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Abstract

Medicinal plants have been utilized to treat acute and chronic disorders for many years. The basis for such utilization however is based
on the potential use of phytochemicals to manage a plethora of chronic diseases including cancer, inflammatory diseases and cardiovascular
abnormalities. In this study, the in vitro antioxidant capacity (TAC), total phenolic content (TPC) and total flavonoids content (TFC) B-carotene
bleaching inhibition assay and metal chelating activity of the fractions obtained from ethanolic extract of the stem bark of Adansonia digitata
were determined using Spectrophotometric methods. Extraction was carried out using absolute ethanol and fractionation was carried out using
organic solvents of different polarities, beginning from n-Hexane, ethyl-acetate, ethanol, methanol and finally distilled water. Eighteen fractions
were obtained from the ethanolic extract using the solvents. Folin Ciocalteau is a mixture of phosphomolybdate and phosphotungstate which
was used for the Spectrophotometric in vitro assay of the Total Phenolic Content (TPC). Total Flavonoid Contents (TFC) was determined by
the aluminium colorimetric method, with quercetin as reference standard. 3-Carotene bleaching inhibition assay, the metal chelating activity
of the extract fractions with ferrous ions were also carried out. The results obtained from the study revealed that fractions 6 and 7 (2900.00
mg/ml TE and 2410.46 mg/ml TE) possessed the highest 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activity while fraction 8
and 9 (355.56 mg/ml TE and 420.26 mg/ml TE) possessed the lowest activities. Furthermore, Fractions 10 and 13 (1415.23 mg/ml GAE and
664.76 mg/ml GAE) showed the highest total phenolic content (TPC) while fraction 16 and 9 (2.86 mg/ml GAE and 4.29 mg/ml GAE) had the
lowest values respectively. Fractions 5 and 9 showed the highest Total Flavonoids Content (TFC) followed by fraction 12, and the lowest was
observed in fractions 2 and18. The highest concentration for $-Carotene Bleaching Inhibition Assay was observed in fractions 12 and 9, and the
lowest B-Carotene concentration was observed in fractions 7 and 8. Metal Chelating Inhibition Activity revealed that fractions 12 and 5 have the
highest concentration, 7 and 8 with the lowest concentration. In conclusion, the free radicals scavenging potentials of this plant extract probably
contribute to the effectiveness of the plant as a medicinal plant. The secondary metabolites in the plant have been found to be of medicinal
importance both in preventive and curative medicine, especially as revealed by fractions 5, 6, 7, 10, 11 and 12, the peak of which were found in
fractions 5 and 12.

Keywords: Antioxidant; Fractions: Adansonia digitata; Different; Ethanolic, Parameters

Abbreviations: TAC: Antioxidant Capacity; TPC: Total Phenolic Content; TFC: Total Flavonoids Content; DPPH: 1-Diphenyl-2-Picrylhydrazyl;
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Introduction

cellular function [4]. Damages due to free radicals
caused by ROS leads to several damaging effects as they can
attack lipids, protein/enzymes, carbohydrates, and DNA in cells

The oxygen consumption inherent in cells growth leads to
the generation of series of oxygen free radicals. Highly active
free radicals and their uncontrolled production are responsible

. and tissues.
for numerous pathological processes such as cell tumor and

coronary heart diseases [1-3]. Oxidative stress plays a major role
in the development of chronic and degenerative diseases such
as cancer, arthritis, aging, autoimmune disorders, cardiovascular
and neurodegenerative diseases. Generation of highly reactive

oxygen species (ROS) is an integral feature of normal
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They induce undesirable oxidation, causing membrane
damage, protein modification, DNA damage, and cell death
induced by DNA fragmentation and lipid peroxidation [4].
Antioxidants have been known to play protective role in human
body against deleterious effects of reactive free radicals. They can
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significantly delay or prevent the oxidation of easily oxidizable
substances [5,6]. Natural antioxidants are classified according to
their mechanism of action as chain-breaking antioxidants which
scavenge free radicals or inhibit the initiation step or interrupt
the propagation step of oxidation of lipid and as preventive
antioxidants which slow the rate of oxidation by several actions
but do not convert free radicals [7-11].

Phenolic compounds are secondary metabolites of plants
that also act as antioxidants by many potential pathways such
as free radical-scavenging, oxygen radical absorbance, and
chelating of metal ions [12]. They are naturally present in fruits
and vegetables and also used as supplements or medicines.
Research has shown that fruits and vegetables contain other
antioxidant nutrients, in addition to vitamins C and E, and
carotenoids, which significantly contribute to their total
antioxidant capacity [13,14]. The major part of those antioxidant
nutrients is polyphenolic compounds, which are components of
fruits and vegetables having strong antioxidant capacity [13,14].

Flavonoids have a wide range of biological activities, such
as cell-proliferation-inhibiting, apoptosis-inducing, enzyme-
inhibiting, antibacterial, and antioxidant effects. Some findings
indicate that flavonoids possess various clinical properties, such
as anti-atherosclerotic, anti-inflammatory, anti-tumor, anti-
thrombogenic, anti-osteoporotic, and antiviral effects [15,16].
Interestin traditional medicines has growninrecentyearsasthey
are typically low in toxicity, rarely produce complications and
have beneficial pharmacological activities [7]. Epidemiological
and in vitro studies on medicinal plants and vegetables strongly
have supported the idea that plant constituents with antioxidant
activity are capable of exerting protective effects against
oxidative stress in biological systems [13].

Adansonia digitata, commonly called baobab is most
widespread of the Adansonia species on the African continent,
and is majorly found in the hot, dry savannahs of sub-Saharan
Africa. Different parts of Adansonia digitata solvent extracts
have been reported to possess medicinal properties and are
currently been used in treatment of various ailments such as
diarrhea, fever induced malaria, inflammation, scurvy, cough,
dysentery, small pox, measles, kidney and bladder diseases,
blood clearing and asthma (Van and Gericke, 2000). This study
examined the flavonoid, total phenolic content, and antioxidant
potentials of aqueous and ethanolic extracts of Adansonia
digitata stem bark. This study is aimed at determining the
in vitro antioxidant activities of the fractions obtained from
Adansonia digitata (baobab) stem bark; ethanolic extract using
different parameters.

Materials and Methods
Sample collection

The healthy stem bark of the plant Adansonia digitata were
collected from Biological garden within Federal University
Wukari campus, Wukari, Taraba State, Nigeria.

Sample preparation

The leaves and stem bark were examined to be free from
disease. Only healthy plant parts were used. The stem bark was
cut into pieces using kitchen knife and were dried under shade
for one week to reduce moisture content and to prevent enzyme
action. The dried leaves and stem bark was pulverized using
wooden mortar and pestle into powdered form.

Ethanolic extraction

The pulverized sample was soaked in sufficient volume of
ethanol for 48 hours at room temperature. It was continually
stirred after each 8 hours. After 48 hours, the extract was
filtered out first using a clean white sieving mesh and then using
Whatman No. 1 filter paper. The concentrated extract was then
transferred to air-tight containers, corked and preserved in the
refrigerator at 40C until required.

Fractionation of ethanolic extract

The ethanol extract was subjected to column chromatograph
to separate the extract into its component fractions. Silica gel was
used in packing the column while varying solvent combinations
of increasing polarity were used as the mobile phase.

Packing of column

This was done according the method of Yakubu et al. [18].
The lower part of the glass column was stocked with glass wool
with the aid of glass rod. 235g of silica gel (100-200 mesh size)
was dissolved in 255ml of absolute n-Hexane to make the slurry.
The chromatographic column (30mm diameter by 40cmheight)
was packed with silica gel and was allowed free flow of the
solvent into a conical flask below. The set up was seen to be in
order when the solvent drained freely without carrying either
the silica gel or glass wool into the tap. At the end of the packing
process, the tap was locked, and the column was allowed 24
hours to stabilize after which, the clear solvent at the top of the
silica gel was allowed to drain down the silica gel meniscus.

Elution

The method of Yakubu et al. [18] was adopted for the elution.
The extract (2g) was dissolved in 15ml absolute ethanol and the
solution was applied unto a chromatographic column (30mm
diameter by 400mm height). Elution of the extract was done with
solvent system of gradually increasing polarity, beginning from
n-Hexane, ethyl acetate, ethanol, methanol and finally water. The
following ratios of solvent combinations were sequentially used
in the elution process:

i. n-Hexane : ethyl acetate 100:0, 50:50;
ii.  Ethyl acetate : ethanol 100:0, 50:50;
iii.  Ethanol : methanol 100:0, 50:50;

iv.  Methanol : water 100:0, 50:50

v.  Water:100

A measured volume (200ml) of each solvent combination
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was poured into the column each time using Separatory funnel,
The eluted fractions were collected in aliquots of 100ml using
beakers.

Determination of total antioxidant capacity (TAC)

DPPH radical scavenging activity was measured as per
the procedure of (Shimada et al., 1992). The absorbance was
measured in triplicate for each fraction. Total antioxidant
capacity (TAC) was calculated as mg/ml Trolox equivalent (TE)
using the regression equation from calibration curve.

Determination of total flavonoid content

Flavonoids were determined using the aluminium chloride
colorimetric method of Chang et al. [19]. Quercetin standard
was used for derivation of the calibration curve. Total flavonoids
were expressed as mg/ml quercetin equivalent (QE).

Determination of total phenolic content

Total phenolic content (TPC) of the extract was estimated
following the phosphomolybdic/ phosphotungstic acid complex
procedure of [21].

B-Carotene bleaching inhibition assay

In this assay, antioxidant activity was determined by
measuring the
arising from linoleic acid oxidation [22].

inhibition conjugated dienehydroperoxides

Metal chelating activity

The metal chelating activity of the extract fractions with
ferrous ions were measured in triplicates following the
method [23]. The chelating activity of the extract at different

concentrations was calculated as:

% chelating activity = [(Al - Az) / A0:| x 100

Where A0, Absorbance of the control (without extract); A4,
Absorbance of reaction mixture and A,, Absorbance without
Feclz.

Results

The results obtained from the study revealed that fractions
6 and 7 possessed the highest 1,1-diphenyl-2-picrylhydrazyl
(DPPH) radical scavenging activity and closely followed by
fraction 5, while fraction 8 and 9 possessed the lowest activities.
Fractions 14 and 16 possessed almost the same antioxidant
activities (Figure 1).

Fraction 1=n-Hexane (100:00), 2= n-Hexane (100:00), 3=
n-Hexane/ethyl acetate (100:00), 4= n-Hexane/ethyl acetate
(50:50) 5=Ethyl acetate/ethanol (100:00), 6= Ethyl-acetate/
ethanol (100:00), 7= Ethyl-acetate/ethanol (50:50), 8=Ethyl
acetate/ethanol (50:50), 9= Ethanol/ methanol (100:00), 10=
Ethanol/ methanol (100:00), 11= Ethanol/Methanol (50:50),
12= Ethanol/Methanol (50:50), 13= Methanol /water (100:00),
14= Methanol /water (100:00), 15= Methanol /water (50:50),
16= Methanol /water (50:50), 17=Water (100:00), 18= Water
(100:00)

The results obtained from the study showed that Fractions
10 and 13 have the highest total phenolic content (TPC) while
fractions 16 and 9 were recorded the lowest values. Fractions 2,
4, and 7 have the same amount of TPC (Figure 2).
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Figure 1: Total antioxidant activity.
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Fraction 1=n-Hexane (100:00), 2= n-Hexane (100:00), 3=
n-Hexane/ethyl acetate (100:00), 4= n-Hexane/ethyl acetate
(50:50) 5=Ethyl acetate/ethanol (100:00), 6= Ethyl-acetate/
ethanol (100:00), 7= Ethyl-acetate/ethanol (50:50), 8=Ethyl
acetate/ethanol (50:50), 9= Ethanol/ methanol (100:00), 10=
Ethanol/ methanol (100:00), 11= Ethanol/Methanol (50:50),
12= Ethanol/Methanol (50:50), 13= Methanol /water (100:00),
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14= Methanol /water (100:00), 15= Methanol /water (50:50),
16= Methanol /water (50:50), 17=Water (100:00), 18=
Water(100:00)

The results obtained from the study showed that Fractions
5 and 9 showed the highest Total Flavonoids Content (TFC)
followed by fraction 12, and the lowest was observed in fractions
2 and 18 (Figure 3).
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Fraction 1=n-Hexane (100:00), 2= n-Hexane (100:00), 3= Ethanol/ methanol (100:00), 11= Ethanol/Methanol (50:50),
n-Hexane/ethyl acetate (100:00), 4= n-Hexane/ethyl acetate 12= Ethanol/Methanol (50:50), 13= Methanol /water (100:00),
(50:50) 5=Ethyl acetate/ethanol (100:00), 6= Ethyl-acetate/ 14= Methanol /water (100:00), 15= Methanol /water (50:50),
ethanol (100:00), 7= Ethyl-acetate/ethanol (50:50), 8=Ethyl 16= Methanol /water (50:50), 17=Water (100:00), 18=
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Figure 4: Metal chelating activity.
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The results obtained from Metal Chelating Inhibition Assay
(Figure 4), revealed that fractions 12 and 5 have the highest
concentration, with the lowest observed in fractions 7 and 8.

Fraction 1=n-Hexane (100:00), 2= n-Hexane (100:00), 3=
n-Hexane/ethyl acetate (100:00), 4= n-Hexane/ethyl acetate
(50:50) 5=Ethyl acetate/ethanol (100:00), 6= Ethyl-acetate/
ethanol (100:00), 7= Ethyl-acetate/ethanol (50:50), 8=Ethyl
acetate/ethanol (50:50), 9= Ethanol/ methanol (100:00), 10=
Ethanol/ methanol (100:00), 11= Ethanol/Methanol (50:50),

12= Ethanol/Methanol (50:50), 13= Methanol /water (100:00),
14= Methanol /water (100:00), 15= Methanol /water (50:50),
16= Methanol /water (50:50), 17=Water (100:00), 18=
Water(100:00)

Figure 5 shows the result for $-Carotene Bleaching Inhibition
Assay. The highest concentration for B-Carotene Bleaching
Inhibition Assay was observed in fractions 12 and 9 followed
by fraction 10, and the lowestB-Carotene concentration was
observed in fraction 7 and 8.
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Figure 5: Beta carotene.
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Fraction 1=n-Hexane (100:00), 2= n-Hexane (100:00), 3=
n-Hexane/ethyl acetate (100:00), 4= n-Hexane/ethyl acetate
(50:50) 5=Ethyl acetate/ethanol (100:00), 6= Ethyl-acetate/
ethanol (100:00), 7= Ethyl-acetate/ethanol (50:50), 8=Ethyl
acetate/ethanol (50:50), 9= Ethanol/ methanol (100:00), 10=
Ethanol/ methanol (100:00), 11= Ethanol/Methanol (50:50),
12= Ethanol/Methanol (50:50), 13= Methanol /water (100:00),
14= Methanol /water (100:00), 15= Methanol /water (50:50),
16= Methanol /water (50:50), 17=Water (100:00), 18=
Water(100:00)

Discussion
Total antioxidant capacity

The Total Antioxidant Capacity of the ethanolic extract of the
stem bark of Adansonia digitata ranges from 290.000 - 355.556
mg/mlTE . It showed that it possessed an appreciable amount
of antioxidant activity. This is in consonance with some studies
that medicinal plants used in traditional medicine and healing
are one of the sources of antioxidants [24]. The antioxidants
activities of the stem bark investigated with DPPH free radical
scavenging assay showed valuable results which contributed
to the interest of screening the plants extract for further
medical related indices and to evaluate its therapeutic values.
DPPH, a stable Free radical with characteristics absorption at
517nm, was used to study the radical scavenging effects of the
extract. Evidence has it that DPPH Free radical scavenging by
antioxidants is due to their hydrogen donating ability [25].

Free radical and other reactive oxygen species (ROS), such as
superoxide anions, hydroxyl radicals, and hydrogen peroxide are
an entire class of highly reactive species derived from the normal
metabolism of oxygen or from exogenous factors and agents [26].
Oxidative damage to crucial cellular molecules, induced by ROS,
has been implicated as a possible factor in the etiology of several
human diseases, including cancer, cardiovascular diseases and
aging [27]. As antioxidants donate protons to these radicals, the
absorption decreases. The decrease in the absorption is taken
as a measure of the radical scavenging. Free radical scavenging
capacities of the extract, measured by DPPH assay, are show in
figure 1. The antioxidant properties determined show that the
solvents used were able extract substances with antioxidant
potency, especially the solvent combinations for fractions 5, 6
and 7 (ethyl acetate and ethanol fractions).

Phenolic and flavonoid contents

Different phytochemicals have various protective and
therapeutic effects which are essential to prevent diseases
and maintain a state of wellbeing. Fractions of ethanolic
extract of the stem bark of Adansonia digitata were analyzed
for its phytoconstituents. The quantitative estimation of the
phytochemical constituents of Adansonia digitata showed that
the medicinal plant is rich in total phenols, total flavonoids
according to the data shown in the Figure 2, The low phenolic
contents of fractions 5 -7 in relation to their antioxidant activity
and flavonoids content suggests that the extract may have many
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phenolic contents but flavonoids are basically responsible for
its antioxidant activities as shown in figure 3, it is well that
plant flavonoids and phenols in general, are highly effective free
radical scavenging and antioxidants. Polyphenol and flavonoids
are used for the prevention and cure of various diseases which
are mainly associated with free radicals [16,28]. The phenolic
compounds have been recognized as antioxidant agents, which
act as free radical oxidation terminators and have been known
to show medicinal activity as well as for exhibiting physiological
functions [29,30]. It has been reported that compounds such as
the flavonoids, which contain hydroxyls, are responsible for the
radical scavenging effects of most plants [31]. The mechanisms
of action of the flavonoids are through scavenging or chelating
processes [32]. It is well established that plant phenolics, in
general are highly effective in free radical scavenging and
they are antioxidants. Several investigations have shown that
many of these plants have antioxidant activities that could be
therapeutically beneficial, and it has been mentioned that the
antioxidant potential of plants might be due to their phenolic
components [33].

The presence of these phytochemicals in fractions of plants
extract is thus a significant finding of the present study. It is well
known that oxidative stress included by oxygen-free radicals
and resultant tissue damage is the hallmarks of several chronic
disorders and cell death [34]. The therapeutic potentials of
medicinal plants as natural antioxidants in reducing such free
radical induced tissue damage [35] and in the maintenance
of health and protection from some age-related degenerative
disorders such as cancer and coronary heart diseases is
established [9].

Metal chelating activity

The chelating of Fe2+ by extracts was estimated by the
method of Dinis et al. [23]. Ferrozine can quantitatively form
complexes with Fe2+. However, in the presence of chelating
agents, the complex formation is disrupted with the result
that the red colour of the complex is decreased. Measurement
of colour reduction, therefore, allows the estimation of the
chelating activity of the coexisting chelator. The transition metal
ion, Fe2+ possess the ability to move single electrons by virtue
of which it can allow the formation and propagation of many
radical reactions, even starting with relatively non-reactive
radicals [36]. The main strategy to avoid ROS generation that is
associated with redox active metal catalysis involves chelating of
the metal ions. Fractions 5 and 12 (figure 4) are the most active
extract interfered with the formation of ferrous and ferrozine
complex, suggesting that it has chelating activity and captures
ferrous ion before ferrozine.

Beta-Carotene Bleaching (BCB) inhibition Assay

Figure 4 showed the results of the extracts as measured
by the bleaching of (-carotene. The addition of the extracts
prevented the bleaching of b-carotene to different degrees.
-Carotene in this model system undergoes rapid discoloration

in the absence of an antioxidant (control). This is because of
the coupled oxidation of b-carotene and linoleic acid, which
generates free radicals. The linoleic acid free radicals, formed
upon the abstraction of a hydrogen atom from one of its diallylic
methylene groups, attacks the highly unsaturated (-carotene
molecules. As a result, 3-carotene will be oxidized and broken
down in part; subsequently, the system loses its chromophore
and characteristic orange color, which was monitored
spectrophotometrically [37-40]. The presence of different
antioxidants (plant extract/fractions) can hinder the extent of
-carotene bleaching by neutralizing the linoleate-free radical
and other free radicals formed in the system. From figure 5, it
was crystal clear that different fractions demonstrated different
potencies for the inhibition of this bleaching agent, with fractions

9 and 12 performing better than other fractions of the extract.
Conclusion

In conclusion, the present investigation of all the different
methods of determining antioxidant activity shows potential
antioxidant and free radical scavenging activity. The high
antioxidant activity exhibited by Adansonia digitata stem bark
extracts provided justification for the therapeutic use of this
plant in folk medicine due to the phytochemical constituents.
The results therefore suggest that the extract (especially
fractions 5, 6, 7, 11and 12) could be potential sources of natural
antioxidant that could be of great importance for the treatment
of free radical related diseases because of their consistency in all
the parameters studied.
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