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Introduction

Abstract

Background: Lannea egregia Engl. & K. Krause (family: Anacardiaceae) is a well-known
medicinal plant in Nigeria whose various parts have been shown to elicit several biological
activities. This study specifically explored the leaf of L. egregia for potential cytotoxic compounds.
Methods: n-Hexane, dichloromethane and methanolic extracts of the leaf were prepared using
the Soxhlet apparatus and concentrated using the rotary evaporator. Compounds were isolated
by reversed-phase preparative high-performance liquid chromatography, and the structures were
determined by spectroscopic means. The methanolic extract and the isolated compounds were
screened for cytotoxicity against HeLa and MCF-7 cancer cell lines, using the MTT assay.
Results: Three flavonoids, myricetin (1), myricetin 3-O-a-L-rhamnoside (2) and quercetin
3-0-o-L-rhamnoside (3), were isolated from the methanolic extract of the leaf of L. egregia. The
methanolic extract and compound 3 showed the most potent inhibition profiles against the cells,
with IC, values (Mean = SEM) of 45.3 = 1.5 ng/mL and 57.5 + 0.4 pg/mL for the methanolic
extract, and 36.5 2.0 uM and 57.9 + 10.1 pM for compound 3, against HeLLa and MCF-7 cells,
respectively.

Conclusion: This work shows that L. egregia leaf is moderately cytotoxic, and rich in flavonoids,
and the cytotoxicity of the extract is, at least partially, due to the presence of cytotoxic flavonoids.
This is the first report on characterized isolated compounds from the leaf of L. egregia and the
occurrence of flavonols in the leaf.

needs more research and development of treatments.®

Global mortality is impacted by the cancer burden, which
is a major public health concern. Due to demographic
shifts and related risk factors, cancer incidence and death
rates are predicted to climb sharply, with a projected 47%
increase in cancer cases by 2040, especially in transitioning
nations.! The bulk of cancer diagnoses and fatalities
worldwide today occur in less developed nations, which
has led to a change in the cancer burden that exacerbates
this trend even more.” Several other variables, including
dietary exposures, viral infections, particularly by human
papillomavirus (HPV), and bacterial infections have also
been linked to the prevalence of cancer.**

Research has been conducted to improve the number of
medications available and accessible for cancer prevention,
as there are still only a small number of drugs approved for
this purpose, despite some achievements.’ Given that drug
resistance in cancer involves complicated mechanisms and
heterogeneity of cancer cells, it is a serious challenge that

The Lannea genus belongs to the family Anacardiaceae
and comprises plants that are distributed across tropical
and subtropical regions, and have long been used as
traditional medicines, particularly in Nigeria.” The Lannea
species such as L. acida, L. macrocarpa, L. welwitschia, and
L. schimperii contain phenolic compounds with diverse
biological activities.** Lannea acida, which is known
as faruhi in Nigeria, has been reported to be an anti-
abortifacient and to cure anal haemorrhoids, diarrhoea,
dysentery, dysmenorrhea and infertility, while L.
microcarpa, which is referred to as African grape, has been
used locally to treat ulcers, skin diseases, rheumatism,
and dysentery, and to regularize blood pressure. The
ethyl acetate extract of the bark was reported to prevent
hypertension.'®!!

Previously isolated phytochemicals from  this
genus include: 5-[12’(E)-pentadecenyl]-4,5-
dihydroxycyclohex-2-enone, 5-[14’(E)-heptadecenyl]-4,5-
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dihydroxycyclohex-2-enone and 5-[16’(E)-nonadecenyl]-
4,5-dihydroxycyclohex-2-enone  from L.  schimperi
and myricetin 3-O-a-L-rhamnopyranoside from L.
macrocarpa.®’

Lannea egregia Engl. & K. Krause, which is synonymous
with Lannea barteri, is a tree which is referred to as Ekika
in Southwest Nigeria and commonly known as fake
marula and Ekudan in Yoruba.'? L. egregia has been used
traditionally to treat diarrhoea, gastric pains, epilepsy,
rheumatism, sores, ulcers and cancer.” L. egregia
essential oils, obtained from its leaves, twigs, and stem
bark, showed anticancer properties, while the stem bark
extracts additionally displayed antioxidant activities.'>'®
Furthermore, a study on the antibacterial properties of
L. egregias sesquiterpene-rich essential oils indicated its
potential for use in traditional medicine to treat infectious
diseases.” Ajiboye et al.’® reported that the leaf of this plant,
particularly its alkaloid-rich extract, could alter enzyme
activity and inhibit digestive enzymes that break down
carbohydrates.!” There are reports on some phytochemical
studies and assessment of antioxidant, wound healing and
antibacterial activities of L. egregia.'>*® The present work
describes, for the first time, the isolation and identification
of three flavonoids from the methanolic extract of the
leaves of L. egregia and their cytotoxic properties against
selected cancer cell lines (MCF-7 and HeLa).

Methods

Plant collection and identification

Leaves of Lannea egregia Engl. & K. Krause were collected
from the Olokemeji Forest Reserve on the outskirts of
Ibadan, Nigeria. Mr. Oba of the Forest Research Institute
of Nigeria (FRIN) identified the plant. Following the
authentication of the plant sample, the herbarium number
-FHI 112357 - was assigned. Plant sample was cleaned,
shed-dried and pulverized.

Extraction and isolation

The ground plant material (300 g) was extracted using a
Soxhlet apparatus, successively, with normal (straight
chain) hexane (n-hexane), dichloromethane (DCM)
and methanol (MeOH), 900 mL each. The extracts
obtained were concentrated at 40°C using the BUCHI
rotary evaporator (R-100 rotavapor). The extracts were
transferred and stored in sample vials. The MeOH extract
(1 mg/mL) was subjected to analytical reversed-phase high-
performance liquid column chromatography (RP-HPLC)
on Agilent 1200 (Infinity Diode Array Detector + 0.6 pAU/
cm noise (60 mm Max-Light cell) or + 3 pAU/cm noise (10
mm Max-Light cell); 80 Hz; spectra; 8 signals; 190 to 640
nm and Phenomenex Luna column: 150 x 4.6 mm, 5 mm)
and compounds were isolated from 100 mg/mL MeOH
extract by preparative RP-HPLC using an Infinity Diode
Array Detector and preparative Phenomenex Luna C18(2)
100 A column (10 mm x 21.2 mm, 10 mm). A standard
linear gradient comprising MeOH (0.1% trifluoroacetic
acid (TFA)) in water (0.1% TFA) 30% to 100% over 30 min

afforded three flavonoids 1-3. Spectroscopic (Ultraviolet
and Nuclear Magnetic Resonance) and spectrometric
(Liquid Chromatographic-Mass Spectrometry) analyses
were carried out to identify the compounds.

Cell lines and cell culture preparation

The human cervical (HeLa) and breast (MCF-7) cancer
cell lines used in this study were resurrected from our cell
bank, but their stocks were originally obtained from the
American Type Culture Collection (ATCC). They were
prepared, maintained, and used as previously reported.”
The cell lines were maintained in an incubator at 37°C in
a humidified environment with 5% CO, and cultivated
in growth media comprising Dulbecco’s Modified Eagle
Medium (DMEM) supplemented with 10% fetal bovine
serum (FBS), 1% 2 mM L-glutamine, and 1% penicillin-
streptomycin solution. To passage the cells, the old medium
was removed, the cells were rinsed with 5 mL of PBS, and
5 mL of recombinant trypsin (TrypLE) was added for
approximately 60 sec, after which the trypsin was removed
and the cultures were incubated for about 3-5 minutes. To
get the dissociated cells into a homogenous suspension,
the growth media was added to the flask containing
the cells, followed by trituration for a few minutes. A
plastic hemocytometer (C-Chip NanoEnTek, USA) and
microscope-assisted counting were used to calculate the
density of the suspension. A 100 pL volume containing 7.5
x 10* cells was introduced into every well of transparent
96-well microtitre plates with a flat bottom. Before testing,
the plates were incubated for 24 h. An Olympus CKX41
inverted microscope (UK) set to x10 was used to view the
cells.

Cytotoxicity assay

The methanolic extract and three purified flavonoids
(1-3) were subjected to cytotoxicity test using the MTT
colourimetric assay as previously reported.?! A cell density
of 7.5 x 10° cells/well was used for the MCF-7 and HelLa
cells. The cells were cultured for 24 h and then treated
with L. egregia Leaf (LEL). The samples were prepared
from a DMSO stock concentration of 100 mg/mL and the
concentrations of the methanolic extract used were 1, 10,
50, 100, 200 and 500 pg/mL (the concentrations used for
the isolated flavonoids (1-3) were 12.5, 25, 50, 100, and
200 pM). The working dilutions were prepared using the
growth medium, and the final DMSO content was kept
to a maximum of 0.1%, which was not toxic to the cells.
The dilutions were applied to the cells in triplicate, at
100 uL/well. As a vehicle, negative, and positive controls,
DMSO (at the %v/v in the highest sample concentration),
growth medium, and the anticancer drug vincristine were
employed, respectively. The plates were incubated for 48
h. Then, to assess cytotoxicity, to each well 10 puL of a 5
mg/mL MTT solution was added. The tetrazolium salt was
changed into purple formazan crystals by mitochondrial
enzymatic action over a 2-hour incubation period. After
emptying each well, 100 uL of DMSO was added to dissolve
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the purple formazan that had formed. For five minutes, the
plates were gently shaken at 95 revolutions per minute.
Using a Tecan microplate reader (Tecan, UK), the optical
densities (OD) (absorbance values) were measured at
570 nm. Every experiment was carried out two or three
independent times (n=2 or n=3).

Data presentation and statistical analysis

Values are shown, where relevant, as Mean + SEM (Standard
Error of the Mean). Each treatment was performed either
in duplicate or triplicate and the average of the readings was
taken. Statistical analyses were done using the GraphPad
Prism software (Version 9.3.1) (GraphPad Software, Inc.,
CA, USA). To determine statistically significant differences
between means, Analysis of Variance (ANOVA) followed
by a post-hoc test for multiple comparisons was used,
with a P-value of less than 0.05 considered statistically
significant. The IC, value was determined using GraphPad
Prism by fitting the data to the non-linear regression “log
[inhibitor] versus response (three parameters)”

Results and Discussion

The dried and ground leaves of Lannea egregia were Soxhlet-
extracted, successively, using n-hexane, DCM and MeOH.
The methanolic extract was analysed by reversed-phase
analytical HPLC to develop an optimum isolation protocol
for the isolation of flavonoids present in the extract. The
standard linear gradient comprising 30-100% MeOH in
water over 30 min with a flow rate of 1 mL/min was found
to be ideal for the separation of the three flavonoids (1-3)
(Figure 1). This method was scaled up for the preparative
RP-HPLC-aided isolation of these flavonoids: 1 (2.1 mg; ¢,
= 13.44 min), 2 (6.8 mg; t, = 11.09 min) and 3 (3.8 mg; ¢,
=15.65 min). While the linear gradient was the same as for
the analytical method, the flow rate was 10 mL/min in the
preparative run.

The UV-Vis spectra (\_ = 253-258 and 373-377 nm)
obtained from the photo-diode-array detector indicated
that the purified compounds were flavonoids.”? It is
known that the above absorbance bands are diagnostic
for aromatic system (m- m*) and carbonyl (n- m*) as
present in flavonols like 1-3. Comprehensive 1D and 2D
NMR analyses, including 'H NMR, “C-DEPT-Q, 'H- 'H
COSY, 'H-"*C HSQC and 'H-"C HMBC, together with
MS data obtained from LC-MS analysis and comparison
with respective published data, confirmed the identity
of these three known compounds as myricetin (1),

Myricetin (1) R=OH, R’ =H
Myricetin 3-O-o-rhamnoside (2) R = OH, R’ = Rhamnosyl
Quercetin 3-0O-o-L-rhamnoside (3) R = H, R’ = Rhamnosyl

Figure 1. Structures of flavonoids isolated from Lannea egregia

myricetin 3-O-a-rhamnoside (2) and quercetin 3-O-a-L-
rhamnoside (3).%2% All three flavonoids (1-3) are reported
here from L. egregia for the first time. However, myricetin
3-O-a-L-rhamnoside (2) was previously reported from
another species of the genus Lannea (L. macrocarpa).®

Mpyricetin (1): Yellow crystals; A (MeOH-water) 253
nm and 377 nm; ESI-MS (negative ion mode) [M-1] m/z
317.24 corresponded to the molecular formula of C _H, O,
'H and “NMR (Table 1).

Mpyricetin 3-O-a-L-rhamnoside (2): Yellow crystals; A
(MeOH-water) 253 nm and 377 nm; ESI-MS (negative ion
mode) [M-1]" m/z 463.08 corresponded to the molecular
formula of C, H, O, ; '"H and "NMR (Table 1).

Quercetin 3-O-a-L-rhamnoside (3): Orange amorphous
crystals; A (MeOH-water) 258 nm and 373 nm; ESI-MS
(negative ion mode) [M-1] m/z 447.77 corresponded to
the molecular formula of C, H, O, ; '"H and "NMR (Table
1).

The MTT [3-(4,5 dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide] assay was utilized for assessing the
cytotoxicity potential of the MeOH extract of the leaf of L.
egregia and three flavonoids (1-3) purified from the extract.
The tested samples displayed cytotoxicity against the HeLa
and MCF-7 cells (Table 2), which was concentration-
dependent (Figure 2 for compounds 1-3). The crude
methanolic extract showed a good cytotoxic effect against
both HeLa and MCF-7 cells, with IC,_ values (ug/mL) of
453 + 1.5 and 57.5 * 0.4, respectively, which was in line
with previous studies that reported anticancer potential of
this plant.'*'$ Myricetin (1; IC, against HeLa and MCF-
7 =63.6 + 2.5 uM and 97.1 £ 3.7 uM, respectively) and
its rhamnoside (2; IC, against HeLa and MCF-7 = 63.7
+ 4.5 pM and 91.5 £ 0.5 pM) manifested remarkably
similar cytotoxicity, indicating that glycosylation at C-3
of the flavonol skeleton did not produce any significant
differential cytotoxicity, albeit a previous report stated that
the presence of a rhamnose unit on a triterpenic aglycone
could enhance cytotoxicity.”® However, it should be noted
that flavonols and triterpene acids are completely different
types of phytochemicals, and any effect of glycosylation
on cytotoxicity could usually be different. Previously, it
was shown that the cytotoxic property of myricetin (1)
was mediated through apoptosis, and this compound
could enhance chemosensitivity in ovarian cancer cells.”
Therefore, it can be assumed that in the present study, the
cytotoxicity displayed by myricetin (1) and its rhamnoside
(2) against HeLa and MCF-7 cell lines could also have been
exerted through apoptosis. However, inarecent publication,
it was demonstrated that the anticancer potential of
myricetin could be because of its ability to modulate
inflammation and signal transduction pathways.*® Also,
myricetin significantly reduced the proliferation of human
anaplastic thyroid cancer cells (SNU-80 HATC) by 70% at
100 uM and reduced the cell viability of MCF-7 when used
at a maximum concentration of 80 uM.*3

Quercetin  rhamnoside (3) displayed significant
cytotoxicity against both cell lines, with IC,  values of 36.5

11’
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Table 1. 'H and "*C NMR data (DMSO-d,) of flavonoids 1-3, isolated from Lannea egregia.

"H NMR chemical shifts & in ppm (coupling constant J in Hz)

8C NMR chemical shifts & in ppm

Numbering
1 2 3 1 2 3
Flavonol unit (aglycone)
2 - - - 157.2 157.1 156.9
3 - - - 136.2 134.9 134.6
4 - - - 176.1 178.2 178.2
5 - - - 161.0 161.8 161.7
5-OH 125s 124s 124s - - -
6 6.10d (2.0) 6.20 d (2.0) 6.20d (2.0) 98.6 98.3 99.2
7 - - - 164.2 164.4 164.6
8 6.30d (2.0) 6.30d (2.0) 6.40d (2.0) 93.7 94.3 94.2
9 - - - 156.5 158.0 157.7
10 - - - 103.3 104.4 104.5
1 - - - 121.2 120.5 121.2
2’ 7.30s 6.90 s 7.20d (1.5) 107.6 108.1 115.9
3 - - - 146.6 145.4 145.6
4 - - - 136.2 136.4 148.9
5 - - 6.70d (8.3) 146.6 145.4 116.1
6’ 7.30s 6.90 s 7.1dd (1.5, 8.3) 107.6 108.1 121.5
Rhamnosyl unit (glycone)
Rh-1 - 5.30d (1.4) 5.41d(1.3) - 102.2 1024
Rh-2 - :zzgg)“ 6, 4.29dd (1.6, 3.3) - 71.9 70.5
Rh-3 ; : 9_6)(3'3' 3.55 dd (3.3, 9.6) ; 716 711
Rh-4 - 3.3d(9.6) 3.10d (9.6) - 72.8 7.7
Rh-5 - 3.5 gd6§6.3, 3.22.dd (6.3, 9.6) - 70.4 70.9
Rh-6 (CH,) - 0.90 d (6.2) 0.85d (6.0) - 17.7 17.9

+ 2.0 uM against HeLa and 57.9 + 10.0 pM against MCF-
7. It can be mentioned that quercetin, one of the most
common flavonols found in plants, was shown to have
cytotoxicity against various cancer cell lines, including the
breast cancer cell line MCFE-7, and it was observed that this
flavonol could interact with DNA, arrest the cell cycle and
cause tumour regression by activating the mitochondrial
pathway of apoptosis.* Therefore, it is likely that because
of the same structural features present in quercetin and
compound 3, but with the only exception of a rhamnose
unit at C-3, flavonoid 3 could also exert its cytotoxicity
through the same mechanism as quercetin. The MeOH and

the flavonoids (1-3) were more potent against the HeLa
cancer cell line (Table 2).

Conclusion

This is the first report on characterized isolated compounds
from the leaf of Lannea egregia and the occurrence of
flavonols in the leaf. Thus, this plant could be utilized as
a potential source of bioactive flavonoids. The methanolic
extract as well as the purified flavonoids (1-3) showed
cytotoxicity against HeLa and MCEF-7 cell lines, and this
finding is in line with the cytotoxicity of plant-derived
flavonols reported previously.

Table 2. Cytotoxicity of the methanolic extract and isolated flavonoids (1-3). Values shown are averages of two or three independent
experiments, each run in duplicate or triplicate. The values for the positive control vincristine were 1.4 £ 0.4 yM and 0.5 £ 0.1 uM for HeLa

and MCF-7, respectively.®

IC_, £SEM (uM, or pg/mL for MeOH)

50 —

Tested samples

Hela MCF-7
MeOH extract 453+15 57.5+04
1 63.6+2.5 97.1£3.7
63.7+4.5 91.5+0.5
36.5+20 57.9+10.1
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Figure 2. Cytotoxic effects of Compounds 1-3 on (A) the human cervical cancer cell line HelLa, and (B) the human breast cancer cell line
MCEF-7. Each compound exhibited concentration-dependent toxicity on either cell line. *P<0.05, **P<0.01, ***P<0.001 and ****P<0.0001
with respect to the negative control (the horizontal line on top of Fig. 2A bars from 25-200 uM indicates the value for each bar within its
span was significant at ****P<0.0001). Each experiment was run in duplicate or triplicate two or three independent times (n=2-3).
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