


Radical Scavenging Potentials of Artocarpus heterophyllus Seed Extract

[bookmark: _GoBack]ABSTRACT
The study investigated the scavenging potentials of Artocarpus heterophyllus seed extract on DPPH, hydroxyl radical, superoxide anion radical, inhibition of nitric oxide formation, inhibition of non-enzymatic lipid peroxidation and reduction of ferric ion compared to various standards following standard procedures. The extracts and ascorbic acid showed potent antioxidant activity in DPPH radical scavenging assay (EC50= 1.53 µg/ml) and (EC50 = 1.67 µg/ml) and inhibited hydroxyl radical (EC50 = 1.20 µg/ml) and (EC50 = 1.16 µg/ml) respectively. Similarly, inhibited superoxide anion radical (EC50 =1.52 µg/ml) and (EC50 =1.16 µg/ml), inhibited formation of nitric oxide (EC50 = 1.44 µg/ml) and (EC50= 1.71 µg/ml), also inhibited non-enzymatic lipid peroxidation (EC50 = 1.81 µg/ml) and (EC50 = 2.44 µg/ml) respectively. The extracts also reduced ferric ion Fe3+ to ferrous ion Fe2+ .These results shows that ascorbic acid and butylated hydroxyl toluene (BHT) scavenged these radicals more than the extract. The effective radical scavenging properties of A. heterophyllus seed ehanol extract compared to the standards could be linked to the various phytochemical it contains and could also justify its use in the treatment of oxidative stress related diseases.
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1. INTRODUCTION
Reactive oxygen species (ROS) such as singlet oxygen, peroxides, hydroxyl radical and superoxide are species that contains oxygen [1]. Being product of normal oxygen metabolism, they have been shown to play important roles in homeostasis and cell signalling. Their level increases abnormally during stress conditions which could affect the intergrity of cell structure [2]. The imbalance between reactive oxygen species and nitrogen species and the antioxidant system results to oxidative stress. In humans, oxidative stress plays a significant role in the development of cancer and Asperger syndrome [3]. atherosclerosis alzheimer's disease and parkinson's disease., [4] myocardial infarction [5] autism, sickle cell disease,  and chronic fatigue syndrome [6]. 
Artocarpus heterophyllus is a monoecious evergreen tree which belongs to the family of Moraceae [7]. A. heterophyllus Seeds are rich in carbohydrate, fat, potassium and protein with reasonable quantity of phosphorus and calcium.
Jackfruit has various health benefits, which includes anti-microbial, anti-inflammatory, anti-carcinogenic, hypoglycemic, anti-fungal, and wound healing properties [8]. It contains, phytonutrients such as isoflavones, lignins and saponins and these phytonutrients have shown to posses, antiulcer, anticancer and anti-aging properties [7].

2. MATERIALS AND METHODS
2.1.  Chemicals 
All the chemicals used in this study were of analytical grade gotten from Merck, Germany; BDH chemicals Ltd, England; May and Baker Ltd, England; Riedel-De-Haen Hannover, Germany and Hopkins and Williams Essex, England.

2.2. Preparation of A. Heterophyllus seed crude extract
Seeds of A. heterophyllus were sourced from Awka in Anambra State. Authenticated at Bioresources Development and conversion Program (BDCP) University of Nigeria, Nsukka, Nigeria. They were air dried at room temperature (29 – 35 0C) for three weeks, pulverized into powder with a Creston high speed milling machine. The powdered seeds (1 kg) were then macerated with 80 % ethanol at room temperature for 96 hours. The extract was filtered using muslin cloth on a plug of wool in a glass column. The resulting ethanol extract was finely filtered with Whatman filter paper No 1, concentrated and evaporated to dryness using rotary evaporator at an optimum temperature of between 40 to 45 0C. The concentrated extract was weighed and stored in clean bottles in the refrigerator in quanta at 0 0C until used.
2.3. Antioxidant activity assays
2.3.1. In-vitro DPPH radical-scavenging assay
The method reported by [9] as described by [10] was used to assay for the capacity of the extract to neutralize DPPH radical. A 1.0 ml of 0.3 mM DPPH .in methanol was mixed with 2.0 ml of different concentrations of the extract ranging from 31.25 to 500 µg/ml that was diluted in two folds. The mixture was shaken and allowed to stand in the dark at room temperature for 25 minutes. A 2.0 ml of the sample and 1.0 ml of methanol was used to prepare the blank solutions while the negative control was prepared with 1.0 ml of 0.3 mM DPPH solution plus 2.0 ml of methanol. Thereafter, the absorbance of the assay mixture was measured at 518 nm against each blank with a UV- visible spectrophotometer. DPPH. Radical inhibition was calculated using the equation.
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Where A0 is the absorbance of the control, and As is the absorbance of the tested sample. 
2.3.2. In -vitro hydroxyl radical (.OH) Scavenging Assay
The method of [11] as described by [10] Was used to assay for hydroxyl radical, Various concentrations of the extract (31.25 – 500 µg/ml) were added to a reaction mixture containing 2.5 μM 2-deoxyribose, 100 μM FeCl3, 104 μM, EDTA, 100 μM of L-ascorbic acid, H2O2, 1 mM in potassium phosphate buffer (pH 7.4, 20 mM) at 370C and for an hour. The solutions were incubated and the following reagents were added, 1.0 ml of 1% (w/v) TBA in 0.05 MNaOH and 1.0 ml of 2.8 % (w/v) TCA. The final mixture was heated for 15 min at 1000C. The absorbance was read at 532 nm after cooling on ice. Inhibition of 2-deoxyribose degradation expressed inpercentage was calculated as per the equation:
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A0 = Absorbance of the control, As = Absorbance of the test sample.
2.3.3. In- vitro superoxide radical (O2.-) Scavenging Assay
The extracts ability to inhibit the formation of formazan upon photochemical reduction of nitroblue tetrazolium (NBT) was assayed according to the method of [12] as described by [10].  every 3.0 ml reaction mixture contained 13 mM methionine, 100 μM EDTA, 2 μM riboflavin, NBT (75 μM) and 0.05 M PBS (pH 7.8) and 1.0 ml of test sample solutions of different concentrations of (31.25 – 500 µg/ml). The tubes were kept in front of a fluorescent light (725 lumens, 34 watts) and absorbance was read at 560 nm after 20 min. The inhibition of superoxide anion was calculated using the equation.
[image: ]AO = Absorbance of the control, As = Absorbance of the test sample.
2.3.4. In -vitro nitric Oxide (NO.) scavenging Assay.
[image: ]The ability of the extracts to scavenge nitric oxide was done according to the method described by [13]. A 3 ml reaction mixture containing different concentrations (31.25 – 500 𝜇g/mL) of the extract and 10 mM SNP in 0.5 M phosphate buffer (pH7.4) was incubated for 60 mins at 370C. Griess reagent (0.1% 𝛼-napthyl-ethylenediamine in water and1% sulphanilic acid in 5% H3PO4) was added. The pink chromophore generated was measured spectrophotometrically at 540 nm. Ascorbic acid was used as a positive control. Nitric oxide scavenging ability (%) was calculated by using the equation.
A0 = Absorbance of the control, As = Absorbance of the test sample.
2.3.5. Lipid Peroxidation Assay
A modified thiobarbituric acid – reactive species (TBARS) assay [14] was used to measure the lipid peroxide formed using egg yolk as lipid-rich media [15]. Egg homogenate was prepared with phosphate buffered saline, PH 7.4 at a ratio of 10 % v/v after which 500 µl of the solution and 100 µl of the sample in different dilution of 2- fold (15.63 – 250 µg/ml) were added to a test tube and made up to1.0 ml with distilled water, then 50µl of Fe2SO4 (0.075M) and 20µl of L- ascorbic acid (0.1M) were added and incubated at 37 0C for 1hr to induce lipid peroxidation. 0.2 ml of EDTA (0.1M) and 1.5 ml of TBA reagent (3 g TBA, 120 g TCA and 10.4 ml 70 % HClO4 in 800 ml of distilled water were added thereafter in each sample and heated for 15 minutes at 100 0C, after cooling, samples were centrifuged for 10 min and absorbance of the samples supernatant was measured at 532 nm and % inhibition was calculated with the following equation:
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AO = Absorbance of the control, As = Absorbance of the test sample.
2.3.6. Ferric Reducing Antioxidant Power Assay (FRAP)
Two milliliters (2.0 ml) of the extracts at different concentrations of 31.25, 62.50, 125, 250 and 500 µg/ml were mixed differently with 2.0 ml of 10 mg/l potassium ferricyanide (0.1% w/v). The mixtures were incubated in water bath at 50 0C for 20 minutes. Following this, 2.0 ml of 100 mg/L trichoroacetic acid solution (10% w/v) was added. Two milliters (2.0 ml) of distilled water was then added to an aliquot of 2.0 ml of the mixture. After which 0.4 ml of 0.1% ferric chloride (FeCl3.6H2O) solution was added to the solution and mixed thoroughly.  The absorbance of the reaction mixture was read at 700 nm after 10 minutes of reaction. The blank contained distilled water.[16]. 
3.0. Statistical analysis
The results were analyzed using the Statistical Package for Social Sciences (SPSS) version 20.0 for windows. All the data are expressed as mean ± SEM (n = 3). Student’s T-test was used to compare means, and values were considered significant at p < 0.05.
4.0.  RESULT AND DISCUSSION

Figure 1: In-vitro scavanging effects of A. heterophyllus seed extract (AHSE) on DPPH radical. Results are expressed as mean ± SEM (n=3).


Figure 2: In-Vitro Inhibition of Hydroxyl Radical by A. heterophyllus seed (AHSE) extract. Results are expressed as mean ± SEM (n=3).



Figure 3: In-vitro scavanging effects of A. heterophyllus seed extract (AHSE) on superoxide radical. Results are expressed as mean ± SEM (n=3).



Figure 4: In-vitro scavanging effects of A. heterophyllus seed extract (AHSE) on nitric radical. Results are expressed as mean ± SEM (n=3).



Figure 5: In-vitro inhibiting ability of A. heterophyllus seed extract (AHSE) on lipid peroxidation. Results are expressed as mean ± SEM (n=3).





Figure 6: In- vitro ability of A. heterophyllus seed extract (AHSE) to Reduce Ferric to Ferrous ion. Results are expressed as mean ± SEM (n=3).
Compounds that prevent or delays oxidation reactions that happen mostly under the influence of reactive oxygen species or atmospheric oxygen are referred to as antioxidants [17]. From this study, the ethanol extract of A. heterophyllus seed compared to ascorbic acid  showed a potent DPPH radical scavenging ability with EC50 of 1.67 and 1.38 µg/ml respectively (Figure 1) making ascorbic acid a better scavenger of DPPH. This could implies that the radical behavior of DPPH was neutralized by either transferring hydrogen or electron atoms by antioxidant compounds present in the standard and A. heterophyllus seed extract [18].
Biological damages such as reduction in disulphide bonds in proteins and their effect in unfolding and scrambled refolding into abnormal spatial configurations has been linked to hydroxyl radicals [19]. The antioxidant compounds in the extract and ascorbic acid, competed with deoxyribose against hydroxyl radical (–OH) generated from Fe3+ dependent system with ascorbic acid preventing the reaction more than those in the extract with EC50 1.20 and 1.60 µg/m respectively (Figure 2). The antioxidants in the extracts could be acting as Fe3+ chelator in the system or donating hydrogen atom and accelerating the conversion of H2O2 to H2O [20]. A. heterophyllus seed extract and ascorbic acid efficiently scavenged superoxide anion radical by preventing the formation of reduced nitroblue tetrazolium (NBT) in a concentration dependent manner. Ascorbic acid used as standard showed the highest superoxide scavenging activity (EC50 = 1.16 µg/ml) compared to the extract (EC50 = 1.52 µg/ml) (Figure 3). Polyhydroxyl secondary metabolites in plants such as flavonoids and catechins have been reported [21] to be effective scavengers of superoxide anion radical. The appreciable amount of these metabolites in the extract could be the reason for the good scavenging of superoxide anion seen in the extract compared to ascorbic acid.
Phagocytes and endothelial cells produces nitric oxide (NO) a radical that has been implicated in inflammatory process [22]. Aside its benefits, toxicity increases when it reacts with superoxide to form peroxynitrite anion (.ONOO-), a potential strong oxidant that can decompose to form hydroxyl (.OH) and nitric oxide [23]. Ascorbic acid showed a more potent NO. scavenging activity than the extract with EC50 1.44 µg/ml (Figure 4). The extract and ascorbic acid may have inhibited nitrite formation by directly competing with oxygen in the reaction mixture [24].
Butylated hydroxyl toluene showed a concentration dependent inhibition and more efficacious (EC50 =1.81 µg/ml) when compared to that of the extract (EC50 =2.44 µg/ml) (Figure 5). Considering the destructive effect of lipid peroxides in disease conditions, the extract may afford cytoprotective effect [25].
The reducing power of compounds could serve as indicator for potential antioxidant properties [26]. The presence of polyphenolic compounds such as antioxidant in the extract and ascorbic acid could have caused the reduction of the Fe3+/ ferricyanide complex to ferrous form. The reducing power of the extracts increased with increase in concentration (Figure 6). This result could signify that the extract could have contained some other mechanisms for chain initiation prevention, decomposition of peroxides, reducing capacity and radical scavenging [23].The extract scavenged DPPH, hydroxyl, superoxide, nitric oxide radicals, inhibited of lipid peroxidation and reduced ferric ion to ferrous ion. The potentials of the extract to achieve these could be attributed to the phytochemicals reported by [27].  
Conclusion
The finding of this study shows that the ethanol extract of A. heterophyllus seed effectively scavenged hydroxyl radical, DPPH, superoxide anion radical, inhibition of non-enzymatic lipid peroxidation, inhibition of nitric oxide formation, and also the reduction of ferric ion compared to the various standards used. This ability could be linked to the appreciable amount of phenolics and flavonoids they contain and also provide reasons why they are used in the treatment of oxidative stress related diseases.
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% Inhibition
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% Inhibition
Ascorbic acid	31.25ug/ml	62.5ug/ml	125ug/ml	250ug/ml	500ug/ml	34.83	71.099999999999994	80.569999999999993	84.83	86.73	AHSE	31.25ug/ml	62.5ug/ml	125ug/ml	250ug/ml	500ug/ml	32.700000000000003	37.200000000000003	72.03	83.410000000000025	89.38	Concentrations
% Inhibition
BHT	31.25ug/ml	62.5ug/ml	125ug/ml	250ug/ml	500ug/ml	60.620000000000012	50.54	51.54	56.51	79.849999999999994	AHSE	31.25ug/ml	62.5ug/ml	125ug/ml	250ug/ml	500ug/ml	34.200000000000003	42.13	43.65	49.309999999999995	50.21	Concentrations
% Inhibition
Gallic acid	31.25ug/ml	62.5ug/ml	125ug/ml	250ug/ml	500ug/ml	2.3099999999999987	5.22	14.66	56.620000000000012	164.3	AHSE	31.25ug/ml	62.5ug/ml	125ug/ml	250ug/ml	500ug/ml	1.61	3.54	9.48	38.230000000000011	150.88000000000082	Concentrations
Gallic acid equivalent
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