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Abstract

This study evaluates the antioxidant, antibacterial and antiacetylcholinesterase activities as well as
phenolic contents of various extracts from Phalaris canariensis. The results showed that the methanol
extract is endowed with the highest antiacetylcholinesterase activity (PI = 65.0%) and the best radical
scavenging property with 1C50=0.12 mg/mL. Meanwhile, this extract was found to have the highest
phenolic content (190.58 mg gallic acid equivalents/g extract). Moreover, the ethyl acetate extract
exhibited the best reducing power effect and the highest total antioxidant capacity (330.9 mg vitamin
E/mg extract). In addition, the best antibacterial effect was observed for the methanolic extract against
Micrococcus luteus. It was noticed that the extents of antiacetylcholinesterase, antibacterial and
antioxidant activities of Phalaris canariensis extracts are in accordance with their phenolic compounds.

Keywords: Phalaris canariensis, antioxidant, antibacterial, antiacetylcholinesterase, polyphenols,
flavonoids.

Introduction

Medicinal plants are good sources of active natural products that differ widely in terms of
structure and biological properties, so they can be used for various applications, especially as
food additives and health promoting ingredients. For the reason, during last few decades, they
have been become a subject for study of bioactive compounds 1. Many of these plants and
their products are also excellent sources for phytochemicals and have been found to possess a
variety of biological activities including antioxidant, antibacterial and antiacetylcholinesterase
activities [?. However, the oxidative stress which involves the production of reactive oxygen
species (ROS), is the basis for chronic diseases and aging is being reexamined. Accumulating
evidence suggests that ROS exert essential metabolic functions and that removal of too many
ROS can upset cell signaling pathways and actually increase the risk of chronic disease [*),

In recent decades, there has been growing interest in finding natural antioxidants in plants
because they inhibit oxidative damage and may consequently prevent aging and
neurodegenerative diseases [*. Antioxidants are widely used in the food industry as potential
inhibitors of lipid peroxidation . However, many synthetic antioxidants used in foods, such
as butylated hydroxyanisole and butylated hydroxytoluene, may be accumulated in the body
resulting in liver damage and carcinogenesis [¢. For this reason, more attention has been paid
to natural non-toxic antioxidants in an effort to protect the human body from free radicals and
retard the progress of many chronic diseases.

Neurodegenerative diseases are nowadays also one of the major concerns due to the increase in
life expectations. Among these include Parkinson's disease (PD), Huntington's disease (HD)
and Alzheimer's disease (AD). Alzheimer’s disease (AD) is a devastating neurological
disorder characterized by a profound degradation of cognitive function and a progressive loss
of memory 7. Medical researchers have generally confirmed that the loss of acetylcholine in
brain ultimately leads to the appearance of AD 1. One of the most promising approaches for
treating this latter disease is to improve the acetylcholine level in the brain using
acetylcholinesterase (AChE) inhibitors ). Inhibition of acetylcholinesterase (AChE), the key
enzyme in the breakdown of Acetylcholine (ACh), is considered to be a promising for the
treatment of Alzheimer's disease (AD). However, only tacrine, donepezil and rivastigmine
were used for treatment of AD and have been approved by the food and drug administration in
the United States ['%, but this synthetically drugs have been reported to cause problems
associated with bioavailability and gastrointestinal disturbances [!!l. Therefore, the search for
new AChE inhibitors, particularly from natural products, with higher efficacy continues.
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In terms of biodiversity, the flora of Tunisia represents one of
the richest areas in the mediterranean and comprises a very
important resource of medicinal plants.

The canary grass seed (Phalaris canariensis L.) is a shrubby
plant belonging to the Poaceae family with production
practices and life cycle similar to those of other winter cereal
crops such as wheat and oats ['> B3l This is a perennial
rhizomatous psychotropic effect. It is spread throughout the
entire northern hemisphere, particularly in Asia, Europe, North
America and North Africa. Phalaris canariensis commonly
grows on soils rich in nutrients with a slightly acidic to neutral
pH, and also on the wetlands wet. Traditionally, Phalaris
canariensis is also used in folk medicine for diabetes and
hypertension treatments. However there is no scientific
information about the possible bioactive compounds
responsible for such effects.

The present study was undertaken to examine antioxidant
property of Phalaris canariensis extracts by investigating the
DPPH radical scavenging, reducing power and total
antioxidant capacity effects as well to evaluate their
antiacetylcholinesterase and antibacterial ~activities. In
addition, the total phenolic and flavonoid contents of the
extracts were determined.

Materials and Methods

Collection of plant Material

Mature seeds of Phalaris canariensis were collected from
region in Tunisia: Beja (a city of the northwest of Tunisia with
a semi-arid climate) in December 2013. A voucher specimen
(Number LCSN 132) has been deposited in the Herbarium of
the Laboratory of Chemistry of Natural Substances, Faculty of
Sciences, Sfax University, Tunisia.

Preparation of the extracts

The powdered seeds (300 g) of Phalaris canariensis were
extracted separately by ultrasonication bath at 40 °C, using
three different solvents: Hexane, Ethyl acetate and Methanol
(500 ml each).

After filtration and evaporation, three fractions were obtained:
hexane (19.32g), ethyl acetate (5.40g) and methanol (23.61g).
These fractions were stored in darkness at 4 °C.

Determination of Phenolics Content

The total phenolics content in extracts was determined with
Folin-Ciocalteau reagent using the method of Chen et al. 14, A
standard curve must be first plotted using gallic acid as a
standard. Different concentrations of gallic acid were prepared
in methanol, and their absorbances were recorded at 750 nm.
100 pL of diluted sample was added to 2 mL of 2% Na>COs
aqueous solution. After 2 min, 100 pL of 50% Folin-
Ciocalteau reagent was added. The final mixture was shaken
and then incubated, at room temperature in the dark, for 30
min. The absorbance of all samples was measured at 750 nm,
and the results are expressed in mg gallic acid equivalents per
gram extract (mg GAE/g extract).

Determination of Flavonoids Content

The total flavonoids content in extracts was determined
according to the procedure of Djeridane et al. '), using a
method based on the formation of complex flavonoid

aluminium, having the maximum absorbance at 430 nm.
Quercetin was used to make the calibration curve. About 1 mL
of diluted sample was mixed with 1 mL of 2% aluminium
trichloride (AICl3) methanolic solution. After incubation at
room temperature for 15 min, the absorbance of the reaction
mixture was measured at 430 nm and the total flavonoids
content was expressed in mg quercetin equivalents per gram of
extract (mg QE/g extract).

DPPH radical scavenging assay

The hydrogen atom or electron donation ability of the
corresponding extracts was measured from the bleaching of
the purple-coloured methanol solution of DPPH. The DPPH
(2,2-diphenyl-1-picrylhydrazyl) radical-scavenging effect was
evaluated following the procedure described in a previous
study (Tepe B. et al) ['%l Fifty microliters of various
concentrations of extract in methanol were added to 5 ml of a
0.004% methanol solution of DPPH. After a 30 min incubation
period at room temperature, the absorbance was read against a
blank at 517 nm. Inhibition of free radical, DPPH, in percent
(PI %) was calculated in the following way:

PI% = [(Ablank - Asample)/Ablank] x 100

Ayiank 1s the absorbance of the control reaction (containing all
reagents except the test compound), and Asample is the
absorbance of the test compound.

Extract concentration providing 50% inhibition of DPPH
(ICsp) was calculated from the graph plotted of inhibition
percentage against extract concentration. The synthetic
antioxidant reagents butylate hydroxytoluene (BHT) and
vitamin E are used as positive control and all tests were carried
out in triplicate.

Reducing power

The method of A. Yildirim et al. 'l was used to assess the
reducing power of the extracts. 1ml of different concentrations
of extracts (5, 10, 25, 50, 100 pg/ml) was mixed with 2.5 ml of
a 0.2 M sodium phosphate buffer (pH = 6.6) and 2.5 ml of 1%
potassium ferricyanide (K3;Fe (CN)s), and incubated in a water
bath at 50°C for 20 min. Then, 2.5 ml of 10% trichloroacetic
acid were added to the mixture that was centrifuged at 650 g
for 10 min. The supernatant (2.5 ml) was then mixed with 2.5
ml distilled water and 0.5 ml of 0.1% ferric chloride solution.
The absorbance of the mixture was measured at 700 nm.
Increased absorbance of the mixture indicated increased
reducing power. A standard curve was prepared using various
concentration of vitamin E.

Total antioxidant capacity

The antioxidant activity of the extracts was evaluated by the
phosphomolybdenum method according to the procedure of
Pricto, Pineda and Aguilar ['®l. The assay is based on the
reduction of Mo(VI)-Mo(V) by the extracts and subsequent
formation of a green phosphate/Mo(V) complex at acid pH.
0.3 ml of sample at different concentrations was combined
with 3 ml of reagent solution (0.6 M sulfuric acid, 28 mM
sodium phosphate and 4 mM ammonium molybdate). The
tubes containing the reaction solution were incubated at 95 °C
for 90 min. Then the absorbance of the solution was measured
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at 695 nm using a spectrophotometer UV—Vis against blank
after cooling to room temperature. Methanol (0.3 ml) in the
place of extract is used as the blank. The antioxidant activity is
expressed as the number of equivalents of vitamin E.

Determination of Antibacterial Activity

The bacterial cultures were first grown on Muller Hinton agar
(MH) plates at 37 °C for 18 to 24 h prior to seeding onto the
nutrient agar. One or several colonies of the respective bacteria
were transferred into API suspension medium (bio Merieux)
and adjusted to 0.5 McFarland turbidity standards with a
Densimat (bio Merieux) (Saidana et al., 2008; Hichri et al.,
2003) [ 201 The inocula of the respective bacteria were
streaked into MH agar plates using a sterile swab and were
then dried at 37 °C during 15 min. A sterile filter disc having 6
mm of diameter was placed at the surface of MH agar and 5 pl
of the extract was dropped onto each Whatman paper disc (Bel
Haj Khether et al., 2008) 2!, The treated Petri dishes were
incubated at 37 °C for 18 to 24 h. The antibacterial activity was
evaluated by measuring the clear zone surrounding the
Whatman paper. Standard discs of the antibiotic ampicillin
(BIO-RAD) were applied as a positive antibacterial controls.

Acetylcholinesterase enzyme inhibitory activity

Inhibition of acetylcholinesterase biosynthesis by plant
extracts was investigated using micro-plate assays. The
enzyme activity is measured by observing the increase of a
yellow colour produced from thiocholine when it reacts with
the dithiobis nitrobenzoic ion (DTNB).

The assay for measuring AChE activity is based on the assay
described by Ellman et al. ?? and Ingkaninan et al. 23 with
modifications. Briefly, 125 ul of 3mM DTNB, 50 ul of
sodium phosphate buffer (pH 8.0), 25 pl of sample dissolved
in DMSO and 25 ul of 0.5 U/ml AChE were added in a 96-
well microplate and incubated for 15 min at 25 °C. The
reaction was then initiated with the addition of 25 ul of
acetylthiocholine iodide (ATCI). The hydrolysis of
acetylthiocholine iodide was monitored by the formation of the
yellow 5-thio-2-nitrobenzoate anion as a result of the reaction
of DTNB with thiocholines, catalyzed by enzymes at a
wavelength of 405 nm.

The microplate was then read at 405 nm every 3 min by a
CERES UV 900 C microplate reader (Bio-Tek Instrument,
USA). The velocities of the reactions were measured. Enzyme
activity was calculated as a percentage of the velocities
compared to that of the assay using buffer without any
inhibitor. Inhibitory activity was calculated from 100
subtracted by the percentage of enzyme activity. Every
experiment was done in triplicate

The percent of inhibition was calculated as following:

PI% = [(Ablank - Asample)/Ablank] x 100

where Apiank 1S the absorbance of the control and Agampre is the
absorbance of the test sample. The ICsowas calculated by log-
probit analysis. Tacrine was used as positive control.

Statistical analysis
The data was analysed using the statistical software program
SPSS 18.0 for Windows. All results were given as mean +

standard division (SD). The potential correlation among the
acetylcholinesterase inhibitory, antioxidant capacity, total
phenol and flavonoid contents were analysed and differences
at P < 0.05 were considered as "significant", P < 0.01 " highly
significant" and P > 0.05 " non-significant".

Results and Discussion

Extraction yield

The percentage yields of plant extracts are shown in Figure 1.
The extraction yield obtained with methanol (7.87%) is higher
than those obtained with hexane (6.44%) and ethyl acetate
(1.8%). This is due to the affinity between polarity of solvents
and extracted compounds 24231,

10

%o Yield wiw

0 .

Ethyl acetate extract

Hexane extract Methanol extract

Extracts

Fig 1: Percentage yields of different extracts from Phalris
canariensis

Total Phenols Content (TPC) and total flavonoids content
(TFC)

Phenolic compounds (phenols and flavonoids) received
considerable attention because of their potential antioxidant
activity 2% 2], These compounds are known for their ability of
scavenging free radicals and active oxygen species such as
single oxygen Y. Based on the absorbance values of the
extracts solutions compared with the standard solutions of
gallic acid and quercetin, the total phenolic and flavonoid
contents are shown in Tablel. Except the hexane extract,
which contain low amounts of phenolic compounds, the other
extracts were found to be rich in these compounds. As shown
in Tablel, methanol extract showed the highest amount of
phenolic compounds (190.58 mg GAE/g extract) followed by
ethyl acetate (181.06mg GAE/g extract) and hexane (36.40 mg
GAE/g extract) extracts.

Tablel: Total phenolic and flavonoid contents in different extracts of
Phalaris canariensis

Extracts Total phenolics (mg Total Flavonoids (mg
GAE/g extract) Q/g extract)
Hexane 36.40 +0.72 3.24+0.01
Ethyl 181.06 + 3.62 2176 +0.10
Acetate
Methanol 190.58 + 3.81 9,72 +0.04

Total flavonoids content varied from 3.24 + 0.01 to 21.76 +
0.1 mg/g extract. The order of flavonoid contents in the
extracts is: Ethyl acetate > Methanol > Hexane. ~ These

results showed that Phalaris canariensis extracts may be
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suggested as a potential source of natural phenolic compounds
which are endowed with several activities especially
antioxidant one B!,

DPPH radical-scavenging assay

The free radical scavenging activity of Phalaris canariensis
extracts was evaluated using the DPPH test. This test aims to
measure the capacity of the extracts to scavenge the stable
radical 2,2-diphenyl-1-picryl hydrazil (DPPH) formed in
solution by donation of a hydrogen atom or an electron 16,
DPPH gives a strong absorption band at 517 nm in visible
spectroscopy. The stable free radical DPPH has been widely
used to test the free radical-scavenging capacity of various
antioxidants 7], If the extracts have the capacity to scavenge
the DPPH free radical, the initial purple solution will change to
a yellow color due to the formation of diphenyl picryl
hydrazine. In the DPPH assay, the radical scavenging ability of
the extracts and the positive controls (BHT and vitamin E) was
analyzed in triplicates. DPPH scavenging activities of Phalaris
canariensis extracts and standard antioxidants are given in
(Table 2). ICsy values of extracts stood between 0.12 and 0.22
mg/mL. The highest antioxidant activity (ICso = 0.12 mg/mL)
was related to the methanol extract. The order of DPPH
scavenging activity of extracts was: Methanol > Ethyl acetate
> Hexane. Although the ICsy of various extracts were
significantly lower than those of BHT and vitamin E, it was
evident that the extracts show the proton-donating ability and
could serve as free radical inhibitors or scavengers, acting
possibly as primary antioxidants. This radical scavenging

activity of extracts could be related to their phenolic
compounds, thus contributing to  their electron
transfer/hydrogen donating ability 21,

Table 2: Antioxidant activity of extracts from Phalaris canariensis

Extracts 1Cs0 (mg/mL)
Hexane Extract (HE) 0.22+0.024
Ethyl Acetate Extract (EAE) 0.15+0.03
Methanol Extract (ME) 0.12+0.04
BHT 0.017+0.340
Vitamin E 0.026+0.520

Reducing power

The reducing power of an extract is related to its electron
transfer ability and may serve as a significant indicator of its
potential antioxidant activity. In this assay, the yellow color of
the test solution changes to green and blue depending on the
reducing power activity of test specimen. Therefore, in this
study, reducing activity was determined based on the ability of
extracts to reduce a Fe*" ferricyanide complex to form a Fe?*
ferrous complex. The amount of Fe?* was monitored by
measuring the formation of perl's prussian blue at 700 nm 33,
The reducing power of various extracts of Phalaris
canariensis is given in Figure 2. The reducing power of the
different extracts was found to decrease in this order: Ethyl
acetate > Methanol > Hexane. This result suggests that extracts
have a good ability to donate electrons to reactive free radicals,
converting them into more stable products.

0,7 A

0,6

0.5

0.4

0,3

DO (700 nm )

0,2

0,1

—#—Hexane extract
—ll—Ethyl acetate extract
Methanol extract

—m—itamin E

Extracts

0,6

Fig 2: reducing power of Phalaris canariensis extracts

This result can be related to phenolic compounds which were
quantified in the extracts. Those compounds have a good
ability to donate electrons to reactive free radicals, converting
them into more stable products and terminating the free radical
chain reaction B4,

Total antioxidant capacity

The total antioxidant capacity of various extracts of Phalaris
canariensis is given in Figure 3 and it is expressed as the
number of equivalents of vitamin E. The phosphomolybdenum
method is based on the reduction of Mo(VI) to Mo(V) by the

antioxidant compound and the formation of a green
phosphate/Mo(V) complex with a maximal absorption at
695 nm B> 36 High absorbance values indicated that the
sample possesses significant antioxidant activity. The total
antioxidant activity was analyzed by phosphomolybdenum
method based on the reduction of Mo(VI) to Mo(V) by the
antioxidant compound and the formation of an electron
transfer occurring in this assay depends upon the structure of
the antioxidant 5371,

The antioxidant capacity value of ethyl acetate extract (330.9
mg of antioxidant /g of extract) was higher than that of
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methanol (326.1 mg of antioxidant /g of extract) and hexane
(59.8 mg of antioxidant /g of extract) extracts. This result is in

agreement with the phenolic contents variation in the extracts
(Table 1).

400
350
300
250
200
150
100

50

a -

mg of vitamin E/ g of extract

Hexane extract

Ethyl acetate extract

Methanol extract

Extracts

Fig 3: Total antioxidant capacity of Phalaris canariensis extracts

Thus, Phalaris canariensis seed extracts could be used as
natural antioxidant agents. This property may contribute to the
reduction of the risk of chronic diseases such as cancer and
cardiovascular disease and could be useful for the food drug
industry B8],

Acetylcholinesterase activity

Many plants have been used traditionally to enhance cognitive
function and to alleviate other symptoms associated nowadays
with Alzheimer’s disease (AD) [ Acetylcholinesterase
(AChE) inhibition is an important drug treatment strategy
against AD and, recently, there has been considerable interest
in finding naturally acetylcholinesterase inhibitors to replace
synthetic drugs such tacrine and donepezil (having some
adverse effects) 9. For this purpose, our data revealed that
Phalaris canariensis could serve as inhibitor against
cholinesterase enzyme family. The acetylcholinesterase
(AChE) enzyme inhibition of the extracts was determined
using Ellman's colorimetric method in 96-welled microplate.

The results obtained through this study of acetylcholinesterase
enzyme inhibitory activity of the tested extracts were shown in
Figure 4. AChE inhibitory activity of extracts was found to
increase dose-dependently, the results were expressed as
percentage inhibition values. At the concentration of 1 mg ml-
!, the methanol extract give a strong percentage of inhibition
(65.0%), however the ethyl acetate and hexane extracts
showed moderate percentages of inhibition (25.4 and 45.8 %,
respectively). Tacrine, used as a standard, shows inhibition of
acetylcholinesterase with inhibition percentage of 80.5% at a
concentration of 0.1 mg ml"', The inhibitory action of Phalaris
canariensis extracts against acetylcholinesterase activity
would be related to their content of polyphenols and
flavonoids. Recently, it was reported that these compounds
have been shown to possess antiacetylcholinesterase properties
4. 41 In our study, the in vitro inhibition of
acetylcholinesterase by Phalaris canariensis extracts is
performed for the first time. The obtained results indicate that
these extracts may offer great potential for the treatment of
Alzheimer Disease.

100

60

40

0 ' I I I

Percent enzyme inhibition (%)

Hexane extract Ethyl acetate  Methanol extract Tacrine
extract
Extracts

Fig 4: The inhibitory activity of acetylcholinesterase of Phalaris canariensis extracts
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Antibacterial Activity

Antibacterial activity of Phalaris canariensis extracts was
evaluated against a set of significant bacterial strains,
including both Gram-positive and Gram-negative. The
inhibitory effect on bacterial growth was determined using
agar disc diffusion assay [*> 471, The obtained results from this
test are summarized in Table 3. The extracts showed an
interesting antibacterial activity especially against gram-
positive bacteria. The results indicated that methanol and ethyl
acetate extracts of Phalaris canariensis showed a high
antibacterial activity against Micrococcus luteus. In addition,
Bacillus subtilis, a highly pathogenic strain, has a high
sensitivity to the hexane and ethyl acetate extracts. This high
activity may be related to the presence of phenolic compounds.
These compounds are known for their antibacterial activity 18,
On the other hand, the extracts were not active against
Salmonella sp, Escherichia coli 25922 and Enterococcus
faecalis. The highest resistance in Gram (-) bacteria might be
explained by the presence of their outer membrane covering
the cell wall, which limits the diffusion of hydrophobic
compounds through its lipopolysaccharide coating. Most
studies have reported that plant extracts generally are more
active against the Gram-positive bacteria than the Gram-
negative bacteria (%3],

Table 3: Antibacterial activity of Phalaris canariensis extracts using

agar disc.
Strains DD? | DD | DD¢ | DD¢
Bacterial strains Gram (+)
Listeria monocytogenes na na 11 19
Micrococcus luteus na 15 27 22
Bacillus subtilis 20 24 na 26.0
Bacterial strains Gram (-)
Salmonella sp 15 na na 16
Escherichia coli 25922 na na na 22
Enterococcus faecalis na na na 14

Average + Standard Deviation were obtained from three different
experiments.

2 DD: Disc Diameter of inhibition (halo size) in (mm), hexane extract
100 pg/disc.

® DD: Disc Diameter of inhibition (halo size) in (mm), ethyl acetate
extract 100 pg/disc.

¢ DD: Disc Diameter of inhibition (halo size) in (mm), methanol
extract 100 pg/disc.

4 DD: Disc Diameter of inhibition zone of ampicillin (10 pg/disc),
was used as positive control for bacteria.

n.a.: not active.

Conclusion

In conclusion, our investigation clearly demonstrated for the
first time that crude extracts from Phalaris canariensis
exhibited a powerful antioxidant activity. Moreover, these
extracts are endowed with a high antibacterial activity
especially against gram-positive bacteria. Furthermore, the
antiacetylcholinesterase assay showed that methanol extract of
Phalaris canariensis is endowed with a potent activity. On the
other hand, this investigation showed a notable relationship
between phenolic contents in the extracts and their
antibacterial,  antiacétylcholinesterase  and  antioxidant
activities. Our study provides the possible pharmacologic
rationale to the medicinal use of Phalaris canariensis in the
development of antibacterial and antialzheimer drugs.
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