of 128 pg/mL for ATCC 43629, MBC
and MIC of 128 pg/mL for ATCC 43504. The ethyl acetate
extract had a significant number of filamentous cells for
both ATCC 43504 and ATCC 43629 with conversion of the
bacterial folding to coccoid form in the ATCC 43629
strain. In indomethacin-induced gastric ulcer in rats, co-
administration of fresh P.americana (1.5 and 3 mL) and
Actinidia deliciosa (kiwi) (1.5 and 3 mL) juice for 3 weeks
significantly reduced the ulcer index, MDA level and
significantly elevated the pH, NO, GSH compared to
untreated group. Kiwi juice at high doses 3 mLand 1.5 mL

of avocado juice prevented ulcer formation [41].

Acanthus montanus (Nees) T. Anderson: Acanthus
montanus also referred to as alligator plant or bear’s
breech, is used in treating gastrointestinal and
inflammatory diseases, body pains, cough [42]. The anti-
ulcer effect of the crude extract and fractions (n-butanol,
n-hexane, ethyl acetate, water) of A. montanus was
evaluated in indomethacin-induced ulcer in mice. The

mice received 200 and 400 mg/kg of the crude extract
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and fractions for seven days after induction with
indomethacin (30 mg/kg). The aqueous fraction had the
highest antiulcer activity and ethyl acetate had the
lowest activity with 400 mg/kg dose being the most
effective in all the fractions. The crude extract, aqueous
and n-hexane fractions had a protective effect on the

gastric mucosa in the indomethacin-induced mice [43].

Torilis Leptophylla: Traditionally, Torilis leptophylla is
used in the prevention and cure of gastrointestinal
disorders. Alakoids, glycosides, terpenoids present in this
plant have been discovered to possess anti-inflammatory
and antioxidant activities [44]. Torilis leptophylla also has
antibacterial, anti-inflammatory, and neuroprotective
potentials [44-45]. The anti-ulcer effect of Torilis
leptophylla (100, 200, 300 mg/kg) was investigated in
indomethacin-induced mice. The mice were induced with
ulcer 6 hours prior to administration with the extract
which was administered orally for 3 days. All the Torilis
leptophylla extract treated groups had significant
decrease in gastric juice volume, ulcer index, number of
lesions and ulcer percentage with a significant increase in
pH in comparison with the untreated group.
Histopathological assessment showed improved integrity
of gastric tissue in the groups administered with Torilis
leptophylla compared with the untreated group which
had erosions, vasocongestion, inflammation in the gastric

tissues [46].

Nymphaea Ilotus Linn and Nymphaea Alba Linn:
Nymphaea lotus, also referred to as water lily, is utilized
in treating nervous disorders, diabetes and the leaves
have antioxidant properties [47]. The gastro-protective
potential of the methanol extract of N. lotus leaves was
investigated in ethanol, hypothermic stress, and
indomethacin-induced ulcer rats. The rats were pre-

treated with 200, 400, 600 mg/kg extract for 14 days
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before ulcer induction. The anti-ulcer potential of the
methanol extract was similar to the standard drug
(omeprazole). The rats pre-treated with all the methanol
extract doses had significantly decreased gastric ulcer
indices and lesions in all gastric ulcer models. The
epithelial mucosa was moderately disintegrated in rats
administered 200 mg/kg of methanol extract; minor
hemorrhages were observed in 400 mg/kg treated rats
with no gastric lesions in the 600 mg/kg treated rats [48].

Nymphaea alba L. has anti-inflammatory, anti-
proliferative, antioxidant properties. Ethanol extract of
Nymphaea alba L. flower (200, 400 mg/kg) in ethanol and
pylorus ligation-induced ulcer rats showed a gastric
protection index of 74% and 82% respectively (pylorus
ligation) and 54% and 67% respectively (ethanol-
induced). In both ulcer models, 400 mg/kg treated rats
had a significant increase in pH of gastric juice and
reduced volume of gastric juice. The 400 and 200 mg/kg
treated groups exhibited a significant reduction in the

ulcer index when compared to the untreated groups [49].

Morus alba L.: Morus alba L. is also referred to as white
mulberry. The leaves possess anti-inflammatory,
antioxidant, and antibacterial qualities while the fruit
may have neuroprotective, anti-obesity,
immunomodulatory, antioxidant and antitumor activities
[50-51]. Garg et al. [51] investigated the effect of Morus
alba L. extract (500 mg/kg) and Morus alba L. (500 mg/kg)
extract-loaded chitosan microsphere in ethanol-induced
ulcer rats. There was a significant decrease in the gastric
volume, total acidity, gastric ulcer index while pH level
was significantly increased in comparison to the
untreated group. Rats treated with Morus alba L. extract-
loaded chitosan microsphere and Morus alba L. extract

had reduced gastric lesions and improved architecture of

the gastric mucosa cells.
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Magnolis Officinalis: Magnolis officinalis possesses
antioxidant, anti-microbial, anti-tumor, anti-
inflammatory, neuroprotective and cardioprotective
potentials [52]. Pretreatment of pylorus litigation-
induced gastric ulcer mice with water extract of Magnolis
officinalis (100 mg/kg) for 28 days ameliorated damage
to gastric mucosa. In the extract-treated mice, there was
a significant reduction in the gastric juice secretion, TNF-
a, IL-6 levels, and ulcer index; increased gastric juice pH
and CB2 gene expression (involved in reducing
inflammatory responses) in comparison to the untreated
group [53]. Lee et al [54], determined the in vivo and in
vitro anti-helicobacter pylori activity of the bark of
Magnolis officinalis. In the in vitro investigation, bark
extract of Magnolis officinalis (100 pg/ml) had an
inhibitory effect against the H.pylori growth with an
inhibition zone of 20.9mm, 100, 50, 25 and 12.5 pg/ml of
the extract had significant anti-adhesion activity against
H.pylori by 90.2%, 60.5%, 45.7% and 27.5% respectively
and also significantly reduced IL-8 level in the gastric
epithelial cells. In the in vivo investigation, C57BL/6
H.pylori-infected mice were treated with 50 and 25
mg/kg bark extract of Magnolis officinalis for 4 weeks and
significant reduction in H.pylori colonization, mucosal
inflammation and damage to the gastric epithelial layers
were observed. The gastroprotective effect of ethanol
extract from magnolia officinalis bark (30, 60 and 120
mg/kg) in ethanol-induced ulcer rats was investigated
and the group administered 120 mg/kg of the extract had
total gastric mucosa and epithelial tissue recovery
without any bleeding spots suggesting that the activity of
the extract might be dose-dependent. All the doses of the
extract reduced MDA level, increased GSH-Px and SOD
activities and inhibited the activation of NF-kB signal
transduction, with the high dose (120 mg/kg) having a

more significant effect on oxidative stress markers
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Pretreatment with 120 and 60 mg/kg significantly
reduced the PGE2 level in the gastric mucosa. IL-1B, IL-6,
TNF-a levels were also decreased in the extract-treated

groups compared to the untreated group [55].

Triticum aestivum L. (Poaceae): Triticum aestivum L.
(wheat) is a nutrient-filled grain that has been discovered
to protect against cardiovascular diseases, metabolic
dysfunctions, and cancer [56]. Triticum aestivum
aqueous extract (200, 100, 50 mg/kg) was administered
to acetic acid and indomethacin-induced ulcer rats for 2
weeks, it was discovered the animals administered the
extract had a dose-dependent reduction in ulcer score.
The group which received 200 mg/kg extract had intact
gastric epithelium with mild infiltration of inflammatory
cells while those which received 100 and 50 mg/kg
extract had mild erosion of gastric epithelium with mild
infiltration of inflammatory cells compared with the
untreated group. All doses of the Triticum aestivum
extract significantly increased CAT and NO levels and
reduced MDA levels [57]. The gastroprotective activity of
400 and 200 mg/kg Triticum aestivum extract was
investigated by Oomen et al. [58] in ethanol-induced
gastric ulcers in rats. There was a significant reduction in
MDA levels and gastric ulcer index, while TAC, CAT and
GSH levels were significantly elevated in the groups
administered the extract (pre-treatment and post-
treatment) compared with the untreated group. Low
mucosal damage and reduced ulcer development were

also observed in the extract-treated group.

Combretum paniculatum Vent. (Combretaceae):
Combretum paniculatum Vent. also known as burning
bush or fire vine is known to possess cytotoxic effects on
breast cancer cells, antimicrobial, and antidiarrheal
activities [59-60]. Methanol extract and other fractions

(ethyl acetate, butanol, n-hexane) of C. paniculatum (100
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and 200 mg/kg) were administered to ethanol-induced
ulcer rats. The extract and fractions had significant
percentage protection and reduced ulcer index with the
hexane fraction having the highest protection (80%) and
most reduced ulcer index at 200 mg/kg. The fractions and
extract significantly reduced gastric MDA levels except
for the 200 mg/kg of hexane fraction which had a non-
significant reduction. The fractions and extract
significantly increased SOD levels except for 100 mg/kg of
butanol and ethyl acetate fractions (100 and 200 mg/kg);
significantly increased CAT levels except for 100 mg/kg of
hexane and butanol fractions. Reduced glutathione level
was significantly increased only in the methanol extract
of C. paniculatum. The gastric mucosa of the fractions
and extract-treated rats had moderate hemorrhage,
normal thickness and non-congestion compared with the
untreated group. The C. paniculatum fractions and
extract-treated groups also had few areas of minimal
necrosis and reduced bleeding of the gastric mucosa
compared with the untreated group which had large
ulcers, bleeding, infiltration of inflammatory cells, and
extensive necrosis [61]. Builders et al. [62], evaluated the
anti-ulcer potentials of methanol extract of C
paniculatum leaf (200, 400 and 800 mg/kg) in pylorus-
ligation induced ulcer in rats. The extract significantly
reduced the ulcer index and inhibited the percentage
ulcer in a dose-dependent manner. There was a
significant decrease in gastric volume and significant
increase in gastric pH in rats administered 400 and 800
mg/kg of C. paniculatum compared with the untreated
group. A normal stomach histology and morphology was
observed in the group treated with 800 mg/kg C.

paniculatum.

Capparis spinosa L. (Capparaceae): Capparis spinosa,
also known as wild watermelon, has been discovered to

possess anti-hypertensive, anti-microbial, anti-diabetic,
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anti-inflammatory, anti-hepatotoxic, antioxidant
potentials [63-66]. Al-Zubaidy & Khalil [67], evaluated the
gastroprotective effect of C. spinosa in indomethacin-
induced gastric ulcer in rats. C. spinosa significantly
reduced tissue gastrin, TNF-a level in the gastric mucosa
and IL-1B expression with a significant increase in PGE2
level in the gastric mucosa in comparison to the
untreated group. C. spinosa also significantly reduced

epithelial erosion.

Basella Alba L. (Basellaceae): Basella Alba L., also known
as Malabar spinach, contains triterpene, betacyanins,
carotenoids, and vitamins and it has been discovered to
possess anti-inflammatory, antioxidant, antibacterial,
nephroprotective, and CNS depressant activities [68].
The anti-ulcer effect of 100, 200, and 400 mg/kg ethanol
extract of Basella alba was investigated in aspirin and
pyloric ligation-induced ulcer in rats. The extract had a
dose-dependent gastroprotective effect. There was a
significant decrease in gastric volume, ulcer index and
acidity while gastric pH and percentage protection were
significantly increased with the 400 mg/kg dose
exhibiting the highest effect in both the aspirin and

pyloric ligation-induced ulcer models [69].

Glycyrrhiza glabra L.: Glycyrrhiza glabra is also known as
sweet wood, licorice and it contains flavonoids, saponins,
tannins, and phytosterols [70]. G. glabra has been
reported to have antioxidant, anti-inflammatory,
neuroprotective, anticancer, antimutagenic,
hepatoprotective, and antimicrobial activities [71-75].
The effect of 100 mg/kg (low dose) and 200 mg/kg (high
dose) aqueous licorice extract on stress-induced gastric
ulcer in rats was investigated and a dose-dependent
effect was observed with the high dose showing an
almost normal gastric mucosa. The licorice-treated group

had a lower ulcer index and reduced inflammation

compared to the untreated group [76]. Pre-
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administration of turmeric rhizome and licorice aqueous
extract (200 and 500 mg/kg) in ethanol-induced gastric
ulcer increased the pH of gastric juice, significantly
decreased COX-2, Bax level, ulcer areas, and number of
gastric lesions compared to the ulcer-untreated group
with 500 mg/kg exhibiting the highest effect. The 200 and
500 mg/kg extract had a protective index of 68% and
82%, respectively [77].

Zingiber officinale: This is commonly referred to as
ginger and it contains bioactive compounds including
steroids,  phenolics  (gingerol),  phenylalkanoids,
sulfonates, alkaloids, and xanthones (78). It possesses
neuroprotective, cardioprotective, hepatoprotective,
anti-cancer, hypolipidemic, and antidiabetic activities
[79-83]. Airaodion et al. [84], investigated the antiulcer
effect of aqueous extract of zingiber officinale in
indomethacin-induced ulcer in albino rats for 7 and 14
days. The ulcer index was significantly reduced (29.67
and 28.28) and % ulcer inhibition were significantly
increased (57.51% and 59.90%) in the 7 and 14 day
groups respectively compared to the untreated group.
Steamed golden ginger extract (10, 30, 100, 300 mg/kg)
was orally administered to ethanol/HCL-induced ulcer
rats and this resulted in a significant decrease in gastric
ulcer lesions in the 100 and 300 mg/kg ginger treated
group. Treatment with 100 mg/kg ginger extract
significantly reduced acute gastric ulcer formation and
restored nitric oxide. There was a significant increase in
GSH, CAT, and SOD levels and reduced MDA,
myeloperoxidase, NF-kB, IL-1B, and TNF-a levels in the

100 mg/kg ginger-treated group [85].

CONCLUSION
The prevalence of peptic ulcer disease in the global
population is 5-10% and the risk factors are H. pylori

infection, NSAIDs, alcohol and tobacco consumption.
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Medicinal plants have been proven to be potent and
effective in preventing and treating various diseases
including peptic ulcer. This review therefore enumerated
the mechanisms of action of some medicinal plants which
include increased antioxidant activities, gastric pH,
reduced gastric index and total acidity, minimal necrosis,
and improved gastric morphology. However, more
studies should be carried out to determine the active
compounds in these plants. Human clinical trials are also
needed to validate the safety and efficacy of these
medicinal plants since most of the studies enumerated in

this review are animal-based studies.

Abbreviations: TNF a: Tumor necrosis factor-a, IL-6:
Interleukin-6 IL-1B: : Interleukin-1 beta, LDL: Low density
lipoprotein, GSH: Glutathione, CAT: Catalase, TC- Total
cholesterol, PPI: proton pump inhibitors, PUD: Peptic
ulcer disease, MDA: Malondialdehyde, SOD: Superoxide
dismutase, AST: Alanine Aminotransferase, ALT;
Aspartate Transferase, COX-2: Cyclooxygenase-2, NO:

Nitric oxide, TAC: Total antioxidant capacity.
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