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Abstract: Background: Afzelia africana is a tropical plant species with numerous documented ethnobotanical and 
medicinal properties. Aim/objective: The study focused on the isolation, purification, characterization and biological 
activity of betulinic acid from the bark of A. africana. Methodology: The series of methods employed include col-
umn fractionation and purification, characterization (MS, 1H, 13C, DEPT-135, HSQC, COSY and HMBC), antimicrobial 
(Micro-broth dilution, and synergistic effects), and antiplasmodial activity (MSF assay). Results: Repeated column 
chromatographic fractionation of the methanol (extract eluent: n-hexane-ethyl acetate (75:25)) and TLC profiling 
afforded a 15 mg white crystal characterized as betulinic acid. The compound reported good antiplasmodial activity 
against 3D7 strain of P. falciparum (IC50: 12.89 ± 0.52 µg/mL). The compound exhibited varying degrees of bacteri-
cidal activities (MBC/MIC ≤ 4) against S. mutans, C. albicans 2, B. subtilis, K. pneumonia and bacteriostatic activi-
ties (MBC/MIC ≥ 4) against S. aureus, E. coli, methicillin-resistant S. aureus, P. aeruginosa, S. typhi and C. albicans 
1. The compound further reported synergistic effects (FIC ≤ 0.5) against E. coli, K. pneumonia, S. aureus and S. 
mutans; partial synergism (FIC > 0.5 and < 1) against S. typhi, methicillin-resistant S. aureus, B. subtilis and indif-
ferent effects (FIC > 1 and < 4) against P. aeruginosa when combined with tetracycline. The compound with Cipro-
floxacin showed synergistic effect against Klebsiella pneumoniae, Streptococcus mutans, and Salmonella typhi. Ad-
ditionally, it demonstrated further synergism with tetracycline against Escherichia coli, Klebsiella pneumoniae, and 
Staphylococcus aureus. In the antifungal synergistic studies, the combination of the compound with fluconazole 
and nystatin, ciprofloxacin exhibited partial synergism (FIC > 0.5 and < 1) against one strain of Candida albicans 
and full synergism (FIC ≤ 0.5) against a second strain of Candida albicans. When combined with fluconazole and 
nystatin. Conclusion: Betulinic acid has been isolated for the first time from the bark of Afzelia africana. It demon-
strated good antiplasmodial activity against P. falciparum, as well as various bactericidal and bacteriostatic effects 
against multiple microbial strains. Additionally, betulinic acid demonstrated synergistic effects when combined with 
tetracycline, ciprofloxacin, fluconazole, and nystatin.
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Introduction

Betulinic acid, with the nomenclature, 3-β-hy- 
droxylup-20(29)-en-28-oic acid, is a lupane-
type pentacyclic triterpenoid characterized by 
its rigid 30-carbon skeletal structure. The stru- 
cture consists of 4-fused 6-membered rings (A, 

B, C, D) and one 5-membered ring (E) [1]. The 
structure is also identified by the presence of 
three major functional groups comprising of a 
hydroxyl group at C-3 of ring A, an exocyclic iso-
propenyl group at C-20 of ring E, and a carbox-
ylic acid moiety at C-28 of Ring E. These struc-
tural features make the compound flexible for 
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modification and enhancement of interactions 
with biological targets such as proteins and 
receptors. The lipophilicity and poor water solu-
bility are attributed to the rigid hydrocarbon 
skeleton. Recent literature has demonstrated 
that betulinic acid exhibits anticancer, antivi- 
ral, and anti-inflammatory, antimalarial, antioxi-
dant, and metabolic modulatory effects [2, 3]. 
The compound has been shown to regulate  
several inflammatory pathways exacerbated by 
stimulating the expression of GSH, SOD, and 
IL-10 while simultaneously suppressing TNF, 
COX-2, and NO. These molecular pathways pro-
vide the biochemical basis for its antioxidant 
and immunomodulatory effects [4]. The report-
ed poor aqueous solubility and limited pharma-
cokinetic bioavailability of the compound have 
necessitated the development of nanoformu- 
lations and semi-synthetic derivatives. These 
structural modifications aimed to enhance 
therapeutic efficacy and improve systemic dis-
tribution to target molecules and receptors [3, 
5]. Literature data suggests that betulinic acid 
possesses antiplasmodial potency and efficacy 
against both chloroquine-sensitive and multi-
drug-resistant isolates of Plasmodium falci-
parum [6, 7]. Moreover, in several structural 
activity and relationship studies, semi-synthet-
ic derivatives have yielded analogues with 
nanomolar efficacy as low as 220 nM [8]. The 
inhibitory mechanism of the compound appears 
to be multi-targeted. The compound acts by 
suppressing essential parasitic glycolytic en- 
zymes, such as hexokinase (PfHk) and lactate 
dehydrogenase (PfLDH), by occupying their cat-
alytic sites, thereby impairing energy metabo-
lism [7]. Furthermore, experimental data sug-
gest that the compound disrupts parasitic 
homeostasis by interfering with calcium-regu-
lated signaling pathways [8]. The compound is 
reported to display broad spectrum of antimi-
crobial efficacy, with significant growth inhibi-
tion documented in gram-positive species such 
as Bacillus subtilis and Staphylococcus aureus 
[9, 10]. In silico molecular modeling suggests 
that, betulinic acid as a catalytic antagonist, 
targeting beta-lactamase and DNA gyrase 
involved in antibiotic resistance and genomic 
replication, respectively [10].

Afzelia africana is a tropical plant species, uti-
lized for its anti-inflammatory and antimicro- 
bial properties [11, 12]. In Ghana, specifically 
across the Northern and Ashanti belts, the 
plant is a traditional alternative for malaria 

therapy [13, 14]. This ethnobotanical knowl-
edge is substantiated by laboratory findings 
where bark extracts displayed promising in-
vitro antiplasmodial action against P. falci-
parum [10]. Such scientific corroboration rein-
forces the reliability of these ethnomedicinal 
applications [13, 15]. The plant is further do- 
cumented to exhibit notable organoprotective 
properties, significantly attenuating creatinine, 
ALT, and AST levels in chemically induced rat 
models [16]. The plant’s pharmacological prop-
erties include the anthelmintic and antitrypa- 
nocidal effects, with studies showing signifi-
cant inhibition of H. contortus egg develop- 
ment - an efficacy comparable to standard 
albendazole [17-19]. Bioassay-guided fraction-
ation has further revealed superior antidiabetic 
and antioxidant potential, likely mediated by 
compounds such as eriodictyol (SC50: 2.14 
µg/mL) and 3,3-di-O-methyl ellagic acid isolat-
ed from the bark of the plant [20-24].

Despite these ethnopharmacological proper-
ties, specific molecules responsible for the bio-
logical diversity of A. africana remain largely 
uncharacterised. Betulinic acid, with its estab-
lished pharmacological profile [25], emerges as 
a primary candidate that may substantiate the 
plant’s traditional medicinal applications. Con- 
sequently, the present studies focus on the iso-
lation, purification, and characterization of bet-
ulinic acid from A. africana root bark through 
chromatographic separation and spectroscopic 
methods. Furthermore, this research evaluates 
the antiplasmodial and antimicrobial activities 
of the isolated compound to validate its thera-
peutic potentials.

Materials and methods

Materials, reagents and test organisms

Plant materials: The Bark of Afzelia africana 
was collected from forest of Nsuta (7.0129°  
N, 1.3783° W), Sekyere Central District of the 
Ashanti region of Ghana in March 2020. The 
plant was identified by Mr. Clifford Osafo Asare, 
at the Department of Herbal Medicine, Faculty 
of Pharmacy and Pharmaceutical Sciences, 
Kwame Nkrumah University of Science and 
Technology (KNUST), Ghana. Voucher speci-
men of the bark ((KNUST/HM1/2019/SB/008) 
and leaves (KNUST/HM1/2019/L/002)) were 
deposited at the herbarium unit of the Faculty 
of Pharmacy and Pharmaceutical Sciences of 
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Kwame Nkrumah University of Science and 
Technology (KNUST), Kumasi for future refer- 
ence.

Reagents: Methanol (Sigma Aldrich, analytical 
grade), ethyl acetate (Sigma Aldrich, analytical 
grade), petroleum ether (Sigma Aldrich, analyti-
cal grade), chloroform (Sigma Aldrich, analyti- 
cal grade), hexane (Sigma Aldrich, analytical 
grade), DPPH (Sigma Aldrich, analytical grade), 
ABTS (Sigma Aldrich, analytical grade), DMSO 
(Sigma Aldrich, analytical grade), Artesunate 
(Sigma Aldrich, analytical grade), silica gel 60 
(230-400 mesh) (Sigma Aldrich, analytical 
grade).

Test organisms: The test organisms (bacteria 
and fungi) were obtained from the Microbio- 
logy unit of School of Basic and Biomedical 
Sciences, University of Health and Allied 
Science. These microbial organisms include: 
Methicillin resistant Staphylococcus aureus 
(NCTC 12493), Staphylococcus aureus (NCTC 
12973), E. coli (NCTC 12241), S. mutants (ATCC 
700610), P. aeroginosa (ATCC 4853), S. typhii 
(ATCC 14028), K. pneumonia (NCTC13440) 
and Candida albicans (ATCC 90028), flucon-
azole resistant Candida albicans (Clinical), B. 
subtilis (ATCC 10004). The 3D7 strain of Plas- 
modium falciparum was sourced from the 
Department of Immunology, Noguchi Memorial 
Institute for Medical Research, Legon, Ghana.

Extraction of plant material

The plant material was air-dried under shade 
for three weeks. One kilogram (1 kg) of the pow-
dered plant material was macerated in a 5 L 
MeOH for 72 hours with occasional shaking. 
The extract was evaporated to dryness on 
water bath. The percentage yield was 12% w/w.

Column chromatographic fractionation and 
purification

A 70 g portion of the methanol extract was 
adsorbed onto 500 g of silica gel 60 (230-400 
mesh) using 100 mL of methanol as solvent, 
which was subsequently dried under reduced 
pressure. The resulting brown powder was  
subjected to gradient column chromatography 
(CC) (open column, 15 × 15 cm), using a mobile 
phase gradient of n-hexane, n-hexane-ethyl 
acetate, and ethyl acetate. This process yield-
ed several fractions, which were pooled into 

sub-fractions by combining eluates with similar 
Rf values as determined by thin-layer chroma-
tography (TLC). This led to the recovery of frac-
tion F2 (a 342 mg brown mixture), eluted with 
n-hexane-ethyl acetate (75:25). This mixture 
was further fractionated using CC (160.0 g sili-
ca gel) with an n-hexane-ethyl acetate (75:25) 
gradient to yield 15 mg of white crystals.

Structural elucidation of isolate

Mass Spectrometry (MS) analysis: The mass 
spectrum of the compound was determined 
using an Agilent Infinity 1290 LC coupled with  
a 6420 Triple Quadrupole MS (Perkin Elmer, 
Australia) equipped with an electrospray ioniza-
tion (ESI) interface. The isolate was injected 
onto a Merck RP C-18 column (40-63 μm). A 
mobile phase of methanol: water (60:40) was 
employed.

The mass spectrum was generated under the 
following optimized conditions: (1) Fragmenter 
Voltage: 100 V; (2) Capillary Voltage: 2500 V; 
(3) Nebulizer Pressure: 30 psi; (4) Drying Gas 
Temperature: 350°C; (5) Mass Range: 100-
600 Da. The resulting ions were sorted and 
separated according to their mass-to-charge 
ratio (m/z).

NMR spectroscopy analysis: A 5 mg sample of 
the compound was dissolved in 500 µL of ace-
tone-d6. The 1-H NMR, 13-C NMR, DEPT-135, 
COSY, HSQC, and HMBC spectra were acquired 
using the Bruker 500 MHz Avance III HD NMR 
spectrometer (Germany). The 1-H NMR spectra 
were measured at 500 MHz, while the 13-C 
NMR spectra were recorded at 125 MHz.

Antiplasmodial activity of isolate

The anti-plasmodial effects of the isolated 
compound was determined using the Malaria 
SYBR Green I Fluorescence (MSF) assay, fol-
lowing previous protocol established by 
Vigbedor et al. [26], with slight procedural 
modification.

Cultivation and synchronization of parasite 
strains: Cryopreserved isolates of the chloro-
quine-sensitive 3D7 strain of P. falciparum 
were retrieved from liquid nitrogen and rapidly 
reconstituted in a 37°C water bath. A 0.2 mL  
of 12% NaCl was added, followed by 10 mL of 
1.6% NaCl. A 10 mL of 0.9% NaCl was mixed 
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with 0.2% glucose. The resultant mixture was 
centrifuged at 1500 rpm for 5 minutes. The 
supernatant was decanted and erythrocyte pel-
let were mixed and equilibrated with a com-
plete culture medium.

The culture medium was maintained under 
aseptic conditions in a NuAire class II lami- 
nar flow cabinet. All glassware were sterilized 
through autoclaving at 120°C and 15 atm for 
20 minutes. The parasites were supported in 
an O+ human erythrocytes suspended in RPMI 
1640. The mixture was fortified with 10% 
human O+ serum, 25 mM HEPES, 25 mM sodi-
um bicarbonate, and 60 µg/mL gentamicin sul-
fate (pH 7.2). The incubation was conducted  
at 37°C in a gas-controlled medium comprising 
of 90% N2, 5% O2, and 5% CO2. The culture was 
homogenized by synchronizing to the ring stage 
using a 5% (w/v) D-sorbitol treatment.

Anti-plasmodial assay protocol: The in vitro 
assessment was initiated by distributing 50 uL 
of the parasite inoculum (standardized to 0.5% 
parasitemia and 2% hematocrit) into 96-well 
microtiter plates. The test compound was solu-
bilized in DMSO and subsequently diluted in 
RPMI 1640 to a 1% concentration. The test 
compound was tested by administering serially 
diluted concentrations of (100, 25, 6.25, 1.56, 
0.39, and 0.098 µg/mL). Serially diluted Arte- 
sunate (ART) concentrations of (100, 25, 6.25, 
1.56, 0.39, and 0.098 µg/mL), were applied  
as the positive control. Treated microplates 
were then incubated at 37°C over 48 hours 
duration.

Detection and spectrofluorometric analysis: 
The parasite viability was quantified by adding 
100 µL of SYBR Green I lysis buffer (comprising 
20 mM Tris-Cl, 5 mM EDTA, 0.008% Saponin, 
and 0.08% Triton-X 100) to each well. The 
plates were covered with aluminum foil to pro-
tect it from light interaction and then incubat- 
ed at ambient temperature for one hour to fa- 
cilitate DNA intercalation. The Fluorescence 
intensity was measured using a Tecan Infinite 
M200 microplate reader, with the wavelength 
of excitation and emission set at 490 nm, 530 
nm respectively. The entire assay was per-
formed in triplicate and the mean, standard 
deviation and test of statistical significance 
computed. The level of parasitemia was deter-
mined by inputting the absorbance data into 
the required relationship, and the percentage 
inhibition for each concentration was calculat-

ed by comparing the parasitemia of the control 
against the prepared compound concentra- 
tions.

The experiment was repeated 2 more times to 
achieve triplicate measurements. The parasi-
taemia was computed by inputing the absor-
bance data into the relation:

%

Fluorescence absorbance of untreated RBCs
Fluorescence absorbance of Infected RBC after treatment

100%

Parasitaemia

=

#

8 B

The percentage inhibitions for the prepared 
concentrations were evaluated by inputting the 
experimental data of the parasitemia of control 
and prepared compound concentration.

%

Parasitaemia of control
Parasitaemia of control Parasitaemia of compound

100

Inhibition

=
-

#

8 B

The percentage inhibition was plotted against 
the concentrations, and the antiplasmodial ac- 
tivity was evaluated by computing the IC50 (μg/
mL). This value was determined using GraphPad 
Prism software (version 6.01), employing a non-
linear regression (curve fit) with Log (inhibitor) 
vs. response (three parameters) model.

Antimicrobial activity of isolate

Inoculum preparation: The microbes were gr- 
own on the nutrient agar (Oxoid, United King- 
dom) plates within 18-24 hours at 37°C in an 
incubator. The suspensions of colonies were 
transferred from the plates with sterile inocu-
lating loop into 15 mL of sterile saline in test 
tubes. Their turbidities were adjusted and com-
pared to the 0.5 McFarland standards through 
eye reading. The inoculums were further diluted 
to 103 (Corliform forming Unit) CFU [27, 28].

Minimum inhibitory concentrations of the com-
pound and standard antibiotics: The Minimum 
Inhibitory Concentrations (MICs) of the com-
pound and the reference drugs (Tetracycline, 
fluconazole) were determined according to  
the method described by Eloff (1998) [29] and 
in accordance with the Clinical and Laboratory 
Standards Institute (CLSI) guidelines. Each well 
of the 96-well microtiter plates (Bio-Tek Instru- 
ments GmbH, Germany) was filled with 150 µL 
of Mueller-Hinton broth (Oxoid Limited, United 
Kingdom). This was followed by the preparation 
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of two-fold serial dilutions of the compound  
and the reference drugs. The concentrations 
ranged from 0.3 to 200 mg/mL for the com-
pound (specifically: 200.00, 100.00, 50.00, 
25.00, 12.50, 6.25, 3.125, 1.5625, and 
0.7813 mg/mL) and 0.063 to 128 µg/mL for 
the antibiotics. One well served as the positive 
control (inoculated with the organism and 
broth), while the broth stock in a test tube 
served as the negative control (broth only,  
without the organism). After the serial dilution 
preparations, each well was inoculated with 
150 µL of the standardized microbial suspen-
sion, and subsequently adjusted to 10^6  
CFU/mL. The microtiter plates were incubated 
at 37°C for a 24-hour period. A volume of 40  
µL of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazolium bromide (MTT, 0.1% w/v) was in- 
troduced into each well, and further incubated 
for half an hour at a temperature of 37°C. The 
MICs of the betulinic acid isolate were evaluat-
ed as the lowest concentration of the com-
pound or reference drug that showed no  
change in color after visual inspection. This 
parameter served as the primary metric for 
evaluating the inhibitory capacity of the isolat-
ed compound.

Assessment of Minimum Bactericidal (MBC) 
and Fungicidal (MFC) concentrations: The let- 
hal thresholds (MBC and MFC) were estab-
lished in accordance with the Clinical and 
Laboratory Standards Institute (CLSI) proto-
cols, with modifications as suggested by Mo- 
gana et al. (2020). After completing the MIC 
determination, representative samples were 
collected from all wells that showed no visible 
growth.

The bacterial isolates were aliquoted and  
transferred aseptically onto Nutrient Agar (NA) 
plates, while fungal samples were inoculated 
onto Sabouraud Dextrose Agar (SDA). The 
resulting subcultures were incubated at 37°C 
for 48 hours. The Minimum Bactericidal Con- 
centration (MBC) and Minimum Fungicidal 
Concentration (MFC) were determined as the 
lowest concentration that resulted in no colony 
growth, indicating that 99.9% of the original 
bacterial or fungal inoculum had been killed.

Determination of synergistic effect of isolate 
with selected antimicrobial agents: The In-vitro 
analysis of the interaction between the isolate 
and the antibiotics (tetracycline and ciprofloxa-
cin) against the bacterial strains and the anti-

fungals (fluconazole, ketoconazole and nystat-
in) against C. albicans strains, were evaluated 
by adopting the checkerboard microdilution 
assay as described previously by Khodavandi 
et al. (2010) and Dickson et al. (2006) [31, 32] 
with minor modifications. The tested concen-
trations for each antibiotic and each test plant 
samples ranged from (1/32) × MIC to 2 × MIC. 
The mode of the interactions were measured 
by calculating the Fractional Inhibitory Con- 
centration Index (FICI) by inputting the MIC val-
ues into the relation:

FIC index [MIC of antibiotic alone]
[MIC of antibiotic in combination]

[MIC of fraction alone]
[MIC of fraction in combination]

=

+

The interaction was considered synergistic if 
the FICI was ≤ 0.5, partial synergistic if FICI was 
> 0.5 and < 1, additive if FICI was =1, no differ-
ence if the FICI was > 1 and ≤ 4, and antagonis-
tic if the FICI was > 4.0.

Statistical analysis

The antiplasmdial procedure was done in tripli-
cate (n=3), and data are expressed as mean ± 
Standard Deviation (SD). Statistical compari-
sons between groups (e.g., test extract vs. posi-
tive control) were performed using the Stu- 
dent’s t-test. The one-way Analysis of Variance 
(ANOVA) was utilized, followed by Tukey’s post-
hoc test for inter-group comparisons. Differ- 
ences were considered statistically significant 
when the p-value was less than 0.01 (P <  
0.01). Data processing, graph plotting, and sta-
tistical analyses were conducted using SPSS, 
GraphPad Prism 5.00 (San Diego, California, 
USA), and Microsoft Excel 2013.

Results and discussion

Structural elucidation of isolate

The structural identity of betulinic acid (MF: 
C30H34O3) is characterized by the presence of 
the lupane carbon skeleton comprising of five 
fused rings of four hexacyclic (A, B, C and D) 
and one pentacyclic (ring E) system. The struc-
ture is further marked by the attachment of  
a hydroxy (OH) group at C3, carboxyl (COOH) 
group at C17, an olefin (H2C=CH-) moiety at 
C19, two methyl (CH3) groups at C4 and four 
other methyl groups at C8, C10, C14 and C20. 
The structure of betulinic acid was success- 
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Table 1. Summary of NMR spectra data of isolate

Carbon number

13C-NMR DEPT-135
Proton number

1H-NMR HSQC
13C Chemical  

shift assignment
Type  

of carbon
1H-Chemical shift 

assignment
Carbon-Hydrogen 

connectivity
C1 38.7 CH2 H1 0.94 C38.67-H0.94

H2 1.64 C38.67-H1.64

C2 27.4 CH2 H3 1.55 C27.37-H1.55

H4 1.60 C27.37-H1.60

C3 77.7 O-CH H5 3.13 C77.67-H3.13

C4 38.7 C - - -
C5 55.4 CH H6 0.74 C55.43-H0.74

C6 18.2 CH2 H7 1.40 C18.2-H1.40

H8 1.50 C18.2-H1.50

C7 34.3 CH2 H9 1.38 C34.32-H1.38

H10 1.44 C34.32-H1.44

C8 40.6 C - - -
C9 50.6 CH H11 1.38 C50.55-H1.38

C10 37.1 C - - -
C11 20.8 CH2 H12 1.36 C20.80-H1.36

H13 1.24 C20.80-H1.24

C12 25.5 CH2 H14 1.05 C25.51-H1.05

H15 1.70 C25.51-H1.70

C13 38.1 CH H16 2.36 C38.13-H2.36

C14 42.3 C - - -
C15 30.4 CH2 H17 1.46 C30.44-H1.46

H18 1.46 C30.44-H1.46

C16 31.9 CH2 H19 1.45 C31.92-H1.45

H20 1.54 C31.92-H1.54

C17 55.9 C - - -
C18 49.0 CH H21 1.63 C49.04-H1.55

C19 47.1 CH H22 3.05 C47.06-H3.05

C20 150.7 C= - - -
C21 29.6 CH H23 2.10 C29.57-H2.10

H24 1.46 C29.57-H1.44

C22 36.6 C H25 1.94 C36.64-H1.95

H26 1.56 C36.64-H1.51

C23 27.7 CH3 H27 0.96, C27.67-H1.00

C24 15.2 CH3 H28 0.74 C18.58-H0.90

C25 15.7 CH3 H29 0.84 C15.74-H0.90

C26 15.6 O=C- - -
C27 14.1 CH3 H30 0.99 C14.12-H1.00

C28 176.7 CH3 H31 1.03 C15.74-H0.99

C29 109.1 =CH2 H32 4.60 C109.12-H4.60

H33 4.73 C109.12-H4.73

C30 18.6 CH3 H34 1.71 C18.58-H1.75

fully characterized by the application of spec-
troscopic techniques such as NMR (1H, 13C, 
DEPT-135, HSQC, COSY and HMBC) and MS 
(-ve ESI-MS).

NMR analysis: A detailed spectra analysis and 
summary of all NMR data are presented in the 
Supplementary Data 1, 2, 3, 4, 5, 6, Table 1 
and Figure 1. The illustration of the various 
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2,3J-(1H-13C)-(HMBC) and the (1H-1H)-(COSY) in 
the compound are indicated in Figure 1. Based 
on the analysis, the isolate was identified as 
betulinic acid (MF: C30H46O3, M: 456.5). The 
comparison of the 1H and 13C-NMR spectra of 
the isolate with betulinic acid (literature) [33, 
34] are indicated in Table 2.

LC-MS analysis: Retention time (Rt): 0.58-0.82 
minutes (methanol/water (60:40) on a C-18 
column). The mass spectrum analysis showed 
a prominent molecular ion peak (m/z: 455.5). 
Further confirmatory information regarding the 
compound was obtained via ESI-MS (negative 
ion mode). The fragmentation pattern (Figures 
2 and 3) was consistent with lupane-type tri- 
terpenes, displaying characteristic peaks for 
betulinic acid at m/z 455.5 [M-H+], 437 [M- 
H-H2O], 203 [M-C16H28O-OH], 191 [M-C16H24O2-
OH], 177 [M-H-C16H24O2-2CH3], 137 [M-C20H30O2- 
OH] and 123 [M-C21H32O2-OH] [35].

Antiplasmodial activity of isolate

The contribution of natural products to the 
interventions in malaria treatment is enormous 
and can never be underemphasized. Plant ma- 
terials have served as a natural factory for the 
biosynthesis of numerous secondary metabo-
lites with wide structural varieties [36, 37]. The 

quest to discover potent antiplasmodial ag- 
ents from plants has been successfully carried 
out by experimental procedures that seeks to 
screen plants with ethno-antimalarial proper-
ties. Several screening experiments have pro-
ceeded through in-vitro or in-vivo methods [38]. 
In the current study, the in-vitro antiplasmodial 
activity of betulinic acid, an isolate from the 
root bark extract of A. africana is reported. The 
test involved the culturing of the asexual stage 
of 3D7 strain of P. falciparum and subsequent 
treatment with betulinic acid. The evaluation of 
the antiplasmodial activity was done by com-
puting the % inhibition of serially diluted con-
centrations of the compound ranging from 100- 
0.098 µg/mL. Subsequently, the plot (Figure 4) 
of the % Inhibition versus concentration. The 
IC50 (µg/mL) was evaluated by employing the 
GraphPad Prism software package 5.00 (San 
Diego, California, USA) with non-regression (cur- 
ve fit) with the Log (Inhibitor) versus response 
(three parameters).

The results indicate that betulinic acid ex- 
hibits moderate antiplasmodial activity (IC50 =  
12.89 ± 0.52 µg/mL, P value: < 0.01), which is 
weaker than that of the standard drug artesu-
nate (IC50 = 0.03 ± 0.01 µg/mL, P value: < 
0.01). Despite its comparatively lower potency, 
the compound demonstrates promising activity 

Figure 1. Illustration of HMBC (2,3J (IH-13C)) and COSY (2,3J (1H-1H)) of isolate.
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and remains a valuable candidate for antima-
larial lead optimization and structure - activity 

relationship (SAR) studies. The IC50 value obser- 
ved in this study is consistent with previous 

Table 2. Comparison of 1H and 13C-NMR of isolate with literature (Betulinic acid)

Carbon number

13C-NMR
Proton  

number

1H-NMR
13C-NMR  
(Isolate)

13C-NMR  
(Betulinic acid)

1H-NMR  
(Isolate)

1H-NMR  
(Betulinic acid)

C1 38.7 39.0 H1 0.94 0.86
H2 1.64 1.64

C2 27.4 27.6 H3 1.55 1.52
H4 1.60 1.61

C3 77.7 78.2 H5 3.13 3.17
C4 38.7 39.1 - - -
C5 55.4 55.5 H6 0.74 0.66
C6 18.2 18.4 H7 1.40 1.50

H8 1.50 -
C7 34.3 34.5 H9 1.38 1.35

H10 1.44 1.40
C8 40.6 40.8 - - -
C9 50.6 50.7 H11 1.38 1.25
C10 37.1 37.3 - - -
C11 20.8 21.0 H12 1.36 1.37

H13 1.24 -
C12 25.5 25.7 H14 1.05 1.04

H15 1.70 1.68
C13 38.1 38.1 H16 2.36 2.20
C14 42.3 42.5 - - -
C15 30.4 30.2 H17 1.46 1.14

H18 1.46 1.49
C16 31.9 32.9 H19 1.45 1.27

H20 1.54 -
C17 55.9 56.3 - - -
C18 49.0 49.2 H21 1.63 1.61
C19 47.1 48.1 H22 3.05 3.00
C20 150.7 150.3 - - -
C21 29.6 30.6 H23 2.10 1.99

H24 1.46 1.44
C22 36.6 37.0 H25 1.94 1.96

H26 1.56 1.55
C23 27.7 27.9 H27 0.96 0.95
C24 15.2 15.5 H28 0.74 0.91
C25 15.7 16.4 H29 0.84 0.96
C26 15.6 16.7 H30 0.99 0.91
C27 14.1 15.0 H31 1.03 0.96
C28 176.7 180.3 -
C29 109.1 108.9 H32 4.60 4.58

H33 4.73 4.71
C30 18.6 19.6 H34 1.71 1.67
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reports, including those of Egbubine et al. 
(12.60 µg/mL) and Bringmann et al. (10.46 µg/
mL against the chloroquine-sensitive NF54 
strain) for P. falciparum asexual blood stages. 
Bringmann et al. also reported IC50 values of 
19.6 and 25.9 µg/mL against the chloroquine-
sensitive T9-69 and chloroquine-resistant K1 
strains, respectively [39, 40]. Even though, the 
exact antiplasmodial mechanism of action of 
betulinic acid is not fully understood, studies 
have proposed potential molecular targets and 
pathways. Betulinic acid and its metabolite 
classes have been documented with P. falci-
parum enzymes through hydrogen bonding and 
hydrophobic interactions. The resultant effect 
includes the formation of a ligand - topoisomer-
ase - DNA complex that hinders DNA replica- 

ary metabolites that possess structural fea-
tures linked to substituents such as hydroxyl 
(-OH), carboxylic acid (-COOH), and olefins 
(C=C). The incorporation of these molecular 
entities into the host erythrocyte membrane 
may destabilize intracellular pH, ultimately 
inhibiting the growth and development of P.  
falciparum. This observation is supported by 
studies conducted by Rocha et al. [40] and 
Olanlokun et al. [41]. Moreover, the hydroxyl 
(-OH) and carboxylic acid (-COOH) groups in 
betulinic acid play crucial roles as sites for 
hydrogen bonding and ionic interactions, which 
enhance its binding affinity to proteins, en- 
zymes, or receptors. The -COOH moiety, partic-
ularly at C-28, has been shown to be essential 
for the cytotoxic properties of betulinic acid and 

Figure 2. Mass spectrum of betulinic acid.

Figure 3. Illustration of the fragmentation pattern of betulinic acid.

tion in P. falciparum [40]. 
Further investigations suggest 
that betulinic acid and its 
derivatives could disrupt the 
erythrocyte lipid bilayer. This 
could result in the formation 
of echinocyte or stomatocyte 
and thereby impairing merozo-
ite invasion and parasite 
growth [38].

The inhibition of β-hematin 
and calcium-dependent path-
ways has been extensively 
studied as a key mechanism 
for many pentacyclic second-
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related triterpenes [42, 43]. Additionally, the 
olefinic bond (C=C) and the rigid pentacyclic 
backbone help maintain a stable three-dimen-
sional structure, allowing for hydrophobic inter-
actions and integration into membranes or the 
hydrophobic pockets of target proteins [44].

These functional groups could contribute to  
the compound’s ability to interact with multiple 
biological targets, which may account for its 
broad pharmacological properties [45]. These 
structural features and the mechanistic obser-
vations reinforce the value of betulinic acid as  
a versatile scaffold with significant promise for 
the design and development of novel antima-
larial therapeutics.

Antimicrobial activity of isolate

The search for new therapeutic agents for 
infectious diseases continues to draw heavily 
from both synthetic and natural sources [46]. 
The antimicrobial potentials of these com-
pounds have been accessed through standard-
ized microbial assay methods such as the MIC, 
MBC and their ratios (MBC/MIC) [47]. These 
parameters determine the minimum inhibitory 
and bactericidal concentrations. They measure 
the lowest concentration of an antimicrobial 
agent that prevents visible microbial growth 
[48], and the 99.9% lethal concentrations res- 
pectively. The assessment of these parameters 
provides valuable insights into whether a com-
pound exhibits bacteriostatic or bactericidal 
activity [49]. Several literature data have classi-
fied antimicrobial agents with MIC values up  
to 8 mg/mL as potential candidates for drug 
development against microbial strains [30]. 

sults revealed that, the compound exhibited 
broad spectrum of inhibitory (bacteriostatic) 
activity (MIC ≤ 8 mg/mL) against nearly all test-
ed microbial strains. The reported activity of 
the compound against S. aureus, E. coli, B. 
subtilis, and P. aeruginosa is corroborated by 
similar findings reported by Ibrahim et al. [50] 
and Fontanay et al. [51]. The MBC values fur-
ther demonstrated the compound’s broad-
spectrum of bactericidal activity across all  
tested strains. The most potent effects were 
observed at relatively low concentrations (MBC 
< 4 mg/mL) against B. subtilis, S. mutans, and 
K. pneumoniae. Based on the MBC/MIC ra- 
tios, the compound exhibited clear bactericidal 
activity (MBC/MIC ≤ 4) against B. subtilis, S. 
mutans, C. albicans (strain 2), and K. pneu-
moniae, while demonstrating bacteriostatic 
effects (MBC/MIC ≥ 4) against E. coli, S. aure-
us, MRSA, S. typhi, P. aeruginosa, and C. albi-
cans (strain 1). Interestingly, the most pro-
nounced activity was observed against S. 
mutans, B. subtilis, and K. pneumoniae, where 
it acted at lower and potentially safer concen-
trations. The findings of these antimicrobial 
assays could contribute to the well-document-
ed antimicrobial activities reported for the 
crude extracts of A. Africana. In fact, previous 
studies [16, 17] reported high susceptibility of 
S. aureus and B. subtilis to crude extracts of 
the plant, therefore, supports its traditional 
uses as antimicrobial agents. Moreover, the 
antimicrobial activity of betulinic acid is previ-
ously observed against Streptococcus pyo-
genes, E. coli, S. aureus, Enterococcus faeca-
lis, and related pathogens [52, 53]. These 
findings validate the findings of this study and 

Figure 4. In-vitro antiplasmodial activity of Artesunate and Betulinic acid 
against P. falciparum (3D7 strain) at varying concentrations. Statistical 
significance for comparisons between groups at each concentration is in-
dicated as: P < 0.05, **P < 0.01, P < 0.001. All measurements are from 
triplicate assays (n=3).

Moreover, antimicrobial agents 
with MBC/MIC ratio ≥ 4 typi-
cally indicates a bacteriostatic 
effect, whiles ratios ≤ 4 sug-
gests bactericidal activity [30].

In the present study, the anti-
microbial properties - includ- 
ing both the bacteriostatic and 
bactericidal effects of betulinic 
acid isolated from the stem 
bark of A. africana were evalu-
ated by determining its MIC, 
MBC, and MBC/MIC ratios 
against ten different microbial 
strains (Table 3). The MIC re- 
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reinforces the therapeutic effects of A. 
africana.

Antibacterial synergistic effects of isolate: 
Given the strong antimicrobial activity demon-
strated by the compound, its synergistic inter-
actions with standard antibacterial agents, 
including ciprofloxacin and tetracycline were 
evaluated. The results (Table 4) revealed vary-
ing degrees of synergism across the bacterial 
isolates. The compound exhibited synergistic 
effects against K. pneumoniae, S. mutans, and 
S. typhi; partial synergism against methicillin-
resistant E. coli, S. aureus, and MRSA; and 

indifferent effects against B. subtilis and P. 
aeruginosa when combined synergistically with 
ciplofloxcine. Moreover, the compound demon-
strated synergistic activity against E. coli, K. 
pneumoniae, and S. aureus; partial synergism 
against S. typhi and B. subtilis; and indifferent 
effects against S. mutans, MRSA, and P. aeru-
ginosa when combined with tetracycline.

Antifungal synergistic activity of isolate: The 
synergistic effects of the isolate with flucon-
azole, ketoconazole, and nystatin were further 
evaluated using the checkerboard assay (Table 
5). The interpretation of the interactions fol-

Table 3. MIC, MBC and MBC/MIC ratios for isolate and antibacterial agents

Bacterial strain
Antibacterial activity of isolate MIC, MBC/mg/mL MICs of standard antibacterial agent/µg/mL

MIC MBC MBC/MIC ratio CIPRO TET
SM 0.78 1.56 2.0bc 125.00 7.81
SA 1.56 25.00 16.0bs 7.81 7.81
EC 1.56 12.50 8.0bs 125.00 7.81
CA2 12.5 50.00 4.0bc 125.00 7.81
MRSA 3.125 25.00 8.0bs 250.00 15.63
BS 1.56 1.56 1.0bc 125.00 7.81
KP 3.125 3.125 1.0bc 125.00 7.81
PA 3.125 25.00 8.0bs 125.00 7.81
ST 1.56 50.00 32.1bs 3.90 15.63
CA1 6.25 50.00 8.0bs - -
bc: bactericidal; bs: bacteriostatic.

Table 4. Synergistic effects of isolate with standard antibacterial agents against bacterial strains
Strain MIC (CIP)/µg/mL FIC (CIP + BA) INT. MIC (TET)/µg/mL FIC (TET + BA) INT.
EC 125.00 0.904 PS 7.81 0.110 S
KP 125.00 0.094 S 7.81 0.110 S
SA 7.81 0.990 PS 7.81 0.062 S
SM 125.00 0.381 S 7.81 1.125 I
ST 3.90 0.065 S 15.63 0.531 PS
MRSA 250.00 0.990 PS 7.81 1.062 I
BS 125.00 1.500 I 7.81 0.563 PS
PA 125.00 3.000 I 7.81 1.125 I
CIP: Ciprofloxacin; TET: Tetracycline; INT: Interpretation; BA: Betulinic acid; FICI: Fractional Inhibitory Concentration Index, [syn-
ergistic (S) if the FICI ≤ 0.5; partial synergistic (PS) if FICI > 0.5 and < 1; additive (AD) if FICI=1; no synergism or indifferent (I) if 
the FICI > 1 and ≤ 4; antagonistic (A) if the FICI > 4.0].

Table 5. Synergistic activity of isolate with standard antifungal agents against fungal strains

Agent
CA1 CA2

Combination
CA1-1 CA-2

MIC MIC F1CI INT. FICI INT.
FLC 64 > 64 BA + FLC 1.400 I 0.250 S
KET 512 512 BA + KET 0.525 PS 0.560 PS
NYX 128 128 BA + NYS 0.531 PS 0.281 S
FLC: Fluconazole; KT: Ketoconazole; NYX: nystatin; INT: Interpretation; FICI: Fractional Inhibitory Concentration Index. 
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lowed the established criteria: synergistic (S) 
when FICI ≤ 0.5; partial synergistic (PS) when 
FICI > 0.5 and < 1; additive (AD) when FICI=1; 
indifferent (I) when FICI > 1 and ≤ 4; and antag-
onistic (A) when FICI > 4.0 [54, 55]. The results 
demonstrated varying degrees of synergism 
against Candida albicans strains 1 and 2. 
Specifically, the compound showed indifferent 
interaction with C. albicans 1 but full syner- 
gism with C. albicans 2 when combined with 
fluconazole. The synergistic interaction with 
ketoconazole, the compound demonstrated 
partial synergism against both strains. Finally, 
nystatin with betulinic acid showed partial syn-
ergism against C. albicans 1 and complete  
synergism against C. albicans 2. These findings 
suggest that the compound may serve as a 
promising candidate for single-agent or combi-
nation therapy against C. albicans infections.

The isolate is a lupane-type triterpenoid, a 
class recognized for its diverse pharmacologi-
cal profile, most notably its anticancer, an- 
ti-inflammatory, antimicrobial, antiplasmodial, 
and antioxidant properties [56, 57]. Earlier 
work showing that crude extracts of Afzelia afri-
cana synergize with several antibiotics against 
drug-resistant bacteria [58], The strong syner-
gistic interactions observed in this study fur-
ther validate the plant’s broad antimicrobial 
potential. Betulinic acid is known to exert its 
pharmacological activity by modulating multi-
ple signaling pathways. This compound, or its 
derivatives induces apoptosis through the 
intrinsic mitochondrial pathway. This mecha-
nism promotes the generation of reactive oxy-
gen species (ROS) and activates pro-apoptotic 
p38 MAPK and SAP/JNK kinases. The result- 
ing cascade effect regulates cell proliferation, 
gene expression, differentiation, and survival 
[59-61]. The compound is also known to sup-
press cell proliferation through down-regula- 
tion of ERα expression and inhibition of NF-κB 
signaling, including blockade of IκBα phosphor-
ylation, NF-κB nuclear binding, and NF-κB-de- 
pendent gene transcription [57]. Owing to these 
mechanisms, lupane triterpenoids have been 
explored for therapeutic applications in cardio-
vascular diseases, cancer, inflammation, micro-
bial infections, protozoal diseases, viral infec-
tions, and hepatotoxicity [57, 62, 63]. Additional 
mechanisms of action attributed to betulinic 
acid include the activation of the Nrf2 pathway 
and upregulation of its downstream antioxidant 

enzymes HO-1 and NQO1, along with suppres-
sion of NF-κB activity [64]. It has also been 
shown to inhibit LPS-induced IL-17 and IF-γ pro-
duction in encephalitogenic T cells [65]. Other 
experimentally validated properties include 
anti-inflammatory, anticancer, hepatoprotec-
tive, antiviral, anti-ulcer, and antimicrobial 
activities. Mechanistically, the compound can 
inhibit lipid peroxidation, normalize ADP and 
AMP levels [66], and disrupt bacterial growth  
by interfering with cell wall synthesis, increas-
ing membrane permeability, and suppressing 
protein synthesis at the 30S ribosomal su- 
bunit [67, 68]. The observed antiplasmodial 
and antimalarial activities coupled with the 
already rich pharmacological profile of betulinic 
acid and other isolated compounds such as  
eriodictyol, 3,3-di-O-methyellagic acid further 
validates the ethnomedicinal properties of 
Afzelia africana.

Conclusion

The study reports for the first time, the isola- 
tion and characterization of betulinic acid from 
the root bark of Afzelia africana. The compound 
demonstrated promising antiplasmodial activi-
ty against Plasmodium falciparum (3D7) with 
an IC50 of 12.89 µg/mL. The compound further 
demonstrated broad-spectrum of bactericidal 
activity, with the highest potency (MBC < 4  
mg/mL) against B. subtilis, S. mutans, and K. 
pneumoniae. Based on MBC/MIC ratios, it 
exhibited bactericidal activity (ratio ≤ 4) ag- 
ainst B. subtilis, S. mutans, K. pneumoniae, 
and C. albicans (strain 2), while showing bacte-
riostatic effects (ratio ≥ 4) against E. coli, S. 
aureus, MRSA, S. typhi, P. aeruginosa, and C. 
albicans (strain 1). When compound was com-
bined with ciprofloxacin, it exhibited full syner-
gism against K. pneumoniae, S. mutans, and  
S. typhi; partial synergism against E. coli, S. 
aureus, and MRSA; and indifferent effects 
against B. subtilis and P. aeruginosa. In combi-
nation with tetracycline, it showed full syner-
gism against E. coli, K. pneumoniae, and S. 
aureus; partial synergism against S. typhi and 
B. subtilis; and indifferent effects against S. 
mutans, MRSA, and P. aeruginosa. The interac-
tion revealed that the compound showed full 
synergism for fluconazole and nystatin C. albi-
cans 2. Partial synergism was noted for keto-
conazole against C. albicans 1 and 2 and 
nystatin against C. albicans 1. An indifferent 
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interaction was recorded for fluconazole ag- 
ainst C. albicans 1. These results validate the 
traditional use of A. africana as an antimicrobi-
al agent and align with previous reports on the 
efficacy of crude extracts and betulinic acid 
against similar pathogens.
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Supplementary Data 1

Proton NMR spectrum (1H-NMR)

The 1H-NMR (Supplementary Figure 1) revealed the presence of 34 different signals consistent with 
betulinic acid. The signals comprises of 32 aliphatic and 2 olefinic protons such as H1 (0.94), H2 (1.64), 
H3 (1.55), H4 (1.60), H5 (3.13), H6 (0.74), H7 (1.40), H8 (1.50), H9 (1.38), H10 (1.44), H11 (1.38), H12 
(1.36), H13 (1.24), H14 (1.05), H15 (1.70), H16 (2.36), H17 (1.46), H18 (1.46), H19 (1.45), H20 (1.54), 
H21 (1.63), H22 (3.05), H23 (2.10), H24 (1.46), H25 (1.94), H26 (1.56), H27 (0.96), H28 (0.74), H29 
(0.84), H30 (0.99), H31 (1.03), H32 (4.60), H33 (4.73), H34 (1.71).

Supplementary Figure1. 1H-NMR spectrum of betulinic acid.
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Supplementary Figure 2. 13C-NMR spectrum of isolate.

Supplementary Data 2

Carbon-13 NMR spectrum of isolate

13C-NMR: The 13C-NMR (Supplementary Figure 2) revealed the presence of 30 different signals consis-
tent with betulinic acid comprising of 27 aliphatic 2 olefinic and 1 carboxylic carbon. The signals include 
C1 (38.7), C2 (27.4), C3 (77.7), C4 (38.7), C5 (55.4), C6 (18.2), C7 (34.3), C8 (40.6), C9 (50.6), C10 
(37.1), C11 (20.8), C12 (25.5), C13 (38.1), C14 (42.3), C15 (30.4), C16 (31.9), C17 (55.9), C18 (49.0), 
C19 (47.1), C20 (150.7), C21 (29.6), C22 (36.6), C23 (27.7), C24 (15.2), C25 (15.7), C26 (15.6), C27 
(14.1), C28 (176.7), C29 (109.1) and C30 (18.6). 
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Supplementary Data 3

DEPT-135 NMR spectrum

DEPT-135 NMR: The DEPT-135 NMR (Supplementary Figure 3) revealed the presence of 22 different 
signals comprising of X methine (CH: C3 (77.7), C5 (55.4), C9 (50.6), C13 (38.1), C18 (49.0)), methelene 
(CH2: C1 (38.7), C2 (27.4), C6 (18.2), C7 (34.3), C11 (20.8), C12 (25.5), C15 (30.4), C16 (31.9), C21 
(29.6), C22 (36.6), C29 (109.1)) and methyl (CH3: C23 (27.7), C24 (15.2), C25 (15.7), C26 (15.6), C27 
(14.1), and C30 (18.6)).

Supplementary Figure 3. DEPT-135 NMR spectrum of isolate (Betulinic acid).
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Supplementary Data 4

HSQC NMR spectrum of isolate

HSQC NMR (Supplementary Figure 4): The HSQC-NMR revealed the presence of 22 different direct [1H-
13C] coupling signals comprising of [C1 (38.7)-H1 (0.94)], [C1 (38.7)-H2 (1.64)], [C2 (27.4)-H3 (1.55)], [C2 
(27.4)-H4 (1.60)], [C3 (77.7)-H5 (3.13)], [C5 (55.4)-H6 (0.74)], [C6 (18.2)-H7 (1.40)], [C6 (18.2)-H8 (1.50)], 
[C7 (34.3)-H9 (1.38)], [C7 (34.3)-H10 (1.44)], [C9 (50.6)-H11 (1.38)], [C11 (20.8)-H12 (1.36)], [C11 
(20.8)-H13 (1.24)], [C12 (25.5)-H14 (1.05)], [C12 (25.5)-H15 (1.70)], [C13 (38.1)-H16 (2.36)], [C15 
(30.4)-H17 (1.46)], [C15 (30.4)-H18 (1.46)], [C16 (31.9)-H19 (1.45)], [C16 (31.9)-H20 (1.54)], [C18 
(49.0)-H21 (1.63)], [C19 (47.1)-H22 (3.05)], [C21 (29.6)-H23 (2.10)], [C21(29.6)-H24 (1.46)], [C22 
(36.6)-H25 (1.94)], [C22 (36.6)-H26 (1.56)], [C23 (27.7)-H27 (0.96)], [C24(15.2)-H28 (0.74)], [C25 (15.7)-
H29 (0.84)], [C26 (15.6)-H30 (0.99)], [C27 (14.1)-H31 (1.03)], [C29(109.1)-H32 (4.60)], [C29 (109.1)-
H33 (4.73)], [C30 (18.6)-H34 (1.71)].

Supplementary Figure 4. HSQC-NMR spectrum of isolate.
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Supplementary Data 5

COSY NMR spectrum of isolate

Supplementary Data 6

HMBC NMR spectrum of isolate


