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Abstract

The antioxidant, phytochemical and nutritional properties of acetone, methanol and agueous extracts of the leaves
of Ocimum gratissimum (Linn) were investigated to evaluate the therapeutic and nutritional potential of the leaves of this
plant. The antioxidant of the plant extracts were assessed against 1,1-Diphenyl-2-picrylhydrazyl (DPPH) and 2,2-azinobis-(3-
ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS) and ferric reducing agent. Total phenolics, flavonoids,
flavonols and proanthocyanidins were determined to assess their corresponding effect on the antioxidant activity of this plant.
The extracts exhibited DPPH and ABTS™ radical scavenging activities, which was comparable to butylated hydroxytoluene
(BHT). The phytochemical screening revealed the presence of alkaloids, tannins, saponin, steroids, cardiacglycoside,
flavonoid, terpencids and phenol. The proximate analysis confirms that the leaves contain appreciable amount of ash, crude
protein, lipids, fibre and carbohydrates. The macro and micro elements and constituents revealed that the leaves contain
significant amount of sodium, potassium, calcium, magnesium, iron, zinc, phosphorus, copper, nitrogen, and manganese.
This study shows that the leaf can be used as a therapeutic agent and justifiesits application in folkloric medicine.
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I ntroduction

Ocimum gratissimum (Linn) is a herbaceous plant which belongs to the Labiatae family. The plant is indigenous to
tropical areas, especially India, and it is also found in West Africa. In Nigeria, it is found in the savannah and coastal areas
(Nadkarni and Nadkarni, 2000). It is traditionally used in folklore medicine for the treatment of different diseases including
upper respiratory tract infections, diarrhoea, headache, conjunctivitis, skin disease, pneumonia, tooth and gum disorder, fever,
and as mosquito repellents (Okigbo and Mmeka, 2006). Many studies have reported the compositional evaluation and
functional properties of various types of edible plantsin use in developing countries (Hassan and Umar, 2006; Edeoga et dl.,
2006). For example, Amaranthus asper and Rumex sagittatus Thunb, had been studied by Jimoh et al. (2010a,b). However,
works reporting compositional evaluation and functional properties of various types of edible plants use in developing
countries abound in literature studies need to be carried out. Phytochemicals are naturally occurring and biologically active
plant compounds that have potential s disease inhibiting ability (Akubugwo et al., 2007).

Medicinal plants contain several pharmacologically active compounds that may act individually, additively or in
synergy to improve heath (Azaizeh et a., 2003; Gurib-Fakim, 2006). The use of herbal remedies as aternative medicine
plays a significant role in the cultures and bdiefs of indigenous populations in Africa (Hutchings et al., 1996). Some
important chemical substances found in plants are alkaloids, carbon compounds, hydrogen, nitrogen, glycosides, essential
ails, fatty oils, resins, mucilage, tannis, gums and others (Edeoga et a., 2006). Most of these are potent bioactive compounds
found in medicinal plant parts that can be used for therapeutic purpose or which are precursors for the synthesis of useful
drugs (Sofowora, 1993). Antioxidants protect other molecules from oxidation when they are exposed to free radicals and
reactive oxygen species which have been implicated in the aetiology of many diseases (Halliwell and Gutteridge, 1992;
Behera et a., 2006). Free radicals in the body contribute to more than one hundred disorders in humans, including
atherosclerosis, arthritis, ischemia and reperfusion injury of many tissues, central nervous system injury, gastritis, cancer and
acquired immune deficiency syndrome (Pourmorad et a., 2006). The compounds attack the unsaturated fatty acids in the
biomembranes resulting in membrane fluidity (Dean and David, 1993). Free radicals have aso been implicated in the
causation of several degenerative diseases, and compounds that can scavenge free radicals have great potentia in
ameliorating these disease processes (Behera et a., 2006).

Recently, there has been an upsurge of interest in the therapeutic potential of medical plants as antioxidants in
reducing free radical induced tissue damages. Plants containing flavonoids have been reported to possess strong antioxidant
properties (Behera et al., 2006; Tripathi et al., 2007). Ocimum gratissimum has been established to provide various culinary
and medicina properties. These medicinal properties exert bacteriostatic and bacteriocidal effects on some bacteria which
have been reported by previous authors (Effraim et a., 2000; Okigbo and Mmeka, 2006).Therefore, this study was designed
to investigate the nutritional quality, total polyphenolic contents, antioxidant potential of leaves extracts of Ocimum
gratissimum and to exploreits usefulnessin traditional folklore medicine.
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Material and Methods
Plant materials

Fresh leaves of O. gratissimum were collected from aloca farm in Benin City, Edo State, Nigeria in the month of
November and December, 2011, and were identified by the Crop Improvement and Management Department, Rubber
Research Institute of Nigeria, lyanomo, Benin City.

Chemicals

The chemicals used in this study include 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2'-azino-bis-(3-
ethylbenzothiazoline-6-sulphonic acid) (ABTS), butylated hydroxytoluene (BHT), 3-(2-pyridyl)-5,6-diphenyl-1,2,4-triazine-
4'4'-disulfonic acid, ferrous chloride, potassium ferricyanide, catechin, ascorbic acid, tannic acid, quercetin, trichloracetic
acid (TCA), phosphate buffer, sulfanilic acid, glacia acetic acid, folin-ciocalteu reagent, sodium carbonate, vanillin,
auminium chloride, ascorbic acid and potassium acetate were obtained from Sigma (Sigma-Aldrich GmbH, Sternheim,
Germany). All other chemicals used, including the solvents, were of analytical grade.

Preparation of Extract

The plant leaves were allowed to air-dry at ambient temperature and pulverised using an eectric blender (Pye
Unicam, Cambridge, England) and stored in an air-tight container for further use. Fifty grams (50 g) of the prepared sample
was treated with 500 mL of acetone or methanol separately. Another 50 g of the pulverised leaf was extracted in 500 mL of
sterile distilled water with stirring at ambient temperature for 18 to 24 h. Each extract was filtered using Whatman No. 1 filter
paper. The acetone and methanol filtrate were separately concentrated to dryness in vacuo using a rotary evaporator
(Laborota 4000-€fficient, Heldolph, Germany) to remove the solvents. The filtrate obtained from the aqueous extract was
frozen at -40°C and dried for 48 h using a freeze dryer Savant Refrigerated Vapour Trap, (RVT 41404, CA, USA).

Determination of total phenolic content

The total phenolic content of the extract were determined by Folin-Ciocalteu method described by Wolfe et al.
(2003). A volume of 1.0 mg/mL of the extract was mixed with 5 ml of 10% Folin-Ciocalteu reagent and 4 ml of sodium
carbonate (75% wi/v). The mixture was vortexed for 15s and incubated at 40°C for 30 min for colour appearance. The
absorbance was measured at 765 nm using spectrophotometer. Samples of the extract were evaluated at the fina
concentration of 1.0 mg/mL. The total phenolic content was expressed as mg/g tannic acid equivalent using the expression
obtained from the calibration curve: Y = 0.1216x, R?> = 0.936512, where x is the absorbance and Y is the tannic acid
equivaent in mg/g.

Deter mination of total flavonoid content

The total flavonoid was determined using the method of Ordonez et al. (2006). A volume of 0.5 mL of 2% AICl;
ethanol solution was added to 0.5 mL of extract solution. The mixture was incubated for 1 h at room temperature for yellow
colour appearance; the absorbance was measured at 420 nm. Plant extracts were evaluated at a final concentration of 0.1
mg/mL. Total flavonoids content was calculated as quercetin equivalent (mg/g) using the equation obtained from the curve:
Y =0.255%, R? = 0.9812, where x isthe absorbance and Y isthe quercetin equivalent.

Deter mination of total flavonol content

The total flavonol content was determined using the method of Kumaran and Karunakaran (2007). Two millilitres
(2.0 mL) of the sample were mixed with 2.0 mL of AlCI; prepared in ethanol and 3.0 mL of 50 g/L sodium acetate solution
were added. The mixture was incubated at 20°C for 2.5 h after which the absorption was read at 440 nm using
spectrophotometer. Plant extracts were evaluated at a final concentration of 0.1 mg/mL. Total flavonols contents were
calculated as quercetin (mg/g) using the following equation based on the calibration curve Y = 0.0255x, R? = 0.9812, where x
isthe absorbance and Y isthe quercetin equival ent.

Determination of proanthocyanidin content

Thetotal proanthocyanidin was determined using the procedure reported by Sun et a. (1998). A volume of 0.5 mL
of 0.1 mg/mL of extract solution was mixed with 3.0 mL of 4% vanillin-methanol solution and 1.5 mL hydrochloric acid; the
mixture was alowed to stand for 15 min a room temperature, the absorbance was measured a 500 nm. Total
proanthocyanidin contents were expressed as catechin (mg/g) using the following equation of the curve: Y= 0.5825x, R? =
0.9277, where x isthe absorbance and Y isthe catechin equivalent.

Determination of Antioxidant Activity
2,2-Diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assay

The method of Liyana-Pathiana and Shahidi (2005) was used for the determination of scavenging activity of DPPH
freeradical in the extract solution. A solution of 0.135 mM DPPH in methanol was prepared and 1.0 mL of this solution was
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mixed with 1.0 mL of extract in methanol containing 0.2—1.0 mg/mL of the extract. The reaction mixture was vortexed
thoroughly and left in the dark a room temperature for 30 min. The absorbance of the mixture was measured
spectrophotometrically at 517 nm; BHT was used as standard. The scavenging ability of the plant extract was calculated
using this equation:

DPPH Scavenging activity (%) = [(AbSgnro — AbSempie)] / (AbSxontra)] * 100

Where Absynrol IS the absorbance of DPPH + methanol; Absgye iS the absorbance of DPPH radical + sample extract or
standard.

2,2'-Azino-bis-(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS) radical scavenging assay

The method of Re et al. (1999) was employed for the determination of ABTS activity of the plant extracts. The
stock solutions were of 7 mM ABTS™ and 2.4 mM potassium persul phate solutions. The working solution was then prepared
by mixing the two stock solutions in equal quantities and allowing them to react for 12 h at room temperature in the dark. The
solution was then diluted by mixing 1 mL ABTS™ solution with 60 mL of methanol to obtain an absorbance of 0.076 + 0.001
units at 734 nm. Plant extracts (1 mL) at various concentrations 0.2-1.0 mg/mL of the extract were allowed to react with 1
mL of ABTS™ solution, and the absorbance was measured at 734 nm after 7 min using spectrophotometer. The ABTS®
scavenging capacity of the extract was compared with that of BHT and percentage inhibition calculated as:

ABTS" radical scavenging activity (%) = [(AbScontrol — AbSsmple)/ (AbSconiro)] % 100

Where Absenro Was the absorbance of ABTS' radical + methanol; Absgmie is the absorbance of ABTS' radical + sample
extract or BHT.

Total antioxidant activity: ferrousreducing antioxidant power (FRAP) assay

Thereducing power of the extracts was assayed according to the method of Duh et a. (1999).
A volume of 1.0 mL of the extracts, BHT and ascorbic acid at different concentrations 0.2-1.0 mg/mL were mixed
individually to the mixture containing 2.5 mL of 0.2 M phosphate buffer pH 6.6 and 2.5 mL potassium ferricyanide
(K3Fe(CN)g) (1% wiv). The mixture was incubated at 50 °C for 20 min, followed by the addition of 2.5 mL of trichloroacetic
acid (TCA) (10% wi/v), centrifuged for 10 min at 1000 x g. The upper layer of the solution was collected and mixed with 2.5
mL of distilled water and 0.5 mL of ferrous chloride (0.1% w/v). The absorbance was measured a 700 nm in a
spectrophotometer. The higher absorbance of the reaction mixture indicates strong reducing power of the plant extract.

Phytochemical analysis

The extracts were subjected to phytochemical screening for plant secondary metabolites, tannins, saponins, steroid,
akaloids, terpernoids, flavonoids, phenols and cardiac-glycolsides in accordance with Trease and Evans (1989) and Harborne
(1998).
Proximate and mineral analysis
The proximate analysis (carbohydrates, fats, proteins, lipids, iodine, moisture, fibre, and ash) of the plant sample was
determined by using Association of Official Analytical Chemists (AOAC) methods. All the proximate values were reported
in percentage (AOAC, 1999; Okwu and Morah, 2004). Mineral elements (sodium, potassium, calcium, magnesium, iron,

zinc, phosphorus, copper, manganese and nitrogen) were determined using the multiple nutrient extraction method (AOAC,
1999).

Statistical analysis

The experimental results were expressed as mean + standard deviation (SD) of three replicates and were subjected
to one-way analysis of variance (ANOVA) and the significant difference (p < 0.05) using SPSS version 17.0 for windows.

Results and Discussion
Polyphenol content and antioxidant activity

The methanol leaf extract of O. gratissmum possessed relatively high phenolic content when compared with
acetone and aqueous extract (Table 1).

Table 1. Polyphenolic contents of the acetone, methanol and aqueous extracts of the leaves of O. gratissimum

Extracts Total phenol (mg Total flavonoids (mg Total flavonols (mg Total proanthocyanidins (mg
tannic acid/g) quer cetin/g) quer cetin/g) catechin/g)

Acetone 10.21+2.20 12.03+2.52 10.25+ 1.50 12.55+2.02

Methanol 19.21+1.25 15.57 +0.56 13.89+1.03 14.68 + 2.06

Aqueous 12.02+2.05 11.50+2.51 12.85+1.25 855+ 1.55

Note: + = Standard derivation of triplicate.
The phenolic content of all the extracts was relatively high, suggesting that the plant extracts have antioxidant
potential. Polyphenolic compounds are well known as antioxidant and scavenging agents against free radicals associated with
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oxidative damage (Fergusion et al., 2006). The study also revealed that al the extracts possessed flavonoids, flavonols and
proanthocyanidins. The presence of these compounds in O. gratissimum could promote acceptance for its local usage in the
management of oxidative stress induced ailment. Flavonoids are important secondary metabolites of plant modulating lipid
peroxidation involved in atherogenesis, thrombosis and carcinogenesis (Shi et al., 2006). The antioxidant activity of
proanthocyanidins has been demonstrated to be 50 times greater than vitamin C and 20 times greater than vitamin E (Mgo et
al., 2008). It has aso been shown that proanthocyanidins help to protect body from tissue damage, cancer, and to improve
blood circulation by strengthening the capillaries, arteries and veins (Majo et a., 2008; Owolabi et al., 2010; Letelier et a.,
2011). Thus, the concentration of this compound as shown in this study could contribute to the significant antioxidant
potency of this plant and consequently support its local usage for the treatment of free radical related diseases. There was
correlation between total phenols (r = 0.966), total flavonoids (r = 0.988), total flavonols (r = 0.918) and total
proanthocyanidins (r = 0.955) respectively. The correlation coefficient between ABTS™, DPPH assays and polyphenolsiis (r
=0.989, 0.988, and 0.998) respectivey.

DPPH radical scavenging activity

DPPH scavenging activity assay has been utilised to gain the understanding of antioxidant potentials (Liyana-
Pathirana and Shahidi, 2005; Ighinosa et al., 2011). The percentage inhibitions of DPPH scavenging activity in all the
extracts were dose-dependent (Figure 1).
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Figure 1: DPPH radical scavenging activities of the different extract of O. gratissmum

The highest DPPH scavenging activity was shown by the methanolic extract (85.45%) followed by the acetone
(80.5%) and aqueous extracts (78.5%). It was also observed that the scavenging activity of methanol extract was comparable
with BHT (95.59%) used as standard drug at 1.0 mg/mL which was the highest concentration tested. The dose-dependent
curve of DPPH radical scavenging activity of O. gratissimum extracts compared well with BHT which suggests that the three
solvent extracts possess high DPPH scavenging activity at the highest concentration (1.0 mg/mL). The results obtained from
this study are in agreement with our previous work (Igbinosa et a., 2011) where it was reported that the antioxidant potential
of Jatropha carcus was due to high concentration of phenolic compounds. Consequently, the strong antioxidant activity of O.
gratissimum as shown in the present study might be related to high contents of phenolic compounds.

ABTS" radical scavenging activity

The percentage inhibition of ABTS™ radica by the plant extracts was dose-dependent. There was increase in
ABTS™ radical scavenging activity with increasing concentration of different solvent extract used in this study (Figure 2).

At a concentration of 1.0 mg/mL, the percentage inhibition of methanol extract (84.5%), acetone extract (80.12%),
and aqueous extract (75%) showed similar trend but significantly different (P < 0.05, r = 0.985) when compared with that of
BHT (97%). Higher concentrations of the extracts were more effectivein quenching free radicalsin the system, in agreement
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Figure 2: ABTSradica scavenging activities of the different extracts of O. gratissmum.

With our previous study (Igbinosa et a., 2011). There was a correlation between ABTS™ radical scavenging
activity and total phenolic content (r = 0.989) which indicates that the phenolic compounds may contribute directly to the
antioxidant action of these extracts (Afolayan et al., 2007). The scavenging activity of ABTS™ and DPPH radicals by the
extracts was found to be similar at the highest concentration. This result revealed the potential of the extracts to scavenge
different free radicals in different systems, indicating that they may be useful therapeutic agents for treating radical related
pathologic damage. Antioxidant activities may functions as free radica scavengers, complexes of pro-oxidant metals,
reducing agents and quenchers of single-oxygen formations or reactive oxygen species, thereby protecting the body from
degenerative diseases (Steenkamp et a., 2005). Although there might be several mechanisms by which this plant effectively
acts against free radical implicated diseases, its antioxidant and free radical scavenging properties seem to be significantly
high. Consequently, the plant could play an important role in the prevention of oxidative dependent diseases (Afolayan et al.,
2007; Igbinosa et d., 2011).

Ferrousreducing antioxidant power (FRAP) assay

The antioxidant potentials of the plant extract wasestimated by their ability to reduce Fe** to Fe*. Table
2 shows the ferrous reducing antioxidant power values of the various extracts; methanol extract is highest, followed by
acetone and least in aqueous extracts. The observed result obtained showed that the extract possessed antioxidant activity in a
concentration dependent manner (data not shown). This effect could suggest the ability of O. gratissimum to minimise
oxidative damage to some vital tissues in the body (Kojic et a., 1998; Weighand et al., 1999).

Table 2: FRAP activity of acetone, methanol and aqueous extracts of O. gratissmum

Extracts FRAP'

Acetone 346. 51+ 8.54
Methanol 508.19 +5.98
Aqueous 159.83 + 3.64
Ascorbic acid 1524.01 + 23.50
BHT 75.48 + 451
Catechin 984.21 +0.89
Quercetin 2435.34 + 12.05

"Expressed in units of pumole Fe(l1)/g
Phytochemical screening

Investigations on the phytochemical screening of O. gratissmum leaf extract revealed the presence of tannins,
saponins, steroid, akaloids, terpernoids, flavonoids, phenols and cardiac-glycolsides. These compounds are known to be
biologically active and therefore aid the antioxidant activities of O. gratissimum. These secondary metabolites exert
antioxidant activity through different mechanisms. Tannins have been used traditionaly for the treatment of diarrhoea,
haemorrhage and detoxification (Okwu and Emenike, 2006). The composition of tannins as observed in this study may
justify traditional usage of the plant extract in the management of diarrhoea. Another secondary metabolite compound
observed in the leaf extracts of O. gratissimum was akaloid. One of the most common biological properties of akaloidsis
their toxicity against cells of foreign organisms. These activities have been widely studied for their potentia use in the
elimination and reduction of human cancer cell lines (Nobori et al., 1994). Just et a. (1998) reveded the inhibitory effect of
saponins on inflamed cells. Saponin was found to be present in O. gratissimum extracts and has supported the usefulness of
this plant in managing inflammation. Flavonoids, another congtituent of O. Gratissmum leaf extracts exhibited a wide
range of biologica activities like antimicrobial, anti-inflammatory, anti-angionic, analgesic, anti-allergic, cytostatic, and
antioxidant properties (Hodek et a., 2002).
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Proximate composition

This medicina plant contained appreciable amount of basic food nutrient as shown in Table 4. The moisture
content of the leaves concur with definitions of vegetables which were characterised by high water content (Edeoga and
Gomina, 2000). The plant provides dietary supplements and may promote bowel regularity and enhance frequent waste
elimination, including bile acid. Adeguate intake of dietary fibre can lower the serum cholesterol level, risk of coronary heart
disease, hypertension, constipation, diabetes, colon and breast cancer (Ishida et al., 2000). The relatively high level of ash,
lipid, iodine, carbohydrate and othersin this plant is suggestive of its considerable nutritive value.

Table 3: Proximate composition of the leaves of O. gratissimum

Consgtituents Value (% Dry weight)
Lipids 13.51+0.53

lodine 30.25+ 1.02

Ash 1478 +1.01
Carbohydrate 5.85+0.35
Crudefibre 1551 +0.72

Energy (kcal) 298.10+ 1.25

Fat 201+0.12

Moisture 85.73+0.45

Protein 16.01 + 1.50

Mineral elements composition

The macro and micro e ements of this plant contained very important nutrients relevant to the well being of humans
(Table 4). Sodium is an essential element that is necessary for humans to maintain the balance of the physical fluids system.
Potassium is necessary for the function of al living cells and is thus present in al plant and animal tissues (FND, 2002).
Calcium, potassium, magnesium, nitrogen observed in the plants are required for repairs of worn out cell, strong bones and
teeth in human, building of red blood cells and for body mechanisms (WHO, 1996). The composite levels of these elements
show that the leaves of the plants could provide alternative sources of calcium and potassium in diet. Iron is an essential trace
element for haemoglobin formation, normal functioning of the central nervous system and the oxidation of carbohydrate,
protein and fat (Akubugwo et al., 2007). The Zinc content (6.53 + 0.01 mg/100g DWB) compares favourably to most values
reported for green leafy vegetables in literatures (Hassan and Umar, 2006; Jimoh et a., 2010a,b). Zinc isinvolved in normal
function of immune system. Manganese plays an important role in a number of physiological processes as a constituent of
some enzymes and an activator of other enzymes (Idris et a., 2010). Copper has a number of important functions in the
human body. It helps to produce red and white blood cells, and triggers the release of iron to form haemoglobin, the
substance that carries oxygen around the body (Jimoh et al., 2010g; Idris et al., 2010). Sodium is an essential element that is
necessary for humans to maintain the balance of the physica fluids system. It is aso required for nerve and muscle
functioning (Idris et a., 2010).

Table 4: Minera e ements composition of the leaves of O. gratissimum

Mineral elements Value (mg/100g DWB)
Sodium 9.58+0.23
Potassium 95.35+0.01
Calcium 75.82+0.02
Magnesium 88.26 + 0.01
Iron 15.46 £ 0.03
Zinc 6.53+0.01
Phosphorus 58.21 + 0.03
Copper 532+0.11
Manganese 541+ 0.05
Nitrogen 312+ 0.01

DWB - dry weight basis

In conclusion, the relatively high antioxidant and polyphenolic activities observed in O. gratissimum extracts
justify its use in folkloric medicine and suggest that this plant is endowed with natural antioxidant and nutritive constituents,
which may be important as a source of nutrients supplement, and in the treatment of radical related diseases.
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