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Abstract Digestive tract diseases are various and considered as a public health issue worldwide. In Burkina Faso, they are
the second leading cause of hospital consultations. The leaves of Maerua angolensis are traditionally used in the treatment of
digestive diseases. The phytochemical profile was carried out using specific reagents. Aqueous and hydroethanolic
decoctions of Maerua angolensis leaves were used for different tests. The antiradical activity and safety use were evaluated
using the DPPH method and the acute oral toxicity test according to OECD guideline 423, respectively. The concentration
(mg/mL) necessary to reduce the DPPH radical by 50% (IC50) were 0.06 mg/mL and 0.09 mg/mL for the aqueous and
hydroethanolic extracts, respectively. The extracts' ability to scavenge free radicals is related to their content in total phenolic
compounds (108.44 + 0.32 mg GAE/g and 106.79 + 0.79 mg GAE/qg), flavonoids (43.04 = 0.04 mg QE/g and 69.27 £ 0.02 mg
QE/qg), flavonols (12.73 £ 0.53 mg QE/g and 24.61 + 0.01 mg QE/g), and tannins (43.18 + 2.18 mg GAE/g and 39.37 + 1.85
mg GAE/g) for the aqueous and hydroethanolic extracts, respectively. The essential mineral contents were: Fe (27.59
mg/100g), Ca (1.9 mg/100g), Zn (4.25 mg/100g), K (1.43 mg/100g), Mg (0.77 mg/100g), and Na (0.01 mg/100g). The acute
oral toxicity test showed no signs of toxicity associated with the consumption of the leaves of this plant with the dose of 2000
mg/kg wc. The results obtained provide scientific prerequisites for the development of improved traditional medicines and
functional foods for the management of digestive diseases.
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1. Introduction

Digestive tract diseases are various and considered as a
global public health problem [1]. In Africa, particularly
in Burkina Faso, they remain the second leading cause of
hospital consultations after malaria, with their prevalence
varying by region [2]. These include peptic ulcers, digestive

cancers (gastric cancer, colorectal cancer, and liver cancer),
functional colopathies, hemorrhoids, hepatitis, chronic
inflammatory bowel [3]. At least 800 000 people die each
year from gastroenteritis in the world, including 500 000
children under the age of five [4,5]. Helicobacter pylori is
a Gram-negative bacterium responsible for the majority
of digestive diseases and is the main cause of peptic ulcers
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and gastric cancers [6]. Other infectious pathogens are
responsible for digestive diseases, with the most frequently
detected in healthcare facilities in Burkina Faso being
Escherichia coli (E. coli), Staphylococcus aureus (S. aureus),
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Salmonella typhi, Vibrio cholerae, Shigella dysenteriae,
etc. Certain parasites, as Entamoeba histolytica and Giardia
intestinalis, are also responsible for digestive tract diseases.
Additional factors, such as the use of nonsteroidal anti-
inflammatory drugs, skipping meals, tobacco and alcohol
consumption, and oxidative stress, can cause inflammation
of the digestive tract [2,7,8]. Various medications, such as
anti-inflammatory drugs, intestinal and gastric antisecretory
drugs, gastric antacids, and antibiotics, are used in conventional
medicine to treat digestive diseases [8]. However, some of
these medications have side effects that can lead to further
damage to the digestive tract. Additionally, the phenomenon
of antibiotic resistance renders some treatments ineffecient.
Previous studies have shown that certain medicinal plants are
an important source of nutrition, especially in developing
countries [9]. This category of plants offers dual benefits for
humans, as they provide bioactive molecules such as phenolic
compounds (flavonoids, tannins, saponins, coumarins) and
terpenic compounds with anti-inflammatory, antibacterial,
antioxidant, and antispasmodic properties, as well as nutrients
through their fruits and leaves [9,10].

Consequently, the adoption of these plants in the dietary
habits of populations can help to prevent many chronic
diseases such as diabetes, hypertension, cardiovascular diseases,
oxidative stress, and digestive tract diseases, the occurrence
of which results from both diagnostic and therapeutic delay
[11]. Maerua angolensis, commonly called Zilogo in the
local Mooré language, is a deciduous and perennial plant
belonging to the Capparidaceae family. It is a shrub that can
reach up to 10 meters in height [12]. An ethnobotanical
survey conducted in the Central Plateau region (Zitenga and
Tanghin Dassouri) revealed that the leaves of this plant are
used in traditional medicine for treating digestive disorders,
bloating, and diarrhea. In addition further its medicinal uses,
the leaves of Maerua angolensis are consumed as a sauce or
used in the preparation of various dishes such as couscous or
leaf fritters. The objective of this study was to determine the
phytochemical profile, antiradical activity, and acute general
toxicity of the leaves of Maerua angolensis used in the
treatment of digestive diseases.

2. Materials and Methods

2.1. Plant Material

The leaves of Maerua angolensis were collected on
June, 2023 at Zitenga, located 53 km from Ouagadougou,
the capital. After identification by the National Herbarium
of Burkina Faso (HNBU), a specimen was deposited there
under code 8769. The leaves were thoroughly washed
and then dried in a well-ventilated room under continuous
airflow. After one week of drying, they were ground using an
electric grinder, and the obtained powder was packaged in a
transparent bag and stored in the laboratory, protected from
light (Figure 1).

b: Ground leaves of Maerua angolensis

Figure 1. Leaves of Maerua angolensis (Photo Bado D., 2023)

2.2. Reagents and Solvents

The main chemicals used are: 1,1-diphenyl-2-picrylhydrazyl
(DPPH) (Sigma, St. Louis, MO, USA), 6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid (Trolox), and Folin-
Ciocalteu reagent (Sigma Chemical Company, Steinheim,
Germany), Neu reagent, polyethylene glycol, and 2-aminoethyl
diphenylborate, Na,CO3;, NaOH (VWR, France), analytical
methanol, absolute ethanol, dichloromethane, ethyl acetate
(Carlo Erba, France), sulfuric acid, aluminum trichloride,
and acetic acid (Labosi, France), gallic acid, rutin, tannic
acid, and catechin (Sigma-Aldrich, Germany).

2.3. Methods

2.3.1. Extraction of Phenolics Compounds

The extraction of phenolic compounds was performed
using aqueous and ethanolic decoction. Therefore, 50 g of
dry powder was mixed with 500 mL of solvent (70% ethanol
or distilled water) in a 1000 mL flask. The resulting mixture
was boiled under reflux for 30 minutes and then filtered
using filter paper and a funnel. The obtained filtrate
was concentrated under reduced pressure using a rotary
evaporator (BU CHI) and then freeze-dried. The resulting dry
extract was stored in the refrigerator at a temperature of 4°C.

2.3.2. Phytochemical Screening by High-Performance
Thin-Layer Chromatography (HPTLC)

The phytochemical screening of the extracts was carried
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out following the HPTLC method as described by [13].
Aluminum plates coated with Silica Gel 60 F254 were
used. The deposits were made using the spraying system
of a semi-automatic device, Linomat 5 (Camag, Muttenz,
Switzerland). An elution system (ethyl acetate: formic acid:
acetic acid: water, 100:11:11:26, v/v/v) was used for the
migration of flavonoids, coumarins, and saponins.

Another elution system (hexane: ethyl acetate, 20:4, v/v)
was used for the migration of sterols and triterpenes. A third
system (ethyl acetate: methanol: water: dichloromethane,
18:2, 4:2, 1:6, v/viviv) was used for the migration of tannins.
Flavonoids and phenolic acids were revealed with Neu reagent
under UV light (366 nm), while sterols and triterpenes were
revealed with 3% H,SO, in 96% ethanol, and tannins with
FeCl; (2%). The revelation of coumarins was performed
using KOH at 366 nm. Saponins were revealed using sulfuric
anisaldehyde at 366 nm.

2.3.3. Total Phenolics Content Determination

Total phenolics content were determined using the
Folin-Ciocalteu reagent (FCR) according to the method
described by [14]. In a test tube, a mixture consisting of 1 mL
of extract and 1 mL of FCR (0.2 N) was prepared. After
waiting for 8 minutes, 2 mL of 7.5% Na,CO; was added.
The resulting mixture was incubated at 37°C for 30 minutes
and then the absorbance was measured at 760 nm against a
blank consisting of distilled water. The total phenolic content
was evaluated using a standard calibration curve with gallic
acid as the reference substance (y = 10.459x + 0.0335; R2=
0.9993). The experiment was performed in triplicate, and the
result obtained was the average of these experiments. The
contents were expressed in milligrams of Gallic Acid
Equivalent per gram of dry extract (mg GAE/g).

2.3.4. Determination of total Flavonoids Content

Total flavonoids content were determined according to the
method used by [15] with slight modifications. In a test tube,
a mixture consisting of 3 mL of extract and 3 mL of AICI3
was prepared. The resulting mixture was incubated for one
hour at room temperature. At the end of the incubation
period, the absorbance was measured at 510 nm against a
blank consisting of distilled water. The total flavonoid
content was evaluated using a standard calibration curve
with quercetin as the reference substance (y = 10.972x -
0.2075; R2 = 0.9998). The experiment was conducted in
triplicate, and the result obtained was the average of these
experiments. The contents were expressed in milligrams of
Rutin Equivalent per gram of dry extract (mg QE/qg).

2.3.5. Determination of Total Flavonols Content

Total flavonol were estimated using the method described
by [16]. A volume of 2mL of 20% AICI3 in 96% ethanol was
mixed with 2mL of 1mg/mL extract. A blank was prepared
by mixing 2mL of extract and 2mL of ethanol. Optical
densities were read after 10 minutes incubation at room
temperature at 425 nm. Levels were assessed using a

standard calibration curve with quercetin as the reference
substance (y = 37.342x + 0.1494; R?= 0.996). Values are
expressed in mg Quercetin Equivalents (QE) /100 mg plant
extract.

2.3.6. Total Tannins Content

Total tannins (TT) were determined indirectly by
spectrophotometric measurement of the absorbance of the
solution obtained after the precipitation of insoluble tannins
with polyvinyl polypyrrolidone (PVVPP), as described by [17].
PVPP (110 mg of PVPP per mL of extract) was added to
10 mL of extract (1 mg/mL). The resulting mixture was
vortexed and then centrifuged at 3000 g for 10 minutes at
4°C to precipitate the tannins. The phenolic content of the
supernatant, corresponding to the non-precipitable phenols
(NPP), was measured using the Folin—Ciocalteu method,
and the total tannins were calculated using the following
equation: TT = TPC — NPP. The results were expressed in
mg of Gallic Acid Equivalent (mg GAE)/g of dry extract.

2.3.7. Determination of Minerals Content

The minerals content were determined according to the
method described by [18]. A mass of 5 g of dry material was
digested by adding 10 mL of HNO; (10%). The resulting
mixture was incinerated at 600°C for 6 hours in an
incinerator. The ash obtained after incineration was collected
and weighed using a precision balance. Then, 0.5 g of this
ash was dissolved in 5 mL of HNO; (10%), and the
supernatant was collected and diluted to 1/100 in a 50 mL
volumetric flask. The diluted solutions were centrifuged at
5000 G for 5 minutes and subsequently analyzed using the
Inductively Coupled Plasma Optical Emission Spectrometry
(ICP-OES) (PerkinElmer, Optima 800) with the winLab32
version 7.0 software for mineral determination. The contents
are expressed in mg/100g.

2.3.8. Antiradical Activity by the DPPH Test

The antiradical activity by the DPPH test was evaluated
according to the method described by [19]. In ten (10)
numbered tubes (1-10), a serial dilution of the extract (1
mg/mL) was prepared. Then, 2 mL of DPPH (0.04 mg/mL in
methanol) was added to each tube. The resulting reaction
mixture was incubated for 15 minutes at 37°C in the dark.
The absorbance of the residual DPPH was read at 517 nm.
Thus, the antiradical activity was assessed by determining
the concentration (mg/mL) required to reduce DPPH radicals
by 50% (IC50).

2.3.9. Study of Acute Toxicity

The acute oral toxicity of each extract was determined
following the OECD Test Guideline 423. Two groups of six
rats were formed, one being a control group and the other a
test group. The rats were Wistar (both male and female),
weighing between 150 and 270 g, obtained from the animal
facility of the Institute of Health Sciences Research (IRSS)
in Ouagadougou, where they were fed wheat bran (29%
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protein). Drinking water was tap water. They were kept in
air-conditioned conditions (23-25°C) with alternating light/
dark cycles and 75% humidity. The rats were fasted for 4
hours before the start of the test. After weighing, each animal
was administered 10 mL of the plant extract orally at a dose
of 2000 mg/kg body weight using a 10 mL syringe. The
animals were then fasted again for 4 hours. Following treatment,
the animals were regularly observed every 24 hours. Weight
changes were monitored during the test by weighing the rats
on the following days: 0, 1, 2, 3, 7, and 14. Day 0 represents
the beginning of weight measurements after the first fasting
period. All rats were sacrificed under anesthesia on the 14th
day, and organs such as the liver, lungs, spleen, kidneys, and
heart were examined and weighed [20].

2.3.10. Statistical Analysis

The results were expressed as mean + SEM (n = 3). The
data were analyzed using analysis of variance (ANOVA)
with XLSTAT software. Differences were considered
statistically significant for a p value <0.05.

3. Results and Discussion

3.1. Chemical Compounds of Maerua angolensis Leaves

The determination of constituents by HPTLC and the
revelation of the spots were showed in Figure 2.

The orange spots in figure (a) indicate the presence of
flavonoids, while the blue spots represent phenolic acids in

the leaves of this plant. The blue-black spots in figure (b)
indicate the presence of tannins. These results corroborate
those of [21] who showed the presence of these compounds
in the aqueous, ethanolic and methanolic extracts of Maerua
angolensis leaves.

@ (b)

Eaq, Aqueous extract; EtOH, Ethanolic extract; Rut, Rutin; Que, Quercetin;
(a) detection of flavonoids using NEU reagent at 366 nm; (b) detection of
tannins using ferric chloride (FeClI3) in white light

Figure 2. Chemical compounds present in the leaves of Maerua angolensis

3.2. Content of Phenolic Compounds and Antioxidant
Activity

Table 1. Contents of phenolic compounds and antioxidant activity of the aqueous and hydroethanolic extracts of Maerua angolensis

Maerua angolensis Reference
Extract Aqueous Hydroethanolic Trolox
Total phenolics (mg GAE/g) 108,44 + 0,32 106,79 + 0,79

Total flavonoids (mg QE/g) 43,04+ 0,042 69,27+ 0,02

Flavonols (mg QE/g) 12,73+ 0,53 24,61+ 0,01

Total tannins (mg GAE/qg) 43,18+ 2,78 39,37+ 1,85

ICso (Mg/mL) 0,06" 0,09 0,012

The values are expressed as means + SEM (n = 3); ®p < 0.05 compared to hydroethanolic

extract; °p < 0.05 compared to Trolox.

The contents of phenolic compounds and the minimum
inhibitory concentration at 50% the extracts are presented in
Table 1.

The total phenolic and total tannins contents, as well as the
minimum inhibitory concentrations at 50% of the aqueous
and hydroethanolic decoctions, are nearly equal. However,
the total flavonoid and flavonol contents are higher in the
hydroethanolic decoctions. The total phenolic contents of our
extracts are substantially similar to those obtained by [22].
Indeed, they reported a content of 108.39 + 0.58 mg GAE/g
with the infusion of the powder from the leaves of Maerua
angolensis, compared to 108.44 + 0.32 mg EAG/g obtained
with the aqueous decoction of our extract. However, the
minimum inhibitory concentration of our extract was better

than that obtained with their extracts, which was 9.24 mg/mL
compared to 0.06 mg/mL obtained with our sample. Previous
studies have shown a close link between oxidative stress and
digestive diseases [23,24]. This phenomenon results from an
imbalance between free radicals and the body's ability to
neutralize them. It can therefore induce a disturbance in the
functioning of the digestive tract by either creating excessive
secretion of gastric acids that irritate the mucosa of the
digestive tract or by reducing the secretion of mucus and
bicarbonate, which play an important role in protecting
the gastrointestinal mucosa [10]. The inflammation of the
digestive tract that it causes leads to abdominal pain that can
be chronic or temporary. This phenomenon is also involved
in the pathophysiology of diarrhea by disrupting the regular
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movement of electrolytes and water [2,24]. The results
showed that the aqueous and hydroethanolic decoctions
of the leaves of Maerua angolensis possess anti-radical
properties due to their ability to trap free radicals (DPPH).
This anti-radical power is undoubtedly related to the
phenolic compounds they contain [25]. This ability of the
leaves of Maerua angolensis to trap free radicals is therefore
related to the presence of flavonoids and tannins [26]. The
role of these compounds in the treatment of digestive diseases
is to reduce or prevent inflammation of the gastroduodenal
mucosa caused by oxidative stress and microbial infections
[27]. These compounds are rich in hydrogen and are capable
of releasing protons to trap free radicals that can damage
macromolecules such as DNA, lipids, and proteins [27].
Flavonoids can reduce inflammation by activating antioxidant
pathways that produce anti-inflammatory effects or by inhibiting
certain enzymes or pathways involved in inflammation, such
as the synthesis of nitric oxide (NO), cyclooxygenase-2, and
lipoxygenase, as well as the secretion of arachidonic acid.
One previous study showed that rutin, used as a reference
substance in this study, is capable of reducing colon
inflammation by lowering levels of cytokines such as IL-1B
[28]. Tannins, due to their astringent properties, play an
important role in the treatment of bacterial infections. Indeed,
tannins possess antibacterial properties that allow them to
inhibit the bacteria responsible for digestive disorders [29].
It has been found that most medications indicated for the
treatment of digestive diseases are anti-inflammatory, antibiotics,
and antisecretory agents [8]. The high levels of flavonoids,
tannins, and other phytonutrients found in the leaves of
Maerua angolensis, along with their radical-scavenging
power, indicate that this plant can be recommended as an
important natural source for treating inflammation of the
digestive tract (inflammatory bowel diseases, ulcers, etc.)
caused by oxidative stress and microbial infections.

3.3. Mineral Content

The contents of mineral are presented in Table 2.

The contents ranged from 0.01 mg/100g to 27.59 mg/100g,
with iron being the most abundant mineral in the leaves of
Maerua angolensis. The contents of iron (27.59 mg/100g)
and zinc (4.25 mg/100g) in our extracts are higher than those

reported by previous author [30]. However, the macroelement
contents of their extracts (Calcium 4785.97 + 0.23 mg/100g),
Potassium (832.19 + 0.78 mg/100g), and Sodium (96.11
+ 0.75 mg/100g) were higher than those of our extracts.
The leaves of Maerua angolensis contain essential minerals
for the proper functioning of the body, such as iron, zinc,
potassium, magnesium, calcium, and sodium. Iron plays a
central role in various vital biological functions, including
oxygen transport and energy production. Its involvement in
the treatment of digestive diseases is mainly linked to its role
in treating anemia. It has been established that one-third of
patients suffering from chronic inflammatory bowel diseases
frequently experience anemia [31,32]. The high iron content
in the leaves of this plant indicates that it can be used in the
treatment or prevention of anemia, which is a common
complication of digestive diseases and is frequently observed
in malnourished children and pregnant women.

3.4. Safety of Using Leaves of Maerua angolensis

The results show that no behavioral changes were
observed in the animals, nor were there any cases of death.
The weights of the organs from the test group and those from
the control group were comparable (Table 3). This indicates
that the extracts from the leaves of Maerua angolensis did
not damage organs such as the lungs, liver, heart, spleen, and
kidneys.

The weight evolution of the rats is presented in Figure 3.

Weight evolution
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Figure 3. Weight evolution of the animals

Table 2. Mineral content of the leaves of Maerua angolensis

) Minerals
Maerua angolensis - - - - - Total ash
Zinc  Iron  Potassium  Magnesium  Sodium  Calcium
Contents (mg/100g) 4,25 27,59 1,43 0,77 0,01 1,9 12

Table 3. Comparison of organ weights of animals in the control group and the test group

Organ (%)

Animals from the Witness batch

Animals from the test batch

Heart 0,25+ 0,10
Lung 0,49+0,21
Liver 3,49+0,89
Kidney 0,59 +0,11
Spleen 0,24 + 0,25

0,31+0,04
0,61+0,14
3,42+ 0,25
0,58 + 0,06
0,26 + 0,80
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The results show that the weights of the animals in the test
group that received the plant extracts and those in the control
group evolved in the same direction. This confirms that the
leaves of Maerua angolensis are not toxic and can be safely
consumed. Our results corroborate those of [33] who showed
similar results on the hydro-methanolic extracts of the leaves
of this plant.

The acute oral toxicity test showed no signs of toxicity at a
dose of 2000 mg/kg of body weight. Thus, the consumption
of this plant poses no danger. All these results indicate that
this plant provides bioactive substances that may play a
significant role in treating digestive tract inflammation related
to oxidative stress, supporting its use in managing digestive
diseases in traditional medicine.

4. Conclusions

The objective of this study was to determine the
phytochemical profile, radical-scavenging activity, and acute
oral toxicity of the leaves of Maerua angolensis used in the
treatment of digestive diseases. The results showed that the
leaves of the plant contain phenolic compounds, including
flavonoids, tannins, saponins, coumarins, and exhibit remarkable
radical-scavenging power with high iron content. The results
also showed that regular consumption of the leaves of this
plant by populations is safe and can significantly reduce
the risk of diseases related to oxidative stress, particularly
diseases of the digestive tract. The development of improved
traditional medicines or functional foods based on the leaves
of Maerua angolensis could be an alternative for the
treatment of digestive diseases.

ACKNOWLEDGEMENTS

We thank the Aktionsgemeinschaft Solidarische Welt
(ASW)/Berlin for financing the project.

REFERENCES

[1] Milivojevic V, Milosavljevic T. Burden of gastroduodenal
diseases from the global perspective. Current Treatment
Options in Gastroenterology 2020; 18: 148-57. https:/link.
springer.com/article/10.1007/s11938-020-00277-z.

[2] Ouédraogo B, Tiendrébéogo AR, Yoda J, Kini F. Phytochemical
Study and Radical Scavenging Activity of Three Leafy
Vegetables Grown in Zitenga Region of Burkina Faso. Science
Journal of chemistry 2024; 12: 94-101. http://www.scichem;.
org/article/10.11648/j.sjc.20241205.12.

[3] Chang M-L, Yang Z, Yang S-S. Roles of adipokines in
digestive diseases: markers of inflammation, metabolic alteration
and disease progression. International journal of molecular
sciences 2020; 21: 8308. https://www.mdpi.com/1422-0067/
21/21/8308.

[4] Markkula J, Hemming-Harlo M, Salminen MT, Savolainen-

(5]

(6]

[7]

(8]

(9]

[10]

[11]

(12]

[13]

[14]

[15]

Kopra C, Pirhonen J, Al-Hello H, et al. Rotavirus epidemiology
5-6 years after universal rotavirus vaccination: persistent
rotavirus activity in older children and elderly. Infectious
Diseases 2017; 49: 388-95. https://www.tandfonline.com/doi/
abs/10.1080/23744235.2016. 1275773.

Troeger C, Khalil 1A, Rao PC, Cao S, Blacker BF, Ahmed T,
et al. Rotavirus vaccination and the global burden of rotavirus
diarrhea among children younger than 5 years. JAMA pediatrics
2018; 172: 958-65. https://jamanetwork.com/journals/jamape
diatrics/article-abstract/2696431.

Tsay F-W, Hsu P-lI. H. pylori infection and extra-
gastroduodenal diseases. Journal of biomedical science 2018;
25: 1-8.https://link.springer.com/article/10.1186/s12929-018
-0469-6.

Bhatia V, Tandon RK. Stress and the gastrointestinal tract.
Journal of gastroenterology and hepatology 2005;20:332-9.
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1440-1746.
2004.03508.x.

Lema A, Bangou MJ, Sawadogo M, Thiombiano H, Ouoba H.
Medicinal plant recipes used in the management of peptic
ulcers in Burkina Faso: Ethnobotanical study. Int J Sci Res
Arch 2022; 6: 263-78. https://www.researchgate.net/profile/
Bangou-Mindiediba-Jean/publication/361585849_Medicinal
_plant_recipes_used_in_the_management_of_peptic_ulcers_
in_Burkina_Faso_Ethnobotanical_study/links/62bae36c5e25
8e67e10beche/Medicinal-plant-recipes-used-in-the-management
-of-peptic-ulcers-in-Burkina-Faso-Ethnobotanical-study.pdf.

Bertelli A, Biagi M, Corsini M, Baini G, Cappellucci G,
Miraldi E. Polyphenols: From theory to practice. Foods 2021;
10: 2595. https://www.mdpi.com/2304-8158/10/11/2595.

Juranek I, Horakova L, Rackova L, Stefek M. Antioxidants in
treating pathologies involving oxidative damage: an update
on medicinal chemistry and biological activity of stobadine
and related pyridoindoles. Current medicinal chemistry 2010;
17: 552-70. https://www.ingentaconnect.com/content/ben/cmc
/2010/00000017/00000006/art00004.

Petrovska BB. Historical review of medicinal plants’ usage.
Pharmacognosy reviews 2012; 6: 1. https://pmc.ncbi.nlm.nih.
gov/articless/PMC3358962/.

Mengistu G, Hoste H, Karonen M, Salminen J-P, Hendriks W,
Pellikaan W. The in vitro anthelmintic properties of browse
plant species against Haemonchus contortus is determined
by the polyphenol content and composition. Veterinary
Parasitology 2017; 237: 110-6. https://www.sciencedirect.com
[science/article/pii/S0304401716305325.

Kavit M, Patel B, Jain B. Phytochemical analysis of leaf
extract of Phyllanthus fraternus. Research Journal of Recent
Sciences ISSN 2013; 2277: 2502. https://www.academia.edu
/download/57191816/3.ISCA-1SC-2012-03BS-43.pdf.

Koala M, Ramde-Tiendrebeogo A, Ouedraogo N, Ilboudo S,
Kaboré B, Kini FB, et al. HPTLC Phytochemical Screening
and Hydrophilic Antioxidant Activities of Apium graveolens
L., Cleome gynandra L., and Hibiscus sabdariffa L. Used for
Diabetes Management. American Journal of Analytical
Chemistry 2021; 12: 15. https://www.scirp.org/journal/paper
information?paperid=106588.

Ouédraogo JCW, Dicko C, Kini FB, Bonzi-Coulibaly YL,
Dey ES. Enhanced extraction of flavonoids from Odontonema
strictum leaves with antioxidant activity using supercritical



14

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Copyright © 2025 The Author(s). Published by Scientific & Academic Publishing

David Bado et al.:

Phytochemical Profile and Biological Activities of Aqueous and Hydroethanolic

Extracts of the Leaves of Maerua angolensis DC (Forsk) (Capparidaceae) Used
in the Treatment of Digestive Diseases in Traditional Medicine in Burkina Faso

carbon dioxide fluid combined with ethanol. The Journal of
Supercritical Fluids 2018; 131: 66-71. https://www.sciencedi
rect.com/science/article/pii/S0896844617304473.

Almaraz-Abarca N, Campos MdG, Avila-Reyes JA,
Naranjo-Jiménez N, Herrera-Corral J, Gonzélez-Valdez LS.
Variability of antioxidant activity among honeybee-collected
pollen of different botanical origin. Interciencia 2004; 29:
574-8. https://ve.scielo.org/scielo.php?pid=S0378-18442004
001000006&script=sci_arttext.

Makkar HP, Blimmel M, Borowy NK, Becker K.
Gravimetric determination of tannins and their correlations
with chemical and protein precipitation methods. Journal
of the Science of Food and Agriculture 1993; 61: 161-5.
https://scijournals.onlinelibrary.wiley.com/doi/abs/10.1002/j
sfa.2740610205.

Li C, Cui Z-h, Li Z, Gao L, Zhang C-y, Li D-x, et al.
Determination of mineral elements in nanyang mugwort
(Artemisia argyi) leaves harvested from different crops by
inductively coupled plasma mass spectrometry and inductively
coupled plasma atomic emission spectrometry. Chemical and
Pharmaceutical Bulletin 2021; 69: 411-3. https://www.jstage.
jst.go.jp/article/cpb/69/4/69_c20-00875/_article/-char/ja/.

Kim D-O, Jeong SW, Lee CY. Antioxidant capacity of
phenolic phytochemicals from various cultivars of plums.
Food chemistry 2003; 81: 321-6. https://www.sciencedirect.
com/science/article/pii/S0308814602004235.

Schlede E. Oral acute toxic class method: OECD Test
Guideline 423. Rapporti istisan 2002; 41: 32-6. https://www.
iss.it/documents/20126/955767/0241.1109329721.pdf/98887
29a-2f04-8173-7807-ffe9ee0f4588?t=1575578318315#page
=38.

Adigwe OP, Ibrahim JA, Buhari AH, Muhammed KA, Kirim
RA, Danraka AM, et al. Pharmacognostic and phytochemical
characterization of Maerua angolensis DC. African Journal of
Plant Science 2021; 15: 94-9. https://academicjournals.org/
journal/AJPS/article-full-text/D61398566588.

Adigwe OP, Adzu B, Tarfa FD, Egharevba HO. Antidiabetic
phytodrug from Maerua angolensis DC: Formulation,
standardization, in vitro and in vivo evaluations. Scientific
African 2024; 23: e02026. https://www.sciencedirect.com/
science/article/pii/S2468227623004805.

Keskin G. Approach to stress endocrine response: somatization
in the context of gastroenterological symptoms: a systematic
review. African health sciences 2019; 19: 2537-45.
https://www.ajol.info/index.php/ahs/article/view/190824.

Rtibi K. Implication of oxidative stress in small intestine
disorders, constipation and diarrhea: A mini review. Recent
Adv Biol Med 2017; 3: 2023. https://www.researchgate.net/
profile/Amri-Mohamed/publication/329092128 Implication

[25]

[26]

[27]

[28]

[29]

[30]

(31]

[32]

[33]

_of_Oxidative_Stress_in_Small_Intestine_Disorders_Consti
pation_and_Diarrhea/links/5f97ea56458515b7cfal1894a/Impl
ication-of-Oxidative-Stress-in-Small-Intestine-Disorders-Co
nstipation-and-Diarrhea.pdf.

Lamien-Meda A, Lamien CE, Compaoré MM, Meda RN,
Kiendrebeogo M, Zeba B, et al. Polyphenol content and
antioxidant activity of fourteen wild edible fruits from Burkina
Faso. Molecules 2008; 13: 581-94. https://www.mdpi.com/
1420-3049/13/3/581.

Bérzina L, Mieripa I. Antiradical and antioxidant activity of
compounds containing 1, 3-dicarbonyl moiety: An overview.
Molecules 2023; 28: 6203. https://www.mdpi.com/1420-3049
128/17/6203.

Adji AS, Atika N, Kusbijantoro YB, Billah A, Putri A,
Handajani F. A review of Leaves and Seeds Moringa oleifera
Extract: The potential Moringa oleifera as Antibacterial, Anti
-Inflammatory, Antidiarrhoeal, And Antiulcer Approaches To
Bacterial Gastroenteritis. Open Access Macedonian Journal of
Medical Sciences 2022; 10: 305-13. https://oamjms.eu/index.
php/mjms/article/view/8894.

Al-Khayri JM, Sahana GR, Nagella P, Joseph BV, Alessa FM,
Al-Mssallem MQ. Flavonoids as potential anti-inflammatory
molecules: A review. Molecules 2022; 27: 2901. https://www.
mdpi.com/1420-3049/27/9/2901.

Jakubiec-Krzesniak K, Rajnisz-Mateusiak A, Guspiel A,
Ziemska J, Solecka J. Secondary metabolites of actinomycetes
and their antibacterial, antifungal and antiviral properties.
Polish journal of microbiology 2018; 67: 259. https://sciendo.
com/pdf/10.21307/pjm-2018-048.

Emmanuel TV, Njoka JT, Catherine LW, Lyaruu HV. Nutritive
and anti-nutritive qualities of mostly preferred edible woody
plants in selected drylands of Iringa District, Tanzania. 2011.
https://erepository.uonbi.ac.ke/handle/11295/34626.

Bermejo F, Garcia-Lopez S. A guide to diagnosis of iron
deficiency and iron deficiency anemia in digestive diseases.
World journal of gastroenterology: WJG 2009; 15: 4638.
https://pmc.ncbi.nim.nih.gov/articles/PMC2754511/.

Gasche C, Lomer M, Cavill I, Weiss G. Iron, anaemia, and
inflammatory bowel diseases. Gut 2004; 53: 1190-7.
https://gut.bmj.com/content/53/8/1190.short.

Bello M. Acute Toxicity Testing and Phytochemical Screening
of Hydromethanolic Leaf Extract of Maerua angolensis
on Albino Wistar Rats. https://www.researchgate.net/profile/
Abdulwasiu-Abubakar-2/publication/369189643_Acute_Tox
icity_Testing_and_Phytochemical_Screening_of Hydromet

hanolic_Leaf Extract_of Maerua_angolensis_on_Albino_ W
istar_Rats/links/640f361e66f8522c38a02433/Acute-Toxicity
-Testing-and-Phytochemical-Screening-of-Hydromethanolic-
Leaf-Extract-of-Maerua-angolensis-on-Albino-Wistar-Rats.pdf.

This work is licensed under the Creative Commons Attribution International License (CC BY). http://creativecommons.org/licenses/by/4.0/



