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A B S T R A C T

Tetrapleura tetraptera is a well-known plant widely used in Cameroon as spices in cooking and in prepara-
tions prescribed in folk medicine for the treatment of malaria. The main purpose of this study was to provide
relevant chemical and pharmacological insights that can support the effectiveness of T. tetraptera against
malaria by identifying the lead compounds that may be responsible for its therapeutic potential. The stem
bark and root methanolic crude extracts of this plant displayed a good inhibition of P. falciparum 3D7 with
rates of 83.6% and 76.3%, respectively. A total of sixteen distinct compounds (1‒16) have been isolated during
the chemical investigations of the two active crude extracts. Their structures were established with the aid of
their NMR data. Thriteen compounds (2‒9, 11‒13, 15 and 16) were screened for antiplasmodial activity using
P. falciparum 3D7. Results showed that seven tested compounds displayed good activity (IC50 < 7 mM) and
the most effective were compounds 5, 9, 7, 2 and 6 with IC50 values of (1.8 § 0.4 mM), (1.9 § 0.8 mM),
(2.1 § 0.5 mM), (2.3 § 0.7 mM), (2.4 § 0.6 mM), respectively. The in silico evaluation of the isolated com-
pounds for their ability to inhibit the P. falciparum dihydroorotate dehydrogenase 5TBO and their ADMET
studies revealed that up to fifteen isolated compounds displayed a greater affinity to the binding site of the
5TBO receptor compared to the reference drug chloroquine. More especially, compounds 1, 2, 4, 8 and 14
demonstrated a good drug-likeness. These findings support the use of T. tetraptera for the management of
malaria and further qualify it as an important source of good candidates in new antiplasmodial drug develop-
ment.

© 2022 SAAB. Published by Elsevier B.V. All rights reserved.
Keywords:
ADMET study

Fabaceae
Molecular docking
Plasmodium falciparum
Tetrapleura tetraptera
appi), jdwansi@yahoo.fr

ights reserved.
1. Introduction

Spices are not only food additives that improve the taste and smell
of food, they also represent historical seals of different cultures that
have an important impact on human health (Bukvicki et al., 2020).
Indeed, Zingiber officinal is used for the treatment of inflammation
and cancer (Ghosh et al., 2011) while Xylopia aethioica is a good anti-
plasmodial agent (Larayetan et al., 2022). Malaria is a life-threatening
disease caused by Plasmodium parasites, which are transmitted to
humans by infected female Anopheles mosquito bites (Happi et al.,
2015). According to a recent report by World Health organisation
(WHO) on malaria in 2021, there were around 241 million cases of
malaria worldwide and the African region carries a high share of the
global malaria burden including 96% of malaria death among which
80% were children under 5 (Bongmo et al., 2022). More especially,
the prescribed drugs to cure malaria like chloroquine, artemisinin or
quinine faced some resistance against Plasmodium falciparum, which
is responsible for the most severe forms of malaria and the high rate
of death (Happi et al., 2022; Mutabingwa et al., 2005; Williams et al.,
2004). It is therefore urgent to intensify the prospection of new sour-
ces of molecules endowed with anti-malarial activity as well as the
search for molecules and/or association of molecules that can poten-
tiate the action of chloroquine and artemisinin, which are today the
first-line and most accessible drugs in developing countries. In this
regard, Cameroonian medicinal plants represent a good source of
molecules with several biological activities (Mbobda et al., 2021;
Keugwa et al., 2021; Happi et al., 2020; Tabekoueng et al., 2020;
Kemayou et al., 2020).

Tetrapleura tetraptera belonging to the family Fabaceae is a tree
that grows in the tropical deciduous forest of West Africa, extending
from Senegal to West Cameroon (Burkill et al., 1995). It is a single-
stemmed, robust, perennial tree of 15‒20 m in height, with dark

http://crossmark.crossref.org/dialog/?doi=10.1016/j.sajb.2022.11.021&domain=pdf
mailto:gervais20022003@yahoo.fr
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green leaves and a thick, woody base and spreading branches. Its
leaves are 25 to 30 cm long, while the leaflets flattened at their ends,
are 3 to 4 cm. The fruits are 10 to 30 cm long and possess a flagrant,
which has been attributed to their insect repellent property (Ojewole
et al., 2004). T. tetraptera is a popular spice in Africa and is locally
known as "Essesse" in Douala (Cameroon) or "Aidan" in Nigeria (Ade-
wunmi et al., 1993). The fruits of Tetrapleura tetraptera are used for
therapeutic soups preparations for nannies to prevent contractions
postpartum (Adesina et al., 2016). When dried, they are also used in
traditional medicine to fight against several diseases including
malaria (Kemigisha et al., 2018; Irvine et al., 1961; Dalziel et al.,
1955). As part of our program of the search for antiplasmodial com-
pounds from local medicinal plants, we have chemically and biologi-
cally investigated the bark and roots of T. tetraptera harvested in the
West region of Cameroon to obtain significant findings that can fur-
ther strengthen the use of the plant by local population against
malaria. Furthermore, the molecular docking of all the isolated com-
pounds and their ADMET study are herein discussed.

2. Materials and methods

2.1. General instrumentation

EI-MS and ESI-MS were recorded on a Finnigan MAT 95 spectrom-
eter (70 eV) with perfluorokerosene as a reference substance for
EI�HR�MS. The spectrometer operated in positive and negative
modes (m/z: 50�1500, with a scan rate of 1.00 Hz) with automatic
gain control to provide high-accuracy mass measurements within
1 ppm deviation using Na formate as calibrant. The following param-
eters were used for experiments: spray voltage of 4.5 kV, the capillary
temperature of 200 °C. Nitrogen was used as sheath gas (4 l/min). The
1H- and 13C NMR spectra were recorded at 500 MHz and 125 MHz,
respectively on Bruker AMX 500 NMR spectrometers chemical shifts
are reported in d (ppm) using TMS as internal standard and coupling
constants (J) were measured in Hz. Column chromatography was car-
ried out on silica gel (70‒230 mesh, Merck). Thin-layer chromatogra-
phy (TLC) was performed on Merck precoated silica gel 60 F254
aluminum foil, and spots were detected using ceric sulfate spray
reagent.

2.2. Plant material

The stem bark and root of Tetrapleura tetraptera (Schum. &
Thonn.) Taub. were collected at Bafang (GPS coordinates: Latitude 5°
0903200N, Longitude 10°1102800E, Elevation: 1280 m) in the West
region of Cameroon in September 2020. The identification of the
plant was made by the botanist Mr. Victor Nana at the National Her-
barium of Cameroon, where a specimen was kept under the voucher
number 31,310 HNC.

2.3. Extraction and isolation

The air-dried and powdered bark (2.6 kg) and roots (4.2 kg) of Tet-
rapleura tetraptera were separately macerated twice at room temper-
ature with methanol for 48 h and 24 h, successively. After filtration,
the filtrates were evaporated under reduced pressure, to obtain
82.6 g and 182.8 g of crude extract from bark and roots, respectively.
Approximately 5 g of each extract were kept for biological assays.

The remaining stem bark crude extract (77.6 g) was chromato-
graphed over silica gel (70�230 mesh) by increasing polarity using a
gradient of ethyl acetate (AcOEt) in n-hexane (n-Hex), follows by the
gradient of methanol (MeOH) in EtOAc. A total of 487 sub-fractions
(200 ml each) were collected and combined on the basis of their TLC
profiles resulting in seven main fractions A‒G. In the following, frac-
tion A (11.5 g, combined sub-fractions 1‒85) was rechromatographed
over silica gel column (230�400 mesh, 3.5 £ 50.0 cm) with n-Hex/
950
EtOAc (19:1) yielding a white powder identified as lupeol (3)
(15.3 mg). Fraction B (22.4 g, combined sub-fractions 86‒122) was
also rechromatographed over silica gel column (230�400 mesh,
3.5 £ 50.0 cm) with n-Hex/EtOAc (9:1). Sub-fractions 100‒122
yielded white powder identified as betulinic acid (6) (12.1 mg). By
applying the same method, the third main fraction C (15.0 g, com-
bined sub-fractions 123‒155) with n-Hex/EtOAc (17:3) gave a white
amorphous powder identified as betulin (5) (4.7 mg). Fraction D
(10.7 g, combined sub-fractions 156‒225) was further purified using
the same technique eluting the column with n-Hex/EtOAc (4:1). Sub-
fractions 209‒225 gave ursolic acid (11) (14.7 mg). Fraction E (11.2 g,
combined sub-fractions 226‒335) was purified using column chro-
matography with a gradient of EtOAc (10‒20%) in n-Hex to afford
butein (2) (8.5 mg).

The remaining roots crude extract (177.8 g) was partitioned using
flash chromatography with EtOAc, EtOAc/MeOH 3:1 and MeOH. Fil-
trates were separately evaporated under reduced pressure, to obtain
three main fractions R1‒R3, respectively. Fraction R1 (68.3 g) was dis-
solved in methanol, adsorbed onto silica gel (70�230 mesh) and sub-
jected to gravity CC on a column packed with silica gel (200 g, 5 cm
diameter x 80 cm length). A solvent gradient starting with n-Hex and
gradually increasing the polarity using EtOAc and MeOH, and frac-
tions of 200 ml were collected. On the basis of TLC analysis, the frac-
tions obtained were combined and yielded 8 sub-fractions (A‒H).
sub-fraction A (n-Hex/EtOAc 39:1) was subjected to further purifica-
tion using column chromatography and yielded stigmasterol (15)
(8.2 mg) and 3b-taraxeryl acetate (13) (7.8 mg). After similar process-
ing to other sub-fractions, sub-fraction B (n-Hex/EtOAc 19:1) yielded
lupenone (4) (4.1 mg), sub-Fraction E (n-Hex/EtOAc 11:9) yielded
rhusopolyphenol (1) (3.4 mg) while sub-fraction F (n-Hex/EtOAc 1:1)
gave maslinic acid (7) (14.9 mg). Elution of fraction R2 on column
chromatography using a mixture of n-Hex/EtOAc (2:3), EtOAc and
methanol of increasing polarities, afforded 6 sub-fractions (I‒N) on
the basis of TLC analysis. Purification of sub-fraction I (n-Hex/EtOAc
2:3) yielded tormentic acid (12) (10.3 mg) and stigmasterol-3-O-b-D-
glucopyranoside (16) (9.2 mg). After similar processing with the
other sub-fractions, we obtained from sub-fraction L eluted with
EtOAc arjungenin (8) (3.2 mg). Sub-fraction M (EtOAc/MeOH 19:1)
afforded rhaponticin (14) (4.3 mg), aridanin (9) (21.3 mg) and heder-
agenin-3-O-a-L-arabinopyranoside (10) (3.8 mg).

2.4. Antiplasmodial activity

2.4.1. Parasitic culture
Plasmodium falciparum 3D7 strain (chloroquine-sensitive) was

obtained from the Biodefense and Emerging Infections (BEI) Research
Resources (Manassas, VA) and maintained in vitro using a modified
method previously described by Trager and Jensen (1976). Briefly,
parasites were cultured in fresh O+ human red blood cells at 3% (v/v)
hematocrit in RPMI 1640 culture media containing glutamax and
NaHCO3 (Gibco, UK), supplemented with 25 mM HEPES (Gibco, UK),
1X hypoxanthine (Gibco, USA), 20 mg/mL gentamicin (Gibco, China),
and 0.5% Albumax II (Gibco, USA). When needed, parasites were syn-
chronized at the ring stage by sorbitol treatment and cultured
through one cycle before treatment. Parasite cultures of P. falciparum
were synchronized by 5% D-sorbitol treatment to obtain only ring-
stage parasitized cells. 1% ring stage of parasitemia was maintained
for antimalarial assay.

2.4.2. In vitro antiplasmodial assay
The crude methanolic extracts and the isolated compounds were

screened in vitro by the modified schizont maturation inhibition
assay method described by Sahoo et al. (2020). Stock solutions
(10 mM) were prepared by dissolving the crude extracts and pure
compounds into DMSO and subsequent dilutions were made in tripli-
cate with an incomplete RPMI medium containing the tested samples
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at different concentrations with parasite cultures (1% parasitemia and
1.5% hematocrit) in 96-well plates to a final drug concentration of
10 mM for hit identification studies, or 10 � 0.078 mM for activity
confirmation assays. The final dimethyl sulfoxide (DMSO) concentra-
tion per 100 mL culture per well was 0.1%. Chloroquine at a range of
1 � 0.0078 mM each was used as negative growth control (positive
test control), while the solvent-treated culture (0.1% DMSO) was
used as positive growth control (negative test control). Following
72 h incubation at 37 °C and 5% CO2 humidified atmosphere. Thin
smears of the slide were prepared after the incubation period from
each well. 3% Giemsa stain was used to stain each slide and examined
under a microscope. The level of parasitemia in terms of schizont
inhibition was calculated by counting the number of schizonts
against 200 asexual parasites microscopically. The schizonts inhibi-
tion (%) of each concentration of various fractions and isolated com-
pounds was calculated by following formulae. Schizonts inhibition
(%) = no. of schizonts (control) � no. of schizonts (test)/no. of schiz-
onts (control) x 100. IC50 values (inhibitory concentrations that
reduce 50% parasitic growth compared to control) were calculated
and expressed as mean § SD (n = 3).

2.4.3. Statistical analysis
All the experiments were done in triplicate and the data obtained

from the analyses were expressed as mean § SD (n = 3). The data
were statistically analysed using one-way ANOVA and SigmaPlot 12.5
software. The level of significance in all statistical tests was p < 0.05.

2.5. Computational methodology

2.5.1. Computational tools
To all the In silico studies applied into this work were achieved

using the following computational tool:

a ACDChemSketch� version 2020.2.0 used for modeling, first-hand,
chemical structures to be fed for docking screening (ACD/Chem-
Sketch, 2020)

b Autodock Vina� tool used for the virtual screening procedure
(Trott and Olson, 2010)

c BIOVIA� Discovery Studio version 2021 used for determination of
binding pockets and for visualizing/analyzing the docked results
(Biovia, 2021)

d Absorption Distribution Metabolism Excretion and Toxicity of
Structure Activity-Relationship (ADMETSAR): A web server used
to evaluate the ADMET properties, biological activity and drug
likeness (Yang et al., 2018; Daina et al., 2017; Cheng et al., 2012;
Tsaioun and Kates, 2010)

2.5.2. Molecular docking
The virtual screening was done on Tetrapleura tetraptera contain-

ing sixteen compounds using the Autodock vina� (Trott and Olson,
2010) tool and Biovia Discovery Studio (Biovia, 2021). The screening
was guided using chloroquine a well-known antiplasmodial drug, as
standards.

2.5.2.1. Ligand preparations. In a quest to predict the anti-plasmodial
activity of the plant samples, compounds isolated from T. tetraptera
were modeled using the ACDChem ChemSketch� (ACD/ChemSketch,
2020) computational tool and fed into Autodock vina� (Trott and
Olson, 2010) for binding efficiency screening.

2.5.2.2. Receptor preparations. The Anti-plasmodium receptor of PDB
CODE: 5TBO, was used as target receptor for this study. The receptor
was obtained from the (RCSB) database (http//www.rcsb.org/pdb).
The resolution of receptor 5TBO (2.15 A

�
) approximately lies about

the 2.0 A
�
recommended resolution for a receptor of good quality
951
(Falade et al., 2021). Water molecules around the crystal structure
and other associated inhibitors were removed from the downloaded
protease to avoid undesired interferences and unwanted molecular
interactions.

2.5.2.3. Virtual screening. The docking simulation (virtual screening)
was done via the Pyrx/Vina tool (Trott and Olson, 2010) Auto Dock
Tools (ADT) was used to generate the autodock file (.pdbqt file) in
preparation for docking. Other adjustments performed on both crys-
tal structures includes, removing any extra water molecules, adding
polar hydrogens, merging no-polar hydrogens, and adding Kollman
charges. These adjustments are targeted at improving the affinity of
the binding site. In modern Computer Assisted Drug Design (CADD),
the study of a potent drug is not complete without the activity study
of the drug which is deducible from the compound’s inhibition con-
stant. A potent compound is expected to have inhibition constant val-
ues ranging between 0.01 and 1 mM for a potent drug, therefore, this
parameter alone is enough to screen compounds in the drug discov-
ery journey (Falade et al., 2021).
2.5.3. ADMET studies
Absorption (Human Intestinal Absorption), Distribution (Blood

Brain Barrier; Water solubility), Metabolism (Cytochrome inhibition:
CYP450), Excretion (Half-life) and Toxicity (hERG inhibition; Carcino-
genicity) were predicted using the ADMETlab 2.0 web server online
(Xiong et al., 2021). From the server, the drug-Brain-Blood-Barrier
crossing, drug induced hERG toxicity, drug metabolism, water solu-
bility and drug likeness were computed.
3. Results and discussion

3.1. Phytochemical study

The chemical investigation carried out on the bark and roots of
Tetrapleura tetraptera led to the isolation and identification of sixteen
specialized compounds (Fig. 1). The structures of all the compounds
have been determined using their recorded spectrometric and spec-
troscopic data which were further compared with those reported in
the literature to further support their elucidation. Thus, the sixteen
compounds have been sorted into two chalcones identified as rhuso-
polyphenol F (1) (Kim et al., 2013) and butein (2) (Song et al., 2013);
four lupane-type triterpenoids namely lupeol (3) (Bongmo et al.,
2022; Miranda et al., 2015), lupenone (4) (Kweka et al., 2022), betulin
(5) (Ahmadu et al., 2021) and betulinic acid (6) (Happi et al., 2021;
Wahab et al., 2021); four oleanane-type triterpenoids viz maslinic
acid (7) (Miranda et al., 2015), arjungenin (8) (Honda et al., 1976), ari-
danin (9) (Adesina et al., 1985) and hederagenin-3-O-a-L-arabinopyr-
anoside (10) (Jhoo et al., 2021); two ursane-type triterpenoids
identified as ursolic acid (11) (Seebacher et al., 2003) and its congener
tormentic acid (12) (An et al., 2011). Furthermore, 3b-taraxeryl ace-
tate (13) (Abouelela et al., 2018) has been obtained as the unique tar-
axane-type triterpenoids along with one stilbenoid glucoside
rhaponticin (14) (Bongmo et al., 2022) as well as two common ste-
roids stigmasterol (15) and stigmasterol-3-O-b-D-glucopyranoside
(16) (Tsopgni et al., 2019).

The yields of the fourteen isolated compounds from the stem bark
and root of T. tetraptera are listed in Table 1. Aridanin (9) was the
major compound from the root extract with a yield of 0.012%, while
betulin (5) was the most abundant compound in the stem bark
extract with a yield of 0.06%. The result was in agreement with the
literature reporting Tetrapleura tetraptera as an important source of
aridanin (Sikam et al., 2022)

http://www.rcsb.org/pdb


Fig. 1. Chemical structures of compounds isolated from Tetrapleura tetraptera.
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3.2. Aspects and spectroscopic data of isolated compounds

Rhusopolyphenol F (1) � Orange-yellow powder. 1H NMR
(CD3OD, 500 MHz) d: 7.74 (1H, d, J = 8.7 Hz, H-60), 6.95 (1H, d,
J = 8.2 Hz, H-5), 6.81 (1H, d, J = 2.3 Hz, H-2), 6.79 (1H, dd, J = 2.3,
8.2 Hz, H-6), 6.51 (1H, dd, J = 2.3, 8.7 Hz, H-50), 6.37 (1H, d, J = 2.3 Hz,
H-30), 5.33 (1H, dd, J = 2.9, 12.9 Hz, H-7), 3.07 (1H, dd, J = 12.9,
16.9 Hz, H-8b), 2.71 (1H, dd, J = 3.0, 16.9 Hz, H-8a); 13C NMR (CD3OD,
Table 1
Yield (w/w) of isolated compounds from T. tetraptera extracts.

Compounds Stem bark Root

1 / 0.002%
2 0.011% /
3 0.02% /
4 / 0.002%
5 0.06% /
6 0.016% /
7 / 0.008%
8 / 0.002%
9 / 0.012%
10 / 0.002%
11 0.019% /
12 / 0.006%
13 / 0.004%
14 / 0.002%
15 / 0.005%
16 / 0.005%
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125 MHz) d: 192.5 (C-9), 165.4 (C-40), 164.2 (C-20), 145.4 (C-4), 145.1
(C-3), 130.6 (C-60), 128.4 (C-1), 117.8 (C-50), 114.8 (C-5), 113.6 (C-2),
113.2 (C-10), 110.3 (C-6), 102.4 (C-30), 79.6 (C-7), 43.6 (C-8).

Butein (2) � Orange-yellow powder. 1H NMR (CD3OD, 500 MHz)
d: 7.96 (1H, d, J = 8.7 Hz, H-60), 7.72 (1H, d, J = 15.3 Hz, H-b), 7.56 (1H,
d, J = 15.3 Hz, H-ɑ), 7.20 (1H, d, J = 2.1 Hz, H-2), 7.13 (1H, dd, J = 2.1,
8.2 Hz, H-6), 6.84 (1H, d, J = 8.2 Hz, H-5), 6.44 (1H, dd, J = 2.4, 8.7 Hz,
H-50), 6.31 (1H, d, J = 2.4 Hz, H-30); 13C NMR (CD3OD, 125 MHz) d:
192.8 (C-9), 166.1 (C-20), 164.9 (C-40), 148.5 (C-4), 147.7 (C-7), 145.4
(C-3), 131.8 (C-60), 127.0 (C-1), 122.2 (C-6), 116.8 (C-8), 115.2 (C-5),
114.4 (C-2), 113.3 (C-10), 107.7 (C-50), 102.4 (C-30).

Lupeol (3) � White powder. 1H NMR (CDCl3, 600 MHz) d: 4.71
(1H, d, J = 4.0 Hz, H-29b), 4.69 (1H, d, J = 4.0 Hz, H-29a), 3.21 (1H, dd,
J = 11.5, 4.7 Hz, H-3), 2.41 (1H, m, H-19), 1.93 (1H, m, H-21b), 1.70
(3H, s, H-30), 1.69 (1H, m, H-15b), 1.67 (3H, m, H-1b, H-12b, H-13),
1.62 (1H, m, H-2a), 1.59 (1H, m, H-2b), 1.52 (1H, m, H-6a), 1.47 (1H,
m, H-16b), 1.43 (1H, m, H-11a), 1.42 (1H, m, H-6b), 1.41 (2H, m, H-7),
1.40 (1H, m, H-22b), 1.39 (1H, m, H-18), 1.38 (1H, m, H-16a), 1.33
(1H, m, H-21a), 1.28 (1H, m, H-9), 1.23 (1H, m, H-11b), 1.21 (1H, m,
H-22a), 1.07 (3H, s, H-26), 1.05 (1H, m, H-12a), 0.99 (1H, m, H-15a),
0.97 (3H, s, H-27), 0.95 (3H, s, H-28), 0.92 (1H, m, H-1a), 0.86 (3H, s,
H-25), 0.81 (3H, s, H-24), 0.78 (3H, s, H-23), 0.72 (1H, m, H-5); 13C
NMR (CDCl3, 150 MHz) d: 148.2 (C-20), 109.5 (C-29), 79.0 (C-3), 55.1
(C-5), 53.9 (C-18), 50.1 (C-9), 48.7 (C-17), 47.9 (C-19), 44.2 (C-22),
42.3 (C-14), 41.7 (C-8), 40.2 (C-16), 38.9 (C-1), 38.7 (C-4), 37.1 (C-10),
33.4 (C-7), 32.7 (C-13), 28.0 (C-23), 27.4 (C-2, C-21, C-15), 23.9 (C-
12), 20.9 (C-11), 19.6 (C-30), 18.4 (C-6), 16.9 (C-28), 16.6 (C-25), 15.9
(C-26), 15.4 (C-24), 15.1 (C-27).
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Lupenone (4) � White powder. 1H NMR (CDCl3, 600 MHz) d: 4.72
(1H, d, J = 4.0 Hz, H-29a), 4.70 (1H, d, J = 4.0 Hz, H-29b), 2.53 (1H, m,
H-2a), 2.42 (1H, m, H-2b), 1.96 (1H, m, H-1b), 1.72 (1H, m, H-1a), 1.70
(3H, s, H-30), 1.10 (3H, s, H-23), 1.06 (3H, s, H-24), 1.04 (3H, s, H-27),
0.97 (3H, s, H-26), 0.96 (3H, s, H-25), 0.71 (3H, s, H-28); 13C NMR
(CDCl3, 150 MHz) d: 218.2 (C-3), 148.2 (C-20), 109.5 (C-29), 54.9 (C-
5), 53.8 (C-18), 49.7 (C-9), 48.8 (C-17), 47.9 (C-19), 47.7 (C-4), 44.2 (C-
22), 42.3 (C-14), 41.7 (C-8), 40.2 (C-16), 39.6 (C-1), 36.9 (C-10), 34.2
(C-2), 32.7 (C-7), 32.7 (C-13), 27.4 (C-21), 26.6 (C-23), 23.9 (C-15),
21.6 (C-12), 21.1 (C-11), 20.9 (C-24), 19.8 (C-30), 19.7 (C-6), 16.6 (C-
27), 16.5 (C-26), 15.8 (C-25), 15.2 (C-28).

Betulin (5) - White amorphous powder. 1H NMR (CDCl3, 500 MHz)
d: 4.67 (1H, d, J = 4.0 Hz, H-29b), 4.51 (1H, d, J = 4.0 Hz, H-29a), 3.79
(1H, d, J = 10.8 Hz, H-28b), 3.31 (1H, d, J = 10.8 Hz, H-28a), 3.16 (1H,
dd, J = 10.5, 5.0 Hz, H-3), 1.69 (3H, s, H-30), 1.64 (1H, m, H-2a), 1.62
(1H, m, H-1b), 1.60 (1H, m, H-2b), 1.01 (3H, s, H-27), 0.99 (3H, s, H-
26), 0.96 (3H, s, H-23), 0.91 (1H, m, H-1a), 0.82 (3H, s, H-25), 0.76
(3H, s, H-24), 0.66 (1H, m, H-5); 13C NMR (CDCl3, 125 MHz) d: 150.5
(C-20), 109.8 (C-29), 79.0 (C-3), 60.5 (C-28), 53.3 (C-5), 50.5 (C-9),
48.8 (C-19), 47.9 (C-18), 47.7 (C-17), 42.6 (C-14), 41.1 (C-8), 39.7 (C-
1), 38.8 (C-4), 37.3 (C-13), 37.1 (C-10), 34.4 (C-7), 34.0 (C-22), 29.7 (C-
21), 29.3 (C-16), 28.0 (C-23), 27.6 (C-2), 27.4 (C-15), 25.3 (C-12), 20.9
(C-11), 19.6 (C-30), 18.4 (C-6), 16.1 (C-27), 16.1 (C-25), 16.1 (C-24),
16.0 (C-26).

Betulinic acid (6) - White powder. 1H NMR (CDCl3, 500 MHz) d:
4.71 (1H, m, H-29a), 4.58 (1H, m, H-29b), 3.31 (1H, ddd, J = 5.0, 16.9,
10.5 Hz, H-19), 3.21 (1H, dd, J = 11.5, 4.7 Hz, H-3), 2.35 (1H, m, H-13),
2.24 (1H, m, H-16b), 1.94 (1H, m, H-15b), 1.69 (3H, s, H-30), 1.67 (1H,
m, H-1b), 1.64 (1H, m, H-12b), 1.61 (1H, m, H-18), 1.58 (2H, m, H-2),
1.52 (1H, m, H-6a), 1.42 (1H, m, H-6b), 1.41 (1H, m, H-11a), 1.40 (1H,
m, H-16a), 1.39 (2H, m, H-7), 1.35 (1H, m, H-15a), 1.29 (1H, m, H-9),
1.25 (1H, m, H-11b), 1.07 (3H, s, H-26), 1.03 (1H, m, H-12a), 1.01 (3H,
s, H-27), 0.97 (3H, s, H-26), 0.97 (3H, s, H-23), 0.92 (1H, m, H-1a), 0.86
(3H, s, H-25), 0.85 (3H, s, H-25), 0.81 (3H, s, H-24), 0.78 (3H, s, H-23),
0.76 (3H, s, H-24), 0.72 (1H, m, H-5); 13C NMR (CDCl3, 125 MHz) d:
179.7 (C-28), 152.2 (C-20), 110.8 (C-29), 78.9 (C-3), 57.5 (C-17), 56.1
(C-5), 50.5 (C-9), 49.2 (C-19), 46.9 (C-18), 42.3 (C-14), 40.7 (C-8), 38.8
(C-4), 38.7 (C-13), 38.7 (C-1), 37.1 (C-10), 37.0 (C-22), 34.4 (C-7), 32.3
(C-16), 30.4 (C-15), 29.7 (C-21), 28.0 (C-23), 27.9 (C-2), 25.3 (C-12),
20.9 (C-11), 19.6 (C-30), 18.4 (C-6), 15.9 (C-26), 15.8 (C-25), 15.4 (C-
24), 15.0 (C-27).

Maslinic acid (7) � White powder. 1H NMR (CD3OD, 600 MHz) d:
5.27 (1H, t, J = 3.6 Hz, H-12), 3.64 (1H, dt, J = 4.4, 10.6 Hz, H-2), 2.93
(1H, d, J = 10.6 Hz, H-3), 2.88 (1H, t, J = 4.8 Hz, H-18), 1.19 (3H, s, H-
27), 1.03 (3H, s, H-25), 1.03 (3H, s, H-23), 0.96 (3H, s, H-30), 0.93 (3H,
s, H-29), 0.84 (3H, s, H-24), 0.83 (3H, s, H-26); 13C NMR (CD3OD,
150 MHz) d: 180.5 (C-28), 143.9 (C-13), 122.1 (C-12), 83.1 (C-3), 68.1
(C-2), 55.4 (C-5), 48.2 (C-9), 46.8 (C-1), 46.2 (C-17), 45.8 (C-19), 41.5
(C-18), 41.3 (C-14), 39.3 (C-4), 38.1 (C-8), 37.8 (C-10), 33.5 (C-21),
32.6 (C-7), 32.5 (C-22), 32.1 (C-29), 30.2 (C-20), 27.9 (C-23), 27.4 (C-
15), 25.0 (C-27), 23.2 (C-11), 22.6 (C-30), 22.5 (C-16), 18.3 (C-6), 16.5
(C-26), 16.1 (C-24), 15.8 (C-25).

Arjungenin (8) � White powder. 1H NMR (CD3OD, 600 MHz) d:
5.34 (1H, t, J = 3.76 Hz, H-12), 3.71 (1H, ddd, J = 4.5, 9.5, 11.4 Hz, H-2),
3.38 (1H, d, J = 9.5 Hz, H-3), 3.29 (1H, d, J = 9.5 Hz, H-23a), 3.54 (1H, d,
J = 11.0 Hz, H-23b), 3.02 (1H, m, H-18), 3.28 (1H, m, H-19), 0.79�1.33
(18H, s, H-24, H-25, H-26, H-27, H-29, H-30); 13C NMR (CD3OD,
150 MHz) d: 180.9 (C-28), 143.3 (C-13), 123.3 (C-12), 81.0 (C-19),
76.8 (C-3), 68.2 (C-2), 64.9 (C-23), 47.7 (C-9), 46.9 (C-5), 46.3 (C-1),
43.8 (C-18), 42.7 (C-4), 41.4 (C-14), 39.5.0 (C-8), 31.9 (C-7), 12.4 (C-
24).

Aridanin (9) � White powder. 1H NMR (CD3OD, 400 MHz) d: 8.53
(1H, s, NH), 5.99 (1H, brs, H-12), 5.06 (1H, d, J = 8.2 Hz, H-10), 4.47
(1H, m, H-60a), 4.24 (1H, m, H-30), 4.23 (1H, m, H-60b), 4.22 (1H, m, H-
20), 3.86 (1H, m, H-40), 3.79 (1H, m, H-3), 3.78 (1H, m, H-50), 2.1 (3H, s,
N-Ac), 2.09 (1H, m, H-2a), 2.07 (1H, m, H-16), 2.03 (1H, m, H-22b),
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1.82 (1H, m, H-22a), 1.75 (1H, m, H-2b), 1.18 (3H, s, H-27), 1.14 (3H,
s, H-23), 1.09 (3H, s, H-30), 1.05 (3H, s, H-24), 0.99 (3H, s, H-26), 0.95
(3H, s, H-29), 0.79 (3H, s, H-25); 13C NMR (CD3OD, 100 MHz) d: 179.9
(C-28), 170.3 (C-10’), 145.0 (C-13), 122.8 (C-12), 104.8 (C-10), 89.1 (C-
3), 78.1 (C-50), 76.2 (C-30), 72.7 (C-40), 62.9 (C-60), 58.1 (C-20), 55.7 (C-
5), 47.8 (C-9), 46.7 (C-17), 46.5 (C-19), 42.2 (C-14), 41.9 (C-18), 39.5
(C-8), 39.2 (C-4), 38.6 (C-1), 36.8 (C-10), 34.2 (C-21), 33.7 (C-30), 33.3
(C-29), 33.3 (C-22), 33.1 (C-7), 30.9 (C-20), 28.2 (C-23), 28.2 (C-15),
26.3 (C-2), 26.2 (C-27), 23.8 (C-16), 23.7 (C-11), 23.6 (C-20’), 18.4 (C-
6), 17.4 (C-26), 16.8 (C-24), 15.6 (C-25).

Hederagenin-3-O-a-L-arabinopyranoside (10) � White powder.
1H NMR (CD3OD, 500 MHz) d: 5.26 (1H, t, J = 3.7 Hz, H-12), 4.33 (1H,
d, J = 6.8 Hz, H-10), 3.86 (1H, dt, J = 12.4, 2.4 Hz, H-50a), 3.81 (1H, dt,
J = 4.4, 2.0 Hz, H-30), (3.62 (1H, m, H-3), 3.62 (1H, m, H-23a), 3.56 (1H,
m, H-50b), 3.55 (1H, m, H-20), 3.51 (1H, dd, J = 9.0, 3.3 Hz, H-40), 3.30
(1H, m, H-23b), 2.86 (1H, dd, J = 13.7, 4.1 Hz, H-18), 2.03 (1H, m, H-
16b), 2.03 (1H, m, H-16a), 1.79 (1H, m, H-15a), 1.65 (1H, m, H-9), 1.52
(1H, m, H-22a), 1.40 (1H, m, H-21a), 1.39 (1H, m, H-22b), 1.27 (1H, m,
H-5), 1.22 (1H, m, H-21b), 1.19 (3H, s, H-27), 1.16 (1H, m, H-19a),
1.12 (1H, m, H-19b), 1.09 (1H, m, H-15b), 1.00 (3H, s, H-25), 0.96 (3H,
s, H-29), 0.93 (3H, s, H-30), 0.83 (3H, s, H-26), 0.73 (3H, s, H-24); 13C
NMR (CD3OD, 125 MHz) d: 180.0 (C-28), 143.8 (C-13), 122.1 (C-12),
104.9 (C-10), 81.7 (C-3), 73.1 (C-40), 71.6 (C-20), 68.3 (C-30), 65.4 (C-50),
63.4 (C-23), 47.6 (C-9), 46.7 (C-5), 45.7 (C-19), 42.4 (C-4), 41.5 (C-14),
41.3 (C-18), 39.1 (C-8), 38.0 (C-1), 36.2 (C-10), 33.4 (C-21), 32.1 (C-7),
32.1 (C-6), 30.1 (C-20), 27.4 (C-15), 24.9 (C-27), 22.5 (C-29), 22.5 (C-
16), 20.6 (C-17), 17.4 (C-22), 16.3 (C-30), 16.3 (C-26), 14.9 (C-25),
11.9 (C-24).

Ursolic acid (11) - White powder. 1H NMR (DMSO‑d6, 500 MHz) d:
5.15 (1H, d, J = 12.0 Hz, H-12), 2.90 (1H, dd, J = 12.0, 6.0 Hz, H-3), 1.80
(1H, m, H-19), 1.74 (2H, m, H-22), 1.49 (1H, m, H-20), 1.31 (3H, s, H-
27), 1.25 (3H, d, J = 6.0 Hz, H-29), 1.23 (3H, d, J = 6.0 Hz, H-30), 1.15
(3H, s, H-23), 1.10 (3H, s, H-25), 1.02 (3H, s, H-26), 0.98 (3H, s, H-24);
13C NMR (DMSO‑d6, 125 MHz) d: 178.8 (C-28), 138.6 (C-13), 125.0 (C-
12), 77.3 (C-3), 55.2 (C-5), 52.8 (C-18), 48.9 (C-17), 47.4 (C-9), 42.0 (C-
14), 41.7 (C-8), 38.9 (C-4), 38.8 (C-19), 38.7 (C-20), 38.6 (C-1), 36.9 (C-
22), 36.7 (C-10), 33.1 (C-7), 30.6 (C-21), 28.6 (C-15), 27.9 (C-23), 27.2
(C-2), 26.0 (C-16), 24.2 (C-27), 23.7 (C-11), 21.5 (C-30), 18.4 (C-6),
17.4 (C-26), 17.3 (C-29), 16.5 (C-24), 15.6 (C-25).

Tormentic acid (12) � White powder. 1H NMR (Pyridine-d5,
500 MHz) d: 5.56 (1H, brs, H-12), 4.07 (1H, m, H-2), 3.37 (1H, d,
J = 9.5 Hz, H-3), 3.10 (1H, m, H-16), 3.03 (1H, s, H-18), 1.68 (3H, s, H-
27), 1.40 (3H, s, H-29), 1.25 (3H, s, H-23), 1.19 (3H, s, H-30), 1.09 (3H,
s, H-26), 1.05 (3H, s, H-24), 0.97 (3H, s, H-25); 13C NMR (Pyridine-d5,
150 MHz) d: 180.7 (C-28), 139.7 (C-13), 128.2 (C-12), 83.6 (C-3), 72.4
(C-19), 68.3 (C-2), 55.7 (C-5), 54.3 (C-18), 48.0 (C-17), 47.7 (C-9), 47.6
(C-1), 42.1 (C-20), 41.9 (C-14), 40.2 (C-8), 39.6 (C-4), 38.5 (C-22), 38.5
(C-10), 31.4 (C-7), 29.1 (C-23), 29.1 (C-15), 26.8 (C-29), 26.7 (C-21),
26.1 (C-16), 24.4 (C-27), 23.9 (C-11), 18.8 (C-6), 17.4 (C-24), 17.2 (C-
26), 16.6 (C-25), 16.5 (C-30).

Taraxeryl acetate (13) �White crystals. 1H NMR (CDCl3, 400 MHz)
d: 5.56 (1H, J = 8.2, 3.2 Hz, H-15), 4.49 (1H, J = 11.1, 5.0 Hz, H-3), 2.01
(3H, s, H-20), 2.01 (1H, m, H-16b), 1.95 (1H, m, H-16a), 1.75 (1H, m, H-
2a), 1.67 (1H, m, H-7a), 1.63 (1H, m, H-6a), 1.60 (1H, m, H-1a), 1.42
(1H, s, H-9), 1.42 (1H, m, H-7b), 1.40 (1H, m, H-18), 1.40 (1H, m, H-
1b), 1.38 (1H, m, H-6b), 1.31 (1H, m, H-2b), 1.19 (2H, m, H-11), 1.17
(2H, m, H-12), 1.15 (2H, m, H-22), 1.15 (2H, m, H-19), 1.14 (2H, m, H-
21), 1.12 (3H, s, H-26), 1.10 (3H, s, H-27), 0.99 (3H, s, H-28), 0.99 (3H,
s, H-25), 0.94 (3H, s, H-24), 0.94 (1H, m, H-5), 0.92 (3H, s, H-23), 0.84
(3H, s, H-29), 0.83 (3H, s, H-30); 13C NMR (CDCl3, 100 MHz) d: 171.0
(C-10), 158.0 (C-14), 117.0 (C-15), 81.0 (C-3), 55.7 (C-5), 49.2 (C-9),
48.8 (C-18), 41.2 (C-19), 39.0 (C-8), 37.9 (C-4), 37.7 (C-13), 37.7 (C-1),
37.6 (C-10), 37.4 (C-22), 36.7 (C-12), 35.7 (C-17), 35.1 (C-21), 33.7 (C-
16), 33.4 (C-29), 33.1 (C-7), 29.9 (C-27), 29.7 (C-28), 28.8 (C-20), 28.0
(C-23), 26.0 (C-26), 23.5 (C-2), 21.4 (C-20), 21.3 (C-30), 18.7 (C-6), 17.5
(C-11), 16.6 (C-24), 15.5 (C-25).



Table 2
Antiplasmodial activity against Pf 3D7 and binding energy to the anti-plasmodium
(5TBO) receptor.

Compounds IC50 (mM) Binding Energy (ΔG) kcal/mol

1 n.t �8.7
2 2.3 § 0.7 �8.9
3 4.4 § 0.8 �8.8
4 5.7 § 0.7 �8.8
5 1.8 § 0.4 �8.0
6 2.4 § 0.6 �8.2
7 2.1 § 0.5 �8.3
8 36.2 § 0.3 �8.2
9 1.9 § 0.8 �8.0
10 n.t �8.4
11 26.1 § 0.2 �8.6
12 4.8 § 0.5 �8.2
13 4.2 § 0.3 �8.9
14 n.t �9.3
15 102.3 § 2.6 �8.7
16 6.7 § 0.8 �8.6
Chloroquine 0.08 § 0.01 �7.3

n.t: not tested.
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Rhaponticin (14) � Brown powder. 1H NMR (C5D5N, 600 MHz) d:
7.03 (1H, d, J = 2.0 Hz, H-20), 6.94 (1H, d, J = 16.1 Hz, H-b), 6.91 (1H,
dd, J = 8.1, 2.0 Hz, H-60), 6.81 (1H, d, J = 16.1 Hz, H-a), 6.78 (1H, d,
J = 8.1 Hz, H-50), 6.76 (1H, brs, H-2), 6.59 (1H, brs, H-6), 6.48 (1H, dd,
J = 1.8, 2.2 Hz, H-4), 4.92 (1H, d, J = 7.3 Hz, H-10’), 4.63 (1H, dd,
J = 12.1, 2.2 Hz, H-60’a), 4.31 (1H, dd, J = 12.1, 7.7 Hz, H-60’b), 3.83 (1H,
m, H-500), 3.80 (3H, s, 40�OCH3), 3.52 (2H, m, H-200,H-300), 3.39 (1H, dd,
J = 9.1, 7.9 Hz, H-400); 13C NMR (C5D5N, 150 MHz) d: 160.3 (C-5), 160.3
(C-3), 148.8 (C-40), 147.4 (C-30), 140.6 (C-1), 131.4 (C-10),129.6 (C-b),
127.2 (C-a), 118.9 (C-60), 113.4 (C-20), 112.4 (C-50), 108.7 (C-6), 105.9
(C-2), 103.1 (C-4), 100.5 (C-10’), 76.5 (C-30’), 76.1 (C-50’), 75.1(C-20’),
71.24 (C-40’), 62.3 (C-60’), 55.8 (40�OCH3)

Stigmasterol (15) � White powder. 1H NMR (CDCl3, 500 MHz) d :
5.36 (1H, t, J = 6.2, H-6), 5.14 (1H, dd, J = 12.3, 8.0 Hz, H-22), 4.98 (1H,
dd, J = 12.3, 8.0 Hz, H-23), 3.53 (1H, dd, J = 4.3, 4.1 Hz, H-3), 1.03 (3H,
s, H-19), 0.93 (3H, s, H-18), 0.87 (1H, t, J = 7.2 Hz, H-24), 0.84 (3H, d,
J = 6.6 Hz, H-26), 0.82 (3H, t, J = 6.5 Hz, H-29), 0.81 (3H, d, J = 6.6 Hz,
H-27), 0.71 (3H, d, J = 6.3 Hz, H-21); 13C NMR (CDCl3, 125 MHz) d:
140.8 (C-5), 138.3 (C-22), 129.3 (C-23), 121.7 (C-6), 71.8 (C-3), 56.9
(C-14, C-17), 51.3 (C-24), 50.2 (C-9), 42.4 (C-4, C-13), 40.5 (C-20),
39.8 (C-12), 37.3 (C-1), 36.6 (C-10), 32.0 (C-7), 31.9 (C-8), 31.7 (C-2),
31.2 (C-25), 28.9 (C-16), 25.4 (C-28), 24.4 (C-15), 21.2 (C-26, C-27),
21.1 (C-11, C-21), 19.4 (C-19), 12.2 (C-18, C-29)

Stigmasterol-3-O-b-D-glucopyranoside (16) � White powder. 1H
NMR (C5D5N, 500 MHz) d: 5.32 (2H, m, H-6), 5.16 (1H, dd, J = 12.1,
8.2 Hz, H-22), 5.03 (1H, dd, J = 12.1, 8.2 Hz, H-23), 4.22 (1H, d,
J = 6.5 Hz, H-10), 3.67 (1H, m, H-60b), 3.47 (1H, m, H-3), 3.44 (1H, m,
H-60a),3.12 (1H, d, J = 7.5 Hz, H-30), 3.10 (1H, m, H-50), 3.06 (1H, m, H-
40), 2.90 (1H, t, J = 7.0 Hz, H-20), 2.12 (1H, m, H-20), 1.93 (2H, m, H-4),
1.80 (4H, m, H-15, H-16), 1.80 (2H, m, H-7), 1.63 (1H, m, H-27), 1.50
(6H, m, H-8, H-9, H-11, H-12), 1.50 (4H, m, H-24, H-26), 1.39 (2H, m,
H-2), 1.24 (2H, m, H-1), 1.24 (1H, m, H-17), 1.15 (2H, m, H-25), 1.15
(1H, m, H-14), 0.99 (3H, d, J = 6.9 Hz, H-29), 0.95 (3H, s, H-19), 0.90
(3H, d, J = 6.4 Hz, H-21), 0.82 (3H, s, H-18), 0.76 (3H, m, H-28); 13C
NMR (C5D5N, 125 MHz) d: 141.0 (C-5), 138.8 (C-22), 129.6 (C-23),
121.9 (C-6), 102.6 (C-10), 78.6 (C-3), 78.4 (C-30), 78.2 (C-50), 75.4 (C-
20), 71.8 (C-40), 63.0 (C-60), 57.0 (C-14), 56.2 (C-17), 51.5 (C-24), 50.4
(C-9), 42.4 (C-4, C-13), 40.8 (C-20), 39.4 (C-12), 37.5 (C-1), 37.0 (C-
10), 32.2 (C-2, C-7), 32.1 (C-8, C-25), 29.3 (C-16), 25.7 (C-28), 24.6 (C-
15), 21.3 (C-21), 19.5 (C-11, C-26), 19.3 (C-27), 19.2 (C-19), 12.5 (C-
29), 12.2 (C-18)

3.3. Antiplasmodial activity

The main goal of this study was to provide further evidence which
might justify or support the use of the plant T. tetraptera in traditional
medicine for the treatment of malaria. After extraction of the stem
bark and roots using methanol, the obtained crude extracts were
screened for their potential antiplasmodial activity against the chlo-
roquine-sensitive strain P. falciparum 3D7. The results demonstrated
that both extracts significantly inhibit the parasite growth at 10 mg/
ml with the rates of 83.6% and 76.3%, respectively. This result encour-
aged the chemical investigations of both extracts to isolate their spe-
cialized metabolites that might be responsible for the activity. A total
of sixteen compounds (Fig. 1) have been obtained among which thir-
teen (compounds 2‒9, 11‒13, 15 and 16) were further evaluated for
their antiplasmodial activity using chloroquine as reference drug and
the results are compiled in Table 2. In our recent review on the anti-
plasmodial activity of compounds from the Meliaceae plant family,
we reported the five categories of antiplasmodial compounds in their
classification based on their IC50 value ranges which classified a pure
compound as an active one by the industry if its IC50 value is lower
than 10 mM established as standard value (Happi et al., 2022). From
that scale, ten compounds over the thirteen tested ones can be con-
sidered as active compounds with IC50 < 10 mM including (in order
of potency) betulin (5) and aridanin (9) which were the most active
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with IC50 values of (1.8 § 0.4 mM) and (1.9 § 0.8 mM), respectively,
followed by maslinic acid (7), butein (2) and betulinic acid (6) which
displayed IC50 values of (2.1 § 0.5 mM), (2.3 § 0.7 mM),
(2.4 § 0.6 mM), respectively. Additionally, three additional com-
pounds namely 3b-taraxeryl acetate (13) (IC50 = 4.2 § 1.3 mM),
lupeol (3) (IC50 = 4.4 § 0.8 mM) and tormentic acid (12)
(IC50 = 4.8 § 1.5 mM) showed good activities with IC50 > 0.1 mM but
� 5 mM, while lupenone (4) and stigmasterol-3-O-b-D-glucopyrano-
side (16) showed moderate activity with IC50 values of (5.7 § 1.1)
mM and 6.7 § 1.8) mM, respectively. Finally, arjungenin (8) and
ursolic acid (11) demonstrated a weak activity with IC50 values of
(26.1 § 2.2) mM and (36.2 § 2.3) mM, respectively, whereas stigmas-
terol (15) was inactive (IC50 = 102.3 § 14.6mM).

From these results, a tentative elaboration of the action mecha-
nism of the isolated compounds has been done. The three lupane-
type triterpenoids (3‒6) displayed different activities that might be
related to the nature of the functional groups at positions 3 and 28 in
the main carbon chain of the compounds. For instance, the results
showed that betulin (5) is the most active compared to the other
lupane-triterpenoids, and there is also a decrease in the activity
when moving from lupeol (3) to its derivative lupenone (4) indicating
that the presence of hydroxyl group at positions 3 and 28 might play
an important role in the increasing of the antiplasmodial activity of
lupane-type triterpenoids.

Likewise, the antiplasmodial evaluation of the three oleanane-
type triterpenoids (7‒9) led to the observation that maslinic acid
(7) and aridanin (9) showed similar good activities while arjunge-
nin (8) was not active. From their structural consideration, it
seems obvious that substitution of a sugar moiety at C-3 of the
structure might be favourable to improve their activity, while the
oxidation of Me-23 to CH2OH and the presence of a hydroxyl
group at C-19 might exert an antagonistic effect on the potency
of oleanane-triterpenoids.

Finally, we also observed that stigmasterol-3-O-b-D-glucopyrano-
side (16) is more than fifteen times more active than its congener
stigmasterol (15). As partially concluded for compounds 7‒9, the
presence of the glucoside moiety at C-3 in compound 16 can justify
the high increase in its activity compared to compound 15. Therefore,
sugar moiety can play an important role in the improvement of the
antiplasmodial activity of triterpenoids and steroids. Further insights
into understanding the action mechanisms of the tested active com-
pounds have been provided by the molecular docking of the com-
pounds.
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3.4. Molecular docking

Along the journey in developing new approaches to fighting
malaria, it has been found that dihydroorotate dehydrogenase is
an important target enzyme of Plasmodium associated with the
strain P. falciparum 3D7 (the strain for the in vitro tests) and
which can be bound with the selective inhibitor DSM421 as a
ligand to form the receptor reported under the PDB code 5TBO
(Phillips et al., 2016). All the sixteen compounds isolated from
Tetrapleura tetraptera as well as the selected standard (chloro-
quine) have been computationally evaluated for their binding
affinities with the 5TBO receptor (Table 2 and Figs. 2-7). From the
results obtained, all the compounds displayed greater affinity
than chloroquine (Table 2). These results were in agreement with
the in vitro antiplasmodial tests using P. falciparum 3D7 which
Fig. 2. Interaction at the 5TBO receptor bind

Fig. 3. Interaction at the 5TBO receptor binding si
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suggested that the plant T. tetraptera has a resounding capacity as
a potential anti-plasmodium therapeutic.

Five compounds (2, 5, 6, 7 and 9) were found significantly in vitro
active with IC50 values lower than 5 mM. Close observation of their
binding affinity and docking poses provided additional information
on their inhibition mechanisms of the Plasmodium parasite. The most
active compound 5 and its congener 6 displayed close binding affini-
ties (energies) and the same interactions with the receptor 5TBO,
mostly presented as a residue-hydrogen bond interaction with
LYS229 (5.25 and 5.27). Similar interactions were observed for the
active compounds 7 and 9 presenting conventional hydrogen bonds
with LYS229 (5.26) and THR249 (2.93) for 7, as well as THR249
(2.76), LYS429 (2.51) and ASN258 (2.76) for 9. Finally, compound 2
indicated important residue-hydrogen bond interactions with
SER505 (1.96), ILE508 (2.33) and CYS530 (2.93).
ing site for compounds 1 (A) and 2 (B).

te for compounds 3 (A), 4 (B), 5 (C) and 6 (D).



Fig. 4. Interaction at the 5TBO receptor binding site for compounds 7 (A), 8 (B), 9 (C) and 10 (D).
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We also found that compound 15was more than fifteen times less
active than its glycosylated derivative 16. Observation of their dock-
ing poses with the receptor’s binding site showed one interaction
between the glucoside unit of compound 16 through a conventional
hydrogen bond with GLY474 (2.48). We can partially conclude in
waiting for further analyses that the amino acids LYS229, THR249
and GLY474 might play a key role in the inhibition mechanism of the
Plasmodium enzyme dihydroorotate dehydrogenase.

It can also be mentioned that since chloroquine, the standard drug
used for this study resulted in a maximum number of 2 conventional
hydrogen bonds (Fig. 7) while most selected compounds exhibited
more, and with shorter bond length, it is understandable why the
identified compounds have greater binding affinity to the anti-plas-
modium receptor than the standard.

3.5. ADMET studies

The ADMET prediction results are shown in Table 3. The human
intestinal absorption (HIA) of an oral drug is the essential
Fig. 5. Interaction at the 5TBO receptor binding s
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prerequisite for its apparent efficacy. What is more, the close rela-
tionship between oral bioavailability and intestinal absorption has
also been proven and HIA can be seen as an alternative indicator for
oral bioavailability to some extent. A drug molecule with an absor-
bance of less than 30% is poorly absorbed (Xiong et al., 2021). Results
from Table 3 shows that compounds 1‒4, 7‒8, 10‒11, 13, 15 and
chloroquine agree to be strongly absorbed by the intestine.

Water solubility is one important condition a drug must satisfy
before in vitro drug optimization process (Xiong et al., 2021). Results
show that all identified compounds are more water soluble with 3
(�6.667), 4 (�6.605), 13 (�6.689), 15 (�7.008) being very soluble
than the selected standard chloroquine (�3.902).

Cytochrome CYP450 inhibitors are responsible for the biotransfor-
mation of a drug; a potential drug should not alter their kinetics (San-
guinetti et al., 2006). Results shows that none of the selected
compounds inhibited the cytochrome receptors greater than chloro-
quine (2/5).

The Human either-a-go-go related inhibition (hERG) is a mea-
sure of electrical pulse transmission in the human heart (iodine-
ite for compounds 11 (A), 12 (B) and 13 (C).



Fig. 6. Interaction at the 5TBO receptor binding site for compounds 14 (A), 15 (B) and 16 (C).

Fig. 7. Chemical structure of chloroquine and its interaction at the 5TBO receptor bind-
ing site.
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channel blocking). A potential drug should not block the activity
of the hERG inhibitors (Sanguinetti et al., 2006). Table 3 shows
that all compounds present themselves as inactive against block-
ing the heart functions, as the standards. Carcinogenicity
results also show that none of the identified compounds are a
direct poison.
Table 3
ADMET score of qualified compounds from T. tetraptera, with respect to the selected sta

Compounds HIA BBB Water solubility (mol/L) CYP450 inhibition

1 Yes
(> 60%)

No soluble
(�3.615)

1/5

2 Yes
(> 90%)

No soluble
(�2.993)

2/5

3 Yes
(> 90%)

Yes Very soluble
(�6.667)

0/5

4 Yes
(> 90%)

Yes Very soluble
(�6.605)

0/5

7 Yes
(> 90%)

No Soluble
(�4.943)

0/5

8 Yes
(> 90%)

No Soluble
(�3.829)

0/5

10 Yes
(> 60%)

No Soluble
(�3.498)

0/5

11 Yes
(> 90%)

No Soluble
(�4.479)

0/5

13 Yes
(>90%)

No Very soluble
(�6.689)

0/5

14 No
(< 30%)

No Soluble
(�3.098)

1/5

15 Yes
(> 90%)

No Very soluble
(�7.008)

1/5

Chloroquine Yes
(>90%)

Yes Soluble
(�3.902)

2/5
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Brain Blood Barrier (BBB) prediction test suggest that compounds
1‒2, 7‒8, 10‒11, 13‒15 do not have ability to cross the BBB, hence
their mode of action do not involve neurological engineering, such as
appetite reduction as in chloroquine. It also suggests that the nine
compounds will pose little or no side effects on administration as
compared to chloroquine.

A good drug must also be able to stay long (activity) enough in the
body before excretion. The half-life of a drug is the description of
how long a drug will stay active for in the body before excretion. The
results in Table 3 indicate that compounds 1, 2, and 14 of the selected
will stay long enough twice longer than chloroquine. Furthermore,
results show that compounds 4 and 8 will also stay longer than
the standard drugs but with a time shorter than for compounds 1, 2
and 14.

Table 3 also describes the drug likeliness based on Lipinski
rules of five (Lipinski, 2001) : The rule states that a compound
that must stand as a potential drug, its structural properties must
first satisfy the following rules: Molecular weight � 500, MiLOGP
� 4.15, Number of oxygen � 10, Number of hydrogen � 5, Num-
ber of hydroxide � 5.
ndards.

hERG inhibition Drug likeness (Lipinski) T (1/2) Carcinogenicity

Inactive Yes
(5/5)

Long
(0.868)

No

Inactive Yes
(5/5)

Long
(0.924)

No

Inactive Yes
(5/5)

Very short
0.037

No

Inactive Yes
(5/5)

Short
0.109

No

Inactive Yes
(5/5)

Very short
(0.052)

No

Inactive Yes
(5/5)

Short
(0.122)

No

Inactive Yes
(5/5)

Very short
(0.041)

No

Inactive Yes
(5/5)

Very short
(0.029)

No

Inactive Yes
(5/5)

Very short
(0.049)

No

Inactive Yes
(5/5)

Long
(0.812)

No

Inactive Yes
(5/5)

Very short
(0.030)

No

Inactive Yes
(5/5)

Very short
(0.070)

No



K.G. Sikam, G.M. Happi, S.A. Ahmed et al. South African Journal of Botany 151 (2022) 949�959
Results show that all identified compounds satisfy this drug con-
dition and hence are more likely than unlikely to be applied as a
drug.

4. Conclusion

The chemical studies of the stem bark and root of Tetrapleura tet-
raptera led to the identification of sixteen (1‒16) compounds among
which thirteen have been tested for their antiplasmodial activity to
identify the lead compounds responsible for the activity of the
extracts. The results of biotests showed that ten compounds (2‒7, 9,
12, 13, 16) possess good activity with IC50 < 10 mM and the most
potent ones were compounds 5, 9, 7, 2 and 6 with IC50 values of
(1.8 § 0.4 mM), (1.9 § 0.8 mM), (2.1 § 0.5 mM), (2.3 § 0.7 mM),
(2.4 § 0.6 mM), respectively. The docking analyses of the active com-
pounds led to the partial conclusion that the bond lengths and the
amino acids LYS229, THR249 and GLY474 in the 5TBO receptor’s
binding site might play an important role in the inhibition mecha-
nism of the Plasmodium parasite while butein (2) and compounds 1,
4, 8 and 14 demonstrated great ability in drug development. The
present study classifies T. tetraptera as an important source of good
candidates in antiplasmodial drug development, supports its use in
traditional medicine for the management of malaria and related
symptoms and gives further details on the identification of lead com-
pounds from the plant, their possible action mechanism as well as
their ability to be developed as drugs. As an extension of the scope of
this study, the chemical modifications of active compounds might
lead to an improvement of their potency while their quantification
will help in knowing the proportion of active principles in the
extracts. Furthermore, the evaluation of the toxicity of the extracts
and pure active compounds will be necessary on the way forward in
formulating potent and less toxic phytomedicines or new discovering
new antimalarial drugs for the local population.
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