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Abstract

Context: Erythrina senegalensis (ES) DC. is used traditionally in the
management of various free radical-related diseases, including wound
healing.

Aims: To evaluate sequentially prepared leaf extracts of ES for the ability
to protect against oxidative stress in fibroblasts and macrophages.

Methods: Sequential extracts were prepared using hexane, ethyl acetate,
methanol and water in increasing polarity. Chemical profiling was done
with ultra-performance liquid chromatography coupled with mass
spectrometry (UPLC-MS). Cytotoxic potential was determined using the
sulforhodamine B staining assay, phase contrast, PlasDIC, and
live/dead staining microscopy. The ability to scavenge the ABTS and
DPPH free radicals was assessed, while the effect on AAPH-induced
oxidative stress was evaluated by measuring reactive oxygen species
(ROS) release.

Results: A previously reported compound (neobavaisoflavone), and
three others (kaempferol, rutin, and rotenone) were tentatively detected.
With regards to cytotoxicity, no ICs could be determined up to the
highest concentration tested (100 pg/mL) in both THP-1 and SC-1 cells.
The methanol extract displayed the greatest antioxidant activity against
the free radicals (ICso = 44.86 ng/mL [ABTS]; 291.1 pg/mL [DPPH]) and
AAPH-induced intracellular ROS in macrophages (1.0-fold reduction at
100 pg/mL). The protective effect of the extracts (1 - 100 ng/mL) was
comparable to the positive control (Trolox), which decreased ROS by
1.30-fold at 5 pg/mL.

Conclusions: A significant ability to protect against oxidative stress was
exhibited by extracts from ES, with no observed cytotoxicity. Secondary
metabolites from the plant may have potential for use as alternative
medicines in ROS-induced diseases such as chronic wounds.

Keywords: antioxidant activity; cytotoxicity; oxidative stress; wounds.

Resumen

Contexto: Erythrina senegalensis (ES) DC. se usa tradicionalmente en el
tratamiento de diversas enfermedades relacionadas con los radicales
libres, incluida la curacién de heridas.

Objetivos: Evaluar extractos de hojas de ES preparados secuencialmente
para la capacidad de proteger contra el estrés oxidativo en fibroblastos y
macroéfagos.

Meétodos: Los extractos se prepararon usando hexano, acetato de etilo,
metanol y agua en polaridad creciente. La elaboracién de perfiles
quimicos se realizé con cromatografia liquida de ultra alto rendimiento
junto con espectrometria de masas (UPLC-MS). El potencial citotoxico se
determiné usando el ensayo de tinciéon con sulforodamina B, contraste
de fase, PlasDIC y microscopia de tincién viva/muerta. Se evalu6 la
capacidad de eliminar los radicales libres ABTS y DPPH, mientras que el
efecto sobre el estrés oxidativo inducido por AAPH midiendo la
liberacién de especies reactivas de oxigeno (ROS).

Resultados: Un compuesto previamente informado (neobavaisoflavona) y
otros tres (kaempferol, rutina y rotenona) fueron detectados
tentativamente. Con respecto a la citotoxicidad, no se pudo determinar
la Cls hasta la concentracién mas alta probada (100 pg/mL) en las
células THP-1 y SC-1. El extracto de metanol mostré la mayor actividad
antioxidante contra los radicales libres [ICso = 44,86 pg/mL (ABTS);
291,1 pg/mL (DPPH)] y ROS intracelular inducida por AAPH en
macroéfagos (reduccion de 1,0 vez a 100 pg/mL). El efecto protector de
los extractos (1 - 100 pg/mL) fue comparable al control positivo (Trolox),
que disminuy6 las ROS en 1,30 veces a 5 pg/mL.

Conclusiones: Los extractos de ES exhibieron una capacidad significativa
para proteger contra el estrés oxidativo, sin citotoxicidad observada. Los
metabolitos secundarios de la planta pueden tener potencial para su uso
como medicamentos alternativos en enfermedades inducidas por ROS
tales como heridas crénicas.

Palabras Clave: actividad antioxidante; citotoxicidad; estrés oxidativo;
heridas.
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INTRODUCTION

MATERIAL AND METHODS

Physiological levels of reactive oxygen species
(ROS) are crucial for the normal functioning of
cells (Brieger et al.,, 2012; Chen et al., 2018). An
imbalance between ROS production and the or-
ganism’s endogenous antioxidant protection sys-
tems could result in oxidative stress (Brieger et al.,
2012). This causes cellular damage, leading to
many chronic diseases such as cancer and delayed
wounds (Dunnill et al., 2017; Chen et al., 2018).
Antioxidant supplementation aids with the man-
agement and prevention of these conditions (Hos-
seinzadeh and Nassiri-Asl, 2014; Pisoschi and Pop,
2015).

Medicinal plants remain a major source of anti-
oxidants (Pisoschi and Pop, 2015). One of the
common medicinal plants employed for healing
chronic diseases in Western Africa is Erythrina
senegalensis DC (Fabaceae). In Ghana, aerial parts of
the plant are used to manage gastrointestinal dis-
orders like diarrhea and stomach-ache, as emmen-
agogues, and to induce abortion (Christensen et
al., 2015; Larsen et al., 2016). Extracts prepared
from the plant are also used in Ivory Coast and
other countries for bacterial and parasitic infec-
tions, and for the treatment of wounds (Kone et al.,
2012; llodigwe et al., 2014). Although used, there is
a paucity of information in the scientific literature
regarding its phytoconstituents and ability to pro-
tect against oxidative stress.

Previously the authors reported the presence of
appreciable antioxidant activity in water extracts
from E. senegalensis (Yahaya et al., 2018a). Howev-
er, water extracts mostly contain a complex mix-
ture of hydrophilic compounds (Sasidharan et al.,
2011). The sequential extraction technique was
employed in the current study to extract com-
pounds of various polarities from the plant into
different solvents for easy identification and isola-
tion. This study was aimed at determining the pro-
tective ability of sequentially prepared extracts
from E. senegalensis against oxidative stress, and to
tentatively identify the phytoconstituents present.

http://jppres.com/jppres

Chemicals

Organic solvents and trichloroacetic acid (TCA)
were purchased from Merck Chemicals (South
Africa), trypsin/versene from The Scientific Group
(South Africa), and hemagglutination buffer
[phosphate-buffered saline (PBS)] from BD Scien-
tific (Paris, France). 2,2'-Azobis(2-amidinopropane)
dihydrochloride (AAPH), 2,7-dichlorofluorescein
diacetate (H-DCF-DA), 2,2'-azino-bis(3-ethyl-ben-
zothiazoline-6-sulphonic acid) (ABTS), 2,2-di-
phenyl-1-picrylhydrazyl (DPPH), ascorbic acid,
fluorescein diacetate, kaempferol, quercetin, neo-
bavaisoflavone, phorbol-12-myristate 13-acetate,
propidium iodide, rotenone, rutin, sulforhoda-
mine-B (SRB) powder and culture media were ob-
tained from Sigma-Aldrich (St. Louis, USA).

Plant material

Leaves of E. senegalensis were collected from the
botanical garden of the University of Cape Coast,
Ghana (GPS coordinates; 5°7'4.251” N 1°17'36.347”
W). The identity of the specimen was authenticat-
ed at the University’s School of Biological Sciences
herbarium, where a voucher specimen (UCCH
0091215) was deposited. Samples were washed
thoroughly, air-dried at room temperature, finely
powdered with a grinder (Glen Creston, UK) and
stored in sterile airtight containers prior to use.
Ethical approval for conduct of the research was
obtained from the Research Ethics Committee of
the University of Pretoria, Faculty of Health Sci-
ences, with reference number 194/2017.

Sequential extraction of plant material

Extraction was performed sequentially using
four different solvents in increasing polarity as
described previously (Yahaya et al., 2018b). Pow-
dered plant material (10 g) was sonicated (Bran-
sonic 52, Branson Ultrasonics, Danbury, USA; 120
W) in 100 mL hexane for 15 min, shaken for 30 min
on an electronic shaker and incubated at 4°C for 24
h. The solvent was decanted, and the marc air-
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dried. The marc was re-extracted with ethyl ace-
tate, methanol and water following the same pro-
cedure, although no further sonication took place.
Filtrates were dried in vacuo with a rotary evapora-
tor (Buchi Rotavapor R-200) at 40°C, with excep-
tion of the water extract which was freeze-dried
(Freezone 6 Freeze Dry System, Labconco 31).
Gravimetric yields were determined, and extracts
stored at -20°C until needed.

Chemical profiling of extracts

Chemical profiling of extracts was tentatively
done using ultra-performance liquid chromatog-
raphy in tandem with mass spectrometry (UPLC-
MS) as described previously (Yahaya et al., 2018a).
A Waters UPLC system (Waters Corporation,
Manchester, UK) coupled with a Waters photodi-
ode array (PDA) detector (Waters Corporation,
Manchester, UK) and a SYNAPT G1 HDMS QTOF

Protective effect of Erythrina senegalensis extracts

mass spectrometer was used. The mass spectrome-
ter was operated in both negative and positive
modes of electrospray ionization to enable greater
coverage of the metabolome. Phytochemical
standards (Fig. 1) were dissolved in methanol to a
concentration of 1 mg/mL, whilst plant extracts
were dissolved to 10 mg/mL.

Culture of cell lines

Culture and maintenance of SC-1 fibroblasts

SC-1 cells (CRL-1404) were purchased from the
American Type Culture Collection and were cul-
tured in Dulbecco’s Modified Eagle’s Medium
(DMEM) supplemented with 10% heat inactivated
fetal calf serum (FCS), 100 pg/mL streptomycin
and 100 mg/L penicillin at 37°C in a humidified
incubator under an ambient pressure air atmos-
phere containing 5% CO..

Figure 1. Compounds assessed in UPLC-MS fingerprint analysis.
(1) ascorbic acid; (2) kaempferol; (3) quercetin; (4) neobavaisoflavone; (5) rotenone; (6) rutin.
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Culture, maintenance, and differentiation of THP-1
monocytes

THP-1 cells (TIB-202) were purchased from the
American Type Culture Collection and were cul-
tured in Roswell Park Memorial Institute (RPMI)-
1640 medium supplemented with L-glutamine (2
mM), HEPES (10 mM), sodium pyruvate (1 mM),
glucose (2.5 g/L), 2-mercaptoethanol (50 uM), 10%
FCS, and 1% penicillin/streptomycin at 37°C in a
humidified incubator under an ambient pressure
air atmosphere containing 5% CO,. THP-1 cells
were differentiated into macrophages using an
established protocol (Lund et al., 2016). Briefly,
cells were treated with 0.1 puM phorbol 12-
myristate 13-acetate in 10% FCS-supplemented
RPMI and incubated for 48 h to allow for differen-
tiation. Differentiated THP-1 cells are character-
ized by attachment to the vessel surface, which
was confirmed microscopically. Following differ-
entiation, the media was replaced with fresh 10%
FCS-supplemented RPMI (400 pL), and the macro-
phages used immediately.

Evaluation of the cytotoxic potential of extracts

Sulforhodamine-B staining assay

Extracts were assessed for possible cytotoxicity
using a modified sulforhodamine B (SRB) assay as
previously described (Yahaya et al., 2018b). Cells
(100 pL, 1x104 cells/well) were seeded into 96-
well plates in 10% FCS-supplemented medium
and incubated overnight to allow for attachment.
To determine the cytotoxicity profiles of each
sample, 100 pL of the extract in culture medium
was added to the plates at a final working concen-
tration range of 1-100 pg/mL and incubated for 24
h or 48 h. A 1% saponin (in-reaction) served as
positive control, whilst 100 uL of DMEM (RPMI
for THP-1) was added as negative control. Dime-
thyl sulfoxide (1% v/v) in culture medium was
used as vehicle control, whilst culture medium
only served as the blank control.

Cells were fixed with 50 pL of cold TCA solu-
tion (50% w/v), and the plate incubated at 4°C
overnight to allow for fixation. After fixation, the
plate was gently washed with water (four times) to
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remove excess TCA and dried in a low-
temperature oven. The fixed cells were stained
with 100 pL of 0.057% (w/v in 1% acetic acid) SRB
solution and the plate incubated for 30 min at
room temperature. Dried plates were washed
twice with 200 pL of 1% acetic acid solution (v/v)
to remove excess unbound dye, and the plate
dried again. The bound dye was dissociated using
200 pL of a 10 mM Tris-based solution (pH 10.5)
amidst shaking for 30 min on an electronic shaking
device. Absorbance was then measured at 540 nm
with a reference wavelength of 630 nm, (Nasci-
mento et al., 2013) using a plate reader (BioTek
ELx800) and cell density calculated as follows [1]:

As
Cell density (% of the negative control) = e x 100% [1]

Where As and Ac are the blank-corrected ab-
sorbance of the sample and average negative con-
trol, respectively.

Light microscopy

Cells were seeded in 24-well plates at a density
of 2.5 x 104 cells/well in 400 pL DMEM supple-
mented with 10% FCS, and incubated for 24 h to
allow for attachment. Cells were treated with 10
and 100 pg/mL extract and incubated for 24 h and
48 h under the conditions described above. Fol-
lowing incubation, cells were analyzed using a
phase contrast microscope (Axiovert 40 CFL)
equipped with an inverted camera (Zeiss Axio-
Cam MRm, Oberkochen, Germany) at 10x magni-
fication for signs of apoptosis and necrosis. Apop-
totic cells are characterized by cytoplasmic shrink-
age, nuclear condensation, membrane blebbing
and apoptotic body formation, while necrosis is
characterized by swelling and cell lysis (Nanji and
Hiller-Sturmhofel, 1997). PlasDIC was conducted
at 40x magnification, and pictures taken and edit-
ed using AxioVision 4.

Live-dead staining

Cells were treated as described above. Follow-
ing incubation, cells were washed twice with PBS
(200 pL) and stained for 5 min with 50 pL of the
staining solution containing 2 pg/mL fluorescein
diacetate (FDA) and 10 pg/mL propidium iodide
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(PI) in PBS. Cells were washed twice with 200 pL
PBS, and covered with FCS-free DMEM (200 pL)
for evaluation using a fluorescence microscope
(Axiovert 40 CFL) fitted with an inverted camera
(Zeiss AxioCam MRm, Oberkochen, Germany). All
images were captured at 10x magnification.

Free radical scavenging activity of extracts

ABTS radical scavenging effect

The ABTS radical scavenging effect of extracts
was determined as described previously (Re et al.,
1999). A stock solution of ABTS containing 7 mM
ABTS salt and 2.4 mM potassium persulfate, was
prepared in distilled water and incubated in the
dark for 16 h at 4°C. The resultant ABTS radical
(ABTS*) solution was diluted with distilled water
to an absorbance of 0.70 + 0.02 at 734 nm (Perki-
nElmer Lambda 25 UV/VIS spectrometer). An
aliquot of 180 pL ABTS* solution was mixed with
20 pL of varying concentrations of the extracts (20
- 100 pg/mL in-reaction), and 0.6 - 5.0 ng/mL of
the positive control (Trolox) in a 96-well plate.
Equivalent volumes of distilled water and 1%
DMSO in methanol served as negative controls for
the water and organic extracts, respectively. The
absorbance was read after 30 min incubation in the
dark using the Synergy 2 microplate reader (Bio-
Tek Instruments, Inc.) at 734 nm. The ABTS* scav-
enging capacity was calculated as follows [2]:

—45 100 [2]

As

A
ABTS radical scavenging activity (% relative to negative control) =

Where Ac and As represent the absorbance of
the average negative control and sample, respec-
tively. The half-maximal inhibitory concentration
(ICs0) values were calculated using nonlinear re-
gression analysis and used to indicate antioxidant
activity.

DPPH radical scavenging effect

The DPPH radical scavenging effect of extracts
was estimated using a previously described meth-
od (Manzocco et al., 1998). A solution of 0.135 mM
DPPH in methanol was prepared prior to experi-
mentation with an initial absorbance of 0.48 + 0.02.
An aliquot of 180 pL DPPH solution was mixed
with 20 pL of varying concentrations of the ex-

http://jppres.com/jppres

Protective effect of Erythrina senegalensis extracts

tracts (20 - 320 pg/mL in-reaction), and 0.6 - 5.0
ng/mL Trolox in a 96-well plate. Equivalent vol-
umes of distilled water and 1% DMSO in methanol
served as negative controls for the water and or-
ganic extracts, respectively. The reaction mixture
was incubated in the dark for 30 min at room tem-
perature and absorbance read spectrophotometri-
cally at 515 nm using a microplate reader (Syner-
gy-2, BioTek Instruments, Inc.). The ability of ex-
tracts to scavenge the DPPH radical was calculated
using the following equation [3]:

A=A 100 [3]

DPPH radical scavenging activity (% relative to negative control) = s

Where Ac and As represent the absorbance of
the average negative control and sample, respec-
tively. The ICsy values were calculated as de-
scribed earlier.

Activity against oxidative stress

The ability of extracts to alter intracellular ROS
was assessed in an AAPH-induced oxidative stress
model as previously described (Lopachev et al.,
2016). Cells were seeded into a 96-well plate at a
density of 1 x 104 cells/well and allowed to attach
overnight. The culture medium was replaced with
100 pL fresh medium containing 10 uM H>-DCF-
DA and incubated for 30 min in the dark. Excess
H2-DCF-DA was removed by washing twice with
100 pL PBS, followed by exposure to 1, 10 and 100
ng/mL  extract (in 100 pL of 10% FCS-
supplemented medium) for 4 h. All control wells
were treated with equivalent volumes of the re-
spective medium during this period, except anti-
oxidant controls to which 5 ng/mL Trolox was
added. Cells were washed twice with 100 pL. PBS
and 50 pL PBS containing 100 uM AAPH added,
except for the negative controls to which 50 pL
PBS was added. The relative fluorescence intensity
(RFI) was measured every minute for 2 h at an
excitation and emission wavelength of 485 nm and
530 nm respectively using a Synergy 2 microplate
reader (BioTek Instruments, Inc.). Intracellular
ROS was estimated as follows [4]:

) RFlIs
Intracellular ROS (fold — change relative to control) = RFIc [4]
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Where RFIs and RFIc represents the RFI of each
sample and the average negative control, respec-
tively.

Statistical analysis

Data represents results of at least three inde-
pendent experiments conducted in technical tripli-
cates. Statistical analysis was performed using
GraphPad Prism 5.00 data analysis software. Data
was expressed as the mean * standard error of
mean (SEM). The difference between groups was
determined by ANOVA followed by Bonferroni
post-tests. P values less than 0.05 were considered
significant.

RESULTS

Chemical profiling of extracts

Extracts were profiled to determine the pres-
ence of some phytochemical compounds using
UPLC-MS in order to provide fingerprints. Four
compounds were tentatively identified in the ex-
tracts (Fig. 2). Neobavaisoflavone (m/z = 321.11), a
previously identified compound (Kuete et al.,
2014; Yahaya et al., 2018a), was detected in the
hexane and methanol extracts of the plant. Three
other compounds, kaempferol (m/z = 285.04), rote-
none (m/z = 393.13), and rutin (m/z = 609.14), were
detected in the methanol extract of the plant.

Determination of cytotoxic potential

The ICs for all tested extracts was greater than
100 pg/mL in both fibroblasts and macrophages
(Fig. 3). This was corroborated by findings of the
microscopic examination of treated cells. Both
phase contrast (Fig. 4A and 5A) and PlasDIC mi-
croscopy (Fig. 4B and 5B) indicated that extract-
treated cells had similar morphology as the un-
treated controls. Moreover, live/dead staining of
the cells with FDA and PI indicated similarity be-
tween treated and untreated cells (Fig. 4C and 5C).
Living cells are stained green by the cell-
permeable esterase substrate (FDA), whilst the
cell-impermeable acid stain (PI) stains dead or
damaged cells red (Diaz et al., 2004).
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Effect on oxidation

Acellular antioxidant potential

The ABTS and DPPH radical scavenging effects
of the extracts are as shown on Table 1. The meth-
anol and hexane extracts showed the strongest
(ICso = 44.86 ng/mL) and weakest (ICso > 100
ng/mL) ability to quench the free radicals, respec-
tively. None of the extracts had a notable effect on
the DPPH free radical. With an ICsy of 291.10
ng/mL, the methanol extract produced the strong-
est scavenging activity against DPPH.

Amelioration of cellular oxidative stress

The exposure of fibroblasts and macrophages to
AAPH resulted in an increase of 1.70- and 1.57-
fold in intracellular ROS, respectively (Fig. 6). Pre-
treatment with the extracts at concentrations up to
100 pg/mL before AAPH exposure yielded di-
verse effects on cellular oxidation. Intracellular
ROS in pre-treated fibroblasts was lower when
compared to cells that were not pre-treated with
extracts. The most prominent effect was observed
upon pre-treatment with the ethyl acetate and
methanol extracts at 100 ng/mL. These two ex-
tracts caused a 0.76 and 0.74-fold decrease in oxi-
dative stress, respectively, when compared to un-
treated cells.

The effect of the extracts on AAPH-induced in-
tracellular ROS generation in the differentiated
macrophages was even more pronounced. Extract
pre-treatment of macrophages resulted in a 0.5 -
1.1-fold reduction in intracellular ROS level. The
most prominent effect was observed upon pre-
treatment with the methanol and water extracts.
Whilst the methanol extract, at 100 pg/mL, caused
a fold decrease of 1.0 in intracellular ROS, the wa-
ter extract exhibited a possible pro-oxidant effect.
ROS levels increased to 1.1-fold upon treatment
with 100 ng/mL of the extract, compared to 0.9-
fold change at 1 ng/mL. These effects were com-
parable to that observed upon pre-treatment of
cells with Trolox, the antioxidant positive control.
Trolox, at 5 pg/mL, caused a 1.30-fold decrease in
intracellular ROS, compared to cells that were not
pre-treated.
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Figure 4. Cytotoxic potential
of sequential extracts
prepared from E. senegalensis
in SC-1 fibroblasts.

Hexane (H) extracts were used
as a representative image as all
extracts displayed the same
effect. (A) phase contrast; (B)
PlasDIC; (C) composite images
of live/ dead staining; NC:
negative control; PC: positive
control; fluorescein diacetate
staining, green; propidium
iodide staining, red. Images were
captured at 10x (phase contrast
and live/dead staining) and 40x
(B) magnifications. Scale bar; 100
pum (A, C), 25 um (B).

Table 1. The scavenging effects of sequential extracts from E. senegalensis on ABTS and DPPH radicals.

ICso £ SEM (ug/mL)
Extract

ABTS DPPH
Hexane >100 >320
Ethyl acetate 53.29 +1.07 >320
Methanol 4486 £1.03 291.10 +2.46
Water 49.05 £1.04 > 320
Positive control (Trolox) 292+1.02 6.27 £1.07

Data expressed as mean + SEM (n =9). ICso: the half maximal concentration or concentration required to

decrease the initial absorbance of ABTS and DPPH by half.

http://jppres.com/jppres

] Pharm Pharmacogn Res (2020) 8(4): 254



http://jppres.com/jppres

Yahaya et al. Protective effect of Erythrina senegalensis extracts

Figure 5. Cytotoxic
potential of sequential
extracts prepared from E.
senegalensis in THP-1
differentiated
macrophages.

Hexane (H) extracts were
used as a representative
image as all extracts
displayed the same effect.
(A) phase contrast; (B)
PlasDIC; (C) composite
images of live/dead staining;
NC: negative control; PC:
positive control; fluorescein
diacetate staining = green;
propidium iodide staining =
red. Images were captured at
10x (phase contrast and
live/ dead staining) and 40%
(B) magnifications. Scale bar;
100 um (A, C), 25 um (B).
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Figure 6. Effect of E. senegalensis sequential extracts on AAPH-induced oxidative stress in (A) SC-1 fibroblasts and (B) THP-1
differentiated macrophages.

H: hexane; E: ethyl acetate; M: methanol; W1. water; AAPH: 2,2'-azobis(2-amidinopropane) dihydrochloride; NC: negative control. Data
expressed as mean = SEM (n = 9). *Significant difference (p<0.05) from the AAPH-only cells by ANOVA followed by Bonferroni post-tests.
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DISCUSSION

The study aimed at evaluating the ability of ex-
tracts of E. senegalensis, prepared sequentially from
four solvents with incremental polarity, to protect
cells from oxidative damage and to determine the
phytoconstituents present. Fingerprint analysis of
the extracts using UPLC-MS indicated the pres-
ence of multiple compounds. Of the four tentative-
ly identified compounds, only neobavaisoflavone
was previously indicated to be present in the plant
(Kuete et al., 2014; Yahaya et al., 2018a). To the
best of our knowledge, this is the first study indi-
cating the presence of kaempferol, rotenone and
rutin in the plant. Further analysis will be required
to confirm this.

Data from the cytotoxic analysis using both
spectroscopic and microscopic techniques indicat-
ed no sign of extract-induced cellular damage up
to the maximum tested concentration of 100
ng/mL. However, because topical application of
plant remedies often involves the use of higher
concentrations, there is need to evaluate the risk at
concentrations above 100 pg/mL. Although cyto-
toxicity of some compounds isolated from the
plant has been shown in cancerous cells (Kuete et
al., 2014), no such results have been reported in
normal cells. The ethnomedicinal extract of the
leaves was previously found to have no effect on
the viability of fibroblasts (Yahaya et al., 2018a).
Moreover, the safety of the plant in animal models
has been well documented (Donfack et al.,
2008a;b). Therefore, our finding is further proof of
the safety of E. senegalensis extracts.

Since the ability to attenuate oxidative stress is
directly related to a compound’s antioxidant po-
tential (Dunnill et al., 2017; Yahaya et al., 2018b),
the extracts were assessed for antioxidant effects
using ABTS and DPPH radical scavenging as
markers of activity. All treatments had superior
radical scavenging activity against the ABTS,
compared to the DPPH radical (Table 1). This is
indicative of the appreciable antioxidant activity of
the extracts. The ABTS radical scavenging effect of
the ethnomedicinal extract of the plant’s leaves
was previously demonstrated in a study which
indicated strong antioxidant potential (Yahaya et

http://jppres.com/jppres
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al., 2018a). The antioxidant potential exhibited in
the current study could be attributed to the pres-
ence of phytochemicals such as polyphenols and
steroids (Souleymane et al., 2016). Two of such
compounds (kaempferol and rutin) were tentative-
ly found to be present in the extracts (Fig. 2), com-
pounds that are known to exhibit antioxidant po-
tential albeit weak in the case of rutin (Hosseinza-
deh and Nassiri-Asl, 2014; Badmus et al., 2016).

Kaempferol's ability to protect against oxidative
damage has been established (Liao et al., 2016).
Hence, the presence of kaempferol in the methanol
extract could be responsible for the good antioxi-
dant effect observed. Although the water extract
exhibited appreciable antioxidant activity, it did
not test positive for any of the standard antioxi-
dants tested, suggesting that other phytochemicals
could be responsible for the activity noted.

Several factors may account for the varied scav-
enging ability of the extracts against the two free
radicals. Some antioxidant components may selec-
tively quench one free radical, and not the other.
Hydrophilic antioxidants, for instance, are poorly
detected with DPPH (Niki, 2010). Therefore, the
poor DPPH scavenging ability of the tested ex-
tracts could be due, in part, to the presence of
these water-loving antioxidants. Also, the radicals
have different stereoselectivity which results in
different electron and hydrogen atom transfer po-
tentials (Yu et al., 2002).

Assessment of the ability of extracts to protect
fibroblasts and macrophages against AAPH-
induced oxidative stress revealed promising out-
come. Except for the hexane extract, all others ex-
hibited some ability to protect the cells against
oxidative stress. Generally, the extracts demon-
strated a greater ability to suppress ROS genera-
tion in differentiated macrophages, compared to
fibroblasts. This could be ascribed to the inherent
ability of phagocytic cells to secrete ROS through
the activities of reduced nicotinamide adenine
dinucleotide phosphate (NADPH) oxidases, mito-
chondrial electron transport chain, and xanthine
oxidase (Droge, 2002). It has been documented
that a correlation exists between compounds with
the ability to donate electrons, such as antioxi-
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dants, and oxidative stress suppression (Dunnill et
al., 2017; Yahaya et al., 2018b). The protective ef-
fect of the extracts against oxidative stress could
therefore be a result of their antioxidant potential.
Previous reports indicate that three of the identi-
fied compounds, neobavaisoflavone, kaempferol,
and rutin, have antioxidant potential (Xiao et al.,
2010; Hosseinzadeh and Nassiri-Asl, 2014; Badmus
et al., 2016), while the fourth (rotenone) is capable
of inducing oxidative stress by reducing activity of
intracellular antioxidants such as glutathione,
amongst others (Swarnkar et al., 2009).

Although the water extract showed good anti-
oxidant activity (ABTS ICso = 49.05 pg/mL), it was
observed to exhibit the opposite effect on intracel-
lular ROS in macrophages at higher concentra-
tions. This could be ascribed to the increased stress
exhibited on the cells at higher concentrations of
the extract. Whereas cell growth was unaffected
after 24 h, exposure of macrophages to the water
extract reduced cell density by 10% after 48 h (Fig.
3). This is an indication of possible long-term cyto-
toxicity upon exposure to higher concentrations of
the extract, and therefore could explain the pro-
oxidant effect observed.

A previous study indicated the cytoprotective
potential of the ethnomedicinal extract of the plant
in isolated fibroblasts (Yahaya et al., 2018a).
Though similar cellular studies on the plant were
hard to come by, some accounts of the ability of its
extracts and isolated compounds to protect against
toxicity in animal experiments were noted (Don-
fack et al., 2008a;b). The current study findings
therefore add to the available information on the
protective ability of the plant against oxidative
damage.

Protective effect of Erythrina senegalensis extracts

required to identify and confirm the phytochemi-
cals responsible for the activity in the extracts.
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