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Abstract

Naturally nutritive and non-nutritive occurring antioxidants have been proven potent and safe for management of
variety of diseases. This study investigated the antioxidant and free radical scavenging capacity of crude and refined
Azadirachta indica (Neem tree) oil. The neem crude oil (NCO) was extracted from the seeds by mechanical press and
degummed. The neem oil was de-pigmented with activated charcoal, and fractionated with silica gel in a capillary
column. The ability of the oils to act as hydrogen/electrons donor were determined in-vitro using 2,
2-dipphenyl-1-picrylhydrazyl (DPPH), 2, 2-azinobis - (3-ethylbenzothiazolin - 6-sulfonic acid) diammonium salt
(ABTYS), lipid peroxyl (LP) and nitric oxide (NO) radicals scavenging assays, at different extract concentrations (0.1,
0.2, 0.3 and 0.4 mg/mL). The ICs; of the NCO oil (1.50 = 0.10 mg/mL) showed that antioxidant activity is comparable
to vitamin C and B-carotene (1.60 £ 0.10 and 1.27 + 0.12 mg/mL respectively) in scavenging DPPH radical. The crude
neem oil exhibited superior activity against NO radical, than the refined oil and vitamin C. Generally, in the four
antioxidant assays, a significant correlation existed between concentrations of the oils and percentage inhibition of the
four different radicals. GC/MS analyses identified monounsaturated and saturated fatty acids, aldehydes and
pentanethiol as the major compounds in the oils, these may account for their antioxidant capacity.
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1. Introduction

Natural antioxidant has been proven safe and potent in reduction or inhibition of free radicals which play vital role
in damaging various cellular macromolecules (Morten, Mygind, & Rikke, 2012; Camila et al., 2013). The
generation of free radicals such as superoxide [O,'] hydroxyl [OH'], peroxyl [RO,], hydroperoxyl [HO,], alkoxyl
[RO’], nitric oxide [NO'] and lipid peroxyl [LOO’] beyond the antioxidant capacity of a biological system gives
rise to oxidative stress (Murray, Rodriguez, Frontera, & Mulet, 2004). Oxidative stress has been implicated in the
pathogenesis of a variety of inflammatory diseases such as arthritis, stroke, intestinal ischemia, acquired
immunodeficiency syndrome (AIDS), hypertension, neurologic diseases e.g., multiple sclerosis, Alzheimer’s
disease, diabetes, cancers, and atherosclerosis (Sachdev, & Davies, 2008; Mahmood, Soheila, & Saeid, 2008;
Saikat, Chakraborty, Sridhar, Reddy, & Biplab, 2010; Mimica-Dukic, Dusan, Slavenko, Dragana, & Branka, 2010;
Okoh, Asekun, Familoni, & Afolayan, 2014). Plants contain antioxidant compounds that function as free radical
scavengers, reducing agents and quenchers of singlet oxygen formation. There have been increasing suggestions
and demand for use of natural antioxidant as potential substitute for the synthetic ones (Nweze, & Okafor, 2010;
Tuttolomondo et al., 2013). The side effects of the currently available synthetic drugs pose some limitation and
studies have shown that synthetic antioxidants unlike the natural analog cannot be recycled or re-used by the
organism once they have donated their electron (Wang, Wu, Zu, & Fu, 2008). Consequently, they become harmful
metabolic byproducts that increase, rather than decrease the total load of oxidative stress (Miller et al., 2005). One
of the current trends in green chemistry is the utilization of plant extracts as drugs in the form of food
confectionaries, disinfectants, insecticides, nutraceuticals, herbal drinks, fragrance, and supplement to prevent
diseases or for health management (Morten, Mygind, & Rikke, 2012). Azadirachta indica (Neem tree) is used in
traditional medicine in many West African countries for the treatment of various human diseases. The leaf serves
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as roof in traditional houses to repel mosquitoes and aqueous extracts of the leaves are used as anti-diabetic agent
and malaria treatment (Anaso & Anaso, 2001). A. indica seed and leaf extracts are currently used in some countries
especially in India as active ingredient in the manufacture of neem tea, cosmetics, insect repellents and herbal
dentifrice (Okujagu, 2009). The extracts from Asian neem tree were reported to contain the active compound
azadirachtin, nimbinin and nimbandiol, as well as several natural steroids (Sadeghian, & Mortazaienezhad, 2007).
The anti-malarial activity of neem has been attributed to azadirachtin, which is a limonoid compound
(Mak-Mensah & Firempong, 2011). The leaf, flower, bark and root extracts of neem tree have been reported to
possess antioxidant activity (Subapriya, & Nagini, 2005; Ghimeray, Jin, Ghimire, & Cho, 2009; Nahak & Sahu,
2010; Nahak, & Sahu, 2011). One of the strong antioxidant compounds documented in the neem crude seed oil is
catechin (Anokwuru, Ajibaye, & Adesuyi, 2011). Neem oil was also reported to exhibit high percentage inhibition
against DPPH radical (Ghimeray, Jin, Ghimire, & Cho, 2009).

The crude neem oil is however very bitter and further study may be necessary to eliminate or reduce the bitter taste
for wider applications (Okoh, Ahmed, Okoh, & Igwe, 2014).There is also scanty information on the refined neem
oil as well as the comparative study of the antioxidant capacity of the crude and refined (de-bittered) seed oils in
variety of radicals quenching assays. Therefore, this present research was conducted to investigate the in-vitro
antioxidant capacity and free radical scavenging activity of the crude seed-oil extracted from 4. indica as well as
the refined oil. This research is part of an ongoing study aimed at discovering oil seed with bioactive or industrial
potentials either as nutraceuticals, cosmetics, soap and industrial chemicals that are indigenous to Nigeria.

2. Materials and Methods
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, USA). Methanol was
purchased from Fluka Chemicals (Buchs, Switzerland). All other chemicals used were analytical grade.

2.2 Plant Materials and Oil Refining

The neem crude oil was obtained from National Research Institute for Chemical Technology; Zaria (NARICT) was
extracted from the seeds by mechanical press. The neem crude oil (NCO) (200 mL) was degummed by previously as
described method (Asuquo, Etim, Ukpong, & Etuk, 2012). It was then refined to reduce the oil crude pigment with
10 % activated charcoal at 65°C. The oil after cooling was decanted, centrifuged at 500 rpm for 10 min and filtered to
obtain the first refined neem oil (RNO1). Fifty percent of the RNO1 was subsequently fractionated using silica gel
5.4% in a 200 x1.47 mm column to obtain colourless de-bittered fraction of refined neem oil (RNO2).

2.3 Gas Chromatography/Mass Spectrometry (GC/MS) and Identification of Compounds

The GC/MS analyses of the oils were conducted on a Hewlett- Packed HP 5973 mass spectrometer interfaced with
an HP 6890 gas chromatograph. The following column and temperature conditions were used; initial temperature
70°C, equilibration time 3.00 min, ramp 4°C/min, final temperature 240°C; inlet: splitless, initial temperature
220°C, pressure 8.27 psi, purge flow 30 mL/min, purge time 0.20 min, helium gas; column: capillary, 30 m x 0.25
mm i.d; 0.25 pm, film thickness 0.7 ml/min, average velocity 32 cm/sec; MS: EI method at 70 eV.

The oils compounds were identified by matching their mass spectra data with those of authentic standards held in
the computer library (Wiley 275, New York) and by comparing the calculated retention indices with those in
literature. The percentage composition was calculated from summation of the peak areas of the total oil
composition (Asekun, Okoh, Familoni, & Afolayan, 2013).

2.4 Antioxidant Activity

The antioxidant activities were examined by DPPH radical scavenging test, ABTS free radical decolonization
assay, nitric oxide and lipid peroxyl radicals scavenging assays.

2.2.1 DPPH Assay

The 2, 2 — diphenylpicrylhydrazyl radicals (DPPH) test of the oil was carried out as described by previous method
(Okoh, Asekun, Familoni, & Afolayan, 2011) with minor change (oils concentrations prepared in ethyl acetate).
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
oil prepared in ethyl acetate containing 1.0 - 4.0 mg/mL of the oil and standard drugs (vitamin C and B carotene).
The reaction mixture was vortexed thoroughly and left in the dark at room temperature for 30 min. The absorbance
of the mixture was measured spectrophotometrically at 517 nm. Ethyl acetate was used as blank and all
measurements were performed in triplicate. The ability of the oil to scavenge DPPH radical was calculated as %
inhibition using the following equation.
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% inhibition = {(AbS contro1 —ADS sampie) }/ (Abs control) x 100

Where Abs ool is the absorbance of the DPPH radical + methanol; Abs gmpic is the absorbance of DPPH radical +
oil or standard.

2.4.2 ABTS Assay

In the 2, 2-azinobis-(3-ethylbenzothiazolin - 6-sulfonic acid) diammonium salt (ABTS) free radicals assay, the
method of Witayapan and co-workers (Witayapan, Sombat, & Siriporn, 2007) was adopted with minor changes
(ABTS stock solution diluted in methanol). The pre-formed radical monocation of ABTS is 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 room temperature. The resulting solution (1 ml) was diluted in 60 ml of ethyl acetate
to obtain an absorbance of 0.706 + 0.001 at 734 nm using spectrophotometer. The ABTS radical cation solution (1
ml) was added to series of oil solutions and standards drugs (vitamin C and  -carotene) of different concentrations
0.1 - 0.4 mg/mL, prepared by diluting with ethyl acetate. Ethyl acetate without oil sample was used as blank. The
absorbance, after 7 min were measured spectrophotometrically at 734 nm. All measurements were carried out in
triplicate. All measurements were carried out in triplicates. The percentage inhibitions of ABTS radical by the oils
were calculated using the equation as described in the DPPH assay.

2.4.3 Lipid Peroxidation Assay

The Thiobarbituric acid-reactive species (TBARS) assay as described by previous method (Badmus, Odunola, &
Obuotor, 2010) was used to measure the lipid peroxide formed, using egg-yolk homogenates as lipid-rich media
with a minor change (methanol used for dilution of oils instead water). Egg homogenate (0.5 mL, 1 0 % in distilled
water, v/v) and the oils of different concentrations 1.0 - 4.0 mg/mL prepared by diluting with ethyl acetate were
mixed in test tubes and the volume was made up tol ml, by adding methanol. Finally, 0.05 ml FeSO, (0.07 M) was
added to the above 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 % Thiobarbituric acid (w/v) (prepared in 1.1 %
sodium dodecyl sulphate) and 0.05 ml 20 % trichloroacetic acid were added, the test tubes were vortexed and then
heated in a boiling water bath for 60 min. After cooling, 5.0 ml of 1-butanol was added to each tube 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 ethyl acetate was used in place of the oil. The percentage inhibitions of lipid peroxyl radical by the
oils were calculated using the equation as described in the DPPH assay.

2.4.4 Nitric Oxide Assay

The method described by Makhija et al., (Makhija, Aswatha, Shreedhara, Vijay, & Devkar, 2011) was adopted.
Nitric oxide radicals were generated from sodium nitroprusside solution at physiological pH. Sodium nitroprusside
(1.0 mL of 10 mm) was mixed with 1.0 mL of oil in different concentrations 1.0 - 4.0 mg/mL in phosphate buffer (pH
7.4). The mixture was incubated at 25°C for 150 min. To 1.0 ml of the incubated solution, 1.0 ml of Griess’ reagent
(1 % sulphanilamide, 2 % o-phosphoric acid and 0.1% napthyl ethylene diamine dihydrochloride) was added.
Absorbance was read at 546 nm and percentage inhibition of nitric oxide radical by the oil was calculated using the
equation as described in DPPH assay. All measurements were run in triplicates and mean values were calculated.

2.5 Statistics

Data were calculated as means + SD. Pearson’s correction analysis (SPSS15.0 for windows, SPSS Inc) was used to
test form the significance of the relationship between the concentration and percentage inhibition. Significant
difference was considered at a level of P < 0.05.

3. Results and Discussion
3.1 Antioxidant Activity of the Oils

The neem crude (NCO) and refined neem oils (RNO1) and (RNO2) with activated charcoal and the coloureless
de-bittered fraction respectively were examined for radicals 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 (0.1 — 0.4 mg/mL) the crude neem oil
showed stronger DPPH radicals scavenging activity than the refined oils. Interestingly, the oils activity at 0.2
mg/mL and 0.4 mg/mL were far above average and demonstrated comparable scavenging activity to vitamin C.
Unlike in DPPH assay, the oils were less active in scavenging ABTS radicals, while vitamin C and carotene
activities were superior to the three oils at all concentrations. However the crude neem oil scavenging activity at
0.4 mg/mL was above average (Figure 2).
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Figure 1. Antioxidant activity of crude and refined Neem oils on DPPH radicals
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Figure 2. Antioxidant Effects of Crude and Refined Neem oils on ABTS radicals

The lipid peroxide radicals scavenging activity of the neem oils results at concentrations (0.1-0.4 mg/mL) is shown
in Figure 3. The crude neem oil demonstrated more potent lipid peroxide radicals scavenging activity than the
refined neem oil and two commercial antioxidants (vitamin C and B-carotene). At all concentrations (0.1- 0.4
mg/mL), the crude oil displayed stronger lipid peroxide radicals scavenging activity than the refined oil while there
is no significant difference (P < 0.05) in peroxide radicals scavenging activity between the crude neem oil and the
two commercial antioxidants.

The radical scavenging activity of the crude and refined neem oils at various concentrations against nitric oxide
(NO) radicals generated from sodium nitroprusside solution are presented in Figure 4. The percentages of
inhibition of the NO radicals by crude neem oil were not significantly different (p < 0.05) from the crude neem oil
refined with activated charcoal (RNO1), vitamin C and p-carotene at 0.1- 0.3 mg/mL. Notable is the significance
difference at a higher concentration (0.4 mg/mL), as the crude neem oil nitric oxide radicals scavenging activity
was superior, while RNO1 and RNO?2 activities were comparable to vitamin C and B-carotene.

Previous in-vitro antioxidant studies have noted that DPPH test does not discriminate between types of radical
species, but gives rough estimates of radicals quenching ability (Sachdev & Davies, 2008). Therefore, we studied
quantitative and qualitative antioxidant capacity of the oils for suspected antioxidant activity using four radical
quenching assays. In the series of the in vitro tests the crude and refined oils of A. indica (neem) seeds exhibited
significant antioxidant activity by acting as donators of proton or electron in the DPPH, ABTS assays and
possessed strong hydroxyl, lipid peroxide (LP) and nitric oxide (NO) radical scavenging capacities. In DPPH, LP
and NO assays, the crude and refined neem oil (RNO1) demonstrated similar radicals scavenging activity to the
two positive controls (vitamin C and B carotene). These results are presented in Figures 1-4, while the ICs, values
for the oils are presented in Table 1.
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Figure 3. Antioxidant Effects of Crude and Refined Neem oils on Lipid peroxyl radicals
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Figure 4. Antioxidant Effects of the Neem oils on Nitric oxide radicals

3.2 Antioxidant Capacity of the Oils

The crude neem oil (NCO) and refined neem oils (RNO1 & RNO2) were able to reduce the stable purple DPPH
radicals to a yellow-coloured DPPH-H, reaching 50 % reduction, with ICsyvalues 1.50 £0.10, 1.94 £ 0.11 and 2.40

+ (.10 mg/mL respectively (Table 1).

Table 1. Antioxidant capacity of neem crude and refined neem oils (mg/mL)
Commercial Antioxidants

Crude Neem Oil Refined Neem Oil
(Positive Controls)

Activity
NCO RNO1 RNO2 Vitamin C  B-Carotene
(ICs0) (ICso) (ICs0) (ICs0) (ICs0)
DPPH’ 1.50+£0.10 1.94+0.11 240+0.10 1.60+0.13 1.27+0.12
ABTS™ 3.01+0.20 3.81£0.12 436+0.11 1.2+0.14  0.97+0.30
LP 0.98 £0.01 1.48+0.22 1.70£0.04 1.02+0.04 0.90=0.11
NO’ 0.82+£0.02 094+0.04 157+£0.13 1.18+0.12 0.93+0.20

CNO: crude neem oil, RNO1 = refined neem oil with activated charcoal neem oil, RNO2 = refined neem oil with
silica gel. Values are mean + SD, n = 3. The ICsy (mg/mL) was obtained from standard curve for each oil and
positive controls. The lower ICs, the higher antioxidant capacity. Significant difference was considered at a level

of P <0.05.

The antioxidant capacities of the three oils in the DPPH radicals assay were comparable to the commercial
antioxidants (vitamin C and B-carotene). The three oils antioxidant capacities were similar and less effective in
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scavenging ABTS radicals than the DPPH radicals with ICs values 3.01 + 0.20, 3.81+ 0.12 and 4.36 + 0.11 mg/mL
respectively, while the vitamin C and carotene antioxidant capacities were superior to the oils (Table 2). These
results corroborated previous reports that the complexity of oils, polarity and chemical properties may lead to
varying bioactivity depending on the method adopted (Guerrini et al., 2009).

The crude neem oil, vitamin C and B-carotene exhibited excellent antioxidant capacity against lipid peroxide
radicals with ICsy values 0.98 + 0.01, 1.02 + 0.04 and 0.90 = 0.11 mg/mL respectively. However, the refined oils
(RNO1 & RNO2) antioxidant capacities (1.48 + 0.22 and 1.70 + 0.04 mg/mL) were lower than crude neem oil. In
the nitric oxide antioxidant experiment, refined neem oils (RNO1& RNO2) and vitamin C exhibited similar
antioxidant capacity and effectively reduced the generated NO radicals with significant ICsy0f 0.94 £ 0.04, 1.57+
0.13 and 1.18 + 0.12 mg /mL respectively. It is noteworthy that the crude neem oil displayed slightly higher
antioxidant capacity than p-carotene and vitamin C. 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 oils in quenching
different radicals [30]. Studies have also shown that some antioxidants are good electron donor (active
antioxidants) in DPPH assay are inactive in ABTS assay vice- versa (Wang, Wu, Zu & Fu, 2008). Therefore, the
ability of the crude and refined neem oils to scavenge different free radicals in different systems is remarkable.
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 (Valko, Leibfritz, Moncol, Mazur, & Telser, 2007).]. Several studies have shown that chronic
expression of NO radicals is associated with inflammation conditions including juvenile diabetes, multiple
sclerosis, arthritis, ulcerative colitis (Sathyavathi, Suchetha, Vijay, Ullal, & Praveen, 2012; Fini, Johnson,
Stenmark & Wright, 2013).

3.3 Composition of the Oil Extracted

The GC/MS quantitative and qualitative analyses of the crude and refined neem oils in our previous report (Okoh,
Ahmed, Okoh, & Igwe, 2014), revealed the presence 9 - octadecenoic (oleic) acid (30.42 %), 6 -hexadecenoic acid
(11.02 %), palmitic acid (21.51 %), Stearic acid (17.75 %) and methyl octadecanoate (16.88 %) as the dominant
compounds. Other important compounds in the crude and the refined oils (NCO, RNO1 and RNO2) were
2-pentanethiol (1.30-5.28 %), 3, 13-octadecedienol (2.50 - 2.80 %), 2-dodecenal (0.23-3.59 %) and
trans-2-decenal (0.42-2.71 %). In the refined oils (RNO1 and RNO2), the 2-pentanethiol content was significantly
reduced to 1.30 and 1.37 % respectively. The high content of the monounsaturated fatty acids (oleic, 6
-hexadecenoic acids) and substantial 2-pentanethiol identified in theses oils could be responsible for the strong
antioxidant capacity displayed. These results suggest possible synergistic effects of the compounds (Peana,
Marzocco, & Popolo, 2006; Luh, Wong, & El-shimi, 2007). The findings in this study are in agreement with
previous oil studies, that some fatty acids that are mono and polyunsaturated are good natural antioxidant and
anti-inflammatory agents (Cockbain, Toogood, & Hull, 2013).

4. Conclusion

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