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Antiradical Activities of Basella alba and
Solanecio biafrae Extracts: In vitro

Borokini Funmilayo Bosede

Abstract— Basella alba L., commonly called “Amunututu” and Solanecio biafrae called “Worowo” among the Yoruba tribe in the southwest part of
Nigeria are reported to be of great ethnomedicinal importance but are among many underutilized green leafy vegetables in the country. Many studies
have established the nutritional values of these vegetables, utilization are very poor and in-depth informations on their chemical profile are scarce. The
polyphenol profiles of the alcoholic extracts were characterized, using high-performance liquid chromatography coupled with diode array detector. Total
phenol and flavonoid contents, antioxidant activities were evaluated using in vitro assays to assess 2, 2-diphenyl-1-picryl hydrazyl, nitric oxide and hy-
droxyl radical-scavenging abilities, with the aim of assessing their nutraceutical potentials to encourage their production and utilization. The results re-
vealed the presence of phenolic compounds: gallic acid, chlorogenic acid, caffeic acid, coumarin, rutin, quercitrin, quercetin and kaemferol, ellagic acid,
rosmarinic acid, and catechin. The vegetables showed varying concentration dependent radical scavenging abilities from weak to strong compared with
gallic acid, rutin, trolox and ascorbic acid used as positive controls. There was strong positive correlation with total phenol (mg GAE/g) and total flavonoid
(mg RE/g) contents in the range TFC (r = 0.671 — 0.997and r = 0.724-0.998) and TPC (r= 0.594 — 0.996 and r= 0.722 — 0.991) for B. alba and S. biafrae
respectively. Inhibition concentration at 50 % (ICso) for each extract to scavenge DPPH, OH and NO radicals ranged from 0.346 to 14.855 compared
with control (0.205 -1.926) mg/ml. The vegetables possess appreciable antioxidant properties for promoting good health, their cultivation and utilization

should be encouraged especially in the face of increasing health and economic challenges and food insecurity in many parts of the world.

Index Terms — Antioxidants, B. alba , extracts, phytochemicals, polyphenol, utilization, S. biafrae

1 INTRODUCTION

practical way of fighting against the prevailing cases

of degenerative disease which has become a Global

concern is to improve body anti-oxidant status

through consumption of fruits and vegetables. Phy-
tochemicals from plant vegetables have been found to exert
their beneficial effect by acting as antioxidants thereby pre-
venting damages to cell membrane and cellular oxidative
processes that may give rise to diseases [1, 2, 3]. Free radicals
are highly unstable species, since they contain one or more
unpaired electrons; they can damage other molecules by get-
ting electrons from them [10, 11, 12, 13]. Excessive generation
of free radicals or reactive oxygen species (ROS) during meta-
bolism and other activities beyond the antioxidant capacity of
a biological system therefore gives rise to oxidative stress
which plays a role in heart diseases, neurodegenerative dis-
eases, cancer, and in the aging process [14, 15]. There is consi-
derable evidence that antioxidants could help to prevent these
diseases because they have the capacity to quench free radicals
and many epidemiological reports associate diets on fruits and
vegetables with reduced risk due to the presence of natural
substances in plants with potent in vitro antioxidant ability
that help to protect cells against oxidative damage caused by
free radicals [14, 15]
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Many vegetables in Nigeria are in the wild, underutilized,
becoming rare and going to extinction while cultivated vege-
tables are becoming expensive. Of more than twenty leafy
vegetables consumed in South-Western Nigeria, there are sev-
eral reports on routine and commercial cultivation on few
while many grow wild and are under-explored [4, 5]. It is im-
perative to pay attention to these vegetables in the face of in-
creasing food insecurity, economy and health challenges espe-
cially in Africa.

Basella (alba L. and rubra L.) commonly known as Ceylon spi-
nach and locally called “Amunu-tutu” in southwestern Nigeria
is a leafy vegetable that belongs to the family Basellaceae. It
is semi domesticated and underutilized [6]. It is high in vita-
min A, vitamin C, vitamin B9 (folic acid), calcium, magnesium
and several vital anti-oxidants [5]. Senecio biafrae (with local
name “worowo” or Sierra Leone bologni) grows in large quan-
tity as undercover in tree crop plantation. Also, leaves of S.
biafrae contain various secondary metabolites such as dihy-
droisocoumarins, terpenoids, sesquiterpenes or amino acids
[7,8,91.

Many studies have been carried out on the nutritional values
of many vegetables in Nigeria [16] but there is dearth of in-
formation on the antioxidant properties of many of these vege-
tables. In the present study, attempt was made to assess the
total flavonoid content (TFC), total phenolic content (TPC),
antioxidant activities and quantify the polyphenolic com-
pounds of the ethanol extracts of the above mentioned vegeta-
bles.
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2 MATERIALS AND METHODS

2.1. Samples and Extracts Preparation

The air-dried vegetable samples from local markets in Nigeria
were ground and sieve to give 40 mm mesh size powder. Bio-
active extract of each powdered vegetable was obtained by
weighing 20 g into clean and dried reagent bottle and 400 ml
each of distilled water, methanol and ethanol was separately
added and subjected to cold maceration process for 24 h to
obtain the aqueous extract and 72 h to obtain the alcohol ex-
tracts. The extracts were concentrated under vacuum and eva-
porated using rotary evaporator at low temperature (45°C).
The extracts were kept for analyses [17].

2.2. Quantification by HPLC-DAD

Chromatographic analyses were carried out under gradient
conditions using Cis column (4.6 mm x 250 mm) in reverse
phase, packed with 5um diameter particles; the mobile phase
was water containing 1% acetic acid (A) and methanol (B), and
the composition gradient was: 5% of B until 10 min and
changed to obtain 20%, 30%, 50%, 60%, 70%, 20% and 10% B at
20, 30, 40, 50, 60, 70 and 80 min, respectively, following the
method described by [18] with slight modifications. Chroma-
tography peaks were confirmed by comparing its retention
time with those of reference standards and by DAD spectra
(200 to 500 nm). Calibration curve for gallic acid: Y = 13480x +
1257.5 (r = 0.9998); coumarin: Y = 11983x + 1196.9 (r = 0.9997);
chlorogenic acid: Y = 11786x + 1267.1 (r = 0.9991); caffeic acid:
Y =13048x + 1345.6 (r = 0.9995); rutin: Y = 12478x + 1194.9 (r =
0.9997), quercitrin: Y = 13641x + 1178.4 (r = 0.9997), kaempferol:
Y = 11458x + 1269.4 (r = 0.9998) and quercetin: Y = 12783x +
1195.8 (r = 0.9996). All chromatography operations were car-
ried out at ambient temperature and in triplicate. The limit of
detection (LOD) and limit of quantification (LOQ) were calcu-
lated based on the standard deviation of the responses and the
slope using three independent analytical curves. LOD and
LOQ were calculated as 3.3 and 10 o/S, respectively, where
o is the standard deviation of the response and S is the
slope of the calibration curve [18]

2.3. Determination of total phenol contents

Exactly 0.5 ml of each extract was mixed with 2.5 ml 10 % Fo-
lin-Cioalteu’s reagent (v/v) and 2.0 ml of 7.5% NaxCOs. The
reaction mixture was subsequently incubated at 45°C for 40
min, and the absorbance measured at 760 nm in the spectro-
photometer. All tests were performed three times. Gallic acid
was used as a standard phenolic compound. The amount of
total phenolic compound in the extract was determined as ug
of gallic acid equivalent (GAE) per g dry weight [19].

2.4. Determination of total flavonoid

A known volume (0.5 ml) of each extract was added to a 10 ml
volumetric flask. Distilled water was added to make a volume
of 5 ml. At zero time, 0.3 ml of 5 % w/v NaNO: was added to
the flask. After 5 min, 0.6 ml of 10 % w/v AlCl; was added and
after 6 min, 2 ml of 1M NaOH was added to the mixture fol-
lowed by the addition of 2.1 ml distilled water. Absorbance
was read at 510 nm against the blank (water) and flavonoid
content expressed as mg rutin equivalent/g [20].

2.5, Determination of 2, 2-Diphenyl-1-picryl hydrazyl
(DPPH) radical scavenging ability

Extracts of 1-5mg/ ml each was mixed with 1 ml, 0.4 mM me-

2153

thanolic solution containing DPPH radicals, the mixture was
left in the dark for 30 min before measuring the absorbance at
516 nm. Percentage of inhibition = [(Ao— A1) / Ao] x 100, where
Ao is the absorbance of the trolox and Al is the absorbance of
the sample [21]..

2.6. Determination of OH radical scavenging activity

Exactly 1-5 mg/ml of each extract of the samples were mixed
with 1 ml of reaction mixture (100 pM FeCls, 104 uM Ethyle-
nediaminetetraacetic acid, 1.5 M H20z, 2.5 M deoxyribose and
100 uM ascorbic acid in 10 mM KH2PO:+-KOH, pH 7.4) and
incubated for 1h at 37°C. Thereafter, 1 ml of 0.5% thiobarbitur-
ic acid in 0.025 M NaOH and 1 ml of 2.8 % trichloroacetic acid
was added to the mixture and heated for 30 min at 80 °C be-
fore reading the Absorbance at 532 nm against an appropriate
blank solution. All tests were performed three times. Ascorbic
acid was used as a positive control. Percent inhibition of OH
was calculated by the following expression: Percentage of in-
hibition = [(Ao— A1) / Ao] x 100, where Ao is the absorbance of
the ascorbic acid and Al is the absorbance of the sample [22,
23].

2.7. Determination of NO scavenging activity

Briefly, 5 Mm sodium nitroprusside in phosphate-saline was
mixed with different concentrations of the extracts: 1-5mg/ml,
before incubation at 25°C for 150 min. Thereafter, the reaction
mixture was added to Greiss reagent (1 % sulfanilamide, 2 %
HsPO: and 0.1 % naphthylethylenediamine dihydrochloride),
before measuring the Absorbance at 546 nm [24]. Ascorbic acid
was used as control. The nitric oxide radicals scavenging activ-
ity of the fractions was calculated according to the following
equation: Percentage of inhibition = [(Ao — A1) / Ao] x 100,
where Ao is the absorbance of ascorbic acid and Al is the ab-
sorbance in the presence of the fractions and ascorbic acid.
Statistical analysis

Values are presented as the mean * SD of three replicates.
ANOVA and LSD and Pearson correlation analyses were per-
formed using the commercial software SPSS 16.0

3 RESULTS AND DISCUSSION

3.1.

Phenolic profile of the two vegetables (Table 1, Figures 1-4)
revealed the presence of phenolic acids and flavonoids in
higher concentrations in methanol than ethanol extracts. Gallic
acid, caffeic acid, rutin quercetin and kaempferol were found
in all the extracts; coumarin and quercitrin were found in the
ethanol extracts at low concentrations, ellagic acid and cate-
chin were detected only in methanol extracts of S.biafrae and
rosmarinic acid only in methanol extract of B.alba. Catechins
especially epigallocatechin gallate (EGCG) are very powerful
antioxidants with activity about 25-100 times more potent
than that of vitamins C and E [25]. Chlorogenic acid was
found in all except the methanol extract of S.biafrae, while iso-
quercitrin was detected in methanol extracts of both but not in
the ethanol extracts. Phenolic compounds are responsible for

POLYPHENOLIC COMPOSITION
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the antioxidant activities of plant materials due to their redox
properties through the conjugated rings and hydroxyl groups,
hydrogenation or complexing with oxidizing species; they
work as reducing agents, hydrogen donors and singlet oxygen
quenchers thereby serve various protective and preventive
functions [26].
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Figure 1: HPLC profile of Basella alba methanol extract. Gallic
acid (peak 1), chlorogenic acid (peak 2), caffeic acid (peak 3),
rosmarinic acid (peak 4), rutin (peak 5), isoquercitrin (peak 6),

quercetin (peak 7) and kaempferol (peak 8).
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Figure 2: HPLC profile of Senecio biafre methanol extract. Gallic
acid (peak 1), catechin (peak 2), caffeic acid (peak 3), ellagic
acid (peak 4), rutin (peak 5), isoquercitrin (peak 6), quercetin
(peak 7) and kaempferol (peak 8).
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Figure 3 HPLC profile of ethanol extract of B. alba. Gallic acid
(peak 1), chlorogenic acid (peak 2), caffeic acid (peak 3), cou-
marin (peak 4), rutin (peak 5), quercitrin (peak 6), quercetin
(peak 7) and kaempferol (peak 8).
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Figure 4 — HPLC profile of ethanol extract of S. biafrae. Gallic
acid (peak 1), chlorogenic acid (peak 2), caffeic acid (peak 3),
coumarin (peak 4), rutin (peak 5), quercitrin (peak 6), querce-
tin (peak 7) and kaempferol (peak 8).

Table 1: Phytochemical composition of the vegetables (mg/g)

Methanol extracts Ethanol extracts
Compounds
(mg/g) B.alba S.biafrae B.alba S.biafrae
Gallic acid 2153:001 | 8.15:0.01 052+003 | 0.85+0.01
Chlorogenic 0.97 +0.02 1.06 = 0.02
acid 26.39+0.01 | 0+0.00
Caffeic acid 32.74:002 | 3751001 | 051001 | 049+0.03
Coumarin 0+0.00 0+0.00 273+001 | 1.07+0.01
Quercitrin 0+0.00 0+0.00 586+001 | 3.97+0.02
Ellagic acid 0+0.00 948+0.03 | 0+0.00 0+0.00
Rosmarinic 0+0.00 0+0.00
acid 18.91+0.01 | 0+0.00
Catechin 0+0.00 3.3240.02 0+0.00 0+0.00
Rutin 21.95:0.03 | 18.63:0.01 | 278+0.03 | 0.60+0.01
Isoquercitrin | 30.16:0.02 | 30.71x0.01 | 0%0-00 0+0.00
Quercetin 21.10:0.01 | 12.34:0.02 | 091002 | 3.65+0.01
Kaempferol | 19.32+0.01 | 756003 | #17+003 | 3.71£0.01

Results are expressed as mean + standard deviations (SD) of
three determinations.

3.2.  Total Phenol and Flavonoid Contents

Total phenols concentrations ranged from 8.164+0.20 and 9.023
+0.05 to 83.788 +0.008 and 197.654 + 0.110 mg/100g GAE for the
aqueous and the alcohol extracts. The gallic acid used as the
standard gave significantly higher (p < 0.05) values of total
phenol (275.972 mg GAE/100g) than all the vegetable extracts
at all concentrations. All the extracts of S.biafrae gave higher
values of TPC than B.alba; and methanol extracts gave higher
values for TPC than the alcohol and ethanol extracts contrary
to the observation of koffi et al., [27] who observed that the
average total phenols contents of ethanolic extracts (9,000 mg
GAE: 100 g DM) is at least 4 times higher than that of aqueous
or acetonic extracts (2,000 mg GAE g/ 100 g DM), and 9 times
higher than that of methanolic extracts.

A different trend was observed for the TFC as the aqueous
extracts of the vegetables were found to contain higher TFC
than the alcohol extracts; and TFC of aqueous extracts of B.
alba were significantly higher (p < 0.05) than that of S.biafrae.
The range of TFC obtained for B. alba extracts in this study
(0.606 + 0.014 — 139 + 0.071 mg RE / 100g) were significantly
lower than 34.849 +0. 016 -181.818 + 0.211mg/100 g of rutin at
1- 5mg/ml concentrations. TPC and TFC of the methanol ex-

mal tracts of B. alba in the study conducted by Oloyede et al. [6]
125 were found to be 2817 and 3044 mg/100g respectively. Ade-
. fegha and Oboh [28] also reported total phenol content (mg

gallic acid equivalent /100 g) and TFC (mg quercetin equiva-
75 lent /100 g) of 350.0 + 0.5 and 36.4 + 0.4 for methanol extracts of
504 B-g B. alba. Phenolic extracts of plants are always a mixture of dif-
25_5 2 4 ferent classes of phenols, which are selectively soluble in the

] 1 3 g
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different solvents and have capacity to trap free radicals asso-
ciated with different diseases [29].

3.3. DPPH Scavenging Properties

The aqueous extracts of both vegetables exhibited weaker abil-
ities than the alcohol extracts in inhibiting DPPH. Though,
trolox which was used as reference standard showed higher
inhibition ability than all the extracts, aqueous and alcohol
extracts of both vegetables demonstrated significant concen-
tration dependent increase from weak to strong antioxidant
properties in the range; 17.279 — 62.095 and 1.703 - 45.676 % for
B. alba and S. biafrae respectively (Figures 5 a-c). ICso values,
which are the concentration of sample required for 50 % sca-
venging of free radicals in the specified reaction time, were
calculated from the graph plotting scavenging percentage
against sample concentration and presented in Table 2. The
higher the scavenging ability of extract, the lower the ICso val-
ue. The ICso for DPPH in this study which ranged from 3.404
to 14.452 in ethanol and aqueous extracts of B. alba respective-
ly were higher than 0.511obtained for trolox. The percentage
inhibitions of DPPH radical in this study were lower than
91.3% and 89.3% reported by Oloyede [6] for B. rubra and
B.alba respectively. TPC and TFC of the two vegetables showed
strong positive correlations with the DPPH at between 0.01 -
0.05 significant levels (Table 3 and 4). It has been established
that the antioxidant activity of plant extracts containing poly-
phenol components is due to their capacity to be donors of
hydrogen atoms or electrons as reducing agents and to cap-
ture the free radicals [30].

Table 2: ICso values for DPPH, OH and NO free radicals
Table 3: Pearson’s correlation coefficient between total flavono-
id content and antioxidant assays

Solvents | samples | DPPH | OH NO
1Cs0 ICs0 1Cs0
Aqueous | B.alba 14.452 1.506 3.394
S. biafrae 9.881 4.585 5.193
Methanol | B. alba 8.437 9.561 1.384
S. biafrae 7.817 14.855 2.576
Ethanol B. alba 3.404 7.878
10.477
S. biafrae 5.471 8.403
5.482
Control 0.511 1.179 0.564
Ascorbic | Ascorbic
Trolox | acid acid
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Table 3: Pearson’s correlation coefficient between total flavono-
id content and antioxidant assays

TFC Samples | Pearson correlation
OH DPP | NO
H
Aqueous | rvalue | B.alba
996" | 931" 997
p value .000 021 .000
rvalue | S. biafrae
.949° .854 958"
p value 014 .066 .010
Methanol | rvalue | B.alba
949 876 671
p value .014 .052 215
rvalue | S. biafrae
724 979" 816
p value 167 .004 .092
Ethanol rvalue | B.alba
9727 | 994 970"
p value .006 .001 .006
rvalue | S. biafrae
985 | 996 .998~
p value .002 .000 .000
Control 965 | 987" 955
.008 .002 011
3.4. OH Scavenging Properties

Solution of OH scavenger when added to the reaction mixture
removes the hydroxyl radicals from the sugar and prevent it
from degradation and the absorbance decreases with increas-
ing concentrations of the scavenger. The results presented in
Figures 6 a-c revealed that aqueous extracts showed efficient
radical scavenging activities on hydroxyl radicals at concentra-
tions 1-5 mg/ml, compared with the vitamin C standard. The
high % inhibition of hydroxyl radicals demonstrated could be
associated with the high values obtained for TFC of the
aqueous extracts in this study. Both the aqueous and the alco-
hol extracts of B. alba were more effective scavengers than the
extracts of S. bifrae (Figures 6 a- c). The range of ICs for OH
radical was 1.506 — 14.855 from aqueous extracts of B. alba to
methanol extract of S. bifrae.

The correlations between the capacities of all the extracts to
scavenge hydroxyl radicals and their TFC and TPC were
strong and positive; TFC (r =0.949 -0.996); TPC (r = 0.928 -
0.986) and TFC(r = 0.724 - 0.985); TPC (r = 0.722 — 0.986) for B.
alba and S. bifrae respectively at 0.01- 0.05 level of significance.
The results indicate the potential of these samples to prevent
or decrease the damage in a human body caused by free radi-
cals which according to Aruoma et al. [31] and Valko et al.
[32] attack biological macromolecules such as protein and
DNA.

IJSER © 2016
http://www.ijser.org


http://www.ijser.org/

International Journal of Scientific & Engineering Research, Volume 7, Issue 11, November-2016 2156
ISSN 2229-5518

Table 4: Pearson’s correlation coefficient between total phenol
content and antioxidant assays

TPC Samples | Pearson correlation
OH DPPH | NO
Aqueous | rvalue B. alba
971" .850 | .940
p value .006 .068 .017
r value S. biafrae
953" 894" | 966"
p value 012 .041 .007
Methanol | r value B. alba
928" 787 .594
p value .023 114 291
r value S. biafrae
722 974" .756
p value .168 .005 139
Ethanol r value B. alba
.986™ 989~ | 996
p value .002 .001 .000
r value S. biafrae
.986™ 985" | .990™
p value .002 .002 .001
Control 983 .985™ | .965"
.003 .002 .008

3.5. NO Scavenging Properties

The % inhibition of NO radical by the vegetables are presented
in Figures 7 a-c. The aqueous and alcohol extracts of the two
vegetables possessed significant scavenging ability against NO
radical when compared to the ascorbic acid standard used as a
reference standard. Methanol extracts of B. alba and S. bifrae
showed the strongest nitric oxide scavenging property with
respective ICso values of 1.384 and 2.576 and the correlation
between the scavenging ability and the corresponding TFC
and TPC were strong and positive as shown in Table 3 and 4.
The methanol extract of Centella asiatica, a medicinal plant
showed maximum activity of 50 % at 200 ug /ml; whereas as-
corbic acid at the same concentration exhibited 47.3% inhibi-
tion [33]. Nitric oxide are important signaling molecules in
biological processes but high levels of these radicals are toxic
to tissue and contribute to molecular damage in human sys-
tem [34]. The two vegetables understudy possesses quite ap-
preciable effective scavenging power against NO.
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A CONCLUSION

Aqueous and alcohol extracts of B.alba and S. biafrae gener-
ally demonstrated concentration dependent effectiveness in
their free radical inhibition. There was positively strong
correlation between the antioxidant properties and the total
phenol and total flavonoid contents of the extracts in
agreement with several studies which associate the phenol-
ic compounds with antioxidant property. Phenolic profile of
the two vegetables showed the presence of phenolic acids
and flavonoids which could exert their antioxidant capacity
individually as well as synergistically to produce various
protective and therapeutic effects. Large scale cultivation
and utilization of these vegetables of great health benefit
potential should be encouraged.
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