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Abstract
A new glyceride, 2,3-dihydroxypropyl-31-hydroxyhentriacontanoate (1), a new glucoside stigmasterol derivative,
stigmasterol 3-O-β-D-glucopyranoside 6’-hexadecanoate (2) along with eleven known compounds (3-13) were isolated
from the fruits and the stem bark of Tetrapleura tetraptera (Schumach. & Thonn.) Taub. using silica gel vacuum liquid and
column chromatography. The structures of the isolated compounds were elucidated based on spectroscopic and spectrometry
methods including NMR (1D and 2D), high-resolution mass spectrometry (HRESIMS) and comparison with data reported in
the literature. The crude extract and the isolated compounds were evaluated for their antibacterial activity against a panel of
bacterial strains using the microdilution technique and for their cytotoxic potential on breast cancer cell lines (MCF-7, MDA-
MB-231) using doxorubicin as reference medicine. All the tested compounds exhibited significant antibacterial activity
against Klebsiella aerogenes and Bacillus subtilis with an MIC value of 18.5 µg/mL. Furthermore, compounds (3) and (9)
were active against all bacterial strains with MICs values ranging from 18.5 to 74 µg/mL. Compounds (12-13) and the crude
extract were cytotoxic against MDA-MB-231 cells with their CC50 values ranging between 14.5 and 20.0 µg/mL. These
results confirm that T. tetraptera is a potential source of antibacterial agents and exhibits selective toxicity against breast
cancer cell lines. Apart from compound (3) and compounds (10-12), all the other compounds were isolated from Tetrapleura
genus for the first time. Compounds (1), (2), (6), (7) and (8) were also isolated from the Fabaceae family for the first time.
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Introduction

Bacteria are ubiquitous, mostly free-living organisms often
consisting of one biological cell. They constitute a large
domain of prokaryotic microorganisms and live in sym-
biotic and parasitic relationships with humans, animals, and
plants. All human organs are susceptible to bacterial
infections and each bacterial species preferentially infects
specific organs. The emergence of multidrug-resistant bac-
teria has further compromised the accessibility and afford-
ability of many currently prescribed antibiotics worldwide
[1, 2]. According to the Centers for Disease Control and
Prevention (CDC) report, each year in the United States, at
least 2 million people are infected with bacteria that are
resistant to one or more of the antibiotics used in the
treatment of infections [3–5]. This adverse situation is more
intricate in developing countries due to lack of finances,
laboratory diagnosis and an effective disease surveillance
system.

Appropriate actions are thus needed to overcome these
drawbacks. These actions include the control of antibiotics
use, evaluation of bacterial and antimicrobial resistance
mechanisms and more importantly, the development of new
drugs either synthetically or naturally. One of the ways new
drugs can be developed is through the exploration and
investigation of medicinal plants for antibacterial and anti-
microbial agents. In the last few years, several studies have
been conducted in different countries to prove the efficacy
of plants in treating several diseases and their bioactivity
has been attributed to the presence of secondary metabolites
[6–9].

Tetrapleura tetraptera (Schumach. & Thonn.) Taub.,
commonly known as Aridan, is a hardy, single-stemmed
perennial tree with dark green leaves, a thick woody base
and spreading branches. The plant grows up to 20–25
meters in height and is native to most of tropical Africa,
particularly the rainforest belts of West, Central and East

Africa (Uganda, Burkina Faso, Mali, Gambia, Nigeria,
Cameroon, and Gabon). In Central and West Africa, T.
tetrapleura is used as a therapeutic agent for the treatment
and management of different ailments; fresh fruits are used
as ingredient for the preparation of medicine against sto-
mach gripes, inflammation, febrile convulsion, and rheu-
matic pains while an infusion of fruits, leaves and stem bark
is taken to control diabetes mellitus, jaundice, malaria,
asthma, hypertension, and inflammatory conditions
[10–13].

Previous studies done with the extract demonstrated the
cytotoxic potential of the dichloromethane-methanol extract
from the fruits of T. tetraptera against nine cancer cell lines
with IC50 values ranging from 10.27 μg/mL (in CCRF-CEM
leukemia cells) to 23.61 μg/mL (against HCT116 p53− /−
colon adenocarcinoma cells) [14]. In another study, strep-
tozotocin (STZ)-induced diabetic rats were treated with
aqueous extract (50–800 mg/kg p.o.) of the fruit of T. tet-
raptera which exhibited hypoglycaemic effects [15].

Phytochemical investigation of the stem bark and fruits
of the plant led to the isolation and identification of 3-O-β-
D-glucopyranosyl-(1→ 3)-β-D-glucopyranosylolean-12-en-
28-oic acid, olean-12-en-3-β-O-D-glucopyranoside,
(3 R,4 S)-3,4-dimethyloxetan-2-one, naringenin, luteolin, 3-
O-β-D-glucopyranosyl-(1→ 6)-β-D glucopyranosylurs-12-
en-28-oic acid [14], aridanin [10] and Tetrapterosides A and
B [16]. In addition, gas chromatography-mass spectroscopy
of oil from the leaves of T. tetraptera led to the identifi-
cation of thirty-one volatile compounds mainly unsaturated
fatty acids and alkenes [17]. Some of these compounds have
been shown to exhibit a wide range of biological activities
such as cytotoxicity, anti-leishmanial, antiplasmodial and
antidiabetic activities [10, 12, 14]. In the present study, a
new glyceride, a new stigmasterol glucoside derivative and
other constituents were isolated from the fruits and the stem
bark of T. tetraptera. The cytotoxicity and antibacterial
potential of both the pure isolated compounds and the crude
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extract were evaluated on two breast cancer cell lines and a
panel of bacterial strains respectively.

Results

Isolation and structure elucidation

Vacuum liquid chromatography (VLC) and column
chromatography (CC) of the dichloromethane-methanol
(1:1, v/v) extracts from the fruits and the stem bark of
T. tetraptera led to the isolation and characterization of
thirteen compounds (1-13). The structures of the isolated
compounds are shown in Fig. 1.

Compound (1) was isolated as a green powder using the
mixture of n-hexane/CHCl3 (1/9, v/v) and it is soluble in
chloroform. Its HREIMS showed a pseudo molecular ion
peak at m/z 592.4722 [M+Cl]− (calcd for C34H68O5Cl,
592.4789) from which the molecular formula was deduced
to be C34H68O5, containing one double bond equivalent.
The same spectrum also showed a fragment ion peak at m/z
481.3862 attributable to the fragment ion [M-glycerol]− of
the molecule. The results of analysis of 1D NMR, DEPT
135 and HSQC together with HREIMS allowed us to
deduce that compound (1) was a glyceryl derivative. Its
FTIR spectrum showed some important characteristic
peaks. A peak at 1732 cm−1 was attributable to a carbonyl
group, a broad peak at 3400 cm−1 was attributable to
hydroxyl groups. Two peaks at 2916 and 2884 cm−1 were
attributable to the aliphatic long chain while a peak at
1257 cm−1 was attributable to the bond C-O. The 1H NMR
revealed the presence of three hydrogens geminal to
hydroxyl groups at δH 3.85 (1H, q, J= 5.9 Hz, H-2), 3.54
(1H, dd, J= 4.5, 12.0 Hz, H-3a) and 3.56 (1H, dd, J= 4.8,
12.0 Hz, H-3b) and two hydrogens adjacent to a carboxylic
acid group at δH 4.14 (1H, dd, J= 6.5, 11.7 Hz, H-1a) and
4.11 (1H, dd, J= 5.8, 11.8 Hz, H-1b). It also revealed the
presence of methylene protons at δH 3.55 (2H, m, H-31’),
2.31 (2H, t, J= 7.6 Hz, H-2’), 1.61 (2H, m, H-3’), 1.54 (2H,
m, H-30’) and 1.26 (2H, m, H-4’). We observed a broad
peak at δ 1.11-1.34 (50H, br s) attributable to an aliphatic
chain. The 13C NMR, HSQC and DEPT 135 spectra con-
firmed the attribution made from 1H NMR by showing a
signal at δC 174.0 (C-1’) corresponding to an ester carbonyl,
four carbons attached to oxygen at δC 69.4 (C-2), 64.4 (C-1)
and 62.5 (C-3) corresponding to glycerol moiety and at δC
61.6 (C-31’) attributable to the terminal methylene attached
to the hydroxyl group. It also showed signals of aliphatic
methylene carbons at δC 33.5 (C-2’), 25.3 (C-3’), 24.6 (C-
4’) and 31.9 (C-30’), and a broad signal was observed at δC
28.5-29.1 (C4’-C28’) integrating for (CH2)25 attributable to
the aliphatic long chain. All these data combined are close
to those reported in literature and confirmed that the

compound is a monoglyceride hydroxyl derivative [18–20].
From its HMBC spectrum, some important correlations
were observed such as correlations between the ester car-
bonyl at δC 174.0 (C-1’) and the protons H-1a, H-1b, H-2’
and H-3’ at δH 4.14 (1H, dd, J= 6.5, 11.7 Hz, H-1a), 4.11
(1H, dd, J= 5.8, 11.8 Hz, H-1b), 2.31 (2H, t, J= 7.6 Hz, H-
2’) and 1.61 (2H, m, H-3’). There were correlations
between C-2 and H-1a, H-1b, between C-1 and H-2, H-3a,
H-3b and between C-3 and H-1a, H-1b, H-2. Furthermore,
another correlation was observed between the terminal
carbon attached to the hydroxyl group at δC 61.9 (C-31’)
and the methylene protons at δH 1.54 (m, 2H). Based on
these data, compound (1) was assigned the structure of 2,3-
dihydroxypropyl-31- hydroxyhentriacontanoate a new
derivative to which a trivial name tetrapleurol A was given.

Compound (2) was isolated as a colorless powder using
n-hexane/EtOAc (50:50, v/v) and it was soluble in chloro-
form. Its molecular formula was found on the basis of HR-
ESI-MS (m/z 835.6411 [M+Na]+ calcd for 835.6428) to
be C51H88O7 indicating 8 double bond equivalents. Its 1H
NMR spectrum showed signals at δH 5.17 (dd, J= 15.1,
8.7 Hz, 1H), δH 5.05 (dt, J= 15.0, 6.5 Hz, 1H) and δH 5.37
(dd, J= 7.11, 6.73, 1H) corresponding to H-23, H-22 and
H-6 respectively which also corresponded to the four ole-
finic carbon resonances observed on the 13C NMR spec-
trum. The two signals at δC 129.4 and 138.2 were typical of
C-23 and C-22 of a Δ22 sterol skeleton [21]. The two other
signals that appeared at δC 122.1 and 140.4 were char-
acteristic of C-5 and C-6 of a Δ5 sterol frame work [22, 23].
Also, a signal at δC 79.7 corresponding to multiplet at δH
3.57 on the proton spectrum was attributed to an oxy-
methine carbon which was assigned to C-3 of the steroid
moiety. Furthermore, a multiplet was observed at δH 4.36
belonging to the H-6’ of glucose with its anomeric proton at
δH 4.39 (H-1’). This suggested that compound (2) was a
steroid glycoside derivative. A broad singlet at δH 1.28
together with an ester carbonyl at δC 174.3 indicated the
presence of a long ester hydrocarbon chain in the molecule.
The COSY and HMBC correlation between the anomeric
proton and H-3 confirms the position of the sugar moiety.
The HMBC correlation between the ester carbonyl (C-1”)
and proton 6’ of the sugar moiety together with correlations
between H-1”, H-2” and H-3” confirmed the position of the
long hydrocarbon chain. The structure of compound (2) was
then found to be stigmasterol 3-O-β-D-glucopyranoside 6’-
hexadecanoate Fig. 2.

The eleven known compounds (3-13) were identified as
3-[(2-acetamido-2-deoxy-β-D-glucopyranosyl) oxy]olean-
12-ene-28-oic acid (3) [24], sucrose (4) [25], pinitol (5)
[26], 4-O-α-D-Glucopyranosyl-D-glucopyranose (6) [25],
hexacosanoic acid (7) [27], tetracosanoic acid (8) [27],
oleanolic acid (9) [28], betulenic acid (10) [29], stigmasterol
(11) [9], stigmasterol 3-O-β-D-glucoside (12) [30] and
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(1)

(2) (3)

(4) (5) (6)

(7) (8)

(9) (10)

(11) (12)

(13)

Fig. 1 Chemical structures of
compounds (1-13) isolated from
T. tetraptera (Schumach. &
Thonn.) Taub
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daucosterol (13) [31]. Compounds (1), (2), (4-9) and (13)
are reported for the first time from this plant.

Spectroscopic and spectrometry data of compounds
(1) and (2)

Compound (1) 2,3-dihydroxypropyl-31-hydroxyhentriacont
anoate. Green powder (11.5 mg); HREIMS, m/z 592.4722
[M+Cl]− (calcd for C34H68O5Cl, 592.4789); IR ʋmax: at
3400, 2916, 2884, 1732, 1257, 1095, 1020 cm−1; 1H-NMR
(500MHz, Chloroform-d) δH 4.14 (1H, dd, J= 6.5, 11.7,
H-1a), 4.11 (1H, dd, J= 5.8, 11.8, H-1b), 3.85 (1H, q,
J= 5.9, H-2), 3.54 (1H, dd, J= 4.5, 12.0, H-3a), 3.56 (1H,
dd, J= 4.8, 12.0, H-3b), 3.55 (2H, m, H-31’), 2.31 (2H, t,
J= 7.6, H-2’), 1.61 (2H, m, H-3’), 1.54 (2H, m, H-30’) and
1.26 (2H, m, H-4’); 13C-NMR (126MHz, Chloroform-d) δC
174.0 (C-1’), 69.4 (C-2), 64.4 (C-1), 62.5 (C-3), 61.6 (C-
31’), 33.5 (C-2’), 25.3 (C-3’), 24.6 (C-29’), 31.9 (C-30’)
and δC 28.5-29.1 (C4’-C28’) see Table 1.

Compound (2) stigmasterol 3-O-β-D-glucopyranoside
6’-hexadecanoate. Colorless powder (11.3 mg); HREIMS,
m/z 835.6411 [M+Na]+ (calcd for C51H88O7Na,
835.6428); 1H-NMR (500MHz, Chloroform-d) δH 5.17
(1H, dd, J= 15.1, 8.7 Hz, H-23), 5.05 (1H, dt, J= 15.0,
6.5 Hz, H-22), 5.37 (1H, dd, J= 7.11, 6.73, H-6); 13C-NMR
(126MHz, Chloroform-d) δC 174.3 (C-1”), 129.4 (C-22),
138.2 (C-23), 122.1 (C-6), 140.4 (C-5), 101.3 (C-1’), 34.3
(C-2”), 79.7 (C-3), 14.1 (C-16”) see Table 2.

Effects of compounds on bacterial strains

Table 3 shows the MIC values of the extract and the
compounds after 24 h of incubation. The crude extract and
all the compounds exhibited better bacteriostatic effects
with an MIC value of 18.5 µg/mL on Bacillus subtilis (BS)
and Klebsiella aerogenes (KA) compared to ampicillin with
an MIC of 26 µg/mL on these strains and Streptomycin with
MIC of 16 and 512 µg/mL respectively on Bacillus subtilis
(BS) and Klebsiella aerogenes (KA). Compound (3)
exhibited the highest antibacterial activity amongst all the
tested compounds with an MIC value of 18.5 µg/mL on all
the bacterial strains and compound (9) showed MICs values
ranging from 18.5 to 74 µg/mL on all the bacterial strains.

Cytotoxicity potential of compounds

Table 4 represents the CC50 values of the tested compounds
on Vero cells, MCF-7 and MDA-MB-231 cancer cell lines.
Compounds (12-13) and the crude extract were cytotoxic
against the tested cell lines with CC50 values of 21.2, 18.5
and 17 µg/mL against MCF-7 cell respectively and 20.0,
16.4 and 14.5 µg/mL against MDA-MB-231 cells respec-
tively. However, these compounds were also toxic to nor-
mal cells, demonstrating low selectivity index. In general,
the other tested compounds inhibited the growth of cancer
cells as compared to normal Vero cells. Additionally, the
positive control (Doxorubicin) known for its toxic nature on
cells, significantly reduced cell viability of all cells showing
CC50 values of 2.12, 1.20 and 3.03 µg/mL against Vero,
MCF-7 and MDA-MB-231 respectively. From Table 5,
compounds (8) and (9) exhibited greater selectivity for
normal cells.

Discussion

Bacterial infections have a large impact on public health.
Infections can occur in any part of the body either caused by
the pathogen itself or by the body’s response to its presence.
On the other hand, the burden of bacterial resistance is
substantial and is likely to increase in the coming years due
to drug resistance among Gram-negative bacteria. In

(1)

(2)

Fig. 2 HMBC correlations in compounds (1) and (2)

Table 1 1H NMR (500MHz, CDCl3) and 13C NMR (126MHz,
CDCl3) data of 2,3-dihydroxypropyl-31-hydroxyhentriacontanoate (1)

Position δC (ppm) δH (nH, m, J in Hz) HMBC

1a 64.4 4.14 (1H, dd, 6.5, 11.7) C-1’, C-2, C-3

1b 4.11 (1H, dd, 5.8, 11.8) C-1’, C-2, C-3

2 69.4 3.85 (1H, q, 5.9) C-1, C-3

3a 62.5 3.54 (1H, dd, 4.5, 12.0) C-1, C-2

3b 3.56 (1H, dd, 4.8, 12.0) C-1, C-2

1' 174.0 -

2' 33.5 2.31 (2H, t, 7.6) C-1’, C-3’, C-4’

3' 25.3 1.61 (2H m) C-4’

4' 24.6 1.26 (2H, m)

5’-29' 28.5-29.1 1.11-1.34 (50H, br s)

30' 31.9 1.54 (2H, m)

31' 61.6 3.55 (2H, m)
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addition, there are very few antibacterial agents with new
mechanisms of action under development to meet the
challenge of multidrug resistance [32–34]. Hence the need
to foster research on medicinal plants and their secondary
metabolites that could be used as potential pharmaceutical
candidates in fighting these infections.

In this study, the antimicrobial activity of the crude
extract and isolated compounds from T. tetraptera were
evaluated on a panel of bacterial strains involved in dif-
ferent infections and their cytotoxicity against two cancer
cell lines were also investigated. The crude extract and
some of the compounds exhibited good inhibitory potential
with an MIC value of 18.5 µg/mL against B. subtilis (BS)
(Gram-positive) and K. aerogenes (KA) (Gram-negative)
bacteria, suggesting that they possess a broad spectrum of
activity and can pass through the outer membrane and exert
their action. Compound (3) had an MIC value of 18.5 µg/
mL against all bacterial strains tested. Compound (9) on the
other hand had an MIC values ranging from 18.5 to 74 µg/
mL against the tested bacterial strains. This corroborates the
study of several authors who demonstrated that oleanolic
acid and its analogs are very active against many bacterial
strains. They can influence bacterial gene expression, the
formation and maintenance of biofilms, cell autolysis and
peptidoglycan turnover [35].

Compounds (3) and (9) have the same chemical structure
with the only difference of a hydroxyl group attached to C-3
of compound (9) and 2-acetamido-2-deoxy-β-D-glucopyr-
anosyl group attached to C-3 of compound (3). Apart from
E. faecalis (EF), B. subtilis (BS) and K. aerogenes (KA)
against which compounds (3) and (9) exhibited similar
activity, compound (3) had better antibacterial activity than
compound (9) against all the other bacterial strains tested.
The structure-activity relationship (SAR) of compound (9)
and its analogue (3) showed that the introduction of the 2-
acetamido-2-deoxy-β-D-glucopyranosyl group at C-3 in (3)
considerably increases its antibacterial activity. Likewise,
the activities of compounds (3) and (9) were better than the
reference antibiotics on a considerable number of the tested
microorganisms. The activity of compound (3) against 6
bacterial strains was 6 times better than that of streptomy-
cin. It was also observed that compound (12) differed from
compound (13) by the presence of an extra double bond in
its structure. However, the activity exhibited by compound
(12) against M. smegmatis (MS), K. oxytoca (KO), K.
pneumonia (KP) and P. mirabilis (PM) was better than that
of compound (13), implying that the presence of a double
bond on the aliphatic chain of compound (12) increases its
activity. On the other hand, compound (2) differed from
(12) by the presence of an hexadecanoate group attached to
C-6 of a sugar moiety but its activity against Proteus vul-
garis (PV) and Proteus mirabilis (PM) (MIC 4.6 µg/mL)
was lower than that of compound (12). Thus, it can be
hypothesized that a slight modification of the chemistry of
compound (12) could play an important role in the
structure-activity relationship (SAR) of this class of com-
pounds. We can also justify the weak activity of compound
(2) with the activity of compound (12) which is a fatty acid
long chain.

Table 2 1H NMR (500MHz, CDCl3) and 13C NMR (126MHz,
CDCl3) data of stigmasterol 3-O-β-D-glucopyranoside 6’-
hexadecanoate (2)

Position δC (ppm) δH (nH, m, J in Hz) HMBC

1 37.32 1.81 (1H, m); 1.83 (1H, m) C-2, C-3, C-5,
C-10

2 31.94 1.71 (1H, m); 2.03 (1H, m) C-3, C-2

3 79.72 3.53 (1H, m) C-1’

4 42.24 1.91 (1H, d, 12.28); 2.00 (1H,
dd, 5.30, 13.37)

5 140.37 -

6 122.06 5.37 (1H, dd, 7.11, 6.73)

7 31.87 1.93 (2H, m)

8 29.77 1.51 (1H, br s)

9 50.23 1.02 (1H, br s)

10 36.73 -

11 22.68 1.19 (2H, m)

12 38.96 1.91 (1H, m); 1.15 (1H, m)

13 39.72 -

14 56.90 1.10 (1H, m)

15 25.00 1.13 (2H, m)

16 29.69 1.91 (1H, br s); 1.75 (1H, br s)

17 56.03 1.03 (1H, m)

18 12.21 0.71 (3H, s) C-12, C-13, C-
14, C-17

19 19.02 0.98 (3H, s) C-1, C-5, C-9,
C-10

20 40.49 1.31 (1H, m)

21 19.37 0.91 (3H, d, 6.5) C-17, C-20

22 138.25 5.17 (1H, dd, 15.10, 8.7)

23 129.38 5.05 (1H, dt, 15.07, 6.5)

24 51.27 0.97 (1H, m) C-22

25 29.31 1.61 (1H, m)

26 28.90 0.85 (3H, d, 6.3) C-25, C-24,
C-27

27 19.05 0.81 (3H, d, 6.9) C-24, C-25,
C-26

28 25.39 1.01 (2H, br s) C-24, C-28

29 12.06 0.78 (3H, d, 8.1)

1’ 101.27 4.39 (1H, d, 2.7) C-3

2’ 70.41 3.37 (1H, dd, 8.08, 7.93)

3’ 76.21 3.54 (1H, t, 9.03)

4’ 73.48 3.36 (1H, t, 9.02)

5’ 73.80 3.37 (1H, m)

6’ 63.54 4.36 (2H, m) C-1”,

1” 174.30 -

2” 34.29 2.31 (2H, dt, 13.38, 21.45) C-1”

3” 24.37 1.27 (2H, m)

4”-13” 29.66–29.77 1.25 (20H, m)

14” 31.53 1.22 (2H, m)

15” 21.26 1.27 (2H, m) C-14”, C-16”

16” 14.09 0.83 (3H, d, 7.01) C-14”, C-15”
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The crude extract of T. tetraptera also exhibited anti-
bacterial activity against E. coli and S. aureus, with an MIC
value of 294 µg/mL. This correlates with the study carried
out by [36] who demonstrated that T. tetraptera exhibited

bacteriostatic activity against E. coli (EC), P. aerogiunosa
(PA) and S. aureus (SA) with an MIC value of 250 µg/mL.
The mechanism of antibacterial activity of this extract could
involve the damage of bacterial cell membranes which

Table 3 Minimum inhibitory
concentration of the isolated
compounds and the crude extract
compared with standard drugs

Minimum inhibitory concentration (MIC, µg/mL)

Tested compounds Gram-positive Gram-negative

BS EF SE SA MS ECL PV KO KP PM EC KA

(1) 18.5 294 294 294 294 294 294 294 294 294 294 18.5

(2) 18.5 294 588 294 294 294 294 294 294 294 294 18.5

(3) 18.5 18.5 18.5 18.5 18.5 18.5 18.5 18.5 18.5 18.5 18.5 18.5

(4) 18.5 294 294 294 294 294 294 294 294 294 294 18.5

(5) 18.5 294 294 294 294 294 294 294 294 294 294 18.5

(6) 18.5 294 294 294 294 294 294 588 294 588 294 18.5

(7) 18.5 294 294 294 294 294 294 588 294 588 294 18.5

(8) 18.5 294 294 294 294 294 294 588 294 588 294 18.5

(9) 18.5 18.5 37 74 74 74 74 74 37 74 73 18.5

(10) 18.5 147 294 294 294 294 294 294 147 294 294 18.5

(11) 18.5 147 294 294 294 294 294 294 147 294 294 18.5

(12) 18.5 18.5 294 294 147 294 294 147 37 37 294 18.5

(13) 18.5 294 294 294 294 294 294 588 294 588 294 18.5

Crude extract 18.5 294 588 294 294 294 294 588 588 294 588 18.5

AMP 26 26 26 26 26 26 416 26 26 26 26 26

STM 16 128 8 256 4 512 128 16 16 128 64 512

NLD 16 > 512 64 64 512 16 128 8 256 32 512 256

STM Streptomycin, NLD Nalidixic acid, AMP Ampicillin, EC Escherichia coli, ECL Enterobacter cloacae,
SE Staphylococcus epidermidis, EF Enterococcus faecalis, MS Mycobacterium smegmatis, PV Proteus
vulgaris, KP Klebsiella pneumonia, SA Staphylococcus aureus, BS Bacillus subtilis, PM Proteus mirabilis,
KO Klebsiella oxytoca, KA Klebsiella aerogenes

Table 4 Cytotoxic potential (CC50) values of tested compounds on
normal kidney cells and breast cancer cell lines

CC50 values (µg/mL)

Compounds Vero Cells MCF-7 cells MDA-MB-231 cells

(2) > 100 57.1 42.1

(3) 74.3 45.0 38.1

(6) 70.2 47.4 39.2

(7) 85.0 43.0 39.0

(8) 67.4 23.3 30.4

(9) 66.2 25.4 30.5

(10) 54.0 48.2 45.0

(11) 25.5 30.0 26.4

(12) 26.5 21.2 20.0

(13) 22.2 18.5 16.4

Crude extract 24.2 17.0 14.5

Doxorubicin 2.12 1.20 3.03

CC50 Concentration of compounds which results in 50% of cell
viability

Table 5 Selectivity index of tested compounds

Selectivity index

Compounds Vero/MCF-7 Vero/MDA-MB-231

(2) - -

(3) 1.65 1.95

(6) 1.48 1.79

(7) 1.98 2.18

(8) 2.89 2.22

(9) 2.61 2.17

(10) 1.12 1.2

(11) 0.85 0.96

(12) 1.25 1.32

(13) 1.2 1.34

Crude extract 1.42 1.67

Doxorubicin 1.76 0.70

Selectivity Index is equal to CC50 of compounds on non-tumoral cell
lines (Vero) divided by CC50 determined for cancer cells (MCF-7 and
MDA-MB-231)
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resulted in permeability and leakage of macromolecular
substances such as DNA, ATP, and proteins [37]. This
suggestion is in accordance with [38], who demonstrated
that antimicrobial agents could cause irreversible damage
that could induce the leakage of proteins and other con-
stituents from bacterial cells. This resulted in the disruption
and flux of protons towards the cell exterior, inducing cell
death or inhibiting enzymes necessary for amino acid bio-
synthesis [39, 40].

These results illustrate the potential of T. tetraptera
extract and its constituents as an antimicrobial and antic-
ancer lead drug. However, mechanism of cancer cell via-
bility inhibition and structure-activity relationships remain
an uncertain gap for prospective investigations. Literature
has recorded reports of potential antimicrobial and antic-
ancer properties of triterpenes, phytosterols and fatty acids
[41]. Furthermore, [42] postulates that consumption of
phytosterol-rich diets may lower the risk of cancer by 20%.

Conclusion

In conclusion, the study of T. tetraptera extract led to the
isolation and characterization of thirteen compounds. The
crude extract and the isolates showed significant anti-
bacterial activity on the strains tested. Compound (3)
showed the highest antibacterial activity against all tested
strains. These results suggest the beneficial effect of T.
tetraptera and compound (3) in treating bacterial infections.
Further studies are needed to determine its mode of action.
This work also provides significant chemophenetic con-
tribution on T. tetraptera and to the genus Tetrapleura
where very few investigations have been done. Moreover, it
has provided further information with regards to possible
chemophenetic markers of T. tetraptera and showed the
presence of uncommon metabolites in the Fabaceae family.

Experimental

General experimental procedure

Extraction of plant material was done in methanol (MeOH)
and dichloromethane (CH2Cl2). Meanwhile, n-hexane, ethyl
acetate (EtOAc), chloroform (CHCl3) and methanol were
used as pure and binary mixtures at different polarities for
fractionation of the extract, isolation, and purification of
compounds. Column chromatography (CC) was carried out
on silica gel (0.040-0.063 mm). Thin-layer chromatography
(TLC) was performed on Merck precoated silica gel 60F254
aluminium. Spots were visualized under UV light (254 and
366 nm) and by spraying the plates with 20% H2SO4 in H2O
followed by heating at about 105 °C for 3 min. Using a TOF

spectrometer (Bruker, South Africa) equipped with an ESI
source, high-resolution mass spectra were obtained. The
spectrometer was operated in positive and negative modes
(mass range: 50−1500, with a scan rate of 1.00 Hz) with
automatic gain control to provide high accuracy mass
measurements within 1 ppm deviation using Na formate as
calibrant. A spray voltage of 4.5 kV and capillary tem-
perature of 200 °C were used for the experiments with
nitrogen as sheath gas (4 L/min). The 1D (1H, 13C, DEPT
135) and 2D (HSQC, HMBC, COSY) NMR spectra were
recorded on Bruker Bio Spin GmbH in deuterated solvents
(CDCl3, methanol-d4 and DMSO-d6). Chemical shifts were
reported in δ (ppm) using tetramethylsilane (TMS) (Sigma
Aldrich) as an internal standard, while coupling constants
(J) were measured in Hz.

Plant material

The fruits and the stem bark of T. tetraptera were collected
from Mount Kala (GPS coordinates: Latitude 3◦51′ 32″ N,
Longitude 11◦39′ 53′′ E, altitude 1838 m), a locality around
Yaoundé, Cameroon, in June 2019 and identified by Mr.
Victor Nana, a botanist of the National Herbarium of
Cameroon (NHC), Yaoundé, where a voucher specimen
(No. 43237) was deposited.

Extraction and isolation

The air-dried fruits of T. tetraptera were milled into fine
powder (480.2 g) which was extracted with 5 L (1:10, v/v)
of dichloromethane-methanol (1:1, v/v) at room temperature
for 72 hours. The plant extract was filtered with Whatman
No. 1 filter paper and the brown filtrate was concentrated to
dryness using a rotary evaporator. The process was repeated
3 times yielding 80.1 g of crude extract. 70.2 g of this crude
extract was subjected to silica gel vacuum liquid chroma-
tography (VLC) and eluted with n-hexane, a mixture of n-
hexane/ethyl acetate with increasing polarity and finally
with methanol. A total of 100 fractions of 200 mL were
collected and combined in 3 series (F1, F2 and F3) based on
TLC analysis. The non-polar series F1 (11.2 g) was sub-
jected to column chromatography (CC) and eluted with a
binary system n-hexane/EtOAc (from 10:0 to 7:3, v/v) and
finally with EtOAc 100%. Fractions 1−10 were obtained
upon elution with 100% n-hexane; fractions 11−21 were
obtained upon increasing the polarity to 10% EtOAc in n-
hexane; fractions 22−30 were obtained upon elution with
15% EtOAc in n-hexane; fractions 31−41 came out when
the polarity was increased to 20% EtOAc in n-hexane. The
polarity was then increased to 25% EtOAc in n-hexane,
leading to the elution of fractions 42−50. Increasing the
polarity to 30% gave fractions 51−60. The last fractions 61
to 70 were eluted upon flushing the column with pure ethyl
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acetate. A total of 70 fractions (200 mL each) were collected
from this column. The white precipitates obtained in frac-
tions 15−17 and 20−23 were combined based on TLC
analysis and filtered using Whatman filter paper and acetone
to afford to compound (7) (10.6 mg) and compound (8)
(8.6 mg) respectively. Fractions 43−47 precipitated as a
green powder which was filtered using Whatman filter
paper and acetone to afford compound (9) (11.3 mg).
Fractions 50−54 also precipitated as a green solid and was
washed with acetone and filtered to afford to compound
(10) (8.3 mg). All the compounds were isolated without
further purification. F2 (15.4 g) was also subjected to silica
gel CC, eluted with n-hexane/EtOAc (from 9:1 to 5:5, v/v)
and the obtained solids were filtered and isolated without
further purification giving compounds (11) (9.3 mg), (2)
(11.2 mg), (12) (12.4 mg) and (5) (5.7 mg). The methanolic
fraction F3 (13.1 g) was also subjected to CC, eluted with a
mixture of CHCl3/MeOH (from 9:1 to 6:4, v/v) and the
precipitates were washed several times with hexane above
Whatman filter paper to afford compounds (13) (11.6 mg),
(3) (51.2 mg), (4) (8.1 mg) and (6) (14.6 mg).

The stem bark of the plant was studied following the
process stated above with few modifications. In fact, the
collected stem bark was air-dried, grinded and the obtained
powder was soaked with a mixture of dichloromethane-
methanol (1:1, v/v) for 72 hours at room temperature. The
brown solution obtained was then concentrated using a
rotary evaporator and the process was repeated 3 times
leading to 100.7 g of crude extract. A portion of the extract
was subjected to silica gel column chromatography and
eluted with a mixture of n-hexane/chloroform with
increasing polarity, followed by a mixture of chloroform/
methanol and finally methanol. A total of 200 fractions of
200 mL each were collected and combined based on TLC
analysis. Amongst the collected fractions, some precipitated
and were washed and filtered to afford (1), (3), (11) and (13)
after spectroscopy analysis and comparison to those
obtained from fruits.

Antibacterial assay

Microbial strains

Microbial strains were purchased from Davies Diagnostic,
South Africa, and were maintained in glycerol at –8 °C prior
to use. It included Gram-positive strains, namely Bacillus
subtilis (BS) (ATCC19659), Enterococcus faecalis (EF)
(ATCC13047), Staphylococcus epidermidis (SE)
(ATCC14990), Staphylococcus aureus (SA) (ATCC25923)
and Mycobacterium smegmatis (MS) (MC2155), and Gram-
negative bacteria namely Enterobacter cloacae (ECL)
(ATCC13047), Proteus vulgaris (PV) (ATCC6380), Kleb-
siella oxytoca (KO) (ATCC8724), Klebsiella pneumonia

(KP) (ATCC13882), Proteus mirabilis (PM) (ATCC7002),
Escherichia coli (EC) (ATCC25922) and Klebsiella aero-
genes (KA) (ATCC13048).

The Microdilution method was used to evaluate the
minimum inhibitory concentration (MIC) which is defined
as the lowest concentration of antimicrobial agent that
inhibits microbial growth after 24 h of incubation [43]. In
order to achieve this, stock solutions of crude extract and
compounds were serially diluted in 100 µL of nutrient broth
in a 96 microtiter well plate yielding concentrations of 588,
294, 147, 74, 37, and 18.5 µg/mL. Thereafter, 100 µL of an
overnight bacterial culture for each of the bacteria to be
tested was brought to 0.5 Mc Farland in nutrient broth,
seeded in 96 microtiter plates and incubated at 37 °C for
24 h. Experiments were carried out in duplicate. Strepto-
mycin, ampicillin and nalidixic acid were used as positive
control and negative control was prepared to contain 50%
nutrient broth in DMSO.

Cell viability assay

Cell lines

Monkey kidney cells (Vero) and breast cancer cell lines
MCF-7 (human estrogen receptor (ER)-positive breast
adenocarcinoma cells), MDA-MB-231 (human ER-negative
breast adenocarcinoma cells) were purchased from Cellonex
Separation Scientific SA (Pty) Ltd. (Roodepoort), Johan-
nesburg, South Africa.

Cell culture

Vero, MCF-7 and MDA-MB-231 cells were cultured in
sterile Dulbecco’s Minimal Essential Medium (DMEM,
Gibco) supplemented with 10% Fetal bovine serum (FBS)
and 1% penicillin-streptomycin solution. The cell cultures
were maintained at 37 °C in a 5% CO2 humidified atmo-
sphere and pH 7.4. Cell counting was done using handheld
automated cell counter (Scapter 3.0™, Merck, Burlington,
MA, USA) before every experiment.

The 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenylte-
trazolium bromide (MTT) assay was used to determine the
cytotoxic potential of compounds (2 –13) against Monkey
kidney (Vero) cells and breast cancer cell lines (MCF-7 and
MDA-MB-231). Doxorubicin and untreated cells were
served as positive and negative controls respectively. After
24 h incubation at 37 °C in 5% CO2 when the cells have
reached 80% confluency, they were harvested using 2%
Trypsin-EDTA solution, centrifuged for 5 min at 3000
RCM and re-suspended in Dulbecco’s Modified Eagle
Medium (DMEM). Cell counting was done using handheld
automated cell counter (Scapter 3.0™, Merck, Burlington,
MA, USA) and 1 × 104 cells/well were seeded into 96 well
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plates. After 24 h incubation, cells were treated with dif-
ferent concentration range (12.5−200 µg/mL) of the test
compounds and doxorubicin (12.5−200 µg/mL) prepared in
DMEM for 24 h. The MTT solution (20 μL) prepared in
PBS (5 mg/mL) was added to all the wells and the plates
were incubated for 4 h, followed by 1 h incubation with
100 µL of dimethyl sulphoxide (DMSO) to dissolve the
formazan crystals. All experiments were performed in tri-
plicate. The plates were read at 570 nm at a reference
wavelength of 630 nm using an ELISA plate reader (Var-
ioskan Flash, ThermoFisher Scientific, Vantaa, Finland).
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