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Abstract: Antimicrobial resistance (AMR) remains a global threat to human
health, and its recent burden has necessitated an urgent need for new
antibiotics to fight the growing negative impacts of AMR. Vitellaria paradoxa
Gaertn. is a medicinal plant used to treat bacterial infections, including
diarrhea, tuberculosis (TB), and other respiratory infections in Africa. This study,
therefore, assessed the antimicrobial effect and the cytotoxicity of isolated
secondary metabolites from the hexane extract of V. paradoxa stem-bark
against a panel of bacterial pathogens. After cold maceration, the resulting
extract was purified using column chromatography on silica gel. The resazurin-
based 96-well plate micro-dilution method was used to assess the antimicrobial
activity of the isolated compounds. On further assay, the MTT assay was used
to evaluate the cytotoxic effect of compounds on the cervical cancer cell line
(HeLa). The column fractionation led to the isolation of 11-hydroxy B-amyrin
cinnamate (compound 1), a-amyrin cinnamate (compound 2), and sitosterol
cinnamate (compound 3). All the compounds exhibited antibacterial activity
against the tested pathogens, with minimum inhibitory concentration (MIC)
ranging from 0.0625 - 1.0 mg/mL. Compound 3 showed the highest
antibacterial activity against all bacterial strains (MICs; 0.0625 - 0.25 mg/mL).
The compounds showed no remarkable cytotoxic properties (IC50; 77.82 + 10.5
- 82.53 £4.07). As far as we know, the results described the antimicrobial
activities of compounds 1-3 for the first time. These results provide scientific
justification for the traditional uses of V. paradoxa in treating bacterial
infections. The highest antibacterial effect of compound 3 highlights its

potential as a lead compound.

Introduction

The incessant rise in antimicrobial resistance (AMR) to
clinical antibiotics threatens global health (1). Although
antibiotics have been described as one of the major
world breakthroughs of the 19th century, AMR has
virtually recorded almost all clinical antibiotics (2, 3).
An alarming case is the development of methicillin-
resistant Staphylococcus aureus (MRSA) (4). AMR is
one of the leading causes of death, especially in
developing countries where access to basic health care
is minimal or absent. Alarmingly, the World Health
Organization (WHO) highlighted that the death rates
due to AMR would, by 2050, reach 10 million and cost
economically more than US$ 100 trillion annually if
nothing substantial is done to contain AMR. In addition
to the problem of drug resistance, the adverse effects

of current antibiotics on the host-like hypersensitivity
are another challenge. There are cases of
hepatotoxicity (5-7). Hence, this calls for lead drug
candidates that would be less expensive and less
cytotoxic.

Historically, natural products have been a priceless
source of pharmaceutical agents for many diseases,
particularly infections from pathogenic microorganisms
(8, 9). They are the source of numerous widely used
medications, like rifamycin and streptomycin, which
are used to treat tuberculosis and other related
bacterial illnesses (10, 11). Natural plant-based
compounds may have unique mechanisms of action as
anti-infective medicines (12-14). The species V.
paradoxa Gaertn. is a widely used medicinal plant in
sub-Saharan Africa. It is locally called ‘Ori’ (Yoruba,
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Nigeria), ‘Somou’ (Togo), ‘Taanga’ (Burkina Faso), and
‘karate’ (French). In addition to its uses as a principal
component in cosmetics, confectionery, and
pharmaceuticals, the species has a long history in the
treatment of malaria, diabetes mellitus and
hypertension (15), hemorrhoids, fever, diabetes,
stroke, cough (16), tuberculosis (17), cancer and
tumor, and infections (15). Its anticancer, anti-
inflammatory (18), antidiarrheal, and insecticidal
properties have all been documented. Previous
phytochemical analysis identified rutin, gallic acid, and
ferulic acid (15). In our continuous effort to search for
lead antimicrobial compounds from natural sources, we
isolated three antimicrobial triterpenoid and steroidal
cinnamates from the hexane stem-bark extract of V.
paradoxa. As far as we are aware, this is the first
investigation into the pharmacological action of these
compounds against the bacterial pathogens.

Materials and Methods

General Instrumentation

A Brucker Avance Ill NMR spectrometer was used to
analyze the compounds' NMR. Tetramethylsilane (TMS)
was utilized as an internal standard to record the 1H
(frequency; 500 MHz), 13C (frequency; 125 MHz), and
2D-NMR spectra of the isolated compounds.
Additionally, d-CHCI;, or deuterated chloroform, was
used as the solvent for the NMR analysis. A Brucker
Compact mass spectrometer (University of the
Witwatersrand, South Africa) was used to perform and
record mass spectra. The Perkin Elmer FTIR 600 series
was used for the IR analysis. A column measuring 3 cm
by 55 cm filled with silica gel (mesh size: 60-120) was
used for column chromatography. Pre-coated silica gel
60 F254 plates (Macherey-Nagel GmbH & Co. KG) with
a layer thickness of 0.20 mm were used for thin-layer
chromatography (TLC) analysis. The plates were
exposed to UV light at 254 and 365 nm after being
treated with the p-anisaldehyde-sulphuric acid reagent.
The experiment's chemicals were bought from Sigma-
Aldrich in South Africa.

Plant Material Collection and Extraction

A stem-bark sample of V. paradoxa was obtained in
September 2019 from the University of Ibadan in Oyo
State, Western Nigeria. The plant sample was identified
taxonomically by Mr. D. P. O. Esimekhuai, Plant
Technologist at the Botany Department, University of
Ibadan, Nigeria. The voucher specimen (UIH-22897)
was deposited in the same department. The stem-bark
sample was thoroughly washed before air-drying for 14
days at room temperature and then milled into fine
powder. The fine powder was kept in a sealed
polythene bag until further use at room temperature.
500 g of pulverized plant sample was extracted with n-
hexane (1 L) at room temperature (5 times) for 24 h.
After filtering, the extract was concentrated using a
rotary evaporator at 40 °C with a lowered pressure,

yielding a yellowish-waxy material.

Column Chromatographic Isolation

Before isolation, 10 g of the crude extract was first
dissolved in hexane and pre-adsorbed by silica before
loading into the glass column. Fractionated was
achieved using gradient elution [starting from hexane
(100%), with a 10% increase in chloroform to 100%
chloroform] on a silica gel column (3 cm x 55 cm) to
yield twelve fractions (VPH 1- VPH 12) based on their
thin-layer chromatography (TLC) profiles. Fractions VPH
6 (109.5 mg), VPH 7 (2.20 g), and VPH 10 (220.9 mg)
were subjected to further fractionation. Fraction VPH 6
was re-chromatographed on a silica gel column, eluting
with hexane-ethyl acetate (1:9 to 0:10) as a mobile
phase to yield four sub-fractions VPH 6a-d. The sub-
fraction VPH 6a appeared as a white solid substance
recrystallized from dichloromethane/methanol to yield
compound 1 (11-hydroxy B-amyrin cinnamate, 15.4
mg). Fraction VPH 7 was purified on a silica gel-packed
column (mobile phase: hexanes-ethyl acetate 97:3 to
10:90) to give three sub-fractions VPH 7a-c. The sub-
fraction VPH 7a yielded compound 2 (a-amyrin
cinnamate, 26.2 mg) after recrystallizing from
dichloromethane/methanol. Sub-fraction VPH 7b was
subjected to further purification to give an additional
quantity of a-amyrin cinnamate (9.7 mg). Fraction VPH
10 was chromatographed on a silica gel column
(mobile phase: hexanes-ethyl acetate 85:15 to 10:90)
to give three sub-fractions VPH 10a-c. Sub-fraction VPH
10c (22.10 mg) after recrystallization from
dichloromethane/methanol gave
compound 3 (sitosterol cinnamate, 9.6 mg). The
structures of compounds 1-3 were unambiguously
elucidated based on their obtained spectroscopic and
physical data and comparison with available literature.

Compound 1, 11-hydroxy g-amyrin cinnamate:
White powder; ESI-MS: [M + H]* m/z=573.3100; MF:
C3oHs605; soluble in CHCI,; *H-NMR (500 MHz, 6 ppm,
CHCl;-d=7.24): 7.64 (d, 1H, J=15.9 Hz, H_,), 7.51 (m,
2H, J=4.2 Hz, H_g;) and 7.50 (1H, H_,), 7.35 (d,
2H, J=4.9 Hz, H_.,), 6.44 (d, 1H, J=10.0 Hz, H_,),
5.56 (dd, 1H, H_,,), 4.62 (dd, 1H, J=9.80 and 5.3 Hz,
H_5), 4.10 (t, 1H, J=3.5 Hz, H_;;), 0.77-1.03 (s,
8x3H); C-NMR (125 MHz, & ppm, CHCl,-d =77.23 ):
38.75 (CH,, C_,), 23.96 (CH,, C_,), 80.85 (CH, C_,),
37.09 (C, C_,), 55.58 (CH, C_;), 18.51 (CH,, C_), 32.17
(CH,, C_;), 42.32 (C, C_y), 47.92 (CH, C_,), 39.89 (C,
C_1), 81.27 (CH, C_,;), 124.59 (CH, C_,,), 139.88 (C,
C_.5), 42.35 (C, C_,,), 26.87 (CH,, C_,5), 28.37 (CH,,
C_), 33.15 (C, C_,,), 59.34 (CH, C_,;), 41.79 ( CH,,
C_1), 31.50 (C, C_,), 34.00 (CH,, C_,,), 40.31 (CH,,
C_,,), 28.98 (CH,, C_,;), 15.99 (CH,, C_,,), 14.33 (CH,,
C_,s), 17.14 (CH,, C_,), 25.40 (CH,, C_,,), 28.98 (CH,,
C_,), 17.74 (CH,, C_,,), 22.93 (CH;, C_,,), 167.02 (C,
C_,), 144.48 (CH, C_,), 119.13 (CH, C_;), 134.84 (C,
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C_,), 128.26 (CH, C_s,), 129.07 (CH, C_44), 130.33
(CH, C_,). These data are consistent with those
reported in the literature for 11a-hydroxy-B-amyrin by
Ikuta and Morikawa (19) and its cinnamate by
Sirignano et al. (20).

Compound 2, a-amyrin cinnamate: White solid
powder; ESI-MS: [M + H]* m/z=557.4117; MF: Cy3,H,0O,;
m.p = 231-235 (uncorrected); soluble in CHCI,; "H-NMR
(500 MHz, 6 ppm, CHCl;-d =7.24 ): 7.64 (d, 1H, /=16.0
Hz, H_;), 7.52 (m, 2H, J=3.95 Hz, H_¢,¢) and 7.50 (1H,
H_,), 7.35 (d, 2H, /=4.15 Hz, H_,,), 6.42 (d,
1H, /=16.0 Hz, H_,), 5.76 (dd, 1H, H_,,), 4.61 (dd,
1H,/=9.80 and 6.30 Hz, H_,), 0.76-1.20 (s, 8x3H); *°C-
NMR (125 MHz, 6 ppm, CHCl;-d =77.23 ): 38.72 (CH,,
C_,), 23.61 (CH,, C_,), 81.22 (CH, C_;), 37.05 (C, C_,),
55.54 (CH, C_;), 18.49 (CH,, C_,), 33.11 (CH,, C_,),
40.27 (C, C_,), 47.88 (CH, C_,), 38.17 (C, C_,,), 23.93
(CH,, C_,;), 124.55 (CH, C_,), 139.84 (C, C_,5), 42.31
(C, C_14), 26.84 (CH,, C_;5), 28.33 (CH,, C_45), 33.96 (C,
C_1,), 59.30 (CH, C_4), 39.83 (CH, C_,,), 39.88 (CH,
C_5), 31.48 (CH,, C_,;), 41.76 (CH,, C_,,), 28.36 (CH,,
C_23), 17.10 (CH,, C_,,), 15.97 (CH;, C_,5), 17.13 (CH,,

C_3), 23.47 (CH;, C_,,), 28.97 (CH,, C_,g), 17.72 (CH,,

C_,), 21.61 (CH;, C_3), 166.97 (C, C_,), 144.46 (CH,
C_,), 119.08 (CH, C_3), 134.79 (C, C_,), 128.23 (CH,
C_sye), 129.03 (CH, C_g), 130.30 (CH, C_,); FTIR
(KBr) vnay: 2854.2, 2933.3 (C-H, aliphatic), 1706.9
(C=0), 1634.1 (C=C) cm™ . These findings correspond
with those published in the literature for a-amyrin
cinnamate by (18) and Miranda et al. (21).

Compound 3, sitosterol cinnamate: White
powder; ESI-MS: [M + H]" m/z=545.8512; Molecular
formula: C,gHs0,; soluble in CHCIL,; *H-NMR (500 MHz, 6
ppm, CHCl;-d =7.24 ): 7.64 (d, 1H, J=15.8 Hz, H_,),
7.51 (m, 2H, J=4.2 Hz, H_4,) and 7.50 (1H, H_,), 7.35
(d, 2H,J=4.9 Hz, H_y,), 6.42 (d, 1H, /=16.0 Hz, H_,),
5.12 (dd, 1H, J=5.8 Hz, H_,), 3.57 (dd, 1H, H_,),
0.77-1.00 (s, 6x3H); *C-NMR (125 MHz, 6 ppm, CHCl,-
d=77.23): 38.23 (CH,, C_,), 29.91 (CH,, C_,), 71.28
(CH, C_5), 39.72 (CH,, C_,), 139.78 (C, C_;), 119.12 (CH,
C_¢), 29.57 (CH,, C_,), 32.10 (CH, C_y), 51.48 (CH, C_,),
34.47 (C, C_,,), 21.79 (CH,, C_,,), 37.40 (CH,, C_,,),
43.53 (C, C_,,), 55.37 (CH, C_,,), 23.25 (CH,, C_,),
28.71 (CH,, C_y), 56.17 (CH, C_,;), 12.28 (CHs, C_y;)
19.23 (CH,, C_,,), 40.52 (CH, C_,,), 21.29 (CH,, C_,,),
31.71 (CH,, C_,,), 25.61 (CH,, C_,,), 49.71 (CH, C_.,),
41.01 (CH, C_,), 13.25 (CH,, C_,¢), 21.59 (CH,, C_,,)
22.90 (CH,, C_,g), 12.45 (CH,, C_,,), 167.0 (C, C_,),
144.5 (CH, C_,), 117.6 (CH, C_;), 138.36 (C, C_,),
128.25 (CH, C_s,4), 129.06 (CH, C_4,), 129.06 (CH,
C_,); FTIR (KBr) v,.,: 2854.2, 2920.1 (aliphatic, C-H),
1706.9 (C=0), 1634.1 (C=C), 1165.8 (C-0) cm™%.
Compound 3 is identified as sitosterol cinnamate based

’

on the 'H and >C-NMR, MS, and FTIR data above and
compared with those published in the literature (22).

Antimicrobial Activity

Microbial Strains and Culture

The reference strains of Mycobacterium
smegmatis (MC 2155) (which is used as “surrogate”
model for the virulent Mycobacterium
tuberculosis), Staphylococcus aureus (ATCC 25923),
Escherichia coli (ATCC 25922), Klebsiella
aerogenes (ATCC 13882), Enterobacter cloacae (ATCC
13047), Enterococcus faecalis (ATCC 13047), and
Klebsiella oxytoca (ATCC 8724) were used for the
antimicrobial screening. The strains were maintained at
-80 °C until use. M. smegmatis strain was cultivated on
Middlebrook 7H11 agar under hygienic conditions,
supplemented with 10% (v/v) oleic acid, albumin,
dextrose, and catalase, and allowed to grow for a day.
Middlebrook 7H9 broth was employed to determine the
compounds' minimum inhibitory concentrations (MICs)
on M. smegmatis. Nutrient agar was used to activate
other bacterial strains. The Mueller-Hinton broth was
used to assess the MIC values of these strains (23).

Minimum Inhibitory Concentrations (MICs)
Determination

MIC was expressed as the lowest concentration of the
tested compounds that completely inhibited bacterial
growth and irreversibly changed the blue dye of the
resazurin solution to pink (24) (Table 1). The
antimicrobial activity of the test compounds was
evaluated in a 96-well plate using resazurin micro-titre
assay against the microbial strains as previously
described (23), with minimal adjustment. The solutions
of the test compounds were made in dimethyl
sulphoxide (DMSO) to afford a concentration of 1.0
mg/mL and diluted (two folds) serially to afford working
concentrations from 1.0 to 0.0313 mg/mL in a 96-well
plate to 7H9 broth for M. smegmatis, and Mueller-
Hinton broth for other bacterial strains. 100 uL of a
standardized inoculum suspension (1.5x10° CFU/mL)
was used to seed 100 uL of each concentration in
duplicate under aseptic conditions. The plates were
then sealed and incubated at 37 °C for 24 h. Viable
bacterial cells were confirmed calorimetrically by
adding resazurin dye (40 pL of 200 pug/mL) after
incubating for 2 h at 37 °C, as they enzymatically
converted resazurin dye (blue color) to resorufin (pink
color), while non-viable cells remained blue. Muller-
Hilton broth (50% v/v in DMSO) was used as a negative
control. The bacterial growth was not experimentally
affected by the DMSO concentration in the well,
ensuring reliable results. Two broad-spectrum
antibiotics, streptomycin and nalidixic acid, served as
positive controls for comparison and validation of
antimicrobial activity.
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Table 1. Antimicrobial and cytotoxicity of tested compounds 1-3 from Vitellaria paradoxa.

Antimicrobial (MIC, mg/mL) ﬁ)(,:t!':)gc:xxg;‘/:rl:{)
Strains Ms Ec Ka Sa Ecl Ko Ef Hela
Compound 1 0.50 0.50 0.50 0.50 0.50 0.50 0.50 82.53+ 4.06
Compound 2 1.00 0.50 0.50 0.50 1.00 0.50 0.50 77.82+ 10.5
Compound 3 0.125 0.0625 0.250 0.0625 0.0625 0.0625 0.0625 Not determined
Streptomycin 0.004 0.064 0.016 0.256 0.512 0.016 0.128 -
Nalidixic acid 0.512 0.512 0.256 0.064 0.016 0.008 >0.512 -

Note: Sa - Staphylococcus aureus; Ec - Escherichia coli; Ecl - Enterobacter cloacae; Ko - Klebsiella oxytoca; Ka -
Klebsiella aerogenes; Ms - Mycobacterium smegmatis; Ef - Enterococcus faecalis; HeLa - Human cancer cell line

Figure 1. Chemical structures of compounds 1-3 isolated from Vitellaria paradoxa stem-bark.

In Vitro Cytotoxicity

The in vitro cytotoxicity of the compounds was
assessed against human cervical cancer cell line (Hela
cells) using MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide, a tetrazole) assay as
previously described (25), with minimal adjustment.
The stock samples’ concentrations ranging from 62.5
to 1000 pg/mL were made in 100% dimethyl
sulphoxide (DMSO) and incubated with HelLa cells in a
96-well plate (1 x 10* cells/mL) cultured and
maintained in DMEM with 10% (v/v) fetal bovine serum
(FBS) at 37 °C for 1 day in an environment of 5%
carbon dioxide. 100 uL of pure DMSO was added to the
control cells. By adding a resazurin-based reagent and

then measuring the resorufin fluorescence in a multi-
well micro-plate reader (VERSAmax, USA) at 595 nm,
the number of Hela cells that survived the exposure of
the tested samples was determined. The experiments
were duplicated, and a mean standard deviation (SD)
was calculated for each. The results were expressed as
percentage (%) cell viability based on the fluorescence
reading in treated wells compared to control wells
(Table 1).

Result and Discussion

In the present study, we report the isolation of
antimicrobial compounds from V. paradoxa, a
medicinal plant used for treating bacterial infections,
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including diarrhea and tuberculosis. The hexane
extract of the plant stem-bark was subjected to
silica gel column chromatography to afford three
bioactive compounds, namely 11-hydroxy B-amyrin
cinnamate [1] (20), a-amyrin cinnamate [2] (21), and
sitosterol cinnamate [3] (22) (Figure 1). The chemical
structures of the three compounds were established by
thoroughly analyzing their *H- and *C-NMR, 2D-NMR,
and HR-ESIMS (Provided in Supplementary Material)
and comparing them with previous spectroscopic data
reported in the literature. To the best of our
knowledge, compounds 2 and 3 are reported for the
first time in this study from the stem bark of V.
paradoxa.

To explore the contribution of compounds 1-3 to
the ethnopharmacological uses of V. paradoxa in the
treatment of bacterial infections, they were screened
against a panel of bacterial pathogens,
including Staphylococcus aureus and M,
smegmatis (used as study model for M. tuberculosis)
(Table 1) using resazurin-based 96-well plate micro-
dilution method.

The isolated compounds 1-3 pharmacologically
exhibited antimycobacterial activity, with sitosterol
cinnamate [3] displaying the best activity against the
inhibition of M. smegmatis (MIC; 0.125 mg/mL).
Compound 3 showed the best activity against other
tested bacterial pathogens, with MICs varying from
0.0625 to 0.25 mg/mL. Compared to one of the positive
controls, compound 3 demonstrated superior or
comparable action to nalidixic acid against S. aureus,
E. coli, M. smegmatis, K. aerogenes, and E. faecalis.
Additionally, it showed greater or comparable activity
to streptomycin against S. aureus, E. coli, E. faecalis,
and E. cloacae.

Convincingly, chemical structure dictates the
functions/activity of a compound. Structurally, all the
isolates 1-3 (see Figure 1) contain cinnamoyl groups
at the C-3 position. It is well-known that many drug-like
compounds with increased biological activity, such as
antimycobacterial and antimalarial compounds, contain
cinnamoyl functionality (26, 27). Presumably, the
better activity of compound 3 (tetracyclic steroid-like
core) might be related to the structural difference
when compared with compounds 1 and 2, which
mainly consist of pentacyclic triterpenoid-like core.
Meanwhile, in setting clinical benchmark, Gibbons (28)
established a clinical benchmark by noting that a plant
extract or its natural product has minimal therapeutic
significance if its MIC values are higher than 1.0
mg/mL, and based on this criterion, compounds 1-3,
therefore, fall in Gibbons' benchmark (28). The
presence of compounds 1-3 has previously been
reported in V. paradoxa (15), and as far as we know,
their antimicrobial activity is being reported for the first
time. Interestingly, it should be noted that there is little

information regarding the occurrence of compounds
1-3 in plants. These findings lend credence to the
widespread ethnobotanical usage of V. paradoxa as an
herb to treat diarrhoeal, typhoid fever, cough,
tuberculosis, and other bacterial infections.

The anticancer activity of compounds 1 and 2 was
tested against the human cancer cell line (Hela) by
conducting an MTT cell viability assay. Isolate 3 could
not be evaluated because of its limited quantity. As
observed in Table 1, compounds 1 and 2 showed no
cytotoxic effect against Hela cells, as shown from the
obtained IC,, values, which were more than 4 pg/mL
according to the benchmark established by the
American National Cancer Institute (NCI) (29) for plant
natural products to be considered cytotoxic. Although
in contrast to our study, the in vivo antitumor-
promoting effect of compound 2 to inhibit the
progression of skin tumors using Epstein-Barr virus
early antigen (EBV-EA) in Raji cells has been described
(21), this is the first report about the non-cytotoxic
effect of 1 against cancer cell line (HelLa cell line). The
current study can be improved by using more than one
cancer cell line and normal human cell line in an in
vitro and in vivo assay to unravel the safety of these
compounds as lead antimicrobials in rational drug
design and development.

Conclusion

The present study extends the available information on
the chemical constituents and bioactivity of V.
paradoxa. It offers three compounds that can be
explored in the design of antimicrobial agents against
bacterial infections. They are 11-hydroxy B-amyrin
cinnamate (1), a-amyrin cinnamate (2), and sitosterol
cinnamate (3). The compounds showed no remarkable
cytotoxic properties (ICs,; 77.82 £10.5 - 82.53 £4.07).
The antimicrobial activity of compound 3 (MICs; 0.0625
- 0.25 mg/mL) highlights its potential as a promising
bioactive molecule to fight pathogenic bacteria. As far
as we know, the results described the antimicrobial
activities of compounds 1-3 for the first time.

However, a comprehensive evaluation of the
potential harmful effects of these compounds is
essential for their successful integration into rational
drug design and development. This includes thorough
toxicity profiling through in vitro cytotoxicity assays, in
vivo pharmacokinetic and toxicological studies, and
mechanistic evaluations to identify any adverse effects
at the molecular, cellular, and systemic levels.
Understanding these risks is crucial to ensure both
efficacy and safety, ultimately aiding in refining these
compounds as viable therapeutic candidates.
Additionally, long-term studies assessing chronic
toxicity, potential bioaccumulation, and off-target
interactions are necessary to predict their long-term
impact. Regulatory compliance and risk-benefit
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assessments will further facilitate their progression
from experimental compounds to clinically approved
therapeutics.
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