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Today, ethno-pharmacology is a very important resource in order to discover new therapies for the current diseases. Moreover, another good justification for
the ethno-pharmacological approach is to obtain new, effective, less expensive and simple therapies, limiting at the same time the cost of pharmaceutical
research. Two major anti-malarial drugs widely used today, i.e. quinine and artemisinin, came respectively from Peruvian and Chinese ancestral treatments
reported in the traditional medicines. In this contest, there is an urgent need for the discovery of new drugs, due to the critical epidemiological situation of this
disease and to the growth of resistances. In Mali, malaria and liver diseases remain one of the leading public health problems. Many medicinal plants are often
used, in local traditional medicine, for the treatment at the same time of malaria and liver diseases, including hepatic syndromes, jaundice, hepatitis and other
hepatic disorders. Moreover, in the local language Bamanan, the word “Sumaya” is used both for malaria and some liver diseases. In addition, we noted that
some of the improved traditional phytomedicines produced by the Department of Traditional Medicine are prescribed by modern doctors both for malaria and
liver diseases. In this review, pharmacological, toxicological and phytochemical data on Argemone mexicana L. (Papaveraceae), Cochlospermum tinctorium
Perr. ex A. Rich (Cochlospermaceae), Combretum micranthum G.Don (Combretaceae), Entada africana Guillet Perr. (Mimosaceae), Erythrina senegalensis
A. DC (Fabaceae), Mitragyna inermis (Willd) Kuntze (Rubiaceae), Nauclea latifolia Smith syn. Sarcocephalus latifolius (Smith) Bruce (Rubiaceae),
Securidaca longepedunculata Fresen (Polygalaceae), Trichilia emetica Vahl. (Meliaceae), and Vernonia colorata (Willd) Drake (Asteraceae) are reported.
Some of the collected data could be used to improve the actual herbal drugs and to propose new phytomedicines for the management of malaria and liver
diseases.
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Malaria is a serious parasitic disease of tropical regions caused by
species of Plasmodium and transmitted by Anopheles mosquitoes. It
is prevalent in many developing countries in Africa, Asia, and
South America, with about 250 million malaria cases per year.
According to the World Malaria Report, approximately one million
people die from malaria each year [1]. The emergence and rapid
spread of multidrug-resistant strains of Plasmodium falciparum
represent a major problem for the disease treatment, which becomes
more difficult and limits the choice of drugs to be used.

Today, ethno-pharmacology is a very important resource in order to
discover new therapies for the current diseases. Moreover, another
good justification for the ethno-pharmacological approach is to
obtain new, effective, less expensive and simple therapies, limiting
at the same time the cost of pharmaceutical research. In Mali, the
sanitary situation is characterised by a predominance of many
endemic and epidemic diseases, together with a lack of qualified
health workers, medicines and equipment. Traditional medicine,
being a significant element in the cultural patrimony, still remains
the main recourse for a large majority of people for treating health
problems. A high level of Malian government commitment
supported the research and development of traditional medicines,
with the creation in 1968 of the first institute for medicinal plants
study. Today, this institute is the Department of Traditional
Medicine (DMT) within the National Institute for Research on

Public Health (INRSP) of the Ministry of Health. The main
activities of DMT are research and development on phytomedicines
from local plants, named “Improved Traditional Medicines” (MTAs
in French). The aim for promoting the local production of
phytomedicines is to provide cost-effective medicines to
populations, particularly those with limited access to quality
healthcare. In malaria therapy, 11 drugs out of the anti-malarials
included in the WHO therapeutic schemes for malaria treatment are
either natural products or their analogues, or were design-based on
the pharmacophores from natural products [2]. The great
significance of plant-derived drugs for the treatment of the malaria
is highlighted by the two major anti-malarial drugs widely used
today, i.e. quinine and artemisinin, which came respectively from
Peruvian and Chinese ancestral treatments reported in traditional
medicines. In this contest, there is an urgent need for the discovery
of new drugs, due to the critical epidemiological situation of this
disease and to the growth of resistances to news drugs.

In Mali, malaria and liver diseases remain one of the leading public
health problems. In the local language, Bamanan, the word
“Sumaya” is used both for malaria and for some liver diseases. This
is why many medicinal plants are often used at the same time, in
local traditional medicine, for the treatment of malaria and liver
diseases, including hepatic syndromes, jaundice, hepatitis and other
hepatic disorders. Preclinical and clinical studies permitted to
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confirm the safety, efficacy and quality of many of these medicinal
plants and their effectiveness in the liver protection and in the
treatment of malaria.

The aim of this review is to analyse experimental and literature data
on ten medicinal plants frequently used in Malian traditional
medicine for the management of malaria and liver diseases, selected
through  ethno-pharmacological and experimental studies:
Argemone mexicana L. (Papaveraceae), Cochlospermum tinctorium
Perr. ex A. Rich (Cochlospermaceae), Combretum micranthum G.
Don (Combretaceae), Entada africana Guillet Perr. (Mimosaceac),
Erythrina senegalensis A. DC (Papilionaceae), Mitragyna inermis
(Willd) Kuntze (Rubiaceae), Nauclea latifolia Smith syn.
Sarcocephalus latifolius (Smith) Bruce (Rubiaceae), Securidaca
longepedunculata Fresen (Polygalaceae), Trichilia emetica Vahl.
(Meliaceae), and Vernonia colorata (Willd) Drake (Asteraceae).

Argemone mexicana L. (Papaveraceae)

Argemone mexicana (Papaveraceae), known as Mexican poppy or
Mexican prickly poppy, is a species of poppy found in Mexico and
now in the United States, India, Ethiopia and in other countries in
Africa. The plant is pantropic in distribution and is a weed in waste
places. A leaf decoction of A. mexicana is used by traditional
healers in Mali to treat malaria and malarial fevers. So, it has been
investigated in terms of modern pharmacology for anti-malarial
activity [3-5]. After a long process, 4. mexicana decoction was
selected [6, 7], it has undergone clinical trials [3, 6, 8, 9], and will
soon be approved as a new MTA for malaria. The new
phytomedicine will be called SUMAFURA®™ Tiemoko BENGALY,
in honour of the traditional healer who mainly used 4. mexicana to
treat malaria. It will be prepared from the plant aerial parts, without
seeds. Other research is ongoing to prepare syrup with the decoction
and hydro-ethanolic extract of the plant [10, 11]. This syrup can
contribute to a better management of uncomplicated malaria in
children.

A. mexicana is also traditionally used in the treatment of dropsy and
jaundice [4], and has been investigated in terms of modern
pharmacology for hepatoprotective activity [12]. Moreover, A.
mexicana is extensively used as a traditional medicine for the
treatment of ulcers, cataracts, as an antimicrobial, for wound
healing, as a larvicidal agent, chemosterilant, and for its
nematicidal, allelopathic, antibacterial, antifungal, molluscicidal,
anticancer, anti-HIV and neuro-pharmacological activities [4, 13].

Chemical investigations of this plant revealed the presence of
alkaloids [14, 15] and phenolics [16]. The aerial parts contain
isoquinoline and benzylisoquinoline alkaloids; other alkaloids like
berberine,  tetrahydroberberine,  protopine, and  benzo-
phenanthridines have also been isolated from the plant [17], while
sanguinarine is an alkaloid present in the seeds with potential liver
toxicity [18].

Cochlospermum tinctorium Perr.ex A. Rich (Cochlospermaceae)

Cochlospermum tinctorium is one of the plants used in rural areas
of Mali for the management of malaria, abdominal pains and
dermatitis [19]. Information collected from 106 traditional health
practitioners (THPs), by an ethno-pharmacological survey
demonstrated that the roots of the plant were the most frequently
used for medicinal purposes in Mali. The main indications were to
treat jaundice, gastro intestinal diseases or ailments, malaria,
schistosomiasis and dysuria [20]. This species is also used to treat
infectious diseases in Guinea Conakry [21] and in the West African
sub-region for the management of various affections, including pain
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and inflammation [22]. Various studies have been reported on
different activities of extracts of C.tinctorium, but the main
researches were focused on hepatoprotective and antiplasmodial
properties.

Concerning malaria, fresh, frozen, and lyophilized extracts of C.
tinctorium exhibited antiplasmodial activity against two strains of P.
falciparum (chloroquine resistant and chloroquine sensitive) with ICs
values of 1-2 pg/mL [22]. Crude extracts of the leaves tested in vitro
showed the most antiplasmodial activity. The aqueous extract of
rhizomes also demonstrated antiplasmodial activity in vitro and in vivo
[23]. Recently, the essential oil of C. tinctorium was demonstrated to
be active as an insecticide in the control of the malarial vectors in West
Africa [24]. Fractionation of the ethanol extract of the roots afforded
five compounds: 3-O-E-p-coumaroylalphitolic acid, cochloxanthin,
dihydrocochloxanthin, alphitolic acid, and 1-hydroxytetradecan-3-one,
of which the first demonstrated an antiplasmodial activity with an ICs,
value of 2.3 uM [25].

The methanol and ethanol extracts exhibited antihepatotoxic effects
against cytotoxicity induced by CCl, and galactosamine in primary
cultured rat hepatocytes [26]. Pretreatment of rats with different
extracts of the plant (36 mg/kg), orally, resulted in vitro and in vivo
in protection against hepatotoxicity induced by CCly, galactosamine
and aflatoxin B1 [27]. Aqueous, hydro-ethanolic and ethanolic
extracts showed significant dose-dependent hepatoprotective
actions. The ethanolic and hydro-ethanolic extracts exhibited
remarkable effects against the induction of lipid peroxidation and
hepatocyte lysis [28]. The extracts and preparations with potent
antihepatotoxic activity from C. tinctorium were selected for the
treatment of various liver disorders [29]. The aqueous extracts (100-
300 mg/kg) significantly and dose dependently demonstrated a
hepatoprotective effect against CCly-induced liver damage in rats.
This extract (5000 mg/kg) appeared to be safe when administered
orally [30].

C. tinctorium demonstrated many other activities. Antimicrobial
activities of some carotenoids from C. finctorium were reported
against Candida albicans, Aspergillus fumigatus, and Escherichia coli
[31]. Arjunolic acid, an oleanene-type triterpene isolated from the
rhizome of C. tinctorium, and its acetate and methyl ester derivatives,
were tested using the short-term in vitro assay on Epstein-Barr virus
early antigen activation in Raji cells induced by 12-O-
tetradecanoylphorbol 13-acetate. Their inhibitory effects on skin
tumor promoters were greater than those of previously studied natural
products [32, 33]. Structures of two pectic arabinogalactans and their
complement fixation and induction of B cell proliferation in vitro
were also reported [34]. The cytotoxicity of the crude extract assessed
on the K562 cell line, showed ICs, values of 33-2000 pg/mL [35, 36].
Other reported activities are antifungal, antibacterial, radical
scavenger, immunomodulating, anti-ulcer, analgesic and anti-
inflammatory. The aqueous and methanol extracts of the rhizomes
showed antibacterial and antifungal activities against Staphylococcus
aureus, Escherichia coli, Candida albicans, Salmonella typhi,
Klebsiella pneumonia and Pseudomonas aeruginosa [37]. The
methanol extract of the roots demonstrated a potent antibacterial
activity against Shigella dysenteriae [38]. Polysaccharides and
polyphenols of the aqueous extract showed significant anti-ulcer
activities against HCl/ethanol-induced gastric lesions in mice. The
extract showed also DPPH-radical scavenging and immuno-
modulating activities in vitro [20]. The anti-ulcer activities of the
crude water extracts and isolated polysaccharide fractions from the
rhizome of C. finctorium can be explained by the anti-adhesive
properties of Helicobacter pylori [39]. Finally, the aqueous methanol
extract of the leaves of C. tinctorium significantly and dose
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dependently inhibited the acetic acid induced writhing in mice. The
highest protection was produced by the aqueous methanol extract (80
mg/kg); the same extract significantly and dose-dependently inhibited
carrageenan-induced hind paw edema in the rat [40].

Many phytochemical studies on the plant crude extracts are reported
in the literature. Firstly, in 1987, polyphenolic compounds (gallic
and ellagic acids) and carotenoids were detected in the
antihepatotoxic active fractions [26]. Major carotenoids, identified
as 6-hydroxy-8'-apo-g-caroten-3-one-8'-oic acid (cochloxanthin)
and  4,5-dihydro-6-hydroxy-8'-apo-g-caroten-3-one-8'-oic  acid
(dihydrocochloxanthin), were later isolated from C. tinctorium by
countercurrent ~ chromatography and HPLC  [41, 42].
Triacylbenzenes were isolated from a petrol extract of the rhizome
of C. tinctorium [43], while phenolic and polyphenolic compounds
(gallic and ellagic acids, ellagitannins, flavonoids), carotenoids,
triterpenes, and flavonoids were identified in aqueous, hydro-
ethanolic and ethanolic extracts of the plant roots [28, 23]. The
aqueous extract of the plant roots contained polysaccharides
(59.3%) and polyphenols (9.3%): the polysaccharides were purified
and characterized as highly complex pectic arabinogalactans type II,
while gallotannins and ferulic acids were identified as parts of the
polyphenolic compounds [20]. Alkaloids, tannins, saponins,
flavonoids, triterpenes, sterols, cardiac and cyanogenic glycosides,
and volatile oils were identified from different plant extracts [30,
37]. Recently, pectin- and inulin-type polysaccharides, phenolic
substances and proteins were isolated from the crude water extracts
of C. tinctorium wild and cultivated roots [44].

Combretum micranthum G. Don (Combretaceae)

Combretum micranthum, locally called “N’golobé”, is a small tree,
common on the poor soil of the Sahel savannah. Like other
Combretum species, it has characteristic four-winged fruit. Twigs
with leaves are commonly sold in markets with the name of
“Kinkeliba” and yield a drug having the same name, which has been
listed in French, Spanish, and British Extra Pharmacopoeia under
supplementary drugs with indication for black-water fever and
bilious gastrointestinal conditions [45]. It was added to the French
Pharmacopoeia in 1937 and to the African Pharmacopoeia in 1985
[45]. The plant is used in West Africa for the treatment of different
diseases [46-49]. C. micranthum is also one of the most used plants
in traditional medicine of Burkina Faso for the treatment of kidney
symptoms [50], and is one of the common plants used in popular
traditional herbal medicines from the Joolas [51].

Extracts obtained from C. micranthum and others plants, commonly
used in Cote d'Ivoire by native healers for the treatment of malaria,
tested on two strains of Plasmodium falciparum, FcB-Colombia
(chloroquine-resistant) and F32-Tanzania (chloroquine-sensitive),
had an apparent inhibitory effect on P. falciparum growth in vitro,
while the other seemed to be less efficient [52]. In Mali,
HEPATISANE® is an MTA produced with powder of C.
micranthum leaves. The decoction is taken orally, and the operation
is repeated twice daily for seven days. HEPATISANE® is used in
the symptomatic treatment of hepatic insufficiency, in colds,
hepatitis, dyspepsia and constipation. It is also used as diuretic
remedy; it is not toxic and can be safely consumed when used
appropriately. Patients with non-obstructive jaundice have been
treated with HEPATISANE® and their bilirubin and transaminases
returned to normal within 2-3 weeks of starting the treatment [53].
About 50 asymptomatic patients with chronic viral hepatitis B have
been treated with HEPATISANE® in a clinical trial, but there was
no clearance of the hepatitis B surface antigen. However, the herbal
treatment was well-tolerated, there were no adverse effects, and the
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compliance was good. Further clinical trials are needed to determine
whether this treatment helps patients with symptomatic hepatitis, or
whether it helps to prevent long-term consequences of chronic viral
hepatitis.

The root extract of C. micranthum presented antibacterial activity
against Gram-positive and Gram-negative organisms [54]. The
methanolic extract of the leaves, prepared 7 days before the assay,
demonstrated in vitro antiviral activity against HSV-1 and HSV-2.
The freshly prepared extract contained inactive precursors which
undergo spontaneous transformations into active compounds. The
precursors have been identified as condensed catechinic tannins,
which, under alkaline conditions, suffer rapid cleavage,
intramolecular rearrangement to catechinic acid and autooxidation.
ECsps of catechinic acid autooxidation products against HSV-1 and
HSV-2 replication were 2 pg/mL and 4 pg /mL, respectively, when
cell cultures were treated with the compound during virus infection
[54]. Therefore, C. micranthum extracts are not only interesting
sources for antimicrobial molecules, but also potential sources of
phenolic antioxidants [55]. Methanol extract of C. micranthum
leaves was studied for anti-inflammatory activity in rats and mice
using the carrageenan-induced rat paw edema and the acetic acid-
induced vascular permeability in mice. The extract (50, 100 mg/kg)
significantly (P<0.05) inhibited the edema production induced by
carrageenan in rats. Increased vascular permeability caused by
acetic acid injection was also inhibited by the extract, within the
same dose range. C. micranthum extract (100 mg/kg) inhibited
the granuloma formation in rats to a similar degree as indomethacin
(5 mg/kg). These results provide evidence for the anti-inflammatory
property of C. micranthum leaves [56]. An ethanol extract of C.
micranthum leaves exhibited an anti-inflammatory activity. The
extract was fractionated based upon polarity and subsequently
assayed for antioxidant capacity. The most active fraction,
ethylacetate, was then tested for anti-inflammatory activity and
exhibited an inhibition of NO by 93.5% at only 60 pg/mL and
100% at higher concentration [57]. The aqueous leaf extract of
C. micranthum, at the dose of 100 mg/kg, produces a significant
hypoglycemic and antidiabetic activity comparable with that
of the standard drug (0.6 mg/kg glibenclemide) [58]. The ethanol
and water extracts of leaves of C. micranthum demonstrated
antioxidant properties, including scavenging of the 1,1-diphenyl-2-
picrylhydrazyl (DPPH) radical with IC values of 8.02+0.34 for the
ethanol extract and 9.1+0.28 for the water extract; for the 2,2'-
azinobis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) radical,
the ICs, values were 7.4+0.14 for the ethanol extract and 11.8+0.01
for the aqueous extract, and with the hydroxyl radical the ethanol
extract had an ICs, of 58.1%, and the aqueous extract 61.1%. At
20 mg/mL concentration, the water and ethanol extracts provided,
respectively, 36.8%, and 75.1% inhibition of lipid peroxidation of
linoleic acid emulsion. The ICsgvalues of the ethanol extract in
ABTS and DPPH tests were significantly lower than those of the
water extract [59]. The aqueous extract of the fresh leaves of C.
micranthum demonstrated antibacterial effects on both S. aureus
and E. coli cultures [60]. In North-Western Nigeria, the leaves of
the plant are used for treating diabetes [57]. A recent study, aimed
to investigate how TPs in Mali treat common diseases and ailments
during pregnancy, revealed that C. micranthum is one of the
common plants most used [61].

Studies on chemical constituents reported the presence of salts
(potassium nitrate), flavonoids (vitexin), organic acids, tannins,
coumarins, sterols, terpenoids, carbohydrates (inositol, mannitol,
sorbitol), and alkaloids (choline, stachydrine) [45, 51, 62-66]. Gallic
acid, rutin trihydrate, (+)-catechin and benzoic acid are the main
polyphenols identified in the 90% ethanol extract of the plant leaves
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[67]. Some novel piperidine flavan alkaloids isolated from the
aqueous extract of the plant were patented as anti-diabetic agents
for the treatment of metabolic disorders [68].

Entada africana Guillet Perr. (Mimosaceae)

Entada africana, called “Samanéré” in Mali, is a well known
Leguminous tree used in traditional medicine throughout West-
Africa in the treatment of many diseases such as fever, respiratory
tract complaints, diabetes, hypertension, and diarrhea [69]: in
particular, the plant is used in Mali for the treatment of malaria
[70]; in Burkina Faso against diabetes, hypertension and diarrhea; in
Cameroon, for wound dressing, liver related diseases, rheumatism,
cataract, fevers and dysentery. Many studies reported the wound
healing, hemostatic, anti-rheumatism, anti-inflammatory and
hepatoprotective properties of extracts of this species [71]. The root
bark is the part of the plant most used in traditional medicine; for
this reason, the availability of the plant in Burkina Faso Plateau
Central Region is endangered. Biological studies on E. africana
extracts concerned antihepatotoxic, antimicrobial, antiplasmodial,
antioxidant [72], fungistatic, fungicidal [73] and antiulcerogenic
activities [74].

In a recent study, the antiplasmodial activity of the ethanolic leaf
extract against chloroquine-sensitive (HB3) and chloroquine-
resistant (FcM29) P. falciparum was investigated, as well as its
peripheral antinociceptive and anti-inflammatory properties. At a
concentration of 100 pg/mL, the extract was non-cytotoxic and
demonstrated a moderate antiplasmodial activity against HB3 and
FecM29 (ICs0 26.36 and 28.86 png/mL, respectively). It also exhibited
concentration-dependent inhibition of synthetic heme (ICsy 16
mg/mL). The extract at 200 mg/kg showed significant (P<0.05)
inhibition of paw inflammation, and significantly (P<0.01, 0.05)
reduced the number of abdominal writhes induced by acetic acid
(58.62-65.51%), which was higher than that of diclofenac (50%,
P<0.05). These findings suggested that the antinociceptive effects
and parasiticidal activity of the extract contribute to its antimalarial
properties and it can be further explored as an effective therapy
against malaria infection [75].

Extracts of E. africana protected the liver against CCl, intoxication
by decreasing the level of transaminases and alkaline phosphatase
[76]. The aqueous, hydroethanolic and ethanolic extracts of root and
stem bark inhibited in vitro proliferation of hepatocarcinoma Hep3B
cells with ICsgvalues between 22.8 and 25.3 pg/mL. The extracts of
stem bark are more active than those from the root. The aqueous
ethanol extract of the root increased activity of caspase 7 and the
number of apoptotic bodies. The extract induced disruption of a-
tubulin diffusion in every sense of the a-tubulin during interphase.
The ethanolic extract of the stem and root bark induced membrane
defects, which appear jagged [77]. The extracts of E. africana stem
bark inhibited, dose-dependently, the replication of hepatitis C virus
(HCV) after 24 and 72 h of incubation. The dichloromethane
fraction had the highest anti-HCV activity with an ICs, of 0.453 +
0.00117 mg/mL, but did not reduce cell viability to antiviral
concentration [78]. The aqueous extracts of stem bark of E. africana
at 100 and 500 ug/mL significantly presented a protective activity
against hepatotoxicity induced in vitro by acetaminophen [79].

Extracts (ethyl acetate, methanol, and water) of the leaves and bark
showed antiradical activity by inhibiting the DPPH radical in a
colorimetric method with an ECs, between 6.9 to 20 pg/mL [80]. A
similar activity was demonstrated by Karou et al. for the methanolic
extract with an ICsy of 0.47 £ 0.01 pg/mL [81]. Recently, Owona
Brice et al. investigated the capacity of E. africana stem bark to
protect microglia from inflammatory insults by exploring the effect
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of the CH,Cl,/MeOH 5% fraction on pro-inflammatory cytokine
mRNA expression and found that this extract inhibited LPS-induced
NO production in dose dependent manner, while the expression of
TNFa, IL-1B, IL-6 and iNOS was strongly suppressed in microglia.
For this reason, E. africana may contain promising compounds
useful for the treatment of diseases caused by over-activation of
microglia, such as Alzheimer’s and other neurological diseases [81].
The same authors found also that the CH,Cl,/MeOH 5% extract
suppressed lipopolysaccharide-induced inflammation in Raw 264.7
macrophages [82]. Finally, the extracts (n-hexane, chloroform,
chloroform/methanol, and methanol) of E. africana roots
demonstrated anti-angiogenic effects on zebrafish embryos [83].

Chemical constituents of E. africana are alkaloids, flavonoids,
tannins, saponins, phlobotannins and anthraquinones [84, 85]. New
saponins esters were isolated from the plant roots and were found to
inhibit the proliferation of tumor cell lines J774.A1 (murine
macrophage), HEK-293 (human kidney) and WEHI-164 (murine
fibrosarcoma) [86]. The roots contained also arabinogalactan-
protein type II polysaccharides [71]. Leaves of E. africana are rich
in calcium, zinc and iron [87].

Erythrina senegalensis DC (Fabaceae)

Erythrina senegalensis is frequently used in West Africa in the
treatment of various diseases. In Benin and Togo, leaves and stem
bark are used in the treatment of liver diseases and bronchus-
pulmonary disorders. In Céte d'Ivoire, the root and stem bark are
used in the treatment of fever, malaria, liver diseases and urogenital
infections. In Nigeria and Senegal, the bark is used against fever
and malaria. The root decoction is used in abdominal pain [88]. In
Mali, the results of a survey on ethnopharmacological knowledge
on the uses of E. senegalensis in traditional medicine in three
different areas (Dioila, Kolokani and Koutiala) demonstrated that
the plant is frequently used by the traditional healers in the
treatment of various diseases, mainly amenorrhea, malaria,
jaundice, infections, abortion, wound, and body pain [88].

Various studies were focused on the antiplasmodial and
hepatoprotective activities of stem bark extracts of E. senegalensis.
The ethanolic extract showed antiplasmodial activity in vitro on a
strain of P. falciparum K1 with an 1Cs of 1.82pug/mL. The aqueous
extract at doses of 50-100 mg/kg orally reduced parasitaemia in
mice infected with P. berghei, with inhibition percentages from
16.5 to 23.2% [89, 90]. The hydroethanolic extract of E.
senegalensis exhibited antihepatotoxic effects against cytotoxicity
induced by carbon tetrachloride in primary cultured rat hepatocytes,
since the pretreatment of rats with different extracts of the plant (25
mg/kg), orally, resulted in an in vivo broad protection [91]. The
hydroethanolic and ethanolic extracts of roots and stem bark of E.
senegalensis inhibited in vitro proliferation of hepatocarcinoma
Hep3B cells with ICsy between 20.3 and 33.9 pg/mL for the roots
extracts and 32.9 and 33.5 pg/mL for extracts of stem bark. The
hydroethanolic extracts increased the activity of caspase 7 and the
number of apoptotic bodies. The extract of stem bark, at two time
its ICsy, induced an extension of cytoplasm and a destruction of a-
tubulin, while the extract of roots induced a degradation of a-
tubulin membrane to the nucleus, a deformation of the cells, and an
abnormal co-localization of the Hep3B at the centrosomes of a/B-
tubulin and y-tubulin, with an increase of 5.6% compared with
control cells treated only with DMSO [77].

Other reported activities of E. senegalensis are antibacterial and
antioxidant. The ethanolic extract of the leaves and root bark
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showed activity against S. aureus and Proteus spp. The extracts (n-
hexane, ethyl acetate and ethanol) of leaves, stem and root bark
showed antioxidant activity. The extracts of the stem and root bark
showed improved activity with inhibition percentages of 82.8-
91.5% and 78.9-94.6% at the concentrations of 0.05 mg/kg and 0.5
mg/kg, respectively.

The plant extracts resulted no toxic since it was found that the
hydroethanolic extract of stem bark at a dose of 16 g/kg by gavage
did not cause any change in behavior and mortality in mice; also the
decoction of the plant, evaluated after acute and sub-chronic
administration in rodents, resulted in no induced mortality or
significant behavioral changes [92].

Phytochemical analysis of different parts of the plant revealed the
presence of many active molecules, such as flavonoids, tannins,
alkaloids, steroids, and cardiac glycosides [93].The stem bark of the
plant is the most studied from a chemical point of view: in 1995,
two new prenylated isoflavonoids, erysenegalensein J and K, were
isolated, in addition to five known pentacyclic triterpenes, [3-
amyrin, maniladiol, erythrodiol, oleanolic acid and cornulacic acid
[94]. Later, two prenylatedisoflavonoids named erysenegalensein N
and O, together with six known isoflavonoids, erysenegalensein D,
8-prenylleutone, auriculatin, derrone, alpinumisoflavone and 6,8-
diprenylgenistein were fully characterized [95]. The bioguided
fractionation of the hydroethanolic extract permitted the isolation of
two other diprenylated isoflavonoids, 2,3-dihydro-2’-hydroxyosajin,
and osajin, together with 6,8-diprenylgenistein. All these
compounds exhibited antihepatotoxic effects against cytotoxicity
induced by CCl,; in primary cultured rat hepatocytes with
hepatoprotective percentages of 71.8 + 1.45, 67.54 + 3.56 and 69.41
+ 2.56, respectively [93]. Finally, in 2009, one new pterocarpan,
named erybraedin F, along with 7 known prenylated flavonoids
were isolated from the plant collected in Mali [96].

Mitragyna inermis (Willd) Kuntze (Rubiaceae)

Mitragyna inermis is an exclusively African plant, occurring in West
African countries from Cameroon to Sudan [97, 98]. It is found in
wetlands and semi-arid tropics, in clay bottoms and temporarily
flooded land, near ponds and streams, in rainforest as well as in
savannah. The plant was selected by ethnobotanical survey as a
species commonly used by traditional healers for the treatment of
malaria, hepatic illness, stomach and intestinal disorders,
hypertension, and HIV/AIDS [97, 99-101].

The alkaloids of leaves and roots of M. inermis have a strong
antiplasmodial activity on P. falciparum standard and isolated from
infected patients (ICsy <3 pug/mL). At concentrations inhibiting 100%
of parasite growth, the alkaloids are not toxic to human red blood
cells [102]. The combination of extracts of M. inermis and Guiera
senegalensis demonstrated a strong, synergistic inhibitory effect on in
vitro plasmodial development and is devoid of cytotoxicity towards
human cells [103]. This result justified the traditional use of this
combination to treat malaria [104]. Antimalarial properties of the
extract of M. inermis have been demonstrated by its ability to inhibit
P. falciparum growth [105]. Decoctions of M. inermis and M. ciliata,
prepared according to the recommendation of traditional healers, were
tested on three strains of P. falciparum, FcB1-Colombia and FcM29-
Cameroon (chloroquine-resistant strains) and a Nigerian chloroquine-
sensitive strain. The extracts of the plants revealed either weak or very
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low activities with 1Csy values ranged from 2.34 to more than 500
mg/mL [105, 106]. Acute and chronic evaluation of the toxicity of the
hydroethanolic leaf extract, administrated orally at up to 3 g/kg/day,
did not demonstrate toxic effects and can be used in traditional
treatment of malaria [107]; the aqueous extracts traditionally used did
not show high antimalarial activity [108], while alkaloids from the
chloroform extract and ursolic acid from the hydromethanol extract of
leaves, roots and stem barks of M. inermis induced a significant
decrease in parasite proliferation [109].

Indole alkaloids such as rhynchophylline, rotundifoline,
speciophylline and uncarine, triterpenoid saponins (inermiside I and
inermiside II) and quinovic acid glycosides are the typical
constituents of M. inermis [110-114]. Quinovic acid glycosides
showed antitumor activity on Bel-7402 hepatic carcinoma.
Alkaloids from aqueous extracts of M. inermis have been reported
to increase biliary flow, and to decrease hepatic enzymes and total
cholesterol in the rat [115].

According to bibliographic data, extracts of M. inermis exhibited
antimalarial,  antimicrobial,  antihypertensive,  antidiabetic,
antioxidant, and anti-inflammatory activities.The decoction of fresh
or dried leaves is used for wound healing [116]. The macerated
leaves and bark are administered twice daily to treat sinusitis,
stomach pain and dysentery [117]. The decoction of stem bark is
used against amoebaean worms [118]. The plant is also used in the
treatment of leprosy [119] and diarrheal diseases such as dysentery
and cholera [47]. Different preparations of the plant can be used in
external and internal applications against arthritis, myalgia and
intercostal pain [47]; in combination with other medicinal plants, it
is also used in the treatment of rheumatic pains [120]. The
decoction of stem and root barks is used in disorders of pregnancy
and childbirth [47]. The leaves of the plant are used in retained
placenta and as a sedative for uterine contractions. Alone or in
combination with Dialium guineense, it is used for regulating the
menstrual cycle in women [119, 121]. The macerated fruits and
seeds are used in animal breeding to activate the estrous cycle
[122]. The crude extract and the isolated compounds were tested in
vitro for their preliminary cytotoxicity against Artemia salina [123].
Alkaloid rich extract derived from M. inermis induced a strong
inhibition of protein synthesis in mammalian cells, but did not
exhibit mutagenic or genotoxic activity [108]. Aqueous extracts of
M. inermis produced a concentration-dependent in vivo increase in
cardiac contractile response and coronary flow, but did not modify
heart rate in the rat. This seemed to indicate that the extract
possesses a cardiac inotropic effect and induces an increase in
coronary flow without inducing tachycardia in isolated heart [124].
Sy et al. have reported the myorelaxant and antispasmodic activities
of M. inermis extracts [125]. Some sequential n-hexane, acetone
and 50% aqueous methanol extracts of the leaves, stem bark and
roots of M. inermis and another three species were active against
Bacillus  subtilis, Pseudomonas syringae and Cladosporium
herbarum [126]. Alkaloids from M. inermis are reported for their
clinically useful anticonvulsant activity [127].

Bioactive compounds of the plant are mainly indole alkaloids [100].
In 2012, a new indole alkaloid, named naucleactonin D, together
with fourteen known compounds, identified as nauclefiline,
naucleficine, nauclefidine, angustoline, angustine, barbinervic acid,
quinovic acid, 3-0O-a-L-rhamnopyranoside, betulinic acid, a mixture
of ursolic and oleanolic acid, a mixture of stigmasterol and -
sitosterol, B-sitosterol, 3-O-B-D-glucopyranoside, and strictosamide
were isolated from the roots and fruits of M. inermis [123].
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Nauclea latifolia Smith syn. Sarcocephalus latifolius Smith
(Rubiaceae)

Nauclea latifolia (syn. Sarcocephalus latifolius) is a plant used in
West Africa for the treatment of several diseases. In Mali, Ivory
Cost, and East Africa, N. latifolia aqueous extracts are used for the
treatment of fever and malaria [11, 128, 129]. In Burkina Faso, the
plant is used against jaundice, malaria, infant gastroenteritis, and
dysentery [130, 131]. Different extracts are used in the management
of gastrointestinal tract disorders [132], sleeping sickness [133],
prolonged menstrual flow [134], hypertension [129], and as a
chewing stick [135]. The plant is also used as a tonic and fever
medicine, and for toothache, dental caries, and septic mouth [136].

The aqueous extract of N. latifolia showed an antiplasmodial
activity against the chloroquine-resistant FcB1 strain of P.
falciparum with an 1Cs of 0.6 pg/mL. A similar ICsy was obtained
from a clinical strain from Nigeria. The ICs, obtained by the ethanol
extract of the plant was 8.9 ug/mL [97]. The root extract showed
antiplasmodial activity in vivo in rats infected with P. berghei
berghei. The prophylactic and curative EDsy were 189.4 and 174.5
mg/kg, respectively.

Elevated transaminases and alkaline phosphatase induced
intoxication in rats by CCly were significantly attenuated by the
ethanolic root bark extract. The ethanolic extract at a dose of 1
mg/mL remarkably reduced the leakage of lactate dehydrogenase
(LDH) in isolated rat hepatocytes and had a significant effect on the
peroxidation of lipids. Other fractions reduced leakage of LDH, but
had no significant effect on lipid peroxidation [132]. The aqueous
root extract (250 mg/kg) significantly reduced the activity of
catalase (P<0.05), but did not significantly reverse the activity of
superoxide dismutase in the liver of alloxan-induced diabetic rats
[137]. Extracts of the leaves and fruits showed antioxidant activity
[138]. The ethanolic extract showed antimicrobial activity on Gram-
positive bacteria at a concentration of 0.5 mg/mL and Gram-
negative bacteria at a concentration of 1 mg/mL [100]. The root
bark aqueous extract at doses of 50-200 mg/kg orally significantly
(P<0.05) attenuated torsions induced by acetic acid and increased
the threshold of painperception in the hot plate test in mice [139].
The aqueous and ethanol extracts of the plant leaves reduced
significantly and dose-dependently the levels of glucose in fasting
blood of STZ-diabetic rats without significantly lowering the level
of glucose in the normo-glycaemic rats [140]. The decoction of root
bark strongly increased total sleep time induced by diazépam. It
also protected mice against induced seizures of electroshock
maximum, pentamethylenetetrazole and strychnine [141].

Phytochemical analysis of the ethanol extract of the plant stem bark
showed the presence of saponins, while tannins, flavonoids, and
alkaloids were absent. Reducing sugars, flavonoids, steroids,
saponins, alkaloids, terpenes and glycosides were revealed in the
aqueous extract of the fruits [142]. The extract of the leaves
contained tannins (0.37%) alkaloids (2.39%), flavonoids (0.37%),
saponins (1.25%), phytate (0.38%) and 16.90 mg/kg of HCN [143].
In the leaves, various alkaloids such as naucleafoline, nauclechine,
naufoline, naucletine, nauclefine, naucledidinal, augustin,
cardambine, naucleamide A-E, strictosamide, dihydrostrictosamide,
tetrahydrodesoxycordfoline, naucledial, and epinaucleidal were
characterized [100]. A novel indole alkaloid, nauclefolinine and five
known triterpenic compounds, rotundic acid, o-L-rhamnoquinovic
acid, 3-O-B-D-glucopyranosyl-B-sitosterol, squalene, and sitosterol-
3-0-6’-stearoyl-fB-D-glucopyranoside were isolated from the roots
of N. latifolia in 1991 [144]. Later, investigations of the roots
extract led to the isolation of the new indole alkaloids 21-O-
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methylstrictosamide aglycone and 21-O-ethylstrictosamide
aglycone together with strictosamide, angustine, nauclefine,
angustidine, angustoline, 19-O-cthylangustoline, naucleidinal,
19-epi-naucleidinal, quinovic acid-3-O-B-D-fucopyranoside,
quinovic acid-3-0-a-L-thamnopyranoside, scopoletin, and f-
sitosterol [145, 146]. Derivatives of fructose (1,2,3,4,6-penta-O-
benzoyl-a-D-fructofuranose, 1,2,3,4,6-penta-O-benzoyl-B-D-
fructofuranose, 1,2,3,4,5-penta-O-benzoyl-B-D-fructopyranose,
and 1,3,4,5-tetra-O-benzoyl-B-D-fructopyranose were isolated in
the sugar fraction of the stem bark [147].

Securidaca longepedunculata Fres (Polygalaceae)

Securidaca longependuculata is a medicinal plant commonly used
in different African countries. In Mali, the aqueous root extracts are
used in trypanosomiasis and dysmenorrhea, while the decoction of
the leaves and roots is used against fever and malaria. The
powdered leaves or twigs are used against snakebites. In Benin and
Togo, the bark is used alone or in combination with other plants in
the treatment of fever and malaria. In Burkina Faso, the decoction
of the roots is used as a purgative. In Senegal, the roots are used in
bronchopulmonary, gastrointestinal and liver diseases, and both
leaves and roots against fever and malaria [47, 48].

The light petroleum and dichloromethane extracts of S.
longepedunculata roots inhibited the growth of a strain of P.
falciparum K1 with ICsy values of 7.34 and 8.26 pg/mL,
respectively; on the contrary, the ICs, could not be determined for
either extract on the 3D7 strain of P. falciparum [148].

Other different activities were also reported. The aqueous,
hydroethanolic and ethanolic extracts of the roots inhibited in vitro
the proliferation of hepatocellular carcinoma Hep3B cells with ICs
values between 16.3 and 19.9 pug/mL. The hydroethanolic extract
increased the activity of caspase 7 and the number of apoptotic
bodies, while the ethanolic extract induced abnormalities of
membranes, which appeared jagged [77]. The aqueous extract of the
roots showed cytotoxicity in vitro on certain cancer cell lines: it
inhibited the proliferation of ascitic Ehrlich carcinoma cells
(spontaneous mammary carcinoma in mice), with an ICs, of 67
pg/mL and reduced in vivo in albino Swiss mice the growth of the
same carcinoma cells after intraperitoneal administration of the
extract at a dose of 10 mg/kg/day for 14 days [149]. The chloroform
extract also showed strong cytotoxicity on human pancreatic cancer
cell line PANC-1 with an ICsy of 23.4 pg/mL [150].

Extracts of leaves and roots demonstrated an antibacterial activity
against different microorganisms with an inhibition diameter
between 15 to 20 mm and a minimum inhibitory concentration
between 0.59 to 6.25 mg/mL [151]. The aqueous extract of the roots
at doses of 200-400 mg/kg significantly reduced, in a dose-
dependent manner, the pain induced by acetic acid and formalin in
mice and also produced a significant (P<0.05) naloxone reversible
antidepressant like effect in the forced swimming test (an animal
model of depression). These results suggested that the extract
possesses antinociceptive and antidepressant like effects with
possible involvement of opioidergic pathways [152]. The same
extract administered intraperitoneally in mice at a dose of 50-800
mg/kg showed significant analgesic, anti-inflammatory and
hypoglycemic dose dependent effects [153]. The aqueous extract of
the roots at a dose of 100-400 mg/kg exhibited anticonvulsant,
anxiolytic and sedative activities, using the strychnine and picrotoxin
induced seizure models, justifying the use of the plant extract in
traditional medicine for the management of convulsions and
psychosis. The LDs, in mice was 1.74 g/kg and 19.95 mg/kg for the
oral and the intraperitoneal route, respectively. The aqueous extract
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administered by gavage at a dose of 2000 mg/kg caused no mortality
or signs of toxicity in mice [154]. Intraperitoneal administration of
the aqueous extract of the roots produced a dose-dependent toxicity
to kidneys, liver and lungs with an estimated LDs, of 36.74 mg/kg in
rats [155].The oral LDs of the ethanolic extract was 547.72 mg/kg in
mice. The same extract had no significant effect on hyperglycemia
induced by streptozotocin [156].

Phytochemical analysis of the plant revealed the presence of
alkaloids, flavonoids, saponins, tannins, cardiac glycosides,
anthraquinones, steroids, essential oils and reducing sugars [151].
Investigation of the chloroform root extract led to the isolation of 28
compounds including five new polymethoxylated xanthones and a
new benzyl benzoate, namely benzyl 3-hydroxy-2-methoxybenzoate
[149]; twelve diphenylmethyl-substituted xanthones, named
muchimangines A-L, were isolated from the roots and showed a
characteristic phenylmethyl substituent at C-2 [158-161]. Also
bidesmosidic saponins are typical secondary metabolites of the
plant roots: in 2009, four triterpene saponins having presenegenin as
aglycone were isolated by Mitaine-Offer and co-authors [162],
while Stevenson and collaborators in the same year isolated two
new medicagenic acid bisdesmosidic saponins, which were named
securidacaside A and B [163].

Trichilia emetica Vahl. (Meliaceae)

Trichilia emetica, a tree native of Africa, and widely distributed in
African tropical regions, is used in traditional medicine to treat
various ailments such as abdominal pain, dermatitis, hemorrhoids,
jaundice and chest pain. The plant is known also for its emetic,
diuretic and purgative properties and for induction of labour [164,
165]. According to an ethno-pharmacological survey carried out to
collect information on the use of seven medicinal plants in rural
areas in the nearby regions of Bamako, the plant is used for the
treatment of malaria, abdominal pain, and dermatitis [19].Moreover,
in Mali, the plant is used for the treatment of malaria during
pregnancy by traditional healers [61]. In Benin and Madagascar, 7.
emetica is one of the plants used traditionally for the treatment of
cognitive disorders [166].

The dichloromethane extract of 7. emetica leaves demonstrated an
antiplasmodial activity (ICso 12 pg/mL) and exhibited a good
binding activity to the GABA(A)-benzodiazepine receptor. The
water and methanol extracts of the same plant did not show any
activity [148]. Different extracts of the plant presented
antiplasmodial activity against different strains of P. falciparum
3D7 and Dd2 [89, 167, 168]. Kurubasch aldehyde, a
sesquiterpenoid with a hydroxylated humulene skeleton, was
isolated from T. emetica and found to be a modest inhibitor of the
growth of P. falciparum (ICsy 76 uM), and of slow-proliferating
breast cancer cells MCF7 (78 pM), but a potent inhibitor of
proliferation of S180 cancer cells (ICsy 7.4 uM) [169].

The aqueous extract of 7. emetica, rich in polyphenols and
limonoids demonstrated a significant (P<0.05) hepatoprotective
effect at a dose of 1000 pg/mL, both on plasma membrane and
mitochondrial function. This extract and its diethyl ether fraction
did not show toxicity (LCsp>1000 pg/mL) in the brine shrimp
bioassay [170]. The extracts submitted to alkaline hydrolysis
showed high antioxidant properties in two in vitro assays: auto-
oxidation of methyl linoleate (MeLo) and ascorbate/Fe**-mediated
lipid peroxidation in rat microsomes. An in vivo study was also
performed to investigate the intestinal absorption of phenolic acids
after oral administration of 7. emetica extracts. Results showed high
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levels of phenolic acids, free or conjugated to glucuronide, in the
plasma of rats treated with the hydrolyzed extract [171].

Other biological activities were also investigated including anti-
infective, anti-inflammatory, anti-schistosomal, anti-convulsant,
anti-trypanosomal, anti-oxidant, anti-tussive, and anti-mutagenic
properties. During a screening of some medicinal plants of Ethiopia
for their anti-microbial properties and chemical profiles, different
extracts of 7. emetica demonstrated the most promising antifungal
activity [172]. The anti-schistosomal and anti-trypanosomal
activities of the plant extracts were also demonstrated [173-175].
Crude water-ethanol extract and polysaccharides from 7. emetica
showed antitussive activity against the citric acid-induced cough
reflex and the reactivity of airways smooth muscle in vivo [176].
The n-hexane extract of the plant at non-toxic concentration
demonstrated a B-amyloid peptide production activity that could be
interesting for the treatment of Alzheimer's disease [166]. The ethyl
acetate extract of T. emetica, without a detectable anticandidal
activity, was detoxified by the multidrug transporter Cdrlp. In this
extract, the presence of a non-toxic Cdrlp-mediated ketoconazole
resistance modulator accompanying growth-inhibitory Cdrlp
substrates was revealed by further fractionation experiments [177].
The dichloromethane extract of the seeds of T.emetica significantly
inhibited the growth of P. aeruginosa [178]. Flavonoid-rich
fractions of the plant leaf extracts showed the maximum radical
scavenging activity and possessed marked antiamylase activity in
vitro. The same flavonoid-rich fractions presented anti-
hyperglycemic, anti-lipidemic, and anti-hypertensive properties in
vivo, demonstrating the antidiabetic potential of 7. emetica as a
therapeutic target for the management of type 2 diabetes [179]. T.
emeticais also one of the most effective plants for the treatments of
dysmenorrhea, with minimal side effects [180], and it is used in the
treatment of dry-mouth syndrome induced as a side effect of
antidepressant drugs.

A first phytochemical study on 7. emetica showed the presence of
limonoids as the main components of the ethylacetate extract. These
isolates exhibited selective inhibitory activity towards DNA repair-
deficient yeast mutants and showed antifungal, bactericidal,
antiviral, antifeedant and growth regulating properties [181]. During
a study of the chemical content of the leaves of the plant, used as
wound healing remedy, pectin of the rhamnogalacturonan type 1
with side chains of the arabinogalactan type II has been isolated.
Removal of terminal arabinofuranosides led to a drop in the
activity, indicating that this structural unit may be involved in the
bioactive site of the molecule [182].

A phytochemical analysis of the plant roots showed a high
polyphenolic content in the aqueous extract and the presence of
limonoids in the diethyl ether fraction [170]. Free phenolic acids
were extracted with a mixture of methanol and 10% acetic acid.
Bound phenolic acids were released using first alkaline and then
acid hydrolysis. All fractions were quantified separately by HPLC.
After alkaline hydrolysis, a remarkable increase in caffeic acid,
ferulic acid, p-coumaric acid, syringic acid, vanillic acid,
protocathecuic acid and gallic acid content was observed, showing
that most of the phenolic acids in the drug are present as bound
forms [171].

Steroids, terpenoids, alkaloids, flavanoids, coumarin and emodol
were isolated from 7. emetica used in Uganda [183]. Several
limonoids have been isolated from the stem bark of the plant [184,
185], while four pregnanes, three androstanes, and three known
pregnane derivatives were isolated from the root bark [186].
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Vernonia colorata (Willd.) Drake (Asteraceae)

Vernonia colorata is distributed through Benin, Cameroon, Senegal,
Togo, and Mali. The leaves have a bitter taste that is said to
resemble that of quinine. They are used against fever and stomach
aches. Inhalation of a decoction from leaves is used in epileptic
seizures. It is also combined with other plants in the treatment of
schistosomiasis and sterility. Its leaves are commonly used by
African traditional healers to treat diabetes. In Mali, the decoction
of the leaves is used in liver diseases. In Ivory Coast, a decoction of
the leaves is used against fever, malaria and liver diseases, while the
stem bark is used in the treatment of digestive disorders. In Burkina
Faso, a decoction of the leaves is a remedy to treat fever, malaria,
bronchopulmonary diseases and diarrhea. In Senegal, the plant is
used against malaria, intestinal worms, abdominal pain, dizziness
and constipation [187].

The aerial parts of V. colorata extracts showed significant
antiplasmodial activity with ICs, < than 5 pg/mL [188]. The
dichloromethane ~ and  methanol  extracts  demonstrated
antiplasmodial activity against the W2 strains of P. falciparum,
respectively of 6 pg/mL and 15 pg/mL; the same extracts from the
roots showed an activity of 3 pg/mL and > 50 pg/mL, respectively
[189]. The aqueous extracts of V. colorata were found to be
significantly less active (ICso > 50 pg/mL) as antimalarial agent
against chloroquine susceptible (D10) and resistant (W2) strains of
P. falciparum [187].

The effect of dietary incorporation of V. amygdalina and V.
colorata on some biochemical and histopathological indices in liver
of albino rats was studied: treatment of V. colorata fed animals with
aflatoxin B1 resulted in a marked increase in alkaline phosphatase
activity. Increase in aspartate amino transaminase (AST) activity
was not significantly different from that of animals fed only with V.
colorata without aflatoxin B1 [190].

The chloroform-methanol (9:1) extract of the plant leaves exhibited
anti-inflammatory activity by using a carrageenan-induced rat paw.
The bioassay-oriented fractionation of the extract permitted the
isolation of compounds with and without anti-inflammatory activity
[191]. The aqueous extract of the leaves presented both
hypoglycemic and antidiabetic effects in normoglycemic and
alloxan-induced diabetic rats [189]. The acetone extract (100 mg/kg
per os) induced a significant decrease in blood glucose in
normoglycemic rats. Blood glucose levels ranged from 4.72 + 0.11
to 3.72 + 0.22 mmol/L (P<0.05, n = 5) 3 hours after oral
administration. The n-hexane extract significantly increased the
glucose levels in normoglycemic rats [192]. During a general
screening of traditional Zulu medicinal plants used for the treatment
of ailments of infectious nature, aqueous, methanol and ethyl
acetate extracts of V. colorata demonstrated the highest
antibacterial activity against Gram-positive bacteria [193]. The
dichloromethane and butanol fractions demonstrated antibacterial
activity with a minimum inhibitory concentration of 2.5 mg/mL
[194]. The ethanol and aqueous extracts, at concentrations ranging
between 2.00 to 5.00 mg/mL, demonstrated a good antibacterial
activity against S. aureus and P. aeruginosa. The aqueous extract
also showed the highest activity against S. aureus at a concentration
of 5 mg/mL. The minimum inhibitory concentration of the aqueous
extract ranged between 4.00 and 6.00 mg/mL, while that of the
ethanolic extract ranged between 5.00 and 6.00 mg/mL [195]. All
fractions from the aqueous extract at 10 mg/mL did not show a zone
of inhibition against the tested bacteria. The chloroform fraction of
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the ethanolic extract showed activity only against S. aureus at 10
mg/mL, with a zone of inhibition of 15.00 +0.20 mm. The
antibacterial activity of the chloroform fraction of the ethanolic
extract was significant in comparison with control (P<0.05) [196].

Phytochemical analysis of both ethanolic and aqueous extracts of V.
colorata led to the characterization of polyphenols, tannins,
phlobatannins, saponins, sterols, triterpenes, coumarins, alkaloids,
reducing sugars, and anthracenoids [195, 194]. Sesquiterpene
lactones, vernolide, 11p,13-dihydrovernolide and vernodalin have
been isolated and identified from spectroscopic data in the leaves of
the plant [197]. Vernolide and vernodalin demonstrated
antiplasmodial activity with 1Csy values of 1.87 pg /mL and 0.52
mg/mL, respectively [198]. Fractionation of the methanol extract of
the leaves allowed the isolation of six new compounds, including
two androstane and two stigmastane-type glycosides, and two
stigmastane-type steroids [191]. The essential oils of the aerial parts
of V. colorata and V. nigritiana grown wild in Mali, obtained by
hydrodistillation, showed different quali-quantitative compositions;
115 components were identified [199].

Medicinal plants are a local heritage with a global importance; they
are still the primary source of leads for pharmacologically active
compounds. Medicinal plants also play an important role in the
lives of rural people, particularly in remote parts of developing
countries with a lack of health facilities. African medicinal plants,
in addition to their traditional and cultural values, also hold great
public health and medical interest worldwide as sources of
standardized phytomedicines, extracts or novel lead compounds for
drugs development

The present review montred the therapeutic value of different
extracts of plants prepared according to the traditionally used forms.
These plants have been studied for the different pharmacological
activities, mainly antimalarial and hepatoprotective, of extracts,
fractions and isolated compounds. Several bioactive compounds
were elucidated in these plants, some of them having an interesting
antiplasmodial and hepatoprotective activity.This review confirmed
that these medicinal plants have both anti-plasmodial and
hepatoprotective properties. Argemone mexicana, Cochlospermun
tinctoriun, Combretum micranthum and Entada africana from the
Malian traditional pharmacopoeia present opportunities in the
treatment of malaria and some liver diseases. The collected data
will be useful to improve actual herbal drugs and to propose new
phytomedicines for the management of these diseases. In Mali,
phytodrugs prepared with these plants are important for the
availability of essential medicines used by the majorly of the
population. The successes of these herbal drugs open new
opportunities for patients and stimulate research on medicinal plants
with direct relevance to human health care.

Information was obtained from a literature search through electronic
databases such as PubMed, SciFinder, Google Scholar and PROTA.
Data collected were organised according to the plan: traditional
uses, anti-plasmodial activity, liver disease care, other
pharmacological activities, safety of use, and main phytochemical
constituents. In Table 1 are reported the botanical names, traditional
uses, biological activities and chemical constituents of the ten
medicinal plants used in Malian traditional medicine for the
treatment of malaria and liver diseases. Most of the authors have
personally participated in experimental studies on different aspects
of one or more of the ten plants, whose results were published and
are among the articles cited in the reference.
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Table 1: Botanical names, traditional uses, biological activities and chemical constituents of medicinal plants used in Malian traditional medicines for the treatment of malaria and
liver diseases.

Botanical names (Families)

o Traditional uses Biological activities Chemical constituents References
(Local names I )
Argemone mexicana Antimalarial, antihepatotoxic, Isoquinoline and benzylisoquinoline alkaloids.
8 Malarial, fever, jaundice, ulcers, antimicrobial, wound healing, q yisoq ? [3-6, 15]

(Papaveraceae)
(Bozobo, Gninnidi¢)

dropsy

antibacterial, antifungal, molluscicidal,
anticancer and anti-HIV

berberine, tetrahydroberberine, protopine,
benzophenanthridines

Cochlospermum tinctorium
(Cochlospermaceae)
(N'tiribara, N’dilibara)

Malaria, abdominal pain, dermatitis
jaundice, gastro intestinal diseases,
schistosomiasis

Antiplasmodial, antihepatotoxic

Gallic and ellagic acids, cochloxanthin,
dihydrocochloxanthin, arjunolic acid, oleanene-
type triterpene, 3-O-E-p-coumaroylalphitolic acid,
alphitolic acid, 1-hydroxytetradecan-3-one

[19, 20, 30, 32]

Combretum micranthum Malaria, bilious fevers with Antiplasmodial, antihepatotoxic, anti- Vitexin, choline, stachydrine, gallic acid, rutin [50, 52, 54-60,
(Combretaceae) hematuria, constipation, inflammatory, antiviral, antibacterial, trihy dra,te ( +)-c;1echin and l;enzoic aci d’ 62, 63, 65, 66]
(N'golobé) cholagogue, diuretic antioxydant, hypoglycemic, antidiabetic ’
Malaria, fever, respiratory tract Antihepatotoxic, antimicrobial, [69,70, 76, 79-
Entada africana (Fabaceae) complaints, diabetes, hypertension, antiplasmodial, antioxidant, antiradical, Triterpene saponins 31 ’8 4—’87]’
(Samanéré) diarrheas, liver diseases, anti-angiogenic, anti-hepatocellular P P ’
rheumatism, dysentery carcinoma
Erythrina senegalensis Malaria, jaundice, infections, liver Antihepatotoxic, antiplasmodial, . N .. ..
(Fabaceae) diseases, fever, broncho-pulmonary  antibacterial, antioxidant, anti- (2123-D1h1y drq—2t -hydroxyosajin, osajin, 6,8- gil’ 88, 89,93,
(N'den, Ntenbilen, Ntimini) disorders and urogenital infections hepatocellular carcinoma iprenylgenisiein !
Mitragyna inermis Malaria, hepatic illness, stomach Antimalarial, antimicrobial, [97, 100, 101,
(Rubiaceae) and intestinal disorders, antihypertension, antidiabetic, antioxidant, Indole alkaloids 117,118, 124,
(Jun, Djou) hypertension, HIV/AIDS anti-inflammatory 125, 127]
Nauclea latifolia syn . . . [93, 100, 128,
Sarcocephalus latifolius Fever, malaria, jaundice, infant Antiplasmodial, antioxidant, analgesic, A1§a101d7, glycqahkafmdsr Salpo.ndl.n S r}agclleﬁne 129, 130, 131,
(Rubiaceae) gastroenteritis and dysentery antimicrobial, antidiabetic and naucletine, indole-quinolizidine, indole 139, 140, 141,

alkaloids: nauclefolinine, triterpenic compounds

(Baro) 143, 145, 146]
Securidaca Fever, malaria, trypanosomiasis, Antiplasmodial, cytotoxicity, anti- ioeltir::[}ll)?;il;:f: ﬁ?nﬁzznf;isﬁnﬁﬁﬁ Str:;y_z i
longepedunculata dysmenorrhea, bronchopulmonary hepatocellular carcinoma, antibacterial, xanthon);s (muchi,m a.lr)l ings A—L)ybi desmosidic [81, 148-158,
(Polygalaceae) diseases, gastrointestinal and liver analgesic, anti-inflammatory, X X e N s 160]
. . saponins(securidacasides A and B), triterpene
(Joro) diseases hypoglycemic . . L
saponins, medicagenic acid

Trichilia emetica Malaria, abdominal pains, ;rg{?;?:g;ﬁ/tﬂ}:z?;ggﬁ;:::e’ [1169.'7" 9137’01 16;2
(Meliaceae) dermatitis, haemorrhoids, jaundice . iy . Y Kurubasch aldehyde, limonoids, polysaccharides o 1an
(Sulafinzan) and chest pain anticonvulsant, antitrypanosomal, 178,179, 183,

P anti-oxidant, antitussive, antimutagenic 185]

Vernonia colorata

Fever, malaria, liver disease,
digestive disorders,

Antiplasmodial, anti-inflammatory,

[187, 189, 190,

Asteraceae bronchopulmonary diseases. . . . Vernolide, vernodalin
EKosafuné) ) diarrhea?intestinafworms a;ld hypoglycemic, antibacterial ' 193, 195]
abdominal pain
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