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Abstract

Background: Medicinal plants produce several phytochemicals with strong free radical scavenging activities.
Objectives: To evaluate radical scavenging activity, brine shrimp toxicity and high-performance liquid
chromatography (HPLC) analysis of the methanol extracts of Secamone afzelii (SA) leaves and Ceiba pentandra (CP)
stem-bark.

Materials and methods: The leaves of SA and CP stem-bark were extracted with methanol and the total phenolic
content (TPC) of the extracts was determined and expressed as gallic acid equivalents (GAE). The extracts were
evaluated for their nitric oxide scavenging activity, antioxidant activity using 1,1-diphenyl-2-picrylhydrazyl (DPPH)
assay, toxicity using brine shrimp lethality assay (BSLA) and phytochemical constituents using HPLC.

Results: The TPC in SA extract was 21.26+1.29 while that of CP extract was 95.31+8.71 mg GAE. The SA and CP
extracts showed antioxidant activity by DPPH with ICsp of 97.60 and 22.35 ug/mL as compared to ascorbic acid
(1.4+0.34) and gallic acid (2.8+£0.78) Similarly, the extracts showed nitric oxide scavenging activity of 22.50+1.3 and
5.40£0.3 pg/mL respectively compared to gallic acid with 1Csg value of 1.1+£0.1 pg/mL. In BSLA, SA extract had
LCso value of >1000 pg/mL while CP extract and Cyclophosphamide (standard) had LCsg value of <1000 pg/mL.
HPLC analysis suggested that 8-p-L-arabinofuranosyl-6-f-D-glucopyranosylapigenin, kaempferol-3-0-glucoside,
kaempferol-3-O-(6"-malonyl-glucoside), kampferol-3-O-rhamnoglucoside and palitantin were the major components
in SA extract while the major components in CP extract were lateritin/beauvericin, procyanidin B2, pavetannin, (-)-
catechin and genistein-8-C-glucoside .

Conclusion: The results demonstrate the free radical scavenging properties of SA and CP extracts which could be
attributed to the presence of phenolic compounds.
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INTRODUCTION

Most human diseases are associated with the
accumulation of free radical such as Nitric oxide (NO),
a highly reactive chemical species often produced in
the human system by normal biological reactions and
also by various exogenous factors. This reactive
chemical species is implicated in degenerative or
pathological processes when the human endogenous
antioxidant defence system that protects against
oxidative damage is overwhelmed (Dawson et al.,
1992; Huang et al., 2005). Hence there is need to
supplement antioxidant levels through intake of
dietary or plant-derived antioxidants (Terao et al.,
1994; Houghton, 1995).

The plant kingdom has been the most significant
source of drugs used for the treatment and prevention
of many diseases, regardless of the current concern
with chemical synthesis as a tool to discover and
manufacture drugs. Moreover, at the beginning of 21
century, 11% of the 252 drugs considered as basic and
essential by the World Health Organization were
exclusively of flowering plant origins (Veeresham,
2012). Plant-based antioxidants have attracted special
interest because they are non-toxic or less toxic (Grice,
1986; Wichi, 1988). There have been reports of strong
synthetic antioxidants compounds but they have
proven to be highly carcinogenic (Shimizu et al.,
2001) hence it has become necessary to search for
antioxidants from natural sources with less toxic side
effect.

Secamone afzelii (Asclepiadaceae) is a familiar
creeping woody climber found on fences and trees. Itis
indigenous to tropical West and Central Africa. In
Western African traditional medicine, S. afzelii is used
for stomach problems, diabetes, colic, dysentery and
kidney problems. The whole plant boiled with rice is
used as purgative for children. The decoction of the

METHODOLOGY
Plant materials

The stem-bark of Ceiba pentandra was collected at
Oke-Ado Molete at U.M.C premises and leaves of
Secamone afzelii were collected at the University of
Ibadan premises. The plants were identified and
authenticated by Shasanya O.S at Forest Herbarium
Ibadan (FHI), Jericho Ibadan and was appropriately
compared by Mr. P. Agwu at the Department of
Pharmacognosy Herbarium, University of Ibadan. The
plants voucher numbers were also provided (FHI
109996 and 109995).

entire plant is prescribed for cough, catarrhal
conditions and as galactogogue. For the treatment of
gonorrhoea, the whole plant is crushed with fresh palm
nuts and oil (Gill, 1992). According to Houghton et al.
(1996), S. afzelii extracts have been shown to exhibit
anti—inflammatory properties. The latex cells usually
contain a latex rich in triterpenes. Other constituents
include cyanogenetic glycosides, saponins, tannins
and cyclitols (Evans, 2002). The leaves are rich in a-
tocopherol (one of the forms of vitamin E), a
compound with established antioxidant properties
(Mansah et al., 2004; Hougton et al., 2005).

Ceiba pentandra of the family Malvaceae is a very
large, deciduous tree up to 60 m tall. In many countries
in Africa, the stem bark of C. pentandra is in the
management of diarrhoea, localized oedemas, wash
sores, furuncles, leprous macules, relieve stomach
complaints, hernia, blennorrhoea, heart-trouble,
asthma, gargles for gingivitis and sometimes
toothache (Burkill, 1985). A bark-decoction is given
to children suffering from rickets; bark sap is given to
sterile women to promote conception by reason of the
fecundity of the seed in Ivory Coast (Burkill, 2000).
Its pharmacological properties include antidiarrheal,
antimicrobial, wound-healing and anti-inflammatory
activity (Noreen et al., 1998; Nwachukwu et al., 2008;
Sule et al., 2010). The following compounds have
been isolated from the bark of this plant; vavain 3’-O-
B-D glucoside, and its aglycone, vavain; flavan-3-ol,
(+)-catechin (Ylva et al., 1998), pentandrin and
pentandrin glucoside and beta-sitosterol and 3-beta-D-
glucopyranoside (Ngounou et al., 2000).

Literature review reveals a dearth of information on
radical scavenging activity and toxicity assessment
using brine shrimp on these medicinal plants. Hence,
we have carried out an evaluation of their radical
scavenging activity, toxicity assessment and HPLC
analysis.

Plant extraction

The two plants collected were dried under shade and
ground into powder. 200 grams of each powdered
plant sample were then subjected to extraction by
maceration using methanol for 72 hours. The extracts
were filtered and solvent removed using rotary
evaporator at under a reduced temperature of 40°C.
The plants extracts were stored in the refrigerator at
4°C till needed for analysis.
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Determination of total phenolic content

The concentration of phenolic in plant extracts was
determined  using  spectrophotometric  method
(Singleton et al., 1999). Methanol solution of the
extract in the concentration of 1 mg/mL was used in
the analysis. The reaction mixture was prepared by
mixing 0.5 mL of methanol solution of extract, 2.5 mL
of 10% Folin-Ciocalteu’s reagent dissolved in water
and 20 mL of 7.5% NaHCOs; Blank was
concomitantly prepared, containing 0.5 mL methanol.
The samples were thereafter incubated in a thermostat
at 45°C for 45 min. The absorbance was determined
using spectrophotometer at Amax = 765 nm. The
samples were prepared in triplicate for each analysis
and the mean value of absorbance was obtained. The
same procedure was repeated for the standard solution
of Gallic acid and the calibration line was constructed.
Based on the measured absorbance, the concentration
of phenolic was measured (mg/mL) from the
calibration line; then the content of phenolic in
extracts was expressed in terms of Gallic acid
equivalent (mg of GA/g of extract).

Determination of DPPH radical scavenging activity

The free radical scavenging ability of the extracts was
determined with DPPH radical and the bleaching
method of Silva et al. (2006). Briefly, 100 pL of
blank/standards/plant sample dilutions followed by
150 pL of DPPH (3 g dissolved in 60 mL of ethanol)
were pipetted into 96-well microplates and incubated
for 30 minutes. In methanol or aqueous solution, it
generated stable free radicals by the delocalization of
the free electrons; which in turn produced a deep
purple colored solution. Absorbance values of these
concentrations were calculated at 517 nm in
Spectramax Gemini XS microplate reader and the
decreasing value of DPPH at 517 nm is directly
proportional to the radical scavenging activity (Brand-
Williams et al., 1995). Percentage inhibition of DPPH
free radical (1%) was calculated by using the following
equation: (I%) = ((Absorbance of blank — Absorbance
of sample)/ (Absorbance of blank)) x 100. 50% of
inhibition (ICsg) of extract concentration was
calculated from the graph; where the percentage of
inhibition  (1%) was plotted against extract
concentration.

Nitric oxide scavenging assay

Plant extracts were dissolved in distilled water for this
quantification. Sodium Nitroprusside (40 mM) in

standard phosphate buffer saline (20 mM, pH 7.4) was
added to different concentrations (25-800 pg/mL) of
the extracts in tubes and were incubated at 29°C for 3
hours. Control experiment without the test compounds
but with equivalent amounts of buffer was conducted
in an identical manner. After 3 hours, equal volumes
of supernatant from the incubated samples and freshly
prepared griess reagent were transferred into a 96
micro-well plate. It was incubated for 10-15 minutes
and the absorbance of the colour developed during
diazotization of nitrite with sulphanilamide and its
subsequent coupling with napthylethylenediamine
hydrochloride was observed at 550nm on
spectrophotometer. The same procedure was with
gallic acid which was used as reference standard in
comparison with the test agents. A 1:50 dilution of 10
mM of NaNO, was also used for the calibration curve.
Percentage inhibition ability of the plant extracts
respect to the negative control was calculated by the
following formula; % inhibition = (Average of test)/
(Average of control) x100

Brine shrimp lethality assay (BSLA)

The experiment was carried out using the method
described by Mclaughlin, (1991). Brine shrimp eggs
were  obtained from the Department of
Pharmacognosy, University of Ibadan. Briefly,
Artemia salina cysts (brine shrimp eggs 0.1 g) were
allowed to hatch in natural sea water, containing 3.8
g/L salt, obtained from Bar beach, Ikoyi, Lagos. The
larvae (nauplii) were placed in sea water for 48 hours
at 25°C under constant aeration and illumination to
ensure survival and maturity before use. Stock
solutions (10 mg/mL) of plant extracts were made and
diluted serially in clean test tubes of 10 mL volume to
obtain five final concentrations (1000—1pug/mL). Ten
nauplii were collected with the aid of a pipette and
added to the serially diluted test solutions. Tests were
carried out in triplicate. The negative control consisted
of ten nauplii per tube in sea water without plant
extract while Cyclophosphamide was used as the
positive control. After the 24 hour incubation at 25 °C,
a magnifying lens was used to count the number of
dead larvae and the percentage mortality was
calculated. Larvae were considered dead only if they
did not move for few seconds after pricking with sharp
object during observation. The 50% lethal
concentration (LCso value) and the standard error
mean (SEM) were calculated using a non-linear
regression curve contained in the Graph pad prism
statistical software.
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High performance liquid chromatography (HPLC)
analysis

The extracts were subjected to qualitative HPLC
analysis to identify the type of metabolites present. A
reverse-phase HPLC system (Thermo-scientific NX 5
uM C-18 column [250x 4.6 mm]) was operated under
isocratic conditions. The column temperature was set
at 25 °C. A variable wavelength detector was set at 235
nm. 0.1% trifluoroacetic acid in nanopurewater
(solvent A) and 0.1% trifluoroacetic acid in methanol
(solvent B) was used as the eluent. For the analysis,

RESULTS

Determination of total phenolic content

The phytochemicals present in plants have the
potential for preventing chronic diseases. The multiple
properties of these phytochemicals have made them
more attractive, as they can modulate various aspects
of diseases (Csepregi et al., 2016). The plant extracts
used for this study showed varying total phenolic
content (Table 1). The gallic acid equivalents (GAE)
of the extracts are 21.26+1.29 mg/qg for S. afzelii leaves
and 95.31+8.71 mg/g for C. pentandra stem-bark. As
potent antioxidants, phenolics from previous studies
have demonstrated its significance in the protection
against human diseases.

Determination of DPPH radical scavenging activity
The electron donation ability of natural products can
be measured by DPPH purple coloured solution been
bleached (Nunes et al., 2012). The method is based on
scavenging DPPH through the solution of a radical
species or antioxidant that discolourises the DPPH
solution. The degree of colour change is proportional
to the concentration and potency of the antioxidants
(Krishnaiah et al., 2011). Hence, a large decrease in
the absorbance of the reaction mixture which indicates
significant free radical scavenging activity was
demonstrated in the methanol extracts of S. afzelii
leaves with inhibitory concentration at 50% (ICso)
value of 97.60 pg/mL and Ceiba pentandra stem bark
with 1Csp value of 22.35 pg/mL, as compared with the

the mobile phase composed of 70% of A and 30% B
at 0 min, then linear gradient to 100% of B over 40
min and held at that composition for 10 minutes at a
flowrate of 1 mL/min. The auto-sampler injected 20
pL of each sample and all peaks were detected by
ultraviolet (UV) photodiode array detector. To
determine the nature of compounds present in the
extracts, the peaks generated in the chromatogram of
each extract were compared to the compounds
collection contained in the HPLC library.

standard drugs with I1Csp values of 1.4+0.34 (Ascorbic
acid) and 2.8+0.78 (Gallic acid) (Table 1). The
copious amount of phenolic content in the plant
extracts may be responsible for the antioxidant activity
as demonstrated in various studies. According to
Mensah et al. (2004), methanol extract of S. afzelii
stem demonstrated antioxidant activity using DPPH
assay and the active compound identified was a-
tocopherol, a phenolic compound.

Nitric oxide (NO) scavenging assay

The methanol extracts of S. afzelii leaves with 1Cs
value of 22.50+1.3 pg/mL and C. pentandra stem-bark
with 1Cs value of 5.40£0.3 pg/mL, including the
standard (Gallic acid) with 1Csy value of 1.1+0.1
pg/mL (table 1), have demonstrated a significant
decrease in the nitric oxide radical due to their
scavenging ability. Nitric oxide is an oxidant as it
reacts with reactive oxygen species (ROS). In addition
to reactive oxygen species, nitric oxide is also
implicated in inflammation, cancer and other
pathological conditions (Nabavi et al., 2008a,b). Nitric
oxide is known to be a ubiquitous free-radical moiety,
which is distributed in tissues or organ systems and is
supposed to have a vital role in neuromodulation or as
a neurotransmitter in the central nervous system
(Gulati et al., 2006).

Table 1: Total Phenolic Content, DPPH scavenging and Nitric Oxide scavenging activities of methanol extracts

of the investigated medicinal plants

Plant Extracts/ Drugs
extract)

TPC (GAE mg/lg of DPPH,

NO, ICso(pg/mL)
ICso(ng/mL)

S. afzeliileaves 21.26 +1.29

97.60 22.5%1.3
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C.pentandrastem-bark 95.31+8.71
Ascorbic Acid (Standard I) ND
Gallic Acid (Standard 1) ND

22.35 5.4+0.3
1.4+0.34 ND
2.8+0.78 1.1+0.1

ND: Not Determined; Standard drug and extracts express as I1Cso + standard error of mean (SEM)

Brine shrimp lethality assay (BSLA)

Brine Shrimp bioassay is considered as a rapid
preliminary screening for the presence of bioactivity
compounds and also used to determine the toxicity of
plant extracts (Ogbole et al., 2017). According to
Meyer et al. (1982), extracts derived from natural
products which have LCs<1000 pg/mL are known to
possess toxic effects. The results obtained showed that
the activity of the plant extracts was concentration-
dependent. S. afzelii leaves extract had LCsy value
above 1000 pg/mL indicating that they are non-toxic
to brine shrimp larvae. On the contrary, the C.
pentandra stem-bark extract and cyclophosphamide

had LCso value below pg/mL which is an indication
that they are toxic to brine shrimps’ larvae. The BSLA
result is summarized in table 2. However, plants found
to be toxic to brine shrimp are likely to be good
candidate for anti-cancer research (Ramachandran et
al., 2011), hence, C. pentandra could likely be a good
candidate for anti-cancer research due to the numerous
phenolic compounds present. Kumar et al. (2016) had
previously evaluated the in vitro cytotoxicity and in
vivo antitumor activity of C. pentandra bark extracts
and were shown to be effective on MCF-7 and B16F10
cancer cell lines.

Table 2: Brine shrimp lethality activities of the plants extracts

Plant LCso (png/mL) Toxicity Effect
S. afzelii leaves >1000 Non-toxic

C. pentandra stem-bark <1000 Toxic
Cyclophosphamide (Standard) <1000 Toxic

HPLC analysis of the investigated plant extracts

The HPLC analysis of methanol extract of S. afzelii
leaves showed 11 distinct peaks which revealed the
presence of 8-p-L-arabinofuranosyl-6-p-D-
glucopyranosylapigenin, kaempferol-3-0-glucoside,
kaempferol-3-O-(6"-malonyl-glucoside), kampferol-
3-O-rhamnoglucoside and palitantin, respectively as
the major compounds, as observed in the
chromatogram and UV spectra (Fig. 1 and 2). Figure 2
show the UV spectral assignment of major peaks of
the methanol extract of S. afzelii leaves. Kaempferol-
3-O-glucosidealso known as astragalin is a phenolic
compound that has been isolated from Phytolacca

americana and Phegopteris connectilis.  This
compound demonstrated anti-inflammatory and
analgesic properties (Klaus-Peter, 1999; Parveen et
al., 2007). Kaempferol-3-O-(6"-malonyl-glucoside)
and Kaempferol-3-O-rhamnoglucoside are members
of the class of compounds known as flavonoid-3-O-
glycosides. Kaempferol-3-O-(6"-malonyl-glucoside)
was found in endive and lettuce and demonstrated
anti-amyloidogenic properties while Kaempferol-3-O-
rhamnoglucoside, also known as nicotiflorin was
found in ginkgo nuts and tea. This makes these
compounds potential biomarkers for the consumption
of these food products (Nakayama et al., 1978;
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Parinda et al., 2009). Palitantin is an antifungal and
antiprotozoal compound used in biochemical research
which was first isolated from Penicillium palitaus. It
demonstrated moderate antimycobacterial property
(Fuska et al., 1970). The HPLC profile of methanol
extract of C. pentandra stem bark showed 22 distinct
peaks. Peak 1, 2, 4, 8 and 14 revealed the presence of
lateritin/beauvericin, procyanidin B2, pavetannin, (-)-
catechin and genistein-8-C-glucoside, respectively,
were the major compounds present, as observed in the
chromatogram and UV spectra (Figs. 3 and 4). Figure
4 show the UV spectral assignment of the major peaks
of the methanol extract of C. pentandra stem-bark.
Lateritin, a morphine-2,5-dione (depsipeptide) was
confirmed to be structurally equivalent to a monomer
of beauvericin. Beauvericin is a trimeric lactone of
lateritin. Lateritin has demonstrated to exhibit
inhibitory effect on cholesterol acyltransferase
isolated from Gibberella lateritium and beauvericin
have shown to exhibit cytotoxic effects in human acute
lymphoblastic leukemia cells through cytochrome C
release (Hasumi et al., 1993; Wang and Xu, 2012).
Procyanidins, including procyanidin B2 are oligomers

of flavonoids which are mostly found in fruits and
food products have attracted increasing attention in the
fields of nutrition and medicine due to their potential
health benefits. They have shown to demonstrate anti-
inflammatory,  anti-arthritic  and  anti-allergic
properties, prevention of skin aging and the ability to
scavenge reactive oxygen and nitrogen species (Jorge
et al., 1991; Zhao et al., 1999). Catechin which was
also identified in the methanol extract of C. pentandra
stem-bark is a class of flavonoids and natural
antioxidants with variety of antioxidant properties.
Catechin also has the ability to suppress human cell
proliferation and induces apoptosis (natural cell death)
of breast cancer cells by facilitating cell cycle arrest
(Zhao et al., 1999). The most commonly observed
isomer of catechin, (+)-catechin version has been
identified in C. pentandra in previous studies (Noreen
et al., 1998; Reygaert, 2018), which is different from
the stereoisomer [(-)-catechin] identified in this study.
Genistein 8-C-glucoside, an isoflavone have shown to
demonstrate antioxidant and cytotoxicity properties
(Antosiak et al., 2007).

UVv_VisS_1
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Figure 1: Reverse Phase-HPLC Quantitative Chromatogram of the methanol extract of S. afzelii leaves
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Figure 3: Reverse Phase-HPLC Quantitative Chromatogram of the methanol extract of C. pentandra stem-bark
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Figure 4: UV spectra assignment of major peaks of the methanol extract of C. pentandra stem bark

CONCLUSION

In conclusion, the methanol extracts of C. pentandra
stem bark and S. afzelii leaves demonstrated
antioxidant activity by scavenging the DPPH and
nitric oxide free radicals. The major compounds
present in the plant extracts were identified which can
be very helpful in the search for new drugs for various
diseases associated with free radical generation. Five

compounds each which are mostly phenolics were
identified in the both plant extracts. From literature,
some of these compounds have demonstrated various
biological and pharmacological effects such as
antioxidant,  cytotoxicity,  antimicrobial, anti-
inflammatory and anti-arthritic effects respectively.
Some of the compounds identified such as 8-B-L-
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arabinofuranosyl-6-f-D-glucopyranosylapigenin,

Kaempferol-3-O-(6"-malonyl-glucoside),  Palitantin
and Lateritin are yet to be fully explored. Therefore,
there is need for further research on the medicinal
plants as this would serve the purpose of established
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