Jordan Journal of Pharmaceutical Sciences, Volume 13, No. 3, 2020

Identification of Phenolic Compounds and Assessment of the Antioxidant

and Antibacterial Properties of Thymel
Western Algerian Sahara

aea microphylla Coss. et Dur. from
(Ain-Sefra Province)

Hanane Allam!?, Malika Bennaceur?, Riadh Ksouri*, Rabéa Sahki®, Abderrazak Marouf®,
Houari Benamar®3""

! Department of Biology, Faculty of Natural Sciences and Li
2 Department of Biology, Faculty of Natural Sciences, Life, Earth and

fe, University of Oranl, EI M’Naouer, Oran, Algeria
Universe Sciences, University of Tlemcen Abou Bekr Belkaid,

Tlemcen, Algeria
3 Laboratory of Research in Arid Areas, Department of Biology and Physiology of Organisms, Faculty of Biological Sciences,
University of Science and Technology Houari Boumediene, El Alia, Bab Ezzouar, Algiers, Algeria
4 Laboratoire des Plantes Aromatiques et Médicinales, Centre de Biotechnologie de Borj-Cédria, Hammam-Lif, Tunisia
5 National Institute of Forest Research, Tamanrasset, Algeria
6 Department of Natural Sciences and Life, Institute of Science and Technology, University Center of Naama, Naama, Algeria
7 Department of Biology, Faculty of Natural Sciences and Life, University of Mostaganem Abdelhamid Ibn Badis, Mostaganem, Site 11,

Algeria

ABSTRACT

Thymelaea microphylla is a medicinal plant commonly used in the Algerian Sahara traditional medicine and has
a chemical composition with therapeutic properties. In the current study, the antioxidant activities of the ethyl
acetate, methanol, and aqueous extracts from aerial parts of T. microphylla were evaluated by means of
phosphomolybdenum, 1,1-diphenyl-2-picrylhydrazyl (DPPH), 2,2'-azinobis-(3-ethylbenzothiazoline-6-sulfonic
acid) (ABTS), B-carotene bleaching, and reducing power assays. Antibacterial effect was also determined using
disc diffusion method. The tested samples exhibited an important antioxidant effects by scavenging free radicals,
inhibition of B-carotene oxidation, and by acting as reducing agents. The high antioxidant capacity was found in
extracts with high phenolic content. Methanol extract with high content of phenolic compounds and flavonoids
showed the best antioxidant effect. The extracts showed also antibacterial activity against human pathogenic
bacteria. Methanol extract was the most active among the tested extracts against Gram-positive and Gram-
negative bacteria. The high-pressure liquid chromatography (HPLC)-UV-diode array detector (DAD) analysis
leads to the identification of phenolic acids, flavonoid glycosides and aglycones. The results suggest a possible
application of T. microphylla as a potential natural source of bioactive compounds with antioxidant and
antibacterial activities.

Keywords Aecrial Part Extracts, Biological Activities, Flavonoids, HPLC-UV-DAD, Phenolic Compounds,

Phytochemical Analysis.

1. INTRODUCTION

Thymelaeaceae is a small family comprising about
1200 species with 67 genera. The species of this family are
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distributed in tropical and temperate zones of the earth!.
The genus Thymelaea contains 30 species of evergreen
shrubs, and eight are distributed in Algeria. T. microphylla
Coss. et Dur. is an under shrub with dioic flowers and
clusters. The leaves are very small, ovoid, scattered and
distant on the branches. The stems are highly branched?. It
is a rare medicinal plant endemic to Algeria, occurs in the

arid and desert zones of Algeria® and is called "Methnane".
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This species has been used in folk medicine in Algeria
for the treatment of hair loss, depression, abscess, wounds
and various cutaneous conditions such as erysipelas,
pimples, skin cancer, inflammations, diabetes,
helminthiasis, and infections in the urinary tract*”’.

A variety of biological activities have been reported in
the literature for T. microphylla from Algeria, including
antiproliferative (aerial parts)®, hypoglycemic and anti-
inflammatory activities (leaves and flowers)””.

Previous chemical studies on the aerial parts of T.
microphylla have reported the presence of dihydroxylated
monoterpenes and monoterpene glucosides, triterpenoids,
spiro-y-lactone glycosides, phytosterols, phenolic acid
derivatives,  phenylpropanoid  glucosides,  simple
coumarins, bis-coumarins, lignans, flavonoid glucosides,
biflavonoids, ionol glucosides, benzyl alcohol glucosides,
and alkaloids®>%10-12,

In continuation of our ongoing research program on the

1314 we describe herein the

exploitation of Algerian plants
antioxidant and antibacterial activities of different extracts
from aerial parts of T. microphylla. Also, in this study, the
total phenolic, flavonoid and tannin contents, and the

phenolic profile of extracts were determined.

2. Materials and methods
Chemicals and reagents

n-hexane, ethyl acetate, ethanol, methanol, acetonitrile,
chloroform, dimethyl sulfoxide (DMSO), trifluoroacetic
acid (TFA), trichloroacetic acid (TCA), sulfuric acid, gallic
acid, chlorogenic acid, ellagic acid, sinapic acid, syringic
acid, trans-3-hydroxycinnamic acid, trans-cinnamic acid,
ascorbic acid, linoleic acid, quercetin, isoquercitrin,
catechin, apigenin, myricetin, kaempferol 3-O-rutinoside,
resorcinol, vanillin, B-carotene, potassium persulfate,
potassium ferricyanide, ferric chloride, sodium phosphate,
ammonium molybdate, DPPH, ABTS, butylated
hydroxyanisole (BHA), butylated hydroxytoluene (BHT),
trolox, tween 40, hydrogen peroxide, Mueller-Hinton agar,

ampicillin, oxacillin, and gentamicin were purchased from
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Sigma (St. Louis, USA). Thin layer chromatography
(TLC) silica gel 60 F254 aluminium plates were purchased
from Merck (Darmstadt, Germany). All other chemicals, if
not specified, were purchased from Sigma-Aldrich.
Plant material

T. microphylla was collected in march 2015 from Ain-
Sefra, Naama, Algeria. The species was identified by one
of the author (AM). A voucher specimen of the plant
(OUE.2015.C10) was deposited in the collections of the
laboratory of the first author. The aerial parts were dried in
a well-ventilated room at a temperature of 30°C and stored
in the dark until use.
Extraction

The dried powder of aerial parts (100 g) was first
defatted by n-hexane (600 ml) at room temperature for 24
h three times, and then the residue was extracted
successively with ethyl acetate and methanol in the same
way. All extracts were filtered through a filter paper. The
organic solvent was removed under reduced pressure at
40°C, to yield ethyl acetate and methanol extracts,
respectively. For aqueous extract, dried powder of aerial
parts (50 g) was extracted three times under reflux by
distilled water (500 ml) for 30 min. The extracts were
filtered through filter paper, combined and lyophilized to
afford the aqueous extract.
Phytochemical analysis

Phytochemical analysis was performed according to
Wagner and Bladt, 19961 to detect the presence of
different plant secondary metabolite classes.
Identification of phenolic compounds using HPLC-UV-

DAD

HPLC-UV-DAD analysis was performed on LC
Agilent Technologies 1100 Infinity series (Agilent
Technologies, Palo Alto, CA, USA) equipped with an
auto-sampler model 1100, a quaternary pump model 1100,
and diode array detector model 1100. A C18 column (250
mm x 4.0 mm, 5 pm, Bischoff Analysentechnik GmbH,
Leonberg, Germany) was used for analysis. The mobile
phase was composed of two solvents; (A): 0.025% TFA in
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H,O and (B): acetonitrile. The sample was prepared at
concentration of 10 mg/ml in methanol/H,O (1:1) and
filtered through a 0.45 pum Millipore filter (Millipore
Corp., Bedford, Mass., USA). The elution program at 1
ml/min was as follows: 10-50% B (0-40 min), 50-100% B
(40-41 min), 100% B (41-50 min), 100-10% B (50-55
min), 10% B (55-59 min). The injection volume was 10 pL.
and peaks were monitored at 280 nm. Peaks were
identified by congruent retention times and UV spectra,
and compared with those of the standards. The contents of
the identified compounds were obtained from calibration
curve with standards.

Quantification of total phenolic content (TPC)

The total phenolic content (TPC) of extracts was
determined according to Singleton et al., 199919,
Quantification of total flavonoid content (TFC)

The total flavonoid content (TFC) of extracts was
estimated by the method described by Kim et al., 200307
Quantification of total condensed tannin content

(TCTC)

Proanthocyanidins were measured using the modified
vanillin assay described by Sun et al., 1998®. To 50 pl of
suitably diluted samples, 3 ml of methanol vanillin solution
(4%) and 1.5 ml of concentrated sulfuric acid were added.
The mixture was allowed to stand for 15 min and the
absorbance was measured at 500 nm against methanol as a
blank. The amount of total condensed tannin was
expressed as mg catechin equivalents (CE)/g dried extract
(DE).

Antioxidant activities
Determination of total antioxidant capacity (TAC)
Total antioxidant capacity (TAC) of extracts was
evaluated through the assay of a green phosphate/Mo>*
complex according to the method described by Prieto et al.,
199909 An aliquot (0.1 ml) of diluted extracts was
combined with 1 ml of reagent solution (0.3 N sulfuric
acid, 28 mM sodium phosphate, and 4 mM ammonium

molybdate). Methanol was used instead of sample for the

blank. The tubes were incubated in a boiling water bath for
90 min. Then, the samples were cooled to room
temperature and the absorbance was measured at 695 nm
with a UV-visible spectrophotometer (Optizen 2120 UV,
Mecasys Co., Ltd, Korea) against blank. TAC was
expressed as mg gallic acid equivalents (GAE)/g dried
extract (DE).
DPPH radical scavenging activity

The DPPH radical scavenging activity was measured
according to the procedure described by Cavin et al.,
199829, Methanolic solution (5 ul) of each sample at five
different concentrations was added to 915 pl of methanol
and then 200 pl of DPPH solution were added (0.022% in
methanol). The mixture was incubated at room temperature
in the dark and the absorbance of the reaction mixture was
measured at 517 nm after 30 min, against a blank of
methanol without DPPH. The DPPH solution without
sample solution was used as control. Quercetin, ascorbic
acid, and BHT were used as reference compounds.
Scavenging activity was determined by the following
equation (1):

scavenging activity(%)=100 % (Acontrol-Asample)/Acontrol (1)

The percentage of scavenging activity was then plotted
against the antioxidant concentration to obtain the amount
of antioxidant necessary to decrease the initial solution of
DPPH by 50% (ICso).
2.2'-azinobis-(3-ethylbenzothiazoline-6-sulfonic  acid)

radical cation scavenging activity

ABTS radical cation was produced by mixing 5 ml of 7
mM ABTS solution and 5 ml of 2.45 mM potassium
persulfate. The mixture was stored in the dark for 16 h and
diluted with ethanol to get an absorbance of 0.7 at 734 nm.
The reaction medium comprised 950 pl of ABTS solution
and 50 ul of each sample at various concentrations. The
reaction medium was homogenized and its absorbance was
recorded at 734 nm after 6 min?'. BHT and trolox were
used as reference compounds. ABTS scavenging ability
was expressed as ICso, the inhibition percentage of ABTS
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radical cation was calculated using the above formula (1).
B-carotene/linoleic acid assay

According to Kartal et al., 20073, 1 mg of B-carotene
was dissolved in 2 ml of chloroform. The solution of B-
carotene-chloroform was introduced into a flask containing
25 pl of linoleic acid and 200 mg of Tween 40. The
chloroform was completely evaporated by using a vacuum
evaporator. Then, 100 ml of hydrogen peroxide were
added slowly with vigorous stirring. 2.5 ml of this new
solution were transferred into tubes and 350 pl of each
extract were added (1 mg/ml in methanol). The test tubes
were incubated in darkness at laboratory temperature. Two
control tubes were also prepared with the same procedure,
one containing an antioxidant reference BHT (positive
control) and the other without antioxidant (negative
control), where the sample was replaced by 350 pl of
methanol. Absorbance was immediately measured at 490
nm. Other readings were recorded at different time
intervals (2, 4, 6, 12, and 48 h). The relative antioxidant
activity of the extracts (RAA) after 48 h was calculated
according to the following equation:

RAA(%) = (Abs48h sample/Abs48h BHT) x 100

Where Abs48h sample is absorbance of sample after 48
h and Abs48h BHT is that of BHT after 48 h.

Reducing power activity (RPA)

The ability of the plant extracts to reduce Fe* to Fe?*
was assayed by the method of Oyaizu, 1986>¥. Sample
solutions at different concentrations were mixed with 2.5
ml of 0.2 M phosphate buffer (pH 6.6) and 2.5 ml of
potassium ferricyanide (1%). The mixture was incubated at
50 °C for 20 min. Afterwards, 2.5 ml of TCA (10%) were
added and the mixture was centrifuged for 10 min at 1000
x g. Supernatant (2.5 ml) was mixed with distilled water
(2.5 ml) and 0.5 ml of ferric chloride solution (0.1%), and
the absorbance was measured at 700 nm. Higher
absorbance of the reaction mixture indicated greater
reducing power. The ECsy value is the extract
concentration at which the absorbance was 0.5 for the

reducing power and was calculated from the graph of
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absorbance at 700 nm against the extract concentrations.

BHA and trolox were used as positive controls.

Antibacterial activity
Bacterial strains

The extracts were individually tested against a panel of
six bacteria species, one Gram-positive (Staphylococcus
aureus ATCC 25923) and five Gram-negative
(Escherichia coli ATCC 25922, Klebsiella pneumoniae
ATCC 700603, Proteus mirabilis ATCC 12453, Proteus
vulgaris ATCC 8427, and Pseudomonas aeruginosa
ATCC 27853). All of the bacterial strains were obtained
from the Bacteriology Laboratory of Saidalgroup, SPA,
Algiers, Algeria.
Disc diffusion method

Disc diffusion method for antimicrobial susceptibility
testing was carried out according to the standard method
by Bauer et al., 1966@Y to assess the presence of
antibacterial activity in plant extracts. A bacterial culture
(which has been adjusted to 0.5 McFarland standard) was
used to lawn Mueller-Hinton agar plates evenly using a
sterile swab. The plates were dried and then used for the
sensitivity test. The discs, which had been impregnated
with a series of plant extracts (dissolved completely in
DMSO at concentration of 1 mg/ml), were placed on the
Mueller-Hinton agar surface. Each test plate comprised
five discs; one positive control, which is a standard
commercial antibiotic disc, one negative control, and three
treated discs. The plates were then incubated at 37°C for
18 to 24 h depending on the species of bacteria used in the
test. After the incubation, the plates were examined for
inhibition zone. The inhibition zone was measured using
calipers and recorded. Ampicillin (10 pg/disc), oxacillin (1
pg/disc), and gentamicin (10 pg/disc) were used as positive
controls against bacteria. The negative control was DMSO.
Statistical analysis

All the tests were carried out in triplicate. Results were
expressed as mean =+ standard error mean (S.E.M.).

Statistical analysis was performed by one-way analysis of
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variance (ANOVA) followed by Tukey and Student-
Newman-Keul’s post hoc test for multiple comparisons.
Statistical analysis was performed by using IBM SPSS
statistics V24 software from IBM. A value of P < 0.05 was

considered to indicate statistical significance.

3. Results
Phytochemical screening

The phytochemical analysis of plant extracts showed
the presence of numerous classes of plant phytochemicals,
namely flavonoids, phenolic acids, tannins, coumarins,
saponins, sesquiterpenes, and cardiotonic glycosides. On
the other hand, the extracts were negative to alkaloids,
lignans, anthracene derivatives and anthraquinones,
naphtoquinones, and free quinones (Table 1).
HPLC-UV-DAD analysis

The peak chromatograms of different extracts of T.
microphylla resulting from the HPLC-UV-DAD analysis
are shown in Figure 1. The amounts of the detected
compounds are presented in Table 2. Thirteen phenolic
compounds were identified, with kaempferol 3-O-
rutinoside  (10) (4.849 mg/g DE) and trans-3-
hydroxycinnamic acid (6) (4.744 mg/g DE) as the major
compounds among the quantified phenolic compounds.
Furthermore, the flavonoid glycoside kaempferol 3-O-
rutinoside (10) was identified in all extracts.

Total phenolic, flavonoid and tannin contents

The total phenolic, flavonoid, and tannin contents of
extracts are shown in Table 3. High TPC were obtained in
methanol and ethyl acetate extracts with values of 317.08 +
0.86 and 218.61 + 0.56 mg GAE/g DE, respectively, while
the lowest content (184.67 = 0.38 mg GAE/g DE) was
recorded with the water extract.

Flavonoids were also quantified. Ethyl acetate and
aqueous extracts showed low contents of flavonoids (89.73
+ 0.23 and 66.79 £ 0.50 mg CE/g DE, respectively),
whereas methanol extract gave a significant high content
(172.27 £ 0.58 mg CE/g DE).

TCTC varied from 33.08 + 0.93 mg CE/g DE recorded

in the water extract to 96.39 + 0.67 mg CE/g DE in the
ethyl acetate extract. As shown in Table 3, these amounts
varied significantly with type of solvent and ethyl acetate
extract showed the highest TCTC.
Antioxidant activities

The antioxidant activities of the different extracts from
the aerial parts of T. microphylla were evaluated using
different assays and the results are shown in the Table 4,
Figure 2 A and B.
Determination of total antioxidant capacity

The TAC of the methanol and aqueous extracts of T.
microphylla (226.40 + 1.15 and 204.76 + 0.76 mg GAE/g
DE, respectively) evaluated by phosphomolybdenum
method was higher than that of the ethyl acetate extract
(186.75 + 0.69 mg GAE/g DE) (Table 4).
DPPH radical scavenging activity

The antioxidant potentials measured by the DPPH
assay are shown in Table 4. The methanol extract was
more efficient in the reduction of DPPH" with an ICs
value of 7.50 + 0.21 pg/ml, than the ethyl acetate and
aqueous extracts that gave an ICso of 9.86 = 0.11 and
12.80 £ 0.23 pg/ml, respectively. The activity of all
extracts was less than quercetin (ICso of 4.67 £ 0.03
pg/ml), ascorbic acid (ICso of 5.16 £ 0.03 pg/ml), and
BHT (ICsp of 5.32 + 0.02 pg/ml), used as reference
antioxidants in this test.
ABTS radical cation scavenging activity

The capacity of the extracts from aerial parts of T.
microphylla to scavenge free radicals was also measured
by their ability to quench ABTS'". Table 4 depicts the
concentration-dependent decolorization of ABTS™, given
as ICso values. As showed in Table 4, methanol and ethyl
acetate extracts showed the highest capacity with ICsp
values of 15.80 + 040 and 17.80 + 0.35 ng/ml,
respectively. Water extract was found to be the weakest in
ABTS radical cation scavenging (ICso of 31.10 + 0.71
pg/ml). The positive controls trolox and BHT displayed a
stronger effect (ICsp of 2.43 + 0.03 and 3.55 + 0.02 pg/ml,

respectively).
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p-carotene/linoleic acid bleaching activity

The kinetics of bleaching of B-carotene in the presence
of extracts of T. microphylla, BHT, and negative control
are shown in Figure 2 A. The inhibition capacity followed
the same trail than that of the methods cited above,
methanol extract exhibited an interesting [-carotene
bleaching inhibition after 48 h and was more efficient than
the ethyl acetate and water extracts. However, standard
antioxidant (BHT) showed the highest inhibition capacity
at 48 h. On the one hand, it can be seen in Figure 2 B that
the extract rich in phenolic compounds and flavonoids, that
is, methanol extract (RAA of 80.54%) is more active than
the other extracts.
Reducing power activity

The results of RPA assay are shown in Table 4. Iron
ion reduction capacity of the extracts was expressed as
values of absorbance at 0.5; determined from absorbance
curves at the wavelength of 700 nm. The RPA was found
to be concentration dependent (results not shown). The
results indicated that the highest activity was noted for
methanolic extract of T. microphylla (ECso of 30.44 + 0.58
pg/ml), followed by ethyl acetate extract (ECso of 38.25 +
0.55 pg/ml). The lowest ECsy value was recorded with
aqueous extract (ECso of 43.89 + 0.02 pg/ml). BHA and
trolox used as references antioxidants showed a strong
reducing power of iron ion (ECso of 3.01 £+ 0.02 and 4.89 +
0.02 pg/ml, respectively).
Antibacterial activity

The three extracts of T. microphylla were screened for
their antibacterial effects against standard strains of S.
aureus, E. coli, P. mirabilis, P. vulgaris, P. aeruginosa,
and K. pneumoniae. The results of the extracts are
presented in Table 5. The effect of extracts was compared
to the standard agents. According to the results obtained,
all extracts exhibited inhibition zones against S. aureus
with high activity for aqueous extract (diameter inhibition
of 36.00 + 0.58 mm) compared to the standard agent
gentamicin (diameter inhibition of 13.00 £ 0.00 mm).

There was antibacterial activity with ethyl acetate and
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methanol extracts against P. vulgaris (diameter inhibition
of 14.00 £ 0.58 and 20.67 £+ 0.67 mm, respectively). The
methanol extract was also active against P. mirabilis with
diameter inhibition of 7.33 + 0.33 mm. However, all
extracts were inactive against E. coli, P. aeruginosa, and
K. pneumoniae. No activity was recorded for standard
agents against K. pneumoniae.

4. Discussion

The results of phytochemical screening of extracts from
areal parts of T. microphylla indicate the presence of
flavonoids, phenolic acids, tannins, cardiotonic glycosides,
and saponins which corroborated to the earlier report by
Dehimi et al., 2016®. However, the extracts revealed the
absence of alkaloids. Alkaloids were tested negative in
extracts of T. microphylla as reported previously®. The
identified plant secondary metabolites like flavonoids,
phenolic acids, tannins, and terpenoids have been reported
to have in vitro antioxidant and antimicrobial activities>>?’.

The HPLC-UV-DAD analysis of different extracts
showed the existence of six flavonoids, six phenolic acids,
and one diphenol. Flavonoids like catechin (2), luteolin
(12), and apigenin (13) have been reported to have
antioxidant effect?. Phenolic acids such as chlorogenic
acid (3) have also been implicated in antioxidant activity®®.
Chlorogenic acid (3) and trans-cinnamic acid (11) were
characterized in extract of T. hirsuta L.%°.

The phenolics were quantified in the ethyl acetate,
methanol, and aqueous extracts as possible sources of
bioactive substances. The results indicate significantly the
effect of the solvent on the extractability of phenolics,
flavonoids, and proanthocyanidins. Phenolic compounds
were effectively extracted by organic solvents, methanol
and ethyl acetate than the water, which gave low amount
of phenolics. The results are consistent with that of
Benhammou et al., 200949 who obtained highest
contents of phenolic compounds in methanol extract,
while lowest levels were obtained with water extract.
Dehimi et al., 2016® have obtained very low levels of
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total flavonoids and proanthocyanidins in methanol
extract of stem and leaf of T. microphylla compared to
the obtained results in this study for methanol extract.
Therefore, the previous reports have indicated that abiotic
stresses widely present in the arid zones may be
responsible for the increase of phenolics. These
compounds are synthesized for a defense against
oxidative stress, caused by the production of reactive
oxygen species in these environmental conditions!-32,
The phenolics levels of T. microphylla in various extracts
were reported by several authors. Belyagoubi-
Benhammou et al., 20144 have quantified total phenolic
compounds in methanol extract and was estimated at 257
mg GAE/g DE. In another study, various extracts of T.
microphylla were evaluated for amounts of phenolic
compounds. The amounts were estimated in hexane,
acetone, ethanol, and water extracts at 16.56; 47.59;
37.26; and 60.45 mg GAE/g DE, respectively®.

The extracts were found to show an antioxidant effect
by scavenging free radicals, prevent the [-carotene
bleaching, and act as reducing agents, which probably is
due to the phenolic compounds level in all tests. Thus,
methanol and ethyl acetate with significant high levels of
phenolics showed high antioxidant activity. This finding is
in concordance with previous studies where the strong
antioxidant activity was found in plant extracts rich in

phenolics®*3>.

Polyphenolic compounds were widely
evaluated for their antioxidant effect and were found to
prevent from several diseases, by their ability to counteract
free radicals produced during oxidative stress. Phenolic
compounds can also act as reductones, by donating the
electrons and reacting with free radicals to convert them to
more stable product and to terminate free radical chain
reaction®’. These capacities are usually associated to their
structure bearing hydroxyl groups, which are able to donate
a hydrogen atom®’. Furthermore, despite the high polarity of
methanol extract, it showed inhibition of [-carotene
oxidation. This result can be attributed to the high amount

of phenolics of the methanol extract which contribute to the

scavenging of free radicals; this test is known for its
specificity to the molecules with low polarity3.

Some authors have reported the antioxidant effects of
T. microphylla evaluated for several extracts and by
numerous methods. High ICsy values in DPPH test have
been obtained with the water and ethanol extracts prepared
from leaves and flowers of T. microphylla (100 and 200
pg/ml, respectively)’. By the same method, Kerbab et al.,
2015® have reported the I1Csy value of 180.80 pg/ml for
hydroalcoholic extract of areal parts. Dahamna et al.,
20157 have also studied the antioxidant effect of water
and ethanol extracts prepared from leaves and flowers
evaluated by B-carotene bleaching test (RAA values of
46.40% and 77.86%, respectively were found). The
antioxidant activity has been studied by ABTS method and
the ICso values of 0.39 and 0.67 pg/ml were obtained for
water and acetone extracts of leaves and flowers,
respectively’. Benhammou et al., 2009¢? have evaluated
the RPA of water extract obtained from leaves and have
reported the ECso value of 690 pg/ml. Belyagoubi-
Benhammou et al., 201443 have expressed the TAC as
ascorbic acid equivalents for the methanol extract of leaf
and stem and value of 14.56 mg acid ascorbic
equivalents/g DE was obtained. Besides, organic extracts
from other plants have been demonstrated to show also in
vitro antioxidant activities3**.

The results of the present work showed that, the
different extracts had antibacterial activity against bacteria
tested except E. coli, P. aeruginosa, and K. pneumoniae. In
fact, K. pneumoniae is known to have resistance to several
antibiotics*!. In addition, Dahamna et al., 20157 have
reported negative antibacterial activity against E. coli and
P. aeruginosa for aqueous and ethanol extracts of leaves
and flowers of T. microphylla. Noman et al., 2015“? have
studied the antibacterial activity of dichloromethane-
methanol extract prepared from areal parts of T.
microphylla against S. aureus and the inhibition diameter
zone was 10.25 mm at 1 mg/ml. Aqueous extract from the
areal parts of Centaurea cyanoides Wahlenb has been also

- 369 -



Identification of Phenolic Compounds ...

reported to possess antibacterial activity against S. aures®.
5. Conclusion

The results show that among identified compounds,
kaempferol 3-O-rutinoside (10) was major compound and
present in all extracts. The results of antioxidant activities
indicated that extracts had effective and powerful
antioxidant activity, scavenging effect, reducing power,

and prevent B-carotene bleaching in all antioxidant assays

Hanane Allam, et al.

tested. The extracts showed interesting antibacterial
activity especially against S. aureus. For this reason, the
extracts of T. microphylla may represent potential source
of antioxidant and antibacterial agents.
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Table 1. Secondary metabolites analysis of different extracts of T. microphylla.

Secondary metabolites Ethyl acetate Methanol Aqueous

Flavonoids +++ +++ ++

Phenolic acids - - ++
Alkaloids - - -
Sesquiterpenes - + -
Cardiotonic glycosides + + -
Coumarins - + -
Lignans - - -
Saponins - + -
Tannins - + +

Anthracene derivatives, anthraquinones

Naphtoquinones, free quinones

+ = weak; ++ = medium; +++ = strong; - = absent.

Table 2. HPLC-UV-DAD analysis of phenolics in different extracts of T. microphylla.

Compounds Ethyl acetate  Methanol ~ Aqueous
(mg/gDE)  (mg/g DE) (mg/g DE)

Resorcinol (1) - 0.252 -
Catechin (2) - - 2.601
Chlorogenic acid (3) - - 0.528
Syringic acid (4) - - 0.023
Sinapic acid (5) - - 0.605

trans-3-hydroxycinnamic acid (6) 4.744 - -
Isoquercitrin (7) - - 0.489

Ellagic acid (8) 0.837 - -
Myricetin (9) - 0.208 0.163
Kaempferol 3-O-rutinoside (10) 3.253 4.849 0.582

trans-cinnamic acid (11) 1.074 - -

Luteolin (12) - 3.959 -

Apigenin (13) - 0.053 -

Data are expressed as mg/g dried extract (DE). - = absent.
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Table 3. Total phenolic, flavonoid, and tannin contents of different extracts of T. microphylla.

Extracts TPC TFC TCTC
(mg GAE/g DE) (mg CE/g DE) (mg CE/g DE)
Ethyl acetate 218.61 £ 0.56* 89.73 +£0.23 96.39 +£ 0.67*
Methanol 317.08 £ 0.86° 172.27 £0.58° 62.14 £ 0.54°
Aqueous 184.67 + 0.38° 66.79 + 0.50° 33.08 £0.93°

Values are expressed as standard error of the mean of three assays. *“Differences within columns (samples not connected by
the same letter are statistically different at p < 0.05 as determined by Tukey and Student-Newman-Keul’s multiple range
tests). TPC: Total phenolic content, TFC: Total flavonoid content, TCTC: Total condensed tannin content. mg gallic acid

equivalents/g dried extract (mg GAE/g DE), mg catechin equivalents/g dried extract (mg CE/g DE).

Table 4. Antioxidant activities of extracts of T. microphylla by different assays.

Extracts Total antioxidant 2,2 ldiphenyl[ 11 Ipicryl[ Thydr 2,2'-azinobis-(3- Reducing power
capacity azyl[lhydrate radical ethylbenzothiazoline-6- activity
sulfonic acid) radical
Ethyl acetate 186.75 £ 0.69° 9.86+0.112 17.80+0.35% 38.25+0.55°
Methanol 226.40 +1.15° 7.50 £0.21° 15.80 + 0.40° 30.44 +0.58°
Aqueous 204.76 £ 0.76° 12.80 +0.23¢ 31.10+0.71° 43.89 +0.02°
Quercetin® - 4.67 +0.034 n.t. n.t.
Ascorbic acid* - 5.16 £ 0.03%¢ n.t. n.t.
BHT# - 5.32+0.02¢ 3.55+0.024 n.t.
BHAA - n.t. nt. 3.01 £0.02¢
Trolox* - n.t. 2.43 +0.03¢ 4.89 +0.02¢

ACompounds used as positive control. Values are expressed as standard error of the mean of three assays. Total antioxidant
capacity is expressed as mg gallic acid equivalents/g dried extract . PRadical scavenging activity is expressed as concentration
that shows 50% activity (ug/ml). Reducing power activity is expressed as effective concentration (ug/ml) at which the
absorbance is 0.5. n.t.: not tested. #*Differences within columns (samples not connected by the same letter are statistically
different at p < 0.05 as determined by Tukey and Student-Newman-Keul’s multiple range tests).

Table 5. Antibacterial activity of extracts of T. microphylla estimated by diameter of zone of inhibition (mm).

Extracts S. aureus E. coli P. mirabilis P.vulgaris  P. aeruginosa
Ethyl acetate  14.00 £ 0.58* n.a. n.a. 14.00 £ 0.58* n.a.
Methanol ~ 26.67 +0.67° n.a. 7.33+£033*  20.67+£0.67° n.a.
Aqueous 36.00 + 0.58¢ n.a. n.a. n.a. n.a.
Oxacillin® n.a. n.a. 29.33 +£0.33" n.a. n.a.
Gentamicin® 13.00 £ 0.00* 8.67+0.33 n.a. 24.33 +£0.33¢ n.a.
Ampicillin® n.a. n.a. n.a. n.a. 7.33+0.33

ACompounds used as positive control. Values are expressed as standard error of the mean of three assays. n.a.: not active. &
Differences within columns (samples not connected by the same letter are statistically different at p < 0.05 as determined by
Tukey and Student-Newman-Keul’s multiple range tests).
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Figure 1. HPLC-UV-DAD chromatograms of ethyl acetate extract (A), methanol extract (B), and aqueous extract (C) of T.
microphylla at 280 nm. Resorcinol (1), catechin (2), chlorogenic acid (3), syringic acid (4), sinapic acid (5), trans-3-
hydroxycinnamic acid (6), isoquercitrin (7), ellagic acid (8), myricetin (9), kaempferol 3-O-rutinoside (10), trans-cinnamic
acid (11), luteolin (12), apigenin (13).
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Figure 2. B-carotene/linoleic acid bleaching activity. A - Absorbance change of B-carotene at 490 nm in the presence of
extracts of T. microphylla, BHT, and the negative control. Results are expressed as the mean =+ standard error of the mean of
triplicate measurements. B - Relative antioxidant activity of extracts of T. microphylla, BHT, and negative control. Results are
expressed as the mean + standard error of the mean of triplicate measurements. Samples not connected by the same letter are
statistically different at p <0.05 as determined by Tukey and Student-Newman-Keul’s multiple range tests.
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