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Abstract: Essential oils from plants have been proven safe as natural antioxidants, and few
are already marketed as digestive enhancers as well as in prevention of several
degenerative diseases. This study evaluated the antioxidant capacity of seed and shell
essential oils of Abrus precatorius (L), a herb used for ethno-medicinal practices in
Nigeria. The essential oils were obtained by hydro-distillation. The ability of the oils to act
as hydrogen/electrons donor or scavenger of radicals were determined by in-vitro
antioxidant assays using 2,2-diphenyl-2-picryl-hydrazyl free radical (DPPH’) scavenging;
2,2'-azino-bis(3-ethylbenzthiazoline-6-sulfonic acid) (ABTS) radical scavenging; lipid
peroxide and nitric oxide radicals scavenging assays. The ICsy of the seed and shell oils
(2.10 mg/mL and 1.20 mg/mL respectively) showed that antioxidant activity is higher than
that for the standard drugs (3.20 mg/mL and 3.40 mg/mL) for the nitric oxide scavenging
assay. The lipid peroxidation radical activity of the oils were similar to vitamin C, weak
DPPH and ABTS radical scavenging activities were discovered in comparison to vitamin C
and rutin. Generally, in the four antioxidant assays, a significant correlation existed
between concentrations of the oils and percentage inhibition of free radicals and lipid
peroxidation. The composition of A. precatorius essential oils reported earlier may account
for their antioxidant capacity.
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1. Introduction

There are increasing evidences that free radicals produced molecular alterations that are associated
with various degenerative human diseases such as arteriosclerosis, cancers, Alzheimer’s disease,
Parkinson’s disease, diabetes, asthma, arthritis, immune deficiency diseases and aging [1-4]. Antioxidants
are substances that mop up free radicals and prevent them from causing cell damage [5,6]. Plants
contain antioxidant compounds that function as free radical scavengers, reducing agents and quenchers
of singlet oxygen formation [7]. In the last decade, there have been increasing suggestions and demand
for use of essential oils as natural antioxidant than any other plant extracts as potential substitute for
the synthetic ones [8—10]. Essential oils reduce oxidation within body fluids by inhibiting radicals and
increase permeability of microbe’s cell membrane leading to perforation and leakage of cell vital
intracellular constituent such as potassium ions (K'), adenosine triphosphate (ATP), thus preventing
growth of pathogens [5,6]. Essential oil has demonstrated superior properties such as ability to
penetrate cell membrane and tissues 100 times faster than water; 10,000 times faster than salt and it
can penetrate the blood-brain barrier [9]. Studies have shown that these unique properties are due to
volatile, lipophilic nature and chemical structure of essential oil compounds as well as their strong
potency as free radical quenching agents [11]. The interest in essential oils and their application in
food preservation have been amplified in recent years by an increasingly negative consumer perception
of synthetic preservatives. Studies have established that the synthetic antioxidants unlike the natural
antioxidants cannot be recycled or re-used by the organism once they have donated their electron to
quench free radicals, hence they become harmful metabolic byproducts that increase, rather than
decreasing the total load of oxidative stress [12,13]. Essential oils contain a variety of volatile
compounds called secondary metabolites, important for plant defense and recent biochemical in-vivo
studies have characterized some of the compounds as natural antioxidants [14—16]. Studies have also
shown that some volatile compounds in essential oils possess strong activity against degenerative
diseases including very deadly ones such as breast cancer. Limonene and B-caryophyllene isolated
from essential oils have been documented to exhibit such activities [15,17,18].

Abrus precatorius (L.) belongs to the family Leguiminosae, is commonly called crab eye, and
grows in tropical and subtropical climates such as South China, Sri Lanka, Thailand, North America
and West Indies [19]. It is prevalent in South West Nigeria. The seeds are considered useful as
diuretic, laxative, purgative, emollient, abortifacient and sedative agents. In traditional medicine, it is
used to treat itches, sores and wounds. The aqueous and ethanolic extracts of the seed have been
reported to contain phenols, tannins, alkaloids, flavonoids and steroids [20]. In our previous reports on
the composition of the leaves, seeds and shell of A. precatorius plant, monoterpenes, sesquiterpenes,
alcohols, phenols and unsaturated fatty acids were documented as the predominant compounds [21].
However, there is dearth of information on the antioxidant capacity, and free radical scavenging
activity of the essential oil of the plant. Therefore, this present study was conducted to investigate the
antioxidant capacity and free radical scavenging activity of the oils of A. precatorius hoping to justify
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its ethno-medicinal uses and expose more avenues of its exploitation. This work is part of an ongoing
research aimed at discovering new essential oil plants with bioactive potentials either as flavors or
fragrances that are indigenous to Nigeria.

2. Experimental Section
2.1. Chemicals Used

Potassium persulfate (PPS), 2,2-dipphenyl-1-picrylhydrazyl (DPPH) and 2,2-azinobis-(3-
ethylbenzothiazolin-6-sulfonic acid) diammonium salt (ABTS) were purchased from Sigma-Aldrich
(St Louis, MO, USA). Methanol was purchased from Fluka Chemicals (Buchs, Switzerland). All other
chemicals used were analytical grade.

2.2. Plant Material and Extraction of Essential Oils

The seeds of A. precatorius were collected at the plantation of Forestry Research Institute of
Nigeria (FRIN), Ibadan, Nigeria. It was authenticated at the Botany Department, University of Lagos
by Mr. T. K. Odewo. A voucher of the plant was deposited in the University of Lagos herbarium. After
drying, the shells were separated from the seeds and pulverized. Powdered seeds and shells were
separately hydrodistilled using the modified Clevenger apparatus. The oil was captured in steam and
extracted into n-hexane at 100—110 °C for 3 h. The oil extracted in n-hexane was carefully dispensed,
dried with Na,SO4 and kept in tinted vials at 4 °C until further analysis. The extraction was carried out
several times to get sufficient essential oils for the antioxidant study.

2.3. DPPH Assay

The DPPH assay of the essential oil was carried out as previously described [22]. A solution
of 0.135 Mm DPPH in methanol was prepared and 1.0 mL of this solution was mixed with 1.0 mL of
the essential oil prepared in methanol containing 0.025-0.50 mg/mL of the oil and commercial
antioxidants (vitamin C and rutin). The reaction mixture was vortexed thoroughly, left in the dark
at 25 °C for 30 min and measured at 517 nm. The ability of the essential oil to scavenge DPPH radical
was calculated as % inhibition by the following equation:

% inhibition={(AbScontrol = AbSsample) }/(AbScontrol) % 100 (1)

where Abs control is the absorbance of the DPPH radical + methanol; Abs sample is the absorbance of
DPPH radical + essential oil or commercial antioxidant. The inhibitory concentration (ICsp) of the
essential oil needed to inhibit 50% of the DPPH radicals obtained from the standard curve was
compared to that of standard/commercial antioxidants (vitamin C and rutin).

2.4. ABTS Assay

In the ABTS free radical assay, the method of Witayapan [23] was adopted with minor changes
(ABTS stock solution diluted in methanol). The pre-formed radical mono cation of ABTS was
generated by oxidation of ABTS solution (7 mM) with 2.45 mM potassium persulfate solution in equal
amount. The mixture was allowed to react for 12 h in the dark at 25 °C. 1 mL of the resulting solution
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was diluted in 60 mL of methanol to obtain an absorbance of 0.706 + 0.001 at 734 nm. 1 mL of the
ABTS radical cation solution was added to the 0.025, 0.05, 0.10, 0.2 and 0.5 mg/mL of essential oil
solutions and commercial antioxidants (vitamin C and rutin) prepared in methanol and absorbance
measured at 734 nm. The percentage inhibition of ABTS radical by the oils was calculated using the
equation described in the DPPH assay.

2.5. Lipid Peroxides Radical Scavenging Capacity

The Thiobarbituric acid-reactive species (TBARS) assay described by Badmus [24] was used to
measure the lipid peroxidation, using egg-yolk homogenates as lipid-rich media with a minor change
(methanol used for dilution of oils instead water). Egg homogenate (0.50 mL, 10% in distilled water,
v/v) and the oils 0.025-0.50 mg/mL in methanol were mixed, the volume was made up to 1 mL, by
adding methanol. 0.05 mL FeSO4 (0.07 M) was added to the mixture and incubated for 30 min, to
induce lipid peroxidation. Thereafter, 1.5 mL of 20% acetic acid (pH adjusted to 3.5 with NaOH) and
1.5 mL of 0.8% TBA (w/v) (prepared in 1.1% sodium dodecyl sulfate) and 0.05 mL 20% TCA were
added, the test tubes were vortexed and heated in a water bath for 60 min. After cooling, 5.0 mL of
1-butanol was added and centrifuged at 3000 rpm for 10 min. The absorbance of the organic upper
layer was measured at 532 nm. For the blank 0.1 mL of methanol was used in place of the oil. The
percentage of inhibition of lipid peroxide was calculated using the equation described in the DPPH assay.

2.6. Nitric Oxide Radical Scavenging Capacity

The method described by Makhija et al. [25] was adopted. Nitric oxides radicals were generated
from a sodium nitroprusside solution; Sodium nitroprusside (1 mL of 10 mM) was mixed with 1 mL of
oils to give concentrations of 0.025-0.50 mg/mL in phosphate buffer. The mixture was incubated
at 25 °C for 150 min. To 1 mL of the incubated solution, 1 mL of Griess’ reagent was added.
Absorbance was read at 546 nm. The % inhibition of nitric oxide radical by the oil was calculated
using the equation described in the DPPH assay. All measurements were done in triplicates and mean
values were calculated.

2.7. Statistical Analyses

Data were calculated as means = SD. Pearson’s correction analysis (SPSS 16.0 for windows,
SPSS Inc., Chicago, IL, USA) was used to test for the significance of the relationship between the
concentration and percentage inhibition.

3. Results and Discussion

The seed and shell essential oils from 4. precatorius were examined for radical scavenging and
antioxidant activities using four different assay methods. The percentage inhibitions of the oils were
concentration dependent.

The percentage inhibitions for DPPH assay are given in Figure 1. At all concentrations
(0.025-0.5 mg/mL) the shell oil showed stronger DPPH radicals scavenging activity than the seed oil.
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However, the oils activity at 0.2 mg/mL and 0.5 mg/mL were above average. Overall, rutin
demonstrated superior scavenging activity.

The percentage inhibitions pattern of the ABTS radicals was similar to DPPH. However, the seed
oil demonstrated stronger inhibitions at concentrations of 0.05 and 0.1 mg/mL than the shell oil
(Figure 2). Vitamin C had lower activity than the two oils except at concentration of 0.5 mg/mL.

Figure 1. Antioxidant activity of the shell and seed essential oils extracted from
A. precatorius on 2,2-diphenyl-2-picryl-hydrazyl free radical (DPPH) radicals.
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Figure 2. Antioxidant activity of the shell and seed essential oils extracted from
A. precatorius on 2, 2'-azino-bis (3-ethylbenzthiazoline-6-sulfonic acid) (ABTS) radicals.
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The lipid peroxide radicals scavenging activity of the essential oils results at various concentrations
is shown in Figure 3. The shell oil displayed a stronger lipid peroxide radicals scavenging activity than
the seed oil and the two standard antioxidants at 0.025-0.10 mg/mL. At all concentrations, the shell oil
demonstrated superior lipid peroxide radicals scavenging activity than the seed oil. Notable is the
significant difference in lipid peroxide radicals scavenging activity between the shell oil and vitamin C.

The radicals scavenging activity of the seed and shell essential oils from A. precatorius in nitric
oxides rich (NO) medium at various concentrations are presented in Figure 4. The percentages of
inhibition of the shell oil were higher than that of the seed oil, this is comparable to the lipid assay
result. The activity of the oils was higher than that of vitamin C and comparable to rutin.
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It has been established that DPPH test does not discriminate between radical species, but generally
ideal for radicals quenching ability [2]. Hence, for quantitative and qualitative antioxidant capacity of
the oils, we examined suspected antioxidant activity using four radical quenching assays. In the series
of the in vitro tests the seed and shell essential oils of A. precatorius exhibited significant antioxidant
activity by acting as donators of proton or electron in the DPPH, ABTS assays and possessed
hydroxyl, lipid peroxide and nitric oxide radical scavenging properties. In all four assays, the shell and
seed oils possessed greater activity than vitamin C. These results are presented in Figures 1—4, the ICs

values for the oils are presented in Table 1.

Figure 3. Antioxidant activity of the shell and seed essential oils extracted from

A. precatorius on lipid peroxide radicals.
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Figure 4. Antioxidant activity of the shell and seed essential oils extracted from

A. precatorius on nitric oxide radicals.
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Table 1. Antioxidant capacity of essential oils of A.precatorius (mg/mL).

Standard/Commercial Antioxidants

A. precatorius
p (Positive Controls)

S/N  Activity

Sflegsg'l S'(‘Ie(ljlsg'l Vitamin C (ICs)  Rutin (ICs)  BHT " (ICs0)
I DPPH  503+024  3.03<0.11 1,50+ 0.01 0.50 + 0.04 ND
2 ABTS"  295+031  3.07+022 0.10 % 0.04 0.10 £ 0.01 ND
3 LP 1924210  1.42+0.40 1.83 4033 ND 0.83 + 0.40
4  NO 2104040  120+0.20 120+ 0.20 3.40 £ 0.01 ND

DPPH' = 2.2-diphenylpicrylhydrazyl radicals, ABTS™ = 22'-azino-bis diammonium salt radicals,
LP" = lipid peroxide radical, NO" = Nitric oxide radical, ® BHT = Butylated hydroxyl toluene, ND = Not
determined, the lower ICs, (mg/mL) the higher the antioxidant capacity. Values are mean + SD, n = 3.

The seed and shell oils were able to reduce the stable DPPH radical to 50% reduction with I1Csg of
5.03 £0.24 and 3.03 = 0.11 mg/mL respectively. The antioxidant capacity of the two oils in the DPPH
radicals assay were lower than those of the standard antioxidants (vitamin C and rutin). The seed oil
was more effective in scavenging ABTS radicals than the DPPH radicals with ICsy values 2.95 + 0.31
and 5.03 + 0.24 mg/mL respectively, this might be due to the fact that the complexity of essential oils,
polarity and chemical properties, could lead to varying bioactivity results depending on the method
adopted [26]. The shell oil activity in both assays was similar (3.03 £ 0.11 and 3.07 + 0.22 mg/mL).
The shell oil was able to inhibits the lipid peroxides radicals more than the seed oil and vitamin C with
ICsp value of 1.42 £ 0.40 mg/mL. However, BHT demonstrated significantly higher antioxidant
capacity (0.83 = 0.4 mg/mL). In the nitric oxide radical test, the oils and standards effectively reduced
the generated NO radicals. They exhibited strong NO radical scavenging capacity with valuable ICs
of 2.10 + 0.40, 1.20 + 0.20 and 3.4 + 0.01, 3.2 + 0.02 mg /mL respectively. Interestingly, the shell and
seed oils displayed superior capacity than vitamin C and rutin. Factors like stereo-selectivity of the
radicals or the solubility of the oil in the different testing systems have also been reported to affect the
capacity of essential oils in quenching different radicals [26]. Wang et al. [12] reported that some
compounds, which have ABTS radicals scavenging activity, do not show DPPH activity. Hence,
the ability of the seed and shell essential oils of A. precatorius to scavenge different free radicals in
different systems is noteworthy. This indicates that the oils may be useful for preventing radical related
pathological damage, especially breakdown of biomolecules and DNA by LP and NO radicals that may
lead to arteriosclerosis, carcinogenesis and inflammation [27]. Several studies have shown that chronic
expression of NO radicals is associated with inflammation conditions including juvenile diabetes,
multiple sclerosis, arthritis, ulcerative colitis [28,29]. The GC/MS quantitative and qualitative
investigation of the leaf, seed and shell essential oils of 4. precatorius in our previous report [21],
revealed the presence of terpenes, phenol, alcohols, terpenoids and unsaturated fatty acids as
prominent compounds. The major monoterpenes compounds in shell oil were limonene (19.08%),
ocimene (8.94%) and myrcene (8.60%), while zingiberene (6.02%) and B-bisabolene (3.92%) were the
prominent sesquiterpenes. Other important compounds identified in the shell oil are, camphene
(6.75%), o—pinene (4.18%), curcumene (3.10%), o—terpineol (2.34%) and methyl eugenol (0.26%).
In seed oil the dominant monoterpenes are sabinene (10.93%) and camphene (6.45%), while were
zingiberene (10.75%), farnesene (5.30%), sesquiphelladrene (4.47%) and curcumene (4.41%) were the
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prominent sesquiterpenes. Two unsaturated fatty (9,12-octadecedienoic 10.92% and 10-octadecenoic
3.16%) acids were also compounds identified in the seed oil. These compounds could be responsible
for the substantial antioxidant capacity demonstrated by the essential oils, suggesting possible additive
or synergist effects of the constituents [30]. The findings in this study are in agreement with previous
essential oil researchers, that some essential oils are strong natural antioxidants [31,32].

4. Conclusions

This study shows that besides the traditional uses of the plant extract, the essential oils extracted
from A. precatorius seeds and shells have good antioxidant potential, and could probably replace
synthetic antioxidants in further studies.
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