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Abstract

The present study describes the profile, antimicrobial and antioxidant potential of the stem bark of Acacia decurrens. The methanol and

hexane fractions had 20% and 0.2% extract yield respectively. The GC-MS result of the hexane, chloroform, and ethyl acetate fractions confirm the
presence of 52 compounds and the ICP analysis of the stem bark was found to contain high levels of Co, Zn, Mn, Ca, Ni, Mg, Cr, K and Fe; which is an
indication of hyper accumulation capacity. The UV-Visible spectra of showed various peaks which are indication of important radical scavenging
Chromophores. Phytochemical screening indicated that the alkaloid (0.6-3.3%) and saponins (5.1-8.6%) contents of the various fractions were
significantly lower than the tannin (30.9-55.8 mg TAE/g), steroid (13.92-41.2%), phenol (40.6-65.5 mg GAE/g) and flavonoids (210.2-284.9
mg RUE/g) contents. The disk and well diffusion methods were used to determine the sensitivity and MIC of the fractions. The ethyl acetate
and methanol were the most potent antibacterial fractions with 75% and 65% inhibition respectively with MIC of 12.5 pg/ml compared with
ampicillin. The antioxidant activity of the fractions was analysed by different methods and revealed good antioxidant potential with different IC_

values of 42.2-49.6 mg/mL for ABTS and 37.8-75.0 pg/ml for DPPH respectively, compared to standard antioxidants.
Keywords: A. decurrens; antioxidant; antibacterial; DPPH; ABTS; ICP-OES; GC-MS, UV /visible

Abbreviations: TC: Tannin Content; TFC: The Total Flavonoids; ZI: Zones Of Inhibition; MHB: Muller-Hinton Broth Medium

Introduction

Acacia decurrens (Willd), commonly known as black wattle
or early green wattle is a perennial tree or shrub, in the subfamily
Mimosoideae of the pea family Fabaceae. They are present in
all terrestrial habitats, including alpine settings, rainforests,
woodlands, grasslands, coastal dunes and deserts [1] and due
to their prolific nature; they are being classified as invasive in
some countries. The Acacia is repeatedly mentioned in the Book
of Exodus, perhaps referring to Acacia raddiana, in regards to
the construction of the Tabernacle [2]. The edible flowers and
seed pods are used to produce dyes, while the trees are grown
for firewood, fast-growing windbreak or shelter tree [3] and the
edible gum from the trunk of the is used as a low-quality Arabic
gum. In South Africa, Acacia decurrens is classified as an invasive
species [4], threatening native wildlife [5]. Native wildlife may
not have evolved defenses against the invader or they cannot
compete with a species that has no predators and these can
be exploited for its pharmacological potentials (such as anti-

proliferative, antimicrobial and antioxidant activities) against
native infections.

In this study, a preliminary investigation into the chemical
composition, antimicrobial and antioxidant potential of A.
decurrens will be conducted, for the first time. Major chronic and
degenerative diseases such as atherosclerosis, ischemic heart
disease, ageing, diabetes mellitus, cancer, immunosuppression,
neurodegenerative diseases are caused by oxidative stress
[6] and are one of the most important routes for producing
free radicals in foods, drugs and even in living systems [7].
Antioxidative defense mechanisms have proven over time to be
the most effective method of combating oxidative stress caused
by free radicals. Recently, there has been an upsurge of interest
in the pharmacological potentials of plants as antioxidants
in reducing oxidative stress-induced tissue injury [8-9]. This
research is focused on the generic protocol using a bioassay-
guided approach based on straight forward testing of the plant
fractions followed by in vitro biological activity testing.
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Materials and Methods
Chemicals

Ethanol, methanol, hexane, ethyl acetate, chloroform, DMSO,
ampicillin, nutrient broth sodium hydrogen carbonate, gallic
acid, rutin hydrate, 2,2-dyphenyl-1-picrylhydrazyl (DPPH),
2,2’-azinobis(3-ethylbenzothia-zoline-6-sulfonic acid) (ABTS),
potassi—um persulfate (di-potassium peroxdisulfate), potassium
persul-fate, Folin-Ciocalteu’s phenol reagent, ascorbic acid,
chloride obtained from Sigma-Aldrich
Chemicals Co., St Louis, MO, USA. All reagents used in this study
are of analytical grade.

aluminium were

Equipment

The employed in this
Spectroquant® Prove Spectrophotometer 100, Clarus 500
Perkin Elmer (Auto system XL) Gas Chromatograph coupled to a
mass Spectrophotometer detector and PerkinElmer Elan DRC II
inductively coupled plasma mass spectrometer.

equipment study includes

Plant Materials

The fresh stem bark of A. decurrens was harvested around
October 2016 near Vaal Dam Road, Heidelberg (26.50330S,
28.43979E), and South Africa, diced, and dried at an ambient
temperature at a relatively low humidity. Authentication of the
of A. decurrens stem bark was carried out by the South Africa
National Biodiversity Institute, Pretoria, and voucher specimen
number: 1200-1, and was deposited at Pretoria National
Botanical Garden. The extraction was performed by serial
maceration using 4 L of each solvent: hexane, chloroform, ethyl
acetate, and methanol with slight agitation at 111 revs/min for
seven days. The solvents were removed.

Extraction and Determination of plant yield

The A. decurrens was diced to facilitate drying at a relative
humidity of 55% at ambient temperature and the dried stem
barks were pulverized using a hammer mill. The powder was
stored in polyethene bags to prevent moisture absorption and
contamination. Exactly 2 kg of the powdered stem bark were
macerated at ambient temperature in 4 L of hexane, chloroform,
ethyl acetate and methanol sequentially for seven days each with
slight agitation at 111 revs/min. Afterwards, the extracts were
filtered through Whatman filter paper No. 42 (125 mm) then
through cotton wool and dried to constant weight in open air.

Qualitative Phytochemical Screening

The Phytochemical screening of the fractions was carried out
using standard qualitative procedures [10].

Quantitative Phytochemical Screening

The Total Phenolic Content (TPC) was determined as
described by Vuong, Hirun, Roach, Bowyer, Phillips, Scarlett
[11], the results were expressed as mg of gallic acid equivalents
per g of sample (mg GAE/g). The Total Flavonoids (TFC) was
measured as described by Zhishen, Mengcheng, Jianming [12],
the results were expressed as mg of rutin equivalents per g of

sample (mg RUE/g). The Tannin Content (TC) was determined
as described by Rajeev, Pawan, Gagandeep [13], and the results
were expressed as mg of tannin equivalents per g of sample (mg
TAE/g). The alkaloid content was determined as described by
Fazel, Hamidreza, Rouhollah, Mohammadreza [14], saponins
content determined by the method of Makkar, Siddhuraju, Becker
[15] and the terpenoids content Ferguson [16] and expressed as
percentage respectively.

Elemental Analysis

Aqua regia digestion (HCI-HNO,):
concentrated HCIl and HNO,, in the ratio of 3:1 is used as the
aqua regia mixture. According to Muinde, Nguu, Ogoyi, Shiundu
[17], 1.0 g of diced stem bark was digested in 10 ml of aqua regia
mixture in digestion tubes for 3 hrs at 60 °C. After cooling the
entire digest were filtered and transferred into 50 ml standard
volumetric flask with deionized water. Reagent blanks were

A mixture of

prepared similarly to the samples. All sample solution was clear
and diluted 10 times before analysis.

ICP-OES measurement: The measurement was calibrated
by the method of external standards with Rh, Re as the
internal standard. The reagent blank solution contained 1%
of concentrated HNO,. Mixed standard solutions containing 7
elements, Cr, Ni, Zn, Fe, Co, K and Ca were prepared in reagent
blank solutions [18].

Spectroscopic Analysis
UV-Visible Spectroscopic Analysis Of The Fractions

The fractions of A. decurrens were analysed in the UV-
Visible range between 200-900 nm using PerkinElmer
Spectrophotometer and the characteristic peaks were recorded.

GC - MS analysisof the fractions

The analysis was carried out on Clarus 500 PerkinElmer Gas
Chromatograph with an Elite -5 (100% Dimethylpolysiloxane)
column coupled to a mass spectrometer detector. The GC-MS
method used in the study involves setting the column at an initial
temperature of 110 oC and held for 2 min. After 2 mins the oven
temperature has raised the rate of 5 0C/min, to 280 oC, and held
for 9 min. The carrier gas (He) flow rate was maintained 1 ml/
min while the injection port temperature was kept at 250 oC. The
solutions of the fractions were injected in split mode as 10:1.
Mass spectral scan range was set at 45-450 (m/z).

Antimicrobial Assay
Preparation of Inoculum

The test organism Micrococcus Iuteus (ATCC 26883)
Staphylococcus aureus (ATCC 25923), Escherichia coli (NCTC
11954), Salmonella typhi (ATCC 29692), Klebsiella pneumonia
(BAA 1706), Shigella sonnei (ATCC 25931), Staphylococcus
epidermis (ATCC 12228), Listeria monocytogenes (ATCC(R) BAA-
751TM) and Enterococcus faecalis (ATCC 22735) were obtained
from the Department of Biotechnology, Vaal University of
Technology, South Africa. Stock culture was maintained at 4°C on
slants of nutrient agar. The active stock culture was inoculated
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in fresh tubes of Muller-Hinton Broth Medium (MHB) and the
bacteria were incubated for 24 h at 37°C.

Screening for the Antimicrobial Potential of the fractions

The bacteria cultures were grown in nutrient broth liquid
medium at 37 °C. After 24 h of growth, each microorganism, at
a concentration of 10° cells/mL, was inoculated on the surface
of nutrient broth plates. A 6 mm in diameter disk impregnated
with 1000ug/ml of the fractions was placed on the surface of the
inoculated Petrie dish and incubated at 37 °C for 24 h. The Zones
Of Inhibition (ZI) were measured after 24 hrs and fractions with
ZI more than 7 mm were reported as being sensitive [19]. In
this study, the 2% DMSO and Tween 80 were used to dissolve
the fractions in the culture media and were used as the negative
control. And they showed no inhibitions in this study. These tests
were performed in triplicate.

Determination of the Minimum Inhibitory Concentration
(MIC)

The fractions with ZI more than 7 mm were subjected
to further antimicrobial assay to determine theMinimal
Inhibitory Concentration. Serial dilution of the active fractions
of concentrations about 12.5-50 pg/ml were prepared and was
used to impregnate the disk overnight. The impregnated disk
was placed on the inoculated plates and incubated overnight
at 37°C. After 24 hrs, the MIC of each fraction and ampicillin
sodium salt (positive control) was determined [20]. These tests

were performed in triplicate.

Antioxidant Assay
DPPH assay

The antioxidant activity of the fractions was examined on
the basis of the scavenging effect on the stable 2,2-diphenyl-1-
picrylhydrazyl (DPPH) free radical [21]. Freshly prepared 300 pl
of 0.05 mM ethanolic solution of DPPH was added to 40 ul of each
fraction with concentrations of 0.02 - 2 mg/ml. To the mixture,
2.7 ml of 96% ethanol was added and vortexed vigorously. The
mixture was left incubate for 5mins at ambient temperature
and absorbance measured spectrophotometrically at 517 nm.
A blank sample was prepared and all determinations were
performed in triplicate. The radical scavenging activities of the
tested fractions expressed as a percentage of inhibition were
calculated according to the following equation [21].

Present (%) Inhibition of DPPH Activity = [(4B—44)/ AB] x 100

Where A, and A, are the absorbance values of the test and of
the blank, respectively. A percent inhibition versus concentration
curve was plotted and the concentration of fractions required for
50 % inhibition was determined and represented as LD, (uM)
for each of the test solutions. All determinations were carried
out in triplicate.

ABTS assay

Experiments were performed according to Re, Pellegrini,
Proteggente, Pannala, Yang, Rice--Evans [22], with small

modifications. ABTS of 7 mM and potassium persul-fate of 2.45
mM were prepared in distilled water and these two solutions
mixed. The mixture was allowed to stand in the dark at ambient
temperature for 16 hrs to generate the ABTS radical (ABTSe+).
The ABTS radical solution was diluted with distilled H20 to an
absorbance of 1.00 at 734 nm and the fractions of concentrations
0.02 - 2 mg/mL were added to diluted ABTSe+ solution and the
absorbance reading was taken after 6 min of incubation at 734
nm. Results are presented as the ability of extract to scavenge 50
% of free radical ABTSe+ (IC50). All determinations were carried
out in triplicate. Ascorbic acid was used as a positive control.

Results And Discussion
Influence Of Solvent On The Recovery Yield Of
Secondary Metabolite

Table 1: Nature of the Secondary Metabolite from the A. decurrens
Stem Bark.

Menstruum Nature Colour
Hexane Oily Lemon
Chloroform Solid Light brass gold
Ethyl acetate Solid Dark brown
Methanol Solid Chocolate
s A\
[
5 4.7
&
*® 1 06
! 0.2
L e & 8
Hexane Chloroform Ethyl acetate Methanol
Menstruum
Figure 1: % Recovery yield of secondary metabolite per 100 g of
A decurrens stem bark.

A J

The fractions obtained from the four solvent extractions
were different in colours and nature (Table 1). The methanol
fraction gave the greatest yield (20 %), whereas the hexane
fraction had the lowest yield (0.2 %) (Figure 1) and there was a
significant difference in extraction yield between the methanol
and the other fractions. This implies that most of the secondary
metabolite is highly polar. These results are consistent with the
previous studies of materials, which reported that extraction
solvents significantly affect the recovery yields of a secondary
metabolite from the plant (Table 1).

According to some researchers, aqueous, methanol and
ethanol have been proven as effective solvents to extract
phytochemical compounds from different plants [23]. The
differences in the dielectric constants and polarities of the
solvents used, result in different extraction yields of the
secondary metabolite. These findings further confirm that
extraction solvent plays an important role in extractability of
secondary metabolite from the materials and each material has
a more suitable solvent for extraction of secondary metabolite
[24] (Figure 1).
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Preliminary Phytochemical Screening
Table 2: Qualitative Phytochemical Screening.

. Hexane | Chloroform iy Methanol
Phytochemical . . Acetate .
Fraction Fraction . Fraction
Fraction
Alkaloids + ++ NA NA
Glycosides + +++ +++ 4+
Phenols NA +++ +++ ++
Saponins NA NA NA 4+
Terpenoids +++ ++ 4+ 4
Tannins ++ +4++ +4+ +4+
Flavonoids NA NA +++ 4+
NA, absent; +, low in abundance; ++, moderate in abundance; +++,
high in abundance.

The results provide evidence of the presence of terpenoids,
phenols, tannins, flavonoids, saponins, alkaloids in various
fractions of A. decurrens stem bark. The major outcome of the
present investigation revealed that the samples tested contained
high
constituents which are an indication that the plant has a
medicinal value other than the tree being grown for firewood, or
as a fast-growing windbreak or shelter tree [25] (Table 2).

concentrations of health-enhancing phytochemical

NA, absent; +, low in abundance; ++, moderate in abundance;
+++, high in abundance

The compounds identified in the fractions include steroids
and tannins, which are known to mediate cardiotonic (Table 2)
and possesses insecticidal, antioxidant, antimicrobial activities
[26], phenols and flavonoids which may possess antioxidative,
antidiabetic, anticarcinogenic, antimicrobial, antiallergic, anti-
inflammatory and antimutagenic activities [26-27] Ghani A [28]
reported that ethnomedicinally the stem bark is being used for
the treatment of diarrhoea and as an astringent.

Quantitative Phytochemical Screening

[ Steroid
D A lkaloid
B2 Saponin

Chloroferm watte ark raction [

Hexane wattle bark fraction I

Fractions

Mgthanol wttle bark fraction

Ethylsceste wattle bark fraction

% Composition

Figure 2: % composition of principle in various Acacia decurrens
fractions.

The alkaloids were present in the hexane and chloroform
(0.6 - 3.3) %, steroids in hexane, chloroform, ethyl acetate
and methanol (13.92 - 41.2) % and saponins in ethyl acetate
and methanol (5.1 - 8.6) % (Figure 2). Alkaloids, saponins,
and steroids have not been implicated as potent antioxidant

compounds because of their mechanism of action while
phytochemical compounds like phenols, flavonoids, and tannins
have been greatly implicated as potent antioxidant compounds
[29] (Figure 2).

Chleraform wattle bark fraction —i

Methanol wattle bark fraction

Ethylaceste wattle bark fraction

mg GAE/g

Figure 3: Total phenol (mgGAE/g) content.

Methano! wattle bark fraction

Ethylaceats wattle bark fraction

o =) 100 180 200 2s0 200
mg RUE/g

Figure 4: Total flavonoid (mg RUE/g) content.

Chiorotrm wattle bark fraction

Hexane wattis bark mactan

Methanol wattle bark fraction

1 T T T T T T
Q 10 20 ] 40 50 -
mg TAE g

Emyaceate watlie bark mactan

Figure 5: Total tannin (mg TAE/g) content.

The total phenolic content of the chloroform, ethyl acetate,
and methanol, calculated from the calibration curve (R2 =
0.9903), ranges from 406 + 1.70 - 655 * 0.35 mg GAE/g (Figure
3), total flavonoid content of the ethyl acetate and methanol (R2
=0.9986) were 210.24 + 2.20 - 284.92 + 1.02 mg RUE/g (Figure
4) and total tannin content of the hexane, chloroform, ethyl
acetate and methanol of A. decurrens stem bark fractions (R2 =
0.9921) were 30.87 = 1.73-55.80 + 2.00 mg TAE/g (Figure 5).
Phenolic compounds have redox properties, which allow them to
act as antioxidants [30]. There is a significant rise in the amount
of tannin and flavonoids extracted as the polarity of the solvent
changes from hexane, chloroform, ethyl acetate to methanol
because tannins are water soluble polyphenol compounds [31]
and flavonoids are composed of a simple skeleton containing
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two phenol rings connected by a propionic chain [32]. The
hypertolerance for heavy metals by the plant is justified by a lot
of secondary metabolites with chelating potentials which the
lone pairs of an electron can be deposited in the empty d-orbitals,
keep the metals in an inactive state (Figures 3-5).

UV-visible absorption of the A. decurrens fractions

The fractions have similar absorption maxima with the
hexane and ethyl acetate fractions having an additional
absorption maximum in the visible region at 410(0.116) and
in the UV region 390(0.648) and 345(0.663) nm respectively.
There is a remarkable difference in the absorption pattern of the
methanol fraction compared to the other fractions indicating a
different structural feature of its compositional compounds, as
confirmed in the report of Masayoshi [33], that there is a close
relationship between the absorption of the organic compound
and its structure. The three absorption maxima of the methanol
fraction are all in the UV region, which is an indication of the
absence of extensively conjugated compounds. The UV-visible
absorption results are in conformity with the qualitative
phytochemical screening (Table 2) result, with similar secondary
metabolites present.

Elemental composition of A. decurrens stems bark

The concentration of nine metals were analysed using
PerkinElmer Elan DRC II inductively coupled plasma mass Altec

GC-MS analysis of the A. decurrens fractions

Mercury Analyzer AMA 254 and the elemental concentrations
are presented in Figure 6. The stem bark was found to have high
concentrations of heavy metals such as Co, Zn, Mn, Fe, Ni and
Cr due to bioaccumulation. This is an indication that the plant
has a high phyto- tolerance capacity and can be employed for
green remediation [34] (Figure 6). The hyper-accumulation
capacity for heavy metals due to A. decurrenshyper-tolerance,
or phytol tolerance potential; explains the adaptive evolution of
A. decurrens to hostile environments through many generations
which have earned its invasive classification in South Africa [4].
The sorption potential is high and will have an adverse effect on
native wildlife and vegetation but can be exploited as a source of
controlled green-herbicide.

-] 7

120 -

Mutel coneippm)
2z &
1 1 1

T T
co zn

Figure 6: Elemental composition of A decurrens stem bark
(ppm).
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Table 3: Profile of the Eluted Compounds Presented as Retention Time (min).

Retention Time (min)

Compounds Hexane Fraction m/z Cl;lr(::;ifg;m m/z Etlz;ﬁ;zﬁte m/z
1 3.22 142 3.76 388 4.19 264
2 10.78 182 7.18 142 6.47 318
3 11.3 298 8.75 199 9.09 328
4 12.26 387 9.44 207 9.39 341
5 12.59 374 11.16 222 11.22 350
6 13.99 328 16.01 218 12.44 378
7 20.07 370 19.43 290 19.73 320
8 21.25 253 20.59 308 21.57 396
9 23.01 327 25.39 252
10 24.21 347 26.45 232
11 25.05 371 27.4 326
12 26.79 295 28.53 347
13 29.19 260 29.11 247
14 29.81 265

The GC-MS analysis of the stem bark clearly stems bark
shows the presence of fifty-two major compounds in the hexane,
chloroform, and ethyl acetate fractions in which most of the
other compounds are presence in less than 20% composition of
the fractions. The hexane, chloroform and ethyl acetate fractions
contain eight, fourteen thirteen majort compounds respectively

with retention time and m/z values presented in Table 3. The
hexane and ethyl acetate fractions showed similar absorption
maxima in the visible region at 410(0.116) and in the UV region
390(0.648) and 345(0.663) nm respectively due to the presence
of possible chromophores on the major compounds in the
hexane and f ethyl acetate fractions. There is also a remarkable
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similarity in the free radical scavenging activities of the hexane,
chloroform, and ethyl acetate fractions due to the structural

similarity of the secondary metabolites but with different IC50
because of some distinct compounds present (Table 3).

Evaluation of the antimicrobial potential of plant fractions

Table 4: Sensitivity of the fractions against the test organisms.

Bacteria Hexane Fraction Chloroform Fraction Etl;.’;;‘:;z?te Methanol Fraction Ampicillin
Staphylococcus aureus + - + + +
Eschoriahia coli - - - - R
Salmonella typhi + - + - ¥
Kebsiella pneumoniae - - - - -
Micrococcus luteus + + + + +
Shigella sonnei - - + + +
st - - : : :

Listeria

monocytogenes ) ) * * *
Enterococcus faecalis - + + + +

(+) Susceptibility (inhibition zone = 7mm); (-) Absence of susceptibility

>
I |
T

SehMoreoroainTs
H

Fractions

Figure 7: Antibacterial activity from plant fractions against
susceptible test microorganism.

The data pertaining to the antimicrobial potential of the
plant fractions are presented in Table 4 and Table 5. All the

fractions from A. decurrens presented antimicrobial activity to
atleast one of the tested microorganisms with the fractions from
ethyl acetate and methanol presenting the highest activities,
i.e., they were able to inhibit (60.3 %) and (68.2 %) tested of
microorganisms of interest respectively. On the other hand, the
hexane and chloroform fractions from A. decurrens did show
less than 50 % anti-bacterial activity (Figure 7). All the fractions

tested and ampicillin was active against all the organisms
expect for E coli and K pneumonia. Such results were not totally
unexpected since these bacteria form resistance to penicillin is
mediated by penicillinase, rendering the antibiotic ineffective
(Table 4).

Among the fractions, the ethyl acetate fraction showed the
highestantimicrobial activity comparable to the control. However,
no activity against resistant bacteria likes E coli and K pneumonia
due to the absence of potent compounds against or due to the
presence of resistance genes in plasmids of the organism [35].
On the other hand, E faecalis, S aureus, S sonnei, S epidermis and
L monocytogenes which are also resistant to different antibiotics,
had their growth inhibited by the ethyl acetate and methanol
fractions. M luteus was observed to have shown susceptibility all
the fractions despite the fact that M luteus survive in oligotrophic
environments for extended periods of time [36] (Figure 7), the
sensitivity is an indication that the extracts contain potent
compound for the treatment of opportunistic infection caused
by M luteus such as recurrent bacteremia, septic shock, septic
arthritis, endocarditis, meningitis, intracranial suppuration, and
cavitating pneumonia in immunosuppressed patients.

Table 5: Antibacterial screening (ug/ml) of the isolated compound on test microorganisms.

Bacteria Hexane Fraction Chloroform Fraction Ethyl Acetate Fraction Methanol Fraction | Ampicillin
Staphylococcus aureus 12.5 12.5 12.5
Eschoriahia coli 50
Salmonella typhi 50 12.5 12.5 12.5
Kebsiella pneumoniae
Micrococcus luteus 25 50 12.5 12.5 12.5
Shigella sonnei 12.5 12.5 12.5
Staphylococcus epidermis 12.5 12.5 12.5
Listeria monocytogenes 12.5
Enterococcus faecalis 12.5 12.5 12.5
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The data obtained, through the determination of MIC, shows
that the polar fractions of the extract contain potent antibacterial
compounds (Table 5). The ethyl acetate and methanol fractions
showed anti-bacteria activity towards the same set of tested
organism (Table 4) with MIC of 12.5 pg/ml. This observed MIC
for the polar fractions is comparable with the MIC of ampicillin,
this is an indication that the polar extracts act as an irreversible
inhibitor of the enzyme transpeptidase, which is needed by
bacteria to make the cell wall just like ampicillin [37] (Figure 7).
The two critical stages of bacterial cell wall production in binary
fission is usually breached by Ampicillin ultimately leading to cell
lysis; therefore, ampicillin, ethyl acetate, and methanol fractions
can be referred to as being bacteriolytic [37]. The hexane and
chloroform fractions show very low and similar activity MIC with
the hexane fraction being more potent against E coli, S typhi and
M luteus with MIC of 25 -50 5 pg/ml. The similarity in activity
can be justified by the presence of closely related compounds as
indicated in the GC-MS result.

Antioxidant Assay

The fractions exhibited moderate radical scavenging
activity. The hexane fraction and chloroform fractions showed
comparative antioxidant activities and are more potent when
compared with the radical scavenging activities of the ethyl
acetate and methanol fractions. The radical scavenging potential
in the form of their IC, values revealed that ascorbic acid (IC50
=31.7 mg/mL) >chloroform fraction (IC,, = 37.8 mg/mL) >ethyl
acetate fraction (IC,, = 46 mg/mL) >methanol fraction> (IC, =
48.6 mg/mL) >hexane fraction (IC., = 75 mg/mL). Similar results
were observed using ABTS analysis, the radical scavenging
decreases in the order chloroform fraction (IC,, = 42.2 mg/mL)
>methanol fraction (IC,, = 44.6 mg/mL) >ethyl acetate fraction
(IC,,=49.6 mg/mL) > ascorbic acid (IC,, = 54.7 mg/mL) >hexane

fraction (IC,, = 54.7 mg/mL (Figure 8).

Ascorbic acid standard acts as a chain breaking the free
radical chains [38-39]. The scavenging activity observed for the
different fractions is a function of the secondary metabolites
present and their hydrogen-donating ability which reduces the
blue-green ABTS* and purple DPPH *coloured solutions. The
phytochemical screening showed that the chloroform fraction
with IC,; 37 mg/mL against the DPPH* and IC,, 42.2 mg/mL
against the ABST* is the most potent due to the relatively high
phenolic (65.5 mg GAE/g) and tannin (47.5 mg TAE/g) contents,
which is in agreement with the work of RE Beyer [38], which
reported direct correlation between the phenolic and tannin
contents to the antioxidant activity.

The ethyl acetate and methanol fractions were potent
antioxidantcompounds withrelative good IC_ due to the presence
of flavonoids, phenols and tannins, while the antioxidants activity
of the hexane fraction with IC,; 75 mg/mL against the DPPH*
and IC;; 57.8 mg/mL against the ABST* is the least potent due
to the absence principle antioxidant metabolites (Figure 8) [39].
The A. decurrens stem bark extracts showed higher antioxidant
activity with DPPH when compared to ABTS, with more potent
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activity than the positive control (ascorbic acid) in the ABTS
assay, Brand-Williams, et al. [40] reported similar slow reaction
of most antioxidants which were tested with the ABTS. The
phytochemical screening of the chloroform fraction indicates the
presence of phenols and GC-MS spectrum with fourteen distinct
compounds from the hexane fraction which are most likely
phenols. This distinct set of compounds has greatly impacted
on the antioxidant activity of the chloroform fraction, as the free
radical scavenging ability is facilitated by their hydroxyl groups.

Flavonoids, including flavones, flavonols, and condensed
tannins, are plant secondary metabolites present in the ethyl
acetate and methanol fractions owe their antioxidant activities to
the presence of free OH groups, especially 3-OH hence, the trend
of scavenging activity observed in the extracts. Flavonoids have
antioxidant activity in vitro and also act as antioxidants in vivo
depending onto the presence of free OH groups, especially 3-OH
[41,42]. A lot of phenols and flavonoids justify the comparative
scavenging potential of the extracts and not necessarily a number
of flavonoids alone.

Conclusion

The findings from this study confirm chloroform as the most
effective solvent for extracting potent antioxidant compounds
while the ethyl acetate and methanol as the most effective
solvent for extracting potent anti-bacteria compounds. The
phytochemical constituent presence in the chloroform fraction
were sterols, flavonoids, alkaloids, tannins and phenols which
are known to exhibit antioxidant activity while the ethyl acetate
and methanol were discovered to contain terpenoids, phenols,
tannins, flavonoids, saponins, glycosides. The GC-MS of the
hexane, chloroform, and ethyl acetate extracts confirms the
presence of fifty-two compounds with the methanol fraction
excluded due to the poor peak resolution as a result of the large
quantity of polar biologically active phytochemical substances.

Plant ethyl acetate and methanol fractions have great
potential as antimicrobial compounds against the tested
microorganisms with MIC of 12.5 pg/ml. Thus, they can be
used in the treatment of infectious diseases caused by resistant
microbes. The efficiency of antioxidants in chloroform, ethyl
acetate, and methanol fractions, studied using ABTS and DPPH
radical scavenging assay, indicated that the IC,, for chloroform
and the other fractions is dependent on the quantity of phenolic,
tannins and the presence of free OH groups, especially 3-OH
compounds present in the flavonoids. The free radical scavenging
activity in the chloroform fraction is comparatively stronger
than other fractions. This is the first report on the antioxidant
activity and the hyperaccumulator capacity for heavy metals by
A. decurrens.
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