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Abstract

Leplaeric acid E §, leplazarin 6a and 21-epileplazarin 6b, three new 3,4-seco-lanostane type
triterpenes have been isolated from the stem bark of Leplaea mayombensis (Pellegr.) Staner
along with fourteen known compounds from the fruits and roots. Leplaeric acid E, leplazarin
and 2l-epileplazarin, 15-0-hydroxy-3,4-seco-lanosta-4(28),8,24-triene-3,21-dioic  acid,
mayomlactones A and B, lanosta-7,24-dien-3-one, leplaeric acid A, B and C were screened in
vitro for antiplasmodial activity against chloroquine-sensitive (Pf3D7) and chloroquine-
resistant (PfINDO) strains of Plasmodium falciparum and for cytotoxicity against CAL-27,
CaCo2, Skov-3, and HepG2 cells line. Three compounds including 15-a-hydroxy-3,4-seco-
lanosta-4(28),8,24-triene-3,21-dioic acid (ICso 5.65-7.09 uM), lanosta-7,24-dien-3-one (ICso
7.18-9.07 uM), and leplaeric acid C (ICso 7.59-8.47 uM) were the most active against both
strains of P. falciparum. All the compounds exhibited cytotoxicity against the three-cell lines
with ICso ranging from 12.30 to 181.88 uM. These results confirm the usage of the medicinal
plant L. mayombensis for the management of malaria and suggest that further lead optimization
studies on potent compounds identified from this study could lead to the identification of

potential of lead molecules as scaffold for new antimalarial drug discovery.
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Cytotoxicity.

1. Introduction

Despite the emergence of new infectious diseases such as the recent outbreak of the COVID-
19 (WHO,2020) malaria still remains a major public health concern worldwide, with the
African region being disproportionately affected. Among the about 1.5 million lives claimed
each year by malaria, 96% of deaths occurred in Africa, with children under 5 years of age
accounting for about 80% of all deaths (WHO, 2021) In recent years, antimalarial drug
resistance has emerged as a threat to global malaria control and has significantly challenged the
malaria elimination agenda (Menard and Dondorp, 2017). Therefore, there is a need to develop
new and more efficient antimalarials with novel mode of actions to combat resistant pathogens
and reduce the burden of this infectious disease (Ariey et al., 2014).

Historically, medicinal plants have provided medicines to fight against malaria as exemplified
by quinine from Cinchona spp. and artemisinin from Artemisia spp. Hence, investigating plants

currently used in traditional medicine against this disease can provide future drugs (Koumba et



al., 1998; Koenen, and De Wilde, 2012; Atanasov et al., 2015). The present study aimed to
investigate the antiplasmodial potential of metabolites from Leplaea mayombensis (Pellegr.)
Staner. (Meliaceae) from Cameroon. Several parts of this medicinal plant is currently used by
local populations of the Central region of Cameroon for the management of malaria, syphilis,
fever, and other infectious diseases (Kingston and Newman, 2012; Kinghorn, 2015; Farhaa and
Brown, 2016). In our previous investigations several metabolites from the roots of L.
mayombensis including 3,4-seco-lanostane type triterpenoids, steroids and flavonoids were
found to exhibit cytotoxic activity (Sidjui et al., 2017).

2. Results and Discussion

2.1. Isolation and structure elucidation

Leplaeric acid E (5) was obtained as a white microcrystalline powder. Its molecular formula
was determined as C3»Hs0O4 on the basis of HR-ESI-MS m/z 521.3614 [M + Na] * (calcd,
C32Hs004: 521.3601), indicating eight degrees of unsaturation. The IR spectrum showed bands
at 1731 cm™! for the carboxylic carbonyl as well as the band as 1633 cm™! for olefinic
functionality. The 'H and '*C NMR spectra showed close similarity to those of leplearic acid A
previously isolated from the roots of the same plant (Sidjui et al., 2017), implying that both
compounds have the same basic C-30 skeleton (Table 1) with six methyl carbons (3¢ 27.6, 25.8,
22.7,22.0, 17.8, 16.0), nine methylene carbons (dc 33.8, 32.5, 31.9, 30.4, 30.3, 29.8, 28.4, 26.2,
18.1), one methylidene group (=CHa, 8¢ 114.0), six methine carbons including four sp® methine
(8¢ 50.0,49.5,47.1, 40.7), two sp2 methine (6c 123.7, 118.5), two carbonyls (oc 180.1, 174.2),
three fully substituted olefinic carbons (3¢ 147.5, 146.1, 132.5), and three quaternary carbons
(8¢ 51.4, 43.4, 37.0). The main difference between the two compounds was observed in the 'H-
NMR spectra which showed the presence of a carboethoxy moiety at C-3: the signal of
oxymethylene protons being observed as quartet at ouy 4.10 (2H, J = 7.1 Hz, H-31) while the
methyl group resonated as triplet at on 1.25 (3H, J = 7.1 Hz, H-32). The corresponding carbons
were observed at 5c 60.4 (C-31) and 14.4 (C-32), respectively. Moreover, the signal of C-3 was
observed upfield resonance at dc 174.2 compared to that of leplearic acid A at dc 181.3
revealing an ester function. The presence and the position of the ethoxyl group at C-3, was
confirmed by HMBC spectra which showed >Juc crosspeak correlation between signals at Sy
4.10 (H-31), du 2.36 (H-2a) and o 2.18 (H-2b) with signal at dc 174.2 (C-3) (Figure 2). Basic
on this evidence using COSY and HMBC experiments (Figure 2), the structure of leplaeric acid
E (5) was elucidated as (5R,9S,10R,13R,14R,17R,20R)-3,4-seco-lanostan-4 (28),7,24-triene-
21-oic acid 3-ethyl ester. It may have been an artefact arising from leplearic acid A, but this

probability was ruled out by extraction of the same plant material with EtOAc and subsequent



HPLC of the EtOAc extract which showed the presence of compound § by comparison of
retention time. Thus, compound 5 was concluded to be a genuine natural product.

Compounds 6a and 6b were each obtained as a white microcrystalline powder and gave brisk
effervescence with dilute sodium bicarbonate solution indicating the presence of a free
carboxylic moiety. The molecular formula was determined as C3oH4604 basis on HR-ESI-MS
which showed a pseudomolecular [M + Na] * peak at m/z 493.3277 indicating eight degrees of
unsaturation. The IR spectrum showed bands at 3599 cm™ for the hydroxyl group, 1704 cm™
for the carboxylic carbonyl and 1654 cm™ for the olefinic functionality. The NMR spectra
revealed that the compound is in fact an epimeric mixture exhibiting many close pairs of signals
(Table 1). From the integrals of signal in the '"H-NMR spectrum showed a mixture of 6a/6b at
a ratio of 60/40 (signal CH3-18, (S12)). The NMR signals of the cyclic skeleton of both isomers
showed close similarity to those of leplaeric acid E (§). This was further confirmed by similar
correlations in 2D-NMR experiments (COSY, HSQC, HMBC and NOESY) (Figure 2). The
only notable difference was in the signals of the side chains C-20 to C-27. In case of both
epimers, the NMR signals showed close resemblance to those of 21,23-epoxy-7a-21-
dihydroxyapotirucalla-14,24-dien-3-one (Kamperdick et al., 2003). The hemiacetal function of
the side chain was also indicated by signals of C-21 (6c 101.6 / 97.5 and ou 5.31 / 5.29).
However, no signals of acetyl or methoxyl group were observed, leaving the hemiacetal
hydroxyl group unsubstituted and prone to epimerization at C-21, which explains the existence
of both the epimers. NOESY spectra cannot determinate which epimer, but a computer
modelling of the two C-21 epimer (Figure 3) may explain the presence or absence of *Juc
crosspeak in the HMBC (with Juc long range = 8 Hz optimisation) spectra between H-21 and
C-22 (S.21); the C-21 in R configuration epimer showed a dihedral angle of 85° between H-21
and C-22, and the C-21 in S configuration epimer showed a dihedral angle of 149° between H-
21 and C-22 (fig. 4). Within the Karplus equation (Breitmaier, E. and W. Voelter, 1990.), the
values of the synclinal carbon-proton (dihedral angle close to 90°) couplings constants are
generally smallest (<2 Hz). Hence, epimer R may attribute to compound 6a without *Juc
crosspeak in the HMBC spectra between H-21 and C-22. Conversely, the values of the
antiperiplanar carbon-proton (dihedral angle close of 0° and 180°) coupling constants are
generally largest (around 8 Hz). Hence, S epimer may attribute to compound 6b with the
presence of Juc crosspeak in the HMBC spectra between H-21 and C-22. Compounds 6a and
6b were thus defined as new seco-lanostane-type triterpenoids and named leplazarin 6a and 21-

epileplazarin 6b, respectively.



In addition, friedelan-35-ol 1 (Sidjui e al, 2015) docosanoic acid 2 (Gaydou et al., 1993),
friedelanone 3 (Mahato and Kundu, 1994), stigmasterol 4 (Sidjui et al, 2015), 15-a-hydroxy-
3,4-seco-lanosta-4(28),8,24-triene-3,21-dioic acid 7 (Kamperdick et al., 1997), 5-a-hydroxy-
3,4-seco-lanosta-4(28),8,24-triene-3,21-dioic acid 3-methyl ester 8 (Xia et al., 2015), p-
sitosterol 9 (Sidjui et al, 2015), 3-O-B-D-glucopyranosyl S-sitosterol 10 (Sidjui et al, 2015) and
15a-acetoxyl-3-hydroxytrametenolic acid 11 (Xia et al., 2015), Mayomlactones A 12 and B 13
(Sidjui et al., 2019), lanosta-7,24-dien-3-one 14 (Sidjui et al., 2019), leplaeric acid A 15, B 16
and C 17 (Sidjui et al., 2017) are known compounds among which 12 and 13 were previously

isolated from fruits and compounds 14-17 from roots of L. mayombensis.

2.2. Biological assay
2.2.1. Antiplasmodial assay
Crude extracts and compounds were evaluated in vitro for their antiplasmodial potential against
the chloroquine-sensitive (Pf3D7) and chloroquine-resistant (PfINDO) strains of P. falciparum.
Fruits (ICso 7.39 pg/mL), roots (ICso 11.4 pg/mL) and stem barks (ICso 7.4 pg/mL) extracts
exhibited good potency against Pf3D7, while only extract from fruit inhibited PAINDO (ICso
9.05 pg/mL). The antiplasmodial potency of extracts from different organs of L. mayombensis
not only supports the traditional usage against malaria, but also suggests that further
phytochemical investigation could reveal potential active ingredients. Therefore, extracts were
submitted to fractionation and purified compounds were screened for antiplasmodial activity.
Overall, out of the 17 compounds, only 10 (were in sufficient amount to be tested) were
screened and the results are summarised in Table 2. The compounds exhibited varying degrees
of activity with ICso values ranging from 5.65-27.81 uM and 7.09-38.25 pM against Pf3D7 and
PAINDO, respectively. Out of the 10 compounds, three including 15-a-hydroxy-3,4-seco-
lanosta-4(28),8,24-triene-3,21-dioic acid 7 (ICso 5.65-7.09 uM), lanosta-7,24-dien-3-one 14
(ICs0 7.09-9.07 uM) and leplaeric acid C 17 (ICso 7.59-8.47 uM) exhibited very good activity
with ICso below 10 uM. These three compounds represent good potential candidates for in vivo
efficacy and pharmacomodulation studies. The results are also in agreement with existing

reports on the potential antiplasmodial activity of lanostanes (Katja et al., 2016).



2.2.2. Cytotoxicity assay

The 17 compounds were further submitted to antiproliferative activity in vitro against three cell
lines (Table 3). All tested compounds exhibit certain degree of inhibition with recorded ICso
values ranging from12.30 to181.88 uM. out of the 17, only compound 17 was active against
CAL cell line (ICso 12.30 £ 0.08 uM), while against CaCo2 cell line, compounds 5, 7, 8, and
13-16 were moderately active with ICso values ranging 14.07-39.42 uM. Compounds S, 8, 13,
15 and 17 exhibited activity against Skov-3 cell line (ICso 16.78-63.30 uM). Some lanostane-
type triterpenoids isolated from plants of the Meliaceae family were also reported for their
cytotoxicity (Wang et al., 2008; Katja et al., 2016; Hongthong et al.2016). Overall, none of the
17 compounds was more potent than doxorubicin (ICso 1.54-4.96 uM) used as the positive

control against the three cell lines.

3. Experimental

3.1. General experimental procedures.

The IR spectra were recorded on a Bruker Tensor 27 Spectrometer. The NMR spectra were
recorded on a Varian Inova-500 NMR spectrometer at 500 MHz ('H), Bruker Avance II* 600
spectrometer at 600 MHz (*H) equipped with a 5 mm TCI Cryoprobe in 2.0 mm o.d. capillary
tube at 300K. The chemical shifts are reported in 6 values in ppm relative to CDCl3 (811 7.26
ppm, d13c 77.16 ppm), coupling constants (J) are reported in hertz (Hz), unless indicated
otherwise. The HR-ESI-MS were obtained using a micrOTOF (Bruker) mass spectrometer.
Column chromatography was performed over silica gel (230—400 mesh), and vacuum liquid
chromatography was performed over silica gel (70-230 mesh). Thin-layer chromatography
(TLC) was carried out on pre-coated silica gel 60 Fas4 plates (Merck), and the TLC spots were
viewed at 254 nm and visualized by heating the plates at 80 °C for 10 min after spraying with
50 % aqueous sulfuric acid.

Molecular mechanics calculations: The implementation of the MMFF94 force field (Halgren,
T.A. (1996)) in the Avogadro software: an open-source molecular builder and visualization

tool. Version 1.2.0 (http://avogadro.cc/) was used to calculate the molecular models.

3.2. Plant material

Fruits, roots and stembarks of L. mayombensis were harvested in Yaoundé-Cameroon, (October
2014) and identified by Mr Victor Nana at the Cameroon National Herbarium (HNC), where a
voucher specimen has been deposited (46220/HNC).



3.3. Extraction and isolation

The air-dried and powdered fruits (1.5 kg) (LMF), roots (1.5 kg) (LMR) and stem barks (2.5
kg) (LMS) of L. mayombensis were extracted with MeOH-DCM (1:1, v/v) mixtures by
maceration at room temperature for 72 h. The filtrates were dried under vacuum to yield LMF
(180.5 g), LMR (240.2 g) and LMS (250.5 g) extracts, respectively.

The LMS extract was subjected to vacuum liquid chromatography over silica gel eluting with
hexane, hexane/ EtOAc (7.5:2.5), hexane/ EtOAc (7:3), hexane/ EtOAc (1:1), EtOAc, EtOAc /
MeOH (9:1) and MeOH to afford seven fractions labelled LMS1 (19.20 g), LMS2 (25.30 g),
LMS3 (20.15 g), LMS4 (44.28 g), LMSS5 (62.08 g), LMS6 (10.25 g) and LMS7 (60.20 g),
respectively. Fractions LMS1, LMS2, LMS3, LMS4 and LMS5 were pooled together on the
basis on their TLC profile into two pools LMSa (62.65 g) and LMSb (106.36 g). Pool LMSa
was subjected to vacuum liquid column chromatography over silica gel (70-230 mesh) and
eluted with n-hexane/EtOAc (1:0-8:2), to afford friedelan-3$-ol 1 (3.7 mg) and docosanoic acid
2 (4 mg). Elution with n-hexane/EtOAc (8:2-6:4) provided friedelanone 3 (4 mg). Elution with
n-hexane/EtOAc (6:4-5:5) provided stigmasterol 4 (6 mg), leplaeric acid E § (10 mg) and a
binary mixture of compounds (10 mg). The latter was separated by column chromatography
using CHCls/acetone (1:0-7:2), collecting small sous fractions to obtain a mixture of leplazarin
6a (3 mg) and 21-epileplazarin 6b (3.5 mg). The latter was separated by column
chromatography using CHCls/acetone (1:0-7:2).The pooled LMSb (106.36 g) was subjected to
vacuum liquid column chromatography silica gel (70-230 mesh) and eluted with CHCl3/MeOH
(1:0-7:3) to provide 15-a-hydroxy-3,4-seco-lanosta-4(28),8,24-triene-3,21-dioic acid 7 (4 mg),
5-a-hydroxy-3,4-seco-lanosta-4(28),8,24-triene-3,21-dioic acid 3-methyl ester 8 (3.5 mg), -
sitosterol 9 (5.7 mg) and 3-O-p-D-glucopyranosyl f-sitosterol 10 (4.7 mg). Increasing the
polarity with EtOAc/MeOH (5:5-0:1) led to the isolation of 15a-acetoxyl-3-
hydroxytrametenolic acid 11 (4 mg) (Figure 1). Compounds 12-13 were obtained from fruits
while 14-17 were isolated from roots of L. mayombensis by following a previously reported

protocol (Sidjui et al., 2017; Zia-Ul-Haq et al., 2013).



3.3.1 leplaeric acid E §

White, microcrystalline powder, mp: 198-199 °C; IR vmax 1704, 1654 cm’'; [a]23 = +27,7° (¢
0.35, CHCl3), mp. 198-199°C; 'H and '*C NMR data, see Table 1; HR-ESI-MS m/z 521.3614
[M + Na]*) (caled, C32Hs5004Na, 521.3601).

3.3.2 leplazarin 6a and 21-epileplazarin 6b
White, microcrystalline powder, mp: 125-126°C; IR Vimax 3599, 1704, 1654 cm™; 'H and *C
NMR data, see Table 1; HR-ESI-MS: m/z 493.3277 [M + Na]* (calcd, C30H4604Na 493.3288).

3.4. Antiplasmodial assay

Chloroquine-sensitive Pf3D7 and chloroquine-resistant PfINDO strains of P.
falciparum were maintained in continuous culture in fresh O**® human erythrocytes suspended
at 4% (v/v) haematocrit in complete RPMI 1640 medium [16.2 g/l RPMI 1640 (Sigma)
containing 25 mM HEPES, 11.11 mM glucose, 0.2% sodium bicarbonate (Sigma), 0.5%
Albumax I (Gibco), 45 pg/mL hypoxanthine (Sigma) and 50 pg/mL gentamicin (Gibco)] and
incubated at 37 °C in an atmosphere of 5% O, 5% CO», and 90% N». The spent medium was
replaced with fresh complete medium every day to propagate the culture. Giemsa-stained blood
smears were examined microscopically under oil immersion to monitor cell cycle transitions
and parasitaemia.

Prior to antiplasmodial activity testing synchronized ring stage parasites were obtained
by 5% (w/v) sorbitol treatment as previously described (Lambros and Vanderberg, 1979). Using
synchronized cultures over mixed-stage cultures can enable monitoring the effect of the test
substances on all the three parasite stages (merozoite, trophozoite and schizont) throughout the
48 h life cycle of P. falciparum in culture. Moreover, starting the experiment with synchronized
ring stage culture provides the distinct advantage of showing growth inhibitory effects without
arise in parasitemia during the ring-trophozoite-schizont transitions.

For drug activity testing, the SYBR green I based fluorescence assay was used as
previously described (Smilkstein et al. 2004). The ability of SYBR green to emit strong
fluorescence in the presence of DNA forms the basis for its use to assess cell proliferation. The
absence of nucleus in human red blood cells where the malarial parasite proliferates allows the
use of SYBR green for the specific monitoring of the parasite growth.

Ninety-six pL of sorbitol-synchronized ring stage parasites at 2% haematocrit and 1%
parasitaemia under normal culture conditions were added to triplicate wells of the 96-well plates

containing 4 pL of each test substance and incubated for 48 h at 37°C in an atmosphere of 5%



02, 5% CO», and 90% N,. CQ at 10 uM and 0.4% DMSO (v/v) were taken as positive (0%
growth) and negative controls (100% growth) respectively. After 48 h of incubation, 100 pL of
SYBR green I buffer [0.2 ul of 10,000 x SYBR Green I (Invitrogen) per mL of lysis buffer
{Tris (20 mM; pH 7.5), EDTA (5 mM), saponin (0.008%; wt/vol), and Triton X-100 (0.08%;
vol/vol) }] were added to each well, mixed gently and incubated in the dark at 37 °C for 1 hr.
Fluorescence was subsequently measured using a Victor fluorescence multi-well plate reader
(Perkin Elmer) with excitation and emission at 485 and 530 nm respectively. Fluorescence
counts for CQ representing zero growth were subtracted from counts in each well. Dose—
response curves were constructed by plotting mean fluorescence counts against the test
substance concentrations and activity expressed as 50% inhibitory concentration (ICso) using
the IC Estimator-version 1.2 software (Ninety-six pl. of sorbitol-synchronized ring stage
parasites at 2% haematocrit and 1% parasitaemia under normal culture conditions were added
to triplicate wells of the 96-well plates containing 4 pL of each test substance and incubated for
48 h at 37°C in an atmosphere of 5% O2, 5% CO>, and 90% N,. CQ at 10 uM and 0.4% DMSO
(v/v) were taken as positive (0% growth) and negative controls (100% growth) respectively.
After 48 h of incubation, 100 pL of SYBR green I buffer [0.2 ul of 10,000 x SYBR Green |
(Invitrogen) per mL of lysis buffer {Tris (20 mM; pH 7.5), EDTA (5 mM), saponin (0.008%;
wt/vol), and Triton X-100 (0.08%; vol/vol)}] were added to each well, mixed gently and
incubated in the dark at 37 °C for 1 hr. Fluorescence was subsequently measured using a Victor
fluorescence multi-well plate reader (Perkin Elmer) with excitation and emission at 485 and
530 nm respectively. Fluorescence counts for CQ representing zero growth were subtracted
from counts in each well. Dose-response curves were constructed by plotting mean
fluorescence counts against the test substance concentrations and activity expressed as 50%
inhibitory  concentration (ICso) wusing the IC Estimator-version 1.2  software

(http://www.antimalarial-icestimator.net/MethodIntro.htm). Giemsa-stained smears of extract-

treated parasite cultures were examined microscopically to validate the results from the

fluorescence-based assay.

3.5. Cytotoxicity assay

The cytotoxic effect of compounds was assessed using the MTT assay (Mosmann T,
1983), targeting the human epithelial colorectal adenocarcinoma cells (CaCo2), human ovarian
caucasian adenocarcinoma cells (Skov-3), human caucasian hepatocytic carcinoma cells
(HepG2), and squamous carcinoma cells (CAL-27) cultured in complete medium containing
13.5 g/l DMEM (Gibco, Waltham, MA USA), 10% foetal bovine serum (Gibco, Waltham, MA
USA), 0.21% sodium bicarbonate (Sigma-Aldrich, New Delhi, India) and 50 pg/mL gentamicin



(Gibco, Waltham, MA USA). Essentially, cells line at 5x103cells/200 uL/well were seeded into
96 — well flat-bottomed tissue culture plates (Corning, USA) in complete medium. 50 pL of
serially diluted compounds solutions (<200ug/mL) were added after 24 h of seeding and cells
plus test substance incubated for 48 h in a humidified atmosphere at 37°C and 5% CO>. DMSO
(0.4 (v/v) was added as negative control (100% growth). Twenty microliters of a stock solution
of MTT (5§ mg/mL in 1X phosphate buffered saline) were added to each well, gently mixed and
incubated for additional 4 h. After spinning the plate at 1,500 rpm for 5 min, the supernatant
was carefully removed and 100 pL of 100% DMSO (v/v) (stop agent) was added. Formazan
formation was read on a microtiter plate reader (Versa Max Microplate Reader, Molecular
Devices, USA) at 570 nm. The 50% cytotoxic concentrations (CCso) of compounds were
determined by analysis of dose — response curves. Selectivity Indices (Mammalian cell
CCso/P.falciparum 1Cso) were calculated for each compound.

Acknowledgments

The authors would like to acknowledge the Aix-Marseille University, CNRS, Centrale
Marseille, FSCM, Spectropole, Campus de St Jérome-Service 511, 13397 Marseille, France for
the spectral analysis and the Institute of Medical Research and Medicinal Plant Studies, P.O.

Box 13033, Yaoundé, Cameroon.

Competing financial interest

The authors declare no conflict of interest.

Appendix A. Supporting information

NMR raw data (‘H, 13C, gCOSY, gNOESY, gHSQC, gHMBC) of compound 5 and 6a/6b are
made freely available at https://doi.org/10.5281/zenodo.6256653. Supplementary data

associated with this article <can be found in the online version at

doi:10.1016/j.phyt0l1.2022.06.010.

10



References

Ariey, F., Witkowski, B., Amaratunga, C., Beghain, J., Langlois, A-C., Khim, N. Kim, S., Duru,
V., Bouchier, C., Ma, L., Lim, P, Leang, R., Duong, S., Sreng, S., Suon, S., Meng Chuor,
C., Mey Bout, D., Ménard, S., O Ranger, W., Genton, B., Fandeur, T., Miotto, O.,
Ringwald, P., Le Bras, J., Berry, A., M Fairhurst, R., Benoit-Vical, F., Mercereau-Puijalon,
O., Ménard, D. (2014). A molecular marker of artemisinin resistant Plasmodium
falciparum malaria. Nature 505, 50-55.
https//doi.org/10.1038/nature12876.

Atanasov, A.G., Waltenberger, B., Pferschy-Wenzig, E.M., Linder T., Wawrosch, C., Uhrin,
P., Temmi, V., Wang, L., Schwaiger, S., H Heiss, E., Maria Rollinger, J., Schuster, D.,
Breuss, J., N Bochkov, V., D Mihovilovic, M., Kpp, B., Bauer, R., Stuppner, H. (2015).

Discovery and resupply of pharmacologically active plant derived natural products: a
review. Biotechnology Advances 33, 1582-1614.
https//doi.org/10.10316/biotechadv.2015.08.001.

Breitmaier, E., Voether, W (1990). Carbon-13 NMR Spectroscopy: High-resolution Methods

and Application in Organic Chemistry and Biochemistry 3™ completely revised edition.
Ed.J.W.Sons, New York: VCH. 515.

Farhaa, M.A., Brown, D.E. (2016). Strategies for target identification of antimicrobial natural
Products. Nat. Prod. Rep. 33, 668-680.
https//doi.org/10.1039/CSNP00127G.

Halgren, T.A. (1996), Merck molecular force field. I. Basis, form, scope, parameterization, and
performance of MMFF94. J. Comput. Chem. 17, 490-519.
https://doi.org/10.1002/(SICI)1096-987X(199604)17:5/6%3C490::AID-JCC1%3E3.0.CO;2-P
Hongthong, S., Meesin, J., Pailee, P., Soorukram, D., Kongsaeree, P., Prabpai, S.,
Piyachaturawat, P., Jariyawat, S., Suksen, K., Jaipetch, T., Nuntasaen, N., Reutrakul, V.,
Kuhakarn, C. (2016). Cytotoxic lanostanes from the fruits of Garcinia wallichii Choisy
(Guttiferae). Bioorg. Med. Chem. Lett. 26, 5773-5779.
https//doi.org/10.1016/j.bmcl.2016.10.045.
Kamperdick C., Adam G., Van N.H., Sung T.V. (1997). Chemical constituents of Madhuca
pasquiery. 7. Naturf. 52c, 295-300.

11



Kamperdick, C., Lien, P.T., Adam, G., Sang, V.T. (2003). Apotirucallane and tirucallane
triterpenoids  from  Luvunga  sarmentosa. J. Nat. Prod. 66, 675-678,
https//doi.org/10.1016/s0031-9422 (02)00156-5.

Katja, G.D., Kindi, F.K., Nurlelasaria, A., Harnetia, D., Mayantia, T., Supratmana, U., Awang,
K., Hayashid, H. (2016). Cytototoxic constituents from the bark of Chisocheton
cumingianus ~ (Meliaceae). J. Asian Nat. Prod. Res. 19, 194-200.
https//doi.org/10.1080/10286020.2016.1196671.

Kinghorn. D.A. (2015). Review of anticancer agents from natural products. J. Nat. Prod. 78
2315.
https//doi.org/10.1021/acs.jnatprod.5b00617.

Kingston, D.G.I., Newman D.J. (2012). Natural products as anticancer agents, In: Civjan, N.
(Ed.), Natural Products in Chemical Biology. John Wiley & Sons, Inc., Hoboken, NJ, USA,
325-350.

Koenen, JM.E., De Wilde, J.JF.EJ. (2012). A taxonomic revision of the reinstated genus
Leplaea and the newly recognized genus Neoguarea (Meliaceae, Sapindales): the
exclusion of Guarea from Africa, Plant Ecol. Evol. 145, 209-241.

Koumba, Z.P., Mapaga, D., Nze, N.S., Deleporte P. (1998). Croissance de 13 essences de bois
d’oeuvre plantées en forét Gabonaise. Bois For. Trop. 256, 21-32.

Kuete, V., Sandjo, L.P., Mbaveng, T.A., Seukep, A.J., Ngadjui, T.B., Efferth T. (2015).
Cytotoxicity of selected Cameroonian medicinal plants and Nauclea pobeguinii towards
multi-factorial drug- resistant cancer cells. BMC Complementary Altern. Med. 15, 309.
https//doi.org/10.1186/s12906-015-0841-y.

Lambros, C., Vanderberg, JP. (1979) Synchronization of Plasmodium falciparum erythrocytic
stages in culture. J. Parasitol. 65, 418-420.

Menard, D., and Arjen, Dondorp. (2017). “Antimalarial Drug Resistance: A Threat to Malaria
Elimination.” Cold Spring Harbor perspectives in medicine, 7, a025619.
doi:10.1101/cshperspect. a025619

Mosmann T (1983) Rapid colorimetric assay for cellular growth and survival: application to

proliferation and cytotoxicity assays. Journal of Immunological Methods 65, 55-63.

Nana, F., Sandjo, L.P., Keumedjio, F., Ambassa, P., Malik, R., Kuete, V., Rincheval, V.,
Choudhary, M.1., Ngadjui, B.T. (2012). Ceramides and cytotoxic constituents from Ficus
glumosa Del. (Moraceae). J. Braz. Chem. Soc. 23, 1-9.
https//doi.org/10.1590/s0103-50532012000300015.

12



Olliaro, P.L., Yuthavong, Y. (1999). An overview of chemotherapeutic targets for antimalarial
drug discovery. Pharmacology and Therapeutics 81, 91-110.

Sidjui, S.L., D. Soh, Dameue, T. J.E., Happi, T. B., Toghueo, K.R.M., Wembe, N. A., Shaiq,
AM., Folefoc, N.G. (2019). Antiproliferative and cytotoxic secondary metabolites from
fruits of  Leplaea  mayombensis.  Nat. Prod. Res. 33, 635-641.
https//doi.org/10.1080/14786419.2017.1402321.

Sidjui, S.L., Eyong, O.K., Hull, KG., Folefoc, N.G., Leddet, M.V., Herbette, G., Ollivier E.,

Taube, J., Klausmeyer, K., Rom, D., (2017). Bioactive seco-lanostane-type triterpenoids
from the roots of Leplaea mayombensis (Pellegr.) Staner (Meliaceae). J. Nat. Prod. 80,
2644-2651.
https//doi.org/10.1021/acs.jnatprod.7b00210.

Sidjui, L.S., Melong, R.R., Mahiou-Leddet, V., Herbette, G., Tchinda, A.T., Ollivier, E.,

Folefoc, G.N., (2015). Triterpenes and Lignans from Kigelia Africana. J. Appl. Pharm. Sci.
5, 1-6.
https://dx.doi.org/10.7324/JAPS.2015.58.S1.

Smilkstein, M., Sriwilaijaroen, N., Kelly, JX., Wilairat, P., Riscoe, M. (2004). Simple and

inexpensive fluorescence-based technique for high-throughput antimalarial drug screening.
Antimicrob. Agents. Chem. 48, 1803-1806.

Teponno, B.R., Dzoyem, P.J., Nono, R.N., Kauhl, U., Sandjo, L.P., Tapondjou, A.L.,
Bakowsky, U., Opatz, T. (2017). Cytotoxicity of secondary metabolites from Dracaena
viridiflora Engl & Krause and their semisynthetic analogues. Rec. Nat. Prod. 11, 421-430.
https//doi.org/10.25135/nrp.54.71.0.3.050.

Trager, W., Jensen, J.B. (1976). Human malaria parasites in continuous culture. Science 193,
673-5.
https//doi.org/10.10.1016/s0378-8741 (99)00117-8.

Wang, N., Li, Z., Song, D., Li, W., Fu, H., Koike, K., Pei, Y., Jing, Y., Hua, H. (2008).

Lanostane-Type Triterpenoids from the Roots of Kadsura coccinea.J. Nat. Prod. 71, 990-
994.
https//doi.org/10.1021/np7007522.
Wernsdorfer, G., Wernsdorfer, W.H. (1999). In Malaria; Wernsdorfer W. H., McGregor Sir I,
Eds., Churchill Livingstone: Edinburgh, Vol. 2, Chapter 47, p. 1421-1427.

Xia, Y., Zheng-Hui, L., Yan, L., Tao, F., Ji-Kai, L. (2015) Four lanostane-type triterpenes from
the fruiting bodies of mushroom Laetiporus sulphureus var. miniatus. J. Asian Nat. Prod.

Res. 8, 793-799.

13



https//doi.org/10.1080/10286020.2015.1027694.

Zia-Ul-Haq, M., Milan, S., Stankovi¢, S.M., Rizwan, K., De Feo, V. (2013). Grewia asiatica L,
a food plant with  multiple  uses. Molecules 18, 2663-2682,
https//doi.org/10.3390/molecules18032663.

WHO (2021). Malaria. https://www.who.int/news-room/fact-sheets/detail/malaria
WHO (2020). COVID-19 - Global, https://www.who.int/emergencies/disease-outbreak-
news/item/2020-DON305.

Legends
Figures
Figurel: Compounds 5, 6a and 6b

Figure 2: Relevant 'H-'"H COSY and ?*Juc HMBC correlations of 5, 6a and 6b
Figure 3: Computer-generated model, using MMFF94 force field calculation and Newman
projections for C-21, C-20 bonds in (a) (R)-leplazarin 6a and (b) (S)-21-epileplazarin 6b.

Tables

Tablel. 'H and '*C NMR data for 5 (500 and 125 MHz) and 6a/6b (600 and 150 MHz) in
CDCl; at 300K

Table 2: In vitro antiplasmodial activity of crude extracts and pure compounds isolated from L.
mayombensis on both chloroquine-sensitive (Pf3D7) and chloroquine-resistant (PfINDO)
strains of Plasmodium falciparum, antiproliferative activity on human caucasian hepatocytic
carcinoma cells

and selectivity indexes.

Table 3: In vitro cytotoxicity of pure compounds isolated from L. mayombensis against human

cancer cells lines, CAL-27, CaCo2 and Skov-3.

28

OH (a), R-6a
OH (), S-6b

14



Figure 1: Compounds S, 6a and 6b
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Figure 3: Computer-generated model, using MMFF94 force field calculation and Newman
projections for C-21, C-20 bonds in (a) (R)-leplazarin 6a and (b) (S)-21-epileplazarin 6b.
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Table 1. 'H and '*C NMR data for 5 (500 and 125 MHz) and 6a/6b (600 and 150 MHz) in

CDCl; at 300K

atom 5 6a 6b
ou (J in Hz) oc ou (J in Hz) dc ou (J in Hz) dc
1 1.64 (1H, m) 31.9 1.76 (1H, m) 31.7 1.76 (1H, m) 31.7
1.55 (1H, m) 1.64 (1H, m) 1.64 (1H, m)
2 2.36 (1H, m) 28.4 2.43 (1H, m) 279 243 (1H, m) 27.9
2.18 (1H, m) 2.26 (1H, m) 2.26 (1H, m)
3 - 1742 - 1786 - 178.6
4 - 147.5 - 1475 - 147.5
5 2.42 (1H, dd, 11.9, 5.8) 49.5 2.41 (1H, dd, 11.8,4.3) 496 241(1H,dd, 11.8,4.3) 49.8
6 2.18 (1H, m) 30.3 2.20 (1H, m) 30.3 2.20 (1H, m) 30.3
2.03 (1H, m) 2.03 (1H, m) 2.03 (1H, m)
7 5.25(1H, dd 6.6, 3.2) 118.5 5.25(1H, m) 118.3 5.26 (1H, m) 118.2
8 - 146.1 - 146.2 - 146.3
9 2.44 (1H, m) 40.7 2.50 (1H, m) 40.8  2.50 (1H, m) 40.8
10 - 37.0 - 369 - 36.9
11 1.48 (2H, m) 18.1 1.56 (1H, m) 18.0 1.56 (1H, m) 18.0
1.52 (1H, m) 1.52 (1H, m)
12 1.75 (1H, m) 30.4 1.76 (1H, m) 31.7 2.04 (1H, m) 31.5
1.48 (1H, m) 1.64 (1H, m) 1.64 (1H, m)
13 - 434 - 436 - 43.6
14 - 51.4 - 514 - 51.2
15 1.50 (2H, m) 33.8 1.55 (1H, m) 34.1 1.55 (1H, m) 34.5
1.49 (1H, m) 1.49 (1H, m)
16 1.25 (2H, m) 29.8 1.89 (1H, m) 27.5 1.89 (1H, m) 27.7
1.32 (1H, m) 1.32 (1H, m)
17 2.04 (1H, m) 50.0 1.79 (1H, m) 50.7  2.07 (1H, m) 452
18 0.93 (3H, s) 22.0 0.94 (3H, s) 229 0.88(3H,s) 23.5
19 1.00 (3H, s) 27.6 1.00 (3H, s) 27.5 1.02 (3H, s) 27.7
20 2.32 (1H, m) 47.1 2.22 (1H, m) 50.3  2.05(1H, m) 47.7
21 - 180.1 5.31(1H,d, 3.4) 101.6 5.29(1H, d, 3.4) 97.5
22 1.58 (2H) m 32.5 2.12 (1H, ddd, 12.0,7.2,4.8) 39.8 2.00 (1H, m) 35.7
1.28 (1H, m) 1.62 (1H, m)
23 1.94 (2H, m) 26.2 4.82 (1H, ov) 742 472 (1H,td, 9.4, 6.0) 76.2
24 5.09 (1H, tspt, 7.1, 1.3) 123.7  5.14 (1H, dspt, 8.5, 1.4) 124.7 5.24 (1H, dspt, 8.5,1.4) 1279
25 - 1325 - 137.3 - 136.0
26 1.68 (3H, brs) 25.8 1.73 (3H, brd, 1.4) 26.0 1.72 (3H, brd, 1.4) 26.0
27 1.58 (3H, brs) 17.8 1.71 (3H, brd, 1.4) 18.5 1.69 (3H, brd, 1.4) 18.1
28 4.84 (1H, brs) 114.0 4.84 (1H, brs) 114.2 4.84 (1H, brs) 114.2
4.79 (1H, brs) 4.80 (1H, brs) 4.80 (1H, brs)
29 1.78 (3H, brs) 22.7 1.78 (3H, brs) 22.4 1.78 (3H, brs) 22.4
30 0.82 (3H, s) 16.0 0.84 (3H, s) 16.1 0.84 (3H, s) 16.1
31 410 (2H, q, 7.1) 60.4 / / / /
32 1.25 (3H,t,7.1) 14.4 / / / /
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Table 2: In vitro antiplasmodial activity of crude extracts and pure compounds isolated from L.
mayombensis on both chloroquine-sensitive (Pf3D7) and chloroquine-resistant
(PfINDO) strains of Plasmodium falciparum and antiproliferative activity on human
caucasian hepatocytic carcinoma cells and selectivity indexes

ICso0 (ug/mL) £ SD
Crudes extracts Antiplasmodial Cytotoxicity  Selectivity index
Pf3D7 PfINDO HepG2 SI! SI?
LMF 7.39 +0.09 9.05 +0.55 / /
LMR 11.40 £0.82 >100 / /
LMS 7.40 £ 0.82 >100 / /
Compounds 1Cso (uM) + SD
5 22.81+0.23  35.77+0.44 41.53+046 1.82 1.16
7 5.65+0.12 7.09 £0.14 43.3242.61  7.72 6.11
8 14.76 + 0.09 18.08 + 0.68 61.35+046 4.15 3.39
11 11.41 £0.59 8.72 £ 0.66 142.60 £0.64 12.49 16.35
12 9.92 +£0.49 11.24 +0.66 7590 +0.45 7.65 6.75
13 27.81+£043  38.25+0.45 28.28+0.46 1.01 0.73
14 9.07£0.12 7.18 £0.14 63.01 £0.56 6.94 8.77
15 20.53 £0.78 17.96 + 0.45 150.31 £0.46  7.32 8.36
16 16.00 +0.78 >20 49.13+0.46 3.07 /
17 8.47+£0.12 7.59 £0.14 29.16 £0.46  3.46 3.84
Chloroquine 0.04 £0.02 0.40+ 0.06 / /

SI: selectivity index (ICso Cell line/ICso Pf3D7), ST: (ICso Cell line/ICso INDO), Chloroquine
was used as the antiplasmodial drug compound of reference. LMF: DCM/MeOH crude extract
of fruit, LMR: MeOH crude extract of root, LMS: DCM/MeOH crude extract of stem back.
Data represent the mean + SD of three independent experiments.

17



Table 3: In vitro cytotoxicity of pure compounds isolated from L. mayombensis against
human cancer cells lines, CAL-27, CaCo2, and Skov-3

Compounds ICso0 (uM) + SD°
CAL-27° CaCo2° Skov-3°
5 52.67 £0.80 23.95 £0.53 19.32 £0.30
7 111.85+£2.90 3378 £ 1.47 160.38 £0.48
8 72.44 £ 0.80 14.07 £0.03 17.26 £ 0.30
11 78.25 £ 0.30 150.55 £0.33 171.35 £0.45
12 96.20 = 0.80 82.17 £0.03 181.88 £0.39
13 70.79 £0.11 15.98 £0.53 16.78 £0.20
14 174.65 £4.43 3942 £1.47 63.30 £ 0.56
15 98.33 £0.80 16.88 +£0.53 18.34 £0.30
16 110.47 £ 1.46 33.21 £0.37 106.12 £ 1.56
17 12.30 £ 0.08 180.12 £5.07 4494 + 0.63
Doxorubicin® 496+ 1.84 432 +1.04 1.54 £0.08

* Doxorubicin was used as a drug compound of reference for human cell toxicity
" N100 pg/mL, data represent the mean + SD of three independent experiments.
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