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Abstract

This study investigated the cytotoxic activities of the methanolic leaf extract and fractions of Senecio biafrae
Oliv. & Hiern (Compositae), profiled and elucidated their chemical constituents. Hydromethanolic extract of S.
biafrae prepared by maceration was partitioned to afford respective fractions, which were subjected to cytotoxic
activity using brine shrimp lethality assay, Human cervical adenocarcinoma (HelLa) and prostate (PC3) cancer
cell lines. The bioactive principles of the most active fractions were profiled using GC-MS technique, while the
dichloromethane fraction was repeatedly fractionated and purified using column chromatography and high-
performance liquid chromatography to afford compounds 1 and 2, which were identified by spectroscopic
analysis. The methanolic extract/fractions exhibited good toxicity when tested against brine shrimp larvae. The
hexane fraction exhibited a pronounced cytotoxic activity on PC-3 cell lines with 92.8% followed by the
dichloromethane fraction. The GC-MS chemical profiling of hexane fraction identified 17 chemical constituents
with hexadecanoic acid as the prominent volatile component. Structure elucidation confirmed compounds 1 and
2 as Stigmasterol and Ergosterol with exhibited cytotoxic activity which compared favourably with
Doxorubicin. The cytotoxic activity in combination with the bioactive constituents of S. biafrae could make it a
probable drug candidate for the management of cancer-related conditions.
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INTRODUCTION Medicinal plants are known to contain inherent active
From time immemorial, Man have depended on ingredients used to manage disease or relieve pain [,
nature for basic needs of life like food, shelter, The use of traditional medicines and medicinal plants
clothing, etc. ™ with majority of these natural as therapeutic agents for the maintenance of good
products coming from plants, animals and minerals health in most developing countries has been widely
needed for treating human diseases 2. Plants have  observed [l According to World Health
formed the basis of sophisticated traditional Organization, medicinal plants are the best sources
medicine systems that have been in existence for for obtaining variety of drugs. Therefore, plants
thousands of years and continue to provide mankind should be investigated to better understand their
with new remedies Bl This system continues today properties, safety and efficacy 1. The efficacy of
because of its biomedical benefits and cultural beliefs medicinal plants in the management of diseases is
in many parts of the world which made it a great indubitable as it occupies a unique place in human
contribution towards maintaining human health [, life and provides information about the use of plants
The World Health Organization estimated that 80% or plant parts as medicine ©1.
of the population of developing countries continues
to use traditional medicine for the treatment of Senecio biafrae Oliv. & Hiern (Compositae),
infectious diseases !, commonly known as life root plant, is one of the
most important medicinal plants with edible leaves
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and stems, widely consumed as vegetables among the
Yoruba tribe of South-western, Nigeria %, There is a
resurgent of interest in the pharmacological efficacy
of medicinal plants in the management of various
human carcinomas and other pathologies, especially
in the face of increasing failure and toxicity
associated with the use of some anticancer agents [,
Numerous bioactive compounds or their derivatized
complexes from medicinal plants have been reported
for chemopreventive and anticancer activity 014,
Phytochemical investigations of Senecio biafrae Oliv.
& Hiern revealed the presence of phytometabolites
belonging to different classes of chemical diversities
such as terpenoids, flavonoids, alkaloids,
anthocyanins, coumarins, glycosides and
dihydroisocoumarins which have been reported to
possess antimicrobial properties 81, The leaf of S.
biafrae is ethnomedicinally used for the treatment of
wounds, sore eyes, infertility, rheumatism,
pulmonary defects, heart problems, cough and
diabetes and promotion of milk secretion in lactating
mothers 4% S, biafrae has been reported to be a
good source of protein having high levels of essential
amino acids and vitamins A, C and E, and has been
recommended as a food supplement 161, In this study,
we investigated the cytotoxic activity of Senecio
biafrae leaf extract and fractions on human cervical
adenocarcinoma (HelLa) and prostate (PC-3) cancer
cell lines and carried out the chemical profiling,
isolation, purification and structure elucidation of the
active chemical principles from the two most active
fractions.

MATERIALS

Chemicals and Reagents

Fetal bovine serum (FBS), trypan blue solution and
antibiotics (streptomycin/penicillin) were purchased
from Gibco (California, USA). RPMI-1640 medium,
D-Glucose, HEPES, Dulbecco modified eagle
medium (DMEM), Triton X100, F12-DMEM and 3-
(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium
bromide (MTT) were obtained from Sigma-Aldrich
(St. Louis, MO, USA). Dimethyl sulfuroxide
(DMSO) (Fisher Scientific, Leicestershire, UK).
Escherichia coli Lipopolysaccharide (LPS) (DIFCO
Laboratories Michigan, USA. PC-3 (human
epithelial, prostate cancer) and HelLa (human
epithelial adenocarcinoma) cells were obtained from
European Collection of Cell Cultures, Salisbury
ECACC (UK). HPLC grade methanol, chloroform,
hexane and ethyl acetate were purchased from Merck
(Darmstadt, Germany). Tween 20, Ethanol, Pre-
coated silica gel (Fzs4) plates, silica gel (SiO2; 230-
400 mesh), methanol, hexane, butanol, ethyl acetate,
dichloromethane and chloroform were purchased
from Merck, (Damstadt, Germany). De-ionized water
was obtained from a Milli-Q UV-Plus water
purification system (Millipore Corp., Billerica, MA,
USA).
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Collection and Identification of Sample

Fresh leaves of Senecio biafrae were collected in
January, 2019 from Akamo Village Iperindo, Osun
State, Nigeria (Latitude 07°29°40”; Longitude
E04°49°26”). The plant was identified and
authenticated by Mr. Ademoriyo at the IFE
Herbarium, Department of Botany, Obafemi
Awolowo University, Ile — Ife, Nigeria. Voucher
specimen  (voucher number (IFE-17936) was
prepared and deposited in the Herbarium of the
department of Botany, Obafemi  Awolowo
University, Nigeria. The nomenclature of the plant
was further confirmed at www.worldfloraonline.org.

METHODS

Extraction and Partitioning of Plant

Powdered leaf (2 kg) was macerated (3X) with 80%
(viv) MeOH: H,O (10 L) at r.t. for 48 h with
continuous agitation on a shaker. The combined
extract was then filtered and evaporated in vacuo at
40°C to afford a dry crude MeOH extract (45 g)
which was subsequently suspended in H,O and
successively partitioned to afford the respective
fractions: n-hexane, dichloromethane (DCM), ethyl
acetate (EtOAC), butanol and aqueous residue, which
were also concentrated to dryness in vacuo at 40°C.
The crude extract and respective fractions were then
tested for their cytotoxic activities. The n-hexane and
dichloromethane fractions exhibited the most
cytotoxic activity and were selected for further
analysis.

GC-MS Chemical Profiling of Most Active
Fraction (Hexane Fraction)

The most active fraction (hexane fraction) exhibited a
pronounced cytotoxic activity and the chemical
profiling was carried out in order to identify the
chemical constituents responsible for the cytotoxic
activity. It was analyzed on a fused silica AT-5MS
capillary column (30mx0.25mm internal diameter,
0.25 pm film thickness) equipped on a gas
chromatograph Agilent 5975C combined with inert
XL EICI MSD fitted with a triple-axis detector
source (Agilent Technologies, Santa Clara, CA,
USA). The split ratio of injection was set at 1:30 with
injection pot temperature of 270°C, while the column
temperature was set at 60°C upon injection. The
temperature was increased at rate of 3°C/minute to
270°C and held for 30 minutes. Purified helium was
the carrier gas at flow rate of 1mL/minute. The mass
spectrometer was operated in EI mode at 70eV, ion
source temperature of 230°C, quadrupole temperature
150°C, mass range (m/e) of 29-550 with scan rate of
6.35 scan/s and electronmultiplier voltage 1341V.
The MS transfer line temperature was set at 280°C.
Identification of components was performed based on
their retention time and by mass spectra matching
with National Institute of Standard and Technology
(NIST) MS library 2009, while concentration of
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identified components was calculated using area
normalization over flame ionization detector
response.

Chromatographic Fractionation of DCM Fraction
The DCM fraction (10g) was chromatographed and
fractionated over silica gel on open column and
eluted with n-hexane with increasing 10 % gradient
of EtOAc up to 100% EtOAc followed by increasing
gradient elution with MeOH up to 100% MeOH to
afford 13 fractions A-M. Sub-fraction G was further
fractionated over sephadex LH 20 column and
isocratically eluted with DCM:MeOH (9:1) to afford
sub-fractions 1-30 of 10 mL each, which were
analyzed by TLC. Sub-fractions 6-15 were combined
and further chromatographed on silica gel column to
afford Compound 1 as a white powder, which
precipitated out and was recrystallized with CHCls.
Sub-fraction H was also chromatographed on open
column  chromatography  and  eluted  with
dichloromethane up to 100% followed by gradient
with EtOAc up to 100% followed by gradient with
MeOH to give sub-fractions H1-H10. Following TLC
analysis, sub-fractions H6-H10 were combined and
was further chromatographed on open column with
silica gel 230-400 mesh as stationary phase and
eluted with dichloromethane with increasing EtOAc
up to 100% and MeOH solvent systems to afford an
off-white powder, which was dissolved in CH.Cl;
and purified on sephadex column to afford
Compound 2 which was recrystallized from CHCl; to
give a white solid.

Brine Shrimp Lethality Bioassay

The extract and fractions of S. biafrae leaf were
evaluated in a test for lethality to brine shrimp larvae
according to Meyer et al. (1982). Toxicities of
compounds were tested at 10, 100, and 1000 pg/mL
in 10 mL sea-water solutions with 1% DMSO (v/v).
Ten, nauplii were used in each test and

survivors counted after 24 h. Three replications were
used for each concentration. The blank control is
conducted with Distilled water. The median lethal
concentration of the fractions for 50% mortality after
24 h of exposure was calculated using Probit
Analysis (Finney, 1971).

% mortality = (no. of dead nauplii/initial no. of live
nauplli) x 100.

In vitro Cell Culture

Human cervical adenocarcinoma (HelLa) and prostate
(PC3) cancer cell lines were used to evaluate the
cytotoxic effect of extract and fractions while
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Compound 1 was investigated on HelLa cell line. The
cells were grown in Dulbecco modified eagle
medium (DMEM) (Sigma-Aldrich (St. Louis, MO,
USA) supplemented with 10% fetal bovine serum
and 1% penicillin/ streptomycin (Gibco, USA). Cells
were maintained in a humidified atmosphere
containing 5% CO; at 37°C.

In vitro Cytotoxicity Assay

The cytotoxic effect of extract, fractions and isolated
compounds on PC3 and HeLa cells was evaluated by
colorimetry assay using 3-(4, 5-dimethylthiazole-2-
yl)-2, 5-diphenyl-tetrazolium bromide (MTT) [8k
Extract, fractions and isolated compounds were
individually dissolved in 1% DMSO and diluted with
cell culture medium to give final concentration of 30
pg/mL. A 100 pL of HeLa and PC3 cells suspensions
(6x10* cells/mL) was seeded in a 96-well plate and
incubated overnight at 37 °C in 5% CO,. The medium
was carefully aspirated and the cells were challenged
with the prepared solutions of extract, fractions and
isolated compounds and the plate was further
incubated for further 48 hours. An aliquot of 50 pL
MTT at concentration of 0.5 mg/mL was then
dispensed into each well and incubated for 4 hours,
followed by the addition of 100 pL of DMSO. The
extent of MTT reduction to formazan within cells
was calculated by measuring the absorbance at 570
nm using a micro-plate reader (Spectra Max Plus,
Molecular Devices, CA, USA). The cytotoxicity was
recorded as percentage inhibition of the sample and
standard on the cell lines. Doxorubicin (standard
drug) was used as a positive control, while DMSO
served as negative control. The percent inhibition was
calculated by using the following formula:
%Inhibition =100 -
(Mean OD of Test Compound -Mean OD of Negative Control)

(Mean 0D of Positive Control-Mean 0D of Negative Control)

%100

Statistical Analysis

Data obtained were expressed as mean = S.E.M using
Graph Pad Instat Graphical Statistical Package
version 5 (GraphPad Software Inc, USA).
Significance of the results were evaluated using one-
way analysis of variance (ANOVA) and the means
was compared using Turkeys test. Values of p < 0.05
was considered as statistically significant

RESULTS

Brine Shrimp Lethality Assay of S. biafrae Plant
The result of brine lethality assay of S. biafrae extract
and fractions is represented in Table 1
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Table 1: Percentage Mortality of shrimp nauplii after treating with Senecio biafrae extract and fractions.

Plant Extract Concentrati | Number of Surviving Nauplii Total Number of | % LC50
on (ng/mL) | (after 24 h) Nauplii Survivor Mortality | (pg/mL)
R1 R2 R3
Control 10 10 10 10 30 0%
(Distilled water) 100 10 10 10 30 0% 0
1000 10 10 10 30 0%
Standard 10 10 9 9 28 6.67% 465.64
(Etoposide) 100 7 6 6 19 36.67%
1000 1 1 0 2 93.33%
S.biafrae 10 10 10 9 29 3.33% 571.32
(Methanolic 100 10 10 9 29 3.33%
Extract) 1000 9 9 9 27 10%
S.biafrae 10 10 10 10 |30 0% 610.74
(Hexane Fraction) 100 10 10 9 29 3.33%
1000 3 3 3 9 70%
S.biafrae 10 10 10 10 30 0% 610.75
(DCM Fraction) 100 10 9 9 28 6.66%
1000 0 0 0 0 100%
S.biafrae 10 10 10 10 30 0% 572.73
(EA Fraction) 100 10 9 9 28 6.66%
1000 9 9 9 27 10%
S.biafrae 10 9 9 9 27 10% 483.98
(Butanol Fraction) | 100 8 8 8 24 20%
1000 8 8 8 24 20%
S.biafrae 10 10 10 10 30 0% 576.95
(Aqueous Fraction) | 100 10 9 9 28 6.66%
1000 8 8 8 24 20%

Cytotoxicity of S. biafrae

The cytotoxic activity of extract, fractions and
isolated compounds on PC-3 and HelLa cell lines are
presented in Table 2. The hexane showed better
activity than the crude extract, and other fractions
tested on the PC-3 cell lines. The cytotoxic activity
revealed that n-hexane fraction of the methanolic
extract S. biafrae leaf exhibited the best cytotoxic
activity with % inhibition of 92.8 on PC-3 cell lines
and 20.2 on Hela cell lines, and therefore is the most
active fraction of the crude extract. Thus, in this
study, the hexane fraction particularly demonstrated a
better cytotoxic activity on PC-3 cell lines, this is
followed by the standard drug doxorubicin,
dichloromethane, compound 1 and 2.

Compound 1 was found to exhibit 45.9 and 21.7 %
inhibition on the proliferation of HeLa and PC-3 cell
lines respectively compared to doxorubicin with 89.9
and 100 % inhibition at the same concentration of 30
pg/mL. Also compound 1 exhibited a better cytotoxic
activity than compound 2.

Table 2: Cytotoxic Activity of Extract, Fractions
and Compounds 1, 2 on PC-3 and HelL a cell

Fraction/Drug PC3 Hela
% Inhibitionat % Inhibition at
30ug/ml 30ug/ml

Crude extract 0.73 6.9
Hexane 92.8 20.2
DCM 17.1 6.8
Ethyl acetate -17.7 -8.4
Butanol -24.1 6.11
Agueous -12.0 -0.6
Compound 1 21.9 45.9
Compound 2 134 15.2
Doxorubicin 89.9 101.2
DMSO 0 0
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GC-MS Chemical Profiling of Hexane fraction

The GC-MS chemical profiling of the most active
fraction (hexane fraction) of methanolic extract
identified seventeen (17) bioactive compounds. The
total ion chromatogram is presented in Figure 1 while
Table 2 showed the identified constituents, their
names, molecular weight, molecular formula,
retention time and abundance (peak area in %). The
major compounds identified were n-Hexadecanoic
acid (35.90%), 9, 12, 15-Octadecatrienoic acid, (Z, Z,
Z) (21.85%), Phytol (9.40%), Hexadecanoic acid,
methyl ester (7.38%), 9, 12-Octadecadienoic acid
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(Z,2)- (6.08%) and 9,12,15-Octadecatrienoic acid,
methyl ester, (Z,Z,2)- (5.97%) while the minor
compounds identified were 9,12-Octadecadienoic
acid (Z,2)-, methyl ester (2.79%), Octadecanoic acid
(1.68%), 2-Pentadecanone, 6,10,14-trimethyl
(1.52%), Octadecanoic acid, methyl ester (0.97%),
3,7,11,15-Tetramethyl-2-hexadecen-1-ol (0.69%),
1,2-Benzenedicarboxylic  acid, diisooctyl ester
(0.59%), 3,7,11,15-Tetramethyl-2-hexadecen-1-ol

(0.46%), 2H-Pyran-2-one, tetrahydro-6-nonyl
(0.32%), Eicosanoic acid, methyl ester (0.28%), 1,4-
Benzenediol, 2,6-bis(1,1-dimethylethy (0.11%) and
3-Butoxy-1,1,1,5,5,5-hexamethyl-3-
(trimethylsiloxy)trisiloxane (0.09%).

4106 |*EITIC Scan AKINOLA-SHB-191019.D
1.3

0 N

*35.01

L

*49.90

*43.90

4103

* 56.60 ¥ 70-19

N

6 8 10 12 14 16 18 20 22 24 26 28 30 2 3% 36 38 40 42 44 4 48 50 52 54 56 5 60 62 64 66 68 70 72
Counts vs. Acquisition Time (min)
Figure 1: GC-MS Chromatogram of Hexane Fraction

Table 3: Chemical Constituents Identified in Hexane Fraction of S. biafrae Leaf Extract

SIN Compounds Formula MW RT(min) Area (%)
1 2-Pentadecanone, 6,10,14-trimethyl C18H360 268 35.01 1.52
2 Hexadecanoic acid, methyl ester C17H3402 270 41.00 7.38
3 n-Hexadecanoic acid C16H3202 256 43.90 35.90
4 9,12-Octadecadienoic acid (Z,Z)-, methyl ester C19H3402 294 48.70 2.79
5 9,12,15-Octadecatrienoic acid, methyl ester, (Z,Z,2)- C19H3202 292 48.87 5.97
6 Phytol CooH400 296 49.27 9.40
7 Octadecanoic acid, methyl ester C19H3802 298 49.51 0.97
8 : 9,12-Octadecadienoic acid (Z,2)- C18H3202 280 49.73 6.08
9 9,12,15-Octadecatrienoic acid, (Z,Z,2)- C18H3002 278 49.91 21.85
10 Octadecanoic acid C18H3602 284 50.32 1.68
11 3,7,11,15-Tetramethyl-2-hexadecen-1-ol CooH400 296 51.52 0.69
12 Eicosanoic acid, methyl ester Co1H4202 326 53.40 0.28
13 2H-Pyran-2-one, tetrahydro-6-nonyl- C14H2602 226 53.90 0.32
14 3,7,11,15-Tetramethyl-2-hexadecen-1-ol CooH400 296 54.39 0.46
15 3-Butoxy-1,1,1,5,5,5-hexamethyl-3- C13H3604Sig 368 56.26 0.09
(trimethylsiloxy)trisiloxane

16 1,2-Benzenedicarboxylic acid, diisooctyl ester Co4H3804 390 56.61 0.59
17 1,4-Benzenediol, 2,6-bis(1,1-dimethylethy C14H2202 222 56.93 0.11
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MW= Molecular weight, RT= Retention time

Chromatographic Fractionation of
Dichloromethane (DCM) Fraction
Chromatographic fractionation to isolate and purify
the chemical components in the DCM fraction
afforded two known triterpenoids.

Compound 1 (Stigmasterol) Figure 2

Nature: off-white crystalline powder

Yield: 73 mg

'H-NMR (500 MHz, CDCls) and *C-NMR (600
MHz, CDCls) see (Table 3).

EIMS [M]* m/z 421.2 (100) calculated for CzgHasO,
[M-CHs]*m/z 396.2 (43), [M-C;H;]* m/z 381.2,
300.1 (41), 271.1 (54), 255.1 (78), 159.0 (42), 83
(40), 69 (27), 55.0 (41) 43 (20).

Compound 2 (Ergosterol) Figure 3

Nature: white powder

Yield: 45 mg

IH-NMR (500 MHz, CDCl3) and 3C-NMR (600
MHz, CDClz) (Table 4).

EIMS [M]* m/z 396.4 (100) calculated for C2sHa40O,
[M-CHa]* m/z 382 (23), 255 (21), 147 (19).

H0 H0
Compund Compond 2

Figures 2 and 3: Structures of Compounds 1 and 2
Table 4: Spectroscopic Data of Compound 1 (CDClIs)

Spectroscopic identification of isolated compounds
revealed that compounds 1 and 2 have a steroidal
moiety. The mass spectrum of compound 1 showed a
molecular ion peak [M]* at m/z 421.2 which is also
the base peak, followed by other fragment ions at m/z
396.2 [M-CH.]*which due to loss of methane and m/z
381.2 [M-CoH7]*. The molecular mass of 421.2 is
consisted with molecular formula, Ca9H4s0. The *H-
NMR spectrum of compound 1 revealed 3 downfield
proton signals in the olefinic region at dn 5.34 (1H, s,
1.6Hz, H-6); 5.17 (1H, m, 8.2Hz, H-22) and 5.00
(1H, m, 8.5Hz, H-23). The 8.2Hz coupling constant
indicating the cis nature of the olefinic double bond
between C-22 and C-23, which was confirmed by the
NOESY spectrum. The signal at 4 3.45 (1H, m, H-3)
was confirmed by DEPT-90 spectrum to be a methine
carbon (CH) bonded to a highly electronegative
oxygen. The spectrum showed many alkyl signals in
the upfield region between on 0.5-2.5ppm which is
due to stigmastane nucleus of Compound 1. The *3C-
NMR spectrum and DEPT-90 spectra of Compound 1
showed signals due to 4 non-equivalent sp?
hybridized olefinic carbons at 3¢ 140.75 (C-5), 138.31
(CH-23), 129.26 (C-22) and 121.71 (CH-6). Also, a
sp® hybridized oxygenated methylene carbon at §¢
71.81 (CH-3). The comparison of DEPT-135 with $3C
spectra further confirmed that carbon signal at o
140.75 is a quaternary olefinic carbon. The
stigmastane steroidal nucleus of Compound 1 is
indicated by signals in the upfield region of the
spectrum at &; 10-60 which is characteristic of the
steroidal family. The COSY and NOESY spectra
information agree with the literature data on
Stigmasterol 19}

Position Compound 1 Stigmasterol (Literature)
o (ppm) dc (ppm) o (ppm) dc (ppm)
1 37.25 37.6
2 31.89 32.1
3 3.45, 1H, m, 71.81 3.51, 1H, tdd 72.1
4 42.46 42.4
5 140.75 141.1
6 5.34,1H, s, 121.71 5.31,1H, t 121.8
7 31.66 31.8
8 30.85 31.8
9 50.15 50.2
10 36.50 36.6
11 19.65 21.5
12 39.67 39.9
13 42.48 42.4
14 56.85 56.8
15 24.30 24.4
16 28.91 29.3
17 56.76 56.2
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18 1.13,3H,s 12.40 1.03,3H,s 12.2

19 0.68,3H, s 18.91 0.71,3H,s 18.9

20 39.79 40.6

21 21.30 0.91,3H,d, 6.2 Hz 21.7

22 5.17,1H, m, 8.2 Hz 138.31 5.14,1H, m 138.7

23 5.00, 1H, m, 8.5 Hz 129.26 4.98,1H, m 129.6

24 0.84, 1H, m, 6.7 Hz 45.83 46.1

25 25.70 25.4

26 0.89,3H, m 12.25 0.83,3H,t 12.1

27 29.14 29.6

28 0.81,3H, m 19.90 0.82,3H,d, 6.6 Hz 20.2

29 0.80,3H, m 19.13 0.80, 3H, d, 6.6 Hz 19.8
s,m,d,ttdd means singlet, multiplets, doublets, deshielding oxygen. The spectrum further showed
triplets and triplets of doublets of doublets many signals in the upfield region at 6n 0.5-2.5 which

respectively.

The mass spectrum of Compound 2 showed a
molecular ion peak [M]* at m/z 396.4 (100) which is
also the base peak. Other fragment ions included [M-
CHz]*m/z 382 (23) loss of CH2 unit, 255 (21), 147
(19). The molecular mass of 396.4 is consistent with
molecular formula CzsH440. The molecular mass of
compound 2 therefore showed a striking difference
from compound 1. The 'H-NMR of Compound 2
showed similar spectra information as obtained in 1
with olefinic protons at 6y 5.27 (1H, s, 1.6Hz, H-6),
5.13 (1H, m, H-7), 5.00 (1H, m, H-22), 4.99 (1H, m,
H-23). The signal at &n 3.27 (1H, m, H-3) is
confirmed by the DEPT-90 experiment to be a
methylene carbon (CH) bonded to a highly

is due to the steroidal hump of ergostane nucleus of
Compound 2. The *C NMR spectrum and DEPT-90
spectra of Compound 2 showed signals due to 6 non-
equivalent sp? hybridized olefinic carbons at &
140.05 (C-8), 138.71 (C-5), 130.33 (CH-22), 129.41
(CH-23), 12191 (CH-6) and 100.89 (CH-7).
Furthermore, a sp® hybridized oxygenated methylene
carbon at & 69.97 (CH-3). The comparison of 3C
and DEPT-135 spectra further indicated that carbon
signal at 8¢ 140.05 and 138.71 are quartenary olefinic
carbon signals, which further differentiate compound
2 from 1. The steroidal hump nucleus of 2 is
indicated by many signals in the upfield region of the
spectrum at d; 10-60 typically common to most
steroids. The spectral information thus obtained on 2
is in agreement with literature data on Ergosterol 20}

Table 5: Spectroscopic Data of Compound 2 (CDCl3+CD3;0D)

Position Compound 2 Ergosterol (Literature)
o+ (ppm) dc (ppm) o (ppm) dc (ppm)
1 38.43 38.4
2 31.69 319
3 3.27,1H, m, 69.94 3.64,1H, m 70.5
4 39.50 42.8
5 138.7 139.9
6 5.27,1H, s, 121.91 5.58, 1H, dd, 5.5,3.0 Hz 119.6
7 100.85 5.38, 1H, dd, 5.4,2.9Hz 116.3
8 140.05 1414
9 45.61 46.2
10 37.00 37.1
11 19.47 211
12 40.01 39.1
13 39.50 42.9
14 55.81 54.6
15 22.27 22.9
16 28.89 28.3
17 56.51 55.7
18 11.65 0.95,3H, s 12.1
19 15.75 0.65,3H, s 16.3
20 40.41 40.3
21 1.01, 3H, s 20.80 1.04, 3H, d, 6.6 Hz 211
22 5.10,1H, m, 8.1 Hz 130.31 5.20, 1H, m 135.6
23 4.97,1H, m 129.4 5.21,1H, m 131.9
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24 0.84,1H, m, 6.7 Hz 43.18
25 33.69
26 0.88,3H, m 19.01
27 0.86,3H, m 18.68
28 0.93,3H, m 18.46

429
33.1
0.84,3H,d, 6.7 Hz 19.9
0.82,3H,d, 6.7 Hz 19.7
0.82,3H, d, 6.6 Hz 17.6

s,m,d,t,tdd,dd means singlet, multiplets, doublets,
triplets and triplets of doublets of doublets, doublets
of doublet respectively

DISCUSSION

Brine shrimp lethality assay (BSLA) is a
straightforward and inexpensive bioassay used for
testing the cytotoxic effect of phytochemical present
in the plant extracts [21]. The result on the lethality
of methanolic extract and fractions of S. biafrae plant
on brine shrimps showed that the plant extract and
fractions exhibited a good toxicity with LC50 < 1000
pg/ mL. It can be assessed that hexane and
dichloromethane fraction of the plant had less toxic
properties and safer than the other fractions/ extract
and the standard drug. According to Meyer et al.
(1982), substances with LC50 value < 1000 pg/ mL
are toxic while ones with values > 1000 pg/ mL are
non-toxic. Thus, the toxic property exhibited by n-
hexane fraction when tested against brine shrimp
larvae support its cytotoxic activity against PC-3 cell
line.

The cytotoxic activity revealed that n-hexane
fraction of the methanolic extract S. biafrae leaf
exhibited strong inhibitory activity on PC-3 cell line,
followed by the standard drug doxorubicin,
dichloromethane, compound 1 and 2. Compound 1
was found to exhibit moderate % inhibition on the
proliferation of HeLa and PC-3 cell lines respectively
compared to the standard drug used. Compound 1
exhibited a better cytotoxic activity than compound 2.
Thus, the higher cytotoxic activity exhibited by the n-
hexane fraction than the other fractions and crude
extract could be attributed to the bioactive
compounds that are presence in the fraction and their
synergistic interaction [23]. This strong inhibitory
activity observed in hexane fraction of S. biafrae leaf
against PC-3 cell line is in line with the previous
scientific research studies did on the other Senecio
species. According to Loizzo et al. (2007) the n-
hexane extract of S. ambiguus subsp, ambiguus
exhibited a strong inhibitory activity against prostate
carcinoma cell line which is similar to the result of
the n-hexane fraction of S. biafrae against prostate
cancer cell line indicating that all Senecio species
might have some activities in common.

The chemical profiling of hexane fraction from S.
biafrae plant revealed the presence of seventeen
saturated and unsaturated fatty acids, phytol and
a benzene dicarboxylate esters, which was identified
by by gas chromatograph and mass spectroscopy
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(GC-MS) with three chemical components of the
hexane fraction accounting for 67%. The most
abundant saturated fatty acid identified is n-
hexadecanoic acid also known as palmitic acid
exerted its pharmacological effects as anti-cancerous,
anti-inflammatory, antioxidant and anti-androgenic
[25] this is followed by unsaturated fatty acid cis, cis,
cis-9,12,15-Octadecatrienoic acid and phytol, which
is an acyclic diterpene alcohol. Phytol is a known
precursor of phytanic acid, vitamins E and K and has
been found to possess strong cytotoxic, antioxidant
and anti-inflammatory activities [26-27]

Two phytosterol compound were isolated from the
dichloromethane fraction of S. biafrae plant. The
isolated phytochemicals were found as a white
amorphous solid compounds which gave a positive
test to Salkowski reagents for steroidal test. The
molecular formula of the isolated molecules found to
be stigmasterol and ergosterol are CaHssO and
Ca2sH440 respectively which was confirmed by mass
spectral and nuclear magnetic resonance of 1D and
2D structure. Phytosterols being a steroidal alcohol
play important roles in membrane stability and in
structural component in the cell membrane. Since
pyhtosterol cannot be synthesized by human being or
animal, so they are derived through the exogeneous
sources, especially the diet [28]. Phytosterols are very
abundant in plants, they share many structural
similarities with cholesterol which has been
implicated in the pathophysiology of many oxidative
stress-induced conditions. Phytosterols have been
speculated to possess anti-cancer activities in
many organs of the body such as ovary, lungs
and stomach [29]. The high amount of phytosterol
intake is from vegetarian diet; that are consistent with
a reduction of breast cancer risk [30]. In order to
increase concentration level of phytosterols in blood,
the phytosterols can be extracted from certain plants
foods especially vegetables such as S. biafrae and
added in higher doses to various other foods or
dietary supplement products [31].

CONCLUSION

The results of the study showed that the methanolic
extract/ fractions of S. biafrae leaf exhibited good
toxicity when tested against brine shrimp larvae.The
hexane fraction of S. biafrae leaf exhibited a
significant cytotoxic activity on PC-3 cell than other
fractions and isolated compounds. The cytotoxic
activity observed by hexane fraction may be due to
the presence of chemical constituents and their
synergistic interaction. Also, the use of mass spectral,
'H NMR, #C NMR including 2D-NMR analyses
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enabled the identification of two phytosterol
compounds:  stigmasterol and  ergosterol in
dichloromethane fraction of S. biafrae. Compound 1
(stigmasterol) showed a moderate activity on HelLa
cell while other fractions and compound 2
(ergosterol) exhibited a weak activity.
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SPOALS 0.500
SPOFFS5 0 Hz
SEWS 23.70800018 W
SFO2 600.2724011 MHz
Nuc: 1H
CPDPRG (2 waltz65
P3 8.00 usec
P4 16.00 usec
PCPD2 70.00 usec
PLW2 9.53950024 W
PLW12 0.12460000 W
F2 - Processing parameters
| | sI 16384
b " A . ) ey (i hknde g IS 150.9380274 MHz
N L w WDW
55B a
1 T T T T T T T T TrrTs 5 100 H=
120 110 100 90 80 70 60 50 40 ppmec 1.00
Dept 135 of Compound 11
-
Akinola / Dr. Igbal / D103 / CDCL3+CD30D
DEPT135 (Avance Neo 600MH?z
Labi#t 108
(=] n
o f==] I—lmﬂ'ﬁmu—lv—iﬂ‘:ﬂi—l'—ImHO‘\U\l‘*q‘ﬂ‘Nﬁ‘mwc\NDv—(l"*
'_; O— m.—lmmc\\ommm\omwowm&owmq«mmc\howmtr
o~ o mmmmm\—uwmmmmoor‘mrﬂr—cﬁmmmcor‘mvmcm
— ~— l‘-l“f‘*l‘v‘.OLDI!)m@q‘mmﬂmmmmNNNNNNNNNH
Current Data Parameters
N\\\Lh\‘-\xw\\m%% NAME Mar0d-z0
EXPNO 6
PROCHNO 1
F2 - Acquisition Parameters
Date_ 20200305
Time .56 h
INSTRUM AVNec_ 600
PROBHD  2z117768_D038 {
PULPROG deptspl3s
D 32768
' SOLVENT cDCl3
NS 10035
DS 8
swH 30120.482 He
FIDRES 1.838408 Hz
A 0.5439488 sec
RG 101
DW 16.600 usec
DE 18.00 usec
TE 298.0 K
cnsT2 145. 0000000
b1 1.50000000 sec
D2 0.00344828 sec
pl2 0.00002000 sec
DO 1
SFOL 150.9523507 MHz
NUC1 13Cc
l b J | LL Pl 12.00 usec
L ' P13 2000.00 usec
PLWO ow
PLWL 107.76000214 W
SPNAM(5]) Crpé0comp. 4
SPOALS5 0.500
SPOFFS5 0 Hz
SPHS 23.70800018 W
SF02 600.2724011 MHz
nucz 1H
CPDPRG[2 waltz65
B3 B.00 usec
P4 16.00 usec
PCPD2 70.00 usec
PLW2 9.53950024 W
PLW1Z2 0.12160000 W
F2 - Processing parameters
ST a4
SF 150.9380274 MHz
WDW EM
55B o
T T T T T T T T T T T T T T s 5 i) i
130 1z0 110 100 90 80 70 60 50 40 30 20 ppmec 1.40

Mass of Compound 11
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HEJ-ICCBS

2/24/2020 4:35:16 PM
File: D103 Date Run: 02-24-2020 (Time Run: 16:23:14)
Sample: AKNOLA / DR. M.IQBAL
Instrument: JEOL 600H-1 Run By: MASS LAB-104
Inlet: Direct Probe Tonization mode: EI+
Scan: 21
Base: m/z 397; 8.8%FS TIC: 932962 #lons: 529
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