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Implication for health policy/practice/research/medical education:
The phytochemical constituents of chloroform leaf extract of Lecaniodiscus cupanioides were identified, isolated, and discovered 
to have antimycobacterial properties, especially for managing infections, such as skin or soft-tissue, pneumonia, bacteremia, and 
bone diseases clinically caused by Mycobacterium smegmatis.
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Introduction: Mycobacterial infections remain a global problem that demands an urgent 
solution. Lecaniodiscus cupanioides Planch. ex Benth. is traditionally used as a medicinal plant 
to treat coughs, skin infections, cancers, sexual dysfunction, and malaria. This study focused 
on the antimycobacterial activity, cytotoxicity, and isolation of bioactive constituents of L. 
cupanioides chloroform leaves extract. 
Methods: Antimycobacterial activity was assessed using the micro-dilution assay. 
Cytotoxic activity of the plant was evaluated using MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide, a tetrazole) assay. Column chromatography was used to purify 
the extract.
Results: Phytochemical investigation of L. cupanioides resulted in the isolation of three 
compounds, including eicosene (1), nonadecanol (2), and stigmasterol (3). The isolates 1-3 as 
well as the column fractions displayed antimycobacterial activity, with minimum inhibitory 
concentration (MIC) ranging from 0.50 to 1.0 mg/mL. The studied extract, column fractions, 
and isolated compounds exhibited no cytotoxicity against the human cervical cancer (HeLa) 
cell line.
Conclusion: The current results indicate that L. cupanioides has the potential to be employed 
in the formulation of herbal products or the development of new drugs against mycobacterial 
infections. However, more studies should be carried out using normal human cell lines to 
further unravel plant safety. 
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A B S T R A C T

Introduction 
Mycobacterial infections remain a global concern, with 
an estimation of more than 9.4 million cases yearly 
(1). In addition to pulmonary tuberculosis, which is 
recognized as the most prevalent form of mycobacterial 
infections, other forms of extra-pulmonary mycobacterial 
infections are on the increase annually (2). Mycobacterium 
smegmatis is a fast-growing bacterium under the 
family Mycobacteriaceae, which also encompasses the 

pathogenic strains, including Mycobacterium tuberculosis, 
Mycobacterium bovis, and Mycobacterium fortuitum (3-
5). Although infections caused by M. smegmatis are rare 
unlike M. tuberculosis, they are nevertheless clinically 
important pathogens. Several cases of infections, such 
as skin or soft tissue, pneumonia, bacteremia, and bone 
diseases clinically caused by M. smegmatis have been 
reported in immunocompromised individuals (6-10). 
Moreover, M. smegmatis has been shown to be resistant to 
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multiple clinical drugs, including rifampicin used currently 
for the treatment of the deadly disease, tuberculosis 
(11,12). Besides, M. smegmatis has gained an increasing 
acceptability as a target in prior anti-tuberculosis drug 
discovery where access to biosafety level 3 (BSL-3) facility 
is unavailable to select the best drug candidates for further 
screening against M. tuberculosis (13-18). Hence, the 
discovery and designing of new antimycobacterial agents 
is an urgent business for the treatment of ever-increasing 
mycobacterial infections, including tuberculosis.

For decades, herbal therapy has been traditionally 
employed in different local communities across the globe 
for the treatment of diseases. This is partly due to the 
belief that herbal products or medicines have unusual 
preventive and curative properties, and that they are widely 
available and cheaper than the conventional drugs (19). 
The plant Lecaniodiscus cupanioides Planch. Ex Benth. 
(Sapindaceae) is one of the two accepted species of the 
genus Lecaniodiscus (http://www.theplantlist.org/); it is 
often found in deciduous and non-deciduous rain forests, 
especially in Africa and Asia. It is a small shrub plant 
about 6-12 m high or more (20). It is ethnobotanically 
documented that the decoction of the plant’s root is used 
to cure the problem of sexual dysfunction in sub-Saharan 
Africa (21). It is also used to treat tuberculosis, coughs, 
skin infections, jaundice, cancers, and malaria (22). L. 
cupanioides has been scientifically reported to act as an 
anti-depressant (23), aphrodisiac (24), anti-fungal (25), 
antimicrobial, anti-tumour (26) and anti-malarial plant 
(27). Chemical constituents isolated from L. cupanioides, 
as reported in the literature, are triterpenoid saponins 
(28,29) and sesquiterpene glycosides (29). The isolated 
compounds, such as triterpenoid saponins are reported 
to show anticancer and antifungal activities (30,31). 
Meanwhile, it has been stressed that many of the extracts 
or compounds with known antifungal activity are also 
known to inhibit Mycobacteria (32,33). Therefore, L. 
cupanioides, having known reported antifungal activity, 
was screened against the strain of Mycobacteria. To the 
best of our knowledge, there is no literature available 
on the antimycobacterial activity of L. cupanioides. The 
present work, therefore, evaluated the antimycobacterial 
activity and the cytotoxic effect of the column fractions 
and the isolated constituents from L. cupanioides leaves.

Materials and Methods
General experimental procedures 
Nuclear magnetic resonance (NMR) spectrometer 
(Brucker Avance III version) was used to record the 1H and 
13C NMR spectra of the isolated compounds at 500 and 125 
MHz, respectively. Tetramethylsilane (TMS) was used as 
the internal standard. Deuterated chloroform (d-CHCl3) 
and dimethyl sulphoxide (d-DMSO) were used as solvents 
for running the NMR analysis. Mass spectra (MS) were 
recorded on a Brucker Compact mass spectrometer 

(University of the Witwatersrand, South Africa). Infra-
Red (IR) analysis was performed using Perkin Elmer FTIR 
600 series. Column chromatography was performed using 
column (3 cm × 55 cm) with silica gel (mesh size; 60–120). 
Thin-layer chromatography (TLC) was performed on pre-
coated silica gel 60 F254 plates (Macherey-Nagel GmbH & 
Co. KG) with layer thickness of 0.20 mm. The TLC plates 
were treated with p-anisaldehyde-sulphuric acid reagent 
and visualized under ultraviolet (UV) light at 254 and 
365 nm. The melting points were carried out using Stuart 
melting point SMP30 apparatus. Chemicals used in the 
experiment were purchased from Sigma-Aldrich, South 
Africa. 

Plant sample collection and extract preparation
The L. cupanioides fresh leaves were collected at the 
University of Ibadan, Ibadan, Nigeria (Geographical 
location: 7o 23' 28N 3o 54' 60E) in September, 2019. It 
was authenticated by Mr. D. P. O. Esimekhuai from the 
Botany Department, University of Ibadan, Nigeria. 
The voucher specimen of the plant was subsequently 
deposited at the Department of herbarium, with the 
voucher specimen number UIH-22898. The collected 
leaves were thoroughly washed with cold water to remove 
unwanted materials, such as dirt, and thereafter air-dried 
in a shaded open place for 2 weeks. The air-dried leaves 
were powdered using an industrial grinder and stored in 
a sealed polythene bag until further use. The milled leaves 
sample was extracted by soaking 250 g of the sample in 
chloroform (1 L) at room temperature for 24 hours, and 
successively repeated for 5 times. The Whatman filter 
paper No. 1 was utilized to filter the extracting chloroform 
from the powdered material and concentrated using a 
rotary vacuum evaporator (Buchi rotary evaporator) at 40 
°C. The obtained dark-brown crude extract (15 g) was kept 
until further studies.

Chromatography separation of the crude extract
The extract (8 g) was subjected to the chromatography 
separation using a column containing 200 g of silica gel. 
Gradient elution was used viz - hexane (100, v), hexane-
ethyl acetate (98:2, v/v), hexane-ethyl acetate (96:4, v/v), 
hexane-ethyl acetate (90:10, v/v), hexane-ethyl acetate 
(85:15, v/v), hexane-ethyl acetate (80:20, v/v), hexane-
ethyl acetate (75:25, v/v), hexane-ethyl acetate (70:30, 
v/v), hexane-ethyl acetate (60:40, v/v), hexane-ethyl 
acetate (20:80, v/v), ethyl acetate (100, v), ethyl acetate-
methanol (95:5, v/v), and ethyl acetate-methanol (90:10, 
v/v) to obtain 159 fractions (100 mL each). The fractions 
were pooled together into seven sub-fractions coded LCC 
1 (12.1 mg), LCC 2 (23.0 mg), LCC 3 (24.0 mg), LCC 4 
(28.0 mg), LCC 5 (44.0 mg), LCC 6 (32.5 mg), and LCC 7 
(890.0 mg) based on their TLC analysis. Sub-fraction LCC 
1 gave one spot on TLC (solvent system: 100% hexane), 
and compound 1, a white amorphous solid, was obtained. 
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The further purification of sub-fractions LCC 2, LCC 3, 
LCC 5, and LCC 7 (Figure 1) failed to yield pure isolates, 
while sub-fraction LCC 4 eluted with hexane-ethyl 
acetate (85:15, v/v), on repeated washing in n-hexane and 
recrystallization in dichloromethane-methanol (DCM-
MEOH), yielded white needle-like crystal compound 2 
(24.2 mg). Compound 3 (22.4 mg), eluted with hexane-
ethyl acetate (80:20 to 75:25, v/v), was obtained as a white 
crystal solid from sub-fraction LCC 6 upon repeated 
washing in n-hexane and recrystallization in methanol-
ethyl acetate (MEOH-EtOAc). The structures of the 
compounds 1-3 were unambiguously elucidated based on 
their obtained physical and spectroscopic data as well as 
comparison with those published in the literature.

Compound 1 (1-eicosene): White solid; ESI-MS: 
[M+H]+ = 281.2407; MF: C20H40; soluble in CHCl3;

 13C 
NMR (125 MHz, δ ppm, d-CHCl3 = 77.23): 114.30 (CH2, 
C1), 139.44 (CH=, C2), 37.39 (CH2, C3), 34.08 (CH2, C4), 
29.24 (CH2, C5), 29.43 (CH2, C6), 29.64 (CH2, C7), 30.32 
(CH2, C8), 29.98 (CH2, C9-16), 27.37 (CH2, C17), 32.20 (CH2, 
C18), 22.96 (CH2, C19), 14.34 (CH3, C20); 1H-NMR (500 
MHz, δ ppm, CHCl3-d = 7.24 ): 4.92 (2H, dd, J = 10.2 Hz, 
H1), 5.78 (1H, m, J = 10.5 Hz, H2), 2.01 (2H, m, J = 8.0 Hz, 
H3), 1.24 (2H, m, H4-19), 0.88 (3H, t, H20). These data are 
in accordance with those reported for 1-eicosene in the 
literature (34).

Compound 2 (1-nonadecanol): White needle-like 
crystal; ESI-MS: [M+H]+ = 285.1619; MF: C19H39OH; 
soluble in CHCl3-DMSO mixture; melting point = 60 – 62 
°C (uncorrected); Rf = 0.54 on pre-coated silica gel plate 
60 F254 (Hex/EtOAc, 8:2); 1H-NMR (500 MHz, δ ppm, 
CHCl3-d = 7.24 ): 0.81 (3H, t, J = 6.7 Hz, H19), 1.19 (2H, 
m, H2-18), 2.17 (1H, br, OH), 3.55 (2H, t, J = 7.3 Hz, H1); 
13C NMR (125 MHz, δ ppm, d-CHCl3 = 77.23, DMSO-d = 
40.17): 62.90 (CH2OH, C1), 32.92 (CH2, C2), 25.60 (CH2, 
C3), 25.54 (CH2, C4), 29.61 (CH2, C5-15), 29.42 (CH2, C16), 
32.00 (CH2, C17), 22.60 (CH2, C18), 14.16 (CH3, C19). These 
data are in accordance with those reported in the literature 
(35).

Compound 3 (stigmasterol): White crystal solid; ESI-
MS: [M+H]+ = 413.3627; MF = C29H48O; m. pt. = 135.2 
– 136.8 oC; soluble in CHCl3-d; 1H-NMR (500 MHz, δ 
ppm, CHCl3-d = 7.24 ): 3.50 (1H, tdd, J = 6.3 Hz, H3), 5.33 
(1H, t, H6), 5.12 (1H, m, J = 8.6 Hz, H22), 5.00 (1H, m, J = 
8.5 Hz, H23), 1.23 (3H, s), 1.05 (3H, s), 0.99 (3H, s), 0.82 
(3H, s), 0.79 (3H, s), 0.67 (3H, s); 13C NMR (125 MHz, δ 

ppm, d-CHCl3 = 77.23): 37.49 (CH2, C1), 39.92 (CH2, C2), 
72.02 (CH, C3), 42.55 (CH2, C4), 140.99 (QC=, C5), 121.90 
(CH=, C6), 29.10 (CH2, C7), 32.09 (CH, C8), 51.46 (CH, 
C9), 36.74 (QC, C10), 21.30 (CH2, C11), 31.91 (CH2, C12), 
42.45 (QC, C13),50.42 (CH, C14), 24.58 (CH2, C15), 25.60 
(CH2, C16), 56.22 (CH, C17), 12.26 (CH3, C18), 21.42 (CH3, 
C19), 40.66 (CH, C20), 19.60 (CH3, C21), 129.53 (CH, C22), 
138.49 (CH, C23), 57.10 (CH, C24), 32.14 (CH, C25), 21.26 
(CH3, C26), 12.43 (CH3, C27), 32.12 (CH2, C28), 19.20 (CH3, 
C29). These data are in tandem with those reported by 
Kaigongi et al (36). 

Qualitative phytochemical analysis 
In order to determine the nature of chemical compositions 
of the unresolved fractions LCC 2, LCC 3, LCC 5, and 
LCC 7 obtained from the column (Figure 1), qualitative 
phytochemical analysis was carried out. The established 
standard procedures for phenols and terpenoids as 
described by Harborne (37), for a steroid the method of 
Nath et al (38), for flavonoids and tannins the method of 
Bohm and Koupai-Abyazani’s (39), and for saponins the 
method of El Aziz et al (40) were used (Table 1).

Antimycobacterial testing
Microbial culture
Mycobacterium smegmatis (MC 2155) was sourced from 
the Food and Biotechnology Department, University 
of Johannesburg, South Africa. Prior to its use, the M. 
smegmatis strain was cultured on Middlebrook 7H11 
agar (Becton Dickinson, Sparks, MD) under hygienic 
conditions, supplemented with 2% (v/v) glycerol and 
10% (v/v) oleic acid, albumin, dextrose and catalase, and 
allowed to grow for 24 hours. 

Figure 1. Samples of column fractions (LCC 2, LCC 3, LCC 5, and LCC 
7) obtained from Lecaniodiscus cupanioides leaves chloroform extract. 

Table 1. Phytochemical constituents of the column fractions obtained from Lecaniodiscus cupanioides leaves extract

Column fractions Saponins Flavonoids Terpenoids Tannins Phenols Steroids

LCC 2 - +++ - - - -

LCC 3 - +++ +++ - - -

LCC 5 - +++ +++ - - -

LCC 7 - - - - - -

+++: very abundant; -: not detected; LCC 2, 3, 5, and 7: Fractions from chloroform leaves extract of Lecaniodiscus cupanioides.
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Minimum inhibitory concentrations (MICs) determination 
Both the column fractions and the isolated pure 
compounds were screened for antimycobacterial activity 
against M. smegmatis. The MICs of the test samples were 
determined using broth microdilution techniques as 
described by Wardani et al (41), with little modifications. 
Briefly, each test sample was dissolved in DMSO, and the 
final concentration of each test sample was diluted serially 
(two-folds dilution) to afford six working concentrations 
between 1.0 and 0.031 mg/mL. 100 μL of Middlebrook 
7H9 broth was dispensed into each well of the microtitre 
plate mixed with 100 μL of each test sample concentration 
under aseptic conditions. Each microtitre plate was tightly 
sealed with aluminium foils and incubated at 37 °C for 
24 hours. Resazurin solution (40 µL of 200 µg/mL) was 
added after the completion of incubation period, and the 
plates were re-incubated for 2 hours at 37 °C to confirm 
viable bacterial cells as the colour changed from blue to 
pink, and remained blue in dead bacterial cells. The lowest 
concentration that prevented the change in colour from 
blue to pink was taken as MIC (42). Streptomycin (SM), 
one of the first-lines for TB chemotherapy, was employed 
as positive control to compare the MICs of the test 
compounds and column fractions (43) (Table 2).

Cytotoxicity assay
The in vitro cytotoxicity studies of the extract, the fractions 
and the compounds 1-3 were evaluated using MTT-based 
assay against human cervical cancer cell line (HeLa cells) as 
previously described by Parthasarathy et al (44) with little 
modifications. In this assay (a measure of mitochondrial 
function), the MTT (a yellow tetrazole) is enzymatically 
reduced to formazan (purple) by the action of nicotinamide 
adenine dinucleotide (NADH) in metabolically active 
cells (45). Briefly, fixed concentration (50 µg/mL) of tested 
samples was prepared in 100% analytical-graded dimethyl 
sulphoxide (DMSO) and incubated with HeLa cells in 96-
well plate (1 × 104 cells/mL) cultured and maintained in 
Dulbecco’s Modified Eagle Medium (DMEM) with 10% 
(v/v) fetal bovine serum (FBS) at a temperature of 37 °C 
in an environment of 5% carbon dioxide for 1 day. The 
control cells were supplemented with 100 μL with pure 
DMSO. The number of HeLa cells that survived the tested 
samples exposure were evaluated by using the resazurin-
based reagent and reading resorufin fluorescence in a 
multiwell micro-plate reader (VERSAmax, USA) at 595 
nm. All experiments were performed in duplicate, and 
a mean standard deviation (SD) was calculated for each. 
The data represented as the percentage (%) cell viability 

Table 2. Minimum inhibitory concentrations (MICs) of isolated compounds and column fractions obtained from Lecaniodiscus cupanioides leaves extract

Sample LC.C 1 LCC 2 LCC 3 LCC 4 LCC 5 LCC 6 LCC 7 SM

MIC (mg/mL) 0.50 0.50 0.50 0.50 0.50 1.00 0.50 0.004

LCC 1: compound 1 (1-eicosene); LCC 2: fraction; LCC 3: fraction; LCC 4: compound 2 (1-nonadecanol); LCC 5: fraction; LCC 6: compound 3 (stigmasterol); 
LCC 7: fraction; SM: streptomycin 

based on the fluorescence reading in treated wells against 
untreated wells (Table 3).

Results 
Structure elucidation of compounds 1-3
The chloroform leaves extract of L. cupanioides was purified 
with column chromatography over silica gel, leading to the 
isolation of three known compounds namely 1-eicosene 
(1), 1-nonadecanol (2), and stigmasterol (3) (Figure 2). 
The compounds 1-3 were structurally elucidated by the 
analysis of their NMR (1D- and 2D-NMR) experiments, 
FTIR, EIS-MS, and by comparison with data published 
in scientific literature. The compounds 1-3 were isolated 
for the first time from L. cupanioides to the best of our 
knowledge. 

Compound 1 was obtained as a white solid. ESI-
MS (positive mode) exhibited molecular ion peak at 
m/z 281.2407, giving molecular formula of C20H40. The 
1H-NMR spectrum of compound 1 revealed signal at 4.92 
ppm (2H, J = 10.2 Hz) assigned to the vinylic geminal 
protons at C1. The signal at 5.78 ppm (1H, J = 10.5 Hz) 
was assigned to vinylic proton at C2. The signal at 2.01 
ppm (2H, J = 8.0 Hz) was assigned to allylic protons at 
C3. The signal at 1.24 ppm was assigned to methylene 
protons (-CH2-) while the signal at 0.88 ppm was assigned 
to methyl protons at C20. The 13C-NMR and DEPT-135 
NMR experiment of 1 showed the presence of one methyl 
carbon, eighteen methylene carbons, and one methine 
carbon, suggesting that compound 1 should be aliphatic 
strain-chain alkene. 13C-NMR spectrum showed the 
presence of signals at 114.30 and 139.44 ppm and were 
both assigned to carbon atoms at C1 and C2, respectively. 

Figure 2. Compounds 1 (1-eicosene), 2 (1-nonadecanol), and 3 
(stigmasterol) isolated from Lecaniodiscus cupanioides leaves.

http://www.herbmedpharmacol.com
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The signal at 37.39 ppm was assigned to carbon atom at 
C3. The signals at 34.08, 29.24, 29.43, 29.64, 30.32, 29.98, 
27.37, 32.20, and 22.96 ppm were assigned to other 16 
methylene carbon atoms. The methyl carbon signal at 
14.34 ppm was assigned to carbon at C20. FTIR showed 
the presence of C=C bond with absorption frequency at 
1632.0 cm-1. The absorption bands at 2913.9 and 2841.0 
cm-1 signified the aliphatic -CH stretching vibration. In 
general, based on the spectroscopic data (IR, NMR and 
MS) and comparison with data in the scientific literature, 
the structure of the isolated compound 1 was determined 
to be 1-eicosene. 

Compound 2 was obtained as a white needle-like crystal. 
Its ESI-MS (positive mode) revealed molecular ion peak 
at m/z 285.1619, giving molecular formula of C19H39OH. 
13C-NMR and DEPT-135 experiments showed nine 
signals, of which signals at 14.18 ppm and 62.96 ppm were 
due to the presence of a -CH3 and -CH2OH, respectively. 
The remaining signals resonating at 22.76 – 32.92 ppm 
were assigned to other aliphatic -CH2 groups, suggesting 
that compound 2 should be aliphatic straight-chain 
primary alcohol. The 1H-NMR spectrum of compound 
2 revealed a downfield signal at 3.55 ppm (2H, t, J = 7.3 
Hz), which is unambiguously assigned to -CH2OH group. 
This feature was confirmed by FTIR spectrum with a 
broad absorption band of alcoholic -OH stretching at 
3450 cm-1 and -C-Ostr band of primary alcohol at 1076 cm-

1. The signal at 0.81 ppm (3H, t, J = 6.7 Hz) was assigned 
to the terminal methyl protons. An upfield broad signal 
at 1.19 ppm (34H, m) was assigned to H2 to H18 and was 
confirmed by C-H bending absorption band of repeated 
aliphatic methylene groups at 740 cm-1. Based on the above 
data together with those in the literature, compound 2 was 
identified as 1-nonadecanol.

Compound 3 was isolated as a white crystal solid and 
showed a positive test with Liebermann-Burchard reagent 
confirming the presence of steroidal nucleus (38). It gave a 
quasi-molecular ion peak at m/z 413.3627, corresponding 
to the molecular formula of C29H48O. 13C-NMR and 

DEPT-135 experiments of compound 3 showed 29 
carbons comprising six methyl (CH3) groups, nine 
methylene (CH2) carbons, eleven methine (CH) carbons, 
and three quaternary (C) carbons. The downfield signals 
at 140.99, 121.90, 138.49, and 129.53 ppm were assigned 
to C5, C6, C22, and C23, respectively, indicating the presence 
of unsaturation. The signal at 72.02 ppm (C3) is due to the 
presence of β-hydroxyl group (-OH) at C3. The angular 
carbon atom resonances at C19 and C18 were recognized 
by the signals at 21.42 and 12.26 ppm, respectively. The 
1H-NMR spectrum showed three olefinic proton signals at 
5.00 (H23), 5.12 (H22), and 5.33 (H6) ppm, a proton on an 
oxygenated carbon at 3.50 ppm (H3) together with a cluster 
of signals between 2.26 – 0.65 ppm, suggesting a steroidal 
nucleus. FTIR showed the characteristic -OH stretching 
vibration at 3362.0 cm-1. The bands at 2913.9 and 2848.0 
cm-1 are the characteristic aliphatic C-H stretching 
vibrations while the band at 1627.9 cm-1 is absorption for 
C=C bond vibration. The absorption frequency at 1027.1 
cm-1 is due to cycloalkane. The band at 757.4 cm-1 signifies 
the C-H out-of-plane vibration.

Qualitative phytochemical profile
The phytochemical compositions of the unresolved 
column fractions LCC 2, LCC 3, LCC 5, and LCC 7 are 
depicted in Table 1, with the identified phytochemical 
constituents being the flavonoids and terpenoids. These 
secondary metabolites might be linked to the plant usage 
in combating infections and diseases. However, none of 
the tested secondary metabolites was present in LCC 7.

Minimum inhibitory concentrations determination
The results of the antimycobacterial activity of L. 
cupanioides column fractions and the three isolates are 
shown in Table 2. The tested samples exhibited moderate 
antimycobacterial activity, with MICs ranging from 0.50 
to 1.0 mg/mL. However, the highest MIC was observed 
with pure isolated compound 3 (stigmasterol). 

Cytotoxicity of the studied samples
Table 3 and Figure 3 show the results of the cytotoxic 
activity of the studied samples against HeLa cells. All 
the tested compounds, the column fractions, and the 
extract exhibited IC50 values below 80 µg/mL. The column 
fractions LCC 3 and LCC 7 gave the best activity of all the 
tested samples. However, the highest value was observed 
for LCC 1 (1-eicosene) (Table 3).

Discussion
Thus, this study investigated the antimycobacterial efficacy 
of the column fractions and the isolated compounds 1-3 
from the chloroform leaves extract against M. smegmatis. 
To establish whether the extract, the column fractions, and 
the isolated compounds contributed to the cytotoxicity of 
the plant, they were screened against the human cervical 

Table 3. Cytotoxicity profile of Lecaniodiscus cupanioides crude extract, 
column fractions, and isolated pure compounds

Samples tested at 50 µg/mL IC50 (µg/mL) 

LCC 1 79.08
LCC 2 75.85

LCC 3 54.78

LCC 4 71.01

LCC 5 61.38

LCC 6 75.99

LCC 7 53.10
Crude extract 61.70

LCC 1: compound 1 (1-eicosene); LCC 2: fraction; LCC 3: fraction; LCC 
4: compound 2 (1-nonadecanol); LCC 5: fraction; LCC 6: compound 
3 (stigmasterol); LCC 7: fraction; IC50: Half-maximal inhibitory 
concentration.
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cancer cell line (HeLa) using the MTT assay. 
The column fractions and the compounds 1-3 showed 

moderate growth inhibition of M. smegmatis (Table 2). 
The phytochemical screening of the fractions showed the 
presence of flavonoids and terpenoids, with the exception 
of column fraction LCC 7 (Table 1). These secondary 
metabolites, flavonoids, and terpenoids represent two of 
the most diverse and structural groups of phytochemicals 
in plants (46,47). These secondary metabolites have 
been linked with several pharmacological activities, 
including antimycobacterial activity, which supports the 
findings in this study (48-51). In addition, this study 
supports the previous findings on the antimycobacterial 
activity of compound 3 (stigmasterol) (52). Fomogne-
Fodjo et al (53) reported that the isolated compound 3 
displayed appreciable inhibition of both M. smegmatis and 
Mycobacterium aurum with a MIC of 15 µg/mL. There 
is no information on the antimycobacterial activity of 
compound 1 (1-eicosene) and compound 2 (nonadecanol) 
in the available literature as shown in this study. However, 
compound 2 has been recently profiled in a plant extract 
that exhibited the inhibition of M. smegmatis (54). The in 
vitro cytotoxicity of the extract, fractions, and compounds 
1-3 showed non-cytotoxicity at the single concentration 
(Figure 3) tested against HeLa cell line in this study 
according to the American National Cancer Institute 
(NCI) benchmark. Based on NCI protocol, the limit for the 
cytotoxicity of a plant extract is an IC50 value ≤ 20 μg/mL, 
while pure compounds are considered to be cytotoxic at an 
IC50 value ≤ 4 μg/mL (55). In contrast to our study, Ogbole 
et al (56) reported the cytotoxic effect of L. cupanioides 
methanol leaves extract against Rhabdomyosarcoma (RD) 
cell line (CC50 = 17.23 ± 1.98 μg/mL). The non-cytotoxicity 
of L. cupanioides in the present study might be attributed 
to the minor compounds of the chloroform extract, and its 
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Figure 3. Cytotoxic activity of the test samples from Lecaniodiscus 
cupanioides leaves at single concentration (50 µg/mL). Dimethyl sulphoxide 
(DMSO) was used as a negative control. LCC 1: compound 1 (1-eicosene); 
LCC 2: fraction; LCC 3: fraction; LCC 4: compound 2 (1-nonadecanol); 
LCC 5: fraction; LCC 6: compound 3 (stigmasterol); LCC 7: fraction.

phytochemicals. However, further studies using normal 
human cell lines would be valuable to understand the role 
of these extracts in the cytotoxicity of the plant for safety 
use. The present study could be improved by using two 
or more pathogenic strains of M. tuberculosis in a well-
equipped biosafety level 3 (BSL-3) facility and studying 
the mechanism of actions of both the pure compounds 
and the chromatographic fractions.

Conclusion
Lecaniodiscus cupanioides is an underutilized medicinal 
plant traditionally used to treat coughs, skin infections, 
jaundice, cancers, sexual dysfunction, and malaria. The 
phytochemical investigation of L. cupanioides resulted 
in the isolation of three known compounds, including 
eicosene (1), nonadecanol (2), and stigmasterol (3). To 
our knowledge, compounds 1-3 were isolated from L. 
cupanioides for the first time. The isolated compounds 
and the column fractions showed the inhibition of M. 
smegmatis (MICs = 0.50 - 1.0 mg/mL). Also, the studied 
extract, the fractions, and the isolated compounds showed 
no-cytotoxicity against HeLa cell line. The current 
results indicated that L. cupanioides has the potential to 
be employed in the development of herbal drugs or the 
formulation of herbal products against mycobacterial 
infections. However, further studies should be carried out 
using normal human cell lines to address the plant safety.
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