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Microbial infections remain public health problems because of the upsurge of bacterial resistance. The present
study aimed to evaluate the anti-quorum sensing, antimicrobial activities, and chemical compositions of
Acacia macrostachya. Total phenolic, flavonoid, and condensed tannin content were determined according to
Folin—Ciocalteu, aluminum chloride, and Broadhurst methods, respectively. The microdilution method using
p-iodonitrothétrazolium was used to evaluate the antibacterial activity. Inhibition of pyocyanin and violacein
production by extract and fraction was used to evaluate anti-quorum sensing activity. The antioxidant activity
was evaluated using 2,2-diphenyl-1-picryl-hydrazyl, Ferric reducing, and hydrogen peroxide scavenging
methods. The minimum inhibitory concentration of the extracts and fractions ranged from 0.312 to 5 mg/ml.
At 100 pg/ml, ethyl acetate fraction significantly inhibited the production of violacein (56.45%) and pyocyanin
(48.88%). The total phenolic, flavonoids, and condensed tannin contents ranged from 31.85 + 0.31 to 21.26
+0.67 mg gallic acid equivalent (GAE)/100 mg, 26.35 + 0.71 to 25.42 + 0.36 mg quercetin equivalent (QE)/100
mg, and 18.24 £ 0.12 to 15.9 £ 0.17 mg Catechin equivalent (CE)/100 mg, respectively. The antioxidant
activity correlates with phenolic, flavonoids, and tannin contents. High Pressure Liquide Chromatography
(HPLC) analysis of the ethyl acetate fraction allowed to identify three phenolic acids and five flavonoids. The
results described here could justify the use of A. macrostachya by traditional healers to treat infections, and
particularly, gastrointestinal disorders.
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1. INTRODUCTION

Infectious diseases are one of the major causes of death in tropical

resistance to existing molecules. Among the strategies developed,
the inhibition of virulence factors or the inhibition of quorum

countries. For a long time, chemotherapy based on the use of
antibiotics remained the fastest and most effective way to treat
infections. Unfortunately, the upsurge of microbial resistance to
antibiotics and the spread rate of resistant bacterial species became
major public health concerns. In recent years, research has turned
to therapeutic alternatives to prevent the upsurge of bacterial
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sensing could be found [1,2]. All of which is characterized by
the ability of the bacterium to control gene expression leading to
the secretion of proteins involved in virulence, bioluminescence,
or biofilms formation [3—5]. Recently, the regulation of bacterial
infection pathogenicity was carried out through the development
of antipathogenic agents. All of which modulate bacterial
diseases by inhibiting the bacterial communication process called
bacterium quorum sensing (QS). The quorum communication
system regulates the release of Pseudomonas virulence factors,
such as protease, elastase, pyocyanin, alginate, biofilm formation,
bacterial motility, and toxin production [6]. Similarly, human
exposure to environmental pollution including electromagnetic
radiation, cosmic radiation, UV light, ozone, cigarette smoke, and
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low wavelength electromagnetic radiations has been identified in
several studies as a leading cause of main diseases [7-10]. Among
them are cardiovascular and neurodegenerative diseases in humans
due to an imbalance of redox states, involving either excessive
generation of reactive oxygen species (ROS) or dysfunction of the
antioxidant system [7—10]. Several mechanisms are used by the
body to counteract the harmful effects caused by oxidative stress.
Endogenous antioxidants systems with catalase, glutathione/
thiol regulation, food-derived antioxidants, or other exogenous
antioxidants enhance the body’s defense by trapping ROS and thus
reducing the oxidation of cell molecules, thereby reducing oxidative
stress [11,12]. Natural antioxidants, especially those derived from
plants, could be considered as molecules that can effectively fight
the damage caused by oxidative stress in human cells with little or
no side effects compared to synthetic antioxidants [13]. Previous
reports showed that herbal antioxidants were successfully used
as rejuvenators or as supplements in boosting the endogenous
antioxidant defenses of the body; and was found to be a promising
method of countering the side effects of oxidative stress [14,15].
Most medical applications of antimicrobial and antioxidant drugs
have been completed. Therefore, plants could contribute to the
development of new therapeutic agents facilitating the control
of bacteria pathogenicity and allowing the reduction of reactive
oxygen species in the body.

In the search for plants with effective antimicrobial activity, we
investigated the traditional use of species from genus Acacia in
Benin. Different databases were consulted to examine the literature
concerning these species. Consequently, the present study aimed
to investigate the antibacterial, anti-quorum sensing, antioxidative
effects, and oral acute toxicity of extracts and fractions from the
leafy stems of Acacia macrostachya (Fabaceae) which is used
in alternative medicine to treat infections and gastrointestinal
disorders [16].

2. MATERIALS AND METHODS

2.1. Plant Material

The leafy stems of 4. macrostachya were collected in April 2015
from Tanguiéta, Department of Atacora, in Bénin. Botanical
determination was performed by taxonomists from the National
Herbarium of the University of Abomey-Calavi. The collected
plant was then registered under a number AA6616/HNB.

2.2. Preparation of Plant Extracts

Plant was washed quickly with distilled water and dried under
laboratory temperature (22°C + 3°C) and then crushed using
a grinder (Longyue LY-989). The aqueous and ethanolic
extracts were prepared according to the method previously
described with minor modifications [17]. After extraction, the
filtrates were evaporated in vacuo to obtain dry aqueous and
ethanolic extracts.

2.3. Fractionation of Ethanolic Extract

The most active ethanolic extract after preliminary antibacterial
assay was subjected to fractionation using the liquid-liquid
partition method. An amount of dry ethanolic extract (75 g)

from A. macrostachya was dissolved in 700 ml of ethanol/
water (20:80, v/v). The mixture was subjected to a successive
partition using hexane, dichloromethane, and ethyl acetate.
The biological activity of crude extracts and obtained fractions
were evaluated.

2.4. Total Phenolic Content

Total phenolic content was determined using the Folin—Ciocalteu
reagent method as described previously with slight modification
[18]. The reaction mixture, composed of 1 ml of extract, 1 ml
of Folin—Ciocalteu reagent, and 800 pl of a sodium carbonate
solution (75 g/1), was incubated at room temperature for 2 hours.
Absorbance was read at 765 nm. Gallic acid was used as a
reference and the results were expressed as mg GAE/100 mg of
plant materials.

2.5. Total Flavonoids Content

The total flavonoids content was determined using the aluminum
trichloride method and Quercetin as a reference compound
[19]. One milliliter of extract at 100 pg/ml was added to 1 ml
of aluminum trichloride (10%). After 10 minutes of incubation,
absorbance was measured at 415 nm. The total flavonoids
content was expressed as mg Equivalent Quercetin/100 mg of
plant materials.

2.6. Total Condensed Tannin Contents

Vanillin and hydrochloric acid method was used to determine
the total condensed tannins content [20]. Catechin was used as
a reference compound. The optical densitometry absorbance was
read at 500 nm. The condensed tannin was stated as mg Equivalent
Catechin/100 mg of plant dry weight materials.

2.7. Antioxidant Activity

2.7.1. DPPH scavenging activity

The antioxidant activity of extracts was investigated using
a method described previously [21]. Eight concentrations of
extracts ranged from 30 to 0.23 pg/ml were tested. Each assay
was done by mixing 0.75 ml of extract and 1.5 ml of solution
of 2,2-diphenyl-1-picrylhydrazyl (DPPH) (0.1 mM) prepared in
methanol. In the blank, the sample was replaced by methanol.
Ascorbic acid was used as a positive control. Each test was
performed three times. Absorbances were then taken at 517 nm
using a spectrophotometer (VWR UV-1600 PC). The DPPH
scavenging activity of extracts and fractions expressed as
inhibition percentage (IP) was determined as described below:

IP (%) = [(Ab — As)/ Ab] x 100

As: represents the extract absorbance; Ab: represents the blank
absorbance. The IC, was calculated using the equation of curve
IP = f([C]).

2.7.2. Ferric-Reducing antioxidant power assay

Ferric-Reducing antioxidant power was accessed using the
method described by Adjileye et al. [22]. Ascorbic acid was used



86 Tchatchedre, et al.: Journal of Applied Biology & Biotechnology 2020;8(02):84-93

for calibration curve (y = 0.0069 x +0.015; R?=0.995). Each assay
was performed in triplicate. The iron (IIT) reducing activity was
expressed in uMol equivalent ascorbic acid/100 pg of extract.

2.7.3. Hydrogen peroxide scavenging activity

The hydrogen peroxide scavenging ability was determined
according to the method described by Mohan et al. [23]. 100
pg/ml of extract were dissolved in phosphate buffer (0.1 nM, pH
7.4) and mixed with 600 pl of hydrogen peroxide solution. The
absorbance values of the reaction mixture were read at 230 nm
after 10 minutes. Gallic acid was used as a reference compound.
The hydrogen peroxide scavenging ability was calculated
as below:

IP (%) = [(Ac — As)/ Ac] x 100

Ac: control absorbance; As: extract absorbance.

2.8. Identification of Phenolic Compounds and Flavonoids

The most active fraction on antioxidant, antibacterial activity,
and in the inhibition of virulence factors was analyzed to
identify and quantify the presence of phenolic compounds and
flavonoids. Phenolic compounds and flavonoids were identified as
described previously [24].

2.9. Determination of Antibacterial Activity

2.9.1. Tested microorganisms

Enterococcus faecalis ATCC 29212, Staphylococcus aureus ATCC
6538, Staphylococcus epidermidis CIP8039, Staphylococcus aureus
methicillin resistant, Escherichia coli CIP 53126, and P. aeruginosa
CIP 82118 were used to evaluate antimicrobial potential of
A. macrostachya extracts and fractions. All microorganisms’
strains were obtained from Laboratoire de Biophotonique et
Pharmacologie, the University of Strasbourg in France.

2.9.2. Minimum inhibitory concentration (MIC)

The microdilution method using p-iodonitrotetrazolium (INT)
reagent was used [25]. The effects of extracts and fractions
were evaluated at different concentrations (5-0.078 mg/ml). To
determine the MIC, a mix of 100 pl of each overnight bacterial
culture [10° colony-forming unit (CFU)/ml] and 100 pul of extracts
or fractions was incubated at 37°C for 18 hours. The growth of
bacteria was revealed by adding 40 pl of methanolic solution of
INT (2%). The MICs values were recorded after further incubation
for 1 hour.

2.10. Bioautography Assay

The bioautography test of hexane, dichloromethane, and
ethyl acetate fractions was performed on six selected bacteria
as described previously [26] with minor modifications. 10
ml of each fraction at 20 mg/ml were loaded onto Thin
Layer Chromatography plates [Pre-coated Thin Layer
Chromatography (TLC)-sheets ALUGRAM® silica gel 60] and
eluted using two different mobile systems, dichloromethane/
methanol, 99.8:0.2 and Toluene/ethyl acetate/formic acid/water,

5:100:10:10. The plates were dried overnight, visualized under
UV light (365 nm, 254 nm), sprayed with bacterial culture
(10% CFU/ml), and incubated at 37°C. After 24 hours, each plate
was sprayed with a methanolic solution of p-iodonitrotetrazolium
(2%). Bioautography allowed to select the most active fraction
for the evaluation of anti-quorum sensing activity.

2.11. Anti-quorum Sensing Activity

2.11.1. Bacterial strains and culture conditions

Two Gram-negative bacteria, Chromobacterium violaceum
(CV026) and P. aeruginosa (PAO1), were used to evaluate the
antiquorumsensingactivity oftheethanolextractandtheethylacetate
fraction from A. macrostachya. These bacteria were obtained from
the laboratory of biotechnology (Laboratoire de Biotechnologie
Vegetale, Université Libre de Bruxelles, Gosselies, Belgium).
These bacteria were grown in Luria-Bertani broth (LB) broth under
stirring and temperature conditions which were 175 rpm at 37°C for
C. violaceum CV026 and 175 rpm at 30°C for P. aeruginosa PAO1.

2.11.2. Determination of MIC and Minimum Bactericidal
Concentration (MBC)

Before evaluated anti-quorum-sensing effects, the MIC of
extract and fraction against PAO1 and CV026 was determined as
described above [25]. The minimum bactericidal concentration
was also determined [27]. This stage of our study allowed the
selection of extract or fraction concentrations which has no effect
on bacterial growth, and which will be used for the evaluation of
the anti-quorum sensing activity.

2.11.3. Effect of extract on the growth and violacein production in
C. violaceum CV026

The effect of the ethanolic extract and the ethyl acetate fraction
of A. macrostachya on violacein production was evaluated using
a method described previously [24]. C. violaceum is a Gram-
negative bacterium deficient in the homoserine-lactone synthase
gene cvil. The production of violacein is therefore induced by
adding N-hexanoyl-l-homoserine lactone (HHL; Sigma-Aldrich
Chemie GmbH, Darmstadt, Germany) to the culture medium.
Extract and fraction at 10 mg/ml were prepared in dimethyl
sulfoxide (DMSO). For the test, 100 pl of C. violaceum CV026
culture (107 CFU/ml) were added to 1,860 pul Luria Bertani broth
supplemented with 20 pl HHL (10 mM in DMSO) and 20 pl
extract or fraction. The final extract and fraction concentrations
were 100 pg/ml and DMSO was used as control.

2.11.4. Effect of extract on growth and pyocyanin production in
P. aeruginosa PAOI

Effect of extract and fraction on inhibition of pyocyanin was
estimated according to a method described previously [24].
P. aeruginosa PAO1 overnight culture was washed twice with
fresh LB medium by centrifugation (7,000 rpm for 15 mn). To
evaluate the effet of extract and fraction on pyocyanin production,
100 pl of PAOI [Optical density (OD),,, . between 0.02 and
0.03] was added to 1,880 pl LB medium supplemented with 20 pl
sample at 10 mg/ml in DMSO. Each assay was done three times
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and all tubes were incubated at 37°C stirring for 18 hours. At 3
hour periodic intervals, the tubes contents were sampled to assess
bacterial growth and pyocyanin production. The pyocyanin was
extracted from the supernatant obtained by centrifugation (8,000
rpm, 10 minutes) of the P. aeruginosa culture. 2 ml of chloroform
was added to 4 ml of supernatant and the solution was mixed
vigorously. The chloroform layer containing pyocyanin was
extracted again with 1 ml of HCI (0.2 M). The pyocyanin was
quantified spectrophotometrically at 380 nm using a plate reader
(Epoch Biotek).

2.12. Statistical Analysis

Data were recorded, analyzed with Microsoft Excel, and reported
as mean * standard deviation of triplicate tests.

3. RESULTS

3.1. Total Polyphenol, Flavonoid, and Condensed Tannin
Contents

The preliminary chemical analysis showed a diversity of
secondary metabolites. The results were summarized in
Table 1. The evaluation of polyphenol content showed significant
differences when comparing ethanolic and aqueous extracts.
Ethanolic extract had the highest phenolic content (31.85 + 0.31
mg GAE/100 mg) compared to aqueous extract (21.26 + 0.67
mg GAE/100 mg).

The total flavonoids and condensed tannins content of ethanolic
and aqueous extracts ranging from 26.35 + 0.71 to 25.42 £ 0.36
mg quercetin equivalent (QE)/100 mg and 18.24 + 0.13 to 15.9 +
0.17 mg Catechin equivalent (CE)/100 mg, respectively. Ethanolic
extract showed the highest total flavonoids and condensed tannins
content.

3.2. Antioxidant Activity

The DPPH scavenging activity was dose-dependent and varying
from 4.08% to 97.53% (Fig. 1). Among the two extracts, the
ethanolic extract presented more promising results with an
IC,, value of 4.15 £+ 0.05 pg/ml followed by aqueous extract

Table 1: Qualitative phytochemical constituents of leafy
stems of 4. macrostachya.

Z:Iﬁt;f:::::cal EtOH extract H,O extract
Alkaloid + 4
Coumarin 4 ++
Naphtoquinone - _
Lignan + "
Flavonoid e+ —“
Pigment + 4
Saponin i +
anthracene derivatives - +
Tannin +++ ++
Triterpene 4t 4

(-) = Absence , (+) = Low presence, (++) = Moderate presence, (+ + +)
= Strong presence.

with IC,, of 4.57 + 0.7 ug/ml close to that of ascorbic acid
(3.83 £ 0.04 pg/ml). Ethyl acetate fraction was the most active
with an IC, value of 4.38 pg/ml followed by aqueous fraction
6.98 pg/ml. Hexane and dichloromethane fractions exhibited
the lowest activity with IC,  values of 18.35 and 12.24 pg/ml,
respectively.

The Ferric-reducing antioxidant activity of extracts and fractions
of A. macrostachya was also evaluated for their ability to reduce
2,4,6-tri(2-pyridyl)-1,3,5-triazine  (TPTZ)-Fe**  (2,4,6-tri(2-
pyridyl)-1,3,5-triazine) complex to TPTZ-Fe* [28]. Ethanolic
extract exhibited the most important activity (3747.32 uMol
Equivalent ascorbic acid (EAA)/100 pg extract) while aqueous
extract activity was 3066.99 uMol EAA/100 pg of extract.
Among fractions, the highest activity was noted for ethyl acetate
fraction (3451.05 puMol EAA/100 pg extract) followed by
dichloromethane fraction (2556.74 uMol EAA/100 pg extract).
Hexane fraction showed weak Ferric reducing antioxidant power
(FRAP) activity (444.41 uMol EAA/100 pg extract). Ethanolic
extract and ethyl acetate fraction showed the highest activity
with 97.65% and 94.02% scavenging capacity close to gallic
acid activity (93.97%). Other extracts and fractions showed low
activity ranging from 9.3% to 30.1% (Fig. 2).

3.3. Identification of Phenolic Compounds and Flavonoids

The analysis of ethyl acetate fraction revealed the presence of
phenolic compounds (gallic, chlorogenic, tannic, and ferulic acids)
and flavonoid (isorhamnetin). Other non-identified phenolic acid
and flavonoids (peaks 12, 14, 16, 18) were also revealed on the
High Pressure Liquide Chromatography (HPLC) chromatogram
(Table 2, Fig. 3).

3.4. Antibacterial Activity

3.4.1. Minimum Inhibitory Concentrations (MIC)

The preliminary antibacterial activity showed that extracts at 10
mg/ml were active against one or more bacteria. Therefore, the
minimum inhibitory concentration of all extracts and fractions
were evaluated. Ethanolic extract showed the best antibacterial
activity by inhibiting the growth of Gram-positive and Gram-
negative whereas aqueous extract inhibited only Gram-negative.
The MIC values of the extract ranged from 0.312 to 5 mg/ml and
results are summarized in Table 3. Ethanolic and aqueous extracts
were active against P. aeruginosa with an MIC of 0.312 mg/
ml. Among fractions, ethyl acetate was the most active against
all tested bacteria followed by dichloromethane fractions (MIC
varying from 1.25 to 5 mg/ml) whereas hexane and aqueous
fractions were not active (MIC > 5 mg/ml).

3.4.2.  Identification of antimicrobial
bioautography

compounds  using

The bioautography assay revealed inhibition zones for ethyl
acetate fraction against both Gram-positive and Gram-negative.
Presence of white bands means that ethyl-acetate fraction
contains compounds responsible for the antimicrobial activity
of the plant. No inhibition was observed with n-hexane and
dichloromethane fractions.
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Figure 1: DPPH scavenging activity and inhibitory concentration 50 (IC50)
of extracts and fractions from Acacia macrostachya. Hex = hexane, DcM =
dichloromethane, AcOEt = ethyl acetate, Aq = aqueous.
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Figure 2: Ferric-reducing antioxidant power (A) and superoxide scavenging
activity (B) of 4. macrostachya fractions. EtOH = ethanol, H20 = aqueous, Hex
= hexane, DcM = dichloromethane, AcOEt = ethyle acetate, Aq = aqueous.

3.5. Effect of Extract and Fraction on Violacein Production

The ethyl-acetate fraction and the ethanolic extract at 100 pg/ml
did not inhibit the growth of C. violaceum CV026. At the same
concentration, the extract and fraction inhibited the production

Table 2: Phenolic compounds, flavonoids identified in
A. macrostachya by U-HPLC 3000.

Identified compounds Retention time (min) Amount (ng/mg)

Gallic acid 2.72 1.31
Chlorogenic acid 7.19 1.61
Syringic acid 8.16 -
Tannic acid 10.25 0.52
Ferrulic acid 12.37 0.32
Ellargic acid 18.39 -
Luteolin 24.55 -
Isorhamnetin 26.69 11.02
Chrysin 28.29 -

of violacein. The ethyl acetate fraction was the most active by
reducing the production of violacein by 56.45% while the ethanol
extract by 17.74% (Fig. 4).

3.6. Effect of Extract and Fraction on Pyocianin Production

Our results showed that the ethanolic extract and the ethyl
acetate fraction at 100 pg/ml had no effect on the growth of
P. aeruginosa PAO1. At the same concentration, the ethanolic
extract and ethyl acetate fraction inhibited the production of
pyocyanin. The ethyl acetate fraction was the most active by
reducing the production of pyocyanin by 48.88% and ethanolic
extract 21.11% (Fig. 5).

4. DISCUSSION

For centuries, herbal medicines have been used and are considered
safe and effective because people believe, rightly or wrongly, that
herbal medicines would have no toxic effects. However, over the
past decade, the effectiveness of many plants has been studied to
determine their biological potential and toxicity. In this logic, this
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Figure 3: U-HPLC profile and UV spectrum of ethyl acetate fraction from Acacia macrostachya. Peaks 12
and 18 = non-identified phenolic acid, Peaks 14 and 16 = non-identified flavonoids.

study was conducted to investigate the antimicrobial, anti-quorum
sensing, and antioxidant activity of 4. macrostachya, used in
Benin to treat infectious diseases.

Thephenolics compounds concentrations of the ethanolic and aqueous
extracts are variable. This variability indicates that the extraction
of phytoconstituents from plants depends strongly on the type of
solvents used. Many authors have reported ethnopharmacological
studies on 4. Macrostachya. According to the literature, no study has
been carried out on the total phenolic content of leafy stems extracts
of A. Macrostachya. However, interesting results were reported
in phenolic compounds for related species; Acacia albida, Acacia
nilotica, and Acacia polyacantha [29,30]. Based on the fascinating
results of phytochemical screening and quantification of phenolic,

flavonoid, and tannin contents, the ethanolic extract was subjected
to a liquid fractionation using three solvents with increasing polarity
(hexane, dichloromethane, and ethyl acetate). The biological
properties of extracts and obtained fractions were then evaluated.

Biological activities of plant extracts depend highly on the nature and
number of active compounds. The complexity of the extracts due to
mixtures of secondary metabolites with variable physicochemical
properties could lead to scattered results. Accordingly, the approach
based on the use of various tests to investigate the antioxidant
potential would be the most appropriate procedure. In this study,
the antioxidant activity of extracts and fractions was accessed
using DPPH scavenging activity, ferric reducing antioxidant power
assay, and hydrogen peroxide scavenging activity.
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Table 3: MIC (mg/ml) of extracts and fractions.

MIC (mg/ml)

Gram (+) bacteria Gram (-) bacteria
Samples S. au S.a.m.r S. ep E. fae P ae E. coli
EtOH extract 2.50 2.50 1.25 5.00 0.312 5.00
H,O extract - - - - 0.312 5.00
Hex fraction >5 >5 >5 >5 >5 >5
DCM fraction 1.25 1.25 1.25 5 5 1.25
AcOEt fraction 1.25 1.25 1.25 1.25 2.5 1.25
Aq fraction >5 5 >5 >5 >5 5
Gentamicin <0.0039  <0.0039 <0.0039 <0.0039 <0.0039 0.015625
S. au = Staphylococcus aureus, S.a.m.r = Staphylococcus aureus methicillin-resistant, S. ep

= Staphylococcus epidermidis, E. fae = Enterococcus faecalis, P.ae = Pseudomonas aeruginosa, E. co
= Escherichia coli.
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Figure 4: Chromobacterium violaceum CVO26 growth kinetics (A) and
violacein production (B). AM1 = ethanolic extract, AM2 = ethyl acetate
fraction, DMSO 1% = dimethyl sulfoxide 1% used as negative control.

The DPPH scavenging activity is a first-line method with relatively
easy implementation. Ethanolic, aqueous extracts, and ethyl-acetate
fraction showed more promising results in the evaluation of the
antioxidant activity. The interesting inhibition of DPPH radical
could be related to the presence of the phenolic compounds and
flavonoids in the ethanolic extract and ethyl acetate fraction. These
molecules, with many antioxidant properties, can neutralize ROS by
transferring protons or by acting as electron [31]. It is also known
that polyphenols play an important role in maintaining the body
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Figure 5: Pseudomonas aeruginosa PAO1 growth kinetics (A) and pyocyanin
production (B) AM1 = ethanolic extract, AM2 = ethyl acetate fraction, DMSO
1% = dimethyl sulfoxide 1% used as negative control.w

through their ability to scavenge ROS, to act as reducing agents
or hydrogen donors [32]. The ability of extracts and fractions to
reduce TPTZ-Fe** complex to TPTZ-Fe?" suggests that they contain
molecules that have the ability to modify free radicals into more
stable compounds. It was reported that the scavenging potential and
metal chelating ability dependent upon phenolic compounds redox
properties, which allow them to act as reducing agents, hydrogen
donators, and singlet oxygen quenchers [33,34]. Hydrogen peroxide
(H,0,) scavenging is also an oxidizing agent that inactivates directly
some enzymes, usually by oxidation of essential thiol groups as it
can cross cell membranes rapidly. Inside the cell, it is converted into
hydroxyl radicals that could be responsible for many oxidative effects
[35]. The obtained results in H,O, scavenging assay could be due to
the presence of secondary metabolites having antioxidant properties
in extracts and fractions. 4. macrostachya extracts revealed the
presence of flavonoids and phenolics which act as antioxidants or free
radical scavengers [36,37].

The ethanol extract of the leafy stems of A. macrostachya exhibited a
broad spectrum of antibacterial activity by inhibiting Gram-positive
and Gram-negative tested bacteria whereas aqueous extract inhibited
Gram-positive bacteria. The most important inhibition was found
against P aeruginosa with MIC of 0.312 mg/ml. Phytochemical
screening of extracts from A. macrostachya revealed the presence
of various actives phytoconstituents such as flavonoids, alkaloids,
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saponins, coumarins, terpenoids, and tannins, which are known
to produce an inhibitory effect on bacterial strains [36,38]. The
antimicrobial effect of these extracts could be due to the presence of
these secondary metabolites. Several mechanisms such as inhibition
of deoxyribonucleic acid and ribonucleic acid synthesis, cytoplasmic
membrane function, and energy metabolism used by flavonoids
to inhibit bacterial growth have been described [37]. It has been
reported that the antibacterial effect of terpenoids was related to
the damage caused by these molecules to the bacterial membrane
[39]. Furthermore, coumarins are secondary metabolites that have
demonstrated various biological activities, including antimicrobial
properties [40,41]. Also, tannins were known for their antimicrobial
property by inhibiting the activity of certain bacterial proteins that
promote the growth of bacteria [42]. Compared to the ethanol extract,
the ethyl-acetate fraction from the liquid partition of the ethanolic
extractshowed a better activity on all tested bacteria. This activity could
be justified by the presence of many phenolic acids and flavonoids
such as gallic, chlorogenic, tannic, ferulic acids, and isorhamnetin.
As far as we know,, it is the first time that the antibacterial activity of
A. macrostachya was described. However, previous studies on related
species such as 4. polyacantha, Acacia etbaica showed comparable
results with MICs from 0.312 to 5 mg [43,44].

The bioautography which aimed to identify directly the
antimicrobial active compounds was performed on the
dichloromethane and ethyl-acetate fractions, which were active
on the bacterial strains tested. These yellow or white areas on a
purple red background indicate the presence of antimicrobial
compounds [38]. The ethyl-acetate fraction showed a large white
area corresponding to the inhibition area of bacteria whereas the
spots of the dichloromethane fraction showed no inhibition. The
lack of activity in the dichloromethane fraction could be due to
the little number of active secondary metabolites [45]. Indeed,
this difference between fraction activities could be explained by
the liquid fractionation of the ethanolic extract which would have
clustered the active compounds in the ethyl-acetate fraction while
the other fractions contain little.

The anti-quorum-sensing activity was assessed by evaluating
the effect of the most active ethanolic extract and ethyl acetate
fraction on QS-regulated violacein in CV026 and pyocyanin
production in PAO1. In this study, at a subinhibitory concentration
of 100 pg/ml, the ethyl acetate fraction was the most active
by reducing the production of violacein and pyocyanin,
respectively, by 56.45% and 48.88%, while the ethanol extract
reduced by 17.74% and 21.11% compared to control (DMSO
1%). At the same concentration (100 pg/ml), ethanolic extract
and ethyl acetate fraction have no effect on the growth of C.
violaceum CV026 nor on P. aeruginosa PAO1. Therefore, the
inhibition of the production of the violacein could be due to
the quenching of the QS system of the bacteria but not to the
antibacterial effects of the extracts. Likewise, the reduction in
pyocyanin production could be due to some interferences with
the QS mechanism controlling the production of pyocyanin by
PAOL1. In this study, a culture of C. violaceum with tested extract
or fraction did not lead to the production of violacein. This result
indicates that the tested samples do not contain any mimic HHL
metabolites. The anti-quorum sensing activity of some phenolic
compounds identified in ethyl acetate fraction was previously
evaluated against C. violaceum. These results showed that the

activity of these compounds could be due to their capability to
regulate the activity and synthesis of homoserine lactone [46].
Numerous studies showed the antioxidant and anti-quorum
sensing potential of the compounds identified in extract and
ethyl acetate fraction during this study [47]. Reduction of
pyocyanin and violacein production observed here could be
due to previous identified polyphenols and flavonoids which
were known for their anti-quorum sensing activity [48]. It was
reported that flavanones, naringenin, quercetin, and taxifolin
significantly reduced the generation of pyocyanin and violacein
without affecting bacterial growth. Moreover, some flavonoids
reduced the expression of several QS-controlled genes (lasR,
lasl, lasA, lasB, rhlA, rhll, rhiR, phzAl) in PAOI1 [24,49]. In
addition, pyocyanin is involved in host cell deleterious effects
by inhibiting their growth, disturbing their respiration, mediating
ROS production, and then increasing the oxidative stress on the
host cells [50,51]. Pyocyanin induces cell death through different
mechanisms that could be related to its redox properties and its
capability to reduce molecular oxygen [52,53]. Polyphenols and
flavonoids known as antioxidant compounds could participate
in the decreasing of the oxidative stress caused by pyocyanin.
The anti-quorum sensing activity of ethyl acetate fraction would
be an asset for cell protection while inhibiting or reducing the
production of the virulence factor. It is well documented that
flavonoids have antimicrobial and antioxidant properties [54].

5. CONCLUSION

The present study highlighted the antioxidant and antimicrobial
activities of aqueous and ethanolic extracts of A. macrostachya
leafy stems. The results also demonstrated the anti-quorum sensing
activity of the ethyl acetate fraction from the ethanolic extract.
Polyphenols and flavonoids in these extract and fraction might be
responsible for the anti-quorum sensing activity. These results could
be investigated in the management of infectious diseases and in
the control of oxidative stress. These results confirm the traditional
use of A. macrostachya leafy stems in the management of infected
diseases and digestive system disorders. By reducing the production
of pyocyanin and violacein and the associated oxidative stress in
infected tissues, A. macrostachya extract is therefore beneficial to the
treatment process of infectious diseases caused by resistant bacteria.
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