
Heliyon 7 (2021) e08465
Contents lists available at ScienceDirect

Heliyon

journal homepage: www.cell.com/heliyon
Review article
A review on anti-peptic ulcer activities of medicinal plants used in the
formulation of Enterica, Dyspepsia and NPK 500 capsules

Doris Kumadoh a,e,*, Mary-Ann Archer a, Genevieve N. Yeboah a, Michael O. Kyene a,
Mavis Boakye-Yiadom b, Ofosua Adi-Dako c, Christina Osei-Asare d, Emmanuel Adase e,
Alfred A. Appiah f, Susana O. Mintah g

a Department of Pharmaceutics, Centre for Plant Medicine Research, Mampong-Akuapem, Ghana
b Department of Clinical Research, Centre for Plant Medicine Research, Mampong-Akuapem, Ghana
c Department of Pharmaceutics and Microbiology, School of Pharmacy, University of Ghana, Legon, Accra, Ghana
d Department of Pharmaceutics and Microbiology, Central University College, Accra, Ghana
e Department of Production, Centre for Plant Medicine Research, Mampong-Akuapem, Ghana
f Department of Phytochemistry, Centre for Plant Medicine Research, Mampong-Akuapem, Ghana
g Department of Microbiology, Centre for Plant Medicine Research, Mampong-Akuapem, Ghana
A R T I C L E I N F O

Keywords:
Peptic ulcer disease
Herbal products
Anti-ulcer activity
Helicobacter pylori
Enterica
Dyspepsia
Natural Pain killer 500 capsules
* Corresponding author.
E-mail address: selasie100@yahoo.com (D. Kum

https://doi.org/10.1016/j.heliyon.2021.e08465
Received 9 July 2021; Received in revised form 10
2405-8440/© 2021 The Author(s). Published by Els
nc-nd/4.0/).
A B S T R A C T

Peptic ulcer disease affects many people globally. With the increasing resistance to some orthodox antibiotics such
as Clarithromycin and Metronidazole, it is important that new acceptable, safer and effective therapies are
developed to manage this disease. Various herbal medicines have been used traditionally for the remedy of peptic
ulcer disease (PUD), however scientific information with regards to their anti-peptic ulcer both in-vivo and in-
vitro as well as clinical studies supporting their use is still inadequate. The Centre for Plant Medicine
Research, (CPMR) Mampong-Akuapem, Ghana manufactures three herbal Products namely Enterica, Dyspepsia and
NPK 500 capsules which are currently used for the remedy of PUD as a triple therapy at its out-patient clinic with
promising effects. The aim of this review is to gather information from literature on the anti-ulcer properties,
pharmacological, phytochemical constituents and related activities of herbal plants used at the CPMR for
formulation of the triple herbal therapy. This review may, provide some scientific bases for the use of Enterica,
Dyspepsia and NPK 500 capsules in the management of Peptic ulcer at the CPMR out-patient clinic.
Methods: Organization for the review involved the on and/or offline search for information from available
literature using electronic data and scientific research information resources such as PubMed, Science Direct and
Google scholar.
Results: In this review, fifteen ethno-medicinal plants used for the formulation of Enterica, Dyspepsia and NPK
capsules have been discussed, presenting the description of the plants, composition and pharmacological activity.
Interpretation: Tables with the summary of reviewed medicinal plants with their anti-ulcer models and inference
on possible mechanisms of action were drawn up. The mechanism(s) of action of individual plants and products
(Enterica, Dyspepsia and NPK 500 capsules) must be further investigated and established experimentally in-vitro in
addition to in-vivo pharmacological and clinical activity studies to confirm their use in the remedy of PUD.
1. Introduction

Peptic ulcer disease (PUD) comprises of esophageal, duodenal and
gastric ulcers. The most frequently occurring symptom of PUD is
epigastric pain. This pain may occur with dyspepsia, bloating, nausea
and/or early satiety. The causes of PUD are mainly two, the first being
chronic infection with Helicobacter pylori and the second involves abuse
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of Non-Steroidal Anti-Inflammatory Drugs popularly known as NSAIDs
[1]. Therapy is normally focused on the elimination of H. pylori from the
gut of an infected patient. A standard orthodox triple therapy is normally
indicated as first-line therapy which involves combination of Proton
Pump Inhibitor, Amoxicillin and Clarithromycin; Omeprazole, Clari-
thromycin and Amoxicillin; Pantoprazole, Clarithromycin and Amoxi-
cillin among others [2]. Increasing antibiotic resistance of certain
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H. pylori strains particularly to Clarithromycin and Metronidazole is
causing a decrease in the efficacy of this combination therapy [3, 4].

Many herbal medicines have been used globally for the treatment of
PUD. An assessment by Ardalani and his colleagues identified about 279
plants from 89 families that may be used in the treatment of PUD. In
addition, Boakye-Yiadom et al. [5] has currently reported 13 plants
belonging to 10 different families for the treatment of PUD in Ghana. The
relative safety and availability of herbal materials and medicines in
addition to cost in comparison to most orthodox drugs give rise to their
potential for use in conditions such as PUD [6]. Results from some
toxicological studies conducted on some herbal materials have also hel-
ped to increase confidence in the use of herbal products [7].

The Centre for Plant Medicine Research (CPMR), Mampong-
Akuapem, Ghana established in the year 1975, has a vision of ‘Making
Herbal medicine a natural choice for all’. CPMR currently produces about
33 herbal medicines which are used in the therapeutic remedy of some
diseases at its clinic. The CPMR clinic currently uses a triple herbal
therapy to manage gastro-oesophageal disease including peptic –ulcer
(PUD) Boakye- Yiadom et al. [5]. The three products are branded as
Enterica, Dyspepsia which are decoctions and Natural Pain Killer (NPK)
500 capsules. A combination of different medicinal plant materials is used
in the production of Enterica and these consists of Spondias mombin,
Momordica charantia, Persea americana, Paullinia pinnata, Psidium guajava,
Cnestis ferruguinea, Vernonia amygdalina, Trema orientalis Latana carmara,
Morinda lucida, Citrus aurantifolia and Bidens Pilosa. Though Enterica is
indicated for the treatment of typhoid fever [8], the product has shown
great potential in the management of PUD at the CPMR clinic with its
anti-ulcer effects probably linked to its antibiotic nature and the likely
eradication of H. pylori. Though specific anti-H. pylori activity has not
been conducted on the product, in-vitro antimicrobial activity has been
reported against Escherichia coli, Staphylococcus aureus, Staphylococcus
saprophyticus, Neisseria gonorrhea, Candida albicans and some strains of
Salmonella [9]. Dyspepsia is a product of the plants Maytenus senegalensis,
Carapa procera, Trichilia monadelpha and Spathodia campunalata.
Dyspepsia is indicated for the remedy of heartburn and nausea which are
signs normally related to PUD [10]. NPK 500 capsules contain Cassia
siebieriana and is indicated for the remedy of pains occurring from
menstruation and stomach ulcer. The product is stable with its shelf-life
being determined to be 32.91 months in a previous study conducted by
Kumadoh and colleagues [11].

Several in-vivo models for the investigation of the anti-peptic ulcer
activity of potential products like herbal medicines have been detailed in
a paper by Adinortey and colleagues and these include gastric ulcers
induced using; histamine, ethanol, water-immersion stress, serotonin,
NSAIDs- (indomethacin, aspirin, and ibuprofen), acetic acid, ferrous iron-
ascorbic acid and ischemia-reperfussion and reserpine. Other models also
include; pylorus-ligated and diethyldithiocarbamate- (DDC)-induced
peptic ulcers, methylene blue-induced ulcers, cysteamine and
indomethacin-histamine-induced duodenal ulcers and acetic acid-
H. pylori-induced ulcers [12]. The aim of this article is to put together
supporting literature for the use of the products Enterica, Dyspepsia and
NPK 500 capsules in the management of PUD by reviewing their
anti-peptic ulcer and related investigations conducted on the various
plant materials used in their preparations.

2. Methodology

The organization for this review involved the on line/off line offline
search for information from available literature using electronic data and
scientific research information resources include: PubMed, Scopus, Sci-
entific Information Database, Springer Link and African Journals on Line,
in addition to Google Scholar. Institutional reports, student theses,
educational newspaper articles, monographs on medicinal plants, infor-
mation from labels of products, and reports of the Centre for Plant
Medicine Research, Mampong-Akuapem, Ghana, were also consulted.
Peptic ulcer disease, herbal products, anti-ulcer activity, Helicobacter
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pylori, Enterica, Dyspepsia, Natural Pain killer 500 capsules, Active and
isolated compounds, phytochemical constituents, pharmacological ac-
tivity and folkloric uses of the medicinal plants were the keywords used
in the web search engines. Nevertheless, other phrases reflecting subjects
of interest were also used. Throughout the search process, the keywords
were used interchangeably including synonyms, different terminologies
and related terms. Boolean operators such as "AND", "OR", "-", "NOT" and
"þ" were used to combine and exclude terms when searching within
Google and Google Scholar. Wildcard operators, such as (*), (?), (~) and
(!) were used when searching the databases. Examples of medicinal
plants explored include: Spondias mombin, Momordica charantia, Persea
americana, Paullinia pinnata, Psidium guajava, Cnestis ferruguinea, Vernonia
amygdalina, Trema orientalis Latana carmara, Morinda lucida, Citrus aur-
antifolia and Bidens Pilosa, Maytenus senegalensis, Carapa procera, Trichilia
monadelpha and Spathodia campunalata and Cassia siebieriana. The search
was conducted over an eight-month period and included references
published from 1990 up until January 2021. All publications resulting
from these searches were screened. Also, both in vitro and in vivo models
for testing anti-peptic ulcer activity of the medicinal plants were
included. Investigations conducted on related pharmacological activity
which did not fall into the category of the suggested in-vivo or in-vitro
models above were also included. All documents that met the inclusion
criteria of the review paper were recovered and assessed by the authors.
While the peptic ulcer activities of medicinal plants used in the formu-
lation of Enterica, Dyspepsia, and NPK 500 capsuleswere the main focus of
the review, studies which supported use of the medicinal plants apart
from Africa were also included.

3. Results

3.1. Anti- peptic ulcer and related activity of medicinal plants used in the
formulation of the three products

Search from available literature reveals no research on the in-vivo
anti-peptic ulcer activity of the products Enterica (FDA Reg. No: FDA/
HD.07-7097), Dyspepsia (FDA Reg. No:/HD1. 20-2085) and NPK capsules
(FDA Reg. No: FDA/HD1.16-1011) as a whole has been conducted.
However, these three products have been approved and registered by
Food and Drug Authority, Ghana. Some information on the in-vivo anti-
peptic ulcer activity and related pharmacological activities of the indi-
vidual medicinal plants used in its formulation was obtained.

3.2. Morinda lucida (L.) Benth

Morinda lucida, also known as Brimstone tree, is found in the tropical
West African rain forest and belongs to the family Rubiaceae. At matu-
rity, Morinda lucida is a medium sized tree [13, 14]. A distinctive char-
acter that distinguishes Morinda lucida from other plants of the same
genus is its relatively small floral as well as fruiting heads present on long
thin peduncles [15]. The leaves, stem bark and roots of the plant are used
for the management of diseases such as diabetes, hypertension, leprosy
and ulcers in folkloric medicine [16]. Phytochemical constituents
discovered from the leaves of M. lucida include tannins, saponins, fla-
vonoids, alkaloids, anthraquinones [17, 18] and triterpenes. Isolated
compounds found in M. lucida include molucidin, a tetracyclic iridoid,
rubiadin, purpuroxanthin, lucidin, nordamnacanthal and soranjidol,
which are all anthraquinones [19]. Pharmacological activities observed
from investigations of the plant include; antihypertensive, analgesic and
sedative activities [19]. Morinda lucida is valued in the treatment of ul-
cers [20]. Christophe and his colleagues [15] evaluated aqueous extract
ofM. lucida leaves on indomethacin and acetic acid induced gastric ulcers
at quantities of 100, 200 and 400 mg/kg body weight. The result showed
marked reduction in the ulcer index. The authors suggest an increase in
prostaglandins which play a role as a cytoprotective agent in the stomach
in addition to the stimulation of the secretion of mucus and bicarbonate
ions which preserves the gastric membrane may be responsible for the



D. Kumadoh et al. Heliyon 7 (2021) e08465
recorded activity [15]. Evaluation of the antiulcer activity of methanol
extract ofM. lucida leaves using acetylsalicylic acid induced gastric ulcer
model in rats and intestinal motility in mice has also been conducted. The
result showed that leaves extract ofM. lucida enhanced intestinal motility
and gastric emptying time in the tested animal models [21]. The op-
portunity to conduct more extensive studies using the in-vivo models not
yet tested exists particularly for the isolated compounds. These tests
could also be conducted on all parts of the plant including the stembark
and roots. This may help to ascertain and further confirm the use of the
medicinal plant in the preparation of Enterica as well help to predict the
likely mechanism(s) of action of the plant with regard to PUD treatment.

3.3. Cnestis ferruginea Vahl ex D.C.

Cnestis ferruginea is a shrub which belongs to the family Connaraceae.
It is normally found in western tropical Africa. Cnestis ferruginea normally
spreads from Senegal to West Cameroons [22]. The whole plant (leaves,
roots, stem back) is used in folkloric medicine for remedy of conditions
such as fever, gonorrhea, wounds, gum pain, dysmenorrhea,
whooping-cough, tuberculosis, headache and arthritis [22]. Phyto-
chemical constituents including alkaloids, tannins, saponins, tannins,
reducing sugars, flavonoids, cardiac glycosides, terpenes, phytosterol,
oxalate, steroid, cyanogenic glycoside and anthocyanin, have been re-
ported [22, 23]. Stigmasterol-3-O-â-Dglucopyranoside, stigmasterol,
oleanolic acid, betulinic and ursolic acid have also been isolated from the
methanolic root extract of C. ferruginea. These compounds are known to
possess some level of anti-peptic ulcer activity by the use of the various
testing models though the specific isolates from C. ferruginea have not
been tested [24, 25, 26]. In addition, isoflavone glycoside
afrormosia-7-O-beta-D-galactoside [27] has also been isolated. These
isolated compounds may be working in a synergistic manner to demon-
strate their anti-peptic ulcer activity. Pharmacological activities investi-
gated on the plant include; anti-inflammatory, antioxidant, antidiabetic
[22] antimicrobial, aphrodisiac, hepatoprotective and analgesic effects
[28]. Antiulcer activity was reported on Cnestis ferruginea root extract
using immobilization induced gastric stress models in mice and rats,
where at quantities of 300–500 mg/kg body weight, the aqueous root
extract of the plant showed significant reduction in stress induced gastric
ulcer suggesting a potential for the plant to be used as an anti-ulcer agent,
Further in-vivo anti-ulcer work is needed to be done on the various parts
of the plant such as the stem bark and leaves to confirm its usefulness or
otherwise in the treatment of PUD [29].

3.4. Momordica charantia Linn.

Momordica charantia is a flowering vine known as bitter gourd which
belongs to the family Cucurbitaceae [30, 31]M. charantia contains bitter
glycosides which are water soluble and ether insoluble, flavonoids, sa-
ponins and sterols [33]. Traditionally, the plant is used in wound healing
and the management of malignant ulcers. The fruit juice is used in the
management of infections, malaria, fevers and parasitic infections [32].
Other chemical constituents obtained from the plant include alkaloids,
charantin, momordicilin, momordenol and momordin. These compo-
nents have not been examined for anti-peptic ulcer activity though it is
known that anti-oxidants may contributive to the gastroprotective effects
of extracts of M. charantia. Pharmacological activities reported on the
plant include anticancer, antidiabetic, anti-malarial, hypocholesteromic
and immunomodulatory activities [34]. The anti-microbial activity on
E. coli, Salmonella, Shigella, streptococcus, streptobacillus, Staphylococcus,
Pseudomonas, H. pylori and E. histolytica has also been reported [34].
Gurbuz and his colleagues [35] reported the gastric cytoprotective effects
of fresh fruits extracted with olive oil, dry fruit in honey as well as the
ethanolic extract of dry fruits in animal model. Fruits of Momordica
charantia have been reported to prevent the growth of H. pylori as
described by Yesilada and his colleagues; and Sathish Kumar and col-
leagues [16, 36]. Methanolic extract obtained from the fruits of
3

M. charantia displayed effectiveness in the management of gastric,
duodenal and stress induced ulcers in animal model. It was proposed that
its antiulcer activity may be due to the enhanced secretion of mucus, and
reduction in production of acid [37]. The extract of the fruit in olive oil
also demonstrated similar curative effect in peptic ulcers [38]. In addi-
tion, ethanolic and aqueous extracts obtained from the fruits of
M. charantia used against aspirin, pylorus ligation and stress induced
ulcer in rats showed promising results [39]. Tests on the anti-ulcer ac-
tivity of leaves and other parts of the plant are scarce; this suggests that
research may be done on these parts to increase the understanding of the
inclusion of the plant material in the preparation of Enterica.

3.5. Vernonia amygdalina Del.

Vernonia amygdalina belonging to the family Asteraceae is a rapid
regenerating tropical shrub growing up to a height of 3 meters. It is also
known as bitter leaf. It is found cultivated or wild in the African tropics
[38, 39]. Several parts of V. amygdalina are employed in the remedy of
diseases such as microbial infections, gastrointestinal disturbances and
parasitic infections. Phytochemical constituents observed in the plant
include flavonoids, alkaloids, saponins, tannins, terpenoid, steroids
Cyanogenic glycosides, anthraquinones, coumarins, xanthones, sesqui-
terpenes, edotides and phenolic compounds [40, 41]. Studies by Yuso
and colleagues [42] revealed twenty–three isolated compounds from the
dichloromethane extract of V. amygdalina leaves including; neo-
phytadiene, triacontane, squalene, heptacosane and phytol which were
the five major compounds evaluated. Several compounds have been
isolated from leaves of V. amygdalina including; luteolin-7-Oglucuronide,
luteolin 7-O-glucoside, sesquiterpenes [43, 44], 4,15-dihydrovernodalin,
vernodalin, vernolide, 11,13-dihydrovernorodeline, vernomenin [45,
46] 4α-Hydroxy-n-pentadecanoic acid, 11α-Hydroxyurs-5,12-dien-
28-oic acid-3α, 25-olide, 1-Hene icosanol-O-β-D-glucopyranoside,
10-Geranilanyl-O-β-D-xyloside, 6β,10β,14β-Trimethyl heptade-
can-15α-olyl-15-O-β-D-glucopyranosyl-1,5β-olide, and one new com-
pound; Glucuronolactone [47]. Investigations on the anti-peptic ulcer
activity of these isolated compounds have not been reported. Pharma-
cological activities which have been reported on varying extracts of the
plant includes; anticancer, anti-malarial, antidiabetic, antimicrobial,
anti-inflammatory, analgesic, anti-pyretic, antioxidant, anthelmintic,
chemo and hepatoprotective and hypolipidaemic activities [41]. The
antimicrobial property may be useful in H. Pylori eradication in the
treatment of PUD [39, 48]. V. amygdalina leaves extract have shown
antacid and carminative properties as reported by Mbatchou and col-
leagues [39]. Although the methanolic and aqueous leaves extract
showed acid neutralizing and carminative characteristics, the aqueous
extract produced a higher antacid effect [39]. This characteristic of
V. amygdalina extract may be beneficial in the remedy of hyper acidity
associated with gastric and duodenal ulcers.

Adefisayo and colleagues [49] studied the methanolic leaf extract of
V. amygdalina for an improved therapeutic outcome in aspirin induced
gastric ulcer in rats. A decrease in the gastric content, pepsin activity,
malondialdehyde, free and total acidity as well as ulcer index was
observed. It is suggested that this was achieved through H2 receptor
antagonism and antioxidation [49].

3.6. Lantana camara Linn.

Lantana camara from the family Verbanaceae is also recognized as
wild/red sage. L. camara is native to tropical and sub-tropical America
and grows in temperate, tropical and sub-tropical regions [50]. L. camara
is traditionally used in the management of malaria, influenza, stomach-
ache [50] fevers, ulcers, epilepsy, chickenpox and eczemas [51, 52].
Phytochemical constituents observed in the plant include saponins [53],
tannins, flavonoids, steroids, anthocyanins [54], alkaloids [55], terpe-
noids [56], glycosides, quinones, cardiac glycosides [57] caumarins,
phlobatannins, anthraquinones and phenols [58, 59]. Pharmacological
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activities have been reported on varying extracts of the plant including;
Anti-diabetic [60], Antiprotozoan [61], anti-inflammatory [62], antiox-
idant and antimicrobial activity [59]. A study conducted by Sathish and
his colleagues [63], revealed the potential of the leaves of L. camara
against H. pylori infection. At quantities of 250 and 500 mg/kg of the
methanolic leaf extract of L. camara, a significant antiulcer and antioxi-
dant activity against gastric and duodenal ulcers was observed in Wister
albino rats. A decreased ulcer index and total acidity in addition to
markedly enhanced gastric pH was observed in aspirin, pylorus-ligation
and ethanol induced gastric ulcer models [63].

Kazmi and colleagues [63] reported that oleane-12-en-3β-ol-28-oic
acid 3β-D-glucopyranoside (OAG), a compound isolated from L. camara
showed significant gastroprotective activity. This was achieved by the
prevention of gastric acid release leading to prevention of gastric mem-
brane destruction. The added improvement in prostaglandin E2 content
also confirms the antiulcer function of OAG from L. camara [39]. Another
experiment conducted using the cold restraint stress induced ulcer-model
as reported by Thamotharan and colleagues [64] showed the methanol
extract of leaves exhibiting a dose dependent decrease in ulcer index and
significant scavenging of free radicals from the anti-oxidant activity
study.

These conducted tests have shown the potential of L. camara in the
treatment of PUD. More in-vivo and clinical studies are needed on for-
mulations made from the various parts of the plant to confirm its use as
well as predict likely mechanism of action against PUD.

3.7. Psidium guajava Linn.

Psidium guajava from the Myrtaceae family is used ethno-botanically
for the remedy of several stomach diseases including peptic ulcer [65].
Phytochemical constituents observed in the plant include; tannins, phe-
nols, triterpenes, flavonoids, saponins [66] alkaloids, glycosides [67].

Studies by Tachakittirungrod and colleagues [68] reported Isolated
compounds obtained in the methanol crude extracts of Psidium guajava
leaves included; Quercetin, morin morin-3-O-α-L-lyxopyranoside and
morin-3-O-α-L arabopyranoside and quercetin-3-O glucopyranoside [68,
69] Avicularin (quercetin-3-O-L-arabinofuranoside) and guaijaverin
(quercetin-3-O-L arabinopyranoside) [70]. Pedunculagin and (þ)-gallo-
catechin, α-pinene, β-copanene, limonene [71]. Asiatic, Guajavanoic,
Guavacoumaric, Jacoumaric, Ursolic, 2α-hydroxyursolic, Maslinic, Iso-
neriucoumaric and Guavenoic acids isolated from triterpenoids [72],
gallocatechin, and 3-sinapoylquinic acid. Quercetin and ursolic acid have
been studied and found to possess positive anti-peptic ulcer activity when
tested in various models [26, 73, 74, 75, 76].

Pharmacological activities reported on varying extracts of the plant
include; Anti-diarrheal [77, 78] anti-hypertensive, hepatoprotective,
antioxidant [79, 80] anticancer activity [81] anti-microbial [82] Anti-
bacterial [80, 83] anti-inflammatory [84, 85] antitumor activity [80].

Studies on the anti-ulcer activity of P. guajava done by Livingston and
Sundar [66] using aspirin-induced, ethanol-induced and pylorus ligation
models in Wistar rats have indicated that the plant may have potential in
PUD treatment. Treatment of rats at 100mg/kg and 200 mg/kg of extract
significantly inhibited the gastric ulcers caused by aspirin (70.5%),
ethanol (70.4%) and pylorus ligation (65.07%) with potency comparable
to omeprazole (74.1%) [66]. Another study using higher doses of the
methanol extract of the guava leaves (500 mg/kg and 1000 mg/kg) in
Wistar rats in ethanol induced model also demonstrated a significant
ulcer protective activity (64.4%) at 1000 mg/kg of extract on the stom-
ach wall when compared to the control which was less than ranitidine
(73%) [86]. An analysis of the anti-ulcer potential of the hydroethanolic
extract of guava leaves using aspirin induced model showed significant
gastroprotective activity with a maximum of 70 % curation in rats who
were given 400 mg/kg extract which was found to be higher than lan-
soprazole (40%) [87]. Furthermore, assessment of the anti-ulcerogenic
effect of aqueous extract of the guava leaves using ethanol induced
ulcer model demonstrated a dose relative reduction in stomach lesions in
4

rats treated with 500 mg/kg and 1000 mg/kg extract relative to un-
treated animals. The potency of the aqueous extract was comparable to
the standard drug, cimetidine [88]. The anti-peptic ulcer activity
demonstrated by the leaves of P. guajava may be as a result of phyto-
chemical constituents such as Saponins, flavonoids and volatile oils. No
signs of toxicity were observed in investigation of P. guajava extracts with
doses of extract up to 2 g/kg indicating the relative safety of the extracts
[65, 89]. Though all these works have helped to justify the inclusion of
the plant material in the preparation of Enterica meant for the treatment
of PUD, there is a need to also evaluate the various parts of the plant,
extracts and formulations using anti-ulcer models that have not yet been
tested.

3.8. Trema orientalis Linn.

Trema orientalis is a fast-growing perennial shrub which is widely
spread all over the world. T. orientalis belongs to the family Ulmaceae.
The stem bark, leaves and roots are used in herbal medicine for the
remedy of diarrhea, fever [90, 91], asthma, jaundice, malaria, pain,
ulcer, hypertension, diabetes mellitus among others [92, 93]. Phyto-
chemical constituents of the leaves and root include; saponins, alkaloids,
cardiac glycosides, steroids, terpenoids, tannins, coumarins, flavonoids
and phenolics [94]. The stem bark of the plant has been found to contain
isolated compounds such as trematol; scopoletin; p-hydroxybenzoic acid;
2α, 3ß-dihydroxyurs-12-en-28-oic acid and methylswertianin [95, 96].
Adesina and colleagues [97] reported compounds isolated from the root
bark and trunk of T. orientalis including; b-sitosterol; 3, 4-dihydroxyben-
zoic acid, lupeol, adian-5-en-3-one,2a,3a,23-trihydroxyurs12-en-28-oic
acid, scopoletin, 3,4-dihydroxybenzoic acid, 2a,3a,23-trihydroxyur-
s-12-en-28-oic acid, Hexacosanoic acid, 3-O-s-glucopyranosyl-s-sitosterol
and simiarenone. Plant phytosterols have been studied to possess gas-
troprotective effect with a fraction of an extract containing β sitosterol as
major component reported as showing anti-peptic ulcer activity [75, 98,
99]. Pharmacological activities reported on the plant include; antima-
larial activity [100], hypoglycemic activity, analgesic, anti-inflammatory
activities [101], anti-plasmodial activity [102], diuretic activity [103],
laxative effect [104], anti-convulsant activity [105], anti-oxidant and
anti-bacterial activity [106, 107]. Investigation of the ethanolic leaves
extract of the in Wistar rats using ethanol induced ulcer model showed a
significant gastro protective activity comparable to pantoprazole [108].
Uddin and colleagues have also demonstrated a dose relative reduction in
ulcer index when the ethanolic leaves extract of the plant at dosage
quantities of 100 mg/kg, 150 mg/kg and 200 mg/kg were compared
against pantoprazole as well as the controls [109]. Flavonoids are part of
cytoprotective materials whose antiulcerogenic efficacy has been
considerably confirmed [110, 111]. These active compounds protect the
gastro mucosa against numerous ulcerogenic agents via stimulation of
the secretion of bicarbonate and prostaglandin, increase mucus produc-
tion, scavenging of free radicals and antioxidant properties and the in-
hibition of the growth of H. pylori [108, 112]. More research on the
anti-ulcer activity of the various parts of the plant and isolates is needed
to confirm its effectiveness in PUD as well as establish reasonable dosages
for its use.

3.9. Persea americana Mill.

Persea americana from the Lauraceae family, is a native to Central
American and Mexico, and later spread to other parts of the world.
P. americana is mostly cultivated in tropics and subtropics regions and
grows up to 15–20 m tall [113]. The common name of the plant is avo-
cado. In traditional medicine, its leaves, fruits and other parts have been
recommended for anemia, gastritis, hypercholesterolemia, stomach ache,
bronchitis, diarrhea, diabetes, exhaustion, hypertension and peptic ulcers
[114]. Phytochemical constituents observed in the plant include alka-
loids [115] flavonoids [116, 117], cellulose, polyuronoids [118], sapo-
nins, β-galactoside, fatty alcohols, glycosylated abscisic acid, peptone and
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polyphenols [119, 120, 121], triterpenoids, tanins and cyanogenic
glycoside [122]. Studies by Uzor and colleagues [123] showed that the
crude extract of P. americana leaf contained bioactive compounds such as
Cyclopenol, Cytosporin, Hyperoside (quercetin-3-galactoside),
quercetin-3-O-rhamnoside isolated from flavonoids. Aqueous extract of
the leaves contained the isolated compound Naamine. Methanol extract
of the leaves contained isolated compounds such as hyperoside and
Quercetin. The ethyl acetate extract also contained isolated compounds
such as hyperin, and hyperoside. The methanol extract also contained
Hyperoside. The hexane extract contained isolated compounds such as
Cyteo-α-pyrone (Pyrones), quercetin-3-O-rhamnoside, β-Sitoster-
ol-3-O-α-pyranoside and pretrichodermamide. These compounds iso-
lated from the leaf extract of the P. americana may be potential sources
for remedies against peptic ulcer. Quercetin and quercetin-3-rhamnoside
have been reported to possess active anti-peptic ulcer active though
hyperoside showed weak activity [74, 75]. Pharmacological activities
have been reported on varying extracts of the plant including;
anti-inflammatory and analgesic [124], antiviral activity [125], antiox-
idant activity [118], anti-ulcer activity [126] and anti-hepatotoxic ac-
tivity [118]. Aqueous extract of the leaves investigated in rats by Ukwe
and Nwafor demonstrated a dose relative anti-ulcerogenic function in
ethanol and indomethacin induced lesions [126]. Investigation of the
likely medium of action of the methanolic and aqueous extracts of the
leaves of P. americana by Oluwole and colleagues reported no relevant
change in gastric acid release relative to non-treated rats. Treatment of
rats with 200 mg/kg of both extracts caused a marked prevention of
histamine-stimulated gastric acid secretion [127]. Although an attempt
has been made on leaves extracts of P. americana in the treatment of
ulcer, further studies should be conducted using the various anti-ulcer
models to further evaluate its effectiveness and efficacy in the treat-
ment of PUD.

3.10. Spondia mombin Linn.

Spondia mombin is an evergreen tree belonging to the family Ana-
cardiaceae and found in Africa and America [128]. S. mombin also known
as yellow mombin is a fruitful tree grown for its leaves, fruits and oil. In
traditional medicine, it is used to cure diseases such as haemorrhoid,
stomach ache and discomfort, diarrhea, dysentery, inflammation and
others. Phytochemical constituents include; flavonoids, glycosides, sa-
ponins, phenolics [129, 130] alkaloid, tannins, [131]. Studies by Almir
and colleagues [132] reported isolated compounds from investigation of
the ethanolic extract including gallic acid and ellagic acid which have
been found to possess antiulcer activity. Other components included
chlorogenic acids and isoquercetrin [133]. Gallic acid has gastro-
protective activity and ellagic acid is also known to have strong antiox-
idant properties. Studies also showed gallic acid to possess anti-H. pylori
activity and a likely synergistic effect with other ethanolic extract con-
situents resulting from testing using Indomethacin, ethanol and acetic
acid induced ulcer models [134, 135]. The ethyl acetate extract of the
leaves of S. mombin produced compounds such as gallic acid, coumaroyl
and quercetin [136], kaempferol, isoquercetin, rutin and anlupeol [137].
β-caryophyllene and γ-cadinene have also been isolated from volatile
compositions of fresh and dried leaves of S. mombin [138]. Corthout and
colleagues [139] evaluated the ethanolic extract of S. mombin and iso-
lated phenolic compounds such as geraniin and galloyl geraniin. Also,
methanolic extract of the stem bark of the plant showed the present of
3-hydroxy-22-epoxystigmastane and stigmasta-9- en-3, 6, 7-triol [140].
Study by Akanji [141] on n-hexane extract of S. mombin leaves revealed
the presence of compounds such as; Stigmast-4-en-3-one, Phenol 3-pen-
tadecyl, Phenol 3-methyl-, Phenol 2-methyl-, Gamma-Tocopherol,
2H-1-Benzopyran-6-ol, n-Hexadecanoic acids and Phytol [142]. The
anti-peptic ulcer activity of all these compounds when further investi-
gated may help to confirm its use in peptic ulcer disease remedies in
addition to providing basis for anti-peptic ulcer synthetic agents. The
anti-peptic ulcer activity of the aqueous leaf extract of S. mombin using
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ibuprofen, alcohol and pylorus ligation induced ulcer animal models as
well as its acute toxicity has been reported by Oluwatoyin and Deborah
[143]. Oral delivery of leaf extract of S. mombin at dosage quantities of
50, 100 and 200 mg/kg produced a non-dose dependent antiulcer ac-
tivity with 200 mg/kg producing the highest percentage protection
(90.60%) followed by 50 mg/kg which produced similar percentage
protection as misoprostol (81.30% each). Also, studies using the alcohol
induced ulcer model showed peak protection of 74.20 % which occurred
at a dose of 200 mg/kg. Percentage protection of 45.20 % and 37.10 %
were seen at doses of 100 mg/kg and 50 mg/kg respectively with the
standard drug, omeprazole showing 67.7% protection. In the pylorus
ligation-induced ulcer model, there was a dose – relative antiulcer ac-
tivity with the highest effect of 64.30 % protection at a dosage quantity of
200 mg/kg, 52.40 % protection at a dosage quantity of 100mg/kg whiles
the extract administered at 50 mg/kg produced the same percentage
protection (47.60 %) as that of standard drug (omeprazole). The aqueous
leaf extract of yellowmombin showed a marked antisecretory and gastric
cytoprotective effects in ibuprofen-, alcohol, and pylorus ligation
induced ulcer model respectively. Their study suggested the likely in-
clusion of nitric oxide synthase and non-protein sulfhydryl pathways in
the gastro protective activity of S. mombin. Oral acute toxicity test
demonstrated no mortality or toxic symptoms up to quantities of 4000
mg/kg. However, lethal dose through the intraperitoneal route was
found to be 707.107 mg/kg [143].

The anti-peptic ulcer review on Spondia mombin reveals its usefulness
in the product Enterica meant for PUD treatment. Further in-vivo and
clinical studies should be conducted on formulations made from the plant
to confirm its use in PUD management.

3.11. Citrus aurantifolia Linn.

C. aurantifolia from the family Rutaceae and domesticated from East
Asia. It is now widely distributed to most parts of the world. It is a
persistent shrub [144]. Folkloric uses of C. aurantifolia include remedy of
stomach illnesses, diarrhea, malaria and urinary tract infection [145].
Phytochemical constituents of the aqueous extract of C. aurantifolia
include; flavonoids, cardiac glycosides, steroids, alkaloids, tannins, sa-
ponins and reducing sugars [146, 147]. Studies have reported the pres-
ence of isolated compounds in C. aurantifolia including: phellopterin;
quercetin; 2,4,6-trichloroanisole; β-bisabolene; 6,7- dimethoxycoumarin;
9,10-dimethyl-1,2- benxanthracene; bergamottin; kaempferol;
camphene; isopimpinellin; o-cymene; 5-geranoxy-7-methoxy-coumarin;
citronellol; rutin; citronellol; 8-geranoxypsoralen; berfapten; terpino-
lene; monoterpenes; apigenin; b-pinene; sitosterol; furocoumarins;
nobiletin; coumarins; terpinolene; lycopene and quercetin [148, 149,
150, 151]. Some of these compounds including quercetin, rutin, sitos-
terol and kaempferol, have been studied for anti-peptic ulcer activity
with positive effects [74, 75] Pharmacological activities investigated
include; anticancer/cytotoxic activity [152], antioxidant activity [151,
153] cardiovascular activity [154] and antiobesity activity [155]. The
antibacterial activity, antifungal and antiaflatoxigenic activities [156,
157] have also been investigated. Investigation of the antibacterial po-
tential of C. aurantifolia leaves extract using H. pylori strain P12 has been
done. Determination of anti-adhesion was done using Fluo-
rescein-isothiocyanate (FITC) labelled H. pylori. The results showed that,
the extract demonstrated activity with minimum inhibition concentra-
tion of 50 mg/ml with a decrease in H. pylori bond to the mouse tissue
stomach [158]. Also, ethyl acetate extract of C. aurantifolia peels was
investigated using aspirin induced ulcer model in mice. Results from the
studies indicate C. aurantifolia peel extract at a dosage of 400mg/kg body
weight significantly reduced ulcer index. Hence, the extract has a gas-
troprotective effect. Thus, the extract has a potential remedy for man-
agement of ulcerogenic disorders [146]. The fruit and essential oil from
C. aurantifolia at 250 mg/kg, demonstrated cytoprotection of gastric
membrane in the ethanol induced ulcer model in experimental animal
[147]. Anti-ulcer and antibiotic activity of flavonoids has been reported
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[152]. However, further studies should be conducted on the various parts
of C. aurantifolia using various anti-ulcer models to evaluate their effec-
tiveness in the treatment of PUD.

3.12. Bidens pilosa L.

B. pilosa is an upright herb from the family Asteraceae which grows in
the tropics and temperate regions of West Africa. It originates from South
America and is now distributed to all parts of the world [159, 160]. In
traditional medicine, the whole plant is used for the management of
gastrointestinal disorders, ulcers, hypertension, bleeding and cardiovas-
cular diseases. Phytochemical evaluation of the extracts of B. Pilosa in-
dicates it contains Polyenes, flavonoids, phenylpropanoids, fatty acids,
and phenolics [161]. Owoyemi and colleagues [162] also detected fla-
vonoids, cardiac glycosides, saponins, tannins, alkaloids and steroids in
the aqueous extracts of the plant which could account for its
anti-ulcerative activity. Some compounds have been isolated from the
group of polyacetylenes and flavonoids from B. pilosa. For instance, 1-
phenylhepta-1,3,5-triyne which is a polyacetylene has been observed in
the root oil and aerial parts of the plant in addition to aurones and
chalcones which are flavonoids [163, 164]. Studies also revealed the
presence of terpenoids [165, 166], hydrocarbons and sterols [167, 168]
and phenylpropanoids [169, 170]. The flavonoid 2,4-dihydroxychalcone
has been reported to have gastric cytoprotective activity [171]. Chal-
cones have been suggested to have anti-ulcer activity [172]. These
compounds may contribute to the overall anti-peptic ulcer activities of
the plant [162]. Other Pharmacological activity of the plant reported
include; antimalarial [173], anticancer, anti-inflammatory [160, 174],
antioxidant [159], anti-diabetic [175, 176] and anti-influenza activity
[177].

Investigation of anti-ulcer activity of ethanolic leaves extract of
B. pilosa in indomethacin and pylorus-ligated animal model has indicated
a significant reduction in gastric lesions, gastric juice volume, acid
secretion, as well as pepsin secretion in pylorus-ligated rats leading to an
increased cytoprotective activity. The function may be due to the pres-
ence of flavonoids, of which quercetin has been identified by high per-
formance liquid chromatography [178]. In a similar study by Alvarez and
colleagues [179] in pylorus-ligated rats, the ethanolic leaves extract
dose-dependently caused a reduction in gastric juice volume, pepsin and
acid secretion. Ethanol and indomethacin induced gastric lesions were
significantly inhibited ethanol at a dose of 2 g/kg being more potent
relative to sucralfate (400 mg/kg). Tan and colleagues [180] also
screened the methanol, cyclohexane and methylene chloride extracts of
the plant for their anti-ulcer activity. The methylene chloride extract was
observed to have the highest activity [180]. In vivo tests of toxicity
(acute) indicated the aqueous leaves extract to be relatively non-toxic
(LD50 ¼ 12.30 g/kg) [181]. The conducted works supports the use of
the plant in formulations meant for PUD treatment. However, more
studies using models that have not yet been tested will help to fully
understand its usefulness in PUD management.

3.13. Carapa procera D.C.

C. procera is an evergreen tree plant from the Meliaceae family. It is
the commonest species cultivated in West Africa. It grows up to
approximately 25–35m tall. C. pocera is prominent for its therapeutic and
economic benefits. The folk medicinal uses of the plant include; man-
agement of gastrointestinal disorders, paralysis, epilepsy, external anti-
inflammation, anthelmintic, treatment of fever [182, 183]. Phytochem-
ical constituents of the ethanolic extract of the stem bark of C. procera
include; alkaloids, saponins, flavonoids, coumarins, tannins [184], as-
tringents, anthocyanins, phenolic acid [185], glycosides, triterpenoids
[186] reducing sugars, steroids [187]. Flavonoids have been extensively
studied for its anti–peptic ulcer activities [188]. Studies by Adj�e and
colleagues [185] revealed the presence of some isolated compounds in
the aqueous leaf extract of C. procera including; 2 anthocyanins (cyanidin
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3-O-glucoside and cyanidin 3-O-rutinoside), 5 phenolic acids (proto-
catechuic, the three ca eoylquinic isomers, and coumaroylquinic acid),
and 5 flavonols (quercetin 3-O-rutinoside, quercetin 3-O-galactoside,
quercetin 3-O-glucoside, quercetin aglycone, and kaempferol 3-O-rutino-
side). The anti-peptic ulcer activity of some of these flavanols have been
investigated with positive results [74, 75]. Pharmacological activities
obtained from investigation of the leaf extract of the plant include;
antibacterial, antioxidant, anti-inflammatory [189], anti-carcinogenic,
antibacterial [187], antiplasmodial activity [190]. Literature survey
showed that this plant has not been evaluated for anti-ulcerative prop-
erties or anti – H. pyloric activity. Ngbolua and colleagues [191] evalu-
ated the radical scavenging activities of the methanolic extracts from
C. procera stem bark using DPPH assay with promising results (ED50 ¼
1.698 � 0.079 μg/mL). The anti-ulcer effect of this plant can be attrib-
uted to its anti-oxidant mechanism of action [192]. The opportunity to
conduct extensive anti-PUD studies using in-vivo anti-ulcer models exists.
This will help to confirm the usefulness of the plant in the preparation of
Dyspepsia as well help to predict the likely mechanism(s) of action of the
plant with regard to PUD treatment.

3.14. Maytenus senegalensis (Lam.)

Maytenus senegalensis from the Celastraceae family is a perennial shrub
commonly found inAfrica.M. senegalensis growsnormally up to 7–9m tall.
Studies have showed that M. senegalensis has several folk medicinal uses
including; helminths infection, cough, asthma, diarrhea [193, 194], ma-
laria, inflammatory diseases, healing of chronic wounds, rheumatism,
snakebites and dyspepsia [195, 196]. Phytochemical constituents present
inM. senegalensis includes; alkaloids [197], flavonoids [198], triterpenes,
saponins, phenol, tannins and glycosides [199, 200]. Jigam and col-
leagues [201] investigated leaf extract of Maytenus senegalensis and re-
ported bioactive compounds such as 3,5,7-tetraen-carboxylic
acid-methylester, 3-hydroxy-20-lupen-28-ol, 20α)-3-hydroxy-2-ox-
o-24-nor-friedela-1, phytol and 2(4H)-Benzofuranone, 5,6,7,7a-tetrahy-
dro. The isolated compounds from the leaf extract ofMaytenus senegalensis
may exhibit promising antiulcer activity and other pharmacological
properties. Maytenus senegalensis chloroform root extract has been inves-
tigated by Khalid and colleagues [202]. The results from their studies
showed the presences of isolated compounds including; (20α)-3-hydrox-
y-2-oxo-24-nor-friedela-1, 3,5,7-tetraen-carboxylicacid-methylester
(pristimerin). Several studies have reported the chemical compounds
isolated from the phytochemical constituents (phenolic compounds, tri-
terpenes and alkaloids) includes; epicatechin (4β→8) epicatechin,
(�)-epicatechin (4β→8) (�)-40-methylepigallocatechin, (�)-40-methylepi
gallocatechin, 5-O-β- Glucopyranoside, phloroglucinol 1-O-β-Dglucopy
ranoside [203], 3-O-acetyloleanol acids, pristimerin, β-sitosterol [204,
205], β-sitosterol xyloside [205], triacontano, norephedrine and ephed-
rine [204]. Some of the bioactive compounds isolated fromM. senegalensis
such as epicatechin and the phytosterols contain many contribute to the
beneficial anti-ulcer activity [74, 75, 206]. Pharmacological activities
obtained from investigation of the plant include; anti-inflammatory and
antioxidant properties [201, 207] antiplasmodial and analgesic activity
[207]. The antimicrobial activity has also been evaluated [208, 209].

Evaluation of the peptic ulcer activity using the ethanol induced
model was investigated by Haule and colleagues [195] with a polyherbal
extract including M. senegalensis in animal model. The level of gastric
mucosal lesions was decreased comparable to pantoprazole. The mech-
anism of reducing ulceration could be due to increase in gastric mucus
secretion and stabilization of the mucosal lining in addition to reduction
of acid distribution, gastric mucosal absorption [195]. However, some
species ofMaytenus such asMaytenus ilicifolia, Maytenus robusta, Maytenus
obtusifolia, Maytenus aquifolium and Maytenus truncate [210, 211] in
literature have anti-ulcer activity. The result of Haule and colleagues
[195] is similar to the hydro-alcoholic extract of Maytenus robusta
reducing ulceration at doses of 500mg/kg body weight comparable to 30
mg/kg body weight omeprazole at almost same levels of gastro
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protection. Toxicity studies in animal model indicated the aqueous oral
extract was relatively safe [212]. This review has shown the opportunity
for more anti-ulcer activity work to be conducted on M. senegalensis to
justify its inclusion in the preparation of Dyspepsia for treatment of PUD.

3.15. Trichilia monadelpha (Thonn.) JJ De Wilde

Trichilia monadelpha is a deciduous plant from Central Africa and
subsequently spreading to other parts of the world. T. Monadelpha is from
the family, Meliaceae. The local names in Ghana are Otanduro in (Twi)
and Tenuba in (Nzema). It can be found in river banks, deciduous and
evergreen semi-deciduous forest and grows up to 12–20m tall. In tradi-
tional medicine the plant is used for managing diseases such as epilepsy,
inflammation, healing of chronic wounds, diabetics, pains, cough,
gonorrhea, syphilis [213, 214]. Phytochemicals present in the stem bark
of T. monadelpha include; alkaloids [215], flavonoids [216], glycosides,
saponins, sterols, tannins, terpenoids [217], anthraquinones and
reducing sugars [218]. A study by Nangmoa and colleagues of the root
and leaf extracts of T. monadelpha revealed the presence of some com-
pounds including; scopoletin, stigmasterol, protocatechuic acid, β-sisto-
terol coixol and ellagic acid. Sisquiterpenes; trichins A and B and
limonoid derivatives; monadelphins A and B were newly discovered
[110]. β-Caryophyllene was isolated as a major component of the
essential oil obtained from the leaves which subsequently investigated
for antimicrobial properties and showed moderate inhibition against the
tested microorganisms. No activity against H. pylori has been reported. A
lower antioxidant activity of the essential oil was recorded relative to
that of ascorbic acid and BHA. However, a relatively higher antioxidant
activity was reported compared with tocopherol [219]. Isolated com-
pounds such as stigmasterol and ellagic have been studied to possess
anti-peptic ulcer activity [74, 75]. Pharmacological activities observed
from investigation of the plant include; antioxidant activity [218],
antiplas-modial activities [220] anti-inflammatory [219], antimicrobial
and anti-cancer activities [221, 222]. A study by Avande [223] aimed at
investigating the effectiveness of T. monadelpha stem bark extracts on
surface ulcers, ulcerative colitis and the degree to which it could remove
colonic microflora in animal model has been conducted. In the
indomethacin-induced ulcerative colitis, colons of animals treated with
the ethanolic extract of the stem bark at doses of 100 mg/kg and 300
mg/kg showed a decrease in ulceration of the colon whilst there was
persistent mucosal ulceration in the disease control group. A significant
restoration of the mucosal strength was observed when aqueous stem
bark extract of 100 mg/kg and 300 mg/kg dose treated groups was used
and compared to the ulcerated and edematous mucosae of 30 mg/kg
treated group. This shows an increasing response to treatment in a dose
dependent manner. Similar dose dependent activity was also seen on
colonic microflora in colitis rats. T. monadelpha was found to be detri-
mental to colonic microflora [223]. This review has been undertaken to
ascertain the anti-ulcer activities and various anti-peptic ulcer models
works done on the plant. The need for more research into anti-peptic
ulcer activity using the different anti-ulcer models still exists.

3.16. Cassia siebieriana D. C.

Cassia sieberiana is an erected shrub from the Fabaceae family and
generally distributed in the savanna zones of South and West Africa. It
arrays from 10-20 m in height [224, 225]. C. sieberiana is extensively
used in traditional medicine for the remedy of dysmenorrhea, gastric
ulcer, pains, fever [226], diabetes mellitus, gonorrhea, malaria,
leprosy, dropsy and dysentery [227, 228]. C. siebieriana has a high
content of calcium oxalate crystals in addition to other phytochemicals
like quercitrin, isoquercitrin and rhein [229, 230], anthraquinones,
flavonoid, saponins, steroid, terpenoids [231, 232], tannins and cardiac
glycoside [233], reducing sugars [225]. Studies by Jibril and colleagues
showed that ethyl acetate extract of C. sieberiana contained isolated
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compounds such as quercetin, piceatannol, dihydrokaempferol,
kaempferol, emodin, islandicin, physcion and chrysophanol [234],
epiafzelechin [235] stigmasterol and β-sitosterol [236]. The anti-peptic
ulcer activity of some of these compounds have been studied and shown
to have positive effects [74,75]. Pharmacological activity reported on
the plant include; anti-parasitic [237], anti-microbial [238],
anti-oxidants, anti-inflammatory and anti-nociceptive activity [239].
The pharmacological activity (analgesic and anti-inflammatory) of the
C. siebieriana used in the preparation of NPK 500 were evaluated in
animal model using the acetic acid induced and carrageenan-induced
oedema models. Aqueous extract from the root of C. siebieriana
showed comparable analgesic and anti-inflammatory activity relative
to the acetylsalicylic acid standard [240]. A study conducted on the
anti-ulcer potential of the C. siebieriana produced significant and dose
dependent anti-ulcer activity [240]. In another anti-ulcer study in rat
model, the extract remarkably prevented the ethanol induced reduction
in function levels of some enzymes like superoxide dismutase, catalase
and glutathione peroxidase. Inhibition of ethanol-induced reduction in
serum total anti-oxidant capacity was also observed. Build-up in
ethanol-induced lipid hydroperoxides quantity and myeloperoxidase
function was also prevented [232]. Though it can be inferred that the
plant may act mainly by the pain-relieving mechanism in PUD, further
studies including in-vivo and clinical, should be conducted on the plant
using different anti-ulcer models to confirm the efficacy and usefulness
of the plant in the treatment of PUD.

4. Discussion

In this review, fifteen ethno-medicinal plants belonging to thirteen
different families including Asteraceae and Meliaceae used for the
formulation of Enterica, Dyspepsia and NPK capsules have been dis-
cussed. The parts of the plant most often used for the preparations were
the leaves (44 %), followed by stem bark (22 %) and roots (19 %), the
fruit (11 %), and the whole plant (4 %). Several compounds were iso-
lated from the various plants. Oleane-12-en-3β-ol-28-oic acid 3β-D-
glucopyranoside (OAG), a compound isolated from L. camara had been
investigated specifically for anti-peptic ulcer activity showing signifi-
cant gastroprotective activity. Gallic acid and ellagic acid from
S. mombin had also been investigated for gastroprotective effects with
positive results. Isolated compounds such as quercetin and sitosterol
obtained from more than one plant had also been investigated for anti-
peptic ulcer activity. Literature search on in-vivo and in-vitroworks done
on the medicinal plants revealed seven (7) different anti-ulcer models,
with respect to their possible mechanisms of actions. The most obtained
in-vivo and in-vitro anti-ulcer model was ethanol induced (28.57 %),
followed by aspirin induced and pylorus ligation anti-ulcer models
(both having same percentages of 14.28 %), the indomethacin induced
and acetic acid induced anti-ulcer models (both having same percent-
ages of 17.14 %), the stress induced anti-ulcer model (5.71 %), and the
NSAID (ibuprofen) induced anti-ulcer model (2.85 %).Screening of
potential antiulcer activities on plants used for management of peptic
ulcer is very important in confirming the therapeutic effects of the
plants. A summary of the plants and tested anti-peptic ulcer activities
with reference to models used and some isolated compounds that may
contribute to the anti-peptic ulcer activity has been presented in
Table 1: Medicinal plants, parts used, anti-peptic ulcer models tested,
inference on possible mechanism (s) of action and some active com-
pounds contributing to activity. Positive effects were observed in all
tests.

From the Table 1, it can be seen that each plant material may possess
more than one category of anti-ulcer effect with the exception of Cnestis
ferruginea, Trema orientalis andMaytenus senegalensis. This may be similar
or otherwise when the products are tested using the various in-vivo anti-
ulcer test models available. The composition of each plant material per
product may determine the eventual outcome of its pharmacological or



Table 1.Medicinal plants, parts used, anti-peptic ulcer models tested, inference on possible mechanism (s) of action and some active compounds contributing to activity.

Product Medicinal plants/Family Plant part in usage Tested anti- peptic ulcer
models.

Inference on possible
mechanisms of action
deduced from anti-peptic
ulcer models

Some Compounds tested for anti-
peptic ulcer activity

Enterica
FDA Reg. No:FDA/
HD.07-7097

Morinda lucida (L.)Benth
Rubiaceae

Leaves. Roots and
stem bark

1A [15] and 2A [21] 1D and 2B NC

Cnestis ferruginea Vahl ex D.C.
Cannaraceae

Leaves, roots and
stem bark

3A [29] 3B Oleanolic acid, betulinic and ursolic
acids [24, 25, 26]

Momordica charantia Linn.
Cucurbitaceae

Leaves and fruit 1C, 3A and 5A, [33] 1D, 3B and 5B NC

Vernonia amygdalina Del.
Asteraceae

Leaves 1C [49] and 4A [39] 1D and 4B NC

Lantana camara Linn.
Verbanaceae

Leaves 1C, 4A and 5A [63] 1D, 4B and 5B Oleane-12-en-3β-ol-28-oic acid 3β-D-
glucopyranoside (OAG) [63]

Psidium guajava Linn.
Myrtaceae

Leaves 1C [65, 88]
4A [65, 87, 89] and 5A [65]

1 D, 4B and 5B Quercetin stigmasterol and ursolic acid
[26, 74, 76]

Trema orientalis Linn.
Ulmaceae

Stem bark, Leaves
and roots

4A [108, 109] 4B β sitosterol [75]

Persea americana Mill.
Lauraceae

Leaves and fruits 1A and 4A [126] 1D and 4B Quercetin and quercetin-3-o-
rhamnoside [74, 75]

Citrus aurantifolia Linn.
Rutaceae

Leaves 1C [146], 2A [158] and 4A
[147]

1D, 2B and 4B Rutin, quercetin, kaempferol,
stigmasterol and β sitosterol [74, 75]

Spondias mombin Linn.
Anacardiaceae

Leaves and fruits 1A, 2A [134, 135] 1B, 4A and
5A [143]

1D, 2B, 4B and 5B Gallic and ellagic acid [134, 135]

Bidens pilosa L. Asteraceae Whole plants 1A, 4A [179, 180] and 5A
[179]

1D, 4B and 5B 2,4-dihydroychalcone [171]

Dyspepsia
FDA Reg. No:/
HD1. 20-2085

Carapa procera Meliaceae Leaves and stem bark NR NR Quercetin and derivatives, kaempferol
and derivatives [74,75]

Maytenus senegalensis (Lam.)
Celastraceae

Leaves and roots 4A [195] 4B Epicatechin and β sitosterol [74, 75]

Trichilia monadelpha (Thonn.)
JJ De Wilde Meliaceae

Stem bark 1A and 2A [223] 1D and 2B Stigmasterol, β sitosterol [74, 75] and
ellagic acid [134, 135]

NPK 500 Capsules
FDA Reg. No:FDA/
HD1.16-1011

Cassia siebieriana D.C
Fabaceae

Roots, stem bark 2A [231] and 4A [232] 2B and 4B Quercitrin, quercetin, kaempferol,
stigmasterol and β sitosterol [74, 75]

1.Indomethacin-induced (1A), NSAID (Ibuprofen) induced (1B) and Aspirin-induced (1C) Models: Enhancement of prostaglandins cyclooxygenase pathway, ensuring
the secretion of bicarbonate and mucus and decreased production of reactive oxygen species (1D).
2.Acetic acid induced (2A): Ensuring anti-secretive and cyto-protective effects (2B).
3.Stress-induced (3A): Reduced release of histamine and production of acid in the stomach (3B).
4.Ethanol-induced (4A): Inhibition of alcohol penetration (diffusion) through gastric mucosa and prevention of destructive wounds in the gastric mucosa (4B).
5.Pylorus ligation (5A): Reduced ligation of the gastric acid accumulation (5B).
NR: Not recorded; NC: Not confirmed.
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clinical effect. This cannot be assumed or predicted unless these tests are
conducted.

5. Conclusion

The medicinal plants used in the formulation of the three herbal
products (Enterica, Dyspepsia and NPK 500 capsules) at CPMR has been
discussed. The review showed that in-vivo and in-vitro works on the
medicinal plants with respect to their anti-peptic ulcer and antiulcer
models have been presented. Folkloric uses, phytochemical constitu-
ents, pharmacological properties have also been set forth. However, it
can be seen that anti-H. pylori activity/H. pylori eradication activity
studies are lacking on most of the plants reviewed. The opportunity to
conduct such studies is available to help ascertain if these plants have
any anti-H. pylori activity or otherwise. The mechanism(s) of action of
individual products must be further investigated and established
experimentally in-vitro in addition to in-vivo pharmacological and
clinical activity studies to confirm their use in the remedy of PUD. This
review may, provide some scientific bases for the use of Enterica,
Dyspepsia and NPK 500 capsules in the management of gastro-
oesophageal disease including peptic –ulcer at the CPMR out-patient
clinic.
8

Declarations

Author contribution statement

All authors listed have significantly contributed to the development
and the writing of this article.
Funding statement

This research did not receive any specific grant from funding agencies
in the public, commercial, or not-for-profit sectors.
Data availability statement

Data included in article/supplementary material/referenced in
article.
Declaration of interests statement

The authors declare no conflict of interest.



D. Kumadoh et al. Heliyon 7 (2021) e08465
Additional information

No additional information is available for this paper.

References

[1] R.T. Kavitt, A.M. Lipowska, A. Anyane-Yeboa, I.M. Gralnek, Diagnosis and
treatment of peptic ulcer disease, Am. J. Med. 32 (4) (2019) 447–456.

[2] C.C. Chan, N.H. Chien, C.L. Lee, et al., Comparison of 10-day sequential therapy
with 7-day standard triple therapy for Helicobacter pylori eradication in inactive
peptic ulcer disease and the efficiency of sequential therapy in inactive peptic
ulcer disease and non-ulcer dyspepsia, BMC Gastroenterol. 2015 (2015) 15–170.

[3] E. Kawakami, S.K. Ogata, C.M.P. �Aurea, M.M. Ana, et al., Patrício, triple therapy
with Clarithromycin, Amoxicillin and omeprazole for Helicobacter pylori
eradication in children and adolescents, Arq. Gastroenterol. 38 (3) (2001).

[4] T. Surendra, A. Rafat, Herbal treatment alternatives for peptic ulcer disease,
J. Drug Deliv. Therapeut. 6 (3) (2016).

[5] M. Boakye-Yiadom, D. Kumadoh, E. Adase, E. Woode, Review article medicinal
plants with prospective benefits in the management of peptic ulcer diseases in
Ghana, BioMed Res. Int. 2021 (2021). Article ID 5574041.

[6] H. Ardalani, A. Hadipanah, A. Sahebkar, Medicinal plants in the treatment of
peptic ulcer disease, Rev. Mini. Rev. Med. Chem. 20 (8) (2020) 662–702.

[7] O. Adi-Dako, K. Ofori-Kwakye, K.K.E. Kukuia, J. Asiedu-Larbi, A. Nyarko,
D. Kumadoh, C. Osei-Asare, Sunchronic toxicity studies of cocoa pd husk pectin
intended as a pharmaceutical excipient in Sprague-dawley rats, J. Pharm.
Pharmacognosy Res. 6 (4) (2018) 271–284.

[8] F.C. Mills-Robertson, Characterization of wild-type Salmonella and their
susceptibility to “mist Enterica” an anti-typhoid herbal preparation, Doctoral
thesis, Date: 2004-07, http://197.255.68.203/handle/123456789/6110.

[9] D. Kumadoh, K. Ofori-Kwakye, K. Kipo, et al., Development of oral capsules from
Enterica herbal decoction - a Traditional remedy for typhoid fever in Ghana,
J. Appl. Pharmaceut. Sci. 5 (2015) 83–88.

[10] Centre for Plant Medicine Research, Mampong-Akuapem, “Product Label for
Dyspepsia,” FDA Reg. No: FDB/HD3.13-2043, Ghana, 2020.

[11] D. Kumadoh, K. Ofori Kwakye, N. Kuntworbe, O. Adi-Dako, J. Addy Appenahaier,
Determination of Shelf life of four herbal medicinal Products using High-
performance Liquid Chromatography analyses of markers and the systat sigmaplot
software, J. Appl. Pharmaceut. Sci. 10 (6) (2020) 72–80.

[12] M.B. Adinortey, C. Ansah, I. Galyuon, A. Nyarko, Review Article in Vivo Models
Used for Evaluation of Potential Antigastroduodenal Ulcer Agents 2013, Hindawi
Publishing Corporation Ulcers, 2013, p. 12. Article ID 796405.

[13] O.T. Osuntokun, Evaluation of antimicrobial activities of crude ethyl acetate and
ethanol extracts of Morinda lucida leaf, stem, and bark growing in Adekunle Ajasin
University Botanical Garden against selected clinical isolates, World J. Biomed.
Pharmaceut. Sci. 1 (1) (2015) 6–14.

[14] O. Temitope, F. Olajubu, T. Olorunnipa, O. Thonda, Elemental composition,
evaluation of anti-nutrients, and antioxidant potentials of Morinda lucida, Eur. J.
Med. Plants 12 (4) (2016) 1–10.

[15] M. Christophe, A. Perfusion, B. Pascal, et al., Analgesic, non-ulcerogenic and
antioxidant activities of the aqueous stem bark extract of Morinda lucida
(rubiaceae) in mice, J. Appl. Life Sci. Int. 11 (3) (2017) 1–10.

[16] A. Bukunmi Aborisade, Phytochemical and proximate analysis of some medicinal
leaves, Clin. Med. Res. 6 (6) (2017).

[17] A.B.S. Owodo, H. Gyapong, R. Umeji, C.D. Mintah, Phytochemical screening and
antimicrobial study on the leaves of Morinda lucida (Rubiaceae), J. Nat. Sci. Res. 3
(2013) 131–135.

[18] O. Ayodele, A. Onifade, The antimicrobial activity of Morinda lucida leaf extract
on Escherichia coli, J. Med. Plants Res. 3 (2009) 319–323.

[19] F. Ayertey, Anti-Inflammatory Activity and the Mechanism of Action of Morinda
Lucida Benth, Thesis Submitted to the Department of Biochemistry, Cell and
Molecular Biology, College Of Basic And Applied Sciences, University Of Ghana,
Legon, 2016.

[20] G.O. Avwioro, F.A. Awoyemi, T. Odoula, A novel natural collagen and muscle
stain from Morinda lucida extracts 4 (2) (2005) 44–48.

[21] O.A. Olajide, S.O. Awe, J.M. Makinde, The effect of Morinda lucida Benth
(Rubiaceae) extract on the gastrointernational tract of rodents, Phytotherapy : Int.
J. Pharmacol. Toxicol Eval. Nat. Product 12 (6) (1998) 439–441.

[22] A. Ha, Therapeutic potentials of Cnestis ferruginea: a review, J. Pharmacogn.
Phytochem. 6 (6) (2017) 1397–1401.

[23] R.U.B. Ebana, U.O. Edet, D.E. Atang, L.A. Iyere, Antimicrobial Studies and
Phytochemical Analysis of the Fruits and Leaves of Cnestis ferruginea, 25, World
News of Natural Sciences, 2019, pp. 188–198.

[24] H.D. Neuwinger, African ethnobotany: poisons & drugs: chemistry pharmacology,
Toxicology (1996).

[25] Q.Q. He, M.S. Liu, D.J. Jin, L.Y. Kong, Phenolic glycosides from leaves of
Hopiciopsis lobata, J. Asian Nat. Prod. Res. 8 (2006) 373–377.

[26] R.A. Adisa, A. Abass Khan, I. Oladosu, et al., Purification and characterization of
phenolic compounds from the leaves of Cnestis ferruginea (De Candolle):
investigation of antioxidant property, Res. J. Phytochem. 5 (2011) 177–189.

[27] M. Parvez, A. Rahman, A novel antimicrobial isoflavone galactoside from Cnestis
ferruginea (connaraceae), J. Chem. Soc. Pakistan 14 (1992) 221–223.

[28] F.C. Akharaiyi, B. Boboye, F.C. Adetuyi, Antibacterial, phytochemical and
antioxidant properties of Cnestis ferruginea DC (Connaraceae) extracts,
J. Microbiol. Biotechnol. Food Sci. 2 (2) (2012) 592–609.
9

[29] I.O. Ishola, R.B. Ashorobi, Anti-stress potential of aqueous root extract of Cnestis
ferruginea, Int. J. Pharmacol. 3 (3) (2007) 295–298.

[30] A.C. Oluranti, U.M. Oguejiofor, U.O.J. Chinenye, N. Anoka Ayembe, Ethno
botanical studies of medicinal plants used in the management of Peptic ulcer
disease in Sokoto State, North Western Nigeria, Int. Res. J. Pharm. Pharmacol. 2
(9) (2012) 225–230.

[31] J.K. Grover, S.P. Yadav, Pharmacological actions and potential uses of Momordica
charantia: a review, J. Ethnopharmacol. 93 (1) (2004) 123–132.

[32] D.S. Kumar, K.V. Sharathnath, P. Yogeswaran, et al., A medicinal potency of
Momordica charantia, Int. J. Pharmaceut. Sci. Rev. Res. 1 (2) (2010) 95–100.

[33] G. Vimala, F. Gricilda Shoba, A review on antiulcer activity of few indian
medicinal plants, Int. J. Microbiol. 2014 (2014). Article ID 519590.

[34] N.H. Ahmad, N. Ahmad, Z. Zishan, M.S. Zohrameena, Momordica Charantia, For
traditional uses and pharmacological actions, J. Drug Deliv. Therapeut. 6 (10)
(2016).

[35] I. Gurbuz, C. Akyuz, E. Yesilada, B. Sener, Anti-ulcerogenic effect of Momordica
charantia L. fruits on various ulcer models in rats, J. Ethnopharmacol. 71 (2000)
77–82.

[36] E. Yesilada, I. Gurbuz, H. Shibata, Screening of Turkish anti-ulcerogenic folk
remedies for anti-Helicobacter pylori activity, J. Ethnopharmacol. 66 (1999)
289–293.

[37] S. Alam, M. Asad, S.M.B. Asdaq, V.S. Prasad, Antiulcer activity of methanolic
extract of Momordica charantia L. in rats, J. Ethnopharmacol. 123 (3) (2009)
464–469.

[38] A.I. Airaodion, E.O. Ogbuagu, J.A. Ekenjoku, U. Ogbuagu, E.O. Airaodion,
Therapeutic Effect of Methanolic Extract of Telfairia occidentalis Leaves against
Acute Ethanol-Induced Oxidative Stress in Wistar Rats, Int. J. Bio Sci. Bio Technol.
7 (2019) 179–189.

[39] V.C. Mbatchou, K.O. Nabayire, Y. Akuoko, Vernonia Amygdalina Leaf: Unveiling its
Antacid and Carminative Properties in Vitro, Current Science, 2017.

[40] L. Muhammad, D. Sani, W. Sumayya, S.M. Abdallah, Phytochemical screening and
antibacterial activity of bitter leaf (vernonia amygdalina) 2 (2020) 1–7.

[41] D. Kaur, N. Kaur, A. Chopra, A comprehensive review on phytochemistry and
pharmacological activities of Vernonia amygdalina, J. Pharmacogn. Phytochem. 8
(3) (2019) 2629–2636.

[42] S.F. Yuso, F.F. Haron, M.T.M. Mohamed, et al., Antifungal activity and
phytochemical screening of vernonia amygdalina extract against botrytis cinerea
causing gray mold disease on tomato fruits, Biology 9 (286) (2020) 1–14.

[43] E.O. Farombi, O. Owoeye, Antioxidative and chemopreventive properties of
Vernonia amygdalina and Garcinia biflavonoid, Int. J. Environ. Res. Publ. Health 8
(2011) 2533–2555.

[44] C.E. Johnson, L.Z. Lin, J.M. Harnly, F.O. Oladeinde, A.M. Kinyua, R. Michelin,
Y. Bronner, Identification of the phenolic components of Vernonia amygdalina and
Russelia equisetiformis, J. Nat. Prod. 4 (2011) 57–64.

[45] W.S. Koko, M.A. Mesaik, S. Yousaf, M. Galal, M.I. Choudhary, In vitro
immunomodulating properties of selected Sudanese medicinal plants,
J. Ethnopharmacol. 118 (2008) 26–34.

[46] M. Jisaka, H. Ohigashi, T. Takagaki, et al., Bitter steroids glucosides,
vernoniosidesA1, A2 and A3 and related B1 from a possible medicinal plant,
Vernonia amygdalina used by wild chimpanzees, Tetrahedron 48 (1992)
625–632.

[47] I.I. Ejiofor, A. Das, S.R. Mir, M. Ali, K. Zaman, Novel phytocompounds from
Vernonia amygdalina with antimalarial potentials, Phcog Res. 12 (2020) 53–59.

[48] N.J. Toyang, R. Verpoorte, A review of the medicinal potentials of plants of the
genus Vernonia (Asteraceae), J. Ethnopharmacol. 146 (3) (2013) 681–723.

[49] M.A. Adefisayo, R.O. Akomolafe, O.S. Akinsomisoye, et al., Protective effects of
methanol extract of vernonia amygdalina (Del.) leaf on aspirin-induced gastric
ulceration and oxidative mucosal damage in a rat model of gastric injury, Dose-
Response 16 (3) (2018) 1–11.

[50] E.L. Ghisalberti, Lantana camara L. (Verbenaceae), Fitoterapia 71 (5) (2000)
467–486.

[51] I. Kazmi, S. Saleem, T. Ahmad, et al., Protective effect of oleane-12-en-3β-ol-28-oic
acid 3β-D-glucopyranoside in ethanol induced gastric ulcer by enhancing the
prostaglandin E2 level, J. Ethnopharmacol. 211 (2018) 394–399.

[52] B.S. Nayak, S.S. Raju, A. Ramsubhag, Investigation of wound healing activity of
Lantana camara L. in Sprague dawley rats using a burn wound model, Int. J. Appl.
Res. Nat. Products 1 (1) (2008) 15–19.

[53] E. Gonz�alez-Burgos, M.P. G�omez-Serranillos, Terpene compounds in nature: a
review of their potential antioxidant activity, Curr. Med. Chem. 19 (2012)
5319–5341.

[54] F. Saboonchian, R. Jamedi, S.H. Sarghein, Phenolic and flavonoid content of
Elaeagnus angustifolia L. (leaf and flower), Avic. J. Phytomed. 4 (2014) 231–238.

[55] R. Roghini, K. Vijayalakshmi, Phytochemical screening, quantitative analysis of
flavonoids and minerals in ethanolic extract of Citrus paradise, Int. J. Pharma Sci.
Res. 9 (2018) 4859–4864.

[56] S.H. Tiong, C.Y. Looi, H. Hazni, et al., Antidiabetic and antioxidant properties of
alkaloids from Catharanthus roseus (L.) G. Don, Molecules 18 (2013) 9770–9784.

[57] L. Sagar, R. Sehgal, S. Ojha, Evaluation of antimotility effect of Lantana camara L.
var.Cacuelata constituents on neostigmine induced gastrointestinal transit in mice,
BMC ComplementCAltern Med 5 (18) (2005).

[58] L. Bi, X. Tian, F. Dou, L. Hong, H. Tang, S. Wang, New antioxidant and
antiglycation active triterpenoid saponins from the root bark of aralia taibaiensis,
Fitoterapia 83 (2012) 234–240.

[59] A. Mansoori, N. Singh, S.D. Kumar, et al., Phytochemical characterization and
assessment of crude extracts from Lantana camara L. For antioxidant and
antimicrobial activity, Front. Agron 2 (2020). ID 582268.

http://refhub.elsevier.com/S2405-8440(21)02568-8/sref1
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref1
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref1
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref2
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref2
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref2
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref2
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref2
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref3
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref3
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref3
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref3
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref4
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref4
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref5
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref5
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref5
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref6
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref6
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref6
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref7
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref7
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref7
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref7
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref7
http://197.255.68.203/handle/123456789/6110
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref9
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref9
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref9
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref9
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref10
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref10
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref10
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref11
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref11
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref11
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref11
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref11
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref12
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref12
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref12
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref13
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref13
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref13
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref13
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref13
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref14
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref14
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref14
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref14
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref15
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref15
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref15
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref15
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref16
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref16
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref17
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref17
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref17
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref17
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref18
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref18
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref18
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref19
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref19
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref19
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref19
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref20
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref20
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref20
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref21
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref21
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref21
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref21
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref22
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref22
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref22
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref23
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref23
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref23
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref23
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref24
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref24
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref24
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref25
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref25
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref25
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref26
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref26
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref26
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref26
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref27
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref27
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref27
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref28
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref28
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref28
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref28
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref29
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref29
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref29
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref30
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref30
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref30
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref30
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref30
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref31
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref31
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref31
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref32
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref32
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref32
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref33
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref33
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref34
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref34
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref34
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref35
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref35
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref35
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref35
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref36
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref36
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref36
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref36
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref37
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref37
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref37
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref37
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref38
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref38
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref38
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref38
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref38
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref39
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref39
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref40
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref40
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref40
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref41
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref41
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref41
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref41
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref42
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref42
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref42
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref42
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref43
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref43
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref43
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref43
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref44
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref44
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref44
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref44
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref45
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref45
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref45
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref45
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref46
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref46
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref46
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref46
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref46
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref47
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref47
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref47
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref48
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref48
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref48
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref49
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref49
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref49
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref49
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref49
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref50
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref50
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref50
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref51
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref51
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref51
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref51
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref51
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref51
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref52
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref52
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref52
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref52
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref53
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref53
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref53
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref53
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref53
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref53
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref54
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref54
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref54
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref55
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref55
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref55
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref55
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref56
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref56
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref56
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref57
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref57
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref57
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref58
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref58
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref58
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref58
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref59
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref59
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref59


D. Kumadoh et al. Heliyon 7 (2021) e08465
[60] I. Kazmi, M. Afzal, B. Ali, et al., Anxiolytic potential of ursolic acid derivative
stearoyl glucoside isolated from Lantana camara L (verbanaceae), Asian Pac. J.
Trop. Med. (2013) 433–437.

[61] N.M. Mohamed, M.A. Makboul, S.F. Farag, et al., Triterpenes from the roots of
Lantana montevidensis with antiprotozoal activity, Phytochem. Lett. 15 (2016)
30–36.

[62] R. Kumar, R. Katiyar, S. Kumar, T. Kumar, V. Singh, Lantana camara: an alien
weed, its impact on animal health and strategies to Control, J. Exp. Biol. Agri. Sci.
4 (3) (2016) 321–337.

[63] R. Sathish, B. Vyawahare, K. Natarajan, Antiulcerogenic activity of Lantana camara
leaves on gastric and duodenal ulcers in experimental rats, J. Ethnopharmacol.
134 (1) (2011) 195–197.

[64] G. Thamotharan, G. Sekar, T. Ganesh, S. Saikat Sen, R. Chakraborty, S. Kumar,
Antiulcerogenic effects of Lantana camara linn. Leaves on in vivo test models in
rats, Asian J. Pharmaceut. Clin. Res. 3 (3) (2010) 1–4.

[65] N.R. Livington Raja, K. Sundar, Psidium guajava Linn confers gastro protective
effects on rats, Eur. Rev. Med. Pharmacol. Sci. 2012 (16) (2012) 151–156.

[66] G. Taju, M. Jayanthi, S. Abdul Majeed, Evaluation of hepatoprotective and
antioxidant activity of Psidium guajava leaf extract against acetaminophen induced
Liver injury in rats, Int. J. Toxicol. Appl. Pharmacol. 1 (2) (2011) 13–20.

[67] C.K. Kokate, A.P. Purohit, S.B. Gokhale, Pharmacognosy, first ed., Nirali
Prakashan, Pune, 1990.

[68] S. Tachakittirungrod, F. Ikegami, S. Okonogi, Antioxidant active principles
isolated from Psidium guajava grown in Thailand, Sci. Pharm. 75 (2007) 179–193.

[69] H. Arima, G. Danno, Isolation of antimicrobial compounds from guava (Psidium
guajava L.) and their structural elucidation, Biosc. Biotech. Biochem. 66 (8) (2012)
1727–1730.

[70] S. Shabana, A. Kawai, K. Kai, K. Akiyama, H. Hayashi, Inhibitory activity against
urease of quercetin glycosides isolated from Allium cepa and psidiumguajava, Biosc.
Biotech. Biochem. 74 (4) (2010) 878–880.

[71] T. Matsuo, N. Hanamure, K. Shimoi, Y. Nakamura, I. Tomita, Identification of (þ)-
gallochatechin as a bio-antimutagenic compound in Psidium guava leaves,
Phytochemistry 36 (4) (1994) 1027–1029.

[72] K.N. Ngbolua, G. Lufuluabo, L.E. Moke, et al., A review on the phytochemistry and
pharmacology of Psidium guajava L. (Myrtaceae) and future direction, Discov.
Phytomed. 5 (2) (2018) 7–13.

[73] N.S.S. Kumar, N. Sarbon, S.S. Rana, et al., Extraction of bioactive compounds from
Psidium guajava leaves and its utilization in preparation of jellies, AMB Expr 11
(36) (2021) 1–9.

[74] A.M. Metwally, A.A. Omar, F.M. Harraz, S.M. El Sohafy, Phytochemical
investigation and antimicrobial activity of Psidium guajava L. leaves, Phcog. Mag. 6
(23) (2010) 212–218.

[75] N.H. Ryu, K.R. Park, S.M. Kim, et al., A hexane fraction of guava Leaves (Psidium
guajava L.) induces anticancer activity by suppressing AKT/mammalian target of
rapamycin/ribosomal p70 S6 kinase in human prostate cancer cells, J. Med. Food
15 (3) (2012) 231–241.

[76] Y. Gao, G.Q. Wang, K. Wei, P. Hai, F. Wang, J.K. Liu, Isolation and biomimetic
synthesis of (�)–guajadial B, a novel meroterpenoid from Psidium guajava, Org.
Lett. 14 (23) (2012) 5936–5939.

[77] T. Birdi, P. Daswani, S. Brijesh, P. Tetali, A. Natu, N. Antia1, Newer insights into
the mechanism of action of Psidium guajava L. leaves in infectious diarrhoea, BMC
Compl. Alternative Med. 10 (33) (2010) 1–11.

[78] S.M. Barbalho, F.M.V. Farinazzi-Machado, R. de Alvares Goulart, A.C.S. Brunnati,
Medical and Aromatic plants: Psidium guajava (guava): a plant of multipurpose
medical applications, Med. Aromatic Plants 1 (4) (2012).

[79] A. Jimenez-Escrig, M. Rincon, R. Pulido, F. Saura-Calixto, Guava fruit (Psidium
guajava L.) as a new source of antioxidant dietary fiber, J. Agric. Food Chem. 49
(1) (2001) 5489–5493.

[80] T.V. Braga1, R.G. Rodrigues das Dores, C.S. Ramos, et al., Antioxidant,
antibacterial and antitumor activity of ethanolic extract of the Psidium guajava
leaves, Am. J. Plant Sci. 5 (2014) 3492–3500.

[81] N.H. Ryu, K.R. Park, S.M. Kim, H.M. Yun, D. Nam, A hexane fraction of guava
leaves (Psidium guajava L.) induces anticancer activity by suppressing AKT/
mammalian target of rapamycin/ribosomal kinase in human prostate cancer cells,
J. Med. Food 15 (2012) 231–241.

[82] J. V Kamath, N. Rahul, C.K. Ashok Kumar, S. Mohan Lakshmi, Psidium guajava L: A
review, Int. J. Green Pharm. 2 (1) (2008) 9–12.

[83] L. Evbuomwan, B.J. Ikechukwu, F.I. Ebiala, E.P. Chukwuka, Antibacterial activity
of aqueous and ethanolic leaves extract of Psidium Guajava, evaluation of
phytochemicals and antibacterial activities of guava, Phytochem 3 (1) (2018)
39–42.

[84] J.A.O. Ojewole, Anti-Inflammatory and analgesic effects of Psidium guajava Linn.
(Myrtaceae) leaf aqueous extracts in rats and mice, Methods Find. Exp. Clin.
Pharmacol. 28 (7) (2006) 441–446.

[85] S.M. Abdel Wahab, M.S. Hifawy, H.M. El Gohary, M. Isak, “Study of
carbohydrates, lipids, protein, flavonoids, vitamine C and biological activity of
Psidium guajava L. Growing in Egypt,” Egypt, J. Biomed. Sci. 16 (2004) 35–52.

[86] E. Umana Uduak, J.A. Timbuak, S.A. Musa, D.T. Ikyembe, S. Abdurrashid,
W.O. Hamman, Ulceroprotective effect of methanol extract of Psidium guajava
leaves on ethanol induced gastric ulcer in adult wistar rats, Asian J. Med. Sci. 4 (2)
(2012) 75–78.

[87] S. Edwin, J. Edwin, L. Deb, S. Goyal, S. Gupta, Antiulcer and antioxidant activities
of Psidium guajava Linn, Indian Drugs 44 (5) (2007) 395–397.

[88] J.A. Tende, E.D. Eze, Y.A. Tende, O. Onaadepo, A. Shaibu, Research Article Annals
of Experimental Biology, 2020.
10
[89] J. Malika, S. Chennam, D. Shyamala, Anti-ulcerogenic and ulcer healing effects
of Solanum nigrum (L) on experimental ulcer models, Possible mechanism for
the inhibition of acid formation, J. Ethnopharmacol. 2006 (104) (2006)
156–163.

[90] C.E.C. Ugwoke, S.P.G. Anze, E.A. Nweze, V.O. Chukwube, Pharmacognostic
evaluation of the leaf of Trema orientalis (family: ulmaceae), Int. J. Biol. Pharm.
Allied Sci. 6 (1) (2017) 43–54.

[91] C.N. Loumpangou, W.E.O. Arnaud, J.C.B.M. Longin, I.T.K. B�eranger,
U.B.M. Peggy, O. Jean-Maurille, et al., Caract�erisation Phytochimique et Toxicit�e
aigüe des feuilles de Trema Orientalis (L.) Blume (Cannabaceae), J. Soc. Ouest-Afr.
Chim 2016 (42) (2016) 52–59.

[92] M.S. Jahan, S.P. Mun, Characterization of Nalita wood (Trema orientalis) as a
source of fiber for papermaking: (part I): anatomical, morphological and chemical
properties, Polpu Chongi Gisul 35 (5) (2003) 72–76.

[93] M.M. Rahman, N. Bairagi, M.M. Kabir, M.J. Uddin, Antibacterial potentiality and
brine shrimp Lethality bioassay of the methanol extract of Trema orientalis leaves,
South Asian Res. J. Nat. Products 2018 (26) (2018) 1–9.

[94] R. Rana, S. Amran, A. Chowdhury, Antitumor and cytotoxic effect of different
partitionates of methanol extract of Trema orientalis : a preliminary in-vitro study,
J. Ayur. Int. Med. Sci. 3 (4) (2018) 44–50 (ISSN 2456-3110).

[95] S.A. Aboaba, I.M. Choudhary, Chemical composition and biological activities of
the volatile oils of Palisota hirsuta (Thunb) K. Schum and Trema orientalis (L)
Blume, Int. J. Chem. 7 (2) (2015) 21.

[96] O.E. Oyebola, O.A. Morenikeji, I.O. Ademola, In-vivo antimalarial activity of
aqueous leaf and bark extracts of Trema orientalis against Plasmodium berghei in
mice, J. Parasit. Dis. 41 (2) (2017) 398–404.

[97] S.K. Adesina, I. I Johnny, G. Olayiwola, Plants in respiratory disorders II
antitussives, Br. J. Pharmaceut. Res. 16 (3) (2017) 1–21.

[98] D.N. Tchamo, M.G. Dijoux-Franca, A.M. Mariotte, et al., Prenylated xanthones as
potential P-glycoprotein modulators, Bioorg. Med. Chem. Lett 10 (2000)
1343–1345.

[99] T.D. Noungoue, G. Cartier, M.G. Dijoux Franca, et al., Xanthones and others
constituents of Trema orientalis, Pharm Biol 39 (2001) 202–205.

[100] O.E. Oyebola, O.A. Morenikeji, I.O. Ademola, In-vivo antimalarial activity of
aqueous leaf and bark extracts of Trema orientalis against Plasmodium berghei in
mice, J. Parasit. Dis. 41 (2) (2017) 398–404.

[101] S.N. Uddin, K.M. Uddin, F. Ahmed, Analgesic and antidiarrhoeal activities of
Trema orientalis Linn. in mice, Orient Pharm. Exp. Med. 8 (2008) 187–191.

[102] J.O. Olanlokun, O.M. David, A.J. Afolayan, In vitro antiplasmodial activity and
prophylactic potentials of extract and fractions of Trema orientalis (Linn.) stem
bark, BMC Compl. Alternative Med. 17 (1) (2017) 407.

[103] A. Osanaiye, B. Catherine, A. Rukayyah, Phytochemical analysis, anti–microbial
screening and antioxidant activity of the seed of Trema orientalis, Acad. J. Sci. 3
(1) (2014) 211–217.

[104] O. Abiodun, G. Gbotosho, E. Ajaiyeoba, et al., In vitro antiplasmodial activity and
toxicity assessment of some plants from Nigerian ethnomedicine, Pharm. Biol. 49
(2011) 9–14.

[105] H.S. Panchal, S.M. Master, U.D. Shah, A.K. Saluja, K.K. Dholwani, Anti-convulsion
activity of leaf of Trema orientalis, Int. J. Pharmacol. Res. 2 (2010) 53–55.

[106] A. Chowdhury, M.S. Islam, Antibacterial activity of Trema orientalis. Dhaka univ,
J. Pharmacol. Sci. 3 (2004) 115–117.

[107] L.J. McGaw, A.K. J€ager, J. van Staden, Antibacterial, anthelmintic and anti-
amoebic activity in South African medicinal plants, J. Ethnopharmacol. 72 (2000)
247–263.

[108] V.G. Kanase, J. Singh, Evaluation of antipyretic and antiulcer activity of ethanolic
extract of leaves of Trema orientalis L. In albino wistar rats, Asia J. Pharmaceut.
Clin. Res. 12 (12) (2019) 149–154.

[109] S.N. Uddin, M.N. Yesmin, M.K. Pramanik, M.A. Akond, Anti-inflammatory,
antinociceptive and diuretic activities of Trema orientalis Linn, Orient. Pharm.
Exp. Med. 9 (4) (2009) 320–325.

[110] F. Borrelli, A.A. Izzo, The plant kingdom as a source of anti-ulcer remedies,
Phytother Res. 14 (2000) 581–591.

[111] G. Di Carlo, N. Mascolo, A.A. Izzo, F. Capasso, Flavonoids: old and new aspects of a
class of natural therapeutic drugs, Life Sci. 65 (1999) 337–353.

[112] E.M. Galati, M.T. Monforte, M.M. Tripodo, A. d’Aquino, M.R. Mondello, Antiulcer
activity of Opuntia ficus indica (L.) mill. (Cactaceae): ultrastructural study,
J. Ethnopharmacol. 76 (2001) 1–9.

[113] M.L. Dreher, A.J. Davenport, Hass avocado composition and potential health
effects. Crit. Rev, Food Sci. Nutr. 53 (2013) 738–750.

[114] G.D. Pamplona-Roger, “Encyclopedia of Medical Plant,” Spain, 2, Grafica Reunide,
1999.

[115] F. Domergue, G.L. Helms, D. Prusky, J. Browse, Antifungal Compounds from
Idioblast Cells Isolated from Avocado Fruits, Phytochemistry 54 (2000) 183–189.

[116] B.S. Anita, J.E. Okokon, P.A. Okon, Hypoglycemic activity of aqueous Persea
americana Mill, Indan J. Pharmacol. 37 (2005) 325–326.

[117] M.A. Owolabi, S.I. Jaja, H.A. Coker, Vasorelaxant action of aqueous extract of the
leaves of Persea americana on isolated thoracic rat aorta, Fitoterapia 76 (2005)
567–573.

[118] M. Yasir, S. Das, M.D. Kharya, The phytochemical and pharmacological profile of
Persea americana Mill, Phcog. Rev. 4 (2010) 77–84.

[119] P.J. Waako, B. Gumede, P. Smith, P.I. Folb, In vitro and in vivo antimalarial
activity of Cardiospermum halicacabum L. and Momordica foetida Schumch. Et
&onn, J. Ethnopharmacol. 99 (1) (2005) 137–143.

[120] M. Yasir, S. Das, M. Kharya, Phytochemical and pharmacological profile of Persea
americana mill, Phcog. Rev. 4 (7) (2010) 77–84.

http://refhub.elsevier.com/S2405-8440(21)02568-8/sref60
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref60
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref60
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref60
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref61
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref61
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref61
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref61
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref62
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref62
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref62
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref62
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref63
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref63
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref63
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref63
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref64
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref64
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref64
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref64
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref65
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref65
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref65
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref66
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref66
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref66
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref66
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref67
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref67
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref68
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref68
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref68
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref69
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref69
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref69
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref69
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref70
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref70
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref70
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref70
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref71
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref71
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref71
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref71
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref71
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref72
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref72
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref72
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref72
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref73
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref73
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref73
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref73
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref74
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref74
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref74
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref74
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref75
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref75
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref75
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref75
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref75
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref76
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref76
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref76
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref76
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref76
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref76
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref77
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref77
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref77
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref77
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref78
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref78
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref78
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref79
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref79
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref79
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref79
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref80
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref80
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref80
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref80
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref81
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref81
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref81
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref81
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref81
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref82
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref82
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref82
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref83
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref83
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref83
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref83
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref83
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref84
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref84
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref84
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref84
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref85
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref85
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref85
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref85
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref86
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref86
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref86
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref86
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref86
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref87
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref87
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref87
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref88
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref88
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref89
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref89
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref89
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref89
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref89
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref90
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref90
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref90
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref90
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref91
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref91
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref91
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref91
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref91
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref91
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref91
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref92
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref92
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref92
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref92
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref93
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref93
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref93
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref93
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref94
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref94
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref94
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref94
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref95
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref95
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref95
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref96
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref96
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref96
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref96
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref97
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref97
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref97
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref98
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref98
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref98
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref98
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref99
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref99
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref99
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref100
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref100
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref100
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref100
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref101
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref101
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref101
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref102
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref102
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref102
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref103
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref103
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref103
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref103
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref103
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref104
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref104
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref104
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref104
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref105
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref105
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref105
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref106
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref106
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref106
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref107
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref107
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref107
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref107
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref107
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref108
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref108
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref108
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref108
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref109
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref109
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref109
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref109
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref110
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref110
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref110
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref111
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref111
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref111
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref112
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref112
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref112
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref112
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref113
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref113
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref113
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref114
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref114
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref115
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref115
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref115
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref116
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref116
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref116
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref117
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref117
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref117
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref117
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref118
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref118
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref118
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref119
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref119
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref119
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref119
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref120
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref120
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref120


D. Kumadoh et al. Heliyon 7 (2021) e08465
[121] A. Falodun, O. Erharuyi, V. Imieje, et al., In vitro evaluation of aliphatic fatty
alcohol metabolites of Perseaamericana seed as potential antimalarial and
antimicrobial agents, Nigerian J. Biotechnol. 27 (2014) 1–7.

[122] B.C. Uzor, N.T. Nwagbo, O.A. Manu, Phytochemical composition and
antimicrobial activity of Persea americana (avocado) seed extract against selected
clinical isolates, Nigerian J. Microbiol. 30 (2) (2016) 3468–3472.

[123] P.F. Uzor, C.K. Onyishi, A.P. Omaliko, S.A. Nworgu, O.H. Ugwu, N.J. Nwodo,
Study of the antimalarial activity of the leaf extracts and fractions of Persea
americana and Dacryodes edulis and their HPLC analysis, Evid. base Compl.
Alternative Med. 2021 (2021) 11. Article ID 5218294.

[124] O.O. Adeyemi, S.O. Okpo, O.O. guntiK, Analgesic and antiinflammatory effects of
the aqueous extract of leaves of Persea americana Mill (Lauraceae), Fitoterapia 73
(2002) 375–380.

[125] A.P. de Almeida, M.M. Miranda, I.C. Simoni, M.D. Wigg, M.H. Lagrota, S.S. Costa,
Flavonol monoglycosides isolated from the antiviral fractions of Persea americana
(Lauraceae) leaf infusion, Phytother Res. 12 (1998) 562–567.

[126] C.V. Ukwe, S.V. Nwafor, Anti-ulcer activity of aqueous leaf extract of Persea
americana (family-Lauraceae), Niger. J. Pharmaceut. Res. 3 (2004) 91–95.

[127] S.F. Oluwole, S.A. Onasanwo, S.B. Olaleye, Effects of aqueous and methanolic
extracts of Persea Americana leaf (avocado pear) on gastric acid on male albino
rats, Eur. J. Sci. Res. 61 (4) (2011) 474–481.

[128] C.U. Igwe, G.O.C. Onyeze, V.A. Onwuliri, C.G. Osuagwu, A.O. Ojiako, Evaluation
of the chemical compositions of the leaf of Spondias mombin Linn from Nigeria,
Aust. J. Pure Appl. Sci. 4 (5) (2010) 706–710.

[129] K.A. Abo, V.O. Ogunleye, J.S. Ashidi, Antimicrobial potential of Spondias mombin,
Croton zambesicus and Zygotritonia crocea, Phytotherapeut. Res. 13 (1999) 494–497.

[130] O.O. Aromolaran, O.K. Badejo, Efficacy of fresh leaf extracts of Spondias mombin
against some clinical bacterial isolates from typhoid patients, Asian Pac. J. Trop.
Dis. 4 (2014) 442–446.

[131] E.D. Kpomah, E.O. Odokwo, Comparative phytochemical, proximate and some
mineral composition of the leaves and stem bark of Spondia mombin (L.
anacardiaceae), Ann. Res. Rev. Biol. 35 (6) (2020) 90–98.

[132] G.W. Almir, S.B. Alves, C.L. Ferreira de Almeida, et al., Antiulcer activity and
potential mechanism of action of the leaves of spondias mombin L. Oxidative
Medicine and Cellular Longevity 2018, 2018. Article ID 1731459.

[133] B. Cabral, E.M.S. Siqueira, M.A.O. Bitencourt, et al., Phytochemical study and anti-
inflammatory and antioxidant potential of Spondias mombin leaves, Brazil. J.
Pharm. 26 (3) (2016) 304–311.

[134] S.I. Abdelwahab, Protective mechanism of gallic acid and its novel derivative against
ethanol-induced gastric ulcerogenesis: involvement of immunomodulation markers,
Hsp70 and Bcl-2-associated X protein, Int. Immunopharm. 16 (2) (2013) 296–305.

[135] A.O. Ayoka, R.O. Akomolafe, E.O. Iwalewa, M.A. Akanmu, O.E. Ukponmwan,
Sedative, antiepileptic and antipsychotic effects of Spondias mombin L.
(Anacardiaceae) in mice and rats, J. Ethnopharmacol. 103 (2) (2006)
166–175.

[136] A.R.A. Silva, S.M.M. Morais, M.M.M. Marques, et al., Chemical composition,
antioxidant and antibacterial activities of two Spondias species from Northeastern
Brazil, Pharmaceut. Biol. 50 (6) (2012) 740–746.

[137] E.Q. Lima, E. Oliveira, H.R. Brito, Extraction and characterization of the essential
oils from Spondias mombin L. (Caj�a), Spondias purpurea L. (Ciriguela) and Spondia
ssp (Cajarana do sert~ao), Afr. J. Agric. Res. 11 (2) (2016) 105–116.

[138] A.O. Oladimeji, M.B. Aliyu, A.L. Ogundajo, O. Babatunde, O.I. Adeniran,
O.S. Balogun, Identification and comparison of the volatile constituents of fresh
and dried leaves of Spondias mombin found in north-central Nigeria: in vitro
evaluation of their cytotoxic and antioxidant activities, Pharmaceut. Biol. 54 (11)
(2016) 2674–2678.

[139] J. Corthout, L.A. Pieters, M. Claeys, D.A. Vanden Berghe, A.J. Vlietinck, Antiviral
ellagitannins from Spondias mombin, Phytochemistry 30 (4) (1991) 1129–1130.

[140] J.A.O. Olugbuyiro, J.O. Moody, M.T. Hamann, Phytosterols from spondias
mombin linn with antimycobacterial activities, Afr. J. Biomed. Res. 16 (1) (2013)
19–24.

[141] O.C. Akanji, Determination of bioactive constituents of Spondias mombin leaves by
GC-MS analysis, World J. Adv. Res. Rev. 6 (3) (2020) 149–165.

[142] L.N. Cristofolia, C.A.R. Limaa, M.M.C. Vieirab, K.S. Andradea, S.R.S. Ferreira,
Antioxidant and antimicrobial potential of cajazeira leaves (Spondias mombin)
extracts, Separ. Sci. Technol. (2018).

[143] A.E. Oluwatoyin, O.W. Deborah, Study of aqueous leaf extracts of Spondias mombin
Linn. (Anacardiaceae) in gastric ulcer models and the possible mechanisms of
action, J. Phytopharmacol. 8 (5) (2019) 238–247.

[144] R. Sethpakdee, Citrus aurantifolia (christm. And panzer) swingle, in: R.E. Coronel,
E.W. Verheij (Eds.), Plant Resources of South-East Asia. Edible Fruits and Nuts, 2,
Prosea Foundation, Bogor, Indonesia, 1992, pp. 126–128.

[145] K.C. Ndukwe, I.N. Okeke, A. Lamikanra, S.K. Adesina, O. Aboderin, Antibacterial
activity of aqueous extracts of selected chewing sticks, J. Contemp. Dent. Pract. 6
(3) (2005) 86–94.

[146] E.C. Egwim, R.U. Hamzah, A. Adepeju, Effect of ethyl acetate extracts from peel of
Citrus decumana and Citrus aurantifolia on aspirin induced gastric ulcer in mice, Br.
J. Pharmaceut. Res. 5 (4) (2015) 249–259.

[147] A. Rozza, T. Moraes, H. Kushima, et al., Gastroprotective mechanisms of Citrus
lemon (Rutaceae) essential oil and its majority compounds limonene and β-pinene:
involvement of heat-shock protein-70, vasoactive intestinal peptide, glutathione,
sulfhydryl compounds, nitric oxide and prostaglandin E2, Chem. Biol. Interact.
2011 (189) (2011) 82–89.

[148] I.A. Khan, E.A. Abourashed, Leung’s Encyclopedia of Common Natural
Ingredients, John Wiley and Sons Publication, New Jersey, 2010, pp. 422–423,
vol. 2010.
11
[149] M.R. Loizzo, R. Tundis, M. Bonesi, et al., Evaluation of Citrus aurantifolia peel and
leaves extracts for their chemical composition, antioxidant and anti-cholinesterase
activities, J. Sci. Food Agric. 24 (12) (2012) 1893–18937.

[150] W. Chaiyana, S. Okonogi, Inhibition of cholinesterase by essential oil from food
plant, Phytomedicine 19 (8) (2012) 836–839.

[151] M.A. Berhow, R.D. Bennett, S.M. Poling, S. Vannier, T. Hidaka, M. Omura,
Acylated flavonoids in callus cultures of Citrus aurantifolia, Phytochemistry 36 (5)
(1994) 1225–1227.

[152] G.K. Jayaprakasha, K.K. Mandadi, S. M Poulose, Y. Jadegoud, B.S. Patil, Novel
triterpenoid from Citrus aurantium L. possesses chemopreventive properties
against human colon cancer cells, Bioorganic Med. Chem. 16 (11) (2008)
5939–5951.

[153] M. Boshtam, J. Moshtaghian, G. Naderi, S. Asgary, H. Nayeri, Antioxidant effects
of Citrus aurantifolia (Christm) juice and peel extract on LDL oxidation, J. Res.
Med. Sci. 16 (7) (2011) 951–955.

[154] S.S. Akhtar, Evaluation of Cardiovascular Effects of Citrus Aurantifolia (Linn, Fruit
Social Science Research Network, 2013.

[155] S. Asnaashari, A. Delazar, B. Habibi, et al., Essential oil from Citrus aurantifolia
prevents ketotifen-induced weight-gain in mice, Phytotherapeutic Res. 24 (12)
(2010) 1893–1897.

[156] I. Aibinu, T. Adenipekun, T. Adelowotan, T. Ogunsanya, T. Odugbemi, Evaluation of
the antimicrobial properties of different parts of Citrus aurantifolia (lime fruit) as
used Locally, Afr. J. Tradit., Complementary Altern. Med. 4 (2) (2007) 185–190.

[157] P.M.D. Dongmo, L. N Tatsadjieu, E.S. Tchinda, J. Kuate, P.H.Z. Amvam, C. Menut,
Essential oils of Citrus aurantifolia from Cameroon and their antifungal activity
against Phaeoramularia angolensis, Afr. J. Agric. Res. 4 (4) (2009) 354–358.

[158] C.R. Ngnameko, F.N. Njayou, M. Fowora, et al., Inhibitory effect of medicinal
plants from Cameroon on the growth and adhesion of Helicobacter pylori, Eur. J.
Int. Med. 10 (2019). Article ID 100957.

[159] M. Nata’ala, M. Dalhat, B. Omoye, et al., Phytochemical screening and
antibacterial activity of Citrus sinensis (L.) osbeck [orange] and Citrus aurantifolia
(cristm.) swingle [lime] stem from bacteria associated with dental caries, J. Adv.
Microbiol. 8 (4) (2018) 1–9.

[160] M.R. Loizzo, R. Tundis, M. Bonesi, et al., Evaluation of Citrus aurantifolia peel and
leaves extracts for their chemical composition, antioxidant and anti-cholinesterase
activities, J. Sci. Food Agric. 92 (15) (2012) 2960–2967.

[161] A. Alvarez, F. Pomar, M.A. Sevilla, M.J. Montero, Gastric antisecretory and
antiulcer activities of an ethanolic extract of Bidens pilosa L. var. radiata Schult.
Bip, J. Ethnopharmacol. 67 (3) (1999) 333–340.

[162] P.V. Tan, T. Dimo, E. Dongo, Effects of methanol, cyclohexane and methylene chlo
ride extracts of Bidens pilosa on various gastric ulcer models in rats,
J. Ethnopharmacol. 73 (3) (2000) 415–421.

[163] L.P. Christensen, J. Lam, T.A. Thomasen, A chalcone and other constituents of
Bidens Tripartitus, Phytochemistry 29 (1990) 3155–3156.

[164] L.P. Christensen, J. Lam, Acetylenes and related compounds in Heliantheae,
Phytochemistry 30 (1991) 11–49.

[165] M.H. Chang, G.J. Wang, Y.H. Kuo, C.K. Lee, The low polar constituents from Bidens
pilosa L. var. minor (Blume) Sherff, J. Chin. Chem. Soc. 47 (2000) 1131–1136.

[166] M.T. Grombone-Guaratini, L. K Silva-Brand~ao, V.N. Solferini, J. Semir, J.R. Trigo,
Sesquiterpene and polyacetylene profile of Bidens pilosa complex (Asteraceae:
Heliantheae) from southeast of Brazil, Biochem. Systemat. Ecol. 33 (2005)
479–486.

[167] P. Geissberger, U. S�equin, Constituents of Bidens pilosa L.: do the components
found so far explain the use of this plant in traditional medicine? Acta Trop. 48
(1991) 251–261.

[168] M. Horiuchi, Y. Seyama, Improvement of the antiinflamatory and antiallergic
activity of Bidens pilosa L. var. radiata Scherff treated with enzyme (cellulosine),
J. Health Sci. 54 (2008) 294–301.

[169] C.L.T. Chang, S.L. Chang, Y.M. Lee, et al., Cytopiloyne, a poliacetylenic glucoside,
prevents type 1 diabetes in non-obese diabetic mice, J. Immunol. 178 (2007)
6984–6993.

[170] F. Deba, T.D. Xuan, M. Yasuda, S. Tawata, Herbicidal and fungicidal activities and
identification of potential phytotoxins from Bidens pilosa L. var. radiata Scherff,
Weed Biol. Manag. 7 (2007) 77–83.

[171] B. Hoffmann, J. H€olzl, Chalcone glucosides from Bidens pilosa, Phytochemistry 28
(1) (1989) 247–250.

[172] C. Kandaswami, E. Middleton, Free radical scavenging and antioxidant activity of
plant flavonoids, Adv. Exp. Med. Biol. 366 (1994) 351–376.

[173] P. Kumari, K. Misra, B.S. Sisodia, et al., A promising anticancer and antimalarial
component from the leaves of Bidens pilosa, Planta Med. 75 (1) (2009) 59–61.

[174] P.O. Karis, O. Ryding, in: K. Bremer (Ed.), Asteraceae Cladistics and Classification,
Timber Press, Portland, 1994, pp. 559–569.

[175] Y.J. Hsu, T.H. Lee, C.L.T. Chang, Y.T. Huang, W.C. Yang, Anti-hyperglycemic
effects and mechanism of Bidens pilosa water extract, J. Ethnopharmacol. 122 (2)
(2009) 379–383.

[176] C.L.T. Chang, S.L. Chang, Y.M. Lee, et al., Cytopiloyne, a polyacetylenic glucoside,
prevents type 1 diabetes in nonobese diabetic mice, J. Immunol. 178 (11) (2007)
6984–6993.

[177] O.N. Pozharitskaya, A.N. Shikov, M.N. Makarova, et al., Anti-inflammatory
activity of a HPLC-fingerprinted aqueous infusion of aerial part of Bidens
tripartite, Phytomed. Int. J. Phytotherapy 17 (6) (2009) 468–488.

[178] C. Ge, Cytologic study of Bidens bipinnata L, Zhongguo Zhongyao Zazhi 15 (2)
(1990) 72–125.

[179] J.S. Chang, L.C. Chiang, C.C. Chen, et al., Antileukemic activity of Bidens pilosa L.
Var. minor (blume) sherff and Houttuynia cordata thunb, Am. J. Chin. Med. 29
(2001) 303–312.

http://refhub.elsevier.com/S2405-8440(21)02568-8/sref121
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref121
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref121
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref121
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref122
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref122
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref122
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref122
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref123
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref123
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref123
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref123
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref124
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref124
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref124
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref124
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref125
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref125
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref125
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref125
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref126
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref126
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref126
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref127
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref127
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref127
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref127
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref128
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref128
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref128
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref128
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref129
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref129
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref129
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref130
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref130
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref130
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref130
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref131
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref131
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref131
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref131
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref132
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref132
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref132
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref133
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref133
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref133
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref133
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref134
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref134
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref134
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref134
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref135
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref135
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref135
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref135
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref135
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref136
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref136
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref136
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref136
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref137
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref137
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref137
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref137
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref137
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref137
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref138
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref138
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref138
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref138
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref138
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref138
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref139
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref139
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref139
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref140
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref140
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref140
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref140
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref141
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref141
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref141
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref142
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref142
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref142
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref143
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref143
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref143
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref143
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref144
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref144
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref144
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref144
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref145
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref145
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref145
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref145
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref146
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref146
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref146
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref146
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref147
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref147
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref147
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref147
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref147
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref147
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref147
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref148
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref148
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref148
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref148
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref149
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref149
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref149
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref149
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref150
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref150
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref150
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref151
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref151
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref151
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref151
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref152
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref152
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref152
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref152
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref152
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref153
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref153
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref153
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref153
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref154
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref154
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref155
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref155
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref155
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref155
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref156
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref156
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref156
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref156
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref157
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref157
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref157
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref157
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref158
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref158
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref158
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref159
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref159
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref159
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref159
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref159
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref160
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref160
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref160
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref160
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref161
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref161
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref161
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref161
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref162
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref162
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref162
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref162
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref163
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref163
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref163
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref164
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref164
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref164
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref165
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref165
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref165
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref166
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref166
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref166
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref166
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref166
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref166
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref167
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref167
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref167
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref167
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref167
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref168
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref168
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref168
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref168
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref169
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref169
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref169
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref169
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref170
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref170
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref170
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref170
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref171
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref171
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref171
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref171
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref172
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref172
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref172
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref173
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref173
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref173
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref174
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref174
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref174
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref175
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref175
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref175
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref175
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref176
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref176
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref176
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref176
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref177
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref177
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref177
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref177
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref178
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref178
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref178
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref179
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref179
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref179
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref179


D. Kumadoh et al. Heliyon 7 (2021) e08465
[180] B. Sireesha, M. Shankar, R. Sowjanya, et al., An overview on ulcer and plants
having anti ulcer activity, Int. J. Pharmacother. 6 (2) (2016) 82–89.

[181] A.P. Bartolome, I.M. Villase~nor, W.C. Yang, Bidens pilosa L. (Asteraceae): botanical
properties, traditional uses, phytochemistry, and pharmacology, Evid. base Compl.
Alternative Med. 10 (2013). Article ID 340215.

[182] I.D.K. Ferraz, A.P. Mendonça, �Oleo de andiroba: processo tradicional da extraç~ao,
uso e aspectos sociais no estado do Amazonas, Brasil, Acta Amazonica 37 (3)
(2007) 353–364.

[183] A. Doligez, H. I Joly, Mating system of Carapa procera (Meliaceae) in the French
guiana tropical forest, Am. J. Bot. 84 (1997) 461–470.

[184] G.K. Tuani, J.R. Cobbinah, P.K. Agbodaze, Bioactivity of and phytochemical
studies on extractives from some Ghanaian plants, Ghana J. For. 1 (1994) 44–48.
SRC-G.

[185] F.A. Adj�e, E.N. Ko, K.Y. Kon�e, et al., Polyphenol characterization in red beverages
of Carapa procera (D.C.) leaf extracts, Beverages 5 (68) (2019).

[186] K. Busia, Ghana Herbal Pharmacopoeia, 2, Accra: STEPRI, 2007.
[187] G.E. Trease, W.C. Evans, Textbook of Pharmacognosy, sixteenth ed., Balli�ere and

Tindall, London, UK, 2009.
[188] S. Sumbul, M.A. Ahmad, M. Asif, M. Akhtar, Role of phenolic compounds in peptic

ulcer: an overview, J. Pharm. BioAllied Sci. 3 (3) (2011) 361–367.
[189] Y. Konan, M. Sylla, J. Doannio, S. Traor�e, Comparison of the effect of two

excipients (karite nut butter and vaseline) on the efficacy of Cocos nucifera, Elaeis
guineensis and Carapa procera oil-based repellents formulations against mosquitoes
biting in ivory coast, Parasite 10 (2) (2003) 181–184.

[190] B. Missah, “Larvicical and Anti-plasmodial Constituents of Carapa Procera Dc.
(Meliaceae) and Hyptis Suaveolens L. Poit (Lamiaceae), 2014. A Thesis Submitted
Department Of Pharmacognosy, Kwame Nkrumah University Of Science And
Technology, Kumasi.

[191] K.T. Ngbolua, T.T. Bishola, T.P. Mpiana, et al., Ethno-pharmacological survey ,
in vitro anti-sickling and free radical, Nova J. Med. Biol. Sci. 2 (2) (2014)
1–14.

[192] A. Bafna, R. Balaraman, Anti-ulcer and anti-oxidant activity of Pepticare, a
herbomineral formulation, Phytomedicine 12 (4) (2005) 264–270.

[193] O.O. Owoyemi, M.K. Oladunmoye, M.K. Oladunmoye, phytochemical screening
and antibacterial activities of Bidens pilosa L. And Tridax procumbens L. On skin
pathogens comparative antimicrobial, anticholera and anticancer activities of
tridax procumbens and Bidens pilosa view project molecular biology view, Int. J.
Modern Biol. Med. J. Modern Biol. Med. 8 (1) (2017) 24–46.

[194] L. Frida, S. Rakotonirina, A. Rakotonirina, J.P. Savineau, In vivo and in vitro effects
of Bidens pilosa L. (Asteraceae) leaf aqueous and ethanol extracts on primed-
oestrogenized rat uterine muscle, Afr. J. Trad. 5 (1) (2008) 79–91.

[195] E. E Haule, M.J. Moshi, R.S.O. Nondo, D.T. Mwangomo, R.L.A. Mahunnah, A study
of antimicrobial activity, acute toxicity and cytoprotective effect of a polyherbal
extract in a rat ethanol-HCl gastric ulcer model, BMC Res. Notes 5 (546) (2012)
1–8.

[196] A. Ramesh, N. Alekhya, I. Iohitha I, Antiulcer activity of Eugenia jambolana leaves
against ethanol induced gastric ulcer in albino rats, Int. J. Pharmaceut. Res. Dev. 3
(2011) 106–112.

[197] K.Y. Orabi, S.I. Al-Qasoumi, M.M. El-Olemy, J.S. Mossa, I. Muhammad,
Dihydroagarofuran alkaloid and triterpenes from Maytenus heterophylla and
Maytenus arbutifolia, Phytochemistry 58 (2001) 475–480.

[198] G. da Silva, M. Tanic, J. Rocha, et al., In vivo anti-inflammatory effect and
toxicological screening of Maytenus heterophylla and Maytenus senegalensis
extracts, Hum. Exp. Toxicol. 30 (7) (2010) 693–700.

[199] S.I. Umar, M. Ndako, A.A. Jigam, et al., Anti-plasmodial, Anti-inflammatory, anti-
nociceptive and safety profile of Maytenus senegalensis root bark extract on hepato-
renal integrity in experimental animals, Comp. Clin. Pathol. 28 (6) (2019)
1571–1579.

[200] S. Sumbul, M.A. Ahmad, M. Asif, M. Akhtar, Role of phenolic compounds in peptic
ulcer: an overview, J. Pharm. BioAllied Sci. 3 (3) (2011) 361–367.

[201] A.A. Jigam, R. Musa, A. Abdullahi, B. Lawal, Characterization of anti-plasmodial,
analgesic and anti-inflammatory fraction of Maytenus senegalensis (lam.) Exell
leaf extract in mice, Clin. Phytosci. 6 (56) (2020).

[202] S.A. Khalid, G.M. Friedrichsen, S.B. Christensen, A. El Tahir, G.M. Satti, Isolation
and Characterization of Pristimerin as the Antiplasmodial and Antileishmanial
Agent of Maytenus Senegalensis (Lam.) Exell., Issue in Honor of Prof, Berhanu
Abegaz, ARKIVOC, 2007, pp. 129–134.

[203] L. Pistelli, R. Venturi, A. Marsili, I. Morelli, Alkaloids and coumarins from
Gymnosporia senegalensis var. spinosa (Celastraceae), Biochem. Systemat. Ecol. 26
(1998) 677–679.

[204] G. Hussein, N. Nakamura, M.R. Meselhy, M. Hatt ori, Phenolics from Maytenus
senegalensis, Phytochemistry 50 (1999) 689–694.

[205] M. Mueller, E. Mechler, Medicinal Plants in Tropical Countries: Traditional Use -
Experience - Facts. Stutt Gart: Thieme, 2005.

[206] G. da Silva, R. Serrano, O. Silva, Maytenus heterophylla and Maytenus
senegalensis, two traditional herbal medicines, J. Nat. Sci. Biol. Med. 2 (1)
(2011).

[207] P.K. Kpoyizoun, K. Metowogo, A. Missebukpo, et al., Effect ofMaytenus senegalensis
roots on OVA-induced airway inflammation in A mouse asthma model, Afr. J.
Pharm. Pharmacol. 13 (5) (2019) 49–56.

[208] K. L Lindsey, M. Budesinsky, L. Kohout, J. Van Staden, Antibacterial activity of
maytenonic acid isolated from the root-bark of Maytenus senegalensis, South Afr. J.
Bot. 72 (2006) 473–477.

[209] C. Clarkson, V. J Maharaj, N. R Crouch, et al., In vitro antiplasmodial activity of
medicinal plants native to or naturalized in South Africa, J. Ethnopharmacol. 92
(2004) 177–191.
12
[210] S.F. Andrade, M. Lemos, E. Comunello, et al., Evaluation of the antiulcerogenic
activity of Maytenus robusta (Celastraceae) in different experimental ulcer models,
J. Ethnopharmacol. 113 (2007) 252–257.

[211] H.M. Malebo, V. Wiketye, S.J. Katani, et al., In vivo antiplasmodial and
toxicological effect of Maytenus senegalensis traditionally used in the treatment of
malaria in Tanzania, Malar. J. 14 (1) (2015) 79–85.

[212] G. Da Silva, R. Serrano, O. Silva, Maytenus heterophylla and Maytenus senegalensis
(lam.) Exell two traditional herbal medicines, J. Nat. Sci. Biol. Med. 2 (2011)
59–65.

[213] I.O. Ben, E. Woode, G.A. Koffuor, E.A. Asiamah, Antianaphylactic effects of
Trichilia monadelpha (Thonn.) J. J. de Wilde extracts on rodent models of
anaphylaxis, Res. Pharmaceutical Sci. 11 (5) (2016) 397–404.

[214] N.R. Mshana, K. Abbiw, I. Addae-Mensah, et al., Traditional Medicine and
Pharmacopoeia. Contribution to the Revision of Ethnobotanical and Floristic
Studies in Ghana, 618, Accra, Organization of African Unity/Scientific, Technical
& Research Commision, 2000, pp. 676–677.

[215] M. Mart�ınez-V�azquez, R. Estrada-Reyes, A.G. Araujo Escalona, et al.,
Antidepressant-like effects of an alkaloid extract of the aerial parts of Annona
cherimolia in mice, J. Ethnopharmacol. 139 (1) (2012) 164–170.

[216] Y.P. Shi, H. Wang, Antidepressant activity of extract of Hypericum perforatum
with enriched flavonoids, Zhong Yao Xin Yao Yu Lin Chuang Yao Li 17 (1) (2006)
4–7.

[217] A. Micheal, Trees, Shrubs and Lianas of West Africa Dry Zone, 214, Ciriad
publishe, Netherland, 2004.

[218] I.O. Ben, E. Woode, W.K.M. Abotsi, E. Boakye-Gyasi, Preliminary phytochemical
screening and in vitro antioxidant prop-erties of Trichilia monadelpha (thonn.) J.
J. de Wilde (Meliaceae), J. Med. Biomed. Sci. 2 (2) (2013) 6–15.

[219] G.K. Ainooson, G. Owusu, E. Woode, C. Ansah, K. Annan, Trichilia monadelpha
back extracts inhibit carragean-induced foot-oedema in the 7-day old chick and
the oedema associated with adjuvant-induced arthritis in rats, Afr. J. Tradit.,
Complementary Altern. Med. 9 (1) (2012) 8–16.

[220] K.K. Atindehou, C. Schmid, R. Brun, M.W. Kone, D. Traore, Antitrypanosomal and
antiplasmodial activity of medicinal plants from Cote d'Ivoire, J. Ethnopharma-co
90 (3) (2004) 221–227.

[221] A. Gurib-Fakim, Medicinal plants: traditions of yesterday and drugs of tomorrow,
Mol. Aspect. Med. 27 (1) (2006) 1–93.

[222] P. Buzzini, P. Arapitsas, M. Goretti, et al., Antimicrobial and antiviral activity of
hydro-lysable tannins, Mini Rev. Med. Chem. 8 (12) (2008) 1179–1187.

[223] E. Woode, A.K. Amoh-Barimah, W.K.M. Abotsi, G.K. Ainooson, G. Owusu,
Analgesic effects of stem bark extracts of Trichila monadelpha (Thonn.) JJ de
Wilde, Indian J. Pharmacol. (6) (2012) 765–773.

[224] H.J. Von Maydel, Trees and Shrub of the Sahel; their Characteristics and uses
Eschibom, 225, Federal republic of Germany, 1986.

[225] G.H. Sam, M.L.K. Mensah, N. Nyakoa-Ofori, Pharmacognostic studies and
standardization of Cassia sieberiana roots, Pharmacogn. J. 3 (21) (2011) 12–17.

[226] D.K. Abbiw, Portions and medicine, in: Useful Plants of Ghana, 1990, Intermediate
Technology Publications, London, 1990, pp. 118–205.

[227] D.A. Awomukwu, B.L. Nyananyo, A.I. Ikpeama, C.U. Adieze, Comparative
chemical constituents of some Cassia species and their pharmacognistic
importance in South Eastern Nigeria, Sci. J. Chem. 3 (2015) 40–49.

[228] H.D. Neuwinger, African Ethnobotany: Poisons and Drugs; Chemistry,
Pharmacology and Toxicology, Chapman & Hall, Weinheim, Germany, 1996,
pp. 377–379.

[229] N. Neffati, Z. Aloui, H. Karoui, I. Guizani, Phytochemical composition and
antioxidant activity of medicinal plants collected from the Tunisian flora, Nat.
Prod. Res. 3 (13) (2017) 1–6.

[230] S.Y.Y. Guata, D.F. Alioune, D. William, et al., Analgesis and Anti-inflammatory
activity of aqueous root extract of Cassia sieberiana D.C. (caesalpiniaceae),
J. Pharm. Pharmacol. 3 (12) (2009) 651–653.

[231] H. Bello, Z. Mohammed, U.A. Katsayal, Pharmacognostic evaluation of the root
Cassia sieberiana D C: a promising ethnomedicinal plant, J. Pharmacogn.
Phytochem. 5 (3) (2016) 270–275.

[232] E.T. Nartey, M. Ofosuhene, W. Kudzi, C.M. Agbale, Antioxidant and gastric
cytoprotective prostaglandins properties of Cassia sieberiana roots bark extract as
an anti-ulcerogenic agent, BMC Compl. Alternative Med. 12 (65) (2012).

[233] A.A. Olapade, O.A. Ajayi, I.A. Ajayi, Physical and chemical properties of Cassia
sieberiana seeds, Int. Food Res. J. 21 (2) (2014).

[234] S. Jibril, H.M. Sirat, N. Basar, Bioassay-guided isolation of antioxidants and
α-glucosidase inhibitors from the root of Cassia sieberiana DC (Fabaceae), Record
Nat. Prod. 11 (2017) 406–410.

[235] K. Kpegba, et al., Epiafzelechin from the root bark of Cassia sieberiana: detection
by DART mass spectrometry, spectroscopic characterization, and antioxidant
properties, J. Nat. Prod. 74 (3) (2010) 455–459.

[236] M.E. Khan, A.U. Odokpe, T.A. Tor-Anyiin, Isolation and characterization of
stigmasterol and В-sitosterol from Cassia sieberiana (Fabaceae) leaf extract,
J. Chem Soc. Nigeria 45 (1) (2020) 135–142.

[237] W. Diatta, et al., Popular traditional herbal medicines from the J�oolas of Essyl in
the rural community of Enampor (Ziguinchor, S�en�egal): an ethnographic survey,
in: ACS symposium series, 1021, 2009, pp. 111–133.

[238] Z. Aliyu, M. Yusha’u, B.S. Aliyu, Anti- malarial activity of Cassia sieberiana leaf
extracts, Open Conf. Proc. J. 4 (2013) 72–76.

[239] G.Y. Sy, et al., Analgesic and anti-inflammatory activity of aqueous root extract of
Cassia sieberiana DC (Caesalpiniaceae), Afr. J. Pharm. Pharmacol. 3 (12) (2009)
651–653.

[240] H. Bello, Z. Mohammed, U.A. Katsayal, Anti-ulcer activity of ethanol root extracts
of Cassia sieberiana D.C. In albino rats, Eur. J. Med. Plants 11 (4) (2016) 1–9.

http://refhub.elsevier.com/S2405-8440(21)02568-8/sref180
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref180
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref180
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref181
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref181
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref181
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref181
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref182
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref182
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref182
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref182
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref182
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref182
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref183
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref183
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref183
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref184
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref184
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref184
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref184
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref185
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref185
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref185
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref185
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref186
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref187
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref187
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref187
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref188
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref188
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref188
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref189
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref189
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref189
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref189
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref189
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref189
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref190
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref190
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref190
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref190
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref191
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref191
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref191
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref191
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref192
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref192
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref192
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref193
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref193
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref193
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref193
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref193
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref193
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref194
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref194
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref194
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref194
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref195
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref195
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref195
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref195
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref195
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref196
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref196
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref196
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref196
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref197
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref197
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref197
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref197
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref198
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref198
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref198
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref198
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref199
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref199
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref199
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref199
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref199
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref200
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref200
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref200
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref201
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref201
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref201
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref202
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref202
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref202
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref202
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref202
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref203
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref203
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref203
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref203
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref204
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref204
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref204
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref205
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref205
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref206
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref206
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref206
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref207
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref207
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref207
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref207
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref208
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref208
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref208
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref208
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref209
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref209
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref209
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref209
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref210
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref210
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref210
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref210
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref211
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref211
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref211
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref211
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref212
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref212
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref212
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref212
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref213
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref213
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref213
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref213
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref214
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref214
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref214
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref214
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref214
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref215
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref215
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref215
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref215
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref215
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref215
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref216
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref216
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref216
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref216
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref217
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref217
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref218
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref218
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref218
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref218
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref219
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref219
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref219
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref219
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref219
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref220
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref220
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref220
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref220
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref221
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref221
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref221
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref222
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref222
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref222
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref223
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref223
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref223
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref223
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref224
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref224
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref225
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref225
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref225
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref226
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref226
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref226
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref227
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref227
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref227
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref227
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref228
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref228
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref228
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref228
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref228
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref229
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref229
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref229
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref229
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref230
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref230
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref230
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref230
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref231
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref231
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref231
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref231
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref232
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref232
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref232
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref233
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref233
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref234
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref234
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref234
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref234
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref235
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref235
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref235
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref235
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref236
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref236
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref236
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref236
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref237
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref237
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref237
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref237
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref237
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref237
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref237
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref238
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref238
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref238
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref239
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref239
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref239
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref239
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref240
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref240
http://refhub.elsevier.com/S2405-8440(21)02568-8/sref240

	A review on anti-peptic ulcer activities of medicinal plants used in the formulation of Enterica, Dyspepsia and NPK 500 cap ...
	1. Introduction
	2. Methodology
	3. Results
	3.1. Anti- peptic ulcer and related activity of medicinal plants used in the formulation of the three products
	3.2. Morinda lucida (L.) Benth
	3.3. Cnestis ferruginea Vahl ex D.C.
	3.4. Momordica charantia Linn.
	3.5. Vernonia amygdalina Del.
	3.6. Lantana camara Linn.
	3.7. Psidium guajava Linn.
	3.8. Trema orientalis Linn.
	3.9. Persea americana Mill.
	3.10. Spondia mombin Linn.
	3.11. Citrus aurantifolia Linn.
	3.12. Bidens pilosa L.
	3.13. Carapa procera D.C.
	3.14. Maytenus senegalensis (Lam.)
	3.15. Trichilia monadelpha (Thonn.) JJ De Wilde
	3.16. Cassia siebieriana D. C.

	4. Discussion
	5. Conclusion
	Declarations
	Author contribution statement
	Funding statement
	Data availability statement
	Declaration of interests statement
	Additional information

	References


